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Abstract

In this paper I provide an extension on the rational expectations equilib-

rium proposed by Easley and O�Hara (2004). I relax the assumption that

traders know their own types, but maintain the informed/uniformed type

dichotomy. In this setting, uncertainty results in a higher required return

and the e¤ect of information asymmetry on cost of equity increases with the

degree of uncertainty. I also reexamine empirically the relation between in-

formation attributes and cost of capital using non-parametric test, and �nd

results consistent with Easley and O�Hara (2004).
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1 Introduction

The correct assessment of the cost of capital permeates the most important cor-

porate decisions. It is precisely this measure that determines the true pro�tability

of the �rm and its hurdle rate for investment. When the market underestimates

the value of a stock due to information asymmetry, equity �nancing becomes more

expensive. The relationship between information and cost of capital has been object

of a growing body of accounting literature and several disclosure policies. The Regu-

lation Fair Disclosure (�Reg FD�) by the U.S. Securities and Exchange Commission

(�SEC�), e¤ective on October 23, 2000, for instance, intended to stop the practice of

�selective disclosure,�in which �rms provided information only to certain selected

analysts and institutional investors prior to disclosing it publicly. Supporters of this

policy have argued that this kind of disclosure was unfair, propitiating the privileged

group an opportunity to make a pro�t or avoid a loss at the expenses of those who

were uninformed. Critics, however, have claimed that information transfer between

companies and investors would deteriorate and eventually would raise �rms�cost of

capital. Gomes et al. (2006) �nd that the adoption of Reg FD resulted, in fact, in a

welfare loss for small �rms, facing thus, a higher cost of capital. This consequence

of Reg FD and the di¤erent views regarding this policy already suggests that the

e¤ect of information in �nancial markets involves much debate and controversy.

In the accounting literature it is still unsettled the discussion of how information

attributes a¤ect the cost of capital, if so. Fama (1991), argues that information risk

is diversi�able and should have no e¤ect on the cost of equity. In contrast, Diamond

and Verrecchia (1991), proposing a model in an imperfect competition setting in

which investors are di¤erentially informed, show that revealing public information

in order to reduce information asymmetry among investors can increase liquidity
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and reduce a �rm�s cost of capital. In the same direction, Easley and O�Hara (2004)

(henceforth, EO) develop a model in which �rms with greater public and less private

information have lower cost of capital.

Empirically, Verdi (2005) has documented that the relation between information

asymmetry and cost of equity is sensitive to the selected proxy for cost of equity,

concluding that this emphasize the lack of consistency in the relation between prox-

ies for information asymmetry and cost of equity. Botosan and Plumlee (2006)

(henceforth, BP), empirically test the EO model providing evidence that informa-

tion attributes such as composition, dissemination and precision of a¤ect the cost of

equity capital. The conclusions drawn by BP are subject to misspeci�cation choice,

which is going to be discussed ahead.

One aspect about EO is that they assume that investors have knowledge of their

types (informed or uninformed). This paper contributes to the literature in two as-

pects: �rst, it theoretically investigates the consequences of uncertainty about types

in the relation between information and cost of capital, expanding EO model. The

modi�cation allows for the possibility of investors being unaware of their respective

types due to not knowing the total number of signals existent in the market. The

above proposal is addressed conjecturing two assumptions: one that consists in al-

lowing uninformed traders to behave as if they are informed (naive hypothesis) not

taking information content in price into account, and the other that allows informed

traders, because of career concerns, consider price when trading (career concerns

hypothesis). It is discussed that in the presence of uncertainty about types, higher

returns are required by investors.

Second, even with potential limitations regarding measurement errors in proxies,

it is empirically estimated EO model in its original form against Modi�ed EO. The

results provide evidence for uncertainty about types, in particular under the career
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concerns hypothesis. Finally, aware of the possibility of misleading inference due to

misspeci�cation choice (linearity / non-linearity), it is reexamined the relationship

between information attributes and cost of capital estimated BP using distribution-

free test. The results are consistent with EO model and BP.

The paper is organized as follows: Section 2 presents the related literature,

section 3 introduces the modi�ed EO model, which allows for uncertainty about

types and the hypotheses about the relation between information attributes and cost

of capital are developed. Section 4 describes the proxy variables for the empirical

tests, and section 5, presents the empirical results. Finally, section 6 concludes the

paper.

2 Related literature

2.1 Analytical research

One stream of the literature, mainly composed by �nance researchers, defends that

the e¤ect of information asymmetry can be diversi�ed, and thus cannot a¤ect the

cost of equity (e.g. Fama, 1991.). Leland (1992) �nds that even with the increase

in the information asymmetry from the existence of the insider, the cost of equity

will be reduced, suggesting the idea that it is not necessary that an increase in the

degree of information asymmetry results in an increase in the cost of equity. Merton

(1987), in a model with two types of investors where lack of information refers to

not knowing about the existence of some �rms, �nds that in the case where private

information from informed investors helps uninformed investors to be aware about

ex-ante unknown �rms, there is a reduction in the cost of equity.

EO show that the composition of information between public and private in-

formation a¤ects positively the cost of capital, also that the dissemination of the
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private information and the precision of the information negatively a¤ect the cost

of capital. Nevertheless, Hughes et al. (2005), using a noisy rational expectations

model, �nd that information from private signals about idiosyncratic shocks has no

e¤ect on cost of capital, because it can be diversi�ed.

