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Crowding Out and the
Informativeness of Security Prices

JONATHAN M. PAUL*

ABSTRACT

Individual investors trade less agressively on any particular piece of information as
more investors observe it. The trades of the new investors observing a piece of
information “crowd out” some of the trades of the old investors who observe that
same piece of information. This paper shows that when traders are risk averse,
these crowding out effects lead the proportions of traders who choose to observe one
signal versus another to differ from the proportions that maximize the informative-
ness of prices.

ONE OF THE PRINCIPAL functions of security markets is to provide incentives
for individuals to collect economically relevant information and then to
incorporate this information into pricing. This paper shows that the presence
of multiple types of information can have a major impact on investors’
incentives to acquire information and the informativeness of the resulting
security price. Specifically, the model studies the case in which there are two
factors a and b whose sum is the asset’s payoff and a fixed pool of investors
each of which is about to choose whether to learn a or to learn 4. The paper
addresses the question, “Will the proportion of investors who choose to learn
a in equilibrium maximize the security price’s ability to predict terminal
value?” The paper finds that, when traders are risk averse, the answer is no
and that there is a clear economic interpretation for the forces which push
the equilibrium allocation of information away from the allocation which
maximizes price informativeness.

The paper also finds strikingly different results for risk-neutral and risk-
averse investors. This suggests that intuitions gained from models with
risk-neutral, strategic traders'’ may not be robust to situations with risk-
averse investors.

In a recent paper Froot, Scharfstein, and Stein (1992) investigate investors’
incentives to choose between different types of information in a model in
which investors have short trading horizons.? Froot et al. show that with
short horizons, as one investor increases the sensitivity of his trades to a

*School of Business Administration, University of Michigan, Ann Arbor. I am particularly
indebted to David Scharfstein for comments which greatly improved this paper. I would also like
to thank Anat Admati, Aaron Edlin, Bruce Grundy, Barbara Mace, Paul Milgrom, Paul

Pfleiderer, Paul Seguin, Matt Spiegel, and Steve Slezak. All errors, of course, remain my own.

!See, for instance, the literature arising out of Kyle (1985).

2By short horizons, Froot et al. mean that investors cannot leave their money in the market
for an indefinite period of time but instead must close out their positions quickly.
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given piece of information, the equilibrium response of other traders with the
same information is to increase the sensitivity of their trades to that same
piece of information. That is, short horizons cause the sensitivity of the
demands of different traders to the same piece of information to be strategic
complements in the sense of Bulow, Geanakoplos, and Klemperer (1985).2
Froot et al. then show that this strategic complementarity can lead to
herding equilibria in which all investors choose to study the same informa-
tion.

In this paper I examine a long-horizon version of the Froot, Scharfstein,
and Stein model in which investors can leave their wealth in securities
indefinitely. With long horizons, the sensitivity of the demands of different
traders to the same piece of information are strategic substitutes? as demon-
strated by Froot et al. In this paper I show that this strategic substitutability
causes a crowding out effect which leads the proportions of risk-averse
investors that study a versus b to differ from the proportions that would
maximize the informativeness of prices.

This paper emphasizes the role played by the “crowding out effect” in
causing investors’ equilibrium research choices to differ from the research
choices that would maximize the security price’s ability to predict terminal
asset value. The trades coming from new investors observing a piece of
information only increase price informativeness to the extent that they do not
merely replace (or crowd out) the trades of other traders already observing
that information. The crowding out effect occurs to the extent that individual
traders who observe a given piece of information trade less aggressively on
that information in equilibrium as the number of traders who observe that
piece of information increases. The trades of the additional investors “crowd
out” some of the trades of the old investors who have the same information.

Suppose there are two different pieces of information, a and b. In equilib-
rium, the magnitude of the crowding out effect on investors who observe a of
an additional type-a investor may not be the same as the magnitude of the
crowding out effect on investors who observe b of an additional type-b
investor. When these two crowding out effects have different magnitudes in
equilibrium, the equilibrium proportion of investors studying one piece of
information versus another will differ from the proportions that maximize
price informativeness. An excessive proportion of the investors will study the
type of information which has the greater crowding out effect.

This paper is related to work by Subrahmanyam (1991b) in that both
papers compare results about price informativeness when traders are risk
neutral to results when traders are risk averse. Subrahmanyam (1991b)

3The term “strategic complements” is a bit of a misnomer since the effect need not have
anything to do with strategic behavior. Two variables are strategic complements if the equilib-
rium response to an increase in one variable is for the other variable to increase and vice versa.
The equilibrium need not involve strategic behavior. It could be a competitive equilibrium or a
game-theoretic equilibrium.

*Two variables are strategic substitutes if the equilibrium response to an increase in one
variable is for the other variable to decrease and vice versa.
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studies how many traders will choose to observe costly information while my
paper looks at which types of information investors will choose to observe.
Another important paper on this topic is by Lundholm (1991), who examines
the effects of public information (such as accounting reports) on investors’
incentives to collect information and the set of viable allocations of informa-
tion.

The paper is organized as follows. Section I describes the model. Section II
solves for the equilibrium allocations of information in the model when
informed traders are risk neutral. Section III solves for the allocations of
information that maximize the price’s ability to predict terminal asset value.
Section IV describes the crowding out effect and its role in driving the
equilibrium allocation of information away from the allocation which maxi-
mizes price informativeness. Section V solves for equilibrium with risk-averse
informed traders. Section VI compares results for the risk-neutral and risk-
averse cases. Section VII shows that the paper’s results hold for a large class
of informativeness metrics. Section VIII discusses empirical implications and
extensions of the paper’s results. The paper concludes with Section IX.

