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ABSTRACT

We develop a model that shows that an overconfident manager, who sometimes makes
value-destroying investments, has a higher likelihood than a rational manager of
being deliberately promoted to CEO under value-maximizing corporate governance.
Moreover, a risk-averse CEQ’s overconfidence enhances firm value up to a point, but
the effect is nonmonotonic and differs from that of lower risk aversion. Overconfident
CEOs also underinvest in information production. The board fires both excessively
diffident and excessively overconfident CEOs. Finally, Sarbanes-Oxley is predicted
to improve the precision of information provided to investors, but to reduce project
investment.

As you go the way of life you will see a great chasm. Jump. It is not as
wide as you think. Native American proverb.

Cuier ExecuTive OFFICERS (CEOs) AFFECT the quality of the information avail-
able to the board of directors and investors (e.g., Adams and Ferreira (2007)
and Song and Thakor (2006)) as well as corporate investment decisions. Their
personal attributes and behavioral biases, such as overconfidence, affect both
their information-provision incentives as well as their investment decisions
(e.g., Malmendier and Tate (2005)).

The interaction between the information-provision incentives of CEOs and
the effectiveness of corporate governance is well recognized, both in the
Sarbanes-Oxley Act (Sarbox) as well as in the recent corporate governance re-
search (e.g., Adams and Ferreira (2007), Almazan and Suarez (2003), Harris and
Raviv (2008), Hermalin and Weisbach (1998, 2003), Lorsch and MaclIver (1989),
Shleifer and Vishny (1997), and Song and Thakor (2006)). While this recent
literature has yielded numerous valuable insights, it continues to leave unan-
swered puzzling questions like: Why do overconfident agents become CEOs
despite the documented behavioral distortions associated with overconfidence
(see, for example, Malmendier and Tate’s (2005) evidence on overinvestment
by overconfident CEOs)?
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mous referee; the editor Rob Stambaugh; and Simon Gervais, the discussant of the paper at the
American Finance Association’s 2007 annual meeting in Chicago, are gratefully acknowledged.

2737



2738 The Journal of Finance

We believe such puzzles exist because we do not have an analysis of the behav-
ioral biases of those who are in the pool of managers from which CEOs are cho-
sen, or of how corporate governance affects the composition of this pool. When
a board of directors (“board” henceforth) is deciding who to appoint as CEO—
whether from within the firm or from outside—attention typically focuses on a
small set of senior executives who have survived the internal governance pro-
cess by which managers get promoted through the corporate hierarchy. If this
process is biased in favor of those with a specific set of attributes, then CEOs will
display a preponderance of these attributes, regardless of the specific selection
mechanism adopted by the board. And because CEO attributes affect various
corporate decisions, the CEO selection process can affect the firm’s investment
policy as well as the efficacy of any corporate governance mechanism. It is
therefore important to understand how this selection process works, how it is
affected by initiatives like Sarbox, which managerial attributes and behavioral
biases it tends to favor, and what this implies for corporate decisions.

We examine these issues by addressing the following questions: (1) When
managerial ability is unknown and being inferred through observed perfor-
mance, how does a constrained-efficient process of internal promotions, de-
signed to select a CEO so as to maximize shareholder wealth, work? (2) How
do managerial attributes and behavioral biases affect the probability of being
promoted and can this explain why overconfident managers become CEQOs?
(3) How do the attributes of those who are endogenously promoted to be
CEOs affect their firms’ investment policies? (4) How do these attributes af-
fect firm values? (5) How do these attributes affect CEOs’ decisions about how
much project-relevant information to acquire before deciding whether to invest?
(6) If managers vying to be CEO vary cross-sectionally both in their risk aver-
sion and their degree of overconfidence, is it possible to distinguish between
overconfidence and reduced risk aversion? (7) How does the recognition of CEO
attributes affect corporate governance at the board level, in terms of the board’s
decision to retain/fire the CEO contingent upon observed performance? (8) How
does Sarbox affect the board’s decision as to who to appoint as CEO and what
does this imply for information disclosure, investment policy, and firm value?

