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ABSTRACT

An efficient market is supposed to aggregate all available and relevant information into
prices. Consequently, prices change only because of the unexpected arrival of new
information. This information is usually related to factors governing the supply and
demand of goods in the market. This paper examines a case at a business school in
Europe where one trader in a sophisticated e-mail market announced that he was trading
on ethical considerations rather than on profit maximization considerations as the others
were. This seemingly irrelevant announcement caused the entire market to collapse. The
paper hypothesizes that this is because the announcement made it no longer common
knowledge that all market participants were rational, which caused a consequent
breakdown in the market. The phenomenon emphasizes how critical is the usually
unstated assumption of the common knowledge of rationality of the participants and
suggests that the traditional analyses of "irrational" "noise" trader risk may not capture
all the effects of irrationality.

Journal of Economic Literature Classification Codes: C79, D84



INTRODUCTION

Efficient markets are supposed to aggregate all available relevant information into prices.
Depending on the form of efficiency being defined, the information being aggregated
may be only that which is publicly available or all publicly and privately available
information. It follows therefore that prices will change in such markets only on the
unexpected arrival of new information.

All the participants in these markets are usually assumed to have well-defined utility

functions and be maximizing their utility in the choices they make. In other words, the

participants are assumed to be rational. In fact, it is usually a basic assumption among

many of the standard analyses of such situations that it is common knowledge among all

investors Mat all the investors in the financial market are rational. In the aggregate, such

individually rational behavior is usually supposed to yield good predictions for the

behavior of the market as a whole.

Studies of financial markets show on the other hand, that many investors with no inside
information, act on noise. Following Kyle (1985), these investors are called "noise
traders'. However, economists generally ignore the effects of such traders in studies of
price formation. The traditional explanations for this have been the same ever since they
were first advanced by Friedman (1953) - either by assuming a form of adaptation:
investors will follow the example set by more successful, presumably more "rational"
investors, or by a form of natural selection: investors whose behavior is not optimal will
be selected against. They will lose money to rational arbitrageurs and will eventually
leave the market.

Several studies have shown that this is not always the case: rationality is not always
selected for. Blume and Easley (1992) find for example, that the link between rationality
and fitness is weak. They find that rational rules need not be fit and fit rules need not
be rational. Other studies (see for example De Long, Shleifer, Summers et al. (1993))

Note that these traders are not irrational according to our definition above. Traditionally, they
are also modeled as maximizing utility functions, albeit ones different from those of the rational

or sophisticated traders.
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examine the limits of arbitrage, given that arbitrageurs are likely to be risk averse and
have reasonably short horizons. They identify two important sources of risk limiting the
power of arbitrage to drive prices to their "fundamental" values: fundamental risk and
noise trader risk - the latter being the risk that noise traders' beliefs might not revert to
their mean for a long time and in the short term may even become more extreme, thus
saddling arbitrageurs with an additional risk of a loss if they were forced to liquidate
before the price recovered.

However, these papers usually assume at least that noise traders are physically present
in the market. If noise traders are not in fact present in the market, but the market
thinks that there is a possibility that there might be such traders, the sophisticated
traders in the market will behave very differently than if they were completely convinced
that there were no such traders. This paper describes such an event - an electronic mail
market in a business school in Europe - INSEAD, where the presence of a self-confessed
irrational investor led to a complete collapse of prices in a market - an event that leads
to a paradox according to the efficient markets hypothesis.

An intuitive description of this paradox is as follows: Consider a market with all investors
with the same utility function (and hence rational in the same way). Depending on their
beliefs about parameters of demand and supply, all the investors quote prices for buying
and selling the (single) good in the market. Now suppose one investor announces that
he is actually maximizing a different utility function - in this case, that he was trading
on ethical considerations. Though rational in the sense that he is maximizing a utility
function, this investor is "irrational" according to the other investors. If the parameters
of the utility function used by this investor are such that the prices quoted by this
investor will yield no information to the other investors about the values of the
parameters used in their utility functions, this irrational investor's prices or demands
should be uninformative to the all other investors. Hence, according to the efficient
markets hypothesis, theoretically there should be no effects on prices if the market knows
that this "irrational" investor is the only such. The paradox is that in reality, this
announcement caused the market to collapse.

