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ABSTRACT
A manager’s current and potential future employers are continually assessing her or his ability.
Such assessment is a crucial component of corporate governance and this chapter provides an
overview of the research on that aspect of governance. In particular, we review how assessment
generates incentives (both good and bad), generates risks that must be faced by both managers
and firms, and affects the contractual relationships between those parties in important ways.
Assessment (or learning) proves a key perspective from which to study, evaluate, and possibly
even regulate corporate governance. Moreover, because learning is a behavior notoriously subject
to systematic biases, this perspective is a natural avenue through which to introduce behavioral
and psychological insights into the study of corporate governance.
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Introduction

A good definition of corporate governance is it is “the way in which suppliers of
finance . . . assure themselves of getting a return on their investment” (Shleifer
and Vishny, 1997, p. 737). There are many dimensions to obtaining such assurance. One, much-studied in the literature, is control : aligning the interests
of the managers who make decisions with the interests of the investors affected
by their decisions.1 How, for instance, do shareholders or a board of directors
keep a ceo from pursuing an agenda that benefits him but not them? Another key dimension, but one much less well-studied, has to do with assessing
the quality of the decisions being made by managers. Even if managers had
the best of intentions vis-à-vis their investors, if they are incompetent, pursue poor projects, or adopt ill-conceived strategies, then investors will suffer.
The “suppliers of finance” must, therefore, continually assess the ability of their
managers. This insight entails a number of questions: for instance, how should
a ceo be assessed with respect to her intrinsic ability, competency, and match
with her employer? A further, somewhat subtle, but critical question is how
does knowing assessment will occur affect the behavior of the relevant actors?
The last question is especially relevant: absent strategic reactions, making
inferences about attributes, such as ability, from various correlates, such as firm
profits, would be a relatively straightforward and unexciting statistical exercise.
However, as has long been known in the physical sciences, the act of observation
can directly affect the phenomenon being observed: an insight with important
implications for incentive provision and corporate governance, as noted initially
by Fama (1980) and Holmstrom (1982) [1999].2 Moreover, unlike a sub-atomic
particle or an animal in the wild, a manager understands the consequences of
being observed. In particular, because the outcome of assessment is unknown
in advance, the act of observation exposes the manager to risk—for which he
or she will demand compensation—with the amount of risk and, thus, compensation being dependent on the assessment protocol. Furthermore, also unlike a
particle or an animal, a manager is a strategic player, who can, therefore, be
expected to try to influence how he or she is observed and by whom. In short,
assessment—learning—profoundly affects corporate governance by generating
incentives (some good, some bad); by creating a tradeoff between the accuracy
of the assessment and the risk that imposes on the manager; and by creating an
impetus for the manager to try to affect by whom he is observed (and governed).
This chapter presents an overview of the scholarly literature on assessment
1 Smith (1776, p. 700): “The directors of companies, however, being the managers . . . of
other peoples money . . . it cannot well be expected, that they should watch over it with the
same anxious vigilance [as owners].” In the modern era, there was a revived interest in agency
and its relation to governance led by Berle and Means (1932), Williamson (1963), and Jensen
and Meckling (1976), among others. See Becht et al. (2003) and Hermalin (2013) for recent
surveys of the relevant literature.
2 Holmstrom’s paper was originally published in 1982 as a chapter in a hard-to-find
festschrift for Lars Wahlbeck. In the pre-pdf 1980s, a photocopy of the working-paper version
of the chapter was a treasured belonging of students and scholars interested in contract theory
and governance. In 1999, the Review of Economic Studies wisely reprinted the paper.
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and learning as it pertains to corporate governance. We begin, in Section 2,
with the basics of learning models and their application to the issue of ceo
turnover, the decision to dismiss or retain a ceo in light of evidence about her
“ability.” At some level, ability is a multi-dimensional and amorphous concept.
It can describe a manager’s decision-making or leadership capabilities, the fit
between her style and skills with the needs of her firm, or even the fit between
her strategic vision and the firm’s capabilities. From a modeling perspective,
however, it is possible to act as if ability is a one-dimensional attribute that has
a known mapping into the expected profits of the firm (indeed, in many models,
a manager’s ability is expected profit under her leadership).3 In many models,
this ability is a fixed, but ex ante unknown, attribute of the manager. How
the firm performs under her command provides information—or signals—about
her ability from which those monitoring her can update their beliefs about her
ability via Bayes Theorem. If this updating leads her employers to infer the
firm would be more valuable under a different ceo, less any transition costs,
then she will be dismissed; otherwise, she is retained. Although the models
considered in Section 2 are straightforward from a statistical perspective, they
are rich enough to yield insightful comparative statics. Moreover, as we show
in the second half of that section, the implications of those comparative statics
are consistent with empirical analyses of managerial turnover.
Knowing that they are being monitored, with resulting inferences about
their ability affecting their careers (not only retention of current positions, but
also their future compensation), managers have an incentive to influence the
monitoring process. In many settings, there are actions that they can take to
alter the performance signals on which estimates of their abilities are based.
For instance, supplying more effort may boost performance. In Section 3, we
present the Holmstrom (1999) model, in which a manager attempts to influence the assessment of her ability via the hidden actions she takes (effort she
supplies). This being a game, those monitoring her—in particular the market
for managers—understand she is supplying effort to influence the performance
measure; that is, she is engaged in “signal jamming.” Those monitoring will,
consequently, adjust for anticipated effort when estimating managerial ability;
in equilibrium, no one is fooled. Although she fools no one, the manager must
nonetheless expend this effort because it is expected (were she not to do so, the
market would still make the adjustment, to her detriment). Consequently, in
equilibrium, career concerns serve to provide the manager an incentive to supply
effort; however, as Holmstrom shows, these career concerns do not, generically,
lead to her providing the first-best level of effort.
Having set forth the basic model of career concerns, the remainder of Section 3 considers the empirical literature on career concerns. The idea that
career concerns serve to motivate workers is very general, and likely applies to
nearly every profession. Unfortunately, testing this directly is difficult: to do
so would require data on individual outputs and also on their career paths. In
3 To be more realistic, one could view ability as that portion of expected profit that is
attributable to the manager.
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most settings, such data are unavailable. Yet the importance of career concerns
on workers’ motivations is sufficiently great that the literature has sought various indirect tests or sought to measure the effects in fields where the data are
arguably available.
Because career-concern models make predictions about the intertemporal
pattern of executive compensation, one empirical approach has been to see
whether the data are consistent with those predictions. As reviewed in Section 3.2, the results from these studies are generally consistent with the predictions of career-concern models.
Another empirical approach, also discussed in Section 3.2, is to consider industries in which managerial performance and its consequence for managerial
remuneration are readily observed. One such industry is the money management industry. Several papers have documented that, in the private-equity and
hedge-fund industries, fund flows respond to performance as Bayesian updating
about managers’ abilities would suggest they should; indeed, because the fees
management receives are usually proportional to money under management,
the consequence of even marginally better performance on managers’ lifetime
incomes is substantial.
As noted, career concerns induce incentives to engage in signal jamming. In
the portion of Holmstrom (1999) summarized above, such signal jamming can
be seen in a positive light insofar as it creates incentives for managers to supply
more effort. As, however, Holmstrom goes on to show, such signal jamming
can also be detrimental to the employer’s (shareholders’) interests; for example,
as he shows, it can lead managers to eschew projects with positive expected
net-present values. We explore in greater depth the potentially perverse incentives created by career concerns in Section 4. With regard to project choice,
Section 4.1 shows that because how the market will update its beliefs about a
manager are ex ante uncertain, such updating necessarily exposes the manager
to risk. The nature of that risk depends not only the underlying risk of the
projects themselves, but also what the market knows or infers about their risk.
For example, as discussed below, there is a somewhat counter-intuitive result
that when the market knows the underlying risk of different projects, the manager can have an incentive to choose the riskiest project, regardless of expected
return, because the riskier the project, the less information it reveals about the
manager’s ability, and thus the less the market will update about her ability
based on the outcome of the project.
A related idea is that when the market values a firm, it draws inferences
about its prospects the same way it does when it evaluates managerial ability;
that is, via Bayesian updating of beliefs based on current performance metrics (e.g., earnings). This potentially creates an incentive to signal-jam current
performance in the hopes of influencing that updating and, thus, boosting estimated value, which is to say the stock price. Consequently, when managers
have motive to care about the stock price, either through ownership or through
equity-linked incentive plans, managers have incentives to signal-jam. In some
circumstances, such signal jamming means neglecting longer-term investments
in favor of ones with more immediate payoffs (that will boost current perfor-
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mance). Such a myopic strategy could be at odds with truly maximizing firm
value if the longer-term investments have the greater net present value (npv).
Although, in equilibrium, no one is fooled—firm value is correctly estimated—
the evaluation process effectively traps managers into behaving in this myopic
manner, since if they behave at odds with the market expects—invest in longerterm projects with more inherent value—the market will draw the wrong inference and discount the firm’s value. In Section 4.2, we investigate this using a
simplified version of the Stein (1989) model, which originally developed this idea.
We then conclude Section 4 by reviewing related empirical work. This work documents that managers appear to prefer ceteris paribus, shorter-term investments
over longer term investments, especially if they are compensated through stockbased compensation plans, results consistent with the signal-jamming story.
Models of learning have applications to areas of economics beside governance. One is the functioning of capital markets: a number of “anomalies”
pertaining to stock returns can be explained by the idea that the market learns
about corporate attributes. In Section 5, we review the Pastor and Veronesi
(2003) model, in which learning is critical to understanding the distribution of
stock returns. We then show that this model can be reinterpreted in terms relevant to corporate governance: the attributes about which the market learns are
managerial abilities and fit with their firms. Such a reinterpretation formalizes
the notion of “management risk,” which is how uncertainty about an executive’s
ability affects the volatility of his company’s stock prices and his company’s cost
of debt. When there is less uncertainty about ability, both volatility and the
cost of debt are lower. There is empirical support for these ideas: among other
results, studies indicate that the less uncertainty there is about the executive,
the less volatile is the company’s stock price and its cost of debt.
In addition to changing how managers behave, learning has implications for
how owners and boards of directors behave. For instance, how actively owners
and boards monitor their executives depends on the potential information has to
affect their actions. Monitoring—seeking to obtain information—is intrinsically
more valuable when there is more uncertainty about an executive’s ability than
when there is little uncertainty. Monitoring of an established ceo is less valuable
than monitoring a new ceo. Monitoring a ceo who has a strong track record
and for whom there is, therefore, little likelihood, of obtaining signals that would
lead to her dismissal is less valuable than monitoring one with a more modest
track record. As we discuss in Section 6, such implications have consequences
for the structure of the board of directors (how independent it will be) and
the firm’s choice of ceo in the first place. Because of the consequences for a
ceo’s wellbeing, there are indirect costs to having better monitoring of the ceo:
making the ceo’s situation worse necessitates paying her more, which means
shareholders won’t always consider more (better) information about managerial
performance as an unalloyed good.
Much of the analysis discussed in this chapter and employed in the literature presupposes that learning is rational; in particular, that it is in accord
with Bayes Theorem (i.e., is Bayesian learning). The notion that individuals
process information rationally and act according to Bayes Theorem has been
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challenged by a large body of work in psychology. That literature finds consistent evidence that people are subject to a series of biases that lead them to
form beliefs in ways that are inconsistent with Bayes Theorem. Broadly, these
biases lead people to place too much weight on new signals and not enough
on prior information. Section 7 reviews the evidence that people are in fact
“bad Bayesians,” as well as the implications of that for learning models of corporate governance. We argue that, in fact, these departures from rationality
make learning-based models of corporate governance more important than they
would be if agents were perfectly rational. Since the “action” in learning models
comes from agents updating their beliefs, the behavioral biases that real-world
actors exhibit suggest that, in reality, they will update more than rational-actor
models would suggest. This, in turn, means the models could well understate
the effects they describe. In other words, learning models appear to be one area
of economics in which behavioral biases make the implications of rational-actor
models even more important than one might otherwise imagine.
Some technical details, including proofs not given in the text, can be found
in the Appendix.

2
2.1

The Basics of Learning
The Issue

People constantly evaluate each other, typically with an eye towards making
predictions about how they will do in the future. Examples abound: a school
evaluates would-be students to see if they will do well if admitted; we evaluate
would-be romantic partners to see if they will prove a good match; and employers evaluate employees to ascertain the value they will create going forward.
Within the realm of corporate governance, the last of these is especially relevant: shareholders—or their representatives, the board of directors—evaluate
executives (existing or potential) to predict their future performance. They do
so because they wish to know an executive’s value (e.g., what is the maximum
they should pay her); alternatively, they might want to make a decision about
retaining her or gambling on putting someone else in charge.
Within economics, such evaluation is modeled via learning models. To wit,
the employer’s (shareholders’) expected payoff in period t is assumed to be a
function of the employee’s (executive’s) then-current ability, αt ∈ A ⊆ R, where
A is the set of possible ability levels.4,5 The employer is assumed not to know the
employee’s ability, but he knows its relevant statistical properties. Additionally,
he has some set of past signals—possibly just past performance—that he can
4 Generalizing ability to be multi-dimensional (e.g., α ∈ Rn ) gains one little: an employer
t
cares about his expected payoff, B(αt ), and one could simply define ability to be B(αt ). The
statistical properties of the random variable B(αt ) would be inherited from those of αt in
the usual way. Multiple dimensions could, however, be relevant if possible employee-employer
matching across different employers was at issue.
S∞
5 There is also no gain to indexing A by period: just define A =
t=0 At , where At is the
set of possible time-t ability levels.
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use to make inferences about ability at time t.
The standard model assumes ability does not change over time.6 When
ability is time invariant, we simply denote it as α (i.e., without a time index)
and assume it is drawn from a known distribution, F0 : R → [0, 1], with associated density f0 : R → R+ . Let α
b0 denote the expected value of ability given
distribution F0 . The entities F0 , f0 , and α
b0 are known, respectively, as the
prior distribution, prior density, and prior of ability (the rationale for the zero
subscript will become evident shortly).
As alluded to earlier, the employer observes signals that permit him to update his beliefs about the employee’s ability. Specifically, let st ∈ R denote the
signal he observes at time t (e.g., st is the realization of profit at time t or an
indicator of whether the period-t project was successful).7 The signal in any
given period is drawn from a conditional distribution G(·|α) : R → [0, 1]. Let
g(·|α) : R → R+ denote the corresponding conditional density. Consistent with
this notation, the assumption is that, conditional on true ability α, the signal at
one time is distributed identically and independently of the signal at any other
time. Two relevant examples are:
1. st ∈ {0, 1} — the period-t project either fails or succeeds, g(0|α) = 1 − α
is the probability it fails, and g(1|α) = α is the probability it succeeds;
that is, ability is equivalent to the probability of being successful.
2. st = α + εt , where εt ∼ Ψ : (−∞, ∞) → [0, 1]. As the signal could always
be redefined as s̃ = s − E{ε}, there is no loss of generality in assuming
E{ε} = 0. Observe that G(s|α) = Ψ(s − α).
It follows from Bayes Theorem that
f1 (α|s1 ) = R

g(s1 |α)f0 (α)
,
g(s1 |z)f0 (z)dz
A

(1)

where the integral in (1) is to be understood to encompass simple summation if
A is finite (i.e., ability is discretely distributed). More generally,
ft (α|s1 , . . . , st ) = R

g(st |α)ft−1 (α|s1 , . . . , st−1 )
.
g(s1 |z)ft−1 (z|s1 , . . . , st−1 )dz
A

(2)

In practice, obtaining a closed-form solution for the recursive formula (2) in
terms of the primitives, f0 and g, is difficult, especially if one wants a solution
for an arbitrary t. One exception is if the signals are independent Bernoulli
trials, as in the first example above. In that case, the probability of n successes
in t trials given ability α is
 
t n
α (1 − α)t−n ;
n
6 See

Holmstrom (1999) for an analysis in which ability follows a Gaussian random walk.

7 Given

that ability is uni-dimensional, there is little to be gained by assuming multidimensional signals (e.g., st ∈ Rm ). If the model is tractable, one can form a sufficient
statistic from st and, thus, one could just define st as that sufficient statistic.
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hence, employing Bayes Theorem,
αn (1 − α)t−n f0 (α)
.
z n (1 − z)t−n f0 (z)dz
A

ft (α|n) = R

(3)

So if ability is also the realization of a Bernoulli trial (i.e., A = {α, ᾱ}), then
ft (ᾱ|n) =

ᾱn (1

−

ᾱn (1 − ᾱ)t−n f0 (ᾱ)
.
t−n f (α)
n
0 (ᾱ) + α (1 − α)
0

ᾱ)t−n f

As a second example, if ability is drawn from a uniform distribution on [0, 1],
then Ft (·|n) is a beta distribution with parameters n + 1 and t − n + 1.8
Another model that permits a closed-form solution, and which has been
widely used in the literature, is (i) to assume that ability is drawn from a normal
distribution with mean α
b0 and precision τ0 (the precision of a distribution is
the multiplicative inverse of its variance); and (ii) to assume that st = α + εt (as
in the second illustration above), where εt is distributed normally with mean
zero and precision η. Then it can be shown (see, e.g., DeGroot, 1970, p. 166)
that Ft (·|s1 , . . . , st ) is a normal distribution with mean
Pt
τ0 α
b0 + η i=1 si
τ0 α
b0 + tηs̄
=
,
α
bt =
τ0 + tη
τ0 + tη

(4)

where s̄ is the arithmetic average of the t signals, and precision
τt = τ0 + tη .

(5)

Because of its reliance on the normal distribution, the literature refers to this
as the normal learning model .
2.2

An Application: A Model of CEO Dismissal/Retention

As an application of the normal learning model, consider the following. Shareholders (or their representatives, the board of directors) hire a ceo from a pool
of ex ante identical ceos. Assume that the ability of any ceo is drawn from a
normal distribution with mean 0 and precision τ0 (each ceo’s ability being an
independent draw from this common distribution). Setting the mean to zero is
purely for convenience and without loss of generality. The timing of moves is:
1. Risk-neutral shareholders (alternatively, the board—here assumed to be
perfect agents) set an information policy (more on this below).
2. A ceo is hired from the aforementioned pool of ceos.
8 Recall that a uniform distribution is equivalent to a beta distribution with both parameters
equal to 1. It can be shown more generally, see DeGroot (1970, p. 160), that if α is distributed
beta with parameters ξ and ζ, then Ft (·|n) is a beta distribution with parameters ξ + n and
ζ + t − n.
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3. A signal about the ceo’s ability, s, is realized; its distribution is normal
with a mean equal to the ceo’s ability and a precision, η, that depends
on the information policy determined at stage 1.
4. Based on the signal, the shareholders (board) decide to keep or replace
the ceo. The firm incurs a replacement cost of r > 0 if it replaces him.
A replacement ceo is drawn from the same pool as the original ceo.
5. The shareholders realize a payoff with expected value equal to the ability
of the ceo in place at this stage.
Let α
b1 denote the posterior estimate (mean) of ceo ability following the
realization of the signal. From (4),
α
b1 =

ηs
.
τ0 + η

Observe that α
b1 is the shareholders’ expected payoff should they retain the ceo.
If, instead, they replace him, the expected payoff generated by the replacement
is 0 by assumption. Hence, replacing the initial ceo is rational if and only if
−r ≥ α
b1 ⇐⇒ −

(τ0 + η)r
≥ s.
η

(6)

Recall that s ∼ N(α, 1/η) (the notation N(µ, σ 2 ) denotes a normal distribution with mean µ and variance σ 2 ). This is a conditional distribution. It is
also necessary to know the unconditional distribution of s. Because s = α0 + ε,
it is the sum of two normal random variables and, as such, is normally distributed with a mean equal to the sum of their means–in this case, 0—and a
variance equal to the sum of their variances—in this case 1/τ0 + 1/η; that is,
the unconditional distribution of s is


η + τ0
s ∼ N 0,
.
(7)
τ0 η
It is convenient to denote the precision of the unconditional distribution of s:
h=

τ0 η
.
η + τ0

Observe α
b1 = sh/τ0 and so replacement occurs if and only if s ≤ −rτ0 /h.

(8)

A useful aside. Let Φ and φ denote the distribution and density functions
of the standard normal (i.e., N(0, 1)), respectively. If x ∼ N(µ, σ 2 ), then the
distribution and density functions for x can be expressed, respectively, as




1
x−µ
x−µ
and φ
.
Φ
σ
σ
σ
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Employing the aside, the shareholders’ expected payoff at stage 1—the value
of the firm—is (see Appendix for derivation):


 √ 

rτ0
h
rτ0
(9)
E max{−r, α
b1 } = −rΦ − √
+
φ −√
τ0
h
h

Some observations about expression (9):

1. Because
max{−r, α
b1 } ≥ α
b1 and strictly so for a set of positive measure,

E max{−r, α
b1 } > E{b
α1 } = 0; hence, (9) is positive.