In addressing these questions, we distinguish between “internal organiza-
tional governance” and “board governance.” We view the former as referring to
the internal promotion process by which managers move up through the corpo-
rate hierarchy and enter the pool from which one is eventually chosen to become
CEO. We view the latter as the board’s decision to retain or fire a CEO based
on her observed performance. Both concepts of corporate governance have been
studied separately in the literature and a significant focus of corporate gover-
nance reform is on the information, expertise, and incentives of the board to
efficiently decide whether to retain or replace the CEO. However, our analysis
reveals that the two processes are intertwined and that the board’s assessment
of the CEO must take into account the likely characteristics of the CEO as a
result of the internal promotion process.

We develop a two-period leadership selection model in which there is
initially one CEO, with many managers reporting to her, all risk averse.
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Risk-neutral shareholders own the firm and there is a board of directors, acting
in the shareholders’ best interest, that watches over the CEO. In each period,
the CEO chooses a “strategy” for the firm that affects the payoff distributions
of all projects. Each manager chooses a project whose payoff distribution is af-
fected by a choice made by the manager, the manager’s ability, and the CEO’s
strategy. Each manager’s ability is a priori unknown to all and is inferred over
time from the observed payoffs of individual projects. The incumbent CEO re-
tires at the end of the first period and the board replaces her with one of the
managers who reported to her in the first period.

This basic model generates numerous results. First, the rational ability-
filtering process associated with internal organizational governance generates
an intrafirm tournament in which it is value-maximizing for the shareholders
to appoint, as second-period CEQO, the manager with the highest perceived abil-
ity at the end of the first period; this tournament induces each manager to take
more first-period project risk than he would in the absence of the tournament.

Second, when an overconfident manager, that is, one who underestimates
project risk, is introduced,! we find that the overconfident manager has the
highest probability of being promoted to CEO when he is competing with oth-
erwise rational managers.? Thus, the analysis implies that overconfidence is
likely to be a more prevalent attribute among CEOs than in the general pop-
ulation. This result provides a possible explanation for why firms end up with
overconfident CEOs even though such CEOs make value-destroying invest-
ments and CEO overconfidence is an empirically detectable attribute.?

We next examine how CEO overconfidence affects firm value. To do so, we
consider a setting in which the CEO determines whether to invest in a portfolio
of projects based on her private information about the portfolio payoff. We solve
for the optimal compensation contract that trades off incentives for appropriate
investment by the CEO against the cost of imposing risk on the risk-averse CEO.

Our third main result is that, under the optimal CEO compensation contract,
a rational, risk-averse CEO underinvests in projects relative to the sharehold-
ers’ optimum. This underinvestment reduces firm value. We show that a mod-
erately overconfident risk-averse CEO increases firm value by mitigating the
underinvestment problem. The reason is that an overconfident CEO overesti-
mates the precision of her private information and overreacts to it. Thus, she
invests in a project even when her positive information about the project is such
that she would not invest in the project if she were rational.

! The finding that agents are overconfident is one of the most consistent in the psychology of
judgment, (e.g., DeBondt and Thaler (1995)). A possible explanation for its persistence is offered
by Bernardo and Welch (2001).

2 We also consider a scenario with ex ante identical managers, where it is common knowledge
that each manager may be overconfident with some probability. Taking this into account, the project
risk each manager believes he has chosen is identical across all managers, but the true project risk
is higher for overconfident managers. Consequently, an overconfident manager is more likely to
outperform others and get promoted to CEO.

3 In their analysis, Malmendier and Tate (2005) use publicly available data to detect CEO over-
confidence. Presumably such detection is also within the reach of boards and investors.
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Fourth, CEO overconfidence affects shareholder wealth nonmonotonically
when CEOs are risk averse. While moderate overconfidence diminishes under-
investment and increases firm value, sufficiently high overconfidence generates
overinvestment and decreases firm value. In contrast, firm value decreases
monotonically in CEO risk aversion, which distinguishes overconfidence from
lower risk aversion. The best outcome for the shareholders is thus to have a
CEO who is overconfident but not too overconfident.

Fifth, an overconfident CEO underinvests in acquiring project-relevant in-
formation. This increases project selection errors and diminishes the quality of
the information used to judge the CEO.

