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The Value of Information in Speculative Markets

Jeffrey F. Jaffe* and Robert L. Winkler**

1. Introduction

A number of writers have examined the value of informa-
tion in economic activity. Among other uses, the literature has
has emphasized that information can improve the decisions
of the firm, bring together potential buyers and sellers,
and increase the trading profits of individuals.1 This
paper considers the effects of information on trading profits
and determines optimal trading policies under two types of
trading procedures.

Previous research in this area has emphasized that the
informed investor should be able to exploit the uninformed
investor, that information will be produced for trading pur-
poses (even at a cost), and that this information production
is not necessarily Pareto-optimal.2 Though the present
paper does not disagree with the above, we point out that
the magnitude of the effects is determined by the type of
market involved. 1In particular, the above effects are mini-
mized in markets that are dominated by speculative traders
(i.e. traders who are not interested in changing either
their level of risk or their total investment). This occurs

essentially because naive speculative investors have a simple
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mechanism, previously ignored in the literature, for avoiding
exploitation by informed investors. They can merely stop
trading in markets where they have been losing money from
previous trades.

The above considerations are discussed in Sections 2
and 3, where it is assumed that there is no market maker
(specialist) in the economy. However, Section 4 focuses on
speculative trading in an economy with a market maker. Under
this regime, every investor, no matter how little information
he possesses, should attempt to trade with the specialist.
The volume of speculative trading, however, depends on the
relative ability of the specialist vis-a-vis the investors
as well as on other considerations such as commissions. A
statistical model is developed in this section to determine
optimal policies for trading with a specialist, and practical
applications are also discussed.

The first four sections are developed in a framework
similar to that of the financial economics literature, because
the type of trading discussed is seen most clearly in financial
markets. However, the results should be applicable to all
areas of economic activity. In Section 5 we illustrate this

applicability by considering alternative forms of gambling.

2. A Model for Speculative Trading

Traditionally, stock-market observers have differentiated

speculative trading from liquidity trading. Trading on



information for the purpose of increasing profits is considered
speculative trading. Trading without information for the
purpose of changing either the perceived risk of a portfolio

or the amount of funds committed to the stock market is consid-
ered liquidity trading. Admittedly, it is difficult to separate
these two types of trading. For example, if the risk-return
opportunity set of an investor is changed when he receives
information concerning a security, he may adjust his risk
position and his current total investment in the stock market.
Though both ligquidity and speculative motives are involved

in most transactions, for purposes of exposition we present

a model that attempts to separate the two motives.

In order to highlight the speculative trading decision,

the following model is chosen:

1. The capital market has zero transaction costs and no
indivisibilities in the trading of securities.

2. Information cannot be pooled among investors.

3. Each individual is risk-neutral and attempts to
maximize expected return. This restriction is added
to abstract from trading to change risk.

4, A one-period model is assumed. Each individual brings
both cash and claims on securities to a tatonnement
auction held at the beginning of the period. Here
all consumption-investment decisions are made and
securities are exchanged. The value of each security,

which is determined by an exogenous stochastic process,



is announced at the end of the period, and the securi-
ties are exchanged for consumption at this time.
During the period, investors can trade in response
to the continuous flow of new information. However,
there will be no withdrawals from the market during
the period, as investors are not permitted to purchase
any consumption goods during the period. This assump-
tion is included to separate liquidity trading, which
should occur only at the beginning of the period,
from speculative trading, which occurs throughout
the entire period.

5. Investors cannot sell short. As pointed out by

5 unlimited buying and short selling

Fama and Laffer,
by expected value maximizers will result in infinite
buying by those who expect a high price for a security
and infinite buying by those who expect a high price
for a security and infinite short selling by those

who expect a low price.

From the fourth assumption, the market for all risky
assets clears through a tatonnement bidding process at the
outset of the period. Next, assume that later in the period,
the equilibrium situation is disturbed by the introduction
of new information pertaining to a security. An individual
who, after receiving the new information now expects a greater
return from this security than from other securities, will
buy the security. Similarly, an individual believing that

the information implies a smaller return for the security



might sell the security.

To formalize the notion of trading during the period,
consider a simple situation involving cne security and two
investors, A and B.u The trading mechanism is a sealed-bid
procedure whereby the two investors write down forecasts,

PA and P of the price, or value, of the security at the

B’
end of the period, and trading occurs at a price mid-way
between the two forecasts. If PA > PB’ B sells the security

to A at a price of (PA + PB)/2, and if PB > PA’ A sells tc
B at that price. The amount of the security that is traded
is not important for our purposes, so it 1s assumed that just
one unit (share) of the security changes hands. Alternatively,
given the assumption that the investors are risk-neutral,
it might be more realistic to assume that the individual
selling the security in this trading procedure sells his entire
holdings of the security (and would sell more if it were not
for the prohibition of short sales).

