
INTRODUCTION

• In this section of the course we are going to study the functioning of competitive
markets with many buyers and sellers.

• The principal trading mechanism used in these markets will be the double auction:

– Each buyer may enter two types of orders:

1. Market order: buy a specified amount of the good at the best available offer
price. In a simple case of one-unit orders this translates into buying the unit
with the lowest offered price. Market orders are filled instantly (conditional
on sufficient supply).

2. Limit order: by a specified amount of the good at the price that is limited
by a specified maximum limit. If there are units that are offered at a lower
price, various allocation rules can be used, but usually the difference is split
evenly between the buyer and the seller. Limit orders are filled at the ear-
liest opportunity, and depending on availability, may only be filled partially.
Therefore some limit orders may allow an all-or-nothing option. Furthermore,
limit orders may be placed for a certain time period, after which they are au-
tomatically cancelled, or they may be placed as good until filled or cancelled.

– Each seller may enter two types of orders as well:

1. Market order: sell a specified amount of the good at the best available
demand price. In a simple case of one-unit orders this translates into selling
the unit to the currently highest bidder. Market orders are filled instantly
(conditional on sufficient demand).

2. Limit order: sell a specified amount of the good at the price that is limited
by a specified minimum limit. If there are units that are demanded at a
higher price, various allocation rules can be used, but usually the difference
is split evenly between the buyer and the seller. Limit orders are filled at
the earliest opportunity, and depending on availability, may only be filled
partially. Therefore some limit orders may allow an all-or-nothing option.
Furthermore, limit orders may be placed for a certain time period, after which
they are automatically cancelled, or they may be placed as good until filled
or cancelled.

• Double auctions are often used for trading in highly liquid markets with a large number
of participant. For example, it is used by the New York stock exchange for intra-day
trading.

• However, unless there is a high volume of continuous trading, few traders may be
willing to submit market orders since the price at which objects are acquired or sold is
very uncertain. Therefore will less trading, we would mostly expect to see limit orders.

• In case there is a low trading activity to run continuous markets, a restrictive form of
double auction, called a call market may be utilized:

– Only limit orders are allowed.

– The orders are collected for a certain time period. Notional demand and supply
schedules are constructed based on these limit orders and the market is cleared
once in a while.
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• Early double auction experiments: Smith (1962, 1964) in reaction to the pit market
of Chamberlin (1948)

• Comparison of performance of double auction and call market:

– Smith (1982): multiple periods, fixed valuations of buyers and costs of sellers;
price convergence to the competitive level generally faster and more reliable in
the double auction.

– Friedman (1993): similar setup, finds little difference in convergence to the
competitive price between the two trading mechanisms.

• Exercise of market power on the margin in call markets:

– McCabe, Rassenti and Smith (1993): subjects sometimes try to do that
(sellers inflate their costs and buyers underreport their valuations for marginal
units), but the overall level of efficiency is still high and comparable to the double
auction.

FINANCIAL MARKETS AND PRICE BUBBLES

• One important setting in which the double auction is used is financial markets, par-
ticularly the secondary stock and bond markets. In recent time, the dominant line
of thinking about the equilibrium price in these markets is the efficient market
hypothesis which claims that security prices efficiently aggregate all available infor-
mation and therefore truly reflect the fundamental value of each particular security.
The argument is based on the assumption that if a market participant has convincing
information that the true value of the security is likely to be either higher or lower
than its current price, then this participant will engage in arbitrage that will push the
price in the direction toward the fundamental value.

• This argument has been criticized heavily over time. The main theoretical line of
criticism, spelled out by Shleifer and Vishny (1997), goes as follows. Even if
a particular market participant may see that, given his information, the security is
clearly mispriced, he will not necessarily trade on this information because:

1. The amount of trading he can do is too small relative to market turnover, so his
trading actions are unlikely to affect the market price; but then it is unclear when
in the future the price would converge to the fundamental value, and hence if the
trader’s investment horizon is short enough, it is more important to guess where
the market price will be within this horizon rather than where it currently stands
relative to the fundamental value.

2. The trader may wonder whether his information may be biased given that the
market at large thinks otherwise. that is, one may use the current market price
to infer what the others think on average about the fundamental value of the
security. If it is too different from the trader’s personal assessment, it may be
because his private information is biased.

• The idea also received a lot of criticism during the recent financial crisis with many
people pointing out that mortgage-backed securities were clearly overpriced relative to
their fundamental value.
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• In real markets, however, the evaluation of the efficient market hypothesis is hampered
by the fact that there is no objective way of ascertaining the fundamental value of
the security. Hence any time path of prices is in principle consistent with the efficient
market hypothesis because on can always interpret price swings and “corrections” as
sudden changes in the fundamental value in reaction to new information.

