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1. INTRODUCTION

Competitive rational expectations equilibrium models of securities markets formalize the
notion that prices reflect private information possessed by market participants [see, for
example, Admati (1985), Danthine (1978), Diamond and Verrecchia (1981), Grossman
(1976) and (1978), Grossman and Stiglitz (1985), and Verrecchia (1982)]. In order to
maintain tractability, many of these models employ normality assumptions to describe
uncertainty. While these models have proved to be rich in terms of insights about the
process by which prices aggregate private information, the distributional assumptions make
them difficult to empirically test. Most of the existing tests involve only the broadest
predictions of the models, often limited only to tests of whether prices converge to the
security’s value and a heuristic description of the speed of convergence [see Huberman
and Schwert (1985), Kandel, Ofer and Sarig (1991), Plott and Sunder (1982), and Sunder
(1990)]. Consequently, some of the interesting, but more subtle, predictions of these models
have not been subjected to empirical testing, particularly the restrictions these models

place on second moments.

In this paper, we develop a simple rational expectations model of a securities market
involving lognormally distributed random variables. We assume that agents have mean-
~ variance preferences and we derive security prices in a large competitive market. We define
the notions of quality of information, importance of information, and price informative-
ness in a manner consistent with the existing literature. Then we show that our model’s
predictions regarding the relationships among these market attributes is qualitatively the
same as predicted by extant models involving normal distributions. Finally, we test these

predictions using data on insider trading.

There are two reasons why normality assumptions are convenient in rational expecta-
tions models of securities markets. First, posterior beliefs based on observations of jointly
normal random variables are easy to characterize because only the posterior mean depends
on the realized value of the information variable. Therefore only one dimension of individ-
ual’s posterior beliefs depends on the realized value of the individual’s information. Since
demands typically depend on both dimensions (mean and variance) of posterior beliefs,
this feature of normal distributions facilitates the aggregation required by market clearing
conditions. Second, the set of jointly normal random variables is closed under addition.

Therefore, normality is preserved when market clearing conditions (which are inherently
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additive) are imposed. Both of these conveniences are absent in our model involving lognor-
mal random variables. However, we are able to recover a price that is a log-linear function
of normal random variables by considering an economy in which the number of agents is
arbitrarily large, and the aggregate supply of the sccurity is finite. As the economy grows,

the per-capita risk borne by agents tends to zero.!

The benefit of our approach is that continuously-compounded equilibrium rates of
return are normally distributed.This enables us to express market attributes such as price
informativeness, and quality and importance of private information in terms of return
moments. Moreover, the predicted relations between these attributes is linear, so straight-
forward statistical techniques can be used to estimate them and to test the model’s predic-
tions. Our tests have an appealing intuitive interpretation independent of our parametric
model. The expression for price informativeness in terms of return moments is a measure
of the speed of price adjustment to a piece of information. This is because it measures the
extent to which the eventual return associated with the information is completed by some
earlier point in time. The importance of information measures how well the information
forecasts eventual returns. The model’s prediction that price informativeness and the im-
portance of information are directly related is equivalent to saying that prices react sooner
to information whose eventual impact on returns is stronger. Therefore, independent of
the model, our empirical testing procedure can be viewed more generally as a method to

test this hypothesis.

***Discuss the data and results in broad terms here...***

The model is presented in the Section 2. Section 3 discusses the testing procedure

and empirical results. Section 4 concludes the paper.

2. THE MODEL

We consider an economy composed of individual traders who have mean-variance prefer-
ences over terminal wealth and who behave competitively. Conditional on their private in-
formation and any information they infer from prices, individuals choose utility-maximizing
portfolios consisting of a riskless and a risky asset. There are no constraints on buying or
selling the assets. For convenience, we normalize the price of the riskless asset to unity
(i.e., the riskless asset serves as the numeraire), and we normalize the riskless interest rate

to zero. The risky asset is assumed to have a lognormally-distributed random payoff. Its

1See Bhattacharya and Pfleiderer (1988) for a model of a professionally :managed mutual fund with a

similar feature.
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equilibrium price is determined by equating the risky asset’s aggregate demand and supply.