2. The positive value of (9) reflects the value of the option to replace the
initial ceo. In this regard, observe that the limit of (9) as r → ∞ equals
zero: there is no option if replacing the ceo is impossible (infinitely costly).
3. The derivative of (9) with respect to h is


 
r 2 τ0
r 2 τ0
rτ0
1
√ +
− 3/2 +
> 0.
φ −√
2h
2τ0 h 2h3/2
h

(10)

Because the (conditional) precision of the signal, η, enters into the value of
the firm, expression (9), only through h, the last observation implies that the
derivative of firm value with respect to η must have the same sign as dh/dη,
which from (8) is positive. We can conclude:
Lemma 1. Ceteris paribus, the value of the firm (i.e., expression (9)) increases
in the precision of the signal of ability, η.
In light of Lemma 1, one might imagine that shareholders should, for instance, desire very precise information relevant to assessing their ceo’s ability,
such as highly accurate accounting and close monitoring by the board of directors.9 Of course, one needs to take into account the direct costs of obtaining
such information, which need to be balanced by the benefits. There are also, as
noted by Hermalin and Weisbach (1998, 2012), indirect costs arising from the
fact that the ceo must agree to employment in the first place and he may have
opposing preferences concerning the quality of information.
As a first pass as to why executives could have opposing preferences, suppose
the initially hired ceo’s payoff is w if retained and w − L if dismissed, where
w is his compensation and L > 0 is a loss suffered if dismissed (e.g., a loss of
status, costs of relocating, etc.). Normalize ceos’ reservation utilities to zero;
that is, a ceo is willing to accept any position that provides him a non-negative
expected utility. For purposes here, suppose that the shareholders possess all
the bargaining power and can, thus, make take-it-or-leave-it (tioli) offers to
9 This is not the only reason shareholders could prefer greater accuracy. In hidden-action
agency models with risk-averse agents, principals benefit from better information systems (see,
e.g., Grossman and Hart, 1983; Hermalin and Katz, 1991, 2000; and Kim, 1995). Also, as
noted by Cebon and Hermalin (2015), a better informed board can sometimes utilize a better
contracting technology than a less well informed one.
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ceos. Because a replacement ceo is never fired, she would accept any offer
with w ≥ 0. As the shareholders wish to maximize firm profit, it follows they
would offer a replacement ceo w = 0.
Before considering the wage offered the initially hired ceo, it is necessary
to clarify what he knows about his own ability at time of employment. If his
knowledge of his own ability is superior to what a potential employer knows,
then bargaining between shareholders and ceo (even tioli offers) will convey
information to the shareholders about the ceo’s ability.10 For this reason, the
literature has, for the most part, focused on information-neutral bargaining,
which requires that the employer and employee have identical ex ante beliefs
about the employee’s ability. Although one can debate the literal truth of that
assumption, there are reasons to view it as a reasonable approximation. First,
one’s own assessment of ability is based on past performance, which could well
be known to potential employers (this seems especially relevant for executives,
whose firms’ performance is highly public); second, the uncertainty about a
ceo’s ability in a particular job is largely uncertainty about the match between
him and the firm, which is similarly unknown to both the board and the ceo.11
Returning to the initially hired ceo, what wage is he offered? His expected
utility if he accepts employment is


rτ0
,
w − LΦ − √
h
which reflects that he will be fired if the signal falls
√ below the cutoff given in (6),
an event that occurs with probability Φ(−rτ0 / h ). Because the shareholders
get to make a tioli offer, the ceo’s participation constraint will bind; hence,
in equilibrium,


rτ0
.
(11)
w = LΦ − √
h
The righthand side of that expression increases in h and, thus, in η: the greater
the precision of the signal, the greater will be the ceo’s compensation. As intuition, observe that as η → 0 (the signal is without precision), h → 0 and, thus,
the righthand side of (11) goes to 0 (the argument of Φ goes to −∞): because
the signal contains no information, it won’t ever be the basis for dismissing the
ceo, so he requires no compensation to bear the risk of dismissal. The ceo
faces a risk of dismissal only if the signal is informative about his ability and
that risk increases with the informativeness of the signal.12
It follows that the shareholders bear an indirect cost from a more precise
signal: the compensation they must offer the ceo is greater. Taking that into
10 For example, whether the ceo would accept the shareholders’ tioli offer would depend
on his assessment of his ability and, so, the shareholders should update their beliefs about his
ability based on his acceptance of their offer.
11 This
12 At

assumption is discussed at length in Holmstrom (1999).

this juncture, we are admittedly being loose about the relation between the precision
of the distribution and informativeness of the signal. However, as Hermalin and Weisbach
(2012, Corollary 1) prove, the two concepts coincide in this context.
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account, expected firm value is, now, (9) less w or
 √ 


rτ0
h
rτ0
√
√
+
−(r + L)Φ −
φ −
τ0
h
h
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(12)

Differentiating (12) with respect to h yields


 
Lrτ0
1
rτ0
√
√
;
− 3/2 +
φ −
2h
2τ0 h
h
the sign of which is the same as that of h−Lrτ02 . It is readily seen that h = Lrτ02
minimizes firm value and, thus, the shareholders are either best off with a signal
of minimum precision (within the realm of possible precision levels) or with one
of maximum precision (again within the feasible set).
Although a simple model, the analysis above illustrates that employer and
employee can have opposing preferences about the precision with which the
employee is assessed. Consequently, the employee’s compensation will be higher
when he is assessed with greater precision than with less precision.
Bibliographic Note. The above model can be seen as simplified version of a
more general analysis by Hermalin and Weisbach (2012). Hermalin (2005) uses
a similar model to explore, inter alia, how trends toward greater monitoring of
executives (e.g., via more vigilant boards and tighter reporting requirements)
could help to explain a secular trend toward higher executive pay. We return
to these and other applications below.
2.3

Empirical Analyses of Management Turnover and Learning

This learning model provides a natural way to understand the relation between
management turnover and firm performance. A firm’s board is constantly updating its assessment of the firm’s ceo and top management team. When the
expected profits are lower from the current management than from a potential
replacement, a profit-maximizing board should replace the current management.
This idea was formally introduced to the governance literature in Hermalin and
Weisbach (1998) and provides a framework for understanding the negative empirical relation between firm performance and management turnover.
A large number of papers have documented that there is a positive relation
between ceo turnover and poor performance in large corporations, as well as
other types of organizations.13 In addition, Denis and Denis (1995) document
that firm performance generally improves following a ceo turnover, especially a
forced turnover. The standard interpretation of this relation is that it measures
13 Among these are Coughlan and Schmidt (1985), Warner et al. (1988), Weisbach (1988),
Barro and Barro (1990), Jensen and Murphy (1990), Blackwell et al. (1994), Huson et al.
(2001), Brickley and Van Horn (2002), Engel et al. (2003), Parrino et al. (2003), Eldenburg
et al. (2004), Kaplan and Minton (2012), Eisfeldt and Kuhnen (2013), Jenter and Lewellen
(2014), and Jenter and Kanaan (2015).
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the board’s monitoring; when performance is worse, the board is more likely to
find the current ceo unacceptable and, so, replace him.
An important issue in empirical studies of turnover and performance is distinguishing voluntary turnovers (i.e., unforced resignations for reasons unrelated
to performance) and involuntary turnovers (i.e., dismissals—perhaps disguised
as resignations). Because the true reasons for turnover are often not given publicly, press releases and other public information are often largely or wholly
uninformative as to whether a turnover was voluntary or not. Empirical studies have taken different approaches to try to sort voluntary from involuntary
managerial change—some ignore the issue, some exclude observations of ceos
at normative retirement age, and some make a detailed effort to distinguish voluntary from involuntary turnover. The algorithm suggested by Parrino (1997)
has become more or less the standard approach to assessing whether a particular turnover is “forced”:14 a plus to it is the turnovers it identifies as forced
are likely correctly classified; a minus is it will mis-classify as voluntary those
turnovers in which the press fails to report information about pressure exerted
on executives to resign. Nonetheless, voluntary turnovers are unlikely to be
related to performance and the negative relation between performance and ceo
turnover is extremely robust across samples. Therefore, the measured negative relation between turnover and performance probably reflects boards firing
ceos (i.e., the difficulty in distinguishing the two types of turnover merely adds
noise to the dependent variable and, thus, is irrelevant beyond its effect on the
standard errors).
Are learning models consistent with the data on executive turnover? This
is a difficult question to answer, although Taylor (2010) offers evidence that
the models could well be consistent with the data. He does so by calibrating a
learning model and measuring the extent to which it fits various aspects of the
data. In particular, Taylor’s model does a good job of jointly and quantitatively
matching the data (see, in particular, Figure 4 of his article). Inter alia, Cornelli
et al. (2013) also find evidence consistent with a learning model of ceo turnover.
An additional difficulty for empirical work on this topic is disentangling
learning-based rationales for dismissal from other rationales. For instance, a
prediction of some dynamic moral-hazard models in which the agent enjoys
limited-liability protection (i.e., cannot be fined for poor performance) is that
the principal will wish to commit to terminate the agent after sufficiently bad
performance as a deterrence to shirking ex ante.15 It is not clear how one would
14 Parrino uses a three-step process to identify forced departures. First, all successions for
which the Wall Street Journal effectively reports that the ceo has been fired are classified
as forced. Second, if the ceo is less than 60 and the Wall Street Journal fails to report the
reason for the departure is death, poor health, or taking another position or if it reports that
the ceo is retiring but the announcement is not at least six months before the succession,
then this too is classified as forced. Third, the remaining cases are classified as voluntary if,
as reported in the press, the incumbent takes a comparable position elsewhere or departs for
previously undisclosed personal or business reasons that are unrelated to the firm’s activities;
otherwise they are classified as involuntary.
15 See

Edmans and Gabaix (in press), especially Section 4, for more on such models.
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design a test that could distinguish between moral hazard and learning-based
models empirically.
One might, at first, think to look at the stock market reaction to a dismissal
as a means of distinguishing the two because moral hazard and learning models
would seem to have different implications for firm value. Dismissal in a pure
moral-hazard model is ex post inefficient: all ceos are identical, so firm value
is reduced by the costs of transition (this is why, for dismissal to be a credible
threat and, thus, its possibility to create incentives, the board must commit ex
ante to dismissal should certain outcomes occur). In contrast, in a learning
model, the expected value of a replacement ceo to the firm less transition costs
exceeds the expected value of the incumbent. Naı̈vely, then, one might expect
the market to respond positively to dismissal if learning explains dismissal and
to respond negatively if moral hazard does. This view is, however, potentially
incomplete: if there was uncertainty in the market about whether the board was
committed to dismissing the ceo for poor performance, then dismissal would
be a positive signal about that commitment and, thus, the board’s ability to
provide strong incentives. Conversely, the information that causes the board
to update negatively about the ceo’s ability could be information private to
it; hence, his dismissal causes the market to revise downward its assessment of
the firm’s value (since the initial value was calculated under the belief that the
incumbent ceo was better than any replacement; a belief that has been revealed
to be false).16 A reasonable summary then is that while one cannot rule out
other explanations, one equally cannot claim that learning models are in any
way inconsistent with the data on ceo turnover.

3

Career Concerns

An important way in which assessment affects executives is by influencing their
market value. A successful manager is, all else equal, likely to have greater ability than a less successful one. Correspondingly, her services would be in greater
demand than her less-successful counterpart, which means her compensation
should be greater.
Using the previous section’s setup, this point is readily formalized: suppose
the signal at time t is the executive’s contribution to firm profit (gross of her
compensation). That is, st is the increment to period t’s profit attributable to
the executive. Assume st = α+εt , where, similar to above, the prior distribution
of α is N(b
α0 , 1/τ0 ) and εt is i.i.d. N(0, 1/η). Given this structure, the executive’s
expected contribution to period-t + 1 profit is α
bt , the value of which is given
by (4). If there is a competitive market for the executive’s services and her
contribution to profits the same across firms, then her pay in period t + 1 will
be α
bt . From (4), greater past success—higher average s—means greater pay.
A shortcoming of that simple formulation is it misses the possibility that the
executive, knowing her compensation is tied to her performance, may undertake
16 See Hermalin and Weisbach (1998) for a more detailed discussion of possible stock-market
reactions to dismissals in a learning model.
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activities to influence her perceived performance. As will be seen, those activities
may be to the benefit or detriment of her employer(s).
3.1

Career Concerns: Theory

Fama (1980) made the following argument: given a competitive market for
managerial talent, the more able a manager appears, the greater will be her
compensation.17 Estimated ability is a function of performance, but now suppose, unlike the analysis to this point, performance is also a function of the
manager’s actions as well as her innate ability. If so, then because of their effect
on the market’s inference about her ability and, thus, on her compensation,
the manager has incentives to take actions that will cause her firm to perform
well. Although compelling, Fama’s argument is, as Holmstrom (1999) noted,
incomplete and, in some ways, even incorrect.
Holmstrom formalizes the issues by supposing that time-t performance is
s t = e t + α + εt ,

(13)

where α and εt are as above, with the same statistical properties, and et ∈ R+ is
the executive’s action (effort) in period t.18 Holmstrom assumes the executive’s
utility in period t is wt − c(et ), where wt is her compensation that period and
c : R+ → R+ is a twice differentiable increasing function. To ensure unique
interior maxima, assume that c′ (0) = 0 and c is strictly convex (for future
reference, the latter assumption entails first-order conditions are sufficient as
well as necessary). Consistent with the usual notion of cost, c(0) = 0.
Assume the executive’s action each period is a hidden action; that is, known
to her, but not observable by anyone else. Were it, instead, observable, then
the problem would be of little interest because the parties could contract on her
action directly. Although no one but the executive knows her action in period t,
et , there is a level of effort, ebt , that interested parties (i.e., current and potential
employers) anticipate she will take. This means that the other interested parties
translate performance, st , in period t into a signal of ability by subtracting ebt
from st ; call this constructed signal s̃t and observe
s̃t ≡ st − ebt = α + εt + et − ebt .

17 This is true even if the manager stays with her current employer: to keep her, the current
employer must increase her compensation in response to the outside offers her good performance elicits.
18 Conditional on a linear specification such as (13), the assumption of a uni-dimensional
action is without loss of generality. The alternative, that

st = γ(et ) + α + εt ,
Rn

where γ :
→ R, is effectively equivalent to (13): simply define et = γ(et ). In terms of her
mix of actions, the executive’s choice must minimize her disutility of action, C(et ), subject
to her desired level of γ(et ); hence, the soon-to-be-defined c(et ) can simply be seen as
c(et ) = argmin C(et ) subject to et = γ(et ) .
et
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It follows from (4) and (5) that
α
bt =

τ0 α
b0 + η

Pt

+ εt + et − ebt )
τt−1 α
bt−1 + η(α + εt + et − ebt )
=
. (14)
τ0 + tη
τt−1 + η

i=1 (α

If the executive plays a pure strategy in equilibrium, then, given players correctly anticipate others’ strategies in equilibrium, ebt = et along the equilibrium
path. Of course, part of determining the equilibrium is verifying that, for any
purported equilibrium sequence of actions, {b
et }Tt=1 , anticipated by others, the
executive’s best response is actually to play the matching actions (i.e., so that
et = ebt is, indeed, a best response to what others expect). Given accurate anticipation, observe, from (14), that the executive’s actions don’t actually influence
estimates of her ability.
The expected value of the executive in period t is α
bt−1 + ebt , which is the
expected value of st . Given a competitive market for her services, that will thus
be her compensation at time t. Formally:
wt = α
bt−1 + ebt .

(15)

δEwT + wT −1 − c(eT −1 ) .

(16)

Critically, notice that wt does not depend on the executive’s actual time-t action.
To begin the analysis, assume the executive’s career lasts T periods, T fixed
and commonly known. Assume her discount factor from one period to the next
is δ ∈ (0, 1) (i.e., she values a payoff of u one period hence at δu now).
A consequence of a finite career span is that the game can be solved via
backward induction. Consider period T . The executive’s utility in that terminal
period is wT − c(eT ). The effort that maximizes that expression is clearly 0;
that is, eT = 0. Consequently, in equilibrium, ebT = 0. From (15), wT = α
bT −1 ,
and, as just noted, it is also the executive’s period T utility. Fold back to period
T − 1, the executive’s remaining lifetime expected utility is

To determine the executive’s action in period T − 1, we need to determine EwT
and how it depends on eT −1 . Utilizing (14),
EwT =

τT −2 α
bT −2 + (eT −1 − ebT −1 )η + ηE{α + εT −1 }
τT −2 + η
=α
bT −2 +

η

τT −2 + η

(eT −1 − ebT −1 ) ,

where the second equality follows because the expectation of α after T −2 periods
is α
bT −2 and the expectation of εt is zero for all t. Substituting that value for
EwT back into (16), it follows that the executive’s unique best response is the
solution to the first-order condition
δ

η
τT −2 + η

− c′ (eT −1 ) = 0 .

(17)
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Observe the solution is independent of both the conditional expectation of her
ability, α
bT −2 , and the effort others anticipate, ebT −1 . It follows that, in equilibrium, ebT −1 equals the eT −1 that solves (17); call that latter value e∗T −1 .
Two observations about the results to this point:
1. Welfare is e − c(e); so, the welfare-maximizing effort, efb (fb for first best)
solves 1 − c′ (e) = 0. Clearly, efb > 0, so the executive’s action is less than
first best in the last period of her career. Because δη/(τ +η) < 1, the usual
comparative statics entail that efb > e∗T −1 : the executive’s action is also
less than first best in the penultimate period of her career. Hence, at least
in the twilight of an executive’s career, career concerns are insufficient to
induce optimal actions.
2. From (17), the executive’s private marginal return is δη/(τT −2 + η), which
increases in δ and η, but falls in τT −2 . Consequently, the executive takes
greater action (closer to optimal) the more patient she is and the greater
the precision of the signal; she takes a lesser action (farther from the
optimum) the more precise the current estimate of her ability.
Let Et denote expectation given information at the beginning of period t
(i.e., just after t − 1 periods). The executive’s expected remaining lifetime
utility from period t on is


T
X


Et
δ j−1 wj − c(ej )


j=t

For an arbitrary period t′ > t, the same logic as above yields
E t w t′ =

τt−1 α
bt−1 + η

Pt′ −1
j=t

(ej − ebj + Et {α + εj })

τt−1 + (t′ − t)η

=α
bt−1 +

η

Pt′ −1
j=t

(ej − ebj )

τt−1 + (t′ − t)η

.

It follows, therefore, that at period t < T , when the executive is choosing her
action for that period, her optimization program is equivalent to solving
max −c(et ) + et
et

T
−t
X
j=1

δj

η
≡ max mt et − c(et ) ,
et
τ0 + (t + j − 1)η

(18)

where mt , the sum given in (18), is the executive’s lifetime marginal return to
her effort in period t. The properties of this marginal return are summarized as
follows:
Lemma 2. The executive’s lifetime marginal return to effort in period t (i.e.,
the mt defined in (18)) is (i) decreasing in t; (ii) decreasing in the precision of
the prior estimate of ability, τ0 ; (iii) increasing in the precision of the signal, η;
and (iv) increasing with the discount factor, δ.
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The value of mt determines the executive’s unique pure-strategy best response, e∗t , the solution to the first-order condition mt − c′ (e) = 0. Observe mt is deterministic (it depends on the underlying parameters, not the
realization of random variables). The equilibrium is, thus, characterized by
−1
ebt = et = c′ (mt ).
On the equilibrium path, the executive’s actions are perfectly anticipated.
In a sense, then, they play no role in employers’ (current and potential) estimate
of her ability. One might, therefore, ask why she, then, bothers to take actions
motivated by influencing the market’s beliefs if the market will see through that?
The answer is the market subtracts the actions it anticipates she will take—recall
it does not see what she actually chooses to do—so if she chose not to take those
expected actions, then her performance would be worse and the market would
subtract its anticipation of her action from that worse performance; her inferred
ability would, therefore, be correspondingly low. In other words, she must match
what the market anticipates to avoid being judged harshly by it. The manager
is like the Red Queen in Lewis Carroll’s Through the Looking Glass: she must
run as fast as possible just to stay still.19
The properties of {mt }Tt=1 set forth in Lemma 2 determine the time path
of the executive’s actions and how it varies with the underlying parameters. In
particular, because {mt }Tt=1 is a decreasing sequence, it follows that {e∗t }Tt=1
is likewise a decreasing sequence: the actions (efforts) of the executive decline
over the course of her career. As seen earlier, they ultimately go to zero and, in
the twilight of her career, are below the first best. It is, however, possible that
her actions could be above the first best early in her career: if, for instance,
T = 10, δ = 9/10, and τ0 = η = 1, then m1 ≈ 1.35 > 1—the executive’s private
marginal return to action in period 1 exceeds the social marginal return.
There are two effects driving the decline in career-based incentives over the
executive’s life: first, the closer she gets to the end of her career, the fewer
periods that her current action affects, which reduces the return to that action;
second, as her career progresses she becomes more of a known entity, the weight
attached each period’s performance in assessing her ability decreases over time,
and, thus, the scope for her action to influence assessment also decreases. This
last effect can be seen by observing that
α
bt =

η
τt−1
α
bt−1 +
(et − ebt + α + εt ) .
τt−1 + η
τt−1 + η

The first fraction—the weight on the prior going into period t—increases over
time because τt increases in t, while the second fraction—the weight given current performance—decreases over time for the same reason.
The results in Lemma 2 also entail that the actions of the executive are
greater, ceteris paribus, the more precise the signal and they are less, ceteris
paribus, the more precise is the initial prior estimate, α
b0 . As a summary:
19 Holmstrom (1999) refers to the Red Queen effect as a form of rat racing. Unlike conventional rat-racing models, such as tournaments, the agent in question is not competing with
other agents but rather, in essence, with what the market anticipates.
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Proposition 1. In the career-concerns model of this section, there is a purestrategy subgame-perfect equilibrium in which the executive’s strategy is the se−1
quence of actions {e∗t }Tt=1 where e∗t = c′ (mt ), mt defined by (18). The market
(employers) accurately anticipate the executive’s actions. The executive’s actions decline over time; although they may initially exceed the first-best level,
they ultimately are less than first best and her action is zero in her last period
of work. Ceteris paribus, the executive’s actions are greater the more precise a
signal performance is of her ability and they are less the more precise the initial
estimate of her ability is.
An Infinite Horizon. The model was constructed assuming a known and
finite career length for the executive. Such an assumption is not necessary:
as an alternative, assume the length of her career is unknown, but that there
is a constant probability of it ending for exogenous reasons after each period.
Hence, her career has finite length with probability one. As is well known, the
probability of her surviving to the next period can be incorporated into the
discount factor (i.e., δ reflects both financial and survival discounting). In this
variant of the model, one has
mt =

∞
X
j=1

δj

η
.
τ0 + (t + j − 1)η

It is readily verified that the results stated in Proposition 1 continue to hold.
Note, though, that the diminishing-action-over-time result is due, in an infinite
horizon model, solely to learning; that is, only the second of the two reasons
for a decline in career-based incentives over the executive’s life applies. Finally,
from Lemma 2(iv), the executive’s actions are greater (less) ceteris paribus the
greater (less) is the exogenous rate of survival from one period to the next; that
is, executives who, for exogenous reasons, are more committed to the managerial
labor market can be expected to supply greater action ceteris paribus.
Ability Follows a Stochastic Process. In Holmstrom (1999), an extension
is considered in which executive ability varies over time according to a stochastic
process (a Gaussian random walk). In such an environment, the relevance of
past performance at time t for predicting future performance at t′ diminishes as
the difference t′ − t grows. Consequently, if the executive’s horizon is infinite (as
in the last paragraph), there may be no decline in career-based incentives over
time: recent performance can be sufficiently important to forecasting future performance that career incentives remain high—indeed, they can remain constant
in the limit under some formulations. See Holmstrom (1999) for details.
Contractual Solutions. Although career concerns generate incentives for
the executive, they do not—as seen above—generate optimal incentives for the
executive generically. For the above model, the shareholders could improve
matters—at least late in the executive’s career—by providing financial incentives
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tied to performance. In particular, for the sake of concreteness, suppose that
the executive’s career is two periods in length (i.e., T = 2). It was earlier noted
that her action in period 2 is zero (i.e., e∗2 = 0) and her action in period 1 is
the solution to (17); that is,
η
δ
−c′ (e∗1 ) = 0 .
τ0 + η
| {z }