Contradicting EO, Lambert et al. (2006) (henceforth, LLV) show that EO �nd-

ings about the e¤ect of the asymmetry in the cost of equity is an indirect e¤ect, that

is, the composition and the dissemination of the information indeed a¤ects precision,

which by its turn, a¤ects the cost of equity. LLV�s idea is that when some investors

acquire information, the overall degree of uncertainty decreases since all traders will

have (partial) access to this information via price. LLV�s claim is that dissemination

a¤ects the precision of investors, and that is the reason for the reduction in the cost

of equity.

2.2 Empirical research

Prior literature o¤ers mixed conclusions on whether the information asymmetry is

priced. BP �nd empirical evidence about the relation between information asymme-

try and cost of equity, consistent with EO but inconsistent with other studies (e.g.

LLV, and Leland, 1992.) Botosan (1997) examines the associating between disclo-

sure level and the cost of equity, �nding that for �rms with low analyst following,

greater disclosure is associated with lower cost of equity.

Verdi (2005) evaluates empirical proxies used to assess whether increased infor-

mation risk increases the implied equity cost for capital. He documented that the

relationship between asymmetry and cost of equity is sensitive to the use of alterna-

tive cost of equity measures, indicating a lack of consistency in the relation between

proxies for information asymmetry and cost of equity. In conclusion, the results

suggest that the choice of the proxies can a¤ect the test.
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3 The Model / Hypotheses development

In this section, I provide an extension on the rational expectations equilibrium

proposed by EO. I relax the assumption that traders know their own types, but

maintain the informed/uninformed type dichotomy.

As in EO, consider a two-period model where today investors choose portfolios

and tomorrow the assets in these portfolios pay o¤. There is one risk-free asset,

money, the numeraire. There are K risky stocks indexed by k = 1; : : : ; K. Future

values, vk, are independently, normally distributed with mean vk and precision �k.

The per capita supply of stock k, xk , is also normally distributed with mean xk and

precision �k. Stock prices, pk, are determined in the market. Traders trade today

at prices (1, p1; :::; pk) per share and receive tomorrow�s payo¤s of (1, ev1; :::; evk) per
share. Investors receive signals regarding future values of these stocks. There a

total of Ik signals for stock k. The signals are independently drawn from a normal

distribution with mean vk and precision 
k. The fraction of the signals that is

private is �k and the fraction of the signals that is public is 1 � �k. All investors

receive public signals before trade begins, but private signals are only observed by

informed traders. Let �k be the fraction of traders who receives the private signals

about stock k.

EO assumes that all investors know their own type. However, from the above

setting, it seems reasonable to think that the ability to learn about one�s own type

should be related to the knowledge about the total number of signals available at the

beginning of the period, Ik. For instance, traders who observe a fraction (1��k)Ik of

the total number of signals and know that there are a total of Ik signals automatically

learn that they cannot be of a high type (informed). On the other hand, traders

who observe all signals Ik and know that this corresponds to the total number of
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signals, immediately infer that they are of a high type.

In a setting where the total number of signals available about stock k is unknown

to some investors, we would expect then to behave di¤erently from when there is

certainty about types. This situation thus, gives rise to the existence of four possible

existing types as illustrated in Figure 1: (A) being informed and knowing Ik, (B)

being informed but not knowing Ik, (C) being uninformed but not knowing Ik signals,

and �nally (D) being uninformed and knowing Ik.

Each investor solves for the optimal demand for assets k = 1; :::; K maximizing

his expected utility

ewj =X
k

vkz
j
k +m

j (1)

subject to his budget constraint

mj +
X
k

pkz
j
k = m

j (2)

where zjk is the number of shares of stock k trader purchases, m
j is the amount

of money he holds and mj is his initial wealth.

Substituting from mj into the expected utility and supposing that conditional

on all j0s information, he conjectures that payo¤s on stocks are independent and

that vk is distributed normal with mean v
j
k and precision �

j
k. Assuming CARA

utility, each investor solves

Max
(zjk)

K

k=1

E
� ewj�� �

2
V arj

� ewj� (3)

Thus, the investor�s demand for asset k is

zjk =
vj
k
� pk

�
�
�j
k

��1 (4)
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3.1 EO model - certainty about types

When certainty about types is assumed, as documented in EO, the scenario is the

same as presented in Figure 1 with typeB�s demand being equal to type A�s demand,

and type C�s, equal type D�s1.

From Bayes�Rule, if j is informed about asset k and about his type, he does not

take into account the information content in price, and then his predicted distribu-

tion for vk is normal with conditional mean and precision given by

vjk =

�kvk + 
k

IkX
i=1

ski

�k + 
kIk
; �j

K
= �k + 
kIk (5)

The demand for the type (A) and (B) investors, zAk and z
B
k ; will be the same as

in EO:

zBk = z
A
k =

�kvk + 
k

IkX
i=1

ski � pk (�k + 
kIk)

�
(6)

On the other hand, traders who know that they are uninformed realize that

there are some pieces of information that they do not observe. Also, they know

that the demand of the informed traders a¤ects the equilibrium price, and so they

rationally make inferences about the underlying information through price. In a

rational expectations equilibrium the conjecture from uniformed traders about the

price function is self-ful�lling.