• This controversy is what led researchers to design laboratory studies in which it is
perfectly clear what the fundamental value of the security is at any point in time, and
to compare this fundamental value with the actual market price in order to identify
propensity of markets to create upward or downward bubbles.

• Impact of trading experience on the incidence of price bubbles:

– Smith, Suchanek and Williams (1988) and VanBoening, Williams and
LaMaster (1993): sessions with experienced subjects (subjects who participated
in an asset market experiment before) produced many fewer bubbles than markets
with inexperienced subjects.

– Peterson (1993): uses super-experienced subjects (subjects who participated
in two asset market experiments before); finds that the market price tracks the
fundamental value of the asset closely.

– Dufwenberg, Lindqvist and Moore (2005): if at least one third of the traders
are experienced, bubbles are largely eliminated.

– King et al. (1993), Haruvy and Noussair (2006), Noussair and Tucker
(2003); Porter and Smith (1995): futures markets and short sales help is
reducing the incidence of bubbles

Smith, Suchanek and Williams (1988)

• A “stock” is being traded for 15 periods.

• The stock is worthless at the end of the horizon, but before that, it pays a random
dividend at the end of each period. The dividend can be 0, 16, 24 or 60 with equal
probability. Hence the expected dividend is 25 per period. Given the shortness of
the horizon in a lab experiment, one would not expect any discounting, and hence,
under risk-neutrality, the fundamental value of the asset at the beginning of period
t ∈ {1, ..., 15} is 25(16− t).

• At the beginning of the experiment, each trader is endowed with a certain number of
shares and a certain amount of cash (there are many different parametrizations; see
the paper for details). Therefore one can be a net buyer or a net seller of the shares
from the very beginning.

• Short sales or leveraged buying are not permitted.

• In each round, the double auction is used as a trading mechanism (like on NYSE).
Each trading round lasts a maximum of 240 seconds.

• Result: in 14 out of 22 sessions, there is an upward price bubble.

• Here is a typical result for a session with inexperienced subjects and with an expected
dividend of $0.16:
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expected value of the dividend times the number of periods remaining.  For 
example, consider an asset that pays $0.50 or $1.50, each with probability 1/2, so 
the expected dividend is $1.00.  This asset would only be worth a number of 
dollars that equals the number of periods remaining.  Thus with 20 rounds, the 
expected value of the asset in round t that is $20 – t, i.e. the fundamental value of 
the asset declines linearly over time.   
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Figure 18.1.  Average Transactions Prices in a 15 Round Double Auction  
with a Declining Fundamental Value 

 
 With this declining-value setup, price bubbles were observed in many (but 
not all) sessions.  Figure 18.1 shows the results of a typical price bubble for a 
session where the final redemption value was $0.00 and the expected dividend 
was $0.16.  Since there were 15 rounds, the fundamental value line starts at $2.40 
and declines by $0.16 per period, reaching $0.16 in the final round.  The figure 
shows the average transactions prices for each round, as determined by double 
auction trading.  The prices were below the fundamental value line in early 
rounds.  Then prices increases steadily and rise above the declining value line.  
People who buy in one round and see the price rise, would often try to buy again, 
and others wanting to join in on the gains would begin to buy as well.  The price 
trajectory flattened out and then fell as the final round approached, it would 
become obvious that nobody would pay much more than the expected dividend in 
the final round.  Such bubbles were observed with undergraduates, graduate 
students, business students, and even a group of commodity traders.  Despite the 

• The fundamental value starts at 15×$0.16 = $2.40 in period 1 and declines linearly to
$0.16 in period 15. The market price is first below the fundamental value (downward
bubble), and then above it for an extended period of time (upward bubble). At the
end of the horizon, the price crashes toward the fundamental value.

• Such bubbles were observed with undergraduates, graduate students, business students,
and even a group of commodity traders.

• Message of the paper: asset markets are prone to generate bubbles even if there is no
uncertainty about the fundamental value (given distribution of dividends and a fixed
endpoint value). Hence, the real-world markets with unknown distribution of dividends
and without and endpoint may be even more prone to price bubbles.

• This result has been replicated many times ever since and seems to be fairly robust
(a possible exception being when traders are educated in economics and/or finance, in
which case the price path tracks the fundamental value).