I. The Model

The model studied in this paper is based on the model introduced by Froot et
al. (1992). The terminal payoff of the asset is v which is the sum of two
factors.

v=a-+b

where a ~ N(0, 0,?) and b ~ N(0,0) and a and b are independent and
jointly normal.

A. Trading Behavior

Following Kyle (1985), security trading is modeled with three types of
traders: informed traders, liquidity traders, and market makers. The in-
formed traders become informed by observing either a or 5. Before trading
starts, each informed trader chooses whether to costlessly observe a or
costlessly observe b.5 There are n informed traders. Let an be the number of
the traders that choose to observe a and (1 — a)n be the number of traders
who choose to observe b. I will ignore integer constraints.

®As is standard in this literature, I have assumed that deciding to observe a precludes one
from observing b and vice versa. Hayek (1945) argued that the equilibrium price arises out of a
complex interaction of many pieces of information and that the difficulty of calculating a price (or
value) was so great that “to assume all knowledge to be given to a single mind is...to disregard
everything that is important and significant in the real world.” Hayek concluded that “the
economic problem of society is...the utilization of knowledge not given to anyone in its totality.”
The assumption that no investor can simultaneously observe a and b is in the spirit of Hayek’s
view that one of the most important functions of the price system is the decentralized aggrega-
tion of information and that no one person or institution can process all information relevant to
pricing.
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After observing their information, the informed traders (without knowing .
price) submit market orders to the market maker. In this paper, I contrast
results from two different versions of the model. The first version follows Kyle
(1984), Admati and Pfleiderer (1988), and Froot et al. (1992) and studies a
Cournot-Nash trading equilibrium with risk-neutral informed traders. The
second version assumes that informed traders are risk averse (as in Holden
and Subrahmanyam (1991) and Subrahmanyam (1991b)) and act competi-
tively when trading.

The liquidity traders’ aggregate demand for the risky asset is given by the
random variable ¢ where & ~ N(0, 0,?) and is independent of a and b. The
market makers buy or sell as necessary to clear the market. The only
information that the market makers can observe is the total number of orders
to buy or sell at any given time. The market makers cannot tell whether the
orders are coming from informed traders or liquidity traders. Market makers
are assumed to be risk neutral and competitive. They earn zero expected
profits by pegging the security price at the expected terminal value of the
asset given the total order flow.

B. Pricing

Let g, be the demand of a typical investor who knows a, and let g, be the
demand of a typical investor who knows b. Let F be the total order flow.
F = anq, + (1 — a)ng, + &. The security price p will be the expected termi-
nal value of the asset given the total order flow. As in Kyle (1985), I will only
consider equilibria in which the demand of type-a traders g, is linear in a
and in which g, is linear in b. Therefore,

\F wh N Cov(v, F) i
p= where = NVarF)

A is analogous to the coefficient on F' when one regresses v on F using OLS.
Later in the paper, I confirm that such a linear equilibrium does indeed exist.

II. Equilibrium with Risk-neutral, Strategic Informed Traders

A. Equilibrium at the Trading Stage

In this section, I assume that informed traders are risk neutral and play a
Cournot-Nash equilibrium at the trading stage of the model. When informed
traders are risk neutral, an informed trader who observes a expects to earn
profits of E[v — pla] per unit of the security he purchases. Thus the expected
utility of an informed trader who observes the realized value a and demands

q; is

Ul = qiElv - plal = gi[a — Mg} + (an - Dgq,]]
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which is concave in ¢.. The optimal value of g} is given by the first-order
condition.®

a —2Aq, — Man — 1)q, = 0.

In equilibrium, ¢} will equal q,,” so we have q, = a/[ Man + D]. Thus we
can write

1
= 6, = ——. 2
q, = 6,a where §, an D (2)
Similarly,
1
qb = Bbb WheI‘e 517 = (3)

MA—-a)n+1)

The expected utility of an investor who studies a is
EU, = E{q,El[v - pla]} = E{§,ala — Aand,al} = [1 — rans, 15,02

Let B, = 1 — Aané,. The coefficient B, is analogous to the regression coeffi-
cient from regressing v — p (the pricing error) on a. Similarly, let 8, = 1 —
M1 — a)né,. Therefore, the expected utility of investors who study « is

EU, = B,8,0.2 = B,Cov(q,, a).
Similarly, the expected utility of investors who study b is

EU, = By8,0¢ = B,Cov(g,, b).

B. Equilibrium at the Information Collection Stage

The proportion « (the proportion that study a rather than b) is unobserv-
able to both informed investors and market makers in all stages of the model,
and informed investors play a Nash equilibrium at the research stage of the
model. For extreme parameters,® the unique equilibrium is the corner solu-
tion in which all investors observe the more informative (and more profitable)
signal. For less-extreme parameters,” EU, < EU, at @ = 1 and EU, < EU,
at a = 0. Here, the unique equilibrium occurs at the interior & where
EU, = EU,. To see this, consider what would happen in an equilibrium in
which EU, = EUj, if an investor, who in equilibrium studies a, deviates and
studies b instead. The behavior of all other traders would be unchanged
(since they cannot observe the deviation), but the deviation would increase
the number of type-b traders (decreasing EU,) and would decrease the

A is determined by the market makers’ beliefs about the joint distribution of F and v—not its
actual distribution if a player deviates. Thus A is a constant in the individual trader’s optimiza-
tion problem.