The investors' forecasts can be written in the form

P +u, and P, = P + Up, where P is the actual value of

= P
A A B
the security at the end of the period and Up and Up are error

terms. Assuming that the two investors are knowledgeable
and experienced enough to avoid systematic errors, suppose

that u = (uA,uB) has a bivariate normal distribution with

2
A

PO, 0p. Moreover, it is assumed that this distribution is

_ _ _ _ 2
E(uA) = E(uB) = 0, V(uA) = 0,°, V(uB) =05, and Cov(uA,uB)

known to both traders.? For example, the distribution could be



based on considerable past data in the form of forecasts
by A and B and the corresponding price observations.

After A determines PA but before PB is known, A's prior
distribution for P is a normal distribution with mean P, and
variance GAE' After learning the value of PB’ A's posterior
distribution for P is a normal distribution with mean PK and

variance 038, where

ox - k(k - p)PA + (1 - pk)PB
A 2 ’
k™ - 2pk + 1

and

k2( 1 - 92)0A2
o*" = 5 g
A k™ - cpk + 1

with k = GB/UA. The derivation of the posterior distribution
is given in Appendix I.

From this posterior distribution and the assumption
that trading of one unit of the security occurs at a price of
(PA + PB)/2, A's expected return from the trade, as determined

after PA and PB

PA > PB (in which case B sells the security to A) and

e g . .
[(PA + PB)/2] PA if PA < Py (in which case A sells the

security to B). Thus, A's expected return is

. . . L .
are known, is simply P} [(PA + PB)/2] if

k(k - p)PA + (1 - ok)Pg P, + Pg )
5 - if PA > P
k™ - 20k + 1 2

B

PA + PB k(k - p)PA + (1 - pk)PB e p
- = if
2 k® - 2pk + 1

< P



which simplifies to

(k = 1)(k + 13(, - By)
5 it Py > Py,
2(k° - 2pk + 1)
s =
(k - 1)(k + 1)(P, - P,)
B A .
5 if PA < PB
2(k° ~ 2pk + 1)
Obviously, (k + 1) > O (since k = oB/cA > O),(PA - PB)> 0 if
PA > PB’ and (PB - PA) >0 if PA < PB. The term in the

denominator, k2 - 2pk + 1, is nonnegative if p < (k2 + 1)/2k.

But (k2 + 1)/2k > 1, with equality holding only when k = 1.

Thus, k2 - 2pk + 1 > O except when p = k = 1, the uninteresting

case in which there is no trading since PA = PB. As a result,
all of the factors of T, are strictly positive excépt for k - 1,
implying that the sign of k - 1 is the sign of Tyt

iff k -1

El
ALV
(@]
ALV
O

Recalling that k = GB/cA, we see that A's expected
return from the trade is positive if 0, < 0 and negative
if Sa > og- Moreover, since A and B start with the same
joint distribution for (PA,PB) and since the trading procedure
is a zero-sum game,6 T = e where s represents B's
expected return from the trade. Therefore, the investor

with the smaller standard deviation of forecast error has

a positive expected return, whereas the other investor has



a negative expected return.

The preceding analysis assumes that the expected error
of each investor's forecast is zero. Suppose that E(uA) = v,
so that A's forecasts have a systematic error of magnitude v
in addition to random error. T1If everything else in the model
is unchanged, the effect of this systematic error is to change
A's posterior mean to P* - [k2(1 - p2)v/(k° - 2pk + 1)], where

A

PK is the posterior mean when the expected error of A is cali-

brated to zero. The difference in A's expected return

(uncalibrated expected return minus calibrated expected return)

is -8v when PA > PB and S§v when PA < P where

B’
§ = k°(1 - p°)/(k% - 2pk + 1). Before seeing P, and Py, how-
ever, the distribution of PA - PB is normal with mean v and
variance CA2 + ch - 2pcAcB. Transforming to the standard

e ) _ 2 2
normal distribution, Pr(PA > PB) = Pr[z > v/(cA + og

- 2pcAcB)1/§] = Y can be found, implying that before (P,,Pp)

is observed, the uncalibrated expected return fcr A is

-8vy + 8v(l - y) = &§v(1l - 2y). But 6 is strictly positive and

v(l - 2y) < 0 if v ¥ 0, since v > O implies .5 <y < 1 and’

v < O implies O < ¥y < .5. Therefore, the difference in expected

returns is negative, indicating that it is better for A to be

calibrated than to be uncalibrated. Calibrating is advantageous

to an uncalibrated investor, and a calibrated investor diminishes

his expected return by intentionally uncalibrating, or hedging.
In the sealed-bid trading procedure, then, a calibrated

investor with a small forecast error variance has an advantage



over an uncalibrated investor with a larger error variance.

Moreover, the essential nature of this result generalizes to

a sealed-bid trading procedure with n traders, where n > 2.

This is illustrated in Appendix II for the special case in

which the errors of the different forecasters are independent.
As new information continually appears in the market,

investors will continually repeat the trading procedure.

Because of differences in either the amount of information
obtained or the inferences drawn from the information, some
individuals will earn trading profits while others will
suffer trading losses. Rational investors who continue to
earn less by trading than they would have earned by a
buy-and-hold strategy will eventually stop trading. Other
investors, who were previously trading successfully, may
now find that they are suffering trading losses as a result
of trading only with superior forecasters, and they will
eventually desist from trading also. The process will be
repeated until only the most successful trader desires to

trade.