- Page 2 -



The common knowledge of rationality assumption is a very strict one but is crucial for
the hypothesis that prices are unaffected by the presence of an "irrational" investor to
hold. Merely assuming that all investors are rational can lead to a very different outcome
as this paper describes.

The next two sections briefly describe the ball ticket market in INSEAD and the
breakdown of prices in the market. The third and fourth sections outline a theoretical
explanation of why such a situation could have occurred. The final section concludes.

THE BALL TICKET MARKET

INSEAD (The European Institute of Business Administration) is one of the oldest and
most well-known management institutes in Europe. The institute offers a one-year
M.B.A. Program with two promotions every year - one promotion starting every year in
January and the other in July. This program is the largest in Europe, with around two
hundred and forty MBA students entering every promotion.

At the end of each program just before graduation, the students of that promotion
organize a ball - in May, the Summer Ball and in December, the Winter Ball. These balls
are usually held in exclusive locations - generally in private chateaus in France. Both in
1993 and 1994, for example, the INSEAD Summer Ball was held in the Orangerie at
Versailles near Paris.

To guarantee the exclusivity of the event, only a limited number (around 2500) of

tickets are sold. These tickets have traditionally been sold in a multi-stage process'. In

a first stage, usually held about two to three months before the actual event, tickets are

sold at a low price and are strictly rationed (generally to two per student or INSEAD

staff member). If more tickets are desired or if some students have not bought tickets in

that period, a second round opens about a fortnight later. Here prices are raised from the

first stage. If there are still tickets remaining to be sold, a third and generally last round

In 1994, for example, they were sold in three stages.
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opens about 6 weeks before the ball itself, during which all the tickets left are sold at a
still higher price. This continues for either a fortnight or until all the tickets are sold out.
A rationing rule still operates in the latter rounds. For example, someone wishing to buy
ten tickets in the third round would be initially sold only two and be allocated the other
eight only if the tickets were not sold out3.

The Summer Ball, especially, is usually an immense success. With over 2500 people
attending the Ball, it has been consistently Europe's largest ball. The Summer Ball
weekend also coincides with the Annual Alumni meeting in INSEAD. Consequently,
tickets are usually in great demand both by INSEAD students as well as alumni - who
sometimes fly in from around the world to visit INSEAD and the Ball. Many of these
alumni arrive without tickets to the ball and consequently drive up the price.

Since INSEAD is a business school, the students are familiar with the principles and
strategies (such as arbitrage etc) which rational traders in a financial market might be
expected to use. All students have access to electronic mail and this e-mail system
provides the basis of a well-developed market for the sale and purchase of cars, household
items, renting of houses etc. It also supports the inevitable secondary market for the ball
tickets.

The e-mail market works as follows: Sellers choose whether to quote a fixed price or

whether to ask for bids for any item they wish to sell. Simultaneously, buyers decide

whether to respond to any previous seller e-mail messages or post their own offers or

reservation prices for the item. These prices are observable to anyone with access to the

e-mail system. Also, the e-mail system is not confidential - the identities of both the

would-be sellers and potential buyers are known. However, it is difficult to observe

whether trade did take place or not. Also, if trade did take place, the actual prices at

3	 The three-round system is probably adopted for two reasons - since a considerable amount of
money has to paid as advances for hiring the château and so on, first the system encourages

everyone to buy early. Secondly since the ball is organized by the students of the current

promotion, the restriction of the first two rounds to the students helps to make sure that all
their friends and colleagues in the same promotion are able to buy tickets at a more affordable

price than the alumni later on.
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which the deal was concluded are unobservable as this takes place privately outside the

system'.

The secondary market for INSEAD ball tickets arises from two sources:

• Misallocations of tickets - people suddenly needing more tickets than they

had planned for or needing to sell tickets they had earlier bought and so

on.