"Since the best response functions are strictly monotone, there is a unique Nash equilibrium
and in this case it is symmetric.

%, > (n + Doy, or oy > (n + Da,.

Ty /(n+ 1) <a, <(n+ Doy,.
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number of type-a traders (increasing EU,). Thus the deviation would be
strictly unprofitable.’® Thus, in any interior equilibrium, EU, = EU,, or
equivalently,

B,Cov(q,,a) = B,Cov(g,, d). “@

Equation (4) also describes equilibrium in the research stage of the model if
we assume that investors are small and act competitively when they decide
whether to study a or b.

The goal of this paper is to look at whether security markets give investors
the incentives to collect the right type of information. This question is trivial
unless there is more than one valuable piece of information. In the corner
equilibria, which only occur for extreme parameters, there is only one impor-
tant piece of information and so we cannot address this question. Therefore, I
will only examine the interior equilibria (described by equation (4)) in the
remainder of the paper.

II1I. The Allocation of Information That Maximizes
Price Informativeness

As is discussed in Section IV, the source of the inefficiency!! found in this
paper is the crowding out effect which will occur regardless of one’s criteria
for the informativeness of prices. However, I will start off by following the
literature on price informativeness and adopting Var(v — p) as my criteria for
the informativeness of prices. In Section VII, I show that the paper’s results
hold for a wide class of informativeness metrics.

In this section, I solve for the allocation of information that minimizes
Var(v — p). Since a, b, and ¢ are independent, we can write

Cov(v—p,a) Cov(v—p, d) Cov(v—p, ¢)
v—p= " a+ o b+ o e
a b

£

This is analogous to regressing v — p on the three independent sources of
(normally distributed) uncertainty in the model.!? Since a, b, and & are

17 thank Matt Spiegel for pointing this out.

1n the literature on price informativeness and efficient markets, the term “efficiency” refers
to statistical efficiency. In this literature, price efficiency is measured by Var(v — p) which
measures the extent to which security prices reflect terminal value. See Grossman and Stiglitz
(1980), Kyle (1984, 1985, 1989), Admati and Pfleiderer (1988), Foster and Viswanathan (1990),
Froot, Scharfstein, and Stein (1992), Holden and Subrahmanyam (1991, 1992), Subrahmanyam
(1991b), and Spiegel and Subrahmanyam (1992). This paper follows this literature and uses the
term “efficiency” in this statistical sense. The paper makes no direct claims concerning social
welfare though there are plausible models in which minimizing Var(v — p) is equivalent to
maximizing social welfare. An example is available upon request from the author. Also see
Section VII for a discussion of alternative metrics for price efficiency.

2 Note that @ = 0, b = 0, and & = 0 implies that v = p = 0. So the constant in the “regression”
is zero on the right-hand side.
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independent, we get

Covi(v—p,a) Cov:(v—p,b) Covi(v—p,e)
Var(v— p) = 5 + 5 + 5 .

g Ty O

Var(v — p) = [1 — Aand,*c2 + [1 — M1 — a)ns, )" 02 + A2, (5)

Assuming we do not have a corner solution, we can minimize Var(v — p) with
respect to « and get the following first-order condition:

d(lans,a?)

dA
Aoi— =[1 - Aané,]
da

‘da
da

+[1 - M1 - a)nd,] . (6)

From the formula for A in equation (1), we get
Ag? =[1- rang,land,c? +[1 - A1 — a)ns,1(1 — a)ns, ol
After substituting in this expression for Ag,?, equation (6) reduces to

ds,
[1- )\anﬁa](anof—— + nﬁaa-a2)
da

ds,
da
Recall that B, =1~ Aanéd, and B, =1 — M1 — a)nd,. Thus equation (6)
further reduces to
d(ans,a?) d((1 — a)nd,o?)

or, equivalently,
d Cov(F,a) d Cov(F, b)
e P aa— o

Equation (8) is the first order condition for @ to minimize Var(v — p). In
the next section, I compare this condition to the condition that characterizes
the equilibrium value of a.

(8

IV. Crowding Out and the Informativeness of Prices

The trades coming from new investors observing a piece of information only
increase price informativeness to the extent that they do not merely replace
the trades of other traders already observing that information. The crowding
out effect occurs because individual investors who observe a given piece of
information trade less aggressively on that information as the number of
investors who observe that piece of information increases. The variable §,
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indicates the aggressiveness with which each individual type-a trader trades
on his information. Recall that 8, equals 1/[Man + 1)]. Note that §, is
decreasing in an, and, similarly, 8, is decreasing in (1 — a)n. The trades of
additional investors with the same information “crowd out” some of the
trades of the old investors.

Consider the price informativeness problem of trying to determine the
proportion of the informed investors that must study a rather than b in order
to minimize Var(v — p). From equation (8), the first-order condition from the
price informativeness problem is '

dCov(F,a)_ d Cov(F, b)
Pe G TP

Compare this to equation (4) which characterizes equilibrium:

BaCOV(Qa ) a) = :BbCOV(qb ) b)

The first-order condition for the price informativeness problem only differs
from the equation that characterizes equilibrium in that the first-order
condition for price informativeness has the change in the covariance of
aggregate demand to the various pieces of information where the equilibrium
conditions only have the covariance of the individual trader’s demand to his
information. The key point is that, to maximize price informativeness, we
would care how adding one more investor of a given type affects the total
sensitivity of all the investors’ demands to that type of information, but the
individual trader in equilibrium is only motivated by the covariance of his
demand to his information. The crowding out effect drives a wedge between
these two things and can cause the equilibrium research decisions of individ-
ual investors to differ from those that would maximize price informativeness.