• The asset market setting of this paper has ever since been challenged, though, as not
being representative of the real-world asset markets. Common criticisms run along two
lines:

1. In the real world, fundamental values of assets are usually non-decreasing over
time.

2. Adjusted for purchasing power, there is no strong trend in real-world asset markets
in the ratio of cash and the market value of securities. In the setting of the current
paper, this ratio grows strongly over time, which may contribute to the formation
of the upward price bubble in later rounds. For more work on this issue, see
Caginalp, Porter and Smith (2001), for example.
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Bostian, Goeree and Holt (2005)

• This is one of the attempts to deal with the issue of the declining fundamental value
in Smith et al. (1988).

• The idea is to have a constant fundamental value, which requires two things:

1. a positive redemption value of the security at the end of trading

2. discounting, i.e., a positive interest rate on cash

• In particular, the authors set the dividend process and the terminal redemption value
in such a way so that the latter is the expected net present value of the security if this
security is to be held until indefinite future, collecting dividends in each period.

• Also they change the market mechanism from double auction to call market.

• Baseline parametrization:

– In each period the dividend is either $0.40 or $1 with equal probability. Hence
the expected dividend is $0.70.

– The interest rate on cash is 0.1 (10%). This implies that the present value of the
asset held until indefinite future is 0.7/0.1=$7.

– The terminal redemption value of the asset is therefore set at $7.

– 12 traders, each initially endowed with 6 shares and $50 in cash.

– 20 periods.

• Results for two typical sessions:
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shares would trade at a price of $4, since there are 4 shares demanded at any price 
below $4 and only 2 shares demanded at any higher price (problem 3).       
 The first experiment to be discussed involved 12 traders, each with an 
endowment of $50 in cash and 6 shares.  The other parameters were as discussed 
above: an interest rate of 10 per cent, dividends of either $0.40 or $1.00 per share, 
and a final-period redemption payment of $7 per share at the end period, 20.  
Traders in this and all subsequent markets to be discussed were paid an amount 
that was 1/100 of total earnings.   
 

 
 

Figure 18.2. A 20 Round Call Market with a Constant Fundamental Value of $7.00 

 
 The trading activity is shown in figure 18.2, where the horizontal red line 
at $7.00 indicates the fundamental (present) expected value of the asset.  The first 
round results are to the le ft of the first vertical black line on the left side of the 
figure.  The clearing price was $10 in that round, as indicated by the blue line, 
which has a width that is proportional to the number of shares traded.  The bids 
and asks for traded shares are shown in yellow and orange, respectively.  There 
were more transactions in round 2, but the price stayed the same, before falling in 
round 3.  The second price drop in round 6 was followed by a sharp rise and 
continued high prices near $12, which persisted until a steady decline begin in 
round 13 and continued until prices fell to near the $7.00 level in the final round.    

• The authors also considered a few sessions with the horizon of 40 periods. In one of
them, they recorded an extreme bubble:

• Message of the paper: the incidence of bubbles does not seem to be driven by the
time-path of the fundamental value. Bubbles in experimental asset markets occur not
only with declining, but also with constant fundamental values.
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 The second market, shown in Figure 18.3, also involved 12 traders and 20 
rounds, with the same parameters which yield a present value of $7 per share.  In 
this case, the trading started at $12, which had been the high in the previous case.  
Prices rise steadily to a level of about $28 that is four times the level of the 
present value as calculated from the market fundamentals.  Note that people who 
bought at prices above this value may have done so profitably if they were able to 
sell at higher prices.  Once the price began to drop dramatically in round 18, the 
volume of trade fell sharply, since few buyers were not willing to pay prices that 
were anything close to the $28 level that had prevailed prior to round 17.   
 

 
 

Figure 18.3. A 20 Round Call Market with a Constant Fundamental Value of $7.00 
 
 The sharp drops that sometimes occured just prior to the final rounds of 
the 20 round markets was the motivation for conducting some with a 40 round 
horizon, but with all other parameters unchanged.  One of these markets, again 
involving 12 traders, is shown in Figure 18.4.  Here prices begin at exactly $7 in 
period 1, and then begin a steady rise in subsequent periods.  Price increases 
become more dramatic after period 25.  Price reaches a high of $257 in round 31, 
which is over 30 times the fundamental value!  The crash, when is comes, starts 
slowly and then accelerates, with a drop from $200 to $100 in round 34, and 
continued drops, on somewhat higher trading volume after that.  Individual 
earnings were highly variable, with one person earning over $70 (after dividing 
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final cash by 100), and with several people ending up with less than $5.  The  
experiment lasted about an hour.   
  