2.1 Market Equilibrium

Let X € [0,00) denote the supply of the risky asset whose payoff is
V =V, exp {é-{-ﬁ}

where V, is a known constant, and 6 and 7 are normal random variables having zero means

and variances of o3 and cr?,, respectively. There are m mean-variance utility maximizers,
indexed by 7. Individual ¢ observes (costless) private information in the form V, exp { 6’,-}

where 0; is the realization of the random variable

~

0: =0+ 2 + ¢
where Z and §; are normal random variables having zero means and variances of o2 and 0?2,

respectively. For simplicity we assume that 0,7,7,&,...,ém are mutually independent.

For notational convenience, define the following conditional moments that describe

individual 2’s posterior beliefs

>

<
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where P is the equilibrium price of the risky asset. Given our distributional assumptions,

more explicit expressions for these moments are

Vi=V, exp {ﬂ,- + %6_1}

o? =Viexp {671} (1)
where

6§71 = Var [é + ﬁlé;, P]
ii=E [9"+ﬁ|é,~,P] .

In contrast to jointly normal variates, both the conditional mean and conditional variance of

the lognormal variate V depend on the realization of §;. We assume that agents conjecture
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that the equilibrium price is a log-linear function of § and Z, then show that there exists

a unique log-linear function for which this conjecture is fulfilled.?

Suppose individuals in a large market conjecture that the price function is of the form
P= I exp {Bé-{— GZ}

where I{, B, and G are constants determined in equilibrium. Under this supposition,

§~1 = Var [é+ﬁ | 0+Z+e,~,B0+GZ],
which is independent of the realizations of the random variables and z, and

ﬁ,-:E[é+ﬁ|9+z+e,-,Ba+Gz]
=¢1(0+Z+€i)+ ¢2(BO+ GZ)
= (@1 + $2B) 0+ (¢1 + ¢2G) Z + 1€

where ¢; and ¢, are given by Bayesian updating formulas involving normal variates.

Each individual, 7, maximizes the mean-variance utility of his terminal wealth W;
S 3 o 5 3 ;
UAW;) = E; [W,.] - SVar, (W:]  where  Wi=ui(V - P)+uw,

w; is the value of ¢’s endowment, « is the risk-aversion coefficient, and the expectation and
variance are evaluated conditional on 7’s information, 6;, and the security’s price which is
taken as given.® This implies that agent i’s demand for the risky asset is

Vi-P

(10'?

Ir; =

Equating aggregate supply and aggregate demand yields

m V m 1
X = —L_p S
ag? £+ qg?

i=1 i=1

2Alternatively, we could assume that the conjectured price is also a function of an arbitrary linear combi-
nation of the €;’s and 7). With this starting point, we can show that the weight on this linear combination

in the equilibrium price is zero.
3The expression for terminal wealth, W; is derived from a substitution involving the budget constraint.

Terminal wealth is the sum of the payoffs from the portfolio, £;V 4 y;1. The budget constraint requires
that the cost of the portfolio does not exceed the value of 2’s endowment, ; P + y;1 < w;. Since utility
is monotone in riskless wealth, this constraint is binding at the optimum. Therefore, regarding it as an

equality, and using it to substitute for y;1 in z;V + y;1 yields ﬁ/,' = :c,-(f/ — P) + w;.
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or, using (1), the market clearing condition can be restated as

X 1 &y 1 O jory =2
-1 —_— o —— . — R -
acexp{d™'}= mi;(v,) P m;(v') :
Define the following (almost sure) limits
S I e e [ X
Vi lim 22 (V)7 Vasin D3 ()7 X= lim T

If these lir?ﬁts exist, the market clearing price in a large market is*
\Y : 711X
P= (;)_“"p{_ X 2)
Vo V,
Since we hold aggregate supply, X, fixed as the market grows, X = 0. The other limits

are given in Lemma 1.

Lemma 1. The (almost sure) limits V, and V) exist and are given by
— _ 1 _
V=V, exp {5 (4102 -6 l)} exp {~(¢1 + ¢2B) 0 — (41 + $2:G) Z}
V, = Vf exp {¢fo*f} .

Proof: See Appendix.

Substituting these limits into (2) yields
_ 1
"~ Viexp {$302
Voexp {3 (67" — ¢i0?)}
T e (4l
which is of the conjectured form with

1., 3
K =V,exp {55 1 Eqﬁaf}
B=(¢1+¢2B) G=(¢1+¢0). (4)

Tedious calculations involving Bayesian updating formulas show that
2

exp {(¢1 + ¢2B) 0 + (¢1 + $2G) Z} (3)

o
- d =t
I S TR ®)
Solving (4) and (5) yields
%
B:G:o§+af and ¢ =1

Note that the values of parameters in the conjectured price function are uniquely deter-

mined. Proposition 1 is obtained by substituting these values into equation (3).