In equilibrium, the strength of the crowding out effect on investors who
observe a of an additional type-a investor may not be the same as the
strength of the crowding out effect on investors who observe b of an addi-
tional type-b investor (see Section VI). When these two crowding out effects
have different magnitudes in equilibrium, the equilibrium proportion of
investors studying one piece of information versus another will be different
from the proportions that maximize price informativeness. An excessive
proportion of the investors will study the type of information which has the
greater crowding out effect.

The strength of the crowding out effect for each type of information can be
measured by calculating an elasticity. From equation (7), the first-order
condition for the proportion of informed investors to minimize Var(v — p) can
be written

ds, 9
Ba o~ + 8(1 + 5b nO'b

d
da d(l — )

Ba‘sao-az[l - na] = Bb8b0b2[1 - nb]

no? = Bb[(l - a)
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dé, «
where 7, = — d_cjﬁ_ which is the elasticity of 5, with respect to o and
ds, 1- a N
Ny = — . Therefore the necessary conditions for the propor-

tion of informed traders to minimize Var(v — p) are
B,Cov(q,, )1 — 1,1 = B,Cov(q,, )1 — n,]. (9)

This condition differs from the condition that characterizes equilibrium
(equation (4)) only by the terms [1 — 7,] and [1 — 7, ]. The elasticities 7, and
7, measure the size of the crowding out effect with respect to a and b
respectively. Empirically, one could measure the impact of crowding out on
investors’ research decisions by estimating these elasticities.

V. Competitive, Risk-averse Informed Traders

The literature arising out of Kyle (1984, 1985) studies the polar case in
which informed investors’ incentive to trade on information is only mitigated
by the effects of trading on price. In this literature, the informed traders are
assumed to be risk neutral and play a Cournot-Nash equilibrium. In this
section, I will examine the opposite polar case in which informed traders act
competitively but are risk averse.

Consider the case in which informed traders have imprecise information
about the terminal payoff of the security and are trading in a highly liquid
financial market (low value of A). In this case the informed trader would have
to take a large position in the security exposing himsel{ to a high degree of
risk in order to significantly move price. Thus for liquid financial markets,
assuming that informed traders ignore their effect on price and are only
concerned about risk aversion is the more reasonable of the two polar cases.
This is especially true if the informed trader’s superior information still
leaves him with a lot of residual uncertainty about the security’s terminal
payoff.

Intuitively, one would expect that price effects will only be important for
traders who take large positions relative to the size of the market, but risk
aversion will be an important factor whenever the investor’s position is large
relative to his own wealth.

When informed traders have the exponential utility function U(w) = —e ™" ¥,
the certainty equivalent of a trader who observes @ and demands g} is

q.E(v - pla) — ir(g})*Var(v — pla).

We will solve for the symmetric linear equilibrium. We first assume that
demands are linear in equilibrium. Once we have found an equilibrium, we
will verify this assumption. Now the objective function of an informed trader
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who has observed the value a can be written:
gila — Aang,] - 3r(g)*{[1 - A1 - @)n§,1 02 + X%, (10)

which is concave in g!. The utility-maximizing value of g is given by the
first-order condition:

[a — Aang,] = rqé{[l - M1 - a)ns, Vol + )\20;2}.

In any symmetric equilibrium, ¢} will equal q,, so we have
a

q, = :
r<[1 - X1 - a)ns, Vo2 + )\20;2} + Aan

Therefore in equilibrium, we can write q, = §,a where

1
8, = (11)
r{[l - M1 - a)ns, P02 + /\2o;2> + Aan

and g, = §,b with
1

= . (12)
r{[l - Aans,)’a? + )‘20;2} + M1 - a)n

8y

The assumption that ¢, is linear in a and g, is linear in & holds true in
equilibrium.
A. Equilibrium Allocations of Information

The expected utility of a trader who studies a is EU, = E{q,E(v — pla)
— 1rq2Var(v — pla)}. Recall that B, = 1 — Aand, and B, = 1 — M1 — a)ns,.
From equations (10), (11), and (12),

1 1
= B,Cov(q,,a) — %r&fcf{ﬁfcﬁ + AM%02 + —lan — ~/\an}
r r

= B,Cov(q,,a) — 3Cov(q,, a) + sAand’o?
= B,Cov(q,,a) — +B8,Cov(q,, a). (13)
Therefore,
EU, = 18,Cov(q,,a) and EU, = 3Cov(g,, b). (14)
Therefore in any interior equilibrium,
B.Cov(q,,a) = B,Cov(g,, b)

which is exactly the same condition that was derived for the case with
risk-neutral, strategic informed traders. Thus equation (4) describes equilib-
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rium in the case in which informed traders have exponential utility and act
competitively.

Let a®? be the proportion of the informed traders that choose to study a in
equilibrium. Proposition 1 further characterizes equilibrium.

PROPOSITION 1: If informed traders have exponential utility and act competi-
tively in the trading stage of the model, then, in any interior equilibrium,

S, oy
() === at o = a®

66 O,

3 B o
(it) — = at @ = a®?

ﬁb Oq

cee eq O-a
(iii) a®l > ——— for o, > o,.
a b
g, + o,

Proof: See Appendix B.