 
 

Figure 18.4. A 40 Round Call Market with a Constant Fundamental Value of $7.00 
 

 
 
IV. Other Research on the Call Market Institution 
 There is a large and growing literature in which experiments are used to 
study behavior in financial markets.  One important topic is the extent to which 
traders with inside information about the value of an asset are able to exploit this 
information and earn more than uninformed traders.  In some cases, market prices 
reveal inside information and the trading prices converge to levels that would be 
expected if this information were public (add references). 
 There is a second, related strand of the literature on behavior in call 
markets where buyers and sellers submit limit prices that determine the common, 
market-clearing price.  These are called “call markets” because the final market-
clearing price is calculated when the market is called, usually at a pre-announced 
time.  Call market trading is commonly used for electronic trading of stocks on 
exchanges where there is not sufficient trading volume to support the continuous 
trading of a double auction process like that used for the New York Stock 

PREDICTION MARKETS

• The objective of a prediction market is to efficiently aggregate information about a
likelihood of a particular event happening that is diffused in the population.

• A prediction market works as follows:

1. The state space (space of possible relevant events) is partitioned into a set of
mutually exclusive and exhaustive events.

2. The house (the exchange organizer) creates a set of securities whose payoffs are
dependent on which event is eventually realized. Each such security pays off $1
if the corresponding event is realized and $0 if some other event is realized. Such
security is called an Arrow security.

3. The house stands ready to exchange $1 for a market portfolio (a portfolio con-
sisting on one of each of Arrow securities) in either direction in any quantity at
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any point in time. (Note: the house may charge a lump-sum participation fee or
a small surcharge for cash inflows in order to generate its own revenues.)

4. There is a double auction market for each of the securities. Clearing may be
continuous or it may be done at discrete time points.

• Idea: based on the efficient market hypothesis, market prices of the individual Arrow
securities (which will always be between 0 and 1, inclusive) reflect average market
beliefs about various events happening.

• Manski (2006) doubts whether equilibrium prices will indeed reflect average market
beliefs, but Wolfers and Zitzewitz (2006) refutes the argument and proposes a
model that shows that equilibrium prices will indeed be good approximations of average
market beliefs.

• The most famous example from the field: Iowa Electronic Market as a predictor
of outcomes of US presidential elections. Furthermore, Wolfers (2004) and Berg,
Nelson and Rietz (2008) document that predictions from this market outperform
poll-based predictions three quarters of the time.

• Other uses: to forecast likely probability of political events or range for sales growth or
similar figures within companies. Idea: using anonymous market in which disclosing
information via trading pays off, individuals may be tempted to reveal information
that they otherwise would not reveal (due to the incentive structure).

• Various examples of use (taken from Wolfers, 2004):

– The Department of Defense in the US considered running a Terrorism Prediction
Market (the idea was abandoned soon, though).

– Goldman Sachs and Deutsche Bank started prediction markets on employment,
retail sales, business confidence or inflation.

– tradesports.com offered contract for the event that Saddam Hussein would be
ousted from power by the end of June 2003.

– Hollywood Stock Exchange runs prediction markets on Oscar winners.

– A prediction market at HP produced more accurate estimates of printer sales than
internal firm forecasts.

– A prediction market at Siemens correctly predicted that a deadline would not be
met on a particular project, even if internal planning suggested that it could.

– TradeSports and World Sports Exchange frequently run prediction markets for
regional and local elections.
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Figure 2 
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paying $100 if Saddam Hussein were ousted from power by the end of June 2003. 

Figure 2 shows that the price of this contract moved in lockstep with two other 

measures: expert opinion as shown by an expert journalist's estimate of the prob? 

ability of the United States going to war with Iraq; and oil prices, an obvious 

barometer of political strife in the Middle East. 

In a corporate context, the Hollywood Stock Exchange predicts opening 
weekend box office success, and Figure 3 shows that these predictions have been 

quite accurate. Further, this market has been about as accurate at forecasting Oscar 

winners as an expert panel (Pennock, Lawrence, Giles and Nielsen, 2001). Some 

firms have also begun to experiment with internal prediction markets. An internal 

market at Hewlett-Packard produced more accurate forecasts of printer sales than 

the firm's internal processes (Chen and Plott, 2002). Ortner (1998) described an 

experiment at Siemens in which an internal market predicted that the firm would 

definitely fail to deliver on a software project on time, even when traditional 

planning tools suggested that the deadline could be met. While the Hollywood 
markets have drawn many participants simply on the basis of their entertainment 

value, the HP and Siemens experiences suggested that motivating employees to 

trade was a major challenge. In each case, the firms ran real money exchanges, with 

only a relatively small trading population (20-60 people), and subsidized partici- 
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Figure 3 
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pation in the market, by either endowing traders with a portfolio or matching initial 

deposits. The predictive performance of even these very thin markets was quite 

striking. 
In another recent prediction market, traders in "Economic Derivatives" pre? 

dict the likelihood that economic data released later in the week will take on 

specific values. The traditional approach to aggregating forecasts is simply to take 

an average or a "consensus estimate" from a survey of 50 or so professional 
forecasters. We now have data from the first year of operation of these markets. 