Sixth, we permit unobservable cross-sectional heterogeneity in both risk aver-
sion and overconfidence among managers vying to be CEO, and design a truth-
telling mechanism using the Revelation Principle that permits separation of
managers by risk aversion but not overconfidence. This offers another per-
spective on the difference between overconfidence and risk aversion, and is in
contrast to the existing literature which suggests that preferences and beliefs
cannot be disentangled. For example, Sandroni and Squintani (2007) argue that
overconfidence precludes the separation of low-risk and high-risk individuals
by contract choice in insurance markets.

We then extend the model to focus on an incumbent CEO who is not destined
to step down at the end of the first period but whose performance is being
judged by the board to determine whether to retain her in the second period or
replace her. Our seventh main result is that in a situation in which a project
quality signal can be observed by the board in addition to the first-period project
payoff, the board’s decision to retain/fire the CEO depends on the interaction
between its perception of the CEO’s ability and its perception of the CEO’s
overconfidence. The board fires both low ability CEOs and those perceived to
be either excessively cautious (diffident) or excessively overconfident.

Finally, we examine the impact of Sarbox on CEO selection, information
provision incentives, investment policy, and firm value. We show that ex post
penalties for providing imprecise information to investors can cause the board
to shift its preference away from an overconfident manager when selecting a
CEO. Thus, Sarbox has two potential effects: It increases the precision of the in-
formation provided by the CEO to investors, and it reduces aggregate corporate
investment.

Our analysis has implications for corporate governance. Given the nature of
internal organizational governance, boards are likely to choose CEOs from pools
dominated by overconfident managers. While overconfidence benefits share-
holders, excessive overconfidence does not, as it leads to overinvestment. An
overconfident CEO also invests less in information acquisition, which further
compromises investment decisions and the board’s ability to judge them. This,
however, is not a failure of corporate governance at the board level, but rather a
consequence of constrained-efficient internal organizational governance. More-
over, Sarbox may reduce the incidence of CEO overconfidence.

Apart from the literature on corporate governance, our paper is also related to
the economics of leadership (e.g., Hermalin (1998) and Van Den Steen (2005)),
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rank-order tournaments (e.g., Lazear and Rosen (1981) and Ramakrishnan and
Thakor (1991)), overconfidence (e.g., Coval and Thakor (2005) and Gervais,
Heaton, and Odean (2007)), the survival of overconfident agents (e.g., Kyle
and Wang (1997), Van Den Steen (2004), and Wang (2001)), and managerial
career concerns (e.g., Holmstrom (1999), Holmstrom and Ricart i Costa (1986),
Milbourn, Shockley, and Thakor (2001), and Prendergast (1999)).

The rest of the paper is organized as follows. Section I presents the basic
model. Section II analyzes the first- and second-best outcomes with and without
promotion concerns. Section III examines how managerial overconfidence af-
fects internal organizational governance. Section IV asks whether shareholders
prefer an overconfident or a rational CEO. Section V examines corporate gov-
ernance at the board level in terms of the board’s decision to retain/fire the
CEO, as well as the impact of Sarbox. Section VI summarizes the empirical
predictions and Section VII concludes. All proofs are in the Appendix.

I. The Basic Model of Internal Organizational Governance

In this section, we describe the organization structure of the firm, the prefer-
ences of the agents involved, the probability distribution of project payoffs and
their dependence on managerial ability, the compensation structure for agents,
and the role of the CEO.

A. Organization Structure and Model Overview

We consider an all-equity firm with two levels of hierarchy. A CEO is at the
top and n > 2 a priori identical managers report to her. The CEO determines the
set of projects for which managers choose project risk levels. The CEQ’s choice is
to either accept a new set of projects (“project portfolio” henceforth) or reject the
new set in favor of existing operations with less uncertain aggregate payoff. The
choice is made on the basis of the CEO’s observation of a noisy signal—whose
precision the CEO may be able to privately choose—of the payoff distribution
of the project portfolio. The CEO’s choice of the cut-off signal value above which
she accepts the project portfolio is called the firm’s “strategy.”