Proposition 1 shows that in equilibrium the variance of the demands of a
type-a trader, §20,2, equals the variance of the demands of a type-b trader,
8202. The expression B20,’ is analogous to the explained sum of squares
from regressing the pricing error (v — p) on a. Similarly B2o,? is analogous to
the explained sum of squares from regressing the pricing error on b. Proposi-
tion 1 shows that in equilibrium these explained sums of squares are equal.
Equivalently, Var(v — pla) and Var(v — p|b) are equal in equilibrium.

B. The Allocation of Information That Maximizes Price Informativeness

Section III, which derived the necessary condition for the allocation of
information that minimizes Var(v — p), never used any features specific to
the risk-neutral strategic informed trader version of the model that do not
hold equally true for the version of the model in which informed traders have
exponential utility and act competitively. Therefore equation (8) applies to
the case in which informed traders have exponential utility and act competi-
tively. The same equation that describes the allocation of information that
minimizes Var(v — p) for the case in which informed traders are risk neutral
and play Cournot-Nash strategies also describes the allocation of information
that minimizes Var(v — p) for the case in which informed traders have
exponential utility and act competitively. The elasticities 7, and 7, continue
to measure the crowding out effects with respect to a and b respectively.

VI. The Determinants of the Crowding Out Effect

As we have seen from Sections IV and V, the size of the crowding out effect
for each type of information determines which signal is overemphasized in
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equilibrium. Thus in order to predict which type of information will be
overemphasized, we must first understand the factors that cause the crowd-
ing out effect. :

There are two factors that limit the aggressiveness with which individual
investors trade on their information: (1) the magnitude of the marginal
increase in total payoff risk arising from more aggressive trading and (2) the
extent to which the trading on the information by those observing the signal
diminishes the expected profits per unit traded. The crowding out effect is the
marginal effect on these two factors of the trades coming from new investors
who observe a given piece of information.

A. Risk-neutral, Strategic Informed Traders

In the risk-neutral case, investors only care about the informativeness of
trading volume about terminal value. The riskiness of trading on information
(point 1 above) does not enter into their calculations. With risk-neutral
traders, the gains from trading on information are affected by the proportion
of other investors also observing that information to the extent that « affects
the total leakage of information into trading volume. For type-a traders, this
is measured by the elasticity 7,. For type-b traders, it is measured by 7,.
These elasticities are the same in equilibrium. This is confirmed in Proposi-
tion 2.

PROPOSITION 2: Let o = o,/ 0,. If informed traders are risk neutral and play a
Cournot-Nash equilibrium in the trading stage of the model, then

o [((n+ 1D —-0cll(n+Do—-1]
Mo = Mo = n(n+2)o

at o = a®l.

Proof: See Appendix B.

As was shown in Section IV, these elasticities measure the size of the
crowding out effect for each type of information. With risk-neutral traders,
the crowding out effect for a and for b exactly cancel each other out in
equilibrium. Therefore, with risk-neutral traders, the proportion of traders
observing a and the proportion of traders observing b are exactly the
proportions that minimize Var(v — p). This helps explain Scharfstein’s
result!® that, for a®?, a* < 1,

, (+Do, -0,

n(o, + 03)

a®l =q

where «a* is the proportion of informed traders that observe a in the
allocation of information that minimizes Var(v — p) (see Appendix B).

13D, Scharfstein (1990), personal communication.
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B. Risk-averse, Competitive Informed Traders

In the case in which investors are risk averse, the marginal impact of more
aggressive trading on the investor’s payoff risk (point 1 from the top of this
section) does affect investors’ decisions. In this case, the economy gains the
benefit of the investor’s trades in reducing Var(v — p), but the individual
risk-averse investor privately bears the full risk of his trading. At the
proportions that maximize informativeness, the investors that observe the
less-informative signal about v (terminal value) bear more risk than in-
vestors that observe the more informative signal about v. At the « that
maximizes informativeness, the investors that observe the less-informative
signal are not adequately compensated in the trading stage of the model for
their risk exposure. This intuition suggests that, with risk-averse investors,
an excessive proportion of investors will observe whichever signal is more
informative about terminal value.

Unfortunately, this version of the model quickly becomes intractable and
cannot be solved for in closed form. Using numerical methods, I solved the
model for many sets of parameter values. In each case I found that a®? > a*
whenever g,2 > o;2. The only exceptions to this were corner solutions where
a* = a®? = 1. In equilibrium, an excessive proportion of the informed traders
chose to study whichever variable explains more of the ex ante variability of
the asset’s payoff. Appendix B lists all of the more than 1000 sets of
parameter values for which I have solved the model using numerical meth-
ods.

Crowding out can have a large effect on the resulting equilibrium. Table I
shows that the informativeness-maximizing ratio of traders studying a ver-
sus b was 3.83 to 1 for n = 25, r = 0.25, g.> = 100, 0,2 = 80, and o2 = 20,
but the equilibrium ratio was 18.6 to 1. For the case in which o2 = 83 and

ol = 117, price informativeness is maximized at a ratio of 5 to 1 but in

Table I
Herding on the More Informative Signal:
Some Computed Values
This table reports the equilibrium proportion of traders observing the more informative signal
(@“?) and the proportion required to maximize price informativeness (a*). The parameters o2
and o are the variances of a and b respectively. In these simulations, there are 25 informed
traders. Each trader has risk aversion coefficient 0.25, and the variance of liquidity trading is

100 which is also the variance of the security’s terminal value.