Following EO, suppose the price function has the following conjecture:

pk = a:vk + b

�kIkX
i=1

ski + c

IkX
i=�kIk+1

ski � d:xk + e:xk (7)

1Comparing with EO, we would have �A + �B = � and �C + �D = 1� �:
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Also, following the same methodology applied by Grossman and Stiglitz (1980),

de�ne the random variable �k as

�k =

pk � avk � b
IkX

i=�kI+1

ski +
~
xk(d� e)

b�kIk
=

�kIkX
i=1

ski

�kIk
�
�

d

b�kIk

�
(xk �

~
xk) (8)

with mean vk and precision ��k where

��k =

"�
d

b�kIk

�2
��1k +

�
1

�kIk

�

�1k

#�1
(9)

Taking the information content in prices and its precision into account, it is

possible to compute the posterior belief for uninformed traders. The conditional

mean and variance from the perspective of the types (C) and (D) is given by

vjk =

�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k

�k + (1� �k)
kIk + ��k
; �j

K
= �k + (1� �k)
kIk + ��k (10)

zCk = z
D
k =

�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k � pk (�k+(1� �k)
kIk+��k)

�
(11)

Denoting �j as the fraction of traders from type ( j ), the equilibrium price pk

for each asset k is such that supply equals per-capita demand, then

(�Ak + �
B
k ):Z

A
k + (�

C
k + �

D
k ):Z

D
k = xk (12)

From EO, we know that in such scenario, the equilibrium price and the required
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return are as follows2

pk =

�kvk + 
k

IkX
ski

i=�kIk+1

+
�
�Ak + �

B
k

�

k

�kIkX
i=1

ski +
�
�Ck + �

D
k

�
(��k�k)� �xk

Ck
; (13)

E [vk � pk] =
�xk

�k + (1� �k) Ik
k +
�
�Ak + �

B
k

�
�kIk
k +

�
�Ck + �

D
k

�
��k

(14)

EO Hypothesis - Certainty about Types

In EO, all uninformed traders take prior, public, and price information into

account when trading and all informed traders consider prior, public, and private

information, therefore, the sum of the proportion of traders who take private infor-

mation (�Ak + �
B
k ); and price (�

C
k + �

D
k ) into account, must be equal to 1.

3.2 Modi�ed EO model - uncertainty about types

As mentioned before, in the EO hypothesis, it is assumed that all traders know

their own types and those types depend only on the number of signals that investors

observe. However, we have argued that it is possible to allow for the situation where

the total number of available signals about k (denoted in the model by Ik) may not

be known. The knowledge of the total number available signals drives the certainty

about types since, by de�nition, a trader is informed if he observes all available

signals about asset k, and so, if Ik is not known, traders never learn their real types.

Therefore, in relaxing the assumption that all traders know Ik and arriving at four

possible cases (Figure 1), I conjecture two possible scenarios that would alter some

strategies derived in EO.

Naive Hypothesis
2For further details, please refer to propositions 1 and 2 in EO.
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The naive hypothesis presuppose that there might exist uninformed traders that

may believe to be informed, investors who believe that price conveys no new infor-

mation. This would happen due to the lack of knowledge about Ik, total number

of signals available, and it may lead to strategies not considered by EO. Suppose

that there are two uninformed traders with one of them believing that he is actu-

ally informed (type C). Holding this belief, the trader assumes that the signals he

receives are indeed a su¢ cient statistic for future stock price, and so, by judging

himself to have all the su¢ cient information to determine the stock price, he ends

up not taking into account the information content in prices when trading. But,

the other uninformed trader (type D), knowing his comparative disadvantage, will

consider the information in price when trading. That is, zCk 6= zDk :

Type C traders are investors that are uninformed but believe to be informed,

i.e. they do not know that the price conveys information that they do not observe.

The demand for the type (C) investor will be based only on his observed signals:

zCk =

�kvk + 
k

IkX
i=�kIk+1

ski � pk (�k + (1� �k)
kIk)

�
(15)

For types (A) and (B), one should expect that since type (B) traders do not

know their type, they would be willing to take price into account. However, since it

is assumed that there is no extra information in price that is not known by informed

traders, by considering or not the information in price, the demand for asset k would

be the same for informed traders. Hence, the relation between zAk ; and z
B
k would

still hold, i.e. zAk = z
B
k : Proposition 1 details the equilibrium price and the required

return in this scenario.

Proposition 1 There exists a partially revealing rational expectations equilibrium
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in which, for each asset k; the equilibrium price and the required return are de�ned

as follows

pk =

�kvk + 
k

IkX
ski

i=�kIk+1

+
�
�Ak + �

B
k

�

k

�kIkX
i=1

ski +
�
�Dk
�
(��k�k)� �xk

Ck
; (16)

E [vk � pk] =
�xk

�k + (1� �k) Ik
k +
�
�Ak + �

B
k

�
�kIk
k +

�
�Dk
�
��k

(17)

Therefore, in the naive hypothesis, only part of the uninformed traders take price

information into account when trading and all informed traders consider private

information. Therefore, the sum of the proportion of traders that takes private

information , (�Ak + �
B
k ); and the proportion that considers price, (�

C
k ), is smaller

than 1 (�Ak + �
B
k + �

C
k = 1� �Dk ).

Career Concerns Hypothesis

�Some operators have come to the conclusion that it is better to be

wrong along with everybody else, rather than take the risk of being right,

or wrong, alone... By its nature, trend following ampli�es the imbalance

that may at some point a¤ect a market, potentially leading to vicious

circles of price adjustments and liquidation of positions.�3

The career concerns hypothesis suggests that there might be more information

in price that can be observed in prior, public, and private information, such as

short-term price trend. Hence, in this situation, not only uninformed but also some

informed traders that are not absolutely certain about their type will consider the

information content in price when trading. This hypothesis is based on documented

3Jean-Claude Trichet, then Governor of the Banque de France. Keynote speech delivered at
the Fifth European Financial Markets Convention, Paris, 15 June 2001: �Preserving Financial
Stability in an increasing globalized world.�Also cited in Dasgupta, et al. (2006.)
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�ndings that career concerns may induce some type of distortions in behavior, such

as herd behavior (Scharfstein and Stein 1990; Zwiebel 1995; Prendergast and Stole

1996; Morris 1997; Avery and Chevalier 1999). In particular, Chevalier and Ellison

(1999) suggest, based on empirical evidence, that because of career concerns, mu-

tual fund managers might trade based on price even if it is con�icting with their

private information. In the same direction, Dasgupta, et al. (2006) �nd a negative

relationship between past net trade and future excess returns. They claim that a

strategy consisting in selling stocks that have been bought by institutions in the last

5+ quarters and buying stocks that have been sold by institutions in the last 5+

quarters generates a cumulative abnormal return of 18% in the following two years,

suggesting institutional investors herd.