Conditional on this strategy, each manager can choose the riskiness of his
own project, and the aggregate payoff for the firm is the sum of the payoffs
of individual managers’ projects. The probability distribution for a particular
manager’s project payoff depends on four arguments: the CEO’s ability, the
manager’s ability, the CEO’s chosen strategy, and that manager’s project risk
choice.

We consider two periods. The most general version of the model can be de-
scribed as follows. In the first period, the incumbent CEO, who has announced
she will retire at the end of the first period, makes her strategy choice and
individual managers choose their project risks. Individual managers’ project
payoffs, observed at the end of the first period, are used to infer abilities. The
CEO chooses the highest-ability manager to succeed her and steps aside. This
is the ability-filtering rule for promotions. The second period starts with the
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new CEO who selects and implements her strategy. Managers then make their
risk choices and second-period project payoffs are observed.

In order to simplify the analysis, we suppress different features of the model
when we analyze internal organizational governance and board governance.
In Sections II and III, where we examine internal governance, we suppress
the incumbent CEO’s ability and first-period choices of strategy and signal
precision. The payoff distribution for a manager’s project thus depends only on
that manager’s ability and risk choice. In Section IV, we examine how a newly
appointed CEO will behave in the second period, and thus we suppress the
project risk choices and abilities of individual managers. The payoff distribution
now depends only on the CEQ’s ability and strategy choice, and the CEO can
choose the precision of the signal to implement her strategy. In Section V, we
use the results of Section IV to examine board governance. We continue to
suppress individual managers’ abilities and risk choices, and also the CEO’s
signal precision choice. The question we ask is: If the incumbent CEO was not
pre-destined to retire at the end of the first period, how would the board decide
whether to retain or fire her after observing the first-period outcome? A key
difference between Sections IV and V is that in Section IV the CEO knows she
is playing an end game, whereas in Section V the board must recognize that
the outcome observed at the end of the first period reflects a decision by a CEO
who had career concerns.

B. Preferences

The shareholders are risk neutral. The CEO and the managers reporting to
her are risk averse with von Neumann—Morgenstern utility u that is increasing
and concave in compensation.

C. Abilities and Projects

The ability of manager i is A; and that of the CEO is Ay. Managers do not
know their own ability. The managers are ex ante observationally identical with
independent and identically distributed abilities. The probability distributions
of managerial ability and the CEO’s ability are common knowledge. Each man-
ager has one first-period project and chooses its risk. Manager i’s project risk
choice is R; € [0, Rnaxl]; this risk choice is unobservable to all but the man-
ager himself. All projects require the same initial investment. The payoff y; of
a project managed by manager i is

yi=a+x, (1)

where o, the “common component” of all projects’ payoffs, depends on the set of
projects and is stochastically independent of x;, the “project-specific payoff.” We
assume « and x; can be separately observed and define X = {x1,...,x,}. The
probability density function of x;, f(x;; R;, A;, Ao), depends on the project risk
(which the manager chooses) and the abilities of the manager and the CEO (both
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unalterable attributes), with F being the corresponding cumulative distribution
function. Since abilities are unknown, the probability density function of x;
unconditional on CEO and managerial ability, f(x;; R;), is given by

The function f satisfies three requirements. First, it displays the monotone
likelihood ratio property* with respect to managerial ability in that, for A7 <
Ay, fx; R, Ar, Ag)lf(x; R, Ag, Ap) declines as x increases. Thus, a manager with
higher ability has a higher probability of high payoffs. Second, the function
f(x;; R;) is “even”; f(x; R) = f(—x; R).5 Third, increasing project risk makes more
extreme project payoffs more likely: If Ry > Ry, then F(x; Ry) > F(x; Ry) for
x < 0and F(x; Ry) < F(x; Ry,) for x > 0.% The first and the third requirements are
definitions of managerial ability and project risk. The requirement that f(x;; R;)
be “even” ensures that the effect of an increase in project risk is symmetric in
making both high and low extreme payoffs more likely. The general specification
of f ensures that our results do not depend on a particular distribution function.
We give an example below that satisfies all three requirements (see Figure 1).

