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When the market can observe the profitability of
all projects with equal precision, then with stock
compensation (i) the weight on any given project
in managerial compensation is independent of the
marginal productivity of effort in the project; (ii)
the projects that are the noisiest indicators of
managerial effort receive the most weight in com-
pensation; and (iii) investors have the greatest
incentive to collect information about projects that
are the noisiest indicators of managerial effort.

One of the principal issues in finance is the role of
financial markets in providing incentives for the effi-
cient operation and control of the firm. Recently, there
has been substantial interest among both academics
and practitioners in tying top management compen-
sation to the firm’s stock price as a means of aligning
the interests of management and shareholders [e.g.,
Scholes (1991)]. In this article, I examine the effec-
tiveness of stock-based compensation in providing
incentives for managers to work hard and effectively.

An efficient market weights information according
to its informativeness about asset payoffs. The result-
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ing price is the present value of the payoffs arising from holding the
asset. To provide optimal incentives in a principal-agent problem,
we need to weight information according to its informativeness about
the manager’s contribution1 or value-added to the firm. For the stock
price (of an all-equity firm) to be an optimal aggregator of information
for the incentive problem, it would have to measure the value-added
of the manager, instead of the value of the firm’s assets.2 Gjesdal
(1981) and Bresnahan, Milgrom, and Paul (1992) show that the opti-
mal weightings on information for the valuation problem will not
necessarily be the same as the optimal weightings for the incentive
problem.

In this article, I show that there is a fundamental conflict between
aggregating information to assess value and aggregating information
for the incentive problem. The article shows that this conflict can
have important effects on the operation of the firm. Intuitively, inves-
tors are interested in a signal to the extent that it resolves uncertainty
about the firm’s ultimate payoffs. The more uncertainty it resolves
about firm payoffs, the more weight the signal receives in the stock
price. However, in choosing a monitor for a principal-agent problem,
the principal is interested in a signal to the extent that it accurately
measures the agent’s unobservable effort level (or ability). When the
market can observe the profitability of all projects with equal preci-
sion, I find that with stock compensation:

(i) The weight on any given project in managerial compensation
is independent of the marginal productivity of effort in the project.

(ii) The projects that are the noisiest indicators of managerial effort
receive the most weight in compensation.

(iii) Investors have the greatest incentive to collect information
about projects that are the noisiest indicators of managerial effort.

There is a large empirical literature documenting the extensive use
of accounting earnings as a basis for CEO compensation. This liter-
ature finds that CEO compensation is more closely tied to the firm’s
accounting earnings than to its stock returns and that accounting
earnings are a significant determinant of CEO compensation even
when stock returns are also included as an explanatory variable [see
Antle and Smith (1986), Lambert and Larcker (1987), Jensen and
Murphy (1990), Clinch and Magliolo (1991), Ely (1991), and Sloan
( 1991)].3 Studies by Healy (1985), McNichols and Wilson (1988), and

1 Effort or ability.
2 I thank Tim Bresnahan for this phrasing.
3 Antle and Smith (1986) do not regress compensation on stock returns and accounting earnings

simultaneously. Jensen and Murphy (1990) find that CEO pay is equally sensitive to accounting
earnings and stock returns.
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Defeo, Lambert, and Larcker (1989) find that CEOs report accounting
income so as to increase their compensation. The findings of these
last three studies suggest that the relation between accounting income
and management compensation is causal. If the relation were only a
statistical correlation, managers would have no incentive to shift
accounting income. DeAngelo (1988) reports evidence that “dissi-
dent stockholders who wage a proxy fight for board seats typically
cite poor accounting earnings rather than poor stock price perfor-
mance.” A number of studies document the explicit relationship
between management compensation and accounting earnings. Jensen
and Murphy (1990) estimate the sensitivity of CEO wealth to stock
returns. They conclude that CEO wealth is too insensitive to stock
returns to provide appropriate incentives for good performance by
the CEO.*

The major role of accounting earnings in determining management
compensation and the relative insensitivity of management compen-
sation to stock performance has been regarded as “puzzling” [see,
e.g., Jensen and Murphy (1990), Healy (1985), and Dechow and Sloan
(1990)]. After all, the purpose of compensation contracts is to align
the interests of the agent (the manager) with that of the principal
(the firm’s shareholders or, more generally, securityholders). What
better way to align the interests of management with securityholders
than to pay the manager with the firm’s securities? Also, it is well
known that principal-agent problems arise from the agent (the man-
ager) having superior information about his effort or ability than the
principal (the securityholders). In an efficient market, one might
expect that the best way to minimize the firm’s incentive problem
would be to pay the manager with the firm’s securities and, thereby,
harness the security market’s powerful ability to reduce information
asymmetry.

One well-known problem with stock compensation is that it can
subject the manager to additional risk by making his compensation
a function of industry-specific and economy-wide shocks that are
beyond his control. The recent empirical literature on relative per-
formance evaluation examines the extent to which CEO compensa-
tion is made a function of the performance of rival firms in order to
filter out common shocks to stock returns. This literature has found
mixed results [see Antle and Smith (1986), Gibbons and Murphy
(1990), and Janakiraman, Lambert, and Larcker (1991)].

Jensen and Murphy (1990) suggest that the insensitivity of mana-

4 It is not clear how to interpret Jensen and Murphy’s results since it is difficult to know what sensitivity
of CEO wealth to stock returns would be predicted by incentive theory once risk aversion and
liquidity constraints on the part of the CEO are taken into consideration.
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gerial compensation to stock prices is due to political forces that limit
the maximal payoff the firm can award the CEO. This hypothesis,
however, seems at a loss to explain why accounting earnings are such
an important determinant of managerial compensation. Sloan (1991)
finds that accounting earnings are much less sensitive to macroeco-
nomic risk than stock returns and argues that CEOs are paid primarily
according to accounting earnings to shield CEOs from macroeco-
nomic risk. Sloan acknowledges that this story only makes sense if
there are some hidden costs to paying managers as a function of the
firm’s excess return5 or in allowing the CEO to hedge in the market
index (also see Section 5.5).