In this scenario, one should expect that in the case of lack of knowledge about

type, traders will in fact consider price content. Therefore, only type (A) traders

will not consider information in price, but the others will trade based on the infor-

mation they observe (type (B) -all signals available, and types (C) and (D)- only

public signals) and on price. It is straightforward that the precision from private

information together with price will be lower than the precision under only private

information (�kIk
k + ��k � �kIk
k): The intuition is that when price is consid-

ered, there is noise increase in the information set of informed investors. On the

other hand, for uninformed traders, there is a gain from taking price into account

((1-�k)Ik
k + ��k � (1� �k)Ik
k):

Hence, the demand of each type, the equilibrium price, and the required return

are presented in proposition 2.

Proposition 2 There exists a partially revealing rational expectations equilibrium

in which, for each asset k; the demand of each type, the equilibrium price and the
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required return are de�ned as follows

zBk =

�kvk + 
k

IkX
i=1

ski + ��k�k � pk (�k + 
kIk + ��k)

�
;

zAk =

�kvk + 
k

IkX
i=1

ski � pk (�k + 
kIk)

�
;

zCk = z
D
k =

�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k � pk (�k + (1� �k)
kIk + ��k)

�

pk =

�kvk + 
k

IkX
ski

i=�kIk+1

+
�
�Ak + �

B
k

�

k

�kIkX
i=1

ski +
�
�Bk + �

C
k + �

D
k

�
(��k�k)� �xk

Ck
;

(18)

E [vk � pk] =
�xk

�k + (1� �k) Ik
k +
�
�Ak + �

B
k

�
�kIk
k +

�
�Bk + �

C
k + �

D
k

�
��k
: (19)

Therefore, under the career concerns hypothesis, only type (A) do not take price

information into account when trading, therefore, the sum of the proportion of

traders that takes into account private information, (�Ak + �
B
k ); and the proportion

that considers price, (�Bk + �
C
k+ �

D
k ), is greater than 1 (�

A
k + �

B
k + �

B
k + �

C
k+ �

D
k =

1 + �Bk ).

Empirical Test

Relaxed the assumption about certainty of types, I emprically compare EOmodel

and Modi�ed EO model. In order to do that, I estimate the following equation

rPEGPREM =
1

b̂0 + b̂1:Public+ b̂2:Private + b̂3:P IN
(20)
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Where

b̂0 =
�k
�xk
; b̂1 =

�1
�xk
; b̂2 =

�2
�xk
; and b̂3 =

�3
�xk
and Public, Private and PIN

follows BP and are described in section 4.

Then, I proceed the following joint hypothesis testing based on the discussion

above

H10 EO model is valid : �1 = 1; �2 + �3 = 1

H1a1 Modi�ed EO - Career C. - pertains: �1 = 1; �2 + �3 > 1

H1a2 Modi�ed EO - Naive - pertains: �1 = 1; �2 + �3 < 1

3.3 Types disclosure

An interesting further analysis consists in examining �rms�optimal strategy consid-

ering their communication with traders. In particular, contexts in which �rms reveal

or do not reveal the traders�type. Proposition 3 details �rms�optimal decision.

Proposition 3 In the absence of communication costs, in a rational expectations

equilibrium, �rms communicate traders�types.

Proof. The cost of capital equation de�ned under each hypothesis di¤ers in their

denominator, denoted average precision by LLV. A comparison among them, shows

that uncertainty about types decreases the average precision and thus, increases the

cost of capital.

EO Hypothesis:

Average PrecisionEO =
�
�Ak + �

B
k

�
(�k + Ik
k)+

�
�Ck + �

D
k

�
(�k + (1� �k) Ik
k + ��k)

Naive Hypothesis:

Average PrecisionNaive =
�
�Ak + �

B
k

�
(�k + Ik
k)+�

C
k (�k + (1� �k) Ik
k)+�Dk (�k + (1� �k) Ik
k + ��k)

Career Concerns:

Average PrecisionCC =
�
�Ak
�
(�k + Ik
k)+�

B
k (�k + Ik
k + ��k)+

�
�Ck + �

D
k

�
(�k + (1� �k) Ik
k + ��k)
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Neglecting costs, �rms will always choose to inform traders about their types if

and only if

Average PrecisionEO �Average PrecisionNaive and

Average PrecisionEO �Average PrecisionCC

Indeed, simple manipulations show that

Average PrecisionEO�Average PrecisionNaive = �Ck ��k � 0

Average PrecisionEO�Average PrecisionCC = �Bk Ik
k � �Bk (Ik
k + ��k) � 0

Proposition 3 shows that, in the absence of communication cost, �rms minimizing

the cost of equity would choose, in this rational-expectation equilibrium, to inform

traders about their types.

In the Modi�ed EO, revealing types consists in announcing the total number

of available signals. In practice, we observe that �rms tend to disclosure this in-

formation through special reports, holding conference calls, attracting analysts and

adopting good corporate governance practices, among others.