It is possible that rational investors with optimistic
expectations of their future trading performance will continue
to trade in spite of initial trading losses. This could be
caused by misperceptions of the distribution of forecast

7

errors. However, our model specifies a continuous flow of in
informatien with no transaction costs. Each individual will
trade continuously and the results of the infinite number of
trades implied by this process should "swamp" the initial

prior judgments. Thus, in a rational world where individuals

form reliable judgments concerning their trading proficiency
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over time, there should be no speculative trading.8

The situation could be complicated by assuming that some
individuals are adept at trading in certain industries or
with respect to certain information. 1In this case, individuals
would form expectations of their trading proficiency for indi-
vidual categories of trading. Again, only the most proficient
will remain in each category, and no trading will result. It
may appear paradoxical that an investor who possesses informa-
tion can expect to earn a higher return by ignoring the infor-
mation than by trading on it. However, the fact that two
investors are able to trade indicates that they differ in
their forecasts. In trading with an individual who is a
better forecaster (because of different information or because
of other reasons), an investor is at a disadvantage, as the

model presented in this section shows.

3., Implications Concerning the Value and Production

of Information

Recent models concerning the value of and the production
9

of information’ imply that information is valuable for trading
purposes, in addition to its usefulness in the allocation of
investment in real assets. Furthermore, these models suggest
that individuals will commit real resources to information
production, either for their own private trading activities

or for sale to other information traders. Manne apparently

approves of this information production, as he states that

opportunities for trading on special information can be a
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successful inducement to the satisfactory performance of
business executives. Conversely, Fama-Laffer and Hirshleifer
believe that the production of information for trading purposes
need not be Pareto-optimal. They state that the production
of information for trading purposes employs real resources,
while leading to a mere redistribution of assets.

In order to highlight the differences between our results
and those of other authors, we define the "full value" of
a piece of information pertaining to an individual security
as the product of (1) the change in the security's price
upon release of the information and (2) the number of shares
outstanding. This term corresponds to V, the change in the
value of the firm due to information in the Fama-Laffer paper.
Fama and Laffer postulate a model of risk-neutral individuals
where each individual is willing either to buy or to sell
shares in a security at a given price. Here an individual
who receives information favorable to a security can buy all
of the shares of a security at the market price and subsequently
release the information to reap its full value.10

In the model of the previous section, we saw that during
the period all trading would eventually stop. " Should an indi-
vidual obtain information during the period concerning the
value of securities, he would desire to trade on the basis of
it. However, no one would be willing to trade with him. As
information would be of no value for trading securities in the

period, there would be no information production for trading
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purposes. At least in the case of a purely speculative

market, the movement away from Pareto-optimality due to
information production shown by Fama and Laffer can be corrected
by a curtailing of trading.

As the analysis of Hirshleifer is presented in a time-
state preference model, he discusses the trading of actual
consumption claims, as opposed to our use of only claims on
securities. Since Hirshleifer did not attempt to separate
liquidity motives from speculative motives in his model,
trading exists in his economy. For example, consumption-
investment decisions can be viewed as liquidity decisions, so
that consumption claims in different periods may be traded,
even by unknowledgeable investors. To see this, imagine a
two-period, two-person economy where B only holds claims to
certain consumption in period 1 and A only holds claims to
uncertain consumption in period 2. Alsoc assume that A is
more knowledgeable than B concerning the amount of consumption
to be received in period 2. B can expect that, in the normal
case, A will trade away fewer period 2 claims when he expects
the return in period 2 to be high than when he expects the
return in period 2 to be low. 1In spite of this, B may decide
to trade with A in order not to starve in period 2. 1In a
similar fashion, it can be shown that consumption claims
contingent on different states in the same period may be
traded for liquidity purposes.

It is assumed in our model that each individual brings

cash and claims on securities to the auction at the beginning
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of the period and that each individual must make a consumption-
investment decision at that time. Hence, our results parallel
those of Hirshleifer at this point, as even unknowledgeable
investors may trade at the tatonnement auction. Since trading
occurs, information is of value and will be produced. Along

11 we can show that this

the lines suggested by Hirshleifer,
information production is not necessarily Pareto-optimal.
Consider a situation in which all individuals have identical
holdings of cash and the market portfolio prior to the ta-
tonnement process, possess identical utility functions, and

have homogeneous expectations with regard to the behavior of

the market portfolio. Furthermore, suppose that one unit

of additional infomation may be purchased at a small positive
cost. Though each person might purchase it, no trades will
result since all initially held identical portfolios. The
information leads to no action, so it is of no value. As

our mddel implies the possibility of trading, information
production, and non~optimality, our results from the tatonnement
process do not differ from those of Hirshleifer.

Thus, trading and non-optimal information production
result from liquidity motives. They would not, however, arise
in a purely speculative market such as the one occuring in
our model after the auction. Therefore, those models of
purely speculative markets which imply trading and information
production ignore that the rational action of naive investors

in the presence of informed traders is to curtail trading.