(17′ )

m1

As noted earlier, her marginal return to her action, m1 , is less than the social
marginal return, 1. Assuming the shareholders can contract on performance,
st , then they increase welfare by offering the executive compensation tied to
that performance. For instance, in the second period, a contract that paid the
executive s2 would induce first-best action. The executive would capture all of
her contribution to profit, but this is consistent with the underlying presumption that there is a perfectly competitive market for her services. Given such
an incentive contract, the market no longer cares about her perceived ability.
Hence, in the first period, the executive would have no career concerns. Similar
logic dictates, therefore, that she would be offered a contract in the first period
in which her compensation equals her contribution to profit, s1 .
The last paragraph does not invalidate career concerns. First, the ability
of incentive contracts to deliver the first-best outcome depends on the executive’s being willing to absorb all the risk associated with those contracts and,
moreover, a means of compelling her to pay her employer when st < 0. Absent
such assumptions, incentive contracts are typically incapable of delivering the
first best.20 Moreover, when the executive’s compensation is not 100% of her
contribution to profit, then contracts offered her in the future can depend on
her past performance, which reintroduces career concerns. Second, it could be
less than straightforward to write a contract directly contingent on the signal.
This could be because the signal, although observed by the market, is not readily measurable in a verifiable way.21 This would be true if only market experts
(but not judges, juries, or others who would enforce a formal contract) can infer ability from signals (by way of analogy, presumably scouts for professional
sports teams can assess ability in ways that non-experts cannot).22 Third, the
signal could be unobservable to the market and accordingly unverifiable. If,
20 See Holmstrom (1979) and Grossman and Hart (1983) for what goes wrong when the
executive (agent) is risk averse and Sappington (1983) for what goes wrong when the executive
cannot be made to pay her employer.
21 It is worth noting, however, that the observable-vs.-verifiable distinction is not without
controversy; see Hermalin et al. (2007, especially §4) for a discussion of the issues and a survey
of the relevant literature. In particular, as Hermalin and Katz (1991) and Maskin and Tirole
(1999) show, it is often possible to write contracts in such a way that it is as if they were
contingent on observable but unverifiable signals.
22 A possible counter argument is that these very experts could be hired to testify should
contractual disputes arise. On the other hand, experts hired for an adversarial process could
easily fail to provide accurate or unbiased reports (ironically, there is a literature on the
career—reputational—concerns of experts; see Wolinsky, 1993, and subsequent work).
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however, the board and ceo can observe it and the ceo’s compensation is set
according to a bargaining game in which the ceo has some bargaining power
(e.g., as in Hermalin and Weisbach, 1998), then the logic of career concerns
would still apply.23
3.2

Career Concerns: Empirics

Although corporate governance was the impetus for the initial career-concerns
literature (Fama, 1980, and Holmstrom, 1999), the subject is much more general: inside of almost any organization the possibility of advancement is what
motivates most employees. Standard advice given to young professionals (and
others) is that they are always being evaluated, so they should always seek
to make a good impression on everyone they meet. Regardless of any explicit
pay-for-performance incentives facing employees, they nonetheless wish to persuade others they are high ability. Doing a good job will enhance one’s career
prospects, and consequently, regardless of any explicit incentive plans, career
concerns will provide a reason for employees to do a good job.
Such career-based incentives are crucial to the functioning of most organizations. Unfortunately, they are particularly difficult to measure directly.
Consider the marginal return to effort, mt , defined by (18) above. To know it
precisely, one would need to know the relevant discount factor, δ; the date at
which the employee’s career ends, T ; the variance of ability, 1/τ0 ; and the variance of the random shocks to the performance measure, 1/η. Moreover, even
if mt can be estimated, there is no way to measure effort. All of this renders
any direct empirical test of career-concern models impossible. Instead, one is
obliged to consider secondary hypotheses of the model and test them.
One such secondary hypothesis is that fixed components of compensation today, such as salary, should be positively correlated with past performance. Under standard (i.e., hidden-action) agency theory, there should be no reason for
a salary that is determined today to depend on previous performance.24 In contrast, under a career-concerns model, present compensation should be strongly
determined by past performance. Early work exploring that possibility—specifically, Murphy (1986) (but see also Murphy, 1985, and Jensen and Murphy,
1990)—finds evidence of such intertemporal links between performance and
compensation. The rest of this section considers other empirical tests.
3.2.1

Evidence from Intertemporal Pattern of Incentives

The career-concerns model’s intertemporal implications provide one way to test
it; in particular, observe that the incentives due to career concerns diminish over
23 Note if the game were one of infinite time, then reputational contracting might serve to
replicate formal incentive contracting; see Levin (2003).
24 To be precise, this assumes that compensation is determined by formal rather than relational contracting (i.e., this is not a repeated game in which salary today is determined by an
implicit promise relating past performance to current salary). It also assumes that there are
no wealth effects, due to past contingent pay, that might affect the optimal contract today.

Career Concerns

21

the course of an executive’s career. As noted earlier, there are two reasons for
this: first, as the executive becomes a known entity, less is inferred from any one
period’s performance; and, second, the closer she is to retirement, the less time
she has to capitalize on her reputation. To offset declining incentives, Gibbons
and Murphy (1992) predict that firms will offer those ceos close to retirement
greater direct incentives (i.e., performance-contingent pay) than those many
years from retirement. Using ceo compensation data drawn from a sample of
large us corporations, Gibbons and Murphy test this prediction, finding that
the sensitivity of salary and bonus to performance is indeed significantly greater
for ceos at the end of their careers than for ceos in the midst of them.
Dechow and Sloan (1991) find results complementary to those: to wit, executives at the end of their career are less inclined to make r&d investments than
those earlier in their careers. The explanation offered by Dechow and Sloan
is that compensation tied to short-run performance measures create perverse
incentives for executives to underinvest in projects with long-term payoffs when
the executives won’t be around to collect any reward from those payoffs later.25
Put slightly differently, consider a positive net-present-value (npv) project that
requires an upfront cost today. An executive at the end of her career has little
incentive to pursue such a project if her compensation today is a function of
today’s profits. But if she has a longer horizon, then she knows tomorrow’s
pay, which is based on tomorrow’s greater profits due to today’s investment,
will reward her investing. Notice, however, that a career-concerns model would
yield a similar pattern: if effort et−2 boosts later signal st−1 , which affects today’s compensation wt , then an executive whose career will last to t will wish
to expend effort; whereas one whose career ends at t − 1 will not.
There are undoubtedly additional factors affecting the intertemporal pattern
of incentives. For instance, a successful executive tends to gain power vis-à-vis
her board of directors, allowing her to capture greater compensation,26 which
provides an alternative (or at least complementary) explanation for the pattern
Gibbons and Murphy find. In addition, most performance-based ceo firings
occur in the first few years of a ceo’s tenure (Allgood and Farrell, 2003). To
induce ceos to accept the risk inherent in such “probation,” boards may need
to make implicit promises to reward survivors adequately later in their careers.
3.2.2

Estimating Learning about CEOs of Public Corporations

Murphy (1986) addresses the question of which is more empirically relevant:
assessing and rewarding ceo ability (the value he adds) or providing him incentives? To do so, he presents both learning and incentive-based models of ceo
compensation. The learning and incentive-based models share a number of predictions, but differ in what they predict about how the variance of earnings and
the pay-performance relation will vary with experience. Murphy finds empirical
25 Some of the models in Section 4 also speak to this finding; see further discussion of Dechow
and Sloan (1991) in this context in Section 4.3.
26 In

this regard, see both Hermalin and Weisbach (1998) and our discussion of it infra.
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evidence that the relation between a ceo’s pay and his performance is strongest
early in his tenure. This finding is consistent with the learning model, but not
a standard incentive-based one. Early in his career, performance is more informative about ability given that the prior on ability is more diffuse. Therefore,
if pay reflects expected ability, it should vary more with performance early in a
ceo’s tenure, when a given level of performance will lead to larger updates of
assessed ability. Consequently, Murphy concludes that assessing and rewarding
managerial ability is the primary factor in setting ceo pay.
Boschen and Smith (1995) examine the long-term effect of firm performance
on ceo pay. They find that contemporaneous firm performance affects a ceo’s
income not only today, but in the future. Their estimates indicate that a positive shock to performance raises ceo pay for the following four to five years.
Boschen and Smith summarize their findings as “the cumulative response of
pay to performance is roughly 10 times that of the contemporaneous response”
(p. 577). Although dynamic agency models can yield the prediction that pay today is dependent on performance yesterday (see, e.g., Rogerson, 1985), Boschen
and Smith interpret their results as not providing support for such models (see
discussion on pages 599–600). Rather, they interpret their results as being more
consistent with the career-concerns model. In particular, their finding that the
effect of a positive performance shock on compensation eventually fades is consistent with a learning model (consider, e.g., expression (14) above).
Taylor (2013) estimates a structural model of learning about ceo ability. His
goal is to evaluate the extent to which ceos are able to capture rents from this
process, as suggested by Bebchuk and Fried (2004). Taylor’s model is based
on the idea that a ceo and board can enter into an implicit or reputational
contract that permits the board to partially insure the ceo against the income
risk that assessment imposes on him. His estimates suggest that 50% of any
increase in firm value due to favorable news about the ceo is captured by
the ceo, whereas the ceo enjoys nearly complete insurance against downward
risk. His analysis shows how one might estimate the underlying parameters of
a learning model, and use these estimates to evaluate an important question
about corporate governance.
3.2.3

Evidence from the Money Management Industry

One industry for which it is possible to measure market-based incentives is the
money-management industry. Berk and Green (2004) argue that the market’s
assessment of a money manager’s ability will be reflected by the inflows to her
or his fund. To wit, when a fund performs well, the market’s assessment of its
manager increases and investors correspondingly invest more (presumably, until
the perceived abnormal return to managerial skill disappears).
This idea lends itself to empirical analysis. Because the fee structures of
most funds are observable and one can estimate the extent to which future inflows respond to current performance, it is possible to calculate the expected fees
from incremental flows given a specified performance level. These incremental
fees represent the return for having a better managerial reputation insofar as
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Table 1: The ratio of indirect to direct incentives and Jensen-Murphy b for different
types of funds.27
Private Equity

Hedge Funds

Panel A: Averages
0.63
0.29

Indirect/Direct
Jensen-Murphy b

3.03
0.66

Panel B: By Sequence or Age

Indirect/Direct
Jensen-Murphy b

Current Fund Sequence
2
3
0.47
0.32
0.26
0.23

Fund Age (years)
0
3
5.51
3.33
0.67
0.62

Panel C: By Scalability

Indirect/Direct
Jensen-Murphy b

Buyout
1.24
0.43

Venture
0.48
0.24

Not Capacity
Constrained
3.23
0.68

Capacity
Constrained
2.53
0.60

they reflect the positively updated estimate of the manager’s ability. Through
this process, one can, therefore, estimate the managers’ indirect, market-based,
incentives. These incentives are undoubtedly economically important given investors responsiveness to their assessments of managerial ability and the close
connection between size of fund and managerial compensation.
Chung et al. (2012) and Lim et al. (2016) perform this exercise for private
equity funds and hedge funds, respectively. In each case, the authors estimate
the sensitivity of inflows to performance, and calculate the present value of the
expected fees that occur with an incremental return. Both private equity and
hedge funds have relatively large direct-incentive compensation: 20% profitsharing plus the additional incentives that derive from management ownership.
These papers use this large direct incentive compensation as a benchmark, and
also calculate the “indirect Jensen-Murphy b,” the amount managers receive in
future income for each additional dollar returned to investors, not including the
return on the managers’ own investments in the fund (see Jensen and Murphy,
1990).
Table 1 shows that indirect incentives are large even relative to the significant
direct incentive compensation in this industry, and that they are a substantial
fraction of money returned to investors. For a typical private equity fund, Chung
et al. (2012) find that indirect incentives are 63% as large as direct incentives,
while Lim et al. (2016) find, for a typical hedge fund, that they are about three
times as large.
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Moreover, both papers find that the cross-sectional and time-series patterns
of indirect incentives are consistent with the assessment framework. In keeping with the theory’s underlying logic, which predicts that assessment effects
diminish over a career, indirect incentives are much higher for younger partners
than for older ones for both private-equity and hedge funds (see Table 1). The
greater uncertainty about younger partnerships’ abilities means the market’s
updating about their abilities is more sensitive to performance, hence so too are
investment inflows and, thus, future fees.
In addition, fixing ability, funds that rely on scalable strategies should be
better able than other funds to utilize fresh investments profitably. Hence,
inflows will be greater for scalable-strategy funds following good performance,
ceteris paribus. The market-based incentives for managers of scalable-strategy
funds are, correspondingly, stronger. Consistent with this prediction, Chung
et al. (2012) find that more scalable buyout funds are associated with higher
indirect incentives than less scalable funds. Lim et al. (2016) find a similar
result for hedge funds: more scalable strategies have higher indirect incentives
than funds with less scalable strategies ceteris paribus.

4

Signal Jamming: Project Choice and Managerial Myopia

In Holmstrom (1999), the executive undertakes an action in hopes of influencing
the market’s perception of his ability. As such, the model is among the first
examples of a more general economic phenomenon in which an actor has an
incentive to influence, through her action, what others infer from public signals.
This phenomenon has come to be called signal jamming.28 As its somewhat
pejorative name suggests, signal jamming can have negative consequences; in
this section, we consider the darker side of signal jamming.
4.1

Project Choice

Holmstrom (1999) also considers the following model: in each of two periods, the
executive chooses a single project pt from a set of possible projects Pt , where
t again indexes periods. The return, R, to the chosen project is stochastic,
distributed normally with a mean of α+βp +ε, where α, drawn from N(b
α0 , 1/τ0 ),
again denotes the executive’s ability; βp is the project-specific expected benefit
gross of ability; and ε ∼ N(0, 1/ηp ), where ηp , the precision, is project specific.
27 Jensen-Murphy b (the number in italics) is the present value of the change in managers’
income per dollar returned to investors (other than the managers, in the case of private
equity). See Jensen and Murphy (1990) for details. The lefthand columns are from Chung et
al. (2012), the righthand from Lim et al. (2016). For details on the private equity numbers, see
Tables 5 and 6 of Chung et al. For private equity, the maximum number of potential future
funds the general manager (gp) could run is three. For details on the hedge fund numbers,
see Tables 4–6 in Lim et al.
28 Fudenberg and Tirole (1986) appear to have introduced the term “signal jamming” into
economics for the purpose of describing this phenomenon.
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It is assumed that the executive and all would-be employers are symmetrically informed about all payoff-relevant variables at the start of the executive’s
career. In particular, as in the earlier model, the executive initially has no better knowledge of his ability than the market. The sets P1 and P2 are common
knowledge, as are the parameters, (βp , ηp ), associated with each p ∈ P1 and P2 .
Assume, other than their potential consequences for future compensation—
to be detailed shortly—the executive has no inherent preferences over projects.
As before, there is a competitive market for the executive’s services. Consider the second period: because there are no career concerns in the last period,
there is no reason for the executive not to choose the project in P2 with the
greatest expected return, β ∗ . Competition for the executive’s services means his
second-period compensation is bid up to expected second-period return, β ∗ + α
b1 .
Because the ensuing analysis does not depend on the value of β ∗ , we are free to
set it to zero for convenience; so, second-period compensation is just α
b1 .
Given the project, p, observers anticipate (or perhaps observe) the executive
to take, the realized return from the first-period project, R1 , is equivalent to
the signal s1 = R1 − βp . Building on previous analysis (in particular (4) and (5)
above), it follows that the posterior distribution of ability is normal with mean
α
b1 =

τ0 α
b0 + ηp (R1 − βp )
τ0 + η p

(19)

and precision τ0 + ηp . In what follows, we also need to know the ex ante distribution of α
b1 (i.e., before the realization of R1 ). Following an analysis similar
to that underlying (7) above, s1 is the sum of two normal random variables, α
and ε1 . As such, it too is distributed normally, with a mean equal to the sum
of their means (i.e., α
b0 ) and a variance equal to the sum of their variances:
1
1
τ0 + η p
+
=
= Var(s1 ) .
τ0
ηp
τ0 η p

(20)

Viewed from an ex ante perspective, α
b1 is an affine transformation of the random
variable s1 ; hence, it is distributed normally with a mean of
E
and a variance of


τ0 α
b0 + ηp Es1
τ0 α
b 0 + ηp s1
=
=α
b0
τ0 + η p
τ0 + η p

ηp
τ0 + η p

2

× Var(s1 ) =

ηp
.
(τ0 + ηp )τ0

(21)

Unlike the first Holmstrom (1999) model, assume now that the executive is
risk averse: his utility in period t is u(yt ), where yt is his period-t compensation
and u : R → R is strictly increasing and strictly concave. Assuming, as we do,
that the executive’s only motivation is his expected utility from his market compensation in period 2, the executive’s choice of first-period project maximizes
Eu(b
α1 ). In thinking about his choice, note that a payoff distributed N(µ, σa2 )

Signal Jamming: Project Choice and Managerial Myopia

26

dominates one distributed N(µ, σb2 ) in the sense of second-order stochastic dominance if σb > σa ;29 that is, fixing the mean, a risk-averse decision maker prefers
a draw from a normal distribution with a lower variance than from one with a
higher variance. Because of his risk aversion, both the mean and variance of α
b1
matter to him and will, thus, affect his choice of project.
As a first pass, consider a variant of Holmstrom (1999) due to Hermalin
(1993): assume the market observes the executive’s choice of first-period project;
that is, it knows βp and ηp .30 There is thus no scope for the executive to try
to fool the market by choosing a project with a higher project-specific expected
benefit than it anticipates. Consequently, the executive cares solely about the
risk attributes of the project he chooses. In particular, he wishes to choose
among the available projects the one that minimizes (21). It is readily seen
that (21) is an increasing function of ηp , which means the executive prefers the
project with the least precision, equivalently greatest variance. To summarize:
Proposition 2. When the market can observe the mean and variance of the
project chosen by the executive, the executive will wish to choose the noisiest
(highest variance) project ceteris paribus.
It might at first seem counter-intuitive that a risk-averse executive with
career concerns would choose the highest-variance project. The rationale behind
this result is that the noisier the signal, the less weight observers assign it in
updating their beliefs about the executive. The less weight assigned the signal,
the more assigned the prior, which is non-stochastic. Because the expected
posterior is always the same, α
b0 , assigning weight to the signal is simply adding
risk. Admittedly, the risk is also a function of how noisy the signal is; that
is, were the weight assigned the signal invariant, then the executive would like
less noisy signals. What (21) shows is that the less-weight effect dominates the
greater per se noise effect.
Because, as Proposition 2 concludes, the executive cares only about about
how risky projects are, there is no reason to expect him to choose a project with a
high project-specific expected benefit. In other words, an agency problem arises
whenever P1 contains projects p and p′ such that βp > βp′ and ηp > ηp′ : the
first-period employer would prefer the executive choose the former project, but
the executive prefers the latter.
In the original Holmstrom (1999) model, it is assumed that the market
cannot observe the project chosen (equivalently, does not directly observe its
29 See
30 A

Lemma A.2 in the appendix

subtlety is why doesn’t the executive’s first-period employer write a contract fixing
project choice if it’s observable? One possibility is that although observers can determine the
βp and ηp of a chosen project, it is not feasible to specify projects with sufficient clarity to
serve as contractual contingency (in this regard, see also footnote 21 supra and connected
discussion). Alternatively, as will be seen, nothing in Hermalin’s analysis requires that the set
P1 be known ex ante; hence, it could be infeasible to contract on a specific project or even
parameters (βp , ηp ) because whether such project or parameters exist is unknown and no one
might know which projects the executive chose not to pursue (so, e.g., a contract calling for
him to choose the project with the greatest βp in P1 is infeasible).
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characteristics, (βp , ηp )). Let p̂ ∈ P1 denote the project the market anticipates
the executive will take and p the project he actually chooses (of course, in equilibrium, they must be the same). In terms of the analysis above, replace the ps
in expression (19) with p̂s; hence,
Eb
α1 = α
b0 +

ηp̂
(βp − βp̂ ) .
τ0 + ηp̂

(22)

The variance of s1 depends on the project actually chosen; so Var(s1 ) remains
as defined in (20). The equivalent of expression (21), the variance of α
b1 , is


ηp̂
τ0 + ηp̂

2

× Var(s1 ) =



ηp̂
τ0 + ηp̂

2

(τ0 + ηp )
.
τ0 η p

(23)

If project-specific expected return were the same for all projects, then the
executive would care about the noisiness of the projects only; that is, he would
choose the project that minimized (23). It is readily seen that corresponds to
the project with the greatest precision (smallest variance). This is opposite to
the conclusion reached in Proposition 2: when observers don’t directly observe
the parameters of the chosen project, the executive cannot affect the weight
they assign to the signal versus the prior and, thus, the only relevant effect is
the noise of the signal itself. To summarize:
Proposition 3. When the market cannot observe the variance of the project
chosen by the executive and all projects have the same project-specific expected
return (i.e., βp a constant for p ∈ P1 ), the executive will wish to choose the least
noisy (lowest variance) project ceteris paribus.
If project-specific expected return is the same across projects, then the executive’s risk preferences don’t matter to his employer. But if those returns aren’t
the same, then an agency problem can arise: the executive’s concern about risk
can lead him to choose a project other than the one that maximizes βp . To
illustrate this possibility, suppose it is common knowledge that the executive’s
utility function exhibits constant absolute risk aversion (is cara), with known
coefficient of absolute risk aversion ζ. It follows that his choice of project will
maximize31

2
1
ηp̂
1
ηp̂
(τ0 + ηp )
Eb
α1 − ζ Var(b
α1 ) = α
b0 +
(βp − βp̂ ) − ζ
. (24)
2
τ0 + ηp̂
2
τ0 + ηp̂
τ0 η p
31 Expression (24) is derived as follows: the assumption that utility is cara entails that
u(y) = K − exp(−ζy), where K is an irrelevant constant. It follows that E{u(y)} is K less
the moment-generating function (with auxiliary variable −ζ). For a N(µ, σ 2 ) random variate
the moment-generating function with auxiliary variable q is exp(qµ + q 2 σ 2 /2); hence,


1
E{u(y)} = K − exp −ζµ + ζ 2 σ 2 .
2

Optimization programs are invariant with respect to positive monotonic transformations (here,
the transformation is − log K − E{u(y)} /ζ.
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Suppose, to slightly abuse notation, that

P1 = (β, η) ∈ R2+ η ≥ η̄ − β and 0 ≤ β ≤ β̄ ,

28

(25)

where β̄ and η̄ are constants such that
η̄ 2 + τ0 η̄ >

ζ
> (η̄ − β̄)2 + τ0 (η̄ − β̄) > 0 .
2

(26)

Given Proposition 3, the only relevant portion of P1 is the frontier

(β, η) ∈ R2+ η = η̄ − β and 0 ≤ β ≤ β̄ .