In this article, I propose a theory of stock-based compensation that
is consistent with the empirical findings that accounting earnings (as
well as stock returns) are an important component of managerial
compensation. The asset price measures the value of the asset-not
the value-added of the individual managing the asset. In an efficient
market, accounting earnings will be superfluous in determining firm
value given asset prices. However, accounting earnings will not be
superfluous given asset prices in determining the value-added con-
tributed by the manager. Therefore, one would expect accounting
data to be used in managerial compensation (in conjunction with
security prices), even when accounting data cannot be used to improve
upon security prices as a measure of firm value.

There have been a number of articles in the theoretical literature
concerning stock-based compensation. Jensen and Meckling (1976)
show that the existence of outside equity diminishes the manager’s
incentive to undertake unobservable effort. Haugen and Senbet (1981)
demonstrate that compensating the manager with stock options can
greatly reduce or eliminate the costs of external financing discussed
in Jensen and Meckling (1976). Diamond and Verrecchia (1982) and
Ramakrishnan and Thakor (1984) show that the presence of moral
hazard can lead firms to introduce security prices into managerial
incentive contracts, and, therefore, optimal project valuation will con-
sider diversifiable risk as well as systematic risk. Jackson and Lazear
(1988) compare the incentive properties of stock, stock options, and
deferred compensation. Holmstrom and Tirole (1990) study noise
trading and its implications for the effectiveness of stock as a monitor
in the moral hazard problem. Kihlstrom and Matthews (1990) study
the effect of stock compensation on the efficiency of the stock market
equilibrium. Scholes (1991) contrasts tax and incentive motivations
for stock compensation. Hagerty, Ofer, and Siegel (1991) show that

5 Diamond and Verrecchia (1982) and Holmstrom and Tirole (1990) argue that the ability to com-
pensate managers based on excess returns completely insures managers from market-wide risk.
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stock options can be especially effective at inducing far-sighted man-
agerial behavior. Bushman and Indjejikian (1991) and Kim and Suh
(1991) look at the interaction between stock-based and accounting-
based components of compensation. Stoughton and Talmor (1991)
analyze the implications of managerial bargaining power for the stock
compensation problem. Bizjak, Brickley, and Coles (1991) examine
the effects of short-term versus long-term compensation contracts on
investment incentives.

The article is organized as follows. In Section 1, I describe the
model. In Section 2, I solve for the optimal aggregation of information
for the managerial compensation problem. In Section 3, I solve for
the weights given to different types of information in stock market
pricing. In Section 4, I examine investors’ incentives to collect infor-
mation. In Section 5, I discuss some extensions of the model. In
Section 6, I discuss implications for the efficiency of takeovers as an
incentive mechanism for good management. The article concludes
with Section 7.

1. The Model

The firm consists of n projects.6 The firm faces a moral hazard problem:
it cannot observe the manager’s effort levels in the various projects.
The terminal payoff from project i is

where µ t is the manager’s (unobservable) effort on project i, and 
is the stochastic component of the payoff of project i.

The technology for translating the manager’s effort into output in
project i is given by the function  The terminal payoff of
the firm’s assets is

The manager’s effort levels µ1 to µn, the random components of the
projects’ payoffs  the individual project payoffs X1 to Xn, 

7 and
the firm’s aggregate payoff X0 are unobservable.8 However, there are

6 In Section 5.2, I apply the article’s results to the case in which there is only one project
7 There are two principal reasons why individual project payoffs may not be observable or contractible:

(i) part of the project’s payoffs may take the form of enhancing nontangible assets such as brand
name reputation for quality; and (ii) the manager may have considerable latitude in allocating
the firm’s aggregate revenues and costs across different projects and may be able to cross-subsidize
various projects. One obvious means for doing this is through the manager’s discretion in setting
prices for intrafirm transfers. (This assumes that outsiders do not have access to information that
would enable them to determine what the true value of internal transfers are.)

8 In Section 5.1, I treat the case in which X0 (the firm’s aggregate payoff) is observable
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signals Y1 to Yn, where Yi is a noisy observation of the payoff from
project i:

The measurement error ∈ i is independent of the payoff of project i.
I will consider two interpretations of the Yi signals: (i) the Yi  signals

are public information, such as coming from accounting reports or
other public news about the firm; or (ii) the Yi signals are private
information observed by competitive, risk-neutral, informed inves-
tors. In both cases, the equilibrium stock price will be

where w is the manager’s wage. For simplicity, I have assumed that
the financial market is risk neutral and competitive, and that the firm
is financed entirely with equity. Note that, under interpretation (ii),
the stock market is strong form efficient in that the informed investors
do not make any profits from their information.

Let be the private cost the manager bears from under-
taking effort levels µ1, to µn. The manager can receive a certainty
equivalent of W0 by working elsewhere in the economy. Thus, the
firm must offer the manager a wage contract in which the manager
receives a certainty equivalent of at least W0 or else the manager will
reject the contract.

I make the following assumptions.

(A1) The manager’s utility is given by  where
 and  is convex.

(A2) For each project, and 
(A3) The random vector has a joint normal distri-

bution; all elements of this vector are mutually independent;
 and 

Formally, this model is completely static with all actions occurring
in the same period. However, it is easiest to think of events as occur-
ring in the following order: The firm sets the wage contract so as to
maximize the ex ante value of the firm  The manager then
picks an effort level µ i for each project and bears the private cost

 The manager chooses the effort levels  that max-
imize his expected utility given the wage contract and his chosen
effort levels.9 The financial markets then observe Y1 to Yn, which result
in the equilibrium stock price  Finally, the

9The results of this article hold regardless of whether or not the manager knows the vectors
 and  at the time he chooses his effort levels. However, the manager does not know

either of these vectors when he must decide whether to accept the contract.
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manager is paid his wage w according to the previously determined
wage contract.

2. Efficient Aggregation of Information for Managerial
Compensation 10

The stock price is completely determined by the information observed
by the market (Y1,..., Yn). Therefore, when stock is used to compensate
the manager, the manager is compensated based on the Yi signals
with the relative weight on each Yi signal given by the signal’s weight
in determining the stock price. The central objective of this article
is to see how efficient the stock market is at aggregating information
for principal-agent problems.

In order to judge the efficiency of stock compensation, we first need
to develop a benchmark with which to compare stock compensation.
In this section, we will develop such a benchmark. This section stud-
ies the optimal weights that would be placed on the various signals
Y1 to Yn if the compensation contract could be written directly on the
stock market’s information. Specifically, we consider the wage con-
tract

and solve for the optimal weights γ 1 to γ n for the compensation
problem. In the next section, these weights will be compared to the
weights given to the different pieces of information in stock market
pricing.