-14-

Of course, we recognize that liquidity trading exists in the
real world, so we do not suggest that our results have pre-
dictive content. However, at any given moment, the number of
investors desiring to trade due to liquidity motives is probably
small, so that even without transaction costs, investors can-

not be expected to earn the full value of their information.

4. Speculative Trading with a Specialist

A model where individuals trade securities directly with
each other was presented in Section 2. However, in the real
world, individuals usually trade securities indirectly through
a brcker and a specialist. The broker, who is responsitle
for executing transactions in the investor's name (as well as
for providing advice), is compensated by a commission. As
orders to transact in a particular security occur irregularly,
investors who desire to buy (sell) cannot be certain of locat-
ing investors who want to sell (buy) immediately. To insure
that individuals can transact promptly, the specialist stands
ready to buy shares of the security at a specified price
(bid price) and to sell shares of the security at another
specified price (ask price). The specialist is compensated
by the difference between the ask price and the bid price,
which is commonly called the spread.

Though the specialist and broker are compensated in
proportion to the trading volume , the specialist is also com-
pensated according tc his ability to forecast the future price

of a security. The bid and ask prices can be viewed as the



_15_

specialists' forecasts. Investors who possess information un-
available to the specialist implying a certain rise in the
price of the security will purchase the security from the
specialist and will subsequently reap gains at the specialists'
expense. The model of Section 2 implies that individuals
should eventually stop trading for speculative reasons. How-
ever, a world where specialists cannot desist from trading
with informed investors may yield different results.

To formalize the notion of trading with a specialist,
assume the same model presented in Section 2, but let A
represent an investor and let B represent the specialist.
Instead of a sealed-bid trading procedure, A sees PB before
making a trading decision. A can buy the security at a price
of PB + T, sell the security at a price of PB - T, or do
nothing. The difference between PB and the prices at which
A can trade represents the spread and/or comission. Obviously
T is nonnegative, with T = O corresponding to the case in which
A can buy cor sell at PB’ the price set by the specialist
(i.e. the specialist's forecast of the value of the security).

From the model in Section 2, A's posterior distribution

of P after A observes P, is a normal distribution with mean

B
PK and variance 0;2. The expected return to A from buying
the security is PK - (PB + T), so it is optimal for A to buy
when P} - (PB + T) > 0. From Section 2, this is equivalent to

k(k - p)PA + (1 - pk)PB

K% - 2ok + 1

-Pg> T
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which simplifies to

PA - PA > BT ifk-p>0
and
PA - PB < BT ifk-p< 0 ,
where
2

If k - p > 0, so that the correlation between PA and PB

is smaller than OB/OA, the expected return to A from buying
the security is positive when PA - PB is greater than a certain
positive multiple of T. This follows from the fact that 8 > O.
The larger B is, the larger the price difference that is re-
quired before it is advantageous for A to buy the security.

The case of B = 1, of course, corresponds to the situation

in which the breakeven value of PA - PB is exactly equal to T.

The relationship among B, p, and k is as follows when

k - p > 0O:

iff p

jos]

A NV
v oA
<1~

This can be seen by writing B in the form 1 + [(1 - pk)/
(k2 - pk)]. The denominator of the second term is strictly
positive (since k > p), so the sign of the second term is

simply the sign of 1 - pk. But it might be expected that the
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specialist is a better forecaster (in the sense of having a

smaller error variance) than most investors, in which case

Og < O, OF k <1, If k< 1, then 1/k > 1, so p < 1/k by

definition, implying that B > 1. Even if A has a smaller

error variance than the specialist, 8 will still be greater

than one unless the correlation is large enough so that

o> oA/cB. This implies that when A has a smaller variance

than the specialist and the ccrrelation is larger than oA/oB,

A can take advantage of his superior forecasting ability and

obtain a positive expected return even in some cases where

PA - PB < T. 1In most situations, nowever, we would expect

to see B > 1. Moreover, if k < 1, dB/dk < O, implying that 8

increases as the specialist becomes a better forecaster (in

terms of the ratio of error variances) relative to the investor.
If k - p < 0, then B < 0, and the optimal buying rule is

to buy if PA -~ P

A should buy the security when P

p < BT < 0. This seems to be a strange result;
A~ Pp is negative enough!
Noting that k < p < 1, we see that the specialist has a smaller
error variance than A, and p is high enough that it is highly
is on the same side of P as is P_ but that P

A B A
is further from P. For instance, if k < 1 and p = 1, A knows

likely that P

that P, is on the wrong side of P so A utilizes this informa-

B’
tion to buy when PA < PB' In this situation, PK = (pB - kPA)/
(1 - k), and Py - Py and P, - Py are of opposite sign.