3.4 E¤ect of each information attribute on cost of equity

BP�s empirical estimation of EO analyzes the e¤ect of three information attributes:

composition, dissemination and precision on the cost of equity, assuming a linear

relationship between them and the cost of equity. However, the relationship derived

in EO is non-linear (Eq.14). Assuming linearity, might in fact lead to inconsistent

conclusions. As an example of possible misleading inferences due to misspeci�cation

choice, although in another context, is given by Hanlon et al. (2003), where they

point out:

"...assuming a linear relation between ESO (employee stock option)

grant values and future earnings (as done in prior studies) might result
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in misleading inferences about the nature of the payo¤ to option grants.

Because the conclusions are somewhat sensitive to whether the model

assumes linear or non-linear relation between future earnings and ESO

grant values, researchers might want to consider this speci�cation choice

carefully in their work."

Hanlon et al. (2003) argue that if linearity is assumed, the relation between

ESO grant values and future earnings is negative but when non-linear relation is

considered, the relationship becomes positive, which ultimately modi�es the whole

interpretation of the results.

I reexamine BP estimation by considering non-linearity in the relationship be-

tween information attributes and cost of capital. One way to see the importance

of doing this is by analyzing an extreme case where dissemination is very high, i.e.,

almost all traders are informed and so, private information is almost totally revealed

by prices. In this case, an increase in private information�s precision would lead to

an increase in the overall precision and even uninformed traders would be better o¤

from this increase.

On the other hand, in the case where the fraction of informed traders is small,

i.e., dissemination is small, an increase in private information precision bene�ts

basically investors who observe it and, given the small number of traders, their

trade may not be signi�cant enough to make price re�ect their private information.

Thus, given their relative disadvantage, uninformed traders would require a higher

return to trade, increasing the cost of equity. The di¤erence in the magnitude of

the impact of change in composition on the cost of capital described above can be

seen by the following partial derivative

17



@E [vk � pk]
@�k

=
�xk (1� �k) Ik
k

(Ck)
2 �1 + �kIk�k�2k
k��2�2 > 0 (21)

As �k approaches zero, ceteris paribus, cost of equity is always higher.

In this sense, it appears that the analysis and estimations of the model should not

be conducted by assuming that the e¤ect of each attribute on the cost of capital is

constant, as in BP. Thus, in the remaining, I relax linearity and test the direction and

signi�cance of composition, dissemination, and precision on cost of equity using a

non-parametric sign test. As pointed out byMacKinlay (1997), and Dixon andMood

(1946) a sign test is commonly used to specify statistical signi�cance independently

of an assumption concerning the distribution. I apply sign test to computed year-

over-year changes in the characteristics of information environment and in cost of

capital. I focus on the direction and signi�cance of the e¤ect of each variable, given

the magnitude is not constant. For each observation, it is obtained the change in

each variable considering the current year and the previous year for each �rm ( e.g.

�V ariable = V ariablet � V ariablet�1). Setting

K =
0:5 if V ariablet > V ariablet�1

�0:5 otherwise

I then, compute the number of times that the sign of the changes in each variable

coincides with the sign of the change in the cost of equity. By knowing that, I assess

the probability that each characteristic changes to the same direction as the cost of

equity. To exemplify, let P compospegprem be 1 if composition changed from year t � 1 to

year t in the same direction as cost of capital, estimated by rPEGPREM . Figure 2

presents the intermediate steps for the case of composition.

Finally, after computing the Ks, we can calculate

Probcompospegprem =

NP
n=1

P compospeg; n

N
=

NP
n=1
jKn

compos + Kn
pegj

N
;
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where Probcompospegprem is the probability that composition changes in the same direc-

tion of rPEGPREM :

In order to examine the direction and signi�cance of how changes in each at-

tributes is related to changes in cost of capital, I test the following hypothesis

Ho - no correlation: Probattibutecost of cap. = 0:5

Ha1 - positive correlation: Probattibutecost of cap. > 0:5

Ha2 - negative correlation: Probattibutecost of cap. < 0:5

For this test, the predictions are that composition (positive), dissemination (neg-

ative), and precision (negative) will follow the same relation described in EO and

Modi�ed EO.

The conclusions drawn from this test are subject to failure in considering multi-

variate setting. However, since each e¤ect is already dictated by analytical model,

this shortcoming might be overcome.

Lambert, Leuz, and Verrecchia Interpretation about EO model

Recently, EO model have received some critics regarding whether composition

and dissemination a¤ect cost of capital directly or via average precision. In partic-

ular, LLV (2006) point out

�A shift in information asymmetry can appear to a¤ect the cost of

capital, but only because the average precision of information is also

changing simultaneously. In other words, the dissemination of more in-

formation to more investors reduces the cost of capital, but only because

it increases the average precision of investors, not because it reduces

information asymmetry. For example, it is possible to change the in-

formation structure such that information asymmetry increases despite
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the fact that average precision also increases. In these settings, we show

the cost of capital decreases; this is inconsistent with the information

asymmetry hypothesis.4 �

LLV�s main point is the analysis of no informed traders versus some informed

traders. Their intention is to suggest that the existence of informed traders lowers

cost of capital, and not in spite of it. In my interpretation, EO is clear that, ceteris

paribus; an increase in dissemination (in this case from � = 0 to � > 0) results

in an decrease in cost of capital5. That is, in this particular case, the inclusion of

informed traders results in an increase in the overall precision (negative e¤ect on

cost of equity), and an increase in dissemination (negative e¤ect), but no change in

composition. So, according to EO, the result e¤ect is negative

In my interpretation, EO model does not presuppose that the increase in the

level of information asymmetry necessarily results in an increase in cost of capital,

but it does suggest that it will be generated possibly three e¤ects (from composition,

dissemination, and precision) and the �nal result, whether increase or decrease cost

of equity, depends on their strength. Therefore, the test of the e¤ect of each attribute

on cost of capital remains pertinent.