Note that this wage contract is linear in the Yi signals and a constant.
Since the manager has exponential utility and payoffs are normally
distributed, I can embed this static model in a dynamic model, as
described in Holmstrom and Milgrom (1987), to show that there is
an optimal contract that is linear.

The Holmstrom and Milgrom (1987) model not only shows that it
can be consistent to use linear contracts, but it does so in an eco-
nomically appealing setting. They consider the situation in which the
payoffs X1 to Xn and the signals Y1 to Yn evolve as Brownian motions.
The manager’s (unobservable) effort levels at time t determine the
drifts of these Brownian motions at time t. Holmstrom and Milgrom
also make the economically plausible assumption that the manager
can observe the observe the past progress of the Brownian motions
when he sets the drifts. They show that, in this environment, there

10 This section is modeled after section 2 of Holmstrom and Milgrom (1991).
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is an optimal contract that is linear.11 They also show that every static
model of the type described in the current article can be rewritten
in their dynamic context and, when viewed as a reduced form of such
a dynamic model, these static models have an optimal contract that
is linear.12

2.1 The manager’s choice of effort levels
In this subsection, I will solve for the conditions that describe the
manager’s choice of effort levels as a function of the wage contract.
For ease of exposition, I will assume that the manager’s cost of effort
function has the following separable form in this section: 

 Since the manager has exponential utility,
his certainty equivalent from choosing effort levels  i s

Since w equals where
∈ t, the manager’s objective function reduces to

(1)

Since each ft function is concave and  is convex, this
objective function is concave in  The utility-maximizing
effort levels are given by the first-order conditions

Note that the right-hand side of Equation (2) is strictly increasing 

(2)

in µ i. Therefore, Equation (2) assigns a unique value of µ i to each
wage coefficient γ i. Let  be the function that maps the wage
contract coefficient γ i into the manager’s chosen effort level. The

11 The intuition behind the Holmstrom-Milgrom (1987) model is roughly as follows: An optimal
contract maximizes the expected value of output (X0) minus the private cost of effort incurred by
the manager minus the manager’s risk premium. Note that the information flow and payoffs are
distributed i.i.d. over time. Also, at each point in time, the functions that map the manager’s effort
into output are the same and the manager’s cost of effort function is the same. Since the manager
has exponential utility, the risk premium he demands for any given effort level is the same in
each period regardless of the state of the Brownian motions. Thus, the optimal contract makes the
manager’s marginal reward for effort the same regardless of the state of the Brownian motions.
Therefore, the optimal contract is linear.

12 To use the Holmstrom and Milgrom model, the manager’s task must be to control the drift of a
Brownian motion. There are many ways to do this. The simplest is to let  and 

where  is a two-dimensional Brownian motion with
drift vector (0, 0) and a diagonal diffusion matrix. σ i and wi are the diffusion coefficients for θ i(t)
and   respectively. The manager controls the drift vector . where is a
compact set and incurs private cost  where the cost function C is twice con-
tinuously differentiable, strictly convex, and strictly increasing over  It also must be the case that
the optimal effort level in the second-best problem is interior to . At time t, the manager knows
the history of the variables  The manager can set  as a function of 
s < t.
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inverse function theorem implies

(3)

where vf is the curvature of f and vc is the curvature of 
and  Equation (3) will be useful in the next

subsection, when I characterize the γ i coefficients in the optimal
contract.

The manager’s wage contract must also yield him a certainty equiv-
alent of at least his reservation wealth W0, or else the manager will
refuse the contract and will work elsewhere in the economy. For the
contract that maximizes ex ante firm value, this constraint will be
binding. Setting γ 0 so that the manager’s obective function [Equation
(l)] equals W0 yields 

( 4 )

2.2 The efficient wage contract

The firm wants to set the contract that maximizes the ex ante value
of the firm  subject to conditions (2) and (4). The firm’s
objective function is

This reduces to

The following first-order condition describes the wage coefficients
that maximize ex ante firm value:

(5)

Equation (5) gives us the optimal weight to put on information
about the i th project when we allow the compensation contract to
be written directly on the information observed by the market about
the firm’s projects. Equation (5) reinforces the intuition that the weight
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on information about a project in the optimal contract should be:
(i) increasing in the marginal surplus created by additional effort

on the project 
(ii) increasing in the sensitivity of the manager’s effort level on the

project to γ i [this is  which is positive and solved for in
Equation (3)];

(iii) decreasing in the imprecision of information about the project
as a measure of the manager’s effort 

Equation (5) provides us with a benchmark with which to compare
the incentives generated by stock-based compensation. With this
benchmark established, we proceed to the next section where we
will examine the incentives created by stock-based compensation.

3. The Stock Price as an Incentive Mechanism

In this section, I will solve for the stock price in terms of the market’s
information about the firm’s projects and examine the resulting incen-
tives when the manager is compensated with stock. To start off, we
will restrict attention to the case in which the manager’s compen-
sation is linear in the stock price and a constant: w = ao + aP. As in
Section 2, this can be justified by thinking of this model as being
embedded in the dynamic model studied in Holmstrom and Milgrom
(1987). In Section 5.3, I show my article’s results hold for nonlinear
contracts as well.

Since  are independent and  has a joint normal
distribution,

(6)

where  is the effort level the manager chooses in equilibrium for
project i. Equation (6) writes X0 in terms of its projection on the
independent signals Y1 to Yn and is analogous to regressing X0 on
Y1 to Yn.

The investors understand the manager’s incentive problem and can
solve for the effort level the manager will choose in equilibrium for
each project. Thus, while investors cannot observe the manager’s
effort level µ t, they have rational expectations and understand that
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the manager will choose effort level in equilibrium.13 Thus, inves-
tors take  to be a known constant, and

Since P is a known constant once the market’s information is
observed,

From Equation (6),

(7)

Since  Equation (7) reduces to

(8)

where

Equation (8) can also be written in the form

Equation (8) shows that the equilibrium stock price is linear in the
signals and a constant. The “regression” coefficient β i deter-
mines the weight given to signal Yi in stock market pricing.