The situation in which A sells the security is analogous

to the buying situation. The expected return to A from selling



-18-

is positive when

P, - P, > BT ifk-p0>0 |,
or
PB - PA < BT itk -p<0 ,
Thus, combining the buying and selling situations, A has a

positive expected return (i.e. A will trade) whenever

| Py - Pp| > BT ifk-p>0 ,
or

1P, - Pyl

< BT if k -p <O

If k - p > 0, what is the probability, calculated before
seeing P, and Pp, that A will trade? This probability is
Pr(|PA - PBI > BT), which by symmetry is equal to 2Pr(P, - Py

> BT). Since PA - PB is normally distributed with mean zero

. 2 2 2
and variance Oy *Oop° - 2DOACB =0, (k2 - 20k + 1), the

probability that A will trade can be written in the form

2 1/2

2Pr[z > (k° - 2pk + DY me (- p)_loA_ll, where z is a
standard normal random variatle. Letting 1 represent the
probability that A will trade and letting

6 = (k2 - 2pb + e "1k - p)_lch_1 , we see that

91/3T = (31/38)(38/3T). But 31/36 < O and 38/3T > 0, so that
T is a decreasing function of T, as would be expected. More-
over, 38/3k < 0, implying that t is an increasing function of

k. As A's error variance decreases relative to the specialist's
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error variance, A is more likely to trade. The appearance
of cA_l in the expression for 8 suggests that with all other

variables held constant, a smaller o, makes trading less

A
likely. But "all other variables held constant" means that
k, a function of °A2’ is held constant, so that 082 decreases

as 0A2decreases. The increased precision of both A and the
specialist means that the distribution of Py - Py is tighter.
But T is being held constant, implying that Py = Py is less
likely to overcome the spread and/or transaction costs. If
/o

o} is substituted for k in the expression for 0, differenti-

B’ A
ation yields ae/aoA > 0, which implies that ar/aoA < 0. There-
fore, the probability that A will trade is a decreasing

function of OAZ, as would be expected.

The above results imply that any investor with some
information, no matter how little, can profit from that
information by employing a decision rule such as the one
arrived at by the model of this section. All investors
have a positive probability of trading with the specialist
(i.e. a positive probility of encountering a situation
with a positive expected return from buying or selling
at the prices offered by the specialist). However, the
probability of trading is a decreasing function of the
investor's variance of error of estimation. The more
accurately an individual forecasts the price of a security
and the smaller T is, the more likely it is that a trade
will occur. Thus, the probability of trading is a function
of the degree of information that the investor possesses.

For investors with little information, the probability of
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trading is small (i.e. the number of opportunities for
profitable trading is small). On the other hand, for

very knowledgeable investors, the number of opportunities
for profitable trading may be large. The volume of trading
will depend on the forecasting abilities of the investors
relative to that of the specialist.

The results of the model of this section differ from those
of the model of Section 2, where individuals with large vari-
ances of estimation error can expect to lose in trading with
individuals with small variances of estimation error. The
key difference in the two models, of course, involves the
trading procedure. 1In this section, the specialist is forced
to set prices at which any investor can buy and sell the
security. An investor can observe these prices and revise
his judgments concerning P before deciding whether to trade.

Furthermore, he can determine a decision rule such as the

following: buy only if PA - PB is larger than a certain
breakeven point and sell only if PB - PA is larger than another
breakeven point. In the sealed-bid trading procedure, the
investor is not able to see PB before deciding whether or not

to trade. A's decision must be made before PB is known, and

and P jointly determine the details

the two forecasts, PA B>

of the trade.

Because the market maker (specialist) can expect to lose
to all rational investors, a purely speculative market with
a market maker is unstable. The market maker will let Tow
in order to reduce his trading losses unless he is either sub-
sidized in some manner and/or the size of T is restricted.
Governmental subsidization is not only possible but is

"supposed" to be the practice on organized exchanges.12
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Liquidity traders, as well as investors who either mis-
perceive their forecasting ability or do not use rules such
as those given in this section, should alsc subsidize the
specialist. However, as pointed out in Section 2, if there
are liquidity traders or traders who continually misperceive
their forecasting ability, trading will exist even without a
market maker. Thus, it is not clear that informetion is of
greater value in an economy with a market maker than in an
economy without one. Rather, the value of information under
a market maker depends on the forecasting ability of the
market maker vis-&-vis the investors and on policies regarding
spreads, suspension of trading, and so on.

Although the model presented in this section was conceived
primarily for theoretical purposes, it should be useful to
investors in practice. 1In order to use the model, it is
necessary for an investor to determine the necessary inputs
to the model, and the key input is a probability distribution.
The spread and/or transaction costs, represented by T, should
be known in any given investment situation, and the remaining
factors affecting the results of the model are the parameters
of the joint distribution of the forecast errors of the inves-
tor and the specialist.