4More precisely, if these limits exist then the REE price converges almost surely to P as m — 0.
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Proposition 1. In a large market (m — o) there exists a rational expectations equilib-

rium price
5 1 ., 03 ~ o~
P—Voexp{§5 +E’3—+7§(0+Z)}

that is unique in the log-linear class.

The expression for P is the expectation of V conditional on the average signal. This result
highlights the role of the equilibrium price as an aggregator of private information [see also
Grossman (1976) and (1978), Hellwig (1980), and Diamond and Verrecchia (1981)].

It will be useful to have an expression for the equilibrium price that results from
trading when agents do not possess private information. This price can be obtained by
solving for the market clearing price that results from individuals’ optimization with beliefs
conditioned only on the price, then taking the limit as m — oo; or by taking the limit of P
as g, — oo. Noting that §~1 — (o + 02) as g2 — oo yields the expression in Proposition
2.

Proposition 2. In the absence of private information the market clearing price of the

risky asset in a large market (m — o0) is

N

13,,=Voexp{

(o3 +03,)}-

2.2 Market Attributes

Consider three points in time relative to the release of private information. Time 0 is
prior to agents observing their private information, time T is the date upon which the
security’s payoff is realized (or the component of the payoff related to private information
is realized), and time ¢ is any time between time 0 and time T. The market clearing prices
at time 0 and time ¢ correspond to P, and P in the context of the model. The price at
T corresponds to V in the context of the model. We define the continuously compounded
returns over the sub-periods (0,t) and (t,T'), and the return over the entire period (0, T),

as follows
fou =1 (P/P,)
for =In (f//]‘i)
In (17/130) .

6
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The returns 7, s and 7 7 apply to the first and second (non-overlapping) sub-periods. The
return RT is realized over the entire period. We often refer to 7, as the short-horizon

return, and to Ry as the long-horizon return, associated with the information 6.

Assume, for the moment, that o, = 0. In this case, (ignoring additive constants) one

can show that

Fot =0 (6)
77:,T =7 (7)
RT = é-{— n (8)

The third equation holds by assumption. The first two equations, however, are implications
of the maximizing behavior posited by the model, and capture the main prediction of
pricing in a rational expectations equilibrium: The information that agents have, and
only that information, is reflected in the market clearing price. The alternatives to this
implication are that 7, ; or 7 T are constants, 7, ; depends on #, or 7 T depends on 0. Each
of these alternatives is inconsistent with the, hypothesis that prices reflect value-relevant

information, and only the information, that agents possess at the time the price prevails.

2
Define the quality of information as Q = ;,%_’?, the importance of information as
é z

I= ;3%:'—2, and price informativeness, A, as the squared correlation between 7, ; and RpS
The quality of information measures the proportion of variation in the average signal that is
due to value-relevant information. The importance of information measures the i)roportion
of the eventual price change that is associated with the information. Price informativeness
measures the correlation between the eventual price change associated with the information
and the price change that occurs based on agents’ private information. Since we have
(momentarily) assumed that ¢2 = 0, the quality of information is unity. Using (6), (7)
and (8), we see that the model implies

o

A=
2 2
0‘94—0,7

=1 (11)

The interpretation of this is that the larger the eventual impact an event will have on the
security price relative to other factors, the more complete will be the price reaction based
on agents’ having private information about the event. When information is of the highest
quality (as when o2 = 0), the completeness of the price reaction is determined entirely by

the importance of information.

5Sce Diamond and Verrecchia (1981), Grossman and Stiglitz (1980), and Verrecchia (1982) for similar

definitions.



Now we relax our assumption that o, = 0. In this case, (again ignoring additive

constants) one can show that

ro,t =

for =

Using these expressions, one can show that
A=Q-1. (13)

Holding @) constant, the interpretation of (13) is similar to the interpretation of (9). The
difference is that the completeness of the initial price response is determined by both the
importance and the quality of agents’ private information. The quality indicates the extent
to which the average private signal is value-relevant. When o, = 0, all of the variation in
the private signal is value-relevant; when o, > 0, only a proportion, @, of the variation in

the private signal is value-relevant.