3.1 Stock compensation and the marginal productivity of effort
When stock is used to compensate the manager, the β i coefficients
determine the weight the market’s information about project i has in
the manager’s compensation. Thus, to understand the incentives cre-
ated by stock compensation, we need to look more closely at the β i

13 In a hidden action moral hazard model, the principal can solve for the agent’s equilibrium action.
Thus, while the principal cannot observe the agent’s action, the principal knows what effort level
the agent will pick. This does not, however, allow the principal to improve incentives in the moral
hazard problem. The moral hazard problem diminishes only to the extent that the principal is
better able to detect deviations from the contractually specified (equilibrium) effort level.
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coefficients. The stochastic component of project i’s cash flow is θ i.
Since θ i and Yi have a joint normal distribution,

since

Note that the coefficient on Yi in this equation is β i. The coefficient
β i is determined solely by the information Yi contains about the sto-
chastic component of the firm’s cash flow. As can be seen from Equa-
tion (8), the marginal productivity of effort for project i and the
marginal cost of effort for project i do not enter into the β i coefficients.
Yet with stock-based compensation, the β i coefficients determine the
relative weight information about project i has in the manager’s com-
pensation. However, from Equation (5) in Section 2, we have that
the optimal compensation contract would place increasing weight on
information as  increases and decreases.14

This brings us to Proposition 1.

Proposition 1. With stock compensation, the weight signal Yi receives
in managerial compensation is independent of (i) the marginal
productivity of effort in theproject  and (ii) the marginal surplus
created by effort in the project 

Proof. See Equation (8). / /

The intuition behind this result is roughly as follows: Investors in
the stock market are concerned with predicting the firm’s future pay-
offs. Thus, the stock market weights each Yi signal according to how
much of the uncertainty about the firm’s future profits it resolves. This
has nothing to do with the marginal productivity of additional effort

or the marginal cost of additional effort  in a particular activity.
Note that the functions  and the actual cost of effort

function do not enter into the formula for the β i coefficients
in Equation (8). Thus, stock compensation aggregates the Yt signals
in the same way, regardless of the actual set of functions 

 and the actual cost of effort function  Also, see
Bresnahan, Milgrom, and Paul (1992) for a discussion of this.

14 Recall that Equation (5) was derived under the additional assumption that was additively
separable.
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3.2 Stock compensation and risk
From principal-agent theory, it is well known that efficient contracts
put the most weight in compensation on the signals that are the most
precise observations of effort. We can see this from Equation (5),
which describes the weights on the Yi signals in the optimal contract.15

Since  the term  is the ith signal’s error in
measuring the manager’s contribution to project i. Recall that 

 is  In Equation (5), the weight a signal receives under
the optimal contract is decreasing in

With stock compensation, the weight the ith signal gets in the
manager’s compensation is given by the “regression” coefficient β i,
which equals  Thus, with stock compensation, a signal’s
weight in compensation is increasing in  instead of decreasing
in 

Proposition 2. With stock compensation, the weight signal  receives
in managerial compensation is increasing in  and decreasing
in 

Proof. See Equation (8). / /

The manager will devote excessive effort to projects whose cash
flows have high variability (high σ i) relative to the projects whose
cash flows have low variability (low σ i). If the profitability of each
project can be measured with equal precision by the stock market,
the activities that are the noisiest observations of managerial effort
receive the greatest weight in compensation.

Intuitively, investors are interested in a signal to the extent that it
resolves uncertainty about the firm’s ultimate payoffs. The more uncer-
tainty it resolves about the firm’s ultimate payoffs, the more weight
the signal receives in stock market pricing. However, in choosing a
monitor for the moral hazard problem, the principal is interested in
a signal to the extent that it accurately measures the manager’s actual
effort level (should he deviate from the equilibrium effort level). As

 increases,  resolves more uncertainty about the firm’s ultimate
payoffs (firm value) but is less informative in measuring the manager’s
actual effort (manager’s value-added). Thus, as  increases, Yi receives
more weight in stock market pricing, even though it becomes a less
effective monitor for the principal-agent problem.

Proposition 2 shows that there is a systematic bias in stock market
pricing to put the greatest weight on the projects that are the noisiest
indicators of managerial effort. To see this, suppose there are two

15 Again recall that Equation (5) was derived under the additional assumption that  was
additively separable.
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activities: managing project 1 and managing project 2. Suppose that
the payoff from project 1 is much more variable than the payoff from
project 2. Suppose project 1 is responsible for 70 percent of the
variance of firm profits and project 2 is responsible for 30 percent of
the variance of firm profits, and that firm performance in each project
can be measured with equal precision. In this case, information about
project 1 provides more information about firm profits than infor-
mation about project 2. So information about project 1 will receive
more weight in stock market pricing. Therefore, when stock is used
to compensate the manager, firm performance on project 1 will have
greater weight in compensation than firm performance on project 2.
However, firm performance in project 1 is the noisier indicator of
effort. It has a higher variance than performance in project 2.

Investors cannot make profits in the stock market trading based on
their knowledge of the deterministic component of the firm’s payoff
distribution. With rational expectations, the stock market views the
deterministic component of the firm’s payoff as known and therefore
uninteresting. The stock market is instead concerned with measuring
the stochastic component of the firm’s payoff. For the simple prin-
cipal-agent problem described in Section 1, the stochastic compo-
nent of the firm’s payoff is the noise in the optimal compensation
problem. The crux of the matter for the stock market is the noise in
the principal-agent problem.

3.3 A simple example
The defects with stock market incentives described in Sections 3.1
and 3.2 can lead to substantial inefficiencies. Consider the following
example in which the manager allocates effort between the following
two projects:

Note that there is declining marginal productivity of effort in each
project.