• Speculation - many INSEAD students specifically buy tickets that they

know they will not use, because they would like to resell the tickets just.

before the ball at a much higher price than they had paid for the tickets.

Usually, by, design, to guarantee the exclusivity of the event, the supply of tickets is kept

lower than the expected demand. Prior expectations, that the price will rise, of

speculators as well as of sellers unexpectedly saddled with more tickets than they need,

combine to usually drive the price upwards till the date of the ball. This phenomenon has

been consistently observed for many years, with final prices on the e-mail market about

50% higher than the final official price for the tickets'.

Consequently, this encourages students to buy early at the lowest price, even if they are

not sure they will be going to the ball, because they know that they will always be able

to sell for a higher price later. The highest prices are paid just before the day of the ball

- usually by INSEAD alumni who have arrived at INSEAD from all over the world, many

without a ticket, and now want (and can afford to pay for) one at any price.

4 Since the INSEAD community is quite small, however, it may be possible to infer in some cases

whether trade did take place or not. For example, in a well-developed secondary market, such as

for the INSEAD ball tickets, if sellers and buyers post their supplies and demands for tickets on
the e-mail, then if the same seller has been consistently reposting his messages every day, it is

possible both to observe the pattern of prices he quotes and if he suddenly stops quoting, to

infer with some degree of success that a trade has taken place.

5	 On the order of FF 1200
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INTRODUCING AN IRRATIONAL INVESTOR

In 1994, however, events did not take place quite according to expectations. The ball
was scheduled for 28 May, 1994 and tickets began selling in March 1994 at a price of
670 French Francs each, rationed to two tickets per INSEAD student. These were all sold
out within a week, after which the second round started with tickets being sold at a price
of 770 FF. The final round started in the middle of April with tickets being sold at a
price of 850 FF. All these three prices had been announced simultaneously by the
Summer Ball Committee prior to the opening of the first round.

The secondary market began around the middle of the second stage with sellers quoting
ask prices of 850-900 FF per ticket and being accepted6. Both bidding and asking prices
showed a steadily increasing price trend - about the beginning of May, asking prices were
on an average around 1000 FF per ticket. So far, events were following their normal
course with some would-be sellers who had bought in the first round already thinking
about how to spend their expected 2 x 400 FF profit'.

At this time, however, one INSEAD MBA student sent out. an e-mail message deploring

the tendency of the other MBA students to try to sell their tickets at higher prices than

they had bought them for - criticizing the students for trying to gouge their friends and

colleagues in the hope of making a fast. buck. The sender appealed for moralistic behavior

on the part of the INSEAD students and to show that he himself was not immoral, he

offered to sell his two ball tickets at face value. The next day, he put out another message

claiming that he had sold his two tickets to an anonymous buyer, thanked everyone for

the barrage of messages he had received about the value of arbitrage etc but said that

none of these arguments influenced him. He also advised everyone to do the same and

not have to worry about getting good prices and so on.

6 This even led to public e-mail announcements by the Ball Ticket Committee asking people not
to buy from such sources as official tickets were still available at a lower price than those being

asked for on e-mail. This did not have much effect.

7 The author can personally vouch for the truth of this assertion.
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Almost immediately, with no warning, the market collapsed. Within four days, both bid
and ask prices were at the third-stage price of 850 FF. The price stayed at this level for
about a week. Around a week before the ball, prices started falling again. They briefly
slowed around the second stage price of 770 FF but went on to fall to around 670 FF
about three days before the ball. Some students, unabashedly claiming to be speculators,
made a series of public announcements, asking people to hang on to their tickets and not
to sell too early as alumni would start to come in on the last few days and be willing to
pay large amounts to buy tickets. These announcements did nothing to slow the tide. On
the last day before the ball, though there were unconfirmed rumors of a couple of
students selling tickets to alumni at high prices, public e-mail announcements showed
that the ask price had declined in some cases, still further. The lowest ask price for a
ticket was 650 FF, no less than 600 FF below the previous year's last-day price.