4 Sample selection and variable construction

I collect data from six databases. Firms�stock price and return information are ob-

tained from CRSP, �nancial data from Compustat, intra-day transaction data from

Trade And Quote (TAQ), analysts�coverage data from First Call database, price

forecast and �rms�characteristics from Value Line, and risk-free interest rate from

4LLV, pages 3-4.
5EO, page 1573
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US Federal Reserve. The sample consists of 4,709 �rm-year observations covering

the period from 1993 to 2003.

Following Botosan and Plumlee (2006), the estimate for cost of equity capital,

rPEGPREM ; is obtained by subtracting the risk free rate of interest from rPEG (Eas-

ton, 2004), where rPEG is de�ned as

rPEG =

s
E0 (eps5)� E0 (eps4)

P0

where epst is earnings per share at time t (Value Line).

The market beta (BETA) is calculated using the market model with a minimum

of 30 out of 60 monthly returns and market index return equal to the value weighted

NYSE/AMEX return (CRSP). The estimation period for BETA ends on June 30th

of the year cost of equity capital is estimated. The long-term growth in earnings

(LGROW ) is the natural log of the 3-5 year annual rate of change in expected

earnings included in Value Line. The market value of equity (LMKV L) computed

by taking the log of the variable obtained by multiplying the number of common

shares outstanding by stock price at the quarter-end immediately prior to June

30th of the year cost of equity capital is estimated. The quarterly data is drawn

from Compustat, but we use CRSP if Compustat data is not available. Book-to-

price (BP ) is calculated by scaling the book value of the �rm�s common equity

(Compustat) at quarter-end immediately prior to June 30th of the year cost of

equity capital is estimated.

Regarding the attributes of information, composition (COMPOS), which is the

fraction of the information set that is private, is derived from Barron et al. (1998)

model, and is given by
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�kIk
k
�kIk
k + (1� �k) Ik
k

=
PRIV ATEit

PUBLICit + PRIV ATEit

where

PUBLIC =
(SE�D

N )
[(SE�D

N )+D]
2 ; PRIV ATE =

D

[(SE�D
N )+D]

2

SE : squared error in the mean forecast. SE =
�
Fit � Ait

�2
D : forecast dispersion. D = 1

N�1

NP
i=1

�
Fit � Fijt

�2
N : number of forecasts

Fit : mean forecast for �rm i,quarter t

Ait : actual earnings for �rm i,quarter t

Fijt : analyst j�s forecast of earnings for �rm i,quarter t.

SE and D were obtained from most recent one-quarter ahead forecasts of quar-

terly earnings (First Call) and a minimum of three forecasts is required. We used

time series average of four successive quarterly values of PUBLIC and PRIV ATE

that precede the 3rd quarter of the calendar year in which cost of equity capital is

estimated.

Dissemination of private information, which is the fraction of informed traders

(DISSEM), is derived according to methodology proposed by Easley et al. (1997)

(EKO) which assumes informed and uninformed traders and an equally uninformed

market maker. Information events occur daily with probability � and are indepen-

dent. The news about a stock is classi�ed as either good, with probability 1� � or

bad, with probability �. The market maker set prices and execute orders as they

arrive. On the same day the information event occurs, the informed traders will

buy a stock for which the news is good and will sell it otherwise. The rate of in-

formed trading is � and the rates of uninformed buy and sell orders are "b and "s

, respectively. EKO assume the number of buy and sell trades to be independent
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of one another, to follow a Poisson processes for a particular trading day and to be

independent across trading days. EKO assume the number of buy and sell trades to

be independent of one another, to follow a Poisson processes for a particular trading

day and to be independent across trading days. Hence, the unconditional likelihood

function for a single trading day is a mixed process can be written as:

L (�jB; S) = (1� �) e�"b "
B
b

B!
e�"s

"Ss
S!
+��e�"b

"Bb
S!
e�(�+"s)

(�+ "s)
s

S!
+a (1� �) e�(�+"b) (�+ "b)

B

B!

"Ss
S!

where B and S are the total number of buy and sell trades and � = (�; �; "b; "s; �)

is the parameter vector. Assuming independence across days, the likelihood function

over I days is:

V = L (�jM) =
IY
i=1

L (�jBi; Si)

where (Bi; Si) are day i trades M = ((B1; S1) ; : : : ; (BI ; SI)) is the data set. The

parameter set is estimated by maximizing the likelihood over �.

There is a truncation problem when ones attempts to estimate the parameters

of EKO with a large number of daily buys and sells. To deal with this, Easley et

al. (2001) assumes the arrival rate of uninformed buyers and sellers equal to each

other, such that, " = "b = "s. Thus, consistent with BP, my proxy for DISSEM is

DISSEM =
�

�+ 2"
:

As suggested by previous studies (Chen et. al 2005), the proxy for the precision

of private information re�ected in stock price (��k) is given by the probability of

informed trading (PIN),
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PIN =
��

��+ 2"

Finally, the overall precision of the information set (PRECISit) is given by

PUBLICit + PRIV ATEit:

Descriptive Statistics

Table 1 provides descriptive statistics of the cost of capital estimate and indepen-

dent variables. The mean of rPEGPREM is 0.063, consistent with previous research

(BP, Francis et al. 2004). Mean Beta for my sample is 1.048, suggesting no bias

regarding �rm level of risk. The mean of Composition, Dissemination and Precision

are also consistent with previous �ndings.