Table 3 analyzes these early outcomes, comparing average market and consensus 

forecasts of three variables: total nonfarm payrolls data released by the Bureau of 

Labor Statistics; retail trade data (excluding autos) released by the Bureau of the 

Census; and business confidence as measured by the Institute for Supply Manage- 
ment's survey of manufacturing purchasing managers. The market-based predic? 
tions of these economic indicators are always extremely close to the corresponding 
"consensus" forecast, and hence, the two estimates are highly correlated. There are 

no statistically (or economically) meaningful differences in forecast performance? 
measured as either the correlation with actual outcomes, or in terms of average 
absolute forecast errors. That said, this early sample is sufficiently small that precise 
conclusions are difficult to draw. 

Interestingly, these markets yield not just a point estimate for each economic 

indicator, but involve a menu of ten to 20 winner-take-all contracts as to whether 

the indicator will take on specific values. This family of contracts reveals an 

approximation to the full probability distribution of market expectations. Conse? 

quently, we can calculate the level of uncertainty surrounding specific point esti? 

mates. One measure of uncertainty is the expected absolute forecast error (al? 

though calculations using standard deviation provide the same qualitative results). 
The market-based assessments of uncertainty are shown in the last line of panel B. 

• Example from home environment: Katarina Kalovcova’s work on prediction markets
for:

1. the number of applications to the CERGE-EI Ph.D. program in the spring of 2009
(state space partitioned as 81-90, 91-100, ..., 171-180, tournament with prizes for
the three best performers, no buy-in)

2. the number of applications to the CERGE-EI Ph.D. program in the spring of 2009
that come from Czech or Slovak Republics (state space partitioned as 4-5, 6-7,
...25-26, 300Kc buy in, payoffs equal to actual performance)

– Call market running for several weeks, clearing once or twice a day, respectively.

– Information on the number of received applications up until then was available
on a daily basis from the Student Affairs Office.

– However, participants may have had private information about friends or friends
of friends who were about to submit their application and they hence may have
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Figure 4 
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Possibilities for Arbitrage 
Prediction markets appear to present few opportunities for arbitrage. There 

are several ways of looking for arbitrage opportunities: whether prices for similar 

contracts can be arbitraged across different exchanges or different securities; 

whether predictable patterns in the movement of the prices allow for arbitrage; 
and whether arbitrageurs might be able to exploit predictable deviations from 

rationality. 

Figure 4 shows the bid and ask prices on a contract that paid $100 if Schwarz- 

enegger was elected California's governor in 2003, sampling data on bid and ask 

prices from two online exchanges every four hours. While both sets of data show 

substantial variation, they co-move very closely, and opportunities for arbitrage 

(when the bid price on one exchange is higher than the ask on another), are 

virtually absent. 

The pricing of families of related securities tends to be internally consistent. 

For example, Figure 5 shows the prices of several securities launched by Trades- 

ports that paid off if weapons of mass destruction were found in Iraq by May, June, 

July or September 2003. Their prices moved closely together in a way that suggested 
that the prices of each contract digested similar information at close to the same 

time. 

In most cases, the time series of prices in these markets does not appear to 

follow a predictable path, and simple betting strategies based on past prices appear 
to yield no profit opportunities; for example, Leigh, Wolfers and Zitzewitz (2003) 
demonstrate this point for the aforementioned Tradesports "Saddam Security." 

However, there is also some evidence that this small-scale market responded to 

news about Iraq with a slight lag relative to deeper financial markets. Tetlock 

(2004) surveys a wide range of data from Tradesports, finding that their financial 

contracts are largely efficiently priced. 

commanded an informational advantage, especially toward the end of the trading
horizon.

– Results: the market for the overall number of applications, due to the tournament
structure of payoffs, invited a lot of risk-taking, narrow portfolio focus and collu-
sion. Although the market tracked the developments in the number of received
applications fairly well, there was a lot of noise.

– The market for the number of applications from Czech and Slovak Republics did
much better given its payoff structure.

• What we have discussed up until now are referred to as trades in winner-take-all
contracts. Another possibility for the design of prediction markets is to trade index
contracts. In such contract, each security pays based on a percentage that a particular
event/candidate receives. Payoffs of these securities therefore vary continuously with
vote proportions, for example, unlike payoffs of winner-take-all contracts.
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