WHAT HAPPENED? AN INTUITIVE EXPLANATION

In addition to the sudden complete collapse of the market, several other interesting
observations can be made about this turn of events. First, the market for these tickets
is analogous to the market for fashion goods, art objects and so on in that the intrinsic
value of the good depends on the valuations placed on it by everyone else. If only a few
people wanted to go to the ball, the value of a ball ticket would be negligible. If the
demand is expected to be high, that is, if lots of people would want to go to the ball, the
valuation placed on the tickets by everyone would rise. In such a market with no
"fundamental" values to the asset being traded, the well-known concepts of fundamental
risk and noise-trader risk as discussed above, do not explain the evolution of prices.

Second, the ball ticket market is essentially a one-shot game - the participants will not
be around for the next ball (unless they come as alumni) and no sellers can impose any
punishments on any others - thus, no equilibrium can be enforced. In other words, the
folk theorem would not be applicable.

The key factor driving prices is expectations. If sellers and buyers both hold expectations
that the price would rise, sellers would want to hold out for higher prices later. Buyers
would prefer to buy earlier. The market would be a seller's market as was the INSEAD
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ball ticket market in all previous years. On the other hand, if expectations were that
prices would fall, sellers would be increasingly anxious to sell and buyers' bargaining
powers would increase. In the INSEAD market, both these two distinct phases of the
market were observed: the initial sellers' market with steadily increasing prices and the
later buyers' market with a collapse of prices.

Note that expectations alone do not explain the switch between the two market phases
described above, though they would explain why any rise or fall would be accentuated.
The reason for the dichotomy is the arrival of an "irrational" seller - who wanted to sell
at a very low price.

This seller claimed to be using a pricing rule different from all the other sellers in the
market while other sellers might base their ask prices on the basis of their estimates of
demand and supply, this seller claimed to be selling at his own reservation price. Thus,
the fact that this seller wanted to sell at an (absurdly) low price could not convey any
information to the other sellers about the parameters in their pricing rules - parameters
of potential demand by buyers and potential supply by sellers. Hence, if the market was
efficient, prices should not (theoretically) have changed. However the pricing rules used
by the rational sellers are optimal only under an assumption of common knowledge of
rationality of the sellers, an assumption which can be rendered invalid by the intrusion
of the irrational seller.

Game theorists usually make the assumption that all players are rational, each player
knows that everyone else is rational and knows that everyone else knows that he is
rational and so on - ad infinitum - in other words that the rationality of the players is
common knowledge. In the presence of an irrational investor, this structure breaks down
at some level. For example, though all other players may be sure that

• they themselves are rational
• this self-confessed irrational player is the only one who is irrational
• all other players are rational

they may no longer be sure that everyone else knows that they themselves are rational. This

would be a breakdown of common knowledge at the second level. In this type of
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situation, the equilibrium prediction for this game with "almost common knowledge" is

very different from the game with common knowledge.

In fact, the situation is similar to the "electronic mail" problem (see Rubinstein (1989))
and to the "coordinated attack" problem (see Halpern (1986)). Rubinstein shows that
for a two-player game, if player I is not sure that (player J knows that player I knows)"
that the state is b for any large (but finite) n, the two players will always coordinate on
a worse outcome A, than if it were common knowledge that the state were b, when the
two players would coordinate on a better outcome B.

This situation is analogous to our ball-ticket market. In this market, there are two factors
driving any seller's estimates of what the other sellers will quote: one, their beliefs about
buyer demand, and second, common knowledge about sellers' rationality. Both these
factors combine to give rise to the twin phenomena observed in the ball ticket market -
the switch in market phase from a sellers' to a buyers' market and the consequent
collapse.

Consider any seller'. She will have a probability distribution over possible reservation
values for buyers. She will update this distribution in a Bayesian fashion depending on
the history of prices and trades observed and will optimize her time of sale and price
asked for, depending on her beliefs9. The arrival of the "irrational" seller does not convey
any new information about the possible reservation values of the buyers and hence, the
Bayesian updating described above should not lead her to change her optimal price and
time of sale. In standard analyses of this conundrum therefore, Bayesian updating would
not explain the switch in market phase observed here.