The question of determining probability distributions
for future security prices is discussed in detail in two

13

papers by Winkler, so to conserve space we will not repeat

these discussions here. In general, an investor should
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utilize any information and means for processing information
that are available, implying that a probability distribution
for future security prices should typically involve the use
of past data, subjective judgments of the investor and any
expert that may be consulted, and output from any statistical
forecasting models that may be available. In the particular
situation posited in this paper, a great deal of relevant
past data is available or will become available quickly as
the trading process goes on, so an investor's probability
distribution should depend heavily on such data. By systema-
tically looking at the past history of his own and the market's
errors of estimation, an investor should be able to investi-
gate whether a normal distribution provides a reasonable ap-
proximation of the joint distribution of forecast errors.
Moreover, the past data can be used to calculate estimates of
the parameters of the joint distribution. 1In practice, an
investor might make forecasts at regular intervals, such as
intervals of one month. It would then be necessary to investi-
gate these forecasts as well as month-to-month shifts in the
market price. It should be mentioned that models concerning
equilibrium pricing of risky capital assets, such as those

14 may be useful in

discussed by Sharpe, Lintner, and Black,
investigating the performance of investors and specialists.
In particular, empirical work implementing these models has
focused on the "residual" (i.e. the movement in the stock

price not accounted for by either the stock's level of risk

or the movement in the price level of the entire stock market).1

5
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The residual, which is the return above or below the equili-
brium return for all assets with a given risk, appears to be
a reasonable estimate of the specialist's error of estimation
and can easily be estimated for any security where past data
are available.

Of course, to the extent that all investors possess the
same amount of information, determining a distribution of
forecast errors and utilizing the model of this section would
seem to be a sterile exercise as far as the practical applica-
bility of the analysis is concerned. There is evidence that
few individuals or models possess enough special information
to predict stock prices with any degree of accuracy.16
However, some investors and models have been particularly
successful in this regard, so it should be useful to briefly
review a few such cases.

First, there is ample evidence that corporate insiders
possess and act upon special information.17 However, each
individual insider may possess information on only one or a
few securities., In addition, these insiders may receive infor-
mation at irregular intervals, and it may be of varying quality.
Thus, the process may not be stationary, making it more diffi-
cult to determine a probability distribution of forecast errors.

Though many investment counselors, mutual funds, and

brokers do not appear to possess significant information,18

evidence suggests that the Value-Line Advisory Service19

may possess such information. As the performance of many
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other advisory services has not been examined, it is possible
that other services also possess special information. These
services investigate many different securities at regular
intervals, so that past data could be used to arrive at a
distribution of future forecasting errors. At present, many
of the services only indicate whether an investor should

buy or sell a particular security; a method of forecasting
the price of the security would be needed in order to apply
our model.

As a final example of successful prediction, a few models
of security valuation presented in the financial literature
appear to be successful. For example, Jones and Litzenberger2o
have shown that stock prices do not adjust immediately when
firms have sizeable increases in accounting earnings. Though
Jones and Litzenberger only decide which securities should be
bought, a model yielding forecasts of the prices of securites
could be developed. Black and Scholele have shown that their
theorctical model for pricing options has information content
As their model yields a numerical value for options, an
empirical implementation could follow easily.

Even if investors do possess special information, they
may not use it to full advantage. A model of the type pre-
sented here is of value in formulating optimal trading rules
so that investors are able to utilize their information in
an attempt to increase expected return. For example, the
results of Black and Scholes indicate that although proper

use of their option pricing equation can yield positive returns
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with no transaction costs, the equation cannot be used to

earn profits net of transaction costs. However, in the calcu-
lation of profits after transaction costs, all options were
either bought or sold. Using our model, Black and Scholes
could have bought only those options with values estimated

to be above the market price by at least 8T and sold only
those options with values estimated to be below the market
price by at least BT. By taking a position in fewer securi-
ties, their option model might have been profitable even with

positive transaction costs.

5. Summary and Discussion

We have developed models of two types of trading proce-
dures and we have investigated the possibility of speculative
trading under these procedures. The first model involves a
sealed-bid trading procedure in which investors trade directly
with other investors. 1In a stationary world where investors
can accumulate information concerning their forecasting
ability, the amount of speculative trading will diminish un-
til there will eventually be no speculative trading. This
result has implications, discussed in Section 3, concerning
the value and production of information.

The second model presented in this paper incorporates
the notion of trading with a specialist, who is forced to set
prices at which any investor can buy and sell a security.
When investors trade with the specialist instead of directly

with each other, speculative trading will not cease. The
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volume of such trading, however, will depend on the ability

of investors (vis-a-vis the specialist) to forecast the

price of a security. The model provedes optimal trading rules
for an investor and can be used to determine the probability
that an investor will be able to trade profitably in a given
situation.

The models discussed here are purposely simple so that
the main points are not obscured by unnecessary details.
Potential extensions include the simultaneous consideration
of several securities, the inclusion of nonlinear utility
functions for money on the part of investors, and the develop-
ment of multiperiod models that take into account the poten-
tial effect of future decisions on a current decision.22
This 1list is by no means exhaustive, and it is clear that
such extensions would complicate matters and would make the
model more difficult to solve. However, such extensions
would not be expected to change materially the essential
nature of the results obtained in this paper.

Though the models developed herein have been placed in
¢ firancial setting, they have implications for all areas of
economic activity where assets or claims are traded. For
instance, an analogy can easily be drawn between investing
in securities and gambling on sporting events. Some forms
of gambling on sporting events are similar to the sealed-bid
trading procedure of the model presented in Section 2

(e.g. pari-mutuel betting, such as encountered at a racetrack).
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Other forms of gambling on sporting events are similar to the
procedure of trading with a specialist as in the model of
Section U4 (e.g. betting on football games with a bookie, who
sets the point spread at which bets are placed).