So far, the theory predicts that the relation between A and I are proportional, and
that the proportionality constant can be interpreted as the quality of private information
possessed by agents prior to its being publicly revealed. It turns out that this relationship is
modified slightly if returns are affected by “noise” in the market. To see this, suppose that
returns have an additive noise component—perhaps due to liquidity-motivated trading or
market frictions. Then, instead of (10), (11) and (12), we have

a? ~ o~ ~
fo,,=< - )(9+Z)+€1

2 2
00+Uz

~ _ 0’3 é+ . O'g Z_'_ ~
T, T = 0'3‘*‘0'3 Ui 05-{—02 62

Rr=0+7+6& + 6.

where & and £, are i.i.d. random variables that capture variation due to noise. We define

the importance of information in this context as
2
T¢

fp=—— 7%
6 034—0%—{-202

where ag = Var [{1] = Var [52] Using these expressions, one can show that
A =1+ Qly. ‘ (14)
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2
where Iz = §7+_:2£+Tﬁ By analogy with the definition of the importance of information,
[ n ¢
we call I the importance of noise. Thus, in the context of the model, the informativeness
of the equilibrium price is a linear function of the importance of information where the

intercept 1s the importance of noise and the slope is the quality of information.

2.3 Empirical Implementation

The remainder of the paper focuses on estimating A and Iy and developing an empirical
test of equation (14). We illustrate the procedure in the context of trades made by insiders
in the common stock of their own firms by regarding insiders’ trades as a reflection of value-
relevant information, 8. This context is convenient for our tests for two reasons. First,
we can identify when the information becomes available. Second, individual investors can
obtain private information about insiders’ trades in advance of the trades being publicly

disclosed.

To test the restriction imposed by (14), we relate cross-sectional variation in A to cross-
sectional variation in Iy. Since @) is defined as the quality of the average private signal, it is
fair to assume that @) is constant across insider trades because each insider trade involves
the same kind of information (sign of trade, size of trade, etc.). Furthermore, all such
trades are reported and processed within a uniform disclosure mechanism. Consequently,
at a given point in time relative to an insider’s trade, the quality of private information
possessed by outsiders should not be firm-specific. By contrast, we would expect the
importance of information to have a firm-specific value. This is because the importance
of information measures the association between insider trading and long-horizon returns,
and earlier studies have shown that insiders’ profits are systematically related to firm

specific attributes [see, for example, Seyhun (1986)).

We use the R-square from a regression of Rt on @ for each firm as an estimate of Iy.

This is because

ssR _ soT-ssp  Var [fir] —Var [Rrld) % g
SST  SST Var {RT] okt o2+ 202 =1s

R-square =

where the second-to-last equality is implied by the model. In our context, # is a vector of
variables capturing the information contained in insider trades (sign, size, etc.); and Ry
represents the return over a period starting with an insider trade (time 0) and ending at
some future date (time T'). To obtain this R-square for each firm; we regress a time series

of returns on a vector of variables that describes the insider trade associated each return.




To estimate A for each firm, we compute the sample correlation between the short-
horizon (0,t) returns and the long-horizon (0, T') returns from a time series of paired short-

and long-horizon returns corresponding to periods in which there is insider trading activity.

It is important to emphasize that the R-square and squared sample correlation do
not have the mathematical relationship specified in (14) independent of the model. This
relation arises as a consequence of the maximizing behavior the model describes. Observe
that the R-square measures the strength of the association between insider trading and
long-horizon returns. By contrast, the correlation measures the similarity between short-
horizon and long-horizon returns. Independent of the model, the strength of this similarity
need not depend on the association between insider trading and long-horizon returns. The
content of the model is that if agents have private information about insider trading during
the first sub-period, and if they behave optimally (i.e., in accordance with the model) the
similarity between short-horizon and long-horizon price changes following insider trading is

stronger, the stronger is the association between insider trading and long-horizon returns.

A refinement of our arguments is relevant for the empirical tests. We might regard

the relation in (14) as dependent upon the endpoint of the short-horizon returns
Ar=1Ic+Qudy

holding time 0 and time T fixed. The larger is ¢, the more time has passed since the
insider’s trade. The association between long-horizon returns and insider trading, Iy, or
" the effect of noise on returns, I, are not affected by the choice of ¢, but the quality of
the average private signal, Q,, is likely to be affected by such a choice.® If the quality
of private information about insider trades declines (increases) as time passes after the
trades’ execution then the model predicts that slope estimates are smaller (greater) when
estimated using a larger value for . Consequently, for each T we use, we replicate our

tests using different choices of t.