Consider what has happened from the common knowledge point of view. Players may

know that they themselves are rational and that the player making the irrational

Note that buyers do quote bid prices and make strategic decisions as complex as those faced by
the sellers. However, here we will concentrate only on the decisions faced by the sellers.

9	 Since all sellers are choosing their optimal times of sale and prices using the same kind of

function, it follows that the only factor exogenous to the game would be the seller's beliefs

about potential buyers' demands.
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announcement is in fact irrational and unique. Also, they know that no other player
should take the irrational player's statement seriously, but no longer know whether other
players think that they themselves are rational enough not to take the irrational player's
message seriously. Some players who place a greater probability on low demand will now
prefer to sell at a low price immediately rather than take the risk of being unable to sell
their tickets later.

With these players revising their optimal prices downwards, other players are no longer
sure whether this revision of prices is due to a breakdown of the common knowledge of
rationality assumption or whether it is due to the fact that these low sellers had received
new information about the potential demand. If entirely due to the former, players who
did not revise their estimates downward would not have to worry; no new information
had reached the market. If the low-sellers had in fact received new information, (that
potential demand was lower than expected for example) then optimally all the sellers
should lower their prices. Since no seller can distinguish between the two events
however, the optimal strategy for each seller would be to revise her own price downwards
and this would set off a downward price spiral.

This collapse of the market would not happen in the absence of an irrational investor.
At the beginning of the e-mail market, prior expectations are that the prices would rise.
In a normal situation, sellers would price according to their beliefs. Low-pricing sellers
would be accepted first. The information this would convey to the higher demand
estimate sellers is that buyers' reservation prices are higher than the lowest offer prices.
This would lead them to revise their prices upwards. If also accepted, the price rise would
continue. The only way this trend would be broken would be if some seller suddenly
came into possession of some information that caused her to revise downwards her
estimates of buyer demand - for example, if she learnt that the Alumni Reunion had been
canceled. Her optimal response would be to price below the prevailing price trend - to
make sure that her ticket sold before any one else got the information. This would give
information to the other participants and might set off a downward price spiral'. The

10 It could be argued that in fact, this was the real reason the market collapsed - new information
had arrived that potential demand was going to be low. However, I consider this unlikely. As

one of the participants in the mari.et, I would have a strong interest in obtaining such
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irrational investor had exactly the same effect - except that the arrival of the irrational
investor caused a breakdown in the common knowledge of rationality assumption, which
in turn, caused a collapse of the market in the normal way described above.

Note that no efforts by the sellers to convince others that they did not take the
"irrational" seller seriously would work. The market in INSEAD in fact, showed strong
evidence that this was so. Fruitless efforts to arrest the fall of prices were made by self-
proclaimed "speculators" who broadcast e-mail messages appealing to sellers to stop
selling at low prices, giving estimates of potential profits to , be made if "implicit"
collusion was maintained and so on.

THE MODEL

It is reasonably straightforward to model the normal price process (whether upwards or
downwards) using simple second-order differential equation systems for example. What
cannot be modeled in this framework is the switch in regimes because of a change in
expectations.

To demonstrate this change in expectations, we postulate the process as occurring as

follows: At any moment in time, the standard price process operates as usual, with prices

evolving upwards at a rate depending on the parameters of the model. The "irrational"

seller then announces himself". The model starts at this stage. In such a situation, sellers

with low estimates of buyer demand switch to a lower price in order to be sure of selling

their tickets, irrespective of anv communication with anv other sellers. The following

model demonstrates this for a particular two-strategy two-seller case. The proof follows

that of Rubinstein (1989).

information. I did not note any such information or rumor anywhere in INSEAD before the

collapse. Also, since demand was in fact not low - on the last day, there were several demands

by alumni for tickets - there should have been some recovery in prices in the days immediately

preceding the ball. There was no such recovery.

ii	 Rational players are assumed female. The irrational seller is male.
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Assume that the ball ticket is a sunk cost. In other words, if the seller cannot sell the

ticket it is valueless to her. The seller can choose to sell at a high price f112 or at the face

value of the ticket - a lower price L. Sellers are either rational R or irrational I. Buyer

demand for the tickets could either be one with a probability of a, or more than one with

a probability of (1-a). If both sellers quote the same price when demand is low, they have

an equal probability of selling, otherwise the lower quoting seller gets the sale. If demand

is high, whatever price the seller quotes, she will make the sale.