5 Empirical results

Modi�ed EO

In order to test whether the Modi�ed EO can be supported by the data, I

estimate the following equation

rPEGPREM =
�xk

�0 + �1Public+ �2Private + �3��k
(22)

And test whether �2 + �3=1. However, given that there is no proxy for �xk, I

estimate the following alternative equation

rPEGPREM =
1

b̂0 + b̂1Public+ b̂2Private + b̂3PIN
+ � (23)
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consistent with EO speci�cation where � is the error term, assumed to be nor-

mally distributed with mean zero and variance �2, by Maximum Likelihood (MLE).

To do that, I rewrite EQ (23) as

� = rPEGPREM �
1

b̂0 + b̂1Public+ b̂2Private + b̂3PIN
~ N(0; �2) (24)

I construct the log-likelihood function as follows

lnL(rPEGPREM ; Public;Private,PIN; �) =

�0:5�ln(2�)�ln(�)� 1
2�2
:
�
rPEGPREM � 1

b̂0+b̂1Public+b̂2Private+b̂3PIN

�
Interpretation of the results from this estimation depends on �xk, as shown in

EQ (22):To solve for this unknown, I assume that the model is well-speci�ed, that

the measurement errors have the same e¤ect on the coe¢ cients and �xk is constant

along �rms.

Table 2 (Panel A) presents the results from MLE. Under both EO and Modi�ed

EO, the coe¢ cient �1, which is the proportion of traders that take into account

public information, must be, by construction, equal to 1. In order to test the null

joint hypothesis,

�1 = 1; �2 + �3 = 1

I do the following transformation.

�1 = 1; �2 + �3 = 1() �2 + �3 = �1

Dividing all terms by �xk, we end up with

�2
�xk

+
�3
�xk

=
�1
�xk
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Then, the null hypothesis becomes

() b̂2 + b̂3 = b̂1

Table 2 (Panel B) presents the statistical test of the transformed null hypothesis.

For a test of a size 0.99, the null hypothesis is rejected, and the H1a1 (Modi�ed EO

- Career Concerns) pertains.

Due to the non restriction concerning �xk and the presence of measurement

errors, one could claim against the relevance of the test. However, recall that EO

model is a special case of Modi�ed EO. Therefore, the above test does not intend to

imply that EO is not correct, but rather to document the possibility of the exsitence

of a set of traders behaving di¤erently from another that observes the same set of

signals, because of di¤erences in beliefs about the total number of signals, in a

rational expectation equilibrium.

Information attributes and cost of capital

To reexamine the direction and the signi�cance on the relationship between each

information attribute and cost of capital considering non-linearity, I applied a sign

test, as described in previous section. The basis of the test is that, under the

null hypothesis, it is equally probable that changes in attributes are in the same

or opposite direction that changes in cost of capital. Failure in rejecting the null

hypothesis leads to the conclusion that the attribute has no e¤ect on cost of capital.

On the other hand, under Ha1; the e¤ect of the attribute on cost of capital is

negative, and under Ha2;positive.

The test statistic, denote by �1, to test the null hypothesis is de�ned as follows
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�1 =
Probattibutecost of cap. � 0:5

0:5p
N

~ N (0; 1):

This distributional result is asymptotic. For a test of size 0.95, � = 0:05, Ho is

rejected if �1 > ��1(�) = 1.96.

As presented in Table 3, the e¤ect of composition on cost of capital measured by

rPEGPREM is positive and signi�cant, and the e¤ect of dissemination and precision

are negative and signi�cant, all consistent with EO and BP.

6 Conclusions

A better understanding of the relationship between information and cost of capital,

the incentives involved and consequences of asymmetry seems important from the

point of view of both the growing body of accounting theory and a more e¤ective

design of regulation policies from agencies.

This paper theoretically analyzed the consequences of uncertainty about types

in the relation between information and cost of capital. Expanding from EO model,

we have showed that uncertainty about types results in a higher cost of capital, that

is, investors on average require higher return to hold position if some investors have

uncertain about their type.

Under the two conjectured hypotheses that address the potential e¤ect given

uncertainty about types: the naive hypothesis that considers uninformed traders

behaving as informed and career concerns hypothesis where informed traders, be-

cause of career concerns, consider price when trading, the paper provide evidence

suggesting optimal behaviors not documented in the previous literature.

As a �nal contribution, the estimation of the relation between cost of equity

and information attributes using a non-parametric test, sign test, shows results
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consistent with EO model, namely, composition a¤ects positively cost of capital,

and dissemination and precision, negatively.

A further analysis in detailing how the e¤ect of composition, dissemination, and

precision are a¤ected by the uncertainty about types, and how �rms assess the

optimal level of this uncertainty in its market and how �rms�characteristics change

the cost of credible disclosure is an interest continuation of the topic.

7 Appendix

Proof of Proposition 1: Under the naive hypothesis, we need to show that there is a

solution to the market clearing equation. Substituting for the demands of the four

categories of types, we have

�Ak

 
�kvk + 
k

�kIkX
i=1

ski + 
k

IkX
i=�kIk

ski � pk (�k + 
kIk)
!
+

+�Bk

 
�kvk + 
k

�kIkX
i=1

ski + 
k

IkX
i=�kIk

ski + ��k�k � pk (�k + �kIk � (1� �k) Ik) ��k

!
+

+�Ck

 
�kvk + 
k

IkX
i=�kIk+1

ski � pk (�k + (1� �k)
kIk)
!
+

+
�
1� �Ak � �Bk � �Ck

� 
�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k � pk (�k+(1� �k)
kIk+��k)
!