3. Empirical Tests

3.1 Data

The insider trading data used on this study come from a tape prepared by the Securities
and Exchange Commission. The data set contains insiders’ transactions in all public firms

from 1975 to 1989. Included in the data set are insider’s nallne, relation to the firm, date

6Q¢ should still be cross-sectionally constant, however, for the same reason as discussed above.
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of trade, date of reporting, date of publication, price of securities traded, and number of
shares traded. This study uses only the open market sales and purchases by insiders, as
these are the most informative transactions. Monthly stock returns come from the tapes

of the Center for Research in Security Prices of the University of Chicago.

Table I shows the distribution of insiders’ transactions from 1975 to 1989. In each
year, there are more than 10,000 buy and sell transactions. The number of firms trading
in a calendar year ranges from approximately 2900 to 4500. On average, the number
of sales and the number of shares sold by insiders exceed the corresponding purchase
activity. Insiders in most firms receive stock options as part of their compensation and
sell these shares which accounts for the higher insider selling. Table 1 shows that neither
the number of firms nor the number of transactions show a strong trend between 1975 and
1989. However, insiders do trade increasing numbers of shares per transaction over this

period.

To measure the information content of insider trading in firm ¢ in month ¢, we use
three variables: i) the net number of transactions by insiders, denoted as NET; ¢; ii) the
net number of shares traded by insiders, denoted as NS; ; and iii) the direction of insiders’
transactions, denoted as DIRECTION; ;. These insider trading variables are defined as

follows:
Ni,.

NETi,t = ZHj,i,t (1)
i=1

where N;; denotes the total number of transactions in firm i in month i, and the vari-
able H; ;. equals 1 if transaction j in firm i in month # is a purchase, and -1 if a sale.
DIRECTION; ¢ equals 1 if N, i,¢ 1s positive and -1 if NET; ¢ is negative. The net number
of shares traded, NS is computed as in (1) except that H;;, is first multiplied by the
number of shares traded in transaction j. Since the information content of insiders’ in-
formation is not expected to increase linearly with the number of shares traded, we take
the natural logarithm of NS, while preserving the sign for sales and purchases. All three
measures of insider trading equal zero for those months when there are no transactions by

insiders.

3.2 Importance of Information and Price Informativeness

Importance of insider trading information is measured over three holding periods, 2, 4,
and 6 months. For each firm from 1975-1989, we compute holding period returns over
. nonoverlapping 2-, 4-, and 6-month periods. F igure 1 shows our measurement convention

time line for all three horizons.
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To illustrate the measurement of these variables, consider the case of 4-month holding

periods from Figure 1.

We examine the first two months for insider trading activity; the net number of transactions
and net number of shares traded over the two month interval is computed by summing
insider trading activity in months one and two. Next, we compute the holding period
return over the subsequent 4 months. We then move forward 4-months, and repeat the
procedure until the end of 1989. This procedure ensures that observations of the dependent
variable in our regressions are measured from non-overlapping intervals. For a firm to be
included in our sample, we require that there be at least five periods over which there is

non-zero insider trading activity.”

Table II summarizes the results of the regressions for estimating the importance of
insider trading information for each firm. To estimate the importance of information, we
regress the holding period returns on our three insider trading variables across periods of

insider trading on a firm-by-firm basis,
Rt = a, + a; DIRECTION + ay NET + a3 SG In(1 + |NS|)

where Rt is the T-month holding period return, and SG is the sign of NS, the net number
of shares traded by insiders. The vertical bars around NS denote absolute value. Note
that the sign of NS is preserved because SG is defined as -1 when the net number of shares
traded is negative and 41 when the net number of shares traded is positive. The holding
period, T, takes on the values 2, 4, and 6. There are 3,772, 3,580 and 2,457 firms that

meet the data availability requirements for the three holding periods, respectively.