Consider the case in which the market observes firm performance
in both projects with equal precision. Let  and

Suppose effort in project 1 and effort in project 2 are perfect sub-
stitutes in terms of their disutility to the manager. In this example,
suppose that µ1 is the number of hours the manager works on project
1, and µ2 is the number of hours the manager works on project 2.
Also, let the marginal cost of the manager’s time be increasing in the
484



total number of hours worked. In this case, the manager’s cost of
effort function can be written  with  convex. Specifically,
l e t

Since the manager has exponential utility, his certainty equivalent
from undertaking effort levels µ1 and µ2 when facing wage contract

 is

From Equation (8), this reduces to

In this case, the manager’s objective function is concave in µ1 and
µ2. From the first-order conditions, we get that, in any interior solution,
the manager will set µ1 and µ2 such that

Thus, if  the manager will allocate excessive time to project
1. If  the manager will spend excessive time on project 2.
Since  in this example, the values of β 1 and β 2 are given
in the following equations:

Optimal contracting would put more emphasis on whichever pro-
ject had a lower σ i value and would result in the manager allocating
more effort to that project [see Equation (5)]. However, in equilib-
rium, the manager will allocate excessive time to whichever project
has the greatest σ i value. This can lead to arbitrarily bad outcomes as
the ratio  increases.

If the Yi signals can be contracted upon, the firm should leave the
stock price out of its managerial compensation contracts and, instead,
write them directly on the Yi signals themselves. If the Yi signals
cannot be directly contracted upon, the firm may have no choice but
to include the stock price in management compensation, but it cannot
rely on the stock market to aggregate information optimally for the
compensation problem.
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4. Endogenously Acquired Information

The stock price will only reflect information observed by investors.
Thus, with stock compensation, the manager’s compensation depends
entirely on the information observed by the stock market. In this
section, I investigate the incentives investors have to collect infor-
mation. I look at whether investors’ incentives will lead them to
collect the right type of information for the managerial compensation
problem.

In order to study investors’ incentives to collect information, I will
use a version of the Grossman-Stiglitz (1980) model to describe stock
market pricing in this section. The financial markets will remain com-
petitive in that there will be an infinite number of investors: each
with exponential utility function Investors no longer
observe the signals  Instead, investors will only be able to
make their demands a function of the equilibrium stock price. Inves-
tors will have rational expectations and understand the relationship
between the equilibrium stock price and the distribution of the firm’s
terminal value. Let Z be the random per capita supply of the firm’s
stock.16 The vector  has a joint normal distribution.
All elements of this vector are mutually independent. As in Grossman
and Stiglitz (1980), I will only consider equilibria with linear pricing.

Now suppose one investor is given the opportunity to choose one
signal from the set to observe. From Grossman and Stiglitz
(1980: theorem 2), the investor’s willingness to pay to observe signal
Y i  is

(9)

Since w is known with certainty once P is observed, the expression
in braces reduces to

Suppose the informed investor chose to observe Yi. The stock price
P contains no information about X0 beyond that contained in Yi.
Therefore,  The informed investor amounts
to a proportion of zero of the total number of investors, which implies

 [Grossman and Stiglitz (1980: theorem l)]. There-
fore the investor’s willingness to pay for signal i is proportional to

16 The randomness in supply comes from unpredictable liquidity trading [see Grossman and Stiglitz
(1980)] .
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 Since X0 and Yi have a joint normal distribution,

This is analogous to the residual sum of squares from regressing X0

on Yi. This yields

(10)

Combining Equations (9) and (10), we have shown the following.

Proposition 3. The investor’s willingness to pay for a signal is increas-
ing in and decreasing in 

Investors’ incentives to collect information lead them to prefer
signals with high values of  However, from Equation (5), the quality
of a signal for use in the compensation problem is decreasing in 
If the profitability of each project can be measured with equal pre-
cision, the activities that are the noisiest indicators of managerial
effort are the signals investors have the greatest incentive to learn.

An example. The intuition behind Proposition 3 can be seen in the
following example in which all investors are endowed only with the
signal S1, where S1 equals   S1 is a direct observation of the
value of the manager’s effort. Consider the limit as the variance of
the supply noise goes to zero. In the limit, the stock price will fully
reflect the manager’s effort, and we can obtain first-best outcomes.

Now suppose that, in addition to observing S1, the investors had
an opportunity to observe S2, where S2 is a noisy observation of the
stochastic component of firm profits. If the cost of acquiring S2 is low
enough, investors will choose to observe it. This will make the stock
price a noisy indicator of the manager’s effort and will reduce welfare.

Finally, suppose that instead of being endowed with S1, investors
had to pay an arbitrarily low cost to observe it. Investors would never
be willing to pay a positive amount to observe S1. S1 only gives the
investors information about the deterministic component of the firm’s
payoff, and the stock market does not reward investors for early ver-
ification of the deterministic part of the firm’s payoff. In this case, the
stock price would only be a function of the stochastic component of
the firm’s payoff. Welfare in the principal-agent problem would be
as bad as if the stock market did not exist.
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5. Extensions of the Basic Model

Up to this point, I have kept the model quite sparse in order to convey
the basic ideas of the article as simply as possible. In this section, I
extend the model in various ways to show that these basic ideas can
be applied in a wide range of settings.

5.1 Observable terminal asset payoff
The entire motivation behind stock compensation plans is to proxy
for the terminal payoff of the firm’s assets in cases in which this
terminal payoff is unobservable or cannot be contracted on. For firms
with significant retained earnings and nontangible assets, the terminal
value of the firm’s assets cannot be observed until liquidation. For a
long-lived firm, this may not occur until well after the lifetime of the
manager (if at all). Therefore, one needs a proxy for the terminal
value of the firm’s assets in the compensation problem. The stock
price is often used as this proxy since, with efficient financial markets,
the stock price will be the present value of all the uncertain future
cash flows arising from the firm’s assets. Since the stock price is
typically used as a proxy for the unobservable value of X0, I have
assumed up to this point that X0 (the terminal payoff of the firm’s
assets) is unobservable and cannot be included in the manager’s
compensation contract.

In this subsection, the manager’s contract can be a function of the
terminal payoff of the firms asset’s (X0) as well as the current stock
price P. This allows for ex post settling up as discussed in Fama
(1980) and Gibbons and Murphy (1992). The problems with stock
compensation described in this article remain if we allow the manager
to be paid as a function of both the current stock price and the terminal
payoff of the firm’s assets.