If both players are rational, they will play

GR

Demand = 1 (Low)(Prob a)	 Demand > 1 (High) (Prob (1-a))

Seller 2	 Seller 2

H
	

L
	

H
	

L

1/21-I, 1/211 0,L

L,0 1/2L, 1/2L

H,H H,L

L,H L,L

Seller 1

L

H

L

Note that for (H, H) to be a Nash equilibrium in this game, we must have

a (1/2 H) + (1 - a)H z L
	

(1)

If seller 1 is irrational, then quoting a high price will be anathema to him, whether or not

he consummates the deal. Therefore the two will play:

12 This price is the prevailing price generated by the standard price process discussed above.
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Demand = 1 (Low)(Prob a)	 Demand > 1 (High) (Prob (1-a))

Seller 2	 Seller 2

H
	

L
	

H
	

L

-.), 1/2.H' -co, L

L,0 1/21_, 1/2L,

-..., H -.., L

L,H L,L

Seller 1

L

H

L

This game has only one Nash equilibrium (L, L). Now suppose we start after the
irrational seller has dedared himself and sold his ticket. This model considers what would
be the optimal strategy for the two rational sellers remaining. We postulate that if seller
1 of these two is in fact rational, (with an attendant probability of (1-p)), she would like
to coordinate on the equilibrium (H, H). She will send a message saying that she is
rational and she believes that demand will be high'. Player 2 knows this. The electronic
mail system is imperfect however and if the message is sent, it does not reach the
recipient with a probability e. If it does reach the recipient, the recipient's computer
sends back an automatic confirmation of the receipt. At any moment in time, the two
players' computers display a number showing the number of messages sent by their own
computer, t. Lastly, suppose player 1 is irrational with prior probability p. These

parameters p, a and e are common knowledge to both players.

We show here that the collapse of the market to the (L, L) equilibrium occurs if the
sellers both place high probabilities on the demand actuall y being low. Such a collapse
would not occur if they were confident that demand were going to be high.

Let (SI , S2) be a Nash equilibrium (where Si(t) is player I's action if her computer sends

t messages) such that S,(0) = L ie. if player l's computer sends no message, he is

irrational and will quote L. We prove by induction that S 1 (0 = S2 (t) = L V t, in other

13 Note that seller I always has an incentive to say that she believes that demand will be high and
this assertion will therefore be ignored by the other seller. What matters therefore is the signal

of rationality.
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words, for a given set of parameters p, a and c, the players will always quote L regardless

of the number of messages they exchange.

Suppose player 2's computer gets no message from player 1. This could be because either

• player 1 is "irrational" and hence did not send a message (an event that occurs

with prior probability p or

• player 1 sent a message with probability (1-p) but this message did not arrive with

probability e (for a total probability of (1-p) e)

In the first case, player 1 quotes L (S, (0) = L). Now suppose irrespective of what S1 (1)

is, player 2 quotes L; her expected payoff is at least

p(a	 + (1 -a)L) + (1 - p)e(a'AL +(1 - a)L) 

P ( 1 -P)c

If she quotes H on the other hand, she gets at most

p(a0 + (1 - a)H) + (1 - p) e(a' A H + (1 - a)H) 