2 2 at a”

eq * .
g, Ty (¢4 o (l—aeq) (1—(1*)
67 33 0.744 0.650 291 1.86
75 25 0.867 0.733 6.52 2.75
80 20 0.949 0.793 18.6 3.83
83 17 1.00 0.833 0 4.99

93 7 1.00 1.00 0 o
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Figure 1. The effect of liquidity trading on crowding out. «°? — a*, which is the
difference between the equilibrium and optimal proportions of traders observing a, is plotted on
the vertical axis. The horizontal axis indicates the proportion of fundamental uncertainty
comprised by a. Values on the horizontal axis range from 0.5 to 1. Depth indicates the variance of
liquidity trading. It varies from 1 to 750. In this figure there are 25 informed traders, each trader
has a risk aversion parameter of 0.25, and the variance of the security’s terminal payoff is 100.

equ111br1um all traders researched a. For the case in which ¢? = 93 and
o2 =T, crowding out has no effect on the resulting equilibrium since both a*
and a“? are cornered out at 1.

Figure 1 shows the effect of liquidity trading on the crowding out effect.
The vertical axis records the value of a®? — a* while depth indicates the
amount of liquidity trading. Figure 1 illustrates a number of regularities. For
any given level on the horizontal axis, the graph is hump-shaped as o>
increases. That is, for any given ratio of Var(a)/Var(a + b), the difference
a®? — a* first increases and then decreases as the amount of liquidity
trading increases. This is what one would expect intuitively. Consider the
limit as the amount of liquidity trading goes to zero. In this case, price always
equals fundamental value and is unaffected by the number of traders study-
ing each signal. The crowding out effect is 100 percent for each signal and so
a®? equals o*. Similarly, for very low amounts of liquidity trading, the
difference between terminal value and price is approximately zero regardless
of the number of traders that study each signal. Here the crowding out effect
is approximately 100 percent for each signal. Since the crowding out effect is
roughly equal for each signal, «®? and a* are approximately equal.

On the other hand, when the variance of liquidity trading is extremely
high, each trader’s demands has a negligible effect on price and so has a
negligible effect on the demands of other traders. In this case the crowding
out effect is approximately zero for each signal and so «®? and a* are
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approximately equal. For intermediate levels of liquidity trading, crowding
out can have a substantial effect on «*? — a* as shown in Figure 1.1

Another striking feature of Figure 1 is that, in liquid markets, all traders
will choose to observe the same variable even when the neglected variable
determines a significant portion of terminal value. In the flat section to the
northeast of the ridge in Figure 1, both «®® and «a* equal 1. In the case in
which the variance of a is 70, the variance of b is 30 and the variance of
liquidity trading is 750, all investors choose to observe a even though b
accounts for 30 percent of terminal value.’® The intuition behind this is as
follows. Consider the limit as the amount of liquidity trading goes to infinity.
In this case, price is uninformative. All traders will choose to study the more
informative signal no matter how slight the signal’s edge in informativeness
is over the other signal and no matter how many others also choose to study
that signal. For sufficiently liquid markets, the variance of liquidity trading
is high and all investors will choose to observe the same signal even if it only
explains slightly more of fundamental value than the other signal. This
clustering of investors observing the same signal in highly liquid markets
maximizes price informativeness since, in the flat area to the northeast of the
ridge in Figure 1, both «®? and a* equal one.

The final feature of Figure 1 is that the maximal values of a¢? — a* form a
ridge which increases as the variance of liquidity trading and the similarity
of the informativeness of the two signals increase.

VII. Alternative Metrics for the Informativenes of Prices

Up to this point, I have followed the rest of the literature on efficient
markets and used Var(v — p) as my metric for the informativeness of prices.
In this section, I will show that the paper’s results hold for a wide class of
informativeness metrics.

The zero expected profit condition for market makers implies that any
pricing rule in the trading stage of the model must satisfy

v=p+ (v—p) with Cov(p,v—p)=0.
Thus since v, p and plv are normally distributed,
plv~ N(v,Var(v—p)) and p ~ N(0,Var(v) — Var(v — p)).

Note that Var(v) is a constant and v is unaffected by the pricing rule. Thus
each possible pricing rule is uniquely parameterized by Var(v — p). Without

“The parameters for Table I were chosen to be reasonable and conservative. Figure 1 shows
that, for other parameters, one can get more extreme examples of crowding out.
5This is not due to integer problems since each trader is modeled as a point on a continuum.
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loss of generality, any metric for the informativeness of pricing can be written

(Var(v — p)).1

Assuming ¢ is differentiable, the first-order condition that maximizes price
informativeness under the  metric with respect to « is

d Cov(F, a) , d Cov(F, b)
©  da VBTG
Thus when ¢’ # 0 at the optimum, we have

d Cov(F,a) d Cov(F,b)
@ do =By d(l - a)

which is our original result from equation (8). Note that equation (4) which
describes the equilibrium allocation of information is not affected by the price
informativeness metric. Thus 7, and 7, still describe the crowding out effect
exactly as before, and the crowding out effect still describes the wedge
between investors’ equilibrium incentives to collect information and the
incentives that would maximize price informativeness. As long as equation
(15) has a unique solution, it will still be the case that an excessive proportion
of the informed investors will choose to study the signal with the greater
crowding out effect. If ¢y measures the social welfare generated by the pricing
rule, then the paper’s results apply to the social efficiency as well as the
statistical efficiency of pricing.

(15)

VIII. Extensions and Empirical Implications
A. Multiple Signals

All of the paper’s results continue to hold in the case in which there are
multiple signals a, b,¢,d,... with terminal value v being the sum of these
signals. This is true for both of the following cases:

1. The additional signals are added to the investors’ choice set so that now
investors have the choice of observing a or b or ¢ or d and so on rather
than just a or b.