Let the manager’s wage be .17 In this subsection,
another stage is added to the model. The stock market sets the current
stock price as a function of its information Y1 to Yn and the manager
is paid  Subsequently, X0 is observed, and the manager is
paid the remaining 

In this subsection, contracts can be written on the output in the
principal-agent problem. However, it is well known from principal-
agent theory that merely being able to include terminal output in the
compensation contract does not get rid of the principal-agent prob-
lem. Eliminating the stock price from the compensation contract
throws away the information contained in the Yi signals that is not
contained in the terminal payoff of the firm’s assets. Therefore, in
general, it will be useful to include the stock price in the manager’s

17 The discussion in Section 2 concerning the optimality of linear contracts applies here as well.



wage contract even when the manager is also paid as a function of
the terminal payoff of the firm’s assets. The question now becomes,
“Does the stock market aggregate the Yi signals in the manner that
most effectively supplements the information contained in the ter-
minal payoff of the firm’s assets?”

To answer this, I will solve for the weighting stock market pricing
gives to the Yi signals when the wage contract is of the form 

 Recall that With 
, we have

Since , and 
 this reduces to

With wage function , the relative weight given
to each Yi signal in the stock price is unchanged. The previous pricing
coefficients are merely all scaled down by the constant (1 - a2). Since
all the old pricing coefficients are scaled down by the same multiple,
there is no sense in which the market aggregates the Yi signals in the
manner that most effectively supplements the information in the ter-
minal payoff of the firm’s assets for the incentive problem.

5.2 Compensation with just one project
In the model described in Section 1, the manager has several different
projects to which he can allocate effort. The problems with stock
compensation described in this article do not depend on there being
more than one project. Consider the case in which there is one project.
The terminal payoff of the project is

where i= l,..., n and

Y2 to Yn are now the market’s information about the random shocks
θ 2 to θ n that hit the firm’s future payoffs but are completely beyond
the control of the manager.

In this case, Equation (8) still describes stock market pricing. With
stock compensation, β i still describes the relative weight signal Yi
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receives in managerial compensation. The marginal productivity of
the manager’s effort, f' still does not enter into the weight on Y1. The
weight signal Yi receives in managerial compensation is still increas-
ing in σ i even though signals 2 to n contain no information about the
manager’s effort and just add variability to his compensation.

The results in this subsection show that a large multiproject firm
will still be subject to the inefficiencies in Propositions 1, 2, and 3
even if it were to break itself up into several single-project firms with
each new single-project firm having a separate stock price.

5.3 Nonlinear compensation and stock options
In this subsection, I will extend the ideas discussed in this article to
nonlinear wage contracts. In this subsection, let the wage function
w(P) be any nondecreasing function of the stock price. Note that call
options fall in this category. 18 One would expect the wage contract
to be nondecreasing in P, since in any region in which the wage is
decreasing in P, the manager has an incentive to drive down the value
of the firm’s assets.

Recall that

Since P is a known constant once (Y1,...,Y,n) is observed,

Since ,  we have

Let T(P) = P + w(P). Since w(P) is nondecreasing in P, T(P) is
strictly increasing in P and, therefore, is invertible:

Thus, the β i coefficients determine the relative weight signal Yi
receives. in the statistic that managerial compensation is based on.
Therefore, Propositions 1, 2, and 3 remain unchanged in this sub-
section.

18 Haugen and Senbet (1981), Jackson and Lazear (1988), and Hagerty, Ofer, and Siegel (1991) have
shown that options can be a particularly effective means of reducing certain managerial incentive
problems.
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This same argument can be used to extend Propositions 1, 2, and
3 to any case in which the firm has short-term financial obligations
whose payoffs are solely a function of (Y1,..., Yn) and are nondecreasing
in the market value of equity.

In this subsection, I never use the assumption that the manager
has exponential utility. Thus, when nonlinear contracts are allowed,
Propositions 1, 2, and 3 no longer require assumption (Al) and instead
hold for all utility functions satisfying 

5.4 Image-enhancing effort versus substance-enhancing effort
In this subsection, I consider the case in which the manager’s effort
only affects the information the market receives rather than the ulti-
mate payoffs of the firm’s projects. Here, I consider the case in which
the manager can spend his time making the accounting numbers look
good or adding to the favorability of news the financial markets receive
about the firm.

The terminal payoff of the firm’s assets is

However, the market observes Y1 to Yn, where Yi is

The manager’s unobservable effort can shift up the favorability of the
news the market observes about firm payoffs, but cannot affect firm
payoffs themselves.

Once again, Equation (8) still describes stock market pricing.19 The
β i coefficients still determine the relative weight signal Yi receives in
managerial compensation. With stock compensation, the manager
will exert effort to improve the Yi signals even though this does noth-
ing to enhance the firm’s ultimate profits. The firm indirectly bears
the cost of the manager’s (unproductive) effort, since the manager
will require a higher wage to compensate for his privately costly effort.
One can also use this methodology to consider situations in which
effort affects both project payoffs and the market’s perceptions about
project payoffs, but affects them in different ways. One example of
this is to have  and  Equation
(8) continues to describe pricing with the equation for β 0 changing
to 

19 The formula for β 0 is now given by 
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5.5 An example in which effort affects the variability of payoffs
In this subsection, I consider a case in which the manager’s effort
affects not just the mean of project payoffs but the variance as well.
Consider the following example in which the manager’s effort affects
the scale of the project. The payoff from project i is

where µ i is the manager’s unobservable effort in project i and the
constant a, is the marginal productivity of effort. The market observes

Once again, Y1,..., Yn are independent and  has a joint
normal distribution:

11

where is the effort level the manager chooses in equilibrium for
project i.

From Section 5.3, we can see that, when the manager is compen-
sated with wage contract w(P), the stock price will be given by the
following equation:

with the β i  coefficients derived in Equation (11) and T(P) = P +
w(P).

With stock compensation, β i determines the relative weight signal
Y, receives in the statistic managerial compensation is based on. From
Equation (11) we can see that, with stock compensation, a signal’s
weight in determining compensation will (i) be independent of the
marginal productivity of effort (ai), and (ii) overemphasize risky pro-
jects (high . Also, when the manager’s effort affects payoff var-
iances, the manager will have an incentive to reduce the scale of risky
projects and increase the scale of safe projects, and, thereby, decrease
his exposure to risk.20,21

20 It is possible to create examples in which the manager’s incentive to reduce the scale of risky
projects causes even though  In this case, stock-based compensation loads
excessive risk on the manager even though it places greater weight on the project with the lower
technological risk 

21 This example can also give us insight into the case in which the manager can affect the CAPM beta
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5.6 Unobservable ability
In this subsection, I examine the case in which the manager’s ability
as well as his effort is unobservable. Specifically, the manager’s actual
cost of effort function is unknown. Type r managers have cost function

The manager does not learn the true cost of effort function
until after he is hired. This case is difficult to solve in full generality;
however, many of its essential features can be seen in the following
example. Let the payoff from project i be

where a, is a constant, and let the cost of effort function be of the
form

where

with  for all i. The random vector has
a joint normal distribution and all its elements are mutually inde-
pendent. Since the manager will always set µ i to be greater than ri,
this cost of effort function is strictly increasing in the relevant region.