Observe the frontier displays a risk-return tradeoff—on the frontier the greater
the project-specific expected return, the greater the variance (the noisier) is the
return. Maximizing (24) is, thus, equivalent to solving
1
ηp̂ (τ0 + η̄ − β)
max β − ζ
.
2 τ0 + ηp̂ (η̄ − β)τ0

β∈[0,β̄]

Standard methods reveal the solution is32
s
β ∗ = η̄ −

ζηp̂
.
2(τ0 + ηp̂ )

(27)

In equilibrium, the market must correctly anticipate the executive’s choice.
Noting that the frontier can be reëxpressed as β = η̄ − η, the condition for
equilibrium then follows from (27):
s
ζη
.
η=
2(τ0 + η)
The solution is
ηe =

1
2



−τ0 +

q

τ02 + 2ζ



.

Given (26), it is readily shown that ηe is in bounds (i.e., ηe ∈ (η̄ − β̄, η̄)).
Straightforward calculations reveal that ηe increases in ζ and decreases in τ0 .
In words, the more risk averse the executive, the lower the variance (and hence
expected return) of the equilibrium project; and the greater the precision of
the prior estimate of his ability, the greater the variance (and hence expected
return) of the equilibrium project. To summarize:
Proposition 4. Suppose the market cannot observe the executive’s choice of
project. Assume the executive has a cara utility function and the set of possible
projects is described by expressions (25) and (26). Then the executive does not
32 Because η ∈ [η̄ − β̄, η̄], it is readily shown that β ∗ ∈ (0, β̄); that is, it is an inbounds
p̂
interior solution. Second-order conditions are readily verified.
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choose the project with the highest project-specific expected return (i.e., he does
not choose β̄) in equilibrium. Furthermore, the expected return of the project he
does choose is greater in equilibrium the less risk averse he is or the greater is
the precision of the prior estimate of his ability. Correspondingly, the variance
of returns from the chosen project is greater in equilibrium the less risk averse
is the executive or the greater is the precision of the prior estimate of his ability.
Intuitively, the less risk averse is the executive (the lower is ζ), the more willing
he is accept greater risk for a higher expected wage. Although still a victim
of the Red Queen effect, the cost to the executive of reducing β below the
anticipated level to reduce risk is that he reduces his expected wage; as noted,
he is less willing to do this the less risk averse he is, which means the equilibrium
β will be greater. The greater the precision with which the prior is estimated,
the less weight is placed on actual performance when assessing the executive’s
ability. Hence, the riskiness of the project matters less, which means he is more
willing to accept risk in hopes of inducing a higher assessment of his ability.
Again, the Red Queen effect means he fools no one in equilibrium, but because
of the greater temptation, the equilibrium β will be greater.
Summary. The analysis presented in this section shows that career concerns
can generate an agency problem:33 the executive (agent) is induced to care
about the riskiness of the projects, something that is directly immaterial to
the shareholders (principal). Were there no career concerns (e.g., the executive
lived just one period), then the agency problem would disappear: the executive
would have no reason not to choose the project with the greatest project-specific
expected return. Ironically, the agency problem could be worse when the executive’s choice of project is observable: he then places no weight on expected
return, caring only about risk (preferring the riskiest project).34 When the parameters of projects are unobservable to the market, then the Red Queen effect
(signal jamming) causes the executive to care somewhat about the expected
return of the project he chooses. Nonetheless the agency problem remains and
is worse the more risk averse is the executive or the more uncertainty there is
about him (the lower the precision of the prior estimate of ability).
4.1.1

When No Project May be Available

Implicit in the analysis to this point is that the executive must choose a project—
he cannot claim there is no project to pursue. Suppose, instead, it is plausible
for him to make such a claim; that is, it is uncertain what P1 may be and there
is positive probability it is the empty set (i.e., that P1 = ∅).
Given the above framework, if no project is a plausible claim, then absent
any other incentive, the executive will always claim no project existed: if there
33 Section
34 Of

2.2.2 of Stein (2003) offers a survey of agency problems caused by career concerns.

course, no agency problem would exist if P1 is defined by (25) and (26), because the
riskiest project would then be the one with the greatest expected return.
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is no project, there is no updating beliefs about his ability and his next-period
compensation will be α
b0 with certainty; whereas, no matter what project he
pursues (and regardless of the observability or not of its parameters), his nextperiod compensation will be a random variable with expectation α
b0 . Given
his risk aversion, he strictly prefers a sure thing that has a payoff equal to the
expectation of a random variable. To summarize:
Proposition 5. If the career-concerns model set forth above is extended to make
it plausible for the executive to claim no project is available (or to claim all
available projects are inferior to not undertaking a project), then the executive
never undertakes a project in the first period.35
Proposition 5 indicates that a career concerns can lead to a form of paralysis:
to avoid the risk of being seen as bad (i.e., to have an updated assessment of
ability less than α
b0 ), the executive pursues no innovations.
This result, though, is somewhat hard to reconcile with the celebration of
innovative executives such as Steve Jobs. Reconciliation can be achieved if
one views managerial ability as referring to an ability to discern good from
bad projects rather than, as has so far been considered, an ability to execute
projects successfully. To this end, consider the following model: in each of the
two periods the manager will have a choice among three projects indexed by 1,
2, or ∅. Project p∅ is equivalent to choosing no project. In each period, one of
the projects in {p1 , p2 } is good (g) and one is bad (b). The prior probability
that a given project is good is 1/2; that is, Pr{p1 = g, p2 = b} = Pr{p1 = b, p2 =
g} = 1/2. These probabilities are independent between periods. A bad project
pays −2 with certainty, a good project +1 with certainty. The project p∅ pays 0
with certainty. Observe, therefore, that choosing a project p1 or p2 at random
has a lower expected payoff, −1/2, than choosing project p∅ . An executive can
be able or unable. An able executive acquires a signal s ∈ {1, 2} such that
Pr{ps = g|s} = Pr{p3−s = b|s} = q >

2
3

and Pr{ps = b|s} = Pr{p3−s = g|s} = 1 − q <

1
.
3

An unable executive acquires no signal. Whether an executive acquires a signal
is her private information. An able executive is able in both periods; that is,
an executive who acquires a signal in period 1 knows she will acquire one in
period 2. Similarly, an unable executive is unable in both periods: upon not
35 A slight caution: although the analysis leading to the proposition is complete if the market
observes the mean and precision of any project taken (i.e., as in Hermalin, 1993), it is a bit
loose if the market cannot observe those parameters. In that case, there is the question
of how observers form their beliefs about the parameters of any project the executive may
have undertaken, especially if actually pursuing a project is an out-of-equilibrium act. Even
accounting for those issues, it can be shown there is no equilibrium in which the executive
pursues a project when he can plausibly claim one does not exist. See Holmstrom and Ricart i
Costa (1986) for details.
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acquiring a signal in period 1, she knows she won’t acquire one in period 2. Let
f0 ∈ (0, 1) be the commonly held prior probability that an executive is able.
Because
1 × q − 2 × (1 − q) = 3q − 2 > 0 ,
shareholders would like an able executive to act on her signal (i.e., choose project
ps if she observes signal s). Because
1×

1
1
1
− 2 × = − < 0,
2
2
2

shareholders would like an unable executive to choose project p∅ . Absent career
concerns—notably in the second period—there is no reason for the executive
not to accede to those preferences. Hence, the executive’s second-period market
value if known to be able is 3q − 2 and it’s 0 if known to be unable.
Now consider the overall model. There are two equilibria. In one, shareholders believe that executives won’t execute a project in the first period (equivalently, choose p∅ ) and that any executive who does attempt a project in {p1 , p2 }
is unable. Given such beliefs, both executive types will choose p∅ in the first
period: deviating means a second-period wage of 0 (since now seen as unable),
whereas choosing p∅ means a second-period wage of (3q − 2)f0 , the one-period
expected value of an executive of unknown ability. Beliefs are consistent with
behavior, so this is indeed an equilibrium.
In the other equilibrium, shareholders believe that both types will execute
a project (i.e., choose a p ∈ {p1 , p2 }) and that an executive who does not
is unable. Based on project outcome, shareholders update their beliefs about
executive ability:
Pr{able|g} =

qf0
≡ f1 (g) and
qf0 + 12 (1 − f0 )
Pr{able|b} =

(1 − q)f0
≡ f1 (b) .
(1 − q)f0 + 12 (1 − f0 )

An executive’s future compensation based on outcome o is therefore (3q − 2)
×f1 (o) > 0; hence, both types do better to pursue a project than not. Beliefs
are consistent with behavior, so this is, thus, also an equilibrium.
For this “toy” model, standard refinements (e.g., Cho and Kreps, 1987)
cannot be invoked to choose between these equilibria. One could, however,
construct a richer model along these lines for which the second equilibrium
would be selected. Consequently, we focus on the second equilibrium going
forward. Because f1 (g) > f1 (b), an executive who had a successful project in
the first period will command greater compensation in the second than one who
had an unsuccessful project. As such, the model is consistent with the idea
that successful innovators are rewarded. It also yields an equilibrium in which
executives are under pressure to pursue a project and will, in fact, do so even if
that is contrary to what fully informed shareholders would want.
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The structure of this model, in particular the shareholders’ ability to discern
whether or not a project was pursued, suggests that shareholders would do
better to make first-period compensation contingent on choosing a project or
not; or even the outcome of a first-period project. For instance, if
1
(3q − 2)f0 − (1 − f0 ) < 0 ,
2
then the shareholders would do better to force no project in the first period by
imposing a sufficiently large fine on any executive who pursues a first-period
project than to let the second equilibrium play out. The shareholders can,
though, do better than that: let w2 = 3q − 2 denote the second-period compensation of an executive believed to be able and consider a first-period compensation contract hwg , wb , w∅ i, where wo is compensation if the executive chooses
a project with outcome o and w∅ is her compensation if she doesn’t choose a
project. The objective is to have an equilibrium in which an executive pursues a project in the first period if and only if she learns she is able. Recalling
that the executive doesn’t know her ability prior to employment, her expected
compensation—assuming she pursues a project only if she proves able—is

qwg + (1 − q)wb f0 + w∅ (1 − f0 ) .
(28)
Because, recall, there is a competitive market for managerial talent, (28) must
equal the expected revenue generated by the executive, which is (3q − 2)f0
(= w2 f0 ). If it is an equilibrium for only able executives to pursue projects,
then market beliefs following a first-period project must be that the executive
is able if she pursues a project regardless of its success or failure. So if an able
executive pursues a project, her expected lifetime compensation is
w2 + qwg + (1 − q)wb .

(29)

If an unable executive pursues a project, her expected lifetime compensation is
1
1
w2 + wg + wb .
2
2

(30)

Regardless of ability, an executive who doesn’t pursue a project has a lifetime
utility of w∅ . For the contract to induce the correct behavior, (29) cannot be
less than w∅ and (30) cannot be greater than w∅ . A necessary condition for
those two incentive constraints to be satisfied is that


1
1
1
qwg + (1 − q)wb ≥ wg + wb ⇐⇒ q −
(wg − wb ) ≥ 0 ,
2
2
2
from which it follows that a necessary condition is wg ≥ wb (recall q > 1/2). In
words, the executive’s compensation if she chooses a project must be contingent
on its success—with greater compensation due her for success—even though,
conditional on choosing a project, nothing she does affects whether the project
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is successful (i.e., there is no effort that needs to be induced). As an example,
were the shareholders to offer the contract
w∅ = 0 ; wb = −w2

3 − 2q
1 + 2q
; and wg = w2
,
2q − 1
2q − 1

(31)

then this would satisfy the relevant constraints and induce a first-period project
to be pursued if and only if the executive discovered herself able.
Summary. Although a “toy” model, the preceding illustrates the following
possibilities in a setting in which the dimension of managerial ability about
which the market is uncertain is the ability to distinguish good from bad projects
and shareholders (boards) can write contingent contracts: (i) project failure is
directly punished and project success directly rewarded (i.e., from (31), wg >
w∅ > wb ) even though, conditional on choosing a project, the executive has no
effect on its success or failure; and (ii) innovative (project-choosing) executives
are rewarded by the market later in their careers relative to non-innovative
executives even if their first-period innovation (project) fails (i.e., w2 > 0).
Bibliographic Note. Holmstrom and Ricart i Costa (1986) and Hermalin
(1993) also consider contractual solutions to the issue of inducing executives
to pursue projects, but in a context in which ability pertains, as earlier, to the
payoff from the project; that is, project payoff is α +β +ε. The need to compensate the executive for career risk affects what types of projects the shareholders
seek to induce and the contracts they offer. For instance, in Hermalin, under
mild assumptions, the shareholders will choose to induce a first-period project
that has a lower mean return than the project with the maximum mean return,
but is riskier than that project. Holmstrom and Ricart i Costa show that the
tradeoffs faced by the shareholders can, in some circumstances, explain credit
rationing within the firm.
4.2

Managerial Myopia

In the 1980s, American industry was criticized for “short-termism,” a focus on
the next quarter rather than the long run. From the perspective of traditional
finance theory, such criticism is puzzling: if, as the theory of efficient markets
dictates, the stock price is an accurate reflection of the present value of the firm
and if, as those alleging myopia claimed, managers are focused on the stock
price, then it is hard to see how there could be scope for costly myopia: if
short-termism adversely affected a firm’s long-term interests, then this would
depress the stock price, an outcome at odds with what myopic managers were
supposedly seeking to achieve.
As Narayanan (1985) and Stein (1988, 1989) observed, signal jamming provides a means of reconciling this apparent contradiction. To illustrate the basic
idea, consider the following simplified version of Stein (1989): a debt-free firm
exists for two periods; at the end of the second, it is liquidated and pays out
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Period 1
Executive
chooses
ξ ∈ R+

“Nature”
draws
ability α ∼
N(0, 1/τ )

34

Period 2

Stock
trades

Signal s =
α+ξ +ε
observed

Firm
liquidated
and pays out
α − C(ξ)

Figure 1: Timing for Simple Version of Stein (1989) Model

α−C(ξ) to the shareholders, where α is the ability of the executive, ξ is a signaljamming action to be described shortly, and C(ξ) is the cost of that action to
the firm.36 Assume α ∼ N(0, 1/τ ).37 The first period ends with a public signal
s = α + ξ + ε being observed, where ε ∼ N(0, 1/η). Immediately thereafter (i.e.,
at the beginning of the second period), the firm’s stock trades. Assume this
is the only point at which trade occurs. At the beginning of the first period,
the executive chooses ξ ∈ R+ . To keep matters straightforward, we will ignore
financial discounting between periods. Figure 1 illustrates the timing.
The action ξ should be interpreted as one that appears to boost first-period
accounting measures, but at the long-term expense of the firm (e.g., borrowing
at a disadvantageous interest rate, extending trade credit in a disadvantageous
manner, etc.). That long-term expense is C(ξ). Assume that that C(·) is twice
differentiable, C ′′ (ξ) > 0 for all ξ ∈ R+ , and that C(0) = C ′ (0) = 0. Observe,
the mean-value theorem can be invoked to establish C ′ (ξ) > 0 for all ξ > 0 and,
again, to establish C(ξ) > 0 for all ξ > 0. In turn, this implies that firm value is
maximized if the executive chooses ξ = 0. Interpret, therefore, choosing ξ > 0
as engaging in myopic behavior.
b The posterior estiLet the market anticipate that the executive chooses ξ.
36 In

Stein (1989), α is an attribute of the firm rather than the executive. For our purposes,
the distinction is irrelevant. Thinking of α as ability ties this model to those considered earlier.

37 Because α is distributed normally, there is the possibility that the final liquidated value
of the firm is negative. This is not a problem insofar as the model can be modified without
changing the conclusions to avoid negative values. For instance, at the cost of slightly complicating the analysis, we could assume liquidated value is W + B(α) − C(ξ), where W big
enough that W ≥ C(ξ) for any equilibrium value of ξ, B(·) increasing, and limz↓−∞ B(z) ≥ 0.
Normalizing Eα to zero is for convenience and without loss of generality.
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mate of ability will, thus, be
α
b=

(s − ξb)η
τ +η

(the logic is the same as behind (14) above, recalling that the prior estimate of
ability is 0). The estimated value of the firm at the end of period one is, thus,
  (s − ξb)η
 
α
b − C ξb =
− C ξb ≡ V1 .
τ +η

As an initial way of closing the model, suppose that each shareholder knows
at the beginning of period one that she will need to liquidate her holdings of the
firm at the end of period one with probability λ ∈ (0, 1). Whether she needs
to liquidate is exogenously determined.38 It follows her expected payoff is her
fraction of ownership times
λEV1 + (1 − λ)EV2 ,
where V2 = α − C(ξ) is final (liquidation) value. We can rewrite (32) as
!
 
(ξ − ξb)η
b
−C ξ
− (1 − λ)C(ξ) .
λ
τ +η

(32)

(33)

Shareholders would like their executive to choose the ξ that maximizes (33).
Earlier made assumptions about C(·) ensure that the first-order condition
λη
− (1 − λ)C ′ (ξ) = 0
τ +η

(34)

uniquely defines a maximum. Let ξ ∗ solve (34). Because C ′ (0) = 0, ξ ∗ > 0 if
λ > 0. In equilibrium, the market correctly anticipates that the executive will
choose ξ ∗ , so the equilibrium maximized value of (33) is −C(ξ ∗ ). To summarize:
Proposition 6. For the version of Stein (1989) presented above, the equilibrium
level of myopic action, ξ ∗ , is positive. It is increasing in the probability that
shareholders must sell at the end of period 1 (i.e., λ) and the precision of the
signal (η); it is decreasing in the precision of the prior (τ ).39 In equilibrium,
the initial shareholders bear 100% of the myopic action’s cost.
Given that the shareholders do not, in equilibrium, benefit from myopic
actions, it might seem odd that they instruct the executive to behave in this
way. Once again, the Red Queen logic prevails: because the market anticipates
38 As will be seen, in equilibrium, market valuation at the end of period 1 will equal the true
expected value of the firm at the end of period 2, so a shareholder would be indifferent between
selling and retaining her shares. The exogeneity of λ matters for what the shareholders instruct
the executive to do. We return to this point later.
39 The

proof of these comparative-static results is immediate from (34).

Signal Jamming: Project Choice and Managerial Myopia

36

myopic behavior, the shareholders would be even worse off were the executive
not to behave that way.
Observe that, if the shareholders could commit that the executive would
not behave myopically, they would do better: the value of their holdings would
increase by C(ξ ∗ ). One way for them to do so would be to commit to never sell
at the end of period 1 (i.e., set λ = 0). From (34), if λ = 0, then ξ ∗ = 0. This
might be achievable if there were a controlling group of shareholders who never
face a liquidity event and highly valued control so that they never sell.
What if λ is endogenous, but the shareholders cannot commit to its value?
Because, as shown in (33), the shareholders payoff is affine in λ, either λ = 0 or
λ = 1 is an optimum. If λ = 0, then, as noted, the optimal ξ = 0, which yields
an expected payoff of 0. Expression (33) is, then,


(ξ − 0 )η
− C (0) − (1 − λ)C(ξ) .
λ
τ +η
It follows immediately that if the shareholders deviated to λ = 1 and ξ > 0,
their payoff would be positive.40 So the only equilibrium must be λ = 1. The
¯ 41 In equilibrium, no one is
value of ξ would be its maximal value (call that ξ).
b
¯
fooled, so ξ = ξ.