In pari-mutuel betting at a racetrack, the final odds,
which can be thought of as a price, are determined for each
race by the actions of the bettors. Furthermore, the odds
are computed after all bets have been placed, so that are
not known for certain in advance. Therefore, the bettors
who are better forecasters of the outcomes of races than other
bettors can expect to earn a positive return at the expense
of other bettors. (It is more difficult to earn a positive
return in this context than in the context of the model of
Section 2, however, for the track takes its own cut, or
commission, before the total amount wagered is divided among
the successful bettors.) Under the assumptions of Section
2, unsuccessful bettors would stop betting, and eventually
no individuals would be willing to place bets. In the race-~
track situation, however, nonlinear utility functions for money
and a positive increment of utility due simply to the recrea-
tional value of being at the racetrack and to the "joy" of
gambling explain in part why racetracks do not all go out of
business.

The model of Section 4 can be illustrated in terms of
gambling on sporting events by considering betting on foot-
ball games with a bookie. The bookie is analogous to the

specialist, for he sets the point spreads, which can be thought
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of as prices, and bettors can choose to bet on either side

of a given point spread. The bookie is compensated by a
percentage taken from winning bets and/or by winning ties.

(A tie occurs when the actual point spread is identical to the
bookie's point spread.) This compensation is comparable to
the specialist's spread and/or commission. Also as in the case
of the specialist, the bookie's compensation is related in
part to his ability to forecast, although in this case the
outcomes of football games rather than the values of securi-
ties are the object of the forecasts. Ideally, a bookie would
like to set a point spread so that equal amounts are wagered
on either side of the point spread. In this way, the bookie
is not gambling. No matter what the actual outcome of the
game is, half of the bettors are, in essence, betting against
the other half, and the bookie's "return" is a percentage

of the gains of the winning bettors and/or the possibility

of keeping all money bet on either side if a tie occurs.

If the bookie sets a point spread and a majority of
bettors prefer one particular side of the point spread, the
usual procedure is to adjust %the point 'spread in order to
"even off" the bets, much as a specialist might adjust his
ask price and bid price in response to investors' actions.

A bookie who winds up with more bets on one side of the point
spread than on the other side becomes a gamoler, winning if
the majority of bettors turns out to be wrong and losing if

they turn out to be right.
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Of course, bettors who are able to forecast the outcomes
of football games accurately can, by following decision rules
such as those generated by the model of Section U, obtain
a positive expected return. The investor who knows the rele-
vant distribution of forecast errors can make a forecast on
the basis of his judgments concerning the game and then revise
the forecast after seeing the bookie's point spread. TIf the
revised point spread is far enough from the bookie's point
spread to overcome the effect of the bookie's percentage of
winnings and/or policy of winning ties, the investor should
bet.

In the case of investing in securities, the specialist
can offset losses to information traders by profiting from
liquidity traders. As in the pari-mutuel situation, non-
linear utility and a positive utility for gambling per se
may cause bettors to behave differently than the model of
Section 4 would indicate. Thus, there may be a class of
bettors who would continually lose to bookies. (Similarly,
there may be a class of investors who would ccntinually lose
to specialists.) This makes the entire situation more attrac-
tive to the bookile, overriding the possibility of losing to

a few very knowledgeable bettors.23



Appendix I. Derivation of A's Posterior Distribution

Before PB is known, A's prior distribution for P is a

normal distribution with mean PA and variance °A2’
£(PIP,) a exp{-(P - P,)°/20,°}
(LIRS p A A

The likelihood function is proportional to f(PB|P,PA), which

is a normal distribution with mean P + pk(PA - P) and variance

1.(2

0A2(1 - 02))
£(PylP,P,) o exp{-[Py - {P + ok(P, - P)}]2/2k20A2(1 - 09}

Thus, the posterior distribution is

f(P!PA,PB) o f(P|PA) £(Py|P,Py)

k21 - p23(p - P2+ [py - pkP, - (1 - ok)P]°

2

o exp -
2k%0,%(1 - 0°)

P°[k2(1 - p°) + (1 - pk)?] - 2P[k%(1 - o2, + (1 - pk)(By - okP,)]

2

a exp -
2k 0A2(1 - 02)

Completing the square and simplifying,
£(P|P,,P.) a exp{-(P - P*)2/251%}
A°"B A A ’

where

k(k - p)PA + (1 - ok)PB

K2 - 2pk + 1

P

*
A

-30-




-31-

and

k2(l - p2)d 2
.2 A
ot -

k2 - 2pk + 1

Hence, A's posterior distribution for P is a normal distribu-

tion with mean PK and variance ciz.



Appendix II. A Sealed-Bid Procedure with n Traders

and Independent Forecast Errors

Assume that investor i's forecast can be written in the

form P, = P + u; and that the joint distribution of Upse-esl

. . 2
is normal with E(ui) = 0, V(ui) =07, and Cov(ui,uj) = 0 for

n

all i ¢+ j. The distribution of P after P P are known

120

is a normal distribution with mean P* = } (Pi/oiz)/z (1/ci2)
i i

and variance g*2 = 1/Z (l/ciz). No subscripts are needed on
i

P* and 0*2 because all investcrs have the same posterior
distribution.