P ( 1 -P)e

and she will always quote L if

(H -L)(e-1) 	 _ r
'AL + 'AE(H - L) - H

(1 - 1/2a) (H - L) e
P	 - A

(1	 +(1 - 1/2a) (H - L)c -(1 -a)H

It. is easy to see from (2) that for any set. of (L, c), as H increases, r increases. In other

words, as the prevailing price increases, the player 2 has to be more and more pessimistic

about buyer demand in order to quote L. Again, for any given set of (L,H), as E increases,

a>

and

(2)

(3)
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r decreases. As the inaccuracy of the e-mail system increases, even if player 2 is less

pessimistic, she will still quote L. Similarly it is easy to see from (3) that for any set of

(L, a, e), as H increases, 0 increases. In other words, as the prevailing price increases, the

prior probability that player 1 is in fact irrational has to increase more and more in order

to convince player 2 to play L. Next assume that the prior probability p satisfies (3) at

the current prevailing price H and a satisfies (2). Then S2(0) = L.

Assume now that we have shown that < t, players 1 and 2 quote L in equilibrium.

Player 1 is now uncertain whether T2 = t-1 (ie. player 2 never got player l's message) or

whether T2 = t (ie. she got player l's message but her own was lost on the way back to

player 1). Player 1 assigns conditional probability z to T2 = t - 1 given by

Z
	 	 > 1

e + (1 -e)e	 2

By the inductive assumption, player 1 estimates that if T2 = t - 1, player 2 will quote L.

So if player 1 chooses H, she gets at most

z (a 0 +(1 - a)H) +(1 z)(a 1/2H + (1 - a)H)

whereas if she quotes L, she gets at least

z (a	 +(1 -a)L) +(1 - z)(a V2L + (1 -a)L)

and she will therefore choose L if

z > 
(H - L) - 1/2a) 

H a

This is equivalent to

(-4 +2a +2e - ea)L 
H

3a-4+2e-ea
(4)
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This upper bound on H increases with both e and a. As the system becomes more
inaccurate, the less confident player 1 is that her message has got through and she will
therefore be more likely to choose to play L. Similarly, as seller 1 becomes more
pessimistic about demand, she will be more likely to quote L for a larger H.

Similarly, we can show that for S2 (t) = L, it must be that the same upper bound on H
holds. Therefore, when all four sufficient conditions (1), (2), (3) and (4) are satisfied for
a set of parameters, H, L, p, a and c, the two players will play (L, L) regardless of the
number of messages exchanged.

The sufficient conditions derived here include upper and lower boundaries on H in
relation to L and lower boundaries on a and p. Intuitively, it shows that breakdown is
inevitable even when (H, H) is an equilibrium as long as both sellers are sufficiently
pessimistic about buyer demand and the prevailing price when the "irrational" seller
reveals himself, is not too high compared to the face value of the ticket. The intuition
behind this last statement is straightforward. If the "irrational" seller makes his
announcement when the prevailing market price is very high, then it is extremely
unlikely that sellers will believe that there are other such sellers given that the price is
already so high. Hence the irrational seller's announcement will be disregarded. If on the
other hand, the price has not risen too high, the announcement will cause the low-
demand-estimate sellers to try to sell at a low price and this will inevitably set off a
downward spiral in the market.

It is not straightforward to generalize this model to a case of many buyers and many

sellers. However, the essential characteristics of the situation are captured even in the

simple model above and it may not add much intuitive understanding if we attempt to

do so.
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CONCLUSION

This paper describes an unusual event in a well-developed market that seems to be a
paradox according to the efficient markets hypothesis. The resolution of the paradox
throws light on the strength of the (usually unstated) assumption (traditionally made in
studies of such markets) of the common knowledge of rationality of the participants.

Previous studies have looked at the effects of the presence of irrational traders insofar as
these traders trade in a known manner. What has not been considered is whether the
mere possibility that such traders might exist, (if it were "almost" common knowledge,
that such traders could not exist) might not cause very different behavior on the part of
the other "rational" market participants than if it were common knowledge that such
"irrational" traders could not possibly exist. In other words, the very possibility that
"noise" traders might exist causes deviations from individually aggregated behavior in
ways not normally taken into account in the literature.
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