Proposition 7. If the shareholders are free to determine whether they sell or
not at the end of the first period and their probability of selling is unobservable
to the market, then there will be the maximum level of myopic behavior.
Proposition 7 suggests one reason why securities regulations require controlling parties to commit to a buying or selling pattern in advance.
An Agency Interpretation. To this point, it has been assumed that the
(controlling) shareholders instruct the executive as to how myopic to be. Alternatively, one could assume that the executive has complete control over the
choice of ξ and is motivated by the fact that he may have to sell at the end
of period 1 with probability λ (set either exogenously, as in Proposition 6, or
endogenously, as in Proposition 7).
Bibliographic Note. Among the differences between the model above and
the one in Stein (1989) is that the latter assumes an infinite horizon, with ability
following a random walk. Stein goes on to develop a steady-state equilibrium
in which ξ ∗ > 0 is the same every period.
40 There are some subtleties concerning what the market would make of there being shares
for sale when none were expected. A partial out is to assume that there some shareholders,
who are not controlling shareholders, who will always sell. There are still questions as to why
the price doesn’t respond to the unexpected volume, but the points being made in the text
would still apply even if we had a richer model of trading and price setting.
41 One could imagine an interpretation in which ξ̄ represents the controlling shareholders’
looting the firm of its assets. Hence, there is a link between this model and models that worry
about the pathologies of tightly controlled firms (see e.g., Johnson et al., 2000).
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Empirical Analyses of Myopia

The traditional view is that, as long as managers are motivated to maximize
their firms’ stock prices, then they will not make myopic investment decisions:42
the stock market will punish them if they fail to make investments that don’t
have positive npv. However, as reviewed above, Stein (1989) shows that there
is an important distinction between value-maximization and stock-price maximization. Even though, in the long term, an efficient stock market will cause
stock prices to coincide with underlying value, in the short term, there can be
important deviations between the two. If a manager cares about boosting stock
prices in the short term because he plans on selling the stock, then it will be
rational for him to undertake myopic investments that boost short-term stock
prices at the expense of long-term value. Stein’s work, thus, raises an important
question: do managers deviate from value-maximization when they compare investments of different horizons? In particular, do they prefer projects with early
payoffs more than they should given relative interest rates? If so, what factors
affect the magnitude of such myopic preferences in investments?
The idea of myopic investment, while perhaps foreign to the way economists
traditionally perceive investment decisions, turns out to reflect how practitioners
tend to view the world. The business press often claims that managers regularly
sacrifice long-term value to meet short-term earnings goals. Consistent with this
notion, survey evidence from Graham et al. (2005) finds that a majority of executives indicated that they would be willing to sacrifice long-term value to meet
short-term earnings targets. The Stein model explains why executives would
make such sacrifices even if they are compensated with equity-based incentives,
and why increasing the magnitude of equity-based incentives could potentially
exacerbate rather than alleviate the extent to which investment is myopic.
Aside from survey evidence, identification makes formal tests of myopia models relatively difficult. Managers’ compensation plans and ownership, as well as
their investment policies, are all determined jointly as a function of the investment opportunities that a firm faces. Nonetheless, there are a number of papers,
many of which are in the accounting literature, that provide evidence suggesting
that myopia is a real problem facing firms.
Dechow and Sloan (1991) provide evidence consistent with what they refer
to as the “horizon problem.” Specifically, they document that firms cut back on
r&d expenditures investment toward the end of a ceo’s tenure. Presumably,
decreasing r&d leads to higher current earnings, which come at the expense of
future earnings. Executives therefore appear to make myopic investment decisions toward the end of their tenure. Dechow and Sloan attribute these decisions
to earnings-based compensation plans and find that this effect is minimized by
stock ownership. It is not clear, however, how to interpret this finding in light
of Stein (1989); the model predicts that temporary stock ownership will lead to
more myopia but permanent stock ownership could offset the myopic tendencies
managers acquire through their earnings-based plans.
42 See

Jensen (1986) for discussion.
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Gopalan et al. (2014) provide evidence that firms appear to care about myopia and the horizon of investments. These authors develop a measure of the
time dimension to executive compensation, quantifying the extent to which the
compensation of executives at a given firm is short term. They find that the
timing of executive pay tends to follow that of their firms’ investments, so that
when firms’ investments are longer-term, executive pay is longer-term as well.
Presumably, firms are concerned about executives’ tendencies to sacrifice valuable long-term investments for short-term profits. Therefore, when firms’ more
valuable investment opportunities are long term, firms respond by paying their
executives with longer-term compensation. When their investments tend to be
of a shorter duration, there is less need for longer-term compensation, so firms
in this case rely more on shorter-term compensation plans.
Probably the most direct test of myopia theories to date is Edmans et al. (in
press). These authors introduce a new measure of short-term incentives: the
amount of stock and options scheduled to vest in a given quarter, which in the
data is highly correlated with ceo equity sales. There are several aspects of this
measure that make it particularly useful to test myopia theories. First, vesting
schedules are set years in advance and are unlikely to be jointly determined with
investment decisions at the time vesting occurs. Second, they correspond to the
key theoretical variable in the myopia models, the fraction of stock that is likely
to be sold by executives in the short term. It is this stock that will be sold in
the short term that is the underlying determinant of the wedge between value
and stock prices in the Stein model.
Edmans et al. (in press) link this measure to reductions in real investment.
Their results indicate that there is a sizable decline in growth in r&d plus net
capital expenditures in quarters during which ceos have large amount of equity
vesting. Vesting equity is also associated with more positive analyst forecast
revisions and earnings guidance during the same quarter. Overall, this paper
represents provides clear evidence that incentives to maximize short-term stock
valuations can lead to myopic investments.
In many ways, corporate fraud can be viewed through the lens of myopia
models, because fraud typically represents seeking benefits today in exchange
for uncertain penalties in the future. Incentives that induce myopia in investments are also incentives to commit fraud, given they cause managers to place
greater weight on today’s payoff relative to future payoffs. So, for example,
Burns and Kedia (2006), Efendi et al. (2007), and Johnson et al. (2009) all
find that vested options and unrestricted stock increase the likelihood of corporate fraud.43 These findings further suggest that equity-based compensation
increases managers’ incentives to boost earnings today at the expense of diminished value (or even penalties) tomorrow, consistent with the basic premise of
the Stein model.
43 It should be noted, however, that Erickson et al. (2006) find that equity-based incentives
do not increase the likelihood of fraud.
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Learning about Governance and Capital Markets
Learning Models and Capital Markets

An influential literature in finance applies learning models to study certain
“anomalous” phenomena in capital markets. Two such phenomena are (i) that
dividend yields apparently predict future stock returns (Fama and French, 1988),
contrary to the efficient markets hypothesis; and (ii) the volatility of stock returns is higher than can be explained by the volatility of a firm’s dividend
stream (Shiller, 1981; Leroy and Porter, 1981). To understand these facts, Timmermann (1993) simulates a model with uncertainty in which rational investors
learn about the firm over time. He finds that the data from his simulated model
are consistent with the empirical findings; in particular, dividends prove to be
predictive of future returns and there is “excess” volatility of returns relative to
that of dividends.
Pastor and Veronesi (2003, 2009) extend the ideas in Timmermann. The
critical aspect of their model is incorporating uncertainty about a firm’s growth
into the well-known Gordon growth formula:
P =

D
,
r−g

(35)

where P is the firm’s stock price, D its dividend, r the interest rate, and g the
growth rate of dividends.
In the Pastor and Veronesi model, g is uncertain, but the market can make
inferences about it based on observed data; that is, the market estimates growth
prospects and continually updates its estimates over time. In this model, an
application of Jensen’s inequality to the Gordon growth model leads to


D
D
>
P =E
.
r−g
r − Eg
Moreover, because the righthand side of (35) is a convex function of g, the
greater the uncertainty about g (in the sense of second-order stochastic dominance), the greater the valuation (stock price) of the firm. So, for instance,
holding expected growth rate constant, a startup with uncertain prospects will
be worth more than an established firm for which there is little uncertainty
about its rate of growth. Consequently, as the market learns about a firm’s
prospects over time—uncertainty about its growth rates is reduced—the model
predicts that its valuation should decline ceteris paribus. Pastor and Veronesi
(2003, 2006) argue that this logic can explain the fact that firms’ market-tobook ratios tend to decline over time, and also how valuations of technology
firms with very uncertain growth rates could be so high in the late 1990s.44
In addition to influencing the level of a firm’s valuation, Pastor and Veronesi
also show that the sensitivity of a firm’s valuation to news—hence its stock-price
44 Pastor and Veronesi (2009) is an excellent survey of the literature discussing the way in
which learning can also explain a number of other seemingly puzzling stylized facts about
capital markets.
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volatility—is also affected by market learning. Intuitively, a positive innovation
to dividends leads to an increase in valuation, but also to a positive update
in the market’s estimate of the growth rate, which further increases valuation.
Similarly, a negative innovation leads to a decrease in the assessment of the
growth rate and consequently a larger decline in valuation than the news itself
would warrant. The updates of the estimates of firms’ growth rates, which
serve to magnify the effect of news and increase volatility, will be larger when
the market’s prior estimate of the growth rate is more uncertain. Therefore,
the Pastor and Veronesi model predicts that when the prior estimate of a firm’s
growth rate is more diffuse, the reactions of the firm’s stock to news will be
larger, so stock return volatility will be higher.
5.2

How Learning about Management Affects Capital Markets

Though stated in terms of growth rates, the Pastor and Veronesi model can be
readily applied to learning about any other factor that affects a firm’s value;
of particular relevance here is learning about the firm’s management. When a
firm hires a new executive, his resume will be well known, but the fit between
his skills and the firm’s needs are often unclear. For example, JC Penney hired
Ron Johnson, a former Apple executive, to be its ceo in 2011. When Johnson’s
strategy of adopting policies similar to those used by Apple turned out to decrease rather than increase profits, Johnson was fired. His style did not work
as well at an old-fashioned retailing company, like JC Penney, as it had at a
technology company like Apple (see Business Week , October 22, 2013).
The value of a management team to a particular firm reflects the quality
of the match between the team and the firm, something which is revealed over
time. In the case of Johnson, the appropriate inference to poor earnings was
not only that the current year’s performance was bad, but that the strategy of
adopting an Apple-style approach at JC Penney was dubious. Because of its
implications for the future, JC Penny’s stock price declined more than it would
have with a ceo whose match with the firm was more well-known. In short,
uncertainty about a management team, particularly the fit between its approach
and the firm, magnifies the effect of news on stock prices, and leads to higher
stock return volatility.
Consistent with this idea, Clayton et al. (2005) document that stock-return
volatility declines with ceo tenure. Presumably, early in a ceo’s tenure, news
conveys, inter alia, information about the ceo’s ability (fit). Later in his tenure,
when the ceo is more a known quantity, stock prices respond less to news and
volatility is, correspondingly, lower.
Pan et al. (2015) examine whether the pattern of volatility over the ceo cycle
fits with a variant of the Pastor and Veronesi (2003) model applied to uncertainty
about management. Consistent with a learning model, Pan et al. find that the
decline in volatility over a ceo’s tenure is convex: it declines more steeply with
time earlier in his tenure than later in it. In addition, volatility declines more
rapidly when there is more ex ante uncertainty about the incoming ceo: if he is
younger, an outsider, not an “heir apparent,” or held fewer previous positions.

Learning about Governance and Capital Markets

41

Pan et al. also find that the magnitude of the changes in value in response to
news is larger early in a ceo’s tenure, when the news reveals more information
about his quality and overall fit with the firm.45 Quantitatively, Pan et al.
estimate that uncertainty about a new ceo and his policies explains roughly a
quarter of overall stock-price volatility at the time of appointment, indicating
that uncertainty about management has a substantial effect on volatility.
Arguably, rating agencies have been aware of this for some time insofar as
they pay attention to “management risk” and consider it to be an important
factor in their evaluations.46 If, indeed, management risk is a meaningful factor
affecting a firm’s overall risk, then the cost of borrowing (i.e., interest rates)
should greater at the time of top management turnover than at other times.
Subsequently, as the market learns more about the quality of the management
team and its match with the firm, rates should decline to approximately the
pre-turnover levels.
Pan et al. (2016) test these predictions by estimating the extent to which
the learning about management affects firms’ cost of borrowing. Their findings
are summarized in Figure 2, which illustrates the way credit default swap (cds)
spreads change around the time of a ceo change.47 The announcement of a
ceo’s departure is associated with an increase in his firm’s cds spread, reflecting
a greater estimate by the market of default risk. The cds spread declines when
a successor is announced; it declines further during the new ceo’s time in office,
approximately back to the pre-turnover level after about three years. Holding
other factors constant, the five-year cds spread is 36 basis points (24% relative
to the sample mean) higher when a new ceo takes office than three years into his
tenure. Spreads on loans and bond yields also decline following ceo turnovers.
These effects are consistent with the idea, set forth above, that markets react
to management risk—uncertainty about managerial ability and fit.48
45 These results are robust to sample construction. They hold whether the data consist
of the universe of turnovers from Execucomp or just the subsample of turnovers that are
likely to have been exogenously determined (i.e., were not the result of the executive’s poor
performance).
46 For example, a special document circulated by Moody’s about corporate governance
states: “[T]here is inherent transition risk in any ceo change and we therefore look to evaluate
any changes to strategic initiatives or financial policies that differ from previous expectations,
and whether credit metrics or liquidity deteriorates as a result.” See Plath (2008).
47 A firm’s cds spread measures the premium one pays to insure against a potential default
on the firm’s debt. Because cdss trade daily, they provide a continually updated, market-based
estimate of expected default costs.
48 An alternative hypothesis to explain these results is that ceo turnovers are more likely
at times of greater uncertainty about the firm. This could lead to patterns similar to those
reported in Pan et al. (2016). To evaluate the importance of this alternative explanation, these
authors also report results for various subsamples of “exogenously determined” turnovers (e.g.,
due to death). In each case, the results are similar to those described here, suggesting that it
is management risk that drives concerns about default risk.
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Figure 2: Average CDS Spreads at Key Events Related to CEO Turnovers.
Average CDS spreads (in basis points) at various points around a change
in CEO. The turnover sample includes 284 CEO turnovers since 2001,
for which the departure announcement and the inauguration occurred in
different times. See Pan et al. (2016) for details.
5.3

Capital Market Inferences about Other Executives and Other
Dimensions of Governance

Pan et al. (2016) also consider the effect of hiring a new Chief Financial Officer
(cfo) on borrowing costs. They find that when there is a new cfo, even absent
a change in ceo, effects similar to those seen with ceo turnover hold (although
these effects are 36 to 58% smaller in magnitude than for ceos). The explanation
is the same as for ceos (see Figure 2 and related text). The fact that the effects
are smaller with cfo turnover than for ceo turnover suggests that a ceo’s
ability and match are of greater importance for a firm’s future than a cfo’s;
that is, a ceo can add (or subtract) more value than a cfo.
Stern (2016) uses this approach to understand the importance of boards of
directors. She examines the change in volatility around the appointment of
directors. Stern’s results indicate that there is a spike in volatility around the
appointment of directors, followed by a decline as they become more well-known
to the market. Uncertainty about the board accounts for between seven and ten
percent of overall volatility. Stern also examines how volatility effects vary with
circumstances. She finds differences exist; for example, her results imply that
when there is a relatively powerful ceo, volatility changes around the arrival
of directors are relatively small, consistent with a view that boards matter less
when the ceo is more powerful. Overall, this approach is promising and is likely
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to be useful in evaluating the importance of different governance attributes.

6

Further Implications for Governance

6.1

Bargaining Over Oversight

As noted in the introduction, a reaction to being monitoring is to try to change
how that monitoring is conducted; for example, seeking to change who the
monitor is. Hermalin and Weisbach (1998) exploit this insight to explain a
number of phenomena in governance, including management’s influence over
the composition of the board of directors.
The timing and principal assumptions of their model are:
1. The firm has a new ceo with ability α. Assume α ∼ N(0, 1/τ0 ).
2. The first realization of earnings, x1 , occurs. Assume x1 ∼ N(α, 1/ρ).
Based on this, the board updates its beliefs about the ceo’s ability and
may choose to replace him. The ability of any replacement ceo is also
drawn from N(0, 1/τ0 ).
3. The ceo (incumbent or replacement) bargains with the board over filling
board vacancies and over his compensation (wage) w. If bargaining fails,
the ceo is fired, a replacement hired, and the stage repeated.
4. The board chooses how intensely to monitor the ceo, which is modeled as
the probability, p, it acquires a private signal, y, about the ceo’s ability.
Assume y ∼ N(α, 1/η).
5. If the board acquires the signal y, it updates its estimate of the ceo ability,
which affects its decision to keep or replace the ceo.
6. The second realization of earnings, x2 , occurs. Assume Ex2 = α. The
random variables y − α, x1 − α, and x2 − α are independent.
The ceo in change at stage 6 receives some nonpecuniary benefit b > 0 (e.g.,
the additional utility that comes from the power and prestige of being ceo). A
ceo dismissed prior to that receives no such benefit. The wage w agreed to in
stage 3 is paid regardless of whether the ceo survives to stage 6. The ceo is
protected by limited liability: he cannot be made to pay the firm, so w ≥ 0.
As in many models of boards, the board is modeled in a somewhat reduced form: it acts as if its utility (payoff) is x2 − ℓd(p), where ℓ measures the
board’s lack of independence and d : [0, 1] 7→ R+ is a disutility-of-effort function satisfying the usual properties of d(0) = d′ (0) = 0 and d′′ (p) > 0 for all
p ∈ [0, 1] (so both disutility and marginal disutility are increasing functions).
To ensure interior solutions to the board’s choice problem vis-à-vis p, assume
limp→1 d′ (p) = ∞.
This is a normal learning model, so the posterior expectation of ability, α
b′ ,
given prior α
b and signal s (s = x1 or y) is
α
b′ =

τα
b + κs
,
τ +κ

(36)
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where τ is the precision of the estimate α
b and κ = ρ or η depending on whether
the signal is x1 or y, respectively. Invoking now familiar arguments, the distribution of y given the ceo’s estimated ability, α
b, is N(b
α, 1/H), where
H=

ητ
.
η+τ

The posterior estimate of ability is, note, also the expectation of x2 .
As usual, the game is solved via backward induction. Consider the decision
to retain or replace the ceo at stage 5. By assumption, there is a large pool of
ex ante identical possible replacements; hence, a replacement has no bargaining
power. So he will be offered and accept the minimum possible wage, namely
zero. Because E{α} = 0, expected earnings under a replacement are also zero;
hence, the expected net value of a replacement is 0. So, if it learns y, the board
dismisses the incumbent ceo if α
b′ < 0. Similar to (6) above, this means the
board will dismiss the ceo if y < −τ α
b/η ≡ Y . Along the lines of the derivation
of (9) above, a firm’s expected value if the board will learn y is49
√
√ 
√ 
H
b+
(37)
φ (Y − α
b) H .
V = Φ − (Y − α
b) H α
τ

Lemma 3. The value of the firm if monitoring will occur, V , is increasing in the
prior expected ability of the incumbent, α
b, but the option value of monitoring,
V −α
b, is decreasing in α
b.
The board is assumed to choose its monitoring intensity to maximize its
expected utility; that is, its choice of p solves
max pV + (1 − p) max{0, α
b} − ℓd(p) .

p∈[0,1]

Observe that should it not receive the signal y—an event that happens with
probability 1 − p—the value of the firm is max{0, α
b}, which reflects that it will
hire a replacement ceo if and only if its expectation of the incumbent’s ability
is less than its expectation of a replacement’s.50 Let P ∗ denote the solution
to that optimization program. Assumptions previously made ensure both that
P ∗ ∈ (0, 1) and that P ∗ is unique.
Proposition 8. The intensity with which the board monitors the ceo, P ∗ , is
(i) decreasing with its prior estimate of the ceo’s ability, α
b, whenever α
b ≥ 0;

(ii) decreasing with the precision of its prior estimate of his ability, τ ;
(iii) decreasing with its collective lack of independence, ℓ; but

(iv) increasing with the precision (i.e., η) of the performance signal, y.
49 Recall
50 Again

the incumbent must be paid w regardless of whether he is retained or not.

note that compensation promised the incumbent must be paid regardless of the
decision to retain or replace him, so that compensation is a sunk expenditure.
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Assume that bargaining between board and incumbent ceo is Nash (1950):
their agreement maximizes the product of their surpluses. The limited-liability
assumption (i.e., w ≥ 0) means the board can capture none of the benefit, b,
that a new ceo would enjoy; hence, the board’s surplus is simply its expected
payoff from retaining the incumbent ceo (if that’s positive). The incumbent
ceo’s expected surplus is his expected benefit,


√ 
pΦ − (Y − α
b) H + 1 − p b .
(38)
Before analyzing the bargaining game, it’s worth considering the intensity
of monitoring that would maximize total surplus. Total surplus is


√ 
pV + (1 − p) max{0, α
b} − ℓd(p) + pΦ − (Y − α
b) H + 1 − p b .

The intensity of monitoring, p, that maximizes total surplus, P ∗∗ , solves the
first-order condition (foc):

√ 
V − max{0, α
b} − ℓd′ (p) − 1 − Φ − (Y − α
b) H b = 0 .
(39)
|
{z
}
=0 is foc determining P ∗

Because d′ (·) is increasing, (39) implies that P ∗∗ < P ∗ : the joint-surplusmaximizing intensity of monitoring is less than what the board prefers. The
reason is that, in maximizing its own payoff, the board ignores the benefit, b,
the incumbent ceo can achieve. That benefit is lost if he is fired: limited liability means the board can’t capture it from a new ceo; so, the marginal joint
benefit of monitoring is less than the board’s own benefit. In sum, we have:
Proposition 9. The intensity of monitoring, p, chosen by the board is greater
than the intensity that would maximize expected total surplus (i.e., P ∗ > P ∗∗ ).
That P ∗∗ < P ∗ reflects, in essence, a commitment problem: to generate
more collective surplus, the board and incumbent ceo would like to fix ex ante
a lower level of monitoring. The one lever they have to do so is to adjust the
board’s lack of independence, ℓ: from Proposition 8(iii), the more the board
lacks independence, the less intensely it monitors. This provides a motive for
the board and incumbent ceo to bargain for a less independent board at stage 3.
Let ℓ0 denote the collective lack of independence of those directors continuing
as directors. Suppose that bargaining with the ceo results in board vacancies
being filled such that the new board’s lack of independence is ℓ1 . If P ∗ (ℓ) denotes
the intensity of monitoring chosen by a board with lack of independence ℓ, then
the continuing directors’ expected utility is


P ∗ (ℓ1 )V + 1 − P ∗ (ℓ1 ) max{0, α
b} − ℓ0 d P ∗ (ℓ1 ) .
(40)

Consider now the bargaining between continuing directors and the incumbent ceo. They will agree to a lack of independence, ℓ1 , and wage, w, that maximizes the product of their surpluses from trade. In light of Proposition 8(iii),
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P ∗ (·), is monotone; hence, there is no loss in treating P ∗ as the choice variable.
Because the ceo gets zero if no agreement is reached, his surplus is


√ 
(41)
P ∗ Φ − (Y − α
b) H + 1 − P ∗ b + w .
If no agreement is reached, the board hires a replacement ceo. Let U0 denote
the board’s expected utility if it hires a replacement. Its surplus is, thus,
P ∗ V + (1 − P ∗ ) max{0, α
b} − ℓ0 d(P ∗ ) − w − U0 .

(42)

Two more steps are necessary before we can determine the w and P ∗ that
maximize the product of (41) and (42) (i.e., solve the bargaining game): determine what U0 is and show that the board fires, prior to bargaining, an incumbent
ceo for whom α
b < 0.