In the sealed-bid trading procedure, assume that trading
occurs at M, the median of the n forecasts, so that an equal
number of investors buy and sell. Investor j buys (sells) one
unit of the security if Pj > (<) M. Investor j's expected
return, then, is P* - M if Pj >Mand M - P* if Pj < M. This

expected return can be written as follows:

) (0*2/0i2)Pi - M ir ;> M,
i
m, =
J
M- (0*2/0.2)P. if P, < M
¢ i 1 J

_32_
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Letting hi = 1/0i2 represent the precision of investor i's

forecast,

I (hi/} h )P, - M it P, > M ,
1 k
M - g (hs/F n )Py if P, < M

To examine the effect of changes in a forecaster's pre-

cision, consider

2 .
[g n; (P - Pi)]/g hy it By > M,

9T .
___l:
ah.

J E h.(p, - Pj)}/ g h,?  ir Py < M

The sign of avj/ahj depends on the particular combination
of forecasts and precisions. VFor example, if for some i,
Py is considerably higher or lower than the other forecasts
and hy is greater than the other precisions, then investor
i has a strong influence on ﬂj and on the sign of Bwj/ahj.
However, given the joint distribution of forecast errors,
E[Pj
Therefore, before Pl,P2,...,P

- PiIPj > M] > O and E[Pi - Pj|Pj < M] >0 for all i % j.
n are actually observed,
E[Bﬂj/th] > 0, implying that for any forecaster, greater

precision (i.e. smaller forecast error variance) implies

an increased expected return from trading.
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Footnotes

lFor analyses of the use of information for operating
decisions of the firm, see Gonedes [12] and Alchian [1]..
For analyses of the use of information to bring buyers and
sellers together, see Stigler [28] and Stigler [29]. TFon-
analyses of the use of information for trading purposes, see
Manne [21], Fama and Laffer [9], and Hirschleifer [41].

2These points are developed in both Fama and Laffer [9]
and Hirschleifer [41].

5Fama and Laffer [9].

uAs noted later in this section, the essential nature of
our results generalizes to the case of n investors. For simpli-
city, we develop the model for the special case of n = 2.

5This assumption if useful for purposes of exposition but
not necessary for our analysis. The implications of this model
concerning trading are based on the ex post reaction of inves-
tors to “rading successes or failures rather than on their
ex ante calculation of expected returns, so knowledge of the
distribution is not crucial.

6Trading during the period will not influence the value
of P, which is determined by an exogenous stochastic process.
Thus, the trading procedure can be viewed as a zero-sum game
where, over time, some individuals gain by trading on the basis
»f new information and other individuals lose by such trading.

7It could also be caused by nonstationarity in the process
generating forecast errors. For example, an investor may im-
prove in terms of forecasting ability over time. Given the
continuous trading procedure, the market wouid quickly adjust
to such nonstationarity, so the cessation of trading would only
be briefly interrupted. Only very pervasive and extreme non-
stationarity would alter the general nature of the results
presented in this section.

8Of course, in practice a combination of conditions such
as misperceptions of forecasting ability, nonstationarity,
a large number of traders, the inclusion of new traders over
time, and slow response to evidence regarding trading ability
may imply that no equilibrium will be reached and that trading
will continue to occur.

9See Fama and Laffer [9], Hirschleifer [14], and Manne [21].
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1'OFama and Laffer [9, p. 293] point out that information
is only of value in their model when it increases the stock
price, as short selling is prohibited.

11Hirsch1eifer_[1h]. This paragraph only presents a rudi-
mentary form of Hirschleifer's argument.

12The securities and Exchange Commission expects specialists
to buy in falling markets and sell in rising markets in order
to stabilize stock prices (i.e. to maintain an "orderly" market).
This procedure should result in losses which are to be paid
for out of the specialist's salary, which in turn is paid by
the stock exchange. However, specialists do not appear to
use this stabilizing strategy in general. (See Neiderhoffer
and Osborne [23] for an explanation of this phenomenon.)

Pyinkler [31] and Winkler [32].

Ysharpe [26], Lintner [19], and Black [4].

55ee Fama (8] for a review of empirical work using resi-
dual analysis. Specific studies using this concept are Fama,

Fisher, Jensen, and Roll [10], Ball and Brown [2], Scholes [25],
Mandelker [22], Jaffe |16], and Ibbotson [15].

1opama fe].
7see Grass [11], Rogofr [24], Lorie and Neiderhoffer [20],
Jaffe [16], and Scholes [25].

185 Cragg and Malkiel [6], Elton and Gruber [7], and
Jensen [17].

195¢e Shelton [27], Hausman [13], and Black [4].

2O7ones and Litzenberger [18].

2lp1ack and Scholes [5].

22See Winkler and Barry [33].

2:”Empir'ical evidence (see Winkler [30]) suggests that
market point spreads determined by bookies are quite accurate
relative to point spreads determined by sportswriters and naive
bettors. Such bettors probably bet more often than the model
of Section 4 implies that they shculd for speculative purposes.
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