In the Appendix, I show that a manager of type r = (r1,..., rn) will
set his effort level µ i in project i to  when faced with
wage function  Thus, each µ i is normally
distributed. In the Appendix, I also show that the coefficients in the
optimal contract are given by

(12)

Since µ i is normally distributed,  is linear in
 When the manager is

of the firm. Consider the extreme case in which each θ i is a multiple of the return on the market
portfolio. Thus, the firm’s projects only contain market-wide risk. In this case, the firm can achieve
the first-best outcome. The firm can do this by essentially selling the firm to the manager. The firm
should give the manager a wage of ao + aP, where ao equals W0 - NPV of the firm and a = 1. The
firm should also allow the manager to take any position he chooses in the market portfolio to offset
the risk he bears from the wage contract. This will result in the first-best outcome. The basic idea
is that the market is no more efficient at holding marketwide risk than the manager. Thus, we may
as well let the manager hold all the firm’s risk (it is all market-wide) and, thereby, eliminate the
principal-agent problem. The manager-owner can always then take the appropriate hedge position
in the market index. The advantage of this approach is that it does not require the firm to calculate
its CAPM beta. This approach makes the manager internalize the costs and benefits of altering the
firm’s CAPM beta. Note the manager is not allowed to take outside positions in the firm’s stock
itself-only in the market index.
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compensated with wage contract a0 + aP, we can use the argument
in Section 3 to show that the stock price can be written in a form
analogous to Equation (8):

(13)

where

The β i coefficients are solely a function of the informativeness of
Yi about the terminal payoff of the firm’s assets. They are not the
optimal weightings on information for managerial compensation.
These are given in Equation (12). Yet with stock compensation, the
β i coefficients determine the relative weight the different Yi signals
receive in managerial compensation. Note that from Equation (12)
the optimal weightings for compensation decrease in the cost param-
eter k i. However, the cost parameter k i does not enter into the β i

weights. In this subsection, both γ i and β i are increasing in the mar-
ginal productivity of effort (ai). However, a, enters into the formulas
for γ i and β i in very different ways. The γ i coefficients in Equation
(12) are decreasing in Var (ri) and  However, from Equation (13),
we get that the β i coefficients are increasing in both Var (ri) and 

6. The Threat of Takeover as an Incentive for Good Management

Takeovers and the threat of takeovers can be an important mechanism
providing incentives for the operation of the firm [Marris (1963),
Manne (I965), Fama (1980), Jensen (1986), Scharfstein (1988)]. In
a stock market with few impediments to takeovers, firms whose stock
price is low relative to their value if run efficiently are vulnerable to
takeover and to having new management installed. Regardless of the
nature of their compensation package, managers who obtain rents
(or quasi-rents) from their position in control of the firm will have
an incentive to operate the firm so as to enhance its current stock
price in order to ward off the possibility of takeover. Let w(P) be the
certainty equivalent of the rents the manager receives from the firm
when the stock price is P. Suppose the probability of takeover is
decreasing in the firm’s stock price relative to its stock price under
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efficient operation and, therefore, that the rents management can
extract from the firm are increasing in the stock price. In this case,
w(P) will be increasing in P. The manager’s incentives are the same
as if he faces a wage function w(P) which is increasing in P. From
Section 5.3, we have that Propositions 1, 2, and 3 hold in this case.
There is no sense in which an active market for corporate control
provides efficient incentives for the operation of the firm.

The inefficiencies arising from stock price incentives can exist even
if management acts completely on behalf of the shareholders with
no agency conflicts. In an economy with an active takeover market,
the only firms which will survive are the ones whose governance
structures are such that the firm is operated so as to keep its current
stock price high. Consider the case in which each shareholder owns
one share in the firm, and a small fraction (proportion zero) of the
shareholders (the board of directors) can perfectly observe the man-
ager’s effort levels. In this case there is no agency conflict between
the manager and the shareholders. The board will force the manager
to maximize the payoff from their shares which, in turn, will maximize
the wealth of all shareholders.

Now suppose there is a possibility of takeover. In a Grossman-
Stiglitz (1980) model, the equilibrium stock price will be 

 The shareholders who are not on the board of directors
will be willing to sell their shares for any price above this level. In
order to maximize their payoff from the takeover, the board will
instruct the manager to maximize the current share price.22 The man-
ager could maximize the current stock price P by convincing the
market that he was operating the firm at first-best,
However, the board would then have an incentive to deviate and
(secretly) instruct the manager to operate the firm so as to maximize

The stock market realizes this incentive. So in
equilibrium, the market will only believe that the firm will operate
so as to maximize and the firm will indeed operate
so as to maximize 

Thus, in this case in which there is no agency conflict between
shareholders and the manager, the threat of takeover will cause the
firm to maximize  However, as we have seen from
Propositions 1, 2 and 3, this does not provide for the efficient operation
of the firm.23 In this case, the firm would operate more efficiently if
there were no possibility of takeovers. Without the threat of takeover,

22 If the takeover is successful, then all the target firm’s shares will be redeemed at the takeover price.
23 Suppose that with probability a, the firm will be taken over when the market observes

Then, with probability a,. the owners of the firm receive P, and, with probability (1 - a1), they
receive X0. In this case, the firm’s objective function is to maximize a1P + (1 - a1) X0 and the
results in Section 5.1 apply.
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the board would operate the firm at the first-best level, maximizing
terminal payoff X0.

7. Conclusion

An efficient market weights information according to its informative-
ness about asset value in determining asset price. For optimal incen-
tives in a principal-agent problem, information should be weighted
according to its informativeness about the value-added of the man-
ager. The asset price in an efficient market measures the asset’s value-
not the value-added of the individual managing the asset. Therefore,
the asset price is not an optimal aggregator of information for the
firm’s principal-agent problem.