Lemma 4. The board’s outside option in√
its bargaining with an incumbent ceo
is U0 = P0 V0 − ℓ0 d(P0 ), where V0 = φ(0) H/τ0 (i.e., the expected value of the
firm under a new ceo) and P0 maximizes the existing board’s (continuing directors’) expected utility; that is, P0 solves the first-order condition V0 −ℓ0 d′ (p) = 0
(equivalently, P0 = P ∗ (ℓ0 ) for a new ceo).
Observe the wage paid a new/replacement ceo is zero.
Proposition 10. A unique finite cutoff, A > 0, exists such that an incumbent
ceo is fired prior to bargaining if and only if his estimated ability is less than A.
Moreover, A is decreasing in the board’s lack of independence (i.e., ∂A/∂ℓ0 < 0).
The result A > 0 reflects that more is known about an incumbent ceo than his
replacement, so a replacement has a greater option value than he does; hence,
his expected ability needs be greater than a replacement’s for him to keep his
job. We explore the implications of different option values further in Section 6.2.
Back to the bargaining problem (i.e., maximizing the product of (41) and
(42)): Because α
b > A, the first-order conditions with respect to p and w are


V −α
b − ℓ0 d′ (p) pΦb + (1 − p)b + w


+ p(V − α
b) + α
b − ℓ0 d(p) − w − U0 (Φ − 1) b = 0 (43)
{z
} | {z }
|
>0 given incumbent ceo retained

and

<0


p(V − α
b) + α
b − ℓ0 d(p) − w − U0 − pΦb + (1 − p)b + w ≤ 0 .

(Note the arguments of Φ have been suppressed for the sake of readability.)
Observe (43) entails V − α
b − ℓ0 d′ (p) > 0; hence, p < P ∗ (ℓ0 ), which means
ℓ1 > ℓ0 : bargaining with a ceo who is retained leads to a less independent
board. This establishes:
Proposition 11. If the continuing directors choose to retain the ceo, then the
new board is less independent than the continuing directors (i.e., ℓ1 > ℓ0 ).
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What about the compensation of a ceo who is retained? If the limitedliability constraint binds, then it is zero. If it doesn’t bind, then the second
first-order condition entails

p(V − α
b) + α
b − ℓ0 d(p) − w − U0 − pΦb + (1 − p)b + w = 0 .

Plugging that back into (43), it follows, after some algebra, that
V −α
b − ℓ0 d′ (p) + (Φ − 1)b = 0 .

That, note, is the first-order condition for maximizing joint surplus (i.e., expression (39) above). If, instead, the limited-liability constraint binds, then
V −α
b − ℓ0 d′ (p) + (Φ − 1)b < 0 .

When the limited-liability constraint binds there is more monitoring (equivalently, greater board independence) than if it doesn’t bind. In sum,
Proposition 12. Suppose that the incumbent ceo is retained. If the limitedliability constraint is not binding, then the level of monitoring will maximize the
ceo and board’s joint surplus. If it is binding, then the level of monitoring will
exceed the joint-surplus-maximizing level. Correspondingly, board independence
will be greater if the constraint is binding than if it is not binding.
Empirical Validation. The model analyzed above has a number of empirical
predictions, including:
1. A ceo who performs poorly is more likely to be replaced than one who
performs well.
2. Ceteris paribus, a ceo is more likely to be dismissed for poor performance
when the board is more independent (i.e., when ℓ is lower).
3. Strong performance should lead to less independent (higher-ℓ) boards.
4. Board independence declines over the course of a ceo’s tenure.
The results of a number of empirical studies are consistent with these predictions. The first predictions has considerable support: a long list of articles plus
popular press coverage document the result.51 Weisbach (1988) provides strong
evidence for the second prediction. The last two predictions are consistent with
the patterns of director turnover documented by Hermalin and Weisbach (1988).
51 For a recent popular-press article see James Surowiecki’s “Why ceos are Getting Fired
More,” New Yorker , November 7, 2016. For discussions of relevant scholarly articles, see
Hermalin and Weisbach (1998) or Hermalin (2013).
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Summary. The Hermalin and Weisbach (1998) model is one of the first bargaining models of governance. In particular, the rarer a commodity a ceo
proves to be (i.e., to have higher estimated ability than a replacement), the
more leverage he has to extract what he wants from the board of directors.
Not surprisingly, he wants greater compensation. But, to the extent he obtains
other non-pecuniary benefits from being ceo (the parameter b), he also wants
to keep his job. The latter objective makes him seek a board that will be a less
vigilant monitor; that is, one that is less likely to dismiss him ceteris paribus.
Because an incumbent board sees itself as optimally vigilant, it views yielding
somewhat on vigilance (agreeing to filling board vacancies with less independent
directors—raising ℓ) as a second-order loss; whereas paying the ceo more is a
first-order loss. Hence, a ceo has an easier time negotiating a higher ℓ than more
pay, at least when he is only marginally more valuable than a replacement.52 A
“star” ceo, who is significantly more valuable than a replacement, can bargain
for both a less independent board (higher ℓ) and greater pay. Observe the two
roles played by learning in this model: (i) it is because the board learns that
the ceo is a rare commodity that he gains bargaining power; and (ii) because
the ceo wants to constrain the board from learning more about him, he uses
that bargaining power to lessen the odds it will learn more about him.
6.2

Consequences for Choice of Manager

As reviewed in Hermalin (2005, 2013), among other sources, there have been a
number of trends in corporate governance in the past quarter century:
• In many countries, notably the us, there has been a significant shift toward
having outside directors be a greater proportion of the board.53 Such
directors are generally seen as more independent of management and,
thus, more diligent monitors (in the notation of the previous subsection,
a more independent board is a lower ℓ board).
• In many countries, again notably the us, there has been a trend toward
more external hiring of the ceo (versus appointing someone who rose
through the company’s ranks).
• There has also been a trend toward greater ceo compensation, both contingent and non-contingent.
• There has been a trend toward shorter ceo tenures.
A question is how interconnected these trends might be? A further question is
what do these trends suggest about governance?
52 More

valuable accounting for the greater option value a replacement has.

53 Outside

directors are typically defined as directors whose sole involvement with the company is in their role as a director; hence, for example, a university president serving on a
corporate board would be an outsider. In contrast, inside directors are generally employees
of the company (e.g., the ceo is an inside director). See Adams et al. (2010) for details.
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If signal acquired,
board makes
decision to keep or
fire incumbent ceo

Board monitors
with intensity p;
that is, acquires
signal, y, about
ceo’s ability with
probability p

Earnings, x,
realized

Figure 3: Basic timeline of the Hermalin (2005) model

As discussed earlier, among the roles of the board of directors are hiring a
ceo, monitoring (assessing) him, and replacing him if necessary. A key point,
though, is that the way in which the board will fulfill the latter two roles has
implications for who it wants to hire in the first place. Hermalin (2005) explores
this insight via a model that builds on Hermalin and Weisbach (1998). The
model’s basic elements are summarized in Figure 3.
As in the previous subsection, the board’s preferences are captured by the
utility function x − ℓd(p). As before E{x} = α, where α is the ability of the ceo
in place at the end (i.e., either the incumbent if retained or his replacement
otherwise). Similar to before α ∼ N(µ, 1/τ ). The signal y ∼ N(α, 1/η). As
before, the random variables y − α and x − α are independently distributed.
Assume that the prior estimate of the incumbent ceo’s ability (his µ) is
strictly positive. Assume, however, the prior estimate of a replacement ceo’s
ability (his µ) is zero. Setting the latter to zero is a convenient normalization
that entails no loss of generality. The higher prior estimate for the incumbent
is a way of accounting for firing (transition) costs when replacing one ceo with
another (i.e., the r of the Section 2.2 model). An implication of this assumption
is that, absent any new information about the incumbent ceo, the board would
want to retain him: his expected value exceeds his replacement’s.
Given this assumption, there should be no confusion in letting µ now simply
denote the prior estimate of the incumbent ceo’s ability.
Via now familiar reasoning, if the board obtains the signal y, then the posterior distribution of ability is normal with mean µ̂ and precision τ̂ , where
µ̂ =

τ µ + ηy
and τ̂ = τ + η .
τ +η

Observe, then
E{x|y} = µ̂ , E{x|no signal} = µ , and E{x|replace incumbent} = 0 .
As noted, the board will fire the incumbent ceo only if it gets a signal and,
then, only if the signal is such that µ̂ < 0. Given the formula for µ̂, the signal
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will cause the incumbent ceo to lose his job if and only if
τ µ + ηy
−τ µ
< 0 equivalently, iff y <
≡Y .
τ +η
η
Again building on previous analysis, the prior distribution of y is




1
1
1
≡ N µ,
.
N µ, +
η τ
H
It follows that the expected value of the firm if the signal will be observed is

 r


Z ∞
τ µ + sy
H
H
max 0,
V ≡
exp − (y − µ)2 dy .
τ +s
2π
2
−∞
|
{z
}
E{α|y,optimal replacement}

Consequently, utilizing familiar methods (see, e.g., the derivation of (9) above),
√

√ 
√ 
H
V = 1 − Φ (Y − µ) H µ +
φ (Y − µ) H
τ

√ 
= Φ − (Y − µ) H µ +

√
√ 
H
φ (Y − µ) H .
τ

√ 
Observe Φ (Y − µ) H is the probability that the ceo is fired conditional on
knowing the signal will be obtained.
If the ceo cannot be monitored (or, equivalently, if no signal is obtained),
the value of the firm is just the incumbent ceo’s expected ability, µ. Being able
to monitor the ceo is valuable insofar as V > µ; that is, monitoring creates an
option worth V − µ.
The board chooses its intensity of monitoring, p, to maximize
pV + (1 − p)µ − ℓd(p) .
Let P ∗ denote the solution. The assumptions made earlier about d(·) ensure
that P ∗ is unique given V , µ, and ℓ, and that it lies in (0, 1).
Proposition 13. The intensity with which the board monitors the ceo in equilibrium, P ∗ , is
(i) decreasing with the prior estimate of the ceo’s ability, µ;
(ii) decreasing with the precision of the prior estimate, τ ; and
(iii) decreasing with the board’s lack of independence, ℓ.
The proof of Proposition 13 is the same as Proposition 8’s.
Now extend the model to include the board’s initial choice of ceo; in particular, assume the board has a choice between an internal candidate (index I)
and an external candidate (index E). Assume it is common knowledge that the
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ability of the two candidates are drawn, respectively, from the normal distributions N(µI , 1/τI ) and N(µE , 1/τE ) (where both µs are positive). The critical
assumption is that τI > τE : the board has better information about the internal
candidate than the external one. As Hermalin (2005) details, there are many
reasons this assumption is empirically valid.
A key result in this extended model is the following:
Proposition 14. Fix τI > τE and define ∆ = µI − µE . Then, fixing µI (or
µE ), there exists a minimum ∆m > 0 such that the external candidate is hired if
and only if ∆ < ∆m . Moreover, ∆m increases as the board gains independence
(i.e., the lower is ℓ); that is, more independent boards are more inclined to hire
external candidates, all else equal.
Intuition: monitoring creates an option value that increases with uncertainty
about the ceo’s ability (i.e., ∂V /∂τ < 0 from Proposition 13(ii)). That means
the board would strictly prefer, between two ceos with the same expected
ability (same µs), the one about which it was more uncertain. Hence, the board
should be willing to hire the external candidate even if µE < µI , provided the
difference is not too great. That is, external candidates have an “edge.” At the
same time, the external candidate’s greater option value is conditional on the
ceo actually being monitored; so, this effect is tempered by how likely the board
is to monitor. This, then, explains the “moreover” portion of Proposition 14.
An immediate corollary is:
Corollary 1. A necessary condition for the internal candidate to be hired is
that his estimated ability be strictly greater than that of the external candidate
(i.e., that µI > µE ).
Observation, including field work, suggests that outside directors are more
inclined to monitor than are inside directors. Additionally, an empirical study
by Weisbach (1988) finds evidence in support of that hypothesis. If, then, outside directors are more likely to monitor (i.e., a greater proportion of outside
directors corresponds to a lower ℓ), then a trend toward greater outsider representation on boards should, in light of Proposition 14, lead to more external
candidates being hired as ceos ceteris paribus. Hence, this model can serve to
tie together two of the trends noted above: greater proportion of outsiders on
the board and increased hiring of ceos from outside the firm.
Denis et al. (in press) suggest that this result can run in reverse in certain
circumstances; namely, that when a firm knows it will employ a ceo about
whom it is more uncertain, then it will want to have a board more inclined to
monitor. Such a scenario arises with de novo firms (e.g., as in the Denis et
al., when the firms are spinoffs of existing firms). Denis et al. find evidence to
support this hypothesis in their empirical study of 143 spinoffs.
Another implication of the model is the following. Recall that were there
no monitoring at all, the initially hired ceo (the incumbent) would never be
replaced. In contrast, when there is monitoring the incumbent ceo faces a
positive probability of being fired. The more monitoring there is, the greater
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the proportion of incumbent ceos who will be fired. This, then, means that
the average length of ceo tenure should fall. So, one gets the following causal
chain: more outsider representation on boards entails more monitoring, which
entails shorter ceo tenures on average. So the model ties together the trends of
a greater proportion of outsiders on the board and shorter average ceo tenures.
There is also an indirect effect that reinforces the effect just identified:
greater outsider representation leads to a greater proportion of external hires;
externally hired ceos are more uncertain entities, which means their ex ante
probability of being fired is greater than internal hires ceteris paribus. So this is
another path linking greater outsider representation and shorter average tenures:
Proposition 15. Suppose the board is indifferent between hiring the external
candidate or the internal candidate as ceo. Then, if the external candidate is
hired,
(i) he is more intensely monitored than the internal candidate would have
been (i.e., PE∗ > PI∗ );
(ii) he is more likely to be dismissed than the internal candidate would have
been conditional on being monitored (i.e., conditional on the signal y being
obtained); and, hence,
(iii) he has a shorter expected tenure than the internal candidate would have
been expected to have.
Proof: Result (i) follows from Propositions
√ given both µI < µE
√ 13 and 14
and τI < τE . Result (ii) follows if −(Y − µ) H = µτ / H increases in µ and
τ . That it increases in µ is immediate. Straightforward differentiation and algebra reveal it’s increasing in τ too. Result (iii) is immediate from (i) and (ii).

Effort and Compensation. The model so far assumes no effort by the ceo
nor does it consider compensation. Suppose, as in earlier models, that the ceo
wishes to keep his job. Suppose too that effort influences the board’s perception
of his ability if it monitors; that is, there is a signal-jamming motive for him
to expend effort. Recalling, though, that such signal jamming fools no one in
equilibrium—the Red Queen effect holds—so effort makes the ceo directly worse
off without truly affecting his probability of retaining his job; consequently, he
will demand compensation for this effort. Indeed, even if there were no scope
for signal-jamming effort, the fact that greater monitoring puts him at greater
risk of losing his job could also lead him to demand greater compensation. To
explore these issues consider the modified model of Figure 4.
Make the standard assumptions about the ceo’s disutility-of-effort function:
it is twice differentiable; k(0) = k ′ (0) = 0; and it exhibits increasing marginal
disutility of effort. It follows that k ′ (e) > 0 for all e > 0. Assume the benefit of
effort e, β(e), is realized after the board makes its keep or fire decision, but its
realization does not depend on that decision (i.e., the firm gets β(e) whether
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ceo’s ability with
probability p
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Figure 4: Timeline of expanded model with ceo effort

the initially hired ceo keeps or loses his job). Because the properties of β(·)
are irrelevant to the analysis at hand, we will not focus on it in what follows.
As with previous signal-jamming models, the board cannot observe y separately
from e; instead, it observes ỹ ≡ y + e. As noted, the board will anticipate some
level of effort from the ceo. Denote that anticipated level by ê.
As before, the ceo is fired if the best estimate of y is too low. Specifically,
following the prior analysis, he’s fired if
ỹ − ê < −

τµ
≡Y .
η

We can rewrite that cutoff rule as the ceo loses his job if y < Y + ê − e. The
ceo chooses his effort to maximize his expected utility; that is, to maximize


√ 
P ∗ Φ − (Y + ê − e − µ) H + (1 − P ∗ ) b − k(e) .
The first-order condition for maximizing that expression is
√ √
bP ∗ φ − (Y + ê − e − µ H) H − k ′ (e) = 0 .

As has been noted repeatedly, in a pure-strategy equilibrium, ê must equal the
e the ceo chooses. Hence, equilibrium effort, e∗ , must satisfy
√ √
bP ∗ φ − (Y − µ H) H − k ′ (e∗ ) = 0 .
(44)

The assumed properties of k(·) ensure that a unique e∗ exists that solves (44).
Expression (44) is only a necessary condition; existence of a pure-strategy
equilibrium also requires that


√ 
(45)
e∗ ∈ argmax P ∗ Φ − (Y + e∗ − e − µ) H + (1 − P ∗ ) b − k(e) .
e

Additional assumptions on k(·) are needed to ensure (45) holds. Fortunately,
such assumptions are plausible (see Hermalin, 2005, for details) and henceforth
maintained. A key result for this extended model is the following:
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Proposition 16. Assume the game with ceo effort has a pure-strategy equilibrium. Then the following comparative statics hold:
(i) the lower the ceo’s estimated ability, the more effort he expends in equilibrium; and
(ii) the less independent is the board (i.e., the greater is ℓ), the less effort the
ceo expends in equilibrium.
Given that, conditional on employment, externally hired ceos tend to have
lower µs, Proposition 16 suggests that external ceos will expend more effort
in equilibrium than ceos hired from the inside. The proposition also suggests
that a trend toward greater board independence (a growing trend for greater
outsider representation) could lead to ceos’ expending more effort.
Now consider compensation. A ceo’s equilibrium utility is


√ 
P ∗ Φ − (Y − µ) H + (1 − P ∗ ) b − k(e∗ ) .

The derivative of that with respect to ℓ, the lack-of-independence parameter, is
∂P ∗
∂e∗
(Φ − 1) b − k ′ (e∗ )
>0
∂ℓ
{z } | {z }
| ∂ℓ
|{z}
−

−

−

given Propositions 13 and 16. So a ceo’s equilibrium utility falls if ℓ falls; that
is, if the board is more independent. People typically require compensation if
their utility is lowered. Combined, these insights yield:
Proposition 17. If ceos with similar attributes enjoy equal expected utility in
the equilibrium of the ceo market, then, controlling for attributes, ceos who
work for more independent boards will receive greater compensation than ceos
who work for less independent boards.
It is not necessary to introduce effort into the model to identify a relation
between board independence and executive compensation. To see this, return
to the version of the model without effort. Assume a ceo’s expected utility is


√ 
w + P ∗ Φ − (Y − µ) H + (1 − P ∗ ) b ,
(46)

where w denotes compensation. Assume further that a ceo accepts a job if and
only if his expected utility (i.e., expression (46)) exceeds his reservation utility,
U . If we assume that the firms have all the bargaining power and can, thus,
hold a ceo to his reservation utility, then


√ 
w = U − P ∗ Φ − (Y − µ) H + (1 − P ∗ ) b .
The derivative with respect to ℓ is

∂w
∂P ∗
(Φ − 1) < 0 .
= −b
∂ℓ
{z }
| ∂ℓ
<0

In words: the less independent the board, the less the ceo’s equilibrium pay.

Further Implications for Governance

Summary.