The results of the regressions are shown in Table II. For all three holding periods, the

average coeflicient estimates on NET and NS are positive. For the 2-month holding period,

"We also require that there be a certain amount of monthly returns data available on CRSP. For a firm
to be used for the 2-month holding period tests, it must have a minimum of 40 sets of 2-month returns,
not necessarily consecutive. For a firm to be used for the 4-month (6-month) holding period tests, it must

have a minimum of 20 sets of 4-month (6-month) returns, not necessarily conseccutive.

12
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the regression coefficients are not significant due to large standard errors of the estimates.
The regression coefficients for the 4-month and 6-month holding periods are statistically
significant. Furthermore, the net number of shares traded by insiders becomes more signifi-
cant as an explanatory variable as the holding period increases from 2 months to 6 months.
After taking into account net number of transactions and the net number of shares traded,

the direction of insiders’ trading activity (buy or sell) is rendered insignificant.

The estimates in Table II enable an assessment of the economic significance of insider
trading activity for subsequent stock returns. Holding all else constant, a 1,000 share
purchase by insiders is associated with a 3.3 percent increase in stock prices over a 4-
month horizon (a coefficient estimate of 0.0048 times In (1001) which is 6.9) and a 5.2
percent increase in stock prices over a 6-month horizon (0.0075 times 6.9). Hence, stock
prices movements are directly related to past insider trading activity. Stock prices tend
to rise following insiders’ purchases and fall following insiders’ sales, thereby giving rise to
the positive regression coefficients. The degree to which stock prices eventually respond to
insider trading activity, as measured by the R-square from this regression, is our measure

of the importance of insider trading information.

Table II also shows that insider trading activity (including periods of no insider trans-
actions) over 180 months explains a significant proportion of the variation in subsequent
stock returns on a firm-by-firm basis. For the 2-month horizon, the mean R-square of
the regressions equals 4.6 percent. The mean R-square increases to 9.3 percent and 11.7

percent for the 4-month and 6-month horizons, respectively.

Our theoretical results suggest measuring price informativeness, or equivalently the
degree of information efficiency, as the correlation coefficient between early stock returns
and the eventual stock returns following a period of insider trading. Hence, for a 4-month
holding period, the degree of information efficiency, DELTA,, is measured as the corre-
lation coefficient between the 2-month and 4-month holding period returns following an
insider trading period.® Additional measures of information efficiency are computed for
all intermediate points up to T' months. For the 4-month holding period, the correlations
between the 1-month and 4-month holding period returns following an insider trading pe-
riod is denoted as DELTA;, and correlations between the 3-month and 4-month holding
period returns is denoted as DELTA;. A particular firm’s stock price is characterized as

more informative, or informationally efficient, if more of the return following insider trad-

81n terms of Figure 1, DELTA, is the correlation between the return over months three and four, and

the return over months three through six.
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ing activity occurs sooner rather than later. At one extreme, if prices respond fully and
instantaneously to insider trading activity (a step function), then the correlation coeffi-
cient (or DELTA) will equal one. Conversely, if the initial return following insider trading
activity is consistently in the wrong direction, compared to the eventual return, then the
correlation coefficient will be negative. Thus, DELTA; is a specd-of-adjustment index be-
cause it measures the average similarity between short-term price changes following insider

trading activity and the eventual price change associated with such activity.

Table 111 shows the distribution of estimated values of IMPORTANCET, for T = 2,
4, and 6-month holding periods, and DELTA,, DELTA,, and DELTA; for the mid-points
of the holding periods. The DELTA, variables exhibit a large amount of variation, from
negative values to 0.99. The mean value of DELTA is between 0.62 and 0.68. The es-
timated values of IMPORTANCEr also exhibit a large amoung of variation. The values
range from a minimum of 0.000 to a maximum of 0.472, 0.666, and 0.645 for the three
horizons, respectively. The mean values of IMPORTANCE are 0.046, 0.093, and 0.117 for
three horizons, respectively. Hence, insider trading activity is able to explain a nontrivial

proportion of the variation in stock returns on a firm-by-firm basis.

The central prediction of our theory is that the degree of information efficiency,
DELTA, is positively related to the importance of information. Table IV shows results
from regressions of DELTA on IMPORTANCE and the natural log of firm size, where size
is measured as the average value of equity between 1975 and 1989. Since we use esti-
mated values of IMPORTANCE, the regression of DELTA on IMPORTANCE is subject to
an errors-in-variables problem which would cause the slope coefficient to be biased toward
zero. To mitigate the errors-in-variables problem, we group all observations into 100 groups
based on decile ranks of IMPORTANCE and Size and run the regression using within-group

means.

vV

The first two models in Table/L\/examine a 2-month horizon and 1-month intermedi- |

ate point. Th(ire is a strong positive relation between IMPORTANCE of information and
DELFAT (}n’r measure of the degree of information efficiency. The regression coefficient
estimate equals 0.323 with a {-statistic of 3.74, which is significant at the one percent level.