When the manager’s incentives are determined by the stock price
due to either stock-based compensation or the threat of takeover:

(i) The weight on any given project in managerial compensation
is independent of the marginal productivity of effort in the project.

(ii) There is a systematic bias for the projects that are the noisiest
indicators of managerial effort to receive the most weight in com-
pensation.

(iii) Investors tend to have the greatest incentive to collect infor-
mation about the projects that are the noisiest indicators of managerial
effort.

Points (ii) and (iii) hold without qualification in the base case in
which the profitability of all projects can be measured with equal
precision. There is no sense in which the stock market aggregates
information efficiently for principal-agent problems.

The theory of stock-based incentives proposed in this article is
consistent with the vast empirical literature documenting the impor-
tance of accounting earnings in addition to stock returns in deter-
mining CEO compensation. In an efficient market, accounting earn-
ings are superfluous in determining firm value given security prices,
but accounting earnings are not superfluous in determining the value-
added contributed by the manager.

Both accounting earnings and stock values are imperfect measures
for use in managerial compensation. Accounting earnings put equal
weight on each accounting entry, and, therefore, overemphasize entries
that contain large amounts of measurement error (high wi). As we
have seen in this article, stock valuation overemphasizes information
about risky projects (high σ i). Neither measure dominates the other
for use in the compensation problem, and thus we would expect to
see both measures used to determine management compensation.
This is consistent with the empirical literature on management com-
pensation. Ideally, compensation would be based directly on the



various components of the accounting statement. There is some evi-
dence of this [Ely (1991), Natarajan (1991)]. However, it seems that
CEO pay is often based on aggregate accounting earnings rather than
the individual components of the accounting statement. This may be
due to CEOs having much greater latitude in allocating revenues and
expenses to various accounts than in manipulating the aggregate level
of accounting earnings.

The stock price can only reflect the information available to the
stock market. If the market’s information is inferior to the manager’s,
actions that maximize the current stock price will not, in general, be
the ones that lead to efficient operation of the firm. Thus, a rational,
efficient market will lead to inefficient operation of the firm when the
manager’s objective function contains the current stock price.24 In
the case in which the market has superior information about the near
future as opposed to the distant future, the manager will have an
incentive to allocate excessive (unobservable) resources to boost the
firm’s short-term performance and neglect long-term performance.
Thus, rational, nonmyopic financial markets and rational, nonmyopic
managers will lead to inefficient “myopic” behavior when the current
stock price affects managerial incentives and the financial market’s
information about short-term performance is superior to its infor-
mation about long-term performance. This is consistent with the
empirical findings of Bizjak, Brickley, and Coles (1991), who find
that firms whose projects involve substantial long-term uncertainty
are less likely to base managerial compensation on the current stock
price than firms whose projects involve little long-term uncertainty.

The conflict between aggregating information to assess value and
aggregating information to provide incentives has important effects
on the operation of the firm. With stock-based incentives: (i) the
productivity of effort in the various projects plays no role in the allo-
cation of the manager’s effort across projects; (ii) the manager will
allocate excessive effort to projects whose cash flows have high vari-
ability (high σ i) relative to the projects whose cash Bows have low
variability (low σ i); and (iii) the risk premium paid to the manager
is in excess of the amount paid in the second-best optimum (in which
the firm could contract directly on the information observed by the
market). As shown in Equation (5) and Section 3.3, this leads to
inefficient operation of the firm relative to the second-best optimum.

If all of the individual signals contained in the stock price can be
directly contracted upon, the firm should leave the stock price out
of its managerial compensation contracts and, instead, write com-
pensation contracts directly on these signals themselves. If the stock

24 Natayanan (1985) and Stein (1989) also show that myopic firm behavior can persist under efficient
markets.
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price aggregates individual pieces of information that cannot be
directly contracted upon, the firm has no choice but to include the
stock price in management compensation. However, it cannot rely
on the stock market to aggregate information optimally for the com-
pensation problem. In this case, the firm will have an incentive to
create other non-stock-based mechanisms for corporate governance
to try to offset some of the deficiencies of stock-based compensation.
Research into these areas may lead to a better understanding of the
exact role of many features of corporate governance.

The applicability of the ideas described in this article are not lim-
ited to large corporations. An entrepreneur creating a start-up firm
will know more than others about his ability and effort. To the extent
his incentives are determined by the price his firm’s shares will bring
at a future public offering, his incentives will suffer from the ineffi-
ciencies described in Propositions 1, 2, and 3. The basic ideas dis-
cussed here will hold outside of financial markets as well. They will
hold whenever market prices are used to aggregate information for
a principal-agent problem.

Appendix: Derivation of Equation (12)

In this appendix, I derive Equation (12) in Section 5.6. Recall that
 and a type r manager has cost of effort function:

where

with for all i. The random vector  has
a joint normal distribution and all its elements are mutually inde-
pendent. Without loss of generality, assume . Since the man-
ager has exponential utility, a type r manager’s certainty equivalent
from choosing effort levels  i s

(A1)

Note that this objective function is concave in  The man-
ager’s utility-maximizing effort levels are given by the first-order con-
dition:

(A2)
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From Equations (A1) and (A2), a type r manager’s certainty equiv-
alent is

In Section 5.6, the manager does not know his type at the time he
must decide whether to accept the contract. Thus, at the time the
manager must decide whether to accept the contract, he faces this
additional uncertainty because of his unknown type. Since the man-
ager has exponential utility, at the time he must decide whether to
accept the contract, his certainty equivalent is

(A3)

(A4)

The manager’s wage contract must yield him a certainty equivalent
of at least his reservation wealth W0 at the time he accepts the contract
or else the manager will refuse the contract and work elsewhere in
the economy. For the contract that maximizes ex ante firm value, this
constraint will be binding. Setting γ 0 so that the manager’s certainty
equivalent at the time he must decide whether to accept the contract
(A4) equals W0 yields

(A5)

The firm wants to set the contract that maximizes the ex ante value
of the firm subject to conditions (A2) and (A5). The firm’s objective
function is

This reduces to
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which is concave in The following first-order condition
describes the wage coefficients that maximize ex ante firm value:
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