55

The causal links just identified are readily summarized as follows:

• More independent boards (greater outsider representation) means more
monitoring of ceos (i.e., higher values of p in equilibrium).
• More monitoring of ceos leads to:
– More effort by ceos
– More hiring of external ceos
– Shorter average tenures for ceos
• More hiring of external ceos leads to:
– More effort by ceos
– Shorter average tenures for ceos
• More effort by ceos and shorter average tenures for ceos both lead to
greater compensation.
6.3

Consequences for Choice of Information Structures

As touched upon in Section 2.2, shareholders and their executives can have
divergent interests with respect to the quality of information used in assessing
executives’ ability. Hermalin and Weisbach (2012) provide a more in-depth
analysis of that issue, which we briefly review here.
The basic timing and assumptions of Hermalin and Weisbach (2012) are:
1. The firm’s owners determine the quality of information—what Hermalin
and Weisbach call a disclosure regime. Let D denote a disclosure regime.
2. The owners negotiate with a potential ceo as to his compensation, w, and
(in equilibrium) hire him.
3. The owners learn information, the quality of which depends on the disclosure regime.
4. The owners base an action (e.g., firing the ceo) on what was learned.
5. Payoffs are realized.
This is a very general model that pertains to a number of situations, including:
• Information pertains to the ceo’s ability. The consequent action is whether
to retain or fire him. As in Section 2.2, the ceo suffers a loss if fired.
• Information pertains to the firm’s prospects. The consequent action is
whether to invest additional resources into the firm or to take resources
out. The ceo prefers to manage more resources than fewer, ceteris paribus.
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• Information learned by the owners lessens an informational advantage held
by the ceo. The consequent action is the owners adjust the ceo’s compensation plan, resulting in the ceo’s loss of information rents.
• Information refers to how informative firm performance is about the actions the ceo has taken. The consequent action is the owners adjust the
ceo’s compensation plan, resulting in his loss of quasi-rents.
Let D ≻ D′ denote that disclosure regime D is more informative than regime
D with respect to some recognized notion of informativeness, such as Blackwell
informativeness.
Let the owners’ payoff be π(D) − w and the ceo’s U (D) + v(w). where v(·) is
an increasing function. Assume the ceo is protected by limited liability: w ≥ 0.
The following condition is key to the Hermalin and Weisbach (2012) analysis:
′

Condition 1. If D and D′ are two disclosure regimes such that D ≻ D′ , then
π(D) > π(D′ ) and U (D) < U (D′ ).54
In words: owners prefer a more informative disclosure regime to a less informative one, whereas a ceo prefers a less informative regime. Recall that Condition 1 followed from first principles in the model in Section 2.2 above. Indeed,
Hermalin and Weisbach show that in many situations of interest (including those
just listed) the condition follows from first principles.
Hermalin and Weisbach (2012) assume that bargaining between owners and
the ceo is generalized Nash; to wit, compensation, w, is set to maximize


θ log π(D) − w + (1 − θ) log U (D) + v(w) − u ,

where θ ∈ [0, 1] is the owners’ bargaining power and u is the ceo’s reservation
utility (the value of his outside option).
The first result is55

Proposition 18. Assume wage bargaining is generalized Nash and Condition 1
holds. Then the ceo’s compensation, as determined by the bargaining process,
is non-decreasing in how informative is the disclosure regime.
The proof is a straightforward application of standard comparative static methods (see Hermalin and Weisbach, 2012, pp. 223–224 for details) and so omitted.
As noted in Section 2.2, there is a cost to owners of better information (beyond
any direct cost of producing it) because they must compensate their executive
for the disutility it imposes on him.
Although, as noted, Hermalin and Weisbach (2012) consider a wide variety
of models that satisfy Condition 1, we limit attention to a learning model, in
54 In Hermalin and Weisbach (2012), the condition is slightly weaker insofar as they allow
π(D) ≥ π(D ′ ); that greater generality is not needed for our purposes here.
55 For the purposes of this chapter, we ignore the possibility of corner solutions; see Hermalin
and Weisbach (2012) for an analysis that accounts for possible corner solutions.
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keeping with the theme of this chapter.56 Suppose that the owners’ payoff is
xγ(a) − c(a) ,

(47)

where a is an action taken by the owners from a known set A and x is a stochastic
return such that E{x} = α. As above, α is an unknown parameter. Consistent
with previous analysis, it can be considered the ceo’s ability, although Hermalin
and Weisbach allow for other interpretations. As before, the information owners
receive permit them to form an unbiased estimate of α, α
b. Although Hermalin
and Weisbach allow for a number of different functions γ(·) and c(·), one that
fits with earlier analysis is that a ∈ {0, 1}, keep or fire the ceo, respectively;
c(1) > c(0), reflecting firing costs; and γ(a) = 1 − a, so if the ceo is fired,
the owners expect the return a replacement generates (normalized to zero), and
otherwise they expect the return equal to their best estimate of his ability, α
b.
Define
a∗ (b
α) = argmax α
bγ(a) − c(a) ;
(48)
a∈A

∗

that is, a (b
α) is the owners’ best response to their information.57 Define


Π(b
α) = α
bγ a∗ (b
α) − c a∗ (b
α) ;

that is, Π(b
α) is the owners’ expected payoff conditional on their estimate of the
parameter α.
Lemma 5. The payoff function Π(·) is convex.
Lemma 5 entails that the owners are risk loving with respect to the estimator
α
b, which recall is a random variable ex ante. The (unconditional) mean of α
b
is E{α}, so invariant across disclosure regimes; hence, owners prefer, ceteris
paribus, a disclosure regime in which the distribution of α
b is riskier, in the sense
of second-order stochastic dominance, than a regime in which the distribution is
less risky. Critically, an estimator based on better information in the Blackwell
sense is a riskier estimator in the sense of second-order stochastic dominance (see
Baker, 2006); intuitively, receiving no information—minimal informativeness—
makes α
b invariant, it remains equal to the prior. Receiving information makes
α
b vary, which means risk. It therefore follows from Lemma 5 that

Proposition 19. If D is a more informative disclosure regime, in the Blackwell
sense, than D′ , then the owners prefer D to D′ , ceteris paribus.
Proposition 19 establishes half of Condition 1. To establish the other half,
more structure is required. Among the possible set of assumptions, suppose that
the ceo loses L if dismissed (similar to Section 2.2). Observe that the owners

56 Among the other models they consider are a managerial myopia model with empire building; a hidden-information agency model; and a hidden-action agency model.
57 Generically, a∗ (b
α) is unique, so we treat it as such (i.e., we assume an equality in (48)
rather the technically more correct ∈).
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maximize (47) by choosing a = 1 if and only if α
b < −c(1). Let F (·|D) denote
the distribution function of the estimator α
b conditional
on the disclosure regime

being D. It follows that U (D) = −LF −c(1)|D in this version of the model.
We also require a bit more structure on the relations between disclosure
regimes: suppose that the set of disclosure regimes can be ordered by the dispersive order: for any two disclosure regimes D and D′ either F (·|D) dominates
≥
F (·|D′ ) in the dispersive order (denoted F (·|D) disp
F (·|D′ )) or the other way
58
≥
around. Because all distributions of α
b have the same mean, F (·|D′ ) disp
F (·|D)
′ ≥
≥
implies F (·|D ) ssd F (·|D), where ssd denotes second-order stochastic dominance
(Shaked and Shanthikumar, 1994, Theorem 2.B.10). It follows from Lemma 5
≥
F (·|D) implies the owners prefer regime D to regime D′ . Under
that F (·|D′ ) disp
reasonable conditions, the ceo has the opposite preferences:59
Proposition 20. Suppose the median of the estimate α
b coincides with the mean
≥
and exceeds −c(1). Then F (·|D′ ) disp
F (·|D) implies the owners prefer regime D
to regime D′ and the ceo prefers D′ to D. In other words, Condition 1 holds.

≥
Intuitively, F (·|D′ ) disp
F (·|D) means that F (·|D) has a fatter left tail than does
′
F (·|D ). Because it is left-tail outcomes that get him fired, the ceo prefers
thinner left tails to fatter left tails, ceteris paribus.
Finally, it’s worth tying this more general analysis back to the normal learning model employed elsewhere in this chapter. As often assumed above, let
α ∼ N(0, 1/τ ) and assume the owners receive a signal s ∼ N(α, 1/η). Because
0 > −c(1) and the median of the distribution of α
b = 0 = E{b
α}, the suppositions in Proposition 20 are met. Consider two disclosure regimes: in one
s ∼ N(α, 1/η), in the other s ∼ N(α, 1/η ′ ), where η > η ′ ; that is, the first is
more informative than the second. We wish to show that the distribution of α
b
under the first regime is dominated by the second in the sense of the dispersive
order. Recall (see, e.g., (4)) that α
b = ηs/(τ + η). Hence


η
η2
1
1
η2
=
Var(s)
=
×
+
Var(b
α) =
2
2
(τ + η)
(τ + η)
τ
η
τ (τ + η)

(note this is the unconditional variance of α
b). Simple calculus reveals that
∂ Var(b
α)/∂η > 0. In light of Lemma A.3 in the appendix, it follows that




η′
η
≥
N 0,
.
N 0,
τ (τ + η ′ ) disp
τ (τ + η)
Proposition 20 therefore entails:
58 F (·|D ′ ) ≥

disp

F (·|D) if
F −1 (ξ|D ′ ) − F −1 (ξ ′ |D ′ ) < F −1 (ξ|D) − F −1 (ξ ′ |D)

whenever 1 > ξ > ξ ′ > 0, where F −1 is the inverse of the distribution function.
59 The requirement that the mean and median of the estimator coincide is a property of
many estimation procedures. The condition that E{b
α}, which recall equals E{α}, exceed
−c(1) should be non-controversial because the alternative would mean the owners would wish
to fire the ceo in the absence of information, which begs the question of why they would have
hired him in thee first place.
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Corollary 2. In a ceo-dismissal model, if α
b derives from a normal-learning
model, then owners prefer more precise signals (i.e., higher ηs), while the ceo
prefers less precise signals, ceteris paribus; that is, Condition 1 holds.
Bibliographic Note. As noted, Hermalin and Weisbach (2012) consider the
tradeoff reflected in Condition 1 across a number of models relevant to governance. Additionally, they study how firm characteristics affect the choice of
disclosure regime. In particular, they show that larger firms will tend, ceteris
paribus, to have better disclosure regimes and, thus, greater executive compensation. Moreover, via a general equilibrium analysis of the ceo labor market,
they show firms with better disclosure regimes employ more able ceos. They
also explore the consequences of mandated (e.g., by legislation) reforms of disclosure and its consequences for managerial compensation and well being.

7

How Non-Bayesian Updating Affects Governance

A maintained assumption of most learning models is that individuals incorporate
new information rationally; that is, they update their beliefs according to Bayes
Law. There is, however, a large body of research in psychology that convincingly
demonstrates that people often hold beliefs or take actions that are inconsistent
with their having properly employed Bayes Law to account for new evidence.60
If, as the psychological evidence suggests, people fail to apply Bayes Law
correctly (are “bad Bayesians”), what does this mean for the realism of the
learning-based models previously discussed? One view is that they are invalidated, since their key underlying assumption is wrong. This is too strong a
response: although the average person may incorrectly calculate posterior probabilities in the face of new information, these models do not rely on precise
calculations; rather, they rely on the direction in which beliefs are updated. As
long as bad news shifts beliefs about ability downward and good news shifts
them up, then the spirit of the models is preserved. Moreover, the models allow
us to say what the consequence of particular cognitive biases will be. Specifically, keep in mind that the sign of the bias when updating beliefs is generally
understood: in particular, people put too much weight on their most immediate
observations and experiences and too little on base rates (as we discuss below).
A consequence is that people are likely reacting to current signals more than
rational Bayesian updating would imply. In a sense, the models’ implications
are likely to be greater in magnitude in reality than on paper. For this reason, the behavioral biases documented by psychologists imply that the models
previously considered could understate the true importance of the effects they
characterize.
This section expands on that idea; in particular, we explore the implications
of biased (non-Bayesian) updating for learning-based models of governance. We
first summarize some of the literature on behavioral biases. Then we discuss the
60 Some good introductions and overviews of this literature are Gilovich (1991), Plous (1993),
and Kahneman (2011).
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way that the behavioral biases potentially affect learning models of governance,
as well as the way in which behavioral analysis could be incorporated into this
analysis in future research. Finally, we suggest some ways in which this type of
behavioral analysis could be incorporated into future research.
7.1

How Do People Really Update Their Beliefs?

The psychology literature has documented a number of biases or fallacies that
pertain to how individuals tend to depart from rationality in their decisionmaking. Three such departures are especially relevant in the context of this
chapter: the base-rate fallacy, the “hot-hand” fallacy, and the fundamentalattribution bias.61
The base-rate fallacy is a tendency to underweight base rates; in terms of
Bayes Law, when agents receive a signal, they revise their beliefs by more than
Bayes Law would have them do. Numerous experiments have given test subjects information about the population (the base rate), and then subsequent
information that can be used to answer a question. This is especially relevant
with regard to experiments considering tests for rare diseases: tell the subjects
that the prevalence of some disease is, say, one in 10,000 in the population and
there is a test for that disease that has only a one-percent false positive rate
and a very high (perhaps even perfect) true positive rate. Then ask the subjects
how likely is it that a patient who tests positive has the disease. The subjects’
guesses are usually very high, often over 90%.62 The true answer, however, is
less than one percent.63 In other words, individuals underweight the base rate
(the remarkably low prevalence of the disease) and place too much weight on
new information (the signal—the test result).64
The hot-hand fallacy, somewhat relatedly, is a tendency to forecast future
success based on a recent run of success. Gilovich et al. (1985) originally documented this tendency using data from professional basketball games. Their
61 See

Kahneman (2011) for, inter alia, an overview of these biases.

62 This

has been the experience of one of the authors who has routinely run this experiment
in his first-year mba course.
63 If p is the true positive rate, then Bayes Law yields a posterior probability of having the
disease based on a positive test as
1
10,000
9999
+ 10,000

p×

p×

1
10,000

×

1
100

<

1
≈ .0099 .
1 + 99.99

64 A related fallacy is the conjunction fallacy (Tversky and Kahneman, 1983): Linda is 31,
single, outspoken, and very bright. She majored in philosophy. As a student, she was deeply
concerned with issues of discrimination and social justice, and also participated in anti-nuclear
demonstrations. Which is more probable? 1) Linda is a bank teller or 2) Linda is a bank
teller and active in the feminist movement. In the Tversky and Kahneman study, the majority
of subjects chose the second option even though the event in that option is a proper subset
of the event in the first; that is, if B is the event Linda is a bank teller and F the event
she’s a feminist, then the first option is B and the second is B ∩ F ⊆ B and, necessarily,
Pr{B ∩ F } ≤ Pr{B}.
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statistical analysis reveals that a player’s likelihood of making a given shot is
unrelated to whether he made his most recent shots. Nevertheless, coaches,
players, and fans all believe strongly that the opposite is true, that the probability of a player making his next shot increases substantially if he has hit his last
two or three shots. Gilovich et al. argue that this misperception is evidence of
a bias in which people over-extrapolate the most recent events and underweight
other relevant data.
This finding was very controversial, and has led to a large literature reëxamining Gilovich et al.’s conclusions. However, as emphasized by Alter and Oppenheimer (2006), much of this literature is actually about the statistics of basketball, using more sophisticated estimation strategies to see whether, in fact, the
likelihood of making shots is independent. Little of the subsequent research is
on the more important issue (at least to non-basketball fans) of whether people
systematically and substantially overestimate the implications of past success
on future success (see, e.g., Bocskocsky et al., 2014). Alter and Oppenheimer
argue that regardless of whether there is serial correlation in shot-making success, agents dramatically overstate the implication that making one shot has on
the probability of making the next. Moreover, data unrelated to sports confirm
that people tend to believe that one success increases the probability of future
success far more than is warranted by data. Therefore, there appears to be a
systematic tendency to overestimate the implications of recent events on the
likelihood of future events.65
The fundamental attribution bias is to assign more credit or blame to an
individual and less to her circumstances than is appropriate. This behavior
was first documented in experiments by Jones and Harris (1967), and the term
coined by Ross (1977). This bias represents a departure from Bayesian inference because the rational inference from a person’s action is to update one’s
prior about his ability based on his actions conditional on the circumstances
the person faces. However, people fail, on average, to adjust appropriately for
circumstances outside one’s control and give people too much credit or blame
than they deserve for a particular outcome.
7.2
7.2.1

Implications of Biases for Interpretation of Learning Models
The Base-Rate Fallacy

It is relatively straightforward to incorporate the base-rate fallacy into learning
models of governance. As was shown repeatedly above (consider, e.g., expressions (4) and (19)), the true Bayesian estimate of ability is a weighted average of
new information and the prior (for instance, in (19), the weights are—dropping
subscripts—
τ
η
and
,
τ +η
τ +η
65 A related bias is the gambler’s fallacy: the tendency of people to think that luck will
reverse itself. If a gambler has a run of bad luck, people will think s/he is “due” some good
luck, even though the random events are, just that, random, and do not systematically reverse
themselves.
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respectively). A shift in weight toward new information over the prior will
increase a ceo’s incentive to jam the signal. For example, consider, expression
(34): if η/(τ +η) increases, then the ceo’s marginal return to the signal-jamming
action, ξ, is greater and so his choice—the solution to (34)—will be greater. So
if we think of the base-rate fallacy as meaning those assessing the ceo have
a downward bias in their estimate of τ (or, equivalently, an upward bias in
their estimate of η), then the ceo, if he understands this bias (or simply suffers
it himself), will be more inclined to jam the signal than were this a world of
unbiased Bayesians. This insight has a number of implications vis-à-vis models
that assume actors are perfect Bayesians: if the base-rate fallacy is a prevalent
bias, then 1) the career-concern incentives facing managers would be greater;
2) the distortions in investment identified by Holmstrom (1999) could be larger;
3) the reaction (positive or negative) to any news releases in terms of estimates
of managerial ability would be greater; and 4) under at least some assumptions,
it would, as just suggested, mean managers’ motives to take myopic investments
are bigger.
The base-rate fallacy should be kept in mind when interpreting empirical
work about learning. For example, consider the estimates of indirect incentives
in the private equity and hedge fund industries summarized in Table 1. The
mechanism presumed to underlie these estimates is that a fund’s performance
leads the market to update its assessment of the ability of that fund’s manager,
which affects inflows into the fund. The fees on these new inflows (or outflows)
determine the incremental pay the managers receive from their performance.
The magnitude of this effect clearly depends on the extent to which the market
updates their assessment of the manager’s ability. So if the base-rate fallacy
leads the market to have larger updates for a given level of performance than
Bayes Law would imply, there would be more inflows to the fund for that level
of performance and consequently higher indirect incentives.
When interpreting these estimates, it is impossible to disentangle rational
Bayesian updating from an overreaction due to behavioral biases. There are,
however, reasons to suspect behavioral biases are present. The magnitude of
the estimates of indirect incentives is very large, potentially larger than one
might expect only from rational updating. For private equity funds, Chung
et al. (2012) find that indirect incentives are about the same size as the 20%
carried interest, which by itself is substantial source of incentives for privateequity general partners. For hedge funds, for which moving capital is easier
than with private-equity funds, Lim et al. (2016) find that, on average, indirect
incentives are several times as large as they are for private-equity funds. For
young funds, indirect incentives are so large that an additional dollar of wealth
returned to investors appears to increase the fund manager’s lifetime personal
wealth by more than a dollar. It is possible that these effects could be generated
by rational updating, after all a small difference in estimated ability between
fund managers could lead a rational investor to switch funds. However, the
estimated effects are sufficiently large that it seems likely that some of the
incentives could be a result of investors overreacting to fund performance.
Relatedly, the magnitude of the investors’ responses to performance in terms
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of fund inflows and outflows is very large. The strong relation between inflows
and performance, together with the lack of abnormal performance for mutual
funds, has long been considered an important puzzle in finance (see e.g., Berk
and Green, 2004). It is possible that some of this reaction could be explained by
the base-rate fallacy: investors place too much weight on recent performance and
consequently adjust their portfolios more than they should in response to a shock
to performance. In fact, Lim et al. (2016) find that inflows respond strongly to
monthly performance; it is difficult to imagine that a rational update of ability
could change so rapidly in response to short-term fluctuations in performance.66
7.2.2

The Hot-Hand Fallacy

In one sense, the hot-hand fallacy is an extreme version of the base-rate fallacy.
In basketball, for instance, it turns out that a player’s field-goal percentage is
roughly constant over time (e.g., over a season or two) and there is little to no
serial correlation within a particular game. Hence, the right “model” is that
each shot a player takes has an independent probability p of being good, so p
should be the probability with which one should expect the next shot to hit,
even if the player has enjoyed a run of success (just as one knows a fair coin will
land heads with probability 1/2 no matter how many heads in a row have just
been tossed). The hot-hand fallacy is, in essence, the false belief that there is
something to be learned when there is, in fact, nothing to learn—those subject
to the fallacy can be seen as assigning a weight less than one to the prior (base
rate) even though, here, one is the correct weight to assign.
Another way to view the hot-hand fallacy is that people are using the wrong
stochastic model. Suppose that, as is standardly assumed in the literature,
a ceo’s ability is fixed over time. If, instead, one mistakenly believed that
it followed a random walk (or other process with serial correlation), then one
would believe that there is more to be learned from recent events than there
truly is. In this regard, it is worth recalling, as noted earlier, that Holmstrom
(1999) considers an extension of the basic career-concerns model that encompasses abilities that follow a random walk. Although the resulting formulae are
different in this version of the model than the one with fixed ability, the basic
conclusions discussed above continue to hold—at least if abilities truly follow a
random walk and this is commonly understood . What could prove interesting
is to explore the deviations in beliefs, efforts, compensation, and so forth when
people are subject to the hot-hand fallacy (falsely believe, e.g., ability follows a
random walk). To the best of our knowledge, no one has extended the careerconcern model to allow for the possibility that some or all observers are using
an erroneous model of the underlying stochastic process.
66 The published version does not contain these monthly regressions. They are, however,
reported in the working paper version, nber wp 18903.
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The Fundamental Attribution Bias

The fundamental-attribution bias is somewhat trickier. If there is only one
signal of performance, then there is no means of identifying what is attributable
to the manager and what to circumstances. In some settings, though, inferences
could be made about circumstances by comparing the performance of a given
firm to others in the same industry. Differences in relative performance could
help identify the degree to which the firm’s success (or lack thereof) should be
attributable to its ceo and the degree attributable to circumstances beyond his
control.67 The extent to which markets appropriately adjust for circumstances
beyond the ceo’s control is somewhat unclear: although there is some evidence
that relative performance is taken into account (Gibbons and Murphy, 1990),
there is also evidence that it is not (Bertrand and Mullainathan, 2001).
Another issue is that if managers know they will be assessed in a relative way,
then, consistent with the general point that the act of observation can distort
incentives, such assessment could lead to suboptimal behavior. For instance,
Scharfstein and Stein (1990) present a model in which relative-performance
assessment results in herding in investment decisions: as with wildebeests on
the Serengeti, standing out from the herd is a good way to get picked off by
predators. But while herding can be good for wildebeests and ceos, it can be
quite suboptimal from the perspective of shareholders.
Despite the difficulties of identifying managerial ability from circumstances,
there are reasons to suspect that markets give too much credit to managers. In
the management literature, Khurana (2002a,b) has made a compelling case that
there is a misguided tendency to treat a number of ceos as superstars. In addition, experimental work suggests that subjects have a tendency to overweight
the importance of the leader to a team’s success or failure (see, in particular,
Weber et al., 2001).
7.3