Inclusion of firm size as an addltxonal explanatory variable does not affect the relation
between IMPORTANCE and D%EA These results are consistent with our theory. More

important information is reflected earlier in stock prices.

The next group of regressions in Table IV examines the relation between IMPORTANCE]

measured over a 4-month horizon, and degree of information efficiency for intermediate
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points of 1, 2, and 3 months. Once again, there is a strong positive relation between
IMPORTANCE and DREFTA for all intermediate points. These results our consistent with
the predictions of our theory. As before, including the firm size variable does not affect

the relation between IMPORTANCE and QELZPA. (R

n
The final group of pegressions in Table IV examines IMPORTANCE measured over a 6-
month horizon and for intermediate points of 1 to § months. The relation between

IMPORTANCE and DELTA s significantly positive for intermediate points beyond two
months. These results are consistent with the theory. They indicate that insider trading
activity that is more strongly related to six-month returns is reflected more clearly in
price changes that occur by the third, fourth and fifth month following the insider trading
activity. When the intermediate point is defined as one or two months, however, there
appears to be no relation between the importance of information and correlation between
one or two-month stock returns and six-month stock returns. This indicates that the
components of six-month stock returns that are more strongly related to insider trading
are not, on average, realized within one or two months following the insider trading activity.
Instead, whether 6-month price changes following insider trading activity are reflected in
one or two-month price changes appears to be unrelated to the strength of the association
between insider trading activity and 6-month returns. In the context of the model, the
interpretation of these findings is that prices take longer to reflect the information content
of insider trading activity that is undertaken in response to expected long-run stock price

changes.

*¥*THE STATEMENTS IN THIS PARAGRAPH ARE SENSITIVE TO SPECIFI-
CATION. NOT HAVING USED SQUARED CORRELATIONS MAY AFFECT THESE
CONCLUSIONS. Additional observations regarding the relation between DELTA and IMPORTANCEN
can be made from Table IV. Our theoretical results suggest that the coefficient estimates of
IMPORTANCE can be interpreted as the quality of information. As time passes following
insider trading, the effects of unrelated factors tend to cancel out and the effects of insider
trading stand out to a greater extent. Consistent with this prediction, Table IV shows that
for a given horizon, the strength of the relation between IMPORTANCE and A increases
as we increase the intermediate point. For the 4-month holding period, the R-square of
the relation between A and IMPORTANCE increases from 15.4 percent to 15.8 percent
and 26.0 percent, for 1-, 2- and 3-month early observation periods, respectively. Similar

increases in R-square are observed for the 6-month holding period. ***

We have also estimated these coefficients under the requirement of a minimum of ten

periods with non-zero insider trading activity. Similar results were obtained, although



the number of firms meeting the data requirements decline by about 40 percent for the

6-month holding period.

While not shown here, additional tests examine the sensitivity of our results to
methodological choices. Instead of using raw stock returns, we have also used market
model residuals. We find similar results with market model residuals. Hence, the results

arg not sensitive to insiders’ ability to predict firm-specific returns or total returns.

\

\
\
\
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APPENDIX
Proof of Lemma 1: By definition, V, is the limit of

— 1 m 1
Vi(m) = - E V;l exp {—ﬁi — 55—1}

SVt LY ep 3 - (b B~ (4 aG)Z e
- Vo—l exp {—%5'1 —(¢y + ¢2B)0 — (1 + ¢2G)Z} %Zexp {—d1€:}

i=1

By the law of large numbers, the almost sure limit of LS exp{—di€i} as m — 00, is
2
exp { %Lof } Therefore,

2
V1=V, exp{—(¢1 + $2B)0 — (¢1 + $2G)Z} exp {_%5_1 + 51‘03} ~

Similar reasoning implies that

2
V, =V, % exp {—2(¢1 + $2B)0 — 2(¢1 + $2G)Z} exp {'—5—1 + fl-g—laf}
= Vf exp {qﬁfof}

as desired. ||
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