= �xk
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Thus,

�kvk + 
k

IkX
i=�kIk

ski +
�
�Ak + �

B
k

�

k

�kIkX
i=1

ski +
�
1� �Ak � �Bk � �Ck

�
(��k�k)

= pk
�
�k + Ik(1� �k)
k +

�
�Ak + �

B
k

�
�kIk
k + ��k

�
1� �Ak � �Bk � �Ck

��

So,

pk =

�kvk + 
k

IkX
ski

i=�kIk+1

+
�
�Ak + �

B
k

�

k

�kIkX
i=1

ski +
�
1� �Ak � �Bk � �Ck

�
(��k�k)� �xk

Ck

since

�k =

�kIkX
i=1

ski

�kIk
�
�

d

b�kIk

�
(xk � xk)

we have

pk =

�kvk+
k

IkX
ski

i=�kIk+1

+(�Ak +�Bk )
k

�kIkX
i=1

ski+(1��
A
k ��Bk ��Ck )��k

0BBBBBBB@

�kIkX
i=1

ski

�kIk
�
�

d
b�kIk

�
(xk�xk)

1CCCCCCCA
��xk

Ck

rearranging the terms

pkCk = �kvk + 
k

IkX
ski

i=�kIk+1

+

��
�Ak + �

B
k

�

k +

(1��Ak ��Bk ��Ck )(��k�k)
�kIk

� �kIkX
i=1

ski+

�
�
(1��Ak ��Bk ��Ck )��kd

b�kIk
� �
�
xk+

�
(1��Ak ��Bk ��Ck )��kd

b�kIk
� �
�

Comparing the coe¢ cients
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d =

(1��Ak ��Bk ��Ck )��k
b�kIk

� �
Ck

b =

�
�Ak + �

B
k

�

k +

(1��Ak ��Bk ��Ck )(��k�k)
�kIk

Ck
, Ckb�

�
�Ak + �

B
k

�

k =

�
1� �Ak � �Bk � �Ck

�
(��k�k)

�kIk

Thus, substituting into d, we get

Ckd =

�
Ckb�

�
�Ak + �

B
k

�

k
�
d

b
+ � , Ckdb = Ckdb�

�
�Ak + �

B
k

�

kd+ �b

) d

b
=

��
�Ak + �

B
k

�

k

So,

Ckd =

�
1� �Ak � �Bk � �Ck

�
(��k�)

�kIk
k
�
�Ak + �

B
k

� � �

Cke =

�
1� �Ak � �Bk � �Ck

�
(��k�)

�kIk
k
�
�Ak + �

B
k

�
Having established the equilibrium, let us show how the return depends on the

information structure, with the level of public and private information in�uencing

the cross-sectional equilibrium return demanded by investors. The random return

per share to holding asset k is vk � pk. The expected return per share to holding

asset k for an investor with information set I, price and public information for an

uninformed investor or all information for an informed investor is E [vkjI]�pk. The

average return per share for this investor is thus, E [E [vkjI]� pk] = E [vk � pk],

where the expectation is computed with respect to prior information. This, leads
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us to the second proposition

E [vk � pk] = E
"
vk � a:vk�b

�kIkX
i=1

ski�c
IkX

i=�kIk+1

ski+d:xk�e:xk

#

since E [ski ] = vk and E [xk] = xk, we have

E [vk � pk] = vk [1� a� b�kIk � c (1� �k) Ik
k] + xk (d� e)

substituting for the coe¢ cients from Proposition 1

E [vk � pk] = vk

"
1� �k

Ck
�
�
�Ak + �

B
k

�
�kIk
k +

�
1� �Ak � �Bk � �Ck

�
��k

Ck
�(1� �k) Ik
k

Ck

#
+xk (d� e)

the term in the brackets is equal to zero and d� e = �
Ck
:

Therefore,

E [vk � pk] =
�xk

�k + (1� �k) Ik
k +
�
�Ak + �

B
k

�
�kIk
k +

�
1� �Ak � �Bk � �Ck

�
��k

Proof of Proposition 2: Considering the career concerns hypothesis we need to

show that there is a solution to the market clearing equation. Substituting for the

demands of the four categories of types, we have
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�Ak

 
�kvk + 
k

�kIkX
i=1

ski + 
k

IkX
i=�kIk

ski � pk (�k + 
kIk)
!
+

+�Bk

 
�kvk + 
k

�kIkX
i=1
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k

IkX
i=�kIk

ski + ��k�k � pk(�k + Ik
k + ��k)
!
+
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�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k � pk[�k + (1� �k)
kIk + ��k]
!
+

+
�
1� �Ak � �Bk � �Ck

� 
�kvk + 
k

IkX
i=�kIk+1

ski + ��k�k � pk[�k + (1� �k)
kIk + ��k]
!

= �xk

From the equilibrium price that clears the market, the steps are the same pre-

sented in the proof of proposition 1.

Proposition 4 For any stock k, and provided that
�
�Ak + �

B
k

�
< 1, under the naive

hypothesis, the di¤erence in the e¤ect of composition on cost of equity compared to

the e¤ect in EO model, is increasing in the proportion of traders that deviate from

the strategy de�ned in the certainty-about-type scenario. That is,

@E [vk � pk]Naive

@�
� @E [vk � pk]

EO

@�
= "+ �Ck

�
�xk
C2k

@��k
@�k

�
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Proof.
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Thus,
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