Potential Future Research Applying Behavioral Economics
to Corporate Governance

Although, as discussed above, there is a way in which departures from Bayesian
updating don’t change the basic point of models that assume wholly rational
actors, it is nonetheless worth speculating about what the implications for behavioral economics might be for learning-based models of corporate governance.
Note, first, that it is not necessarily obvious what the effect of these biases
will be. For example, the base-rate fallacy causes observers to overweight current performance, which could increase a young executive’s incentives relative
to what they would be if observers were perfect Bayesians. On the other hand,
if the past will be effectively forgotten, the long-run effects that current effort
has on future compensation will be less than a model based on Bayesian updating would predict, which could reduce a young executive’s incentives relative
to the model. Hence, one avenue of research is to determine the theoretical
67 Wasserman

et al. (2010) find evidence that who the ceo is does matter, but this effect
varies considerably across industries.
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consequences if the relevant parties employ updating/inference rules exhibiting
well-documented biases (e.g., will they boost or lessen managerial effort early
in a career).
A second set of questions stem from the insight that if these biases are
predictable and lead others to behave sub-optimally, then ought there not be
ways for one to make money off of them? That is, why can’t savvy players
effectively “print money” at the expense of the less savvy? One possible answer
is to imagine that there is some process—as yet unmodeled in this context (to
the best of our knowledge)—that causes competition among the savvy players
seeking to capture such rents to somehow drive the relevant institutions to an
equilibrium in which it is as if the institutions were run by rational actors.
Alternatively, it might actually be profitable in some ways to have a board
made up of bad Bayesians. To wit, consider equation (17) and, to eliminate the
distortion introduced by discounting, set δ = 1. If all boards suffered from the
base-rate fallacy so severely that they mistakenly set τt = 0 (i.e., their estimate
of ability is wholly governed by current performance), then a ceo’s return to
effort is 1, matching the social return: in a world of biased boards, the first best
attains. Admittedly, this is a highly incomplete analysis—and certainly one
can also imagine reasons why a board of bad Bayesians is bad—but it serves to
illustrate one way in which cognitive biases could be a plus.
Another way cognitive biases could be a plus is by serving as a commitment
device.68 To illustrate this possibility, another well-known learning-related bias
is confirmation bias, the tendency to look for or overweight evidence confirming
a decision and to ignore or underweight contrary evidence. Consider two boards,
one with confirmation bias, one without. Suppose, as in Section 4.1, ceos decide
whether or not to pursue projects. The ceo working for the board without bias
will, for the reasons detailed in conjunction with Proposition 5, never undertake
a project. The story could be different for the ceo working for the board with
bias. If this board wishes to confirm the wisdom of its selection of the ceo, it
will tend to overlook or at least underweight a project failure, while noticing and
overweighting a project success. Although choosing a project still exposes the
ceo to risk, the magnitude of the risk-adjusted upside can exceed the magnitude
of the risk-adjusted downside, which means he could wish to undertake projects.
In short, the boards confirmation bias could commit it to being more lenient
toward failure, which is necessary if the ceo is to have an incentive to pursue
projects at all. Again, this is a highly incomplete analysis—and certainly one
can also imagine reasons why a lenient board is bad—but it is suggestive of
possible lines of future research.
Empirically, there is much work to be done. Even assuming rationality, there
is a dearth of empirical work related to learning and its effect on governance.
Identifying the extent to which observed learning represents rational Bayesian
updating and to which it represents overreaction because of behavioral biases is
68 The discussion that follows is somewhat related to a strain of the leadership literature
that deals with delegation. See, e.g., Rotemberg and Saloner (1993, 1994, 2000), Van den
Steen (2005), and Blanes i Vidal and Möller (2007).
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clearly a very important (and difficult) question.
The existence of behavioral biases raises an important methodological issue
regarding updating. Structural estimation, which has become popular recently,
takes the underlying modeling as a maintained assumption while estimating the
underlying model parameters. The fact that agents are likely to be overreacting
to new information, suggests that the approach of assuming that Bayes Law
holds as one of the maintained assumptions is potentially problematic.
Another important issue is that biases are typically measured via lab experiments using a somewhat random draw of local undergraduates. Do cognitive
biases evidenced by students playing for small stakes in psychology labs necessarily have bearing in a corporate world in which governance mistakes have the
potential to destroy billions of dollars? Put slightly differently, Bayes Rule is not
a secret formula and the incentives to get matters right are huge, so shouldn’t
boards and others overcome these biases? As noted, there are some hints in
the empirical literature that the answer may nonetheless be “no,” but obviously
how accurately the relevant actors adjust their beliefs is an empirical question,
one in need of more research.
In summary, there is a natural complementarity between the learning and
assessment approach to governance and behavioral economics. Although, as
noted, it is possible that market forces drive the relevant actors to behave as if
they are good Bayesians, there are also many reasons to suspect that managerial
ability is assessed in such a way that the relevant actors are updating their
beliefs in a decidedly non-Bayesian manner. If so, then our understanding of the
corresponding governance phenomena will be vastly enriched by incorporating
the various insights arising from research on cognitive biases.

8

Conclusion

Research in corporate governance has historically focused on issues of control:
getting those with decision-making authority to make decisions that are as
aligned as possible with the interests of investors. Without minimizing the
importance of these agency problems, this chapter has sought to make the case
that such a focus is incomplete. An equally important role of corporate governance is to ensure that those with decision-making authority are the best
people to hold such authority. This means assessing the capabilities of decision
makers—that is, management—and the strategies they are deploying. In the
past few decades, a research program has emerged among corporate governance
scholars that seeks to understand not only such assessment directly, but also
its ancillary effects on the behavior of managers, their compensation, and the
structure of governance itself.
One consequence of assessment is that the actor being assessed can be
tempted to take actions to affect that assessment. Starting with Holmstrom
(1982) [1999], it has been recognized that assessment creates incentives. The
incentives can be positive; they can, for example, induce a manager to work
harder. They can also be negative; they can, for example, lead a manager to
eschew a positive npv project or behave in other myopic ways. In this chapter,

Conclusion

67

we have reviewed a number of models that reflect the good, the bad, and the
ugly of the incentives created by assessment.
Beyond its effect on managerial behavior, assessment is also important because it affects the desirability of the manager’s job, particularly how risky it is.
Because what others will ultimately infer about him or her is uncertain ex ante,
a manager is necessarily exposed to risk. People demand additional compensation to bear risk, so a cost of intense monitoring of a manager is the increased
compensation s/he will demand.
Assessment also has implications for how governance evolves. Because of the
downside risk in being evaluated, a manager has reasons to seek less vigilant
monitors, which in turn has implications for how independent the board of
directors will be. Because the ability to learn about a manager and dismiss him
if he is a poor performer creates an option value, employers (boards) can have
an incentive to hire executives about which there is uncertainty because that
raises the option value. How valuable that option value is, however, depends
on how vigilant a monitor the board is. Hence, there are relationships between
board independence (propensity to monitor) and the sort of executive employed.
Boards and executives may also wish to bargain about the kind of information
available to the board. In short, as discussed above, assessment entails a number
of consequences for who is hired, how she is monitored, who monitors her, and
the information that will be used in assessing her. An assessment perspective on
governance can thus prove essential for gaining insights into phenomena such as
executive selection and turnover; the evolution of executive salaries and other
forms of non-contingent compensation; and changes in the balance of power
between boards and ceos.
Not only is there assessment by the board (employers), but also the market
more generally. The more uncertainty there is about a ceo, the more influential
any signal about his ability will be. As discussed above, this can help to explain
the volatility of stock returns over time: the more established a ceo, the less of
an impact any performance metric has in assessing his ability, and thus the less
the market will react to such news.
Although by no means comprehensive, our discussion of the extant literature
on the assessment-based approach to corporate governance illustrates that this
approach has already yielded considerable insights. Yet it is not a spent force: it
remains a rich approach for future research. This is especially true for empirical
work. Probably the greatest challenge to empirical work in this area is data
given the key variables in the models tend to be unobservable to an outsider: the
assessment itself, managerial effort, managerial career paths, and the question of
whether an observed action is distortionary (how, for instance, does one tell if a
particular investment is myopic)? Yet, the rewards to empirical work are likely
to be large, since the effects the models describe seem a priori very important.
Acting to improve others’ opinions of oneself is a constant element of everyday
life, and it seems likely that such actions provide important motivations and
indirect consequences in ways we do not fully understand.
A striking feature of the models in this literature is how well suited they are
to testing: as a rule, they offer sharp time-series and cross-sectional predictions.
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These predictions occur, in large part, because Bayes Theorem is very clear
on the way updating occurs. The magnitude of updating should be negatively
related to the precision of the prior information, positively related to the amount
of information in the signal, and decrease in magnitude over time given that
beliefs about ability are, necessarily, more fixed for old-times than newcomers.
These predictions fall out of from virtually every model based on updating and,
with appropriate data and clever empirical designs, are likely to lend themselves
to interesting and important empirical work.
One potential shortcoming of the current literature is that it has ignored
the well-documented fact that most people are “bad Bayesians”—they fail, in
systematic and predictable ways, to update their beliefs in a manner consistent
with Bayes Theorem. In particular, the psychology literature has documented in
numerous experiments that people tend to overweight signals relative to prior
information, leading them to update their beliefs when they receive new information by more than is warranted. As we discussed in detail above (see
in particular the previous section), recognition of this fact opens a number of
avenues of research, both empirical and theoretical. If, as the psychological literature suggests, actors react to signals more than they should, then many of
the effects identified in models with wholly rational actors are magnified. For
this reason, we believe that assessment-based models are one area of economics
where behavioral considerations are likely to cause the rational models to understate the effects they describe. A critical issue in this regard is determining
empirically how far real-world belief formation deviates from the Bayesian ideal
in the context of governance.
In sum, learning and assessment complement agency theory as tools for the
study of corporate governance; in particular, they are a means to provide a unifying framework to a number of disparate phenomena in governance. Further,
it is an approach amenable to empirical analysis and, indeed, a rich empirical
literature has started to emerge that builds implicitly and explicitly on it. Finally, it offers natural ways to incorporate behavioral insights into the study of
governance and contracting.
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Derivation of expression (9). Observe

√
√
ηs
hφ(s h )ds
max −r,
E max{−r, α
b1 } =
τ0 + η
−∞
Z ∞
Z −rτ0 /h √
√
√
sh √
hφ(s h )ds +
hφ(s h )ds .
= −r
−rτ0 /h τ0
−∞


Z

∞



The last step in deriving (9) follows from the following lemma:
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Lemma A.1. If φ is the density function of a standard normal, then
Z b
xφ(x)dx = φ(a) − φ(b) .
a

√
Proof: Recall φ(x) = exp(−x2 /2)/ 2π. Hence,
Z

b

xφ(x)dx =
a

Z

b
a

 2
 2
x
x
1
1
x √ exp −
dx = − √ exp −
2
2
2π
2π

b
a

= φ(a) − φ(b) .

Lemma A.2. N(µ, σa2 ) dominates N(µ, σb2 ) in the sense of second-order stochastic dominance if σb > σa .
2
Proof: Recall that if x ∼ N(µ,
 σ ), then its cumulative distribution function
can be written as Φ (x − µ)/σ , where Φ is the cumulative distribution function
of the standard normal (i.e., N(0, 1)). Recall, too, that

Φ(x) = 1 − Φ(−x)

(49)

for all x (the tails have equal mass).
As a preliminary,
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(50)

where the first equality follows from (49) and the second from making the change
of variables z = 2µ − x.
Recall distribution F dominates G in the sense of second-order stochastic
dominance if they have the same mean and
Z y

F (x) − G(x) dx ≤ 0
−∞

for all y. Because Φ is an increasing function and (x − µ)/σa < (x − µ)/σb for
all x < µ,
Z y  
 x − µ 
x − µ
dx < 0
(51)
−Φ
Φ
σa
σb
−∞
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for all y ≤ µ. The lefthand side of (51) goes to zero as y → ∞ by (50). Hence
the lemma must hold if the lefthand side of (51) is monotone in y for y > µ.
The derivative of that lefthand side is
y − µ
y − µ
Φ
−Φ
>0
σa
σb
for all y, where the sign follows because Φ is increasing and (y − µ)/σa >
(y − µ)/σb for all y > µ.
Proof of Lemma 2: Claims (ii) and (iv) are immediate. Claim (iii) follows
because
T
−t
X
τ0
d
δj
mt =
> 0.
dη
(τ
+
(t
+
j − 1)η)2
0
j=1
For claim (i), it was shown earlier that mT −1 > mT = 0. Consider t < T − 1.
Observe
T
X
η
mt = δ −t
δj
τ
i−1
i=t+1
if one reindexes (note the use of (5)); hence,
mt − mt+1 = δ
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η
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η
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δ = δ T −t > 0 ,
τt
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where the first inequality follows because τt′′ > τt′ if t′′ > t′ .69
Proof of Lemma 3: Noting that
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τ
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and utilizing Lemma A.1, it is readily seen that ∂V /∂ α
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Proof of Proposition 8: The first-order condition for maximizing the board’s
objective function is
V − max{0, α
b} − ℓd′ (p) = 0 .
(53)

Given the usual comparative statics, part (i) follows immediately from Lemma 3.
Part
√ via the usual comparative statics, if ∂V /∂τ < 0. Recall (Y −
√ (ii) follows,
ατ / H, so, from (37),
α
b) H = −b
 √



τ
τ
H
+
φ −b
α√
V =Φ α
b√
.
τ
H
H
Using Lemma A.1 and the fact that φ(·) is symmetric about 0, it is readily
shown that
 √



∂ H/τ
η + 2τ 3/2
τ
τ
∂V
α√
α√
= φ −b
= −φ −b
H
< 0.
∂τ
∂τ
2ητ 3
H
H

Hence, by the usual comparative statics, part (ii) follows. Part (iii) is immediate
from (53) (a shift up in marginal cost reduces the equilibrium action). Finally,
it is readily shown that


∂V
τ
τ
√ φ −b
> 0.
=
α√
∂s
2(τ + η) H
H
So part (iv) follows from the usual comparative statics.
Proof of Lemma 4: Consider bargaining with a new ceo. If this bargaining
is unsuccessful, the board can hire yet another ceo, who is ex ante identical to
the new ceo. Hence, Nash bargaining entails choosing P ∗ and w to maximize


 
P ∗ V0 − ℓ0 d(P ∗ ) − w − U0 × P ∗ Φ(0) +1 − P ∗ b + w .
| {z }
=1/2

The respective first-order conditions are



 
1
1 ∗
′
∗
V0 − ℓ0 d (P )
1 − P + w − P ∗ V0 − ℓ0 d(P ∗ ) − w − U0 b = 0 (54)
2
2

and

P ∗ V0 − ℓ0 d(P ∗ ) − w − U0 −



1 
1 − P∗ + w
2



≤ 0.

(55)

In equilibrium, one new ceo must yield the board the same utility as any other
new ceo; hence,
P ∗ V0 − ℓ0 d(P ∗ ) − w = U0 .
Consequently, (55) implies that w = 0. Plugging all this back into (54), we have
V0 − ℓ0 d′ (P ∗ ) = 0. That is the first-order condition for the utility-maximizing
intensity of monitoring for a board with lack of independence ℓ0 . Because P ∗ is
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monotone in ℓ, it follows that ℓ1 = ℓ0 .
Proof of Proposition 10: Let U E denote the equilibrium expected utility of
the board if it bargains with the incumbent ceo. Recalling that P ∗ (ℓ0 ) is the
board’s most preferred level of monitoring, it must be that


U E ≤ P ∗ (ℓ0 )V + 1 − P ∗ (ℓ0 ) max{0, α
b} − ℓ0 d P ∗ (ℓ0 ) .
(56)

Invoking the envelope theorem, the derivative of the righthand side (rhs) of
(56) with respect to α
b is
(
P ∗ (ℓ0 ) ∂V
b<0
∂rhs
∂α
b > 0 , if α
=
,
∗
∗
∂α
b
1 − P (ℓ0 ) + P (ℓ0 )Φ > 0 , if α
b>0

where the second line utilizes (52). So the rhs of (56) is increasing in α
b;
moreover, it tends to positive infinity as α
b does. Differentiating the rhs of (56)
with respect to τ , again invoking the envelope theorem, yields
√

1 η
H
∗
φ < 0.
(57)
P (ℓ0 ) −1 +
2τ +η
τ2
Suppose α
b = 0. Because τ > τ0 (first-period performance means more is known
about an incumbent than a replacement), the inequality in (57) implies

P ∗ (ℓ0 )V − ℓ0 d P ∗ (ℓ0 ) < P0 V0 − ℓ0 d(P0 ) ≡ U0 .

Hence, U0 > U E if α
b = 0. Because the rhs of (56) is continuous and increasing
without bound, but is less than U0 for α
b = 0, it follows that A exists and is
unique.
Turning to the “moreover” part: we’ve just established that


P ∗ (ℓ0 ) V (A) − A + A − ℓ0 d P ∗ (ℓ0 ) − U0 = 0 .

This holds for all values of ℓ0 , so it is an identity. Differentiating that last
expression with respect to ℓ0 , using the envelope theorem, yields
(P ∗ Φ + 1 − Φ)


∂A
− d P ∗ (ℓ0 ) + d(P0 ) = 0 .
∂ℓ0

Proposition 8 implies P ∗ (ℓ0 ) < P0 ; so, the last expression entails ∂A/∂ℓ0 < 0.
Proof of Proposition 14: For t ∈ {E, I} define
Wt = Pt∗ Vt + (1 − Pt∗ )µt − ℓd(Pt∗ ) .
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Observe we can write WI as
µI

WI (∆) =

PI∗

 z }| {
p 
(µE + ∆) Φ − YI − (µE + ∆) HI
+

√

 p 
HI
φ − YI − (µE + ∆) HI
τI

+ (1 − PI∗ )(µE + ∆) − ℓd(PI∗ ) .

Note that the two terms in boxes sum to VI (the value of the firm if the internal
candidate is hired). Next, keeping in mind (i) ∂V /∂Y = 0;70 (ii) ∂V /∂µ = Φ;71
and (iii) the envelope theorem, differentiating WI (∆) with respect to ∆ yields:
WI′ (∆) = PI∗ Φ + (1 − PI∗ ) > 0 .

(58)

If WI (0) < WE and there exists ∆ such that WI (∆) > WE , then ∆m must exist
by continuity. Using the envelope theorem, we have ∂W/∂τ = P ∗ ∂V /∂τ < 0,
where the inequality follows from Proposition 13. So, since, τI > τE , WI (0) <
WE . Because V − µ > 0, WI (∆) ≥ µE + ∆ − ℓd(0); hence, lim∆↑∞ WI (∆) = ∞.
Turning to the “moreover” part: 0 ≡ WI (∆m ) − WE . Differentiating that
identity with respect to ℓ, using envelope theorem, yields
0 = WI′ (∆m )

∂∆m
− d(PI∗ ) + d(PE∗ ) .
∂ℓ

Because µI > µE and τI > τE , Proposition 13 entails PI∗ < PE∗ ; so, because d(·)
is increasing, 0 > WI′ (∆m )∂∆m /∂ℓ. Given (58), this implies ∂∆m /∂ℓ < 0.
70 Proof:

So

recall Y = −τ µ/η and
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71 Proof:

recall V can also be written
√ 
V = Φ − (Y − µ) H µ +

√

√ 
H
φ (Y − µ) H .
τ

Differentiating with respect µ (keeping in mind the last footnote; i.e., ∂V /∂Y = 0 and
Lemma A.1):
√
√ 
√ 
√ 
√
∂V
H
= Φ − (Y − µ) H + φ − (Y − µ) H µ +
φ (Y − µ) H (Y − µ) H
∂µ
τ
Simple algebra (recall Y = −τ µ/η) shows the last two terms sum to zero.
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Proof of Proposition
√ √ 16: It is immediate from (44) that the greater is
bP ∗ φ − (Y − µ H) H, the greater e∗ must be. Observe


√
√ √
τ
∗
∗
H.
(59)
bP φ − (Y − µ H) H = bP φ √ µ
H

If µ decreases, the φ term increases given µ > 0 (the peak of the standard
normal density occurs at zero and the density increases as one moves toward
zero from right of zero). Additionally, from Proposition 13, if µ decreases, P ∗
increases. Putting the two effects together, a decrease in µ increases the value
of (59). This means e∗ will be greater, which establishes result (i).
Consider the righthand side of (59): the only part of it that depends on ℓ is
P ∗ . From Proposition 13, P ∗ is decreasing in ℓ. This establishes result (ii).
Proof of Lemma 5: Consider α
b>α
b′ . Fix ζ ∈ (0, 1) and define
We need to show

α
bζ = ζ α
b + (1 − ζ)b
α′ .

Π(b
αζ ) ≤ ζΠ(b
α) + (1 − ζ)Π(b
α′ ) .

By definition of a maximum



Π(z) ≥ zγ a∗ (b
αζ ) − c a∗ (b
αζ ) = Π(b
αζ ) + γ a∗ (b
αζ ) (z − α
bζ ) .

(60)

(61)

Consider (61) with z = α
b and multiply through by ζ. Do the same with z = α
b′ ,
but multiply through by 1 − ζ. Adding those two expressions yields

ζΠ(b
α) + (1 − ζ)Π(b
α′ ) ≥ Π(b
αζ ) + γ a∗ (b
αζ ) ζ α
b + (1 − ζ)b
α′ − α
bζ ) = Π(b
αζ ) ;
that is, (60), as was to be shown.

Proof of Proposition 20: The conclusion about the owners was shown in the
≥
text. The claim about the ceo follows if F (·|D′ ) disp
F (·|D) implies F (−c(1)|D) >
′
′ ≥
F (−c(1)|D ). The assumption that F (·|D ) disp F (·|D) implies








1 ′
1
−1
−1
−1
′
F
ξ D <F
D −F
D − F −1 ξ D
(62)
2
2

for all ξ < 1/2. Because the mean and median coincide, F −1 (1/2|D′ ) =
F −1 (1/2|D). Hence, (62) implies, for all ξ < 1/2, that
F −1 (ξ|D) < F −1 (ξ|D′ )

(63)

Because −c(1) < E{b
α}, F (−c(1)|D′ ) < 1/2. So substituting F (−c(1)|D′ ) for ξ in
(63) yields

F −1 F (−c(1)|D′ ) D < −c(1) .

Because F (·|D) is increasing function, this last inequality implies F (−c(1)|D′ ) <
F (−c(1)|D), as was to be shown.
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2
2
Lemma A.3. Let X ∼ N(µ, σX
) and Y ∼ N(µ, σY2 ), where σX
< σY2 . Then
the distribution of X dominates the distribution of Y in the dispersive order.

Proof: Let FX and FY denote the distribution functions of X and Y , respec≥
tively. To show FX disp
FY , we need to show
−1 ′′
−1 ′
FX
(ξ ) − FX
(ξ ) < FY−1 (ξ ′′ ) − FY−1 (ξ ′ )

(64)

if 0 < ξ ′ < ξ ′′ < 1. Expression (64) is equivalent to
−1 ′
−1 ′′
FY−1 (ξ ′ ) − FX
(ξ ) < FY−1 (ξ ′′ ) − FX
(ξ ) ;
−1
≥
hence FX disp
FY if and only if FY−1 (ξ) − FX
(ξ) is increasing in ξ. Replacing ξ

≥
with FX (z) reveals that FX disp FY if and only if FY−1 FX (z) − z is increasing
in z. Recall




x−µ
y−µ
FX (x) = Φ
and FY (y) = Φ
.
σX
σY

Observe, therefore, FY−1 (ξ) = µ + σY Φ−1 (ξ). Consequently,

 

σY − σX
z − µ
−z =
(z − µ) ,
FY−1 FX (z) − z = µ + σY Φ−1 Φ
σX
σX

which is increasing in z because σY > σX .
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