2. The additional signals are residual risk to terminal value which cannot
be observed by any of the informed investors.

B. Empirical Implications

Let {a, b, ..., z} be the set of signals (ex post) observable to the econometri-
cian. The elasticity n;, measures the crowding out effect with respect to signal

8Alternatively, vlp completely describes informativeness regardless of metric. vlp ~
N(p, Var(v — p)). Before p is observed, the unconditional distribution of v|p is N(0, Var(v — p))
which, once again, is completely parameterized by Var(v — p). Thus any metric for the informa-
tiveness of pricing can be written ¢(Var(v — p)).
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i. The model predicts that the informativeness of price about value
(1/Var(vlp) or, equivalently, 1/Var(v — p)) will be decreasing in the =,
elasticities. In a regression of Var(vf{a, b, ..., 2}))/Var(v — p) on n,, n,,...,m,
and 0,2, the model predicts negative coefficients on the 7 elasticities.

IX. Conclusion

One of the central topics in financial economics is “how well do security
prices reflect information about asset value?” Or, more succinctly, “do secu-
rity prices accurately reflect fundamentals?” This paper studied whether the
incentives individual investors have to collect information lead to allocations
of information such that price reflects terminal value as accurately as possi-
ble.

Individual investors trade less aggressively on any particular piece of
information as more investors observe it. The trades of the new investors
observing a piece of information “crowd out” some of the trades of the old
investors who observe that same piece of information. This paper shows that,
when traders are risk averse, these crowding out effects drive a wedge
between individual investors’ incentives to collect information and the incen-
tives that would maximize the informativeness of prices. An excessive num-
ber of traders will choose to observe the signal for which the crowding out
effect is the greatest.

The paper models two cases. In the first, traders are risk neutral and play
a Nash equilibrium. In the second, traders are risk averse with exponential
utility and act competitively. In both cases:

1. The same equation (equation (4)) describes equilibrium.

2. The same equation (equation (8)) describes the allocation of information
that maximizes the informativeness of prices.

3. The elasticities 1, and 7, measure the strength of the crowding out
effect with respect to a and b respectively.

When traders are risk neutral, the crowding out effect for the first signal
exactly offsets the crowding out effect for the second signal. This causes the
proportions of traders studying each signal to maximize the informativeness
of prices.

The result that equilibrium allocations of information maximize price
informativeness is an artifact of the assumption of risk neutrality and does
not hold for risk-averse investors. The case in which investors have exponen-
tial utility cannot be solved analytically. However, the results of more than
1000 numerical simulations indicate that an excessive proportion of investors
will choose to study the signal that contains the most information about the
security’s terminal value. Crowding out can have a significant impact on
equilibrium when traders are risk averse. The paper discusses an example in
which price informativeness would be maximized if the ratio of traders
studying one signal versus another was 3.83 to 1, but the equilibrium ratio
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was 18.6 to 1, and another example in which informativeness would be
maximized at a ratio of 5 to 1 but in equilibrium all traders researched the
same signal.

For the case in which investors have exponential utility, Proposition 1
shows that:

1. The variance of the demands of individual traders will be the same
regardless of which type of information they choose to study.

2. Each piece of information will explain an equal amount of the pricing
error (v — p). Equivalently, Var(v — pla) will equal Var(v — p|b).

The profoundly different results found for risk-neutral versus risk-averse
investors suggests that intuitions gained from models with risk-neutral,
strategic investors about the efficiency of investors’ incentives to collect
information may not be robust to situations with risk-averse investors.

There have been a large number of papers studying information aggrega-
tion and the informativeness of security prices using single-factor models in
which all informed traders observe the same signal or the same signal with
independent measurement error.}” With the exception of Froot, Scharfstein,
and Stein (1992), relatively little work has been done on investors’ incentives
to study the different factors that comprise terminal value. This paper shows
that the presence of multiple factors can significantly alter the nature of
information aggregation in financial markets.

Appendix A

Table II reports all parameters for which a* and «¢? were solved for using
numerical methods. In each case a¢? was greater then a* whenever g, > o2,
except for cases in which both a* and «¢? had corner solutions a* = a®? = 1.

Each row lists a set of simulations where a* and «®? were initially
calculated for ¢ =“Initial ¢2” and o2 =“Initial o2.” Then ¢? was in-
creased and o was decreased by “step size,” and a* and «°? were recalcu-
lated. This continued for each row until o2 =“Final ¢,2” and o2 =“Final

o2 Table II lists a total of 1286 simulations.

Appendix B

Proof of Proposition 1: From equations (13) and (14), we have at o = a9,
Bo2(B,3,02) " BEof + N2} = B202( By 8, 0) ( B2o? + N2}, (AD)

1"See, for instance, Grossman and Stiglitz (1980), Hellwig (1980), Diamond and Verrecchia
(1981), Kyle (1984, 1985, 1989), Admati (1988), Admati and Pfleiderer (1988), Foster and
Viswanathan (1990), and Subrahmanyam (1991b). In his work on stock index futures,
Subrahmanyam (1991a) models security payoffs as being the sum of a systematic factor and an
idiosyncratic factor. Subrahmanyam (1991a) is not concerned with traders’ incentives to collect
information, however.
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Since B,8,0,2 = B,8,07 in equilibrium, BZo2{ BZc? + A%} = B2o2{ B2o?
+ A% 2).
Assume that B, 0, # B, 0,. We can write

Co? = (B202) — (BEoR)

2 2 2 _2
¢ Bbab - Baaa

= — [ ﬁazcraz + BbZa'bZ] < 0.

Contradiction, A%,2 cannot be negative. Therefore 8,0, = 8, c,. This gives us
(ii). Substituting this result into equation (A1) yields (i). From (i) and equa-
tions (11) and (12),

a =
An o, + oy o, + oy
Ua
> ———— for o, > 0y. |
+ o
T, b

Scharfstein uses the following arguments to show that

et — (n+ Do, — oy -
n(o, + o)

The first equality is derived by substituting equations (2) and (3) into
equation (4). To derive the second equality, substitute equations (2) and (3)
into equation (1) this yields

an 1 -a)n
AZO;:Z = Zo'a2 + 2
(an +1) (1-a)n+1)

o2, (A2)

Substituting this equation and equations (2) and (3) into equation (5), one
gets

2 2

E( )2 O, Oy
-p) = + :
vop an + 1 1-a)n+1

The first-order condition from differentiating the right-hand side of this
equation with respect to @ can be simplified to yield

(n+ 1o, — 0o
-

a
n(o, + o)

Proof of Proposition 2: From equations (2) and (A2),

-1/2

o, (1 - a)an + 1)° 7,

5, = ac? + 5 where o= —.
a/n [(QA-a)n +1] ay
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Table 11

Complete List of Simulations Conducted
This table reports the parameters for all simulations conducted during this research project, a®?
is the equilibrium proportion of traders observing the more informative signal, and «* is the
proportion required to maximize price informativeness. In each case a°? was greater than a*,
except for cases in which both «* and «¢? had corner solutions a* = a°? = 1. Each row lists a

set of simulations where a* and a®? were initially calculated for o2 =“Initial o,2”

A -7 and

o =“Initial 0;2.” Then 0,2 was increased and o, was decreased by “step size,” and * and a7
were recalculated. This continued for each row until ;> =“Final ¢,2” and ;2 =“Final o2.” Table
II lists a total of 1286 simulations. The parameter n is the number of informed traders and r is
the risk aversion coefficient of each trader. The superscript a indicates that simulations stopped
because a* = a®? = 1. The superscript b indicates that simulations stopped due to nonconver-

gence of numerical methods. 0,2 is the variance of liquidity trading.

Initial Initial Final Final Step
n r a2 o2 + of o2 o o, o Size

5 0.25 100 100 50 50 572 43 1
10 0.25 100 100 50 50 862 14 1
25 0.25 0.5 100 50 50 67" 33 1
25 0.25 1 100 50 50 99 1 1
25 0.25 5 100 50 50 99 1 1
25 0.25 10 100 50 50 99 1 1
25 0.25 25 100 50 50 99 1 1
25 0.25 50 100 50 50 972 3 1
25 0.05 100 100 50 50 932 7 1
25 0.1 100 100 50 50 99 1 1
25 0.15 100 100 50 50 98* 2 1
25 0.2 100 100 50 50 962 4 1
25 0.25 100 100 50 50 933 7 1
25 0.35 100 100 50 50 872 13 1
25 045 100 100 50 50 812 19 1
25 0.5 100 100 50 50 782 22 1
25 0.25 150 100 50 50 892 11 1
25 0.25 200 100 50 50 962 4 1
25 0.25 300 100 50 50 822 18 1
25 0.25 400 100 50 50 782 22 1
25 0.25 450 100 50 50 77 23 1
25 0.25 500 100 50 50 892 11 1
25 0.25 550 100 50 50 742 26 1
25 0.25 600 100 50 50 73% 27 1
25 0.25 650 100 50 50 722 28 1
25 0.25 700 100 50 50 712 29 1
25 0.25 750 100 50 50 70% 30 1
50 0.25 100 100 50 50 99 1 1
75 0.25 100 100 50 50 99 1 1
100 0.25 100 100 50 50 99 1 1
200 0.25 100 100 50 50 67" 33 1
350 0.25 100 100 50 50 78" 22 1
500 0.25 100 100 50 50 60° 40 1
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Table II—Continued

Initial Initial Final Final Step

n r 0,2 o2+ o} o2 o 0.2 ol Size
0.01 1 1 1 0.5 0.5 0.512 0.49 0.01
2 1 1 1 0.5 05 0.99 0.01 0.01
5 1 1 1 0.5 0.5 0.722 0.28 0.01

10 1 05 1 0.5 0.5 0.70° 0.30 0.01
10 1 1 1 05 05 0.74° 0.26 0.01
20 0.075 200 1 0.5 0.5 0.66° 0.37 0.01
30 1 1 1 0.5 0.5 0.51° 0.49 0.01
50 1 1 1 0.5 05 0.53° 047 0.01

o Simulations stopped because a* = a ¢ = 1.
Simulations stopped due to nonconvergence of numerical methods.

Differentiating this expression with respect to a and multiplying by —[«a/8,]
yields

Na =

2n(1— 1?2
_e [(1—)n+11 02+ 2n(1-a)(an+1) —(an+1D* + r(LI(l —Cclr)izn++1)

2 ac?[(1—a)n + 112+ (A - a)an + 1)°

(n+ Do, — oy

Evaluating the right-hand side of this equation at @ = a®? =

n(o, + o3)
simplifies to
[((n+1) -0cll(n+ 1o - 1]
Ny = . (A3)
n(n + 2)o
Repeating these steps for §, yields the second half of the proposition. O
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