Example: The abilities A; and Ay are uniformly distributed over [-1/2, 1/2]
and, given exogenous constants kg, k1 > 0,

1
1+ (y; — a)koAg +k1Ay)) if |y, —a| < R;
fily) = og, LT (i~ lkodo + k1 A} if 1y — e (3)

0 if |y; —al > R;.

D. Manager’s Compensation

The exact form of the wage contract in the first period is unimportant for
our results. It is natural to assume that the optimal wage contract for the
first period will trade off the provision of project risk choice incentives against
efficient risk sharing. Each manager also cares about his expected utility from
future periods. This future expected utility will depend on his perceived ability
at the end of the first period. A manager with a higher perceived ability has
a higher expected project payoff and is therefore more valuable to the firm.

4 See Milgrom (1981).

5In an earlier version of the paper, we had allowed mean project payoff to depend on project risk.
All our results continue to hold with that specification. The current specification has project mean
independent of risk to emphasize the results about risk-taking even in the absence of a risk-return
tradeoff.

SIf F;, and F, are two distributions such that F; — F; has a single sign change from positive to
negative, then F) is riskier than F'; in the sense that if an agent with nondecreasing utility prefers
F, over F, then so will a more risk-averse agent with nondecreasing utility (see Diamond and
Stiglitz (1974) and Jewitt (1989)). This single-crossing property of distribution functions coupled
with even distribution functions yields our characterization of risk. Higher risk in this sense also
implies higher variance. And the converse is also true in special cases, for example, if distribution
functions are restricted to the same family such as normal distributions with fixed means.
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Figure 1. Probability density function of project payoff in the example (o = 0, A9 = 0,
ki =1).

Thus, in a competitive labor market, managerial wages will be increasing in
perceived abilities. While all managers are initially observationally identical,
the first-period payoffs induce a revision of beliefs about managerial ability.
Project-specific payoffs X observed at the end of the first period permit distinct
ability reassessments.

From the optimal dynamic contracting literature (e.g., Rogerson (1985)), we
know that the dependence of compensation on perceived ability will be strongest
if managers are risk neutral, and weaker but nonetheless positive, with risk-
averse managers.” An optimal contract can be derived by taking into consider-
ation the risk aversion of managers, the value of perceived ability in the labor
market in current and future periods (which itself derives from the dependence
of future project payoffs on ability), and the time value of money. We do not
solve for the optimal compensation contract here, but assume that manager ’s
compensation (for current and future periods) is an increasing function w(E[A;])
of the perceived ability of the manager at the end of the first period.

E. The Role of the CEO

The CEO leads by determining corporate strategy and thereby setting an
overall direction for the firm. Thus, while managers make decisions that

"This effectively means that managerial compensation will be increasing in a manager’s first-
period project-specific payoff. The compensation may also depend on the project-specific payoffs
of other managers, but will be independent of the common component of the project payoff as the
manager has no control over that.
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<— First Period Second Period —>
t=0 t=1 t=2
<« I I ,
— | | =
®  Each of the » mana- e Project payoffs are observed. e  Second-period project
gers chooses the risk e Managers are compensated based payoffs are observed.
of his/her project. on the payoffs of their projects. e  CEO is compensated
e The manager with the highest based on the project
project payoff becomes the new payoffs.
CEO.
e The new CEO observes a signal

about project portfolio payoffs.

e The CEO determines whether to
accept the project portfolio, and if
accepted, whether to develop it.

Figure 2. Sequence of events.

affect the prospects of their individual projects, the CEO’s decision affects the
prospects of all the projects, that is, the firm as a whole.

We model this in a simple way. The common component « of the project payoff
y;in (1) depends on the set of projects determined by the CEQ’s choice of strategy
S. Further, the CEQO’s ability A, affects the probability density function f of the
project-specific payoff x;. In subsequent sections, we will view S as the CEO’s
choice of accepting or rejecting a project portfolio. This decision will be based
on a noisy but informative signal of portfolio quality, whose precision the CEO
may be able to control. We will introduce these elements in greater detail in
Sections IV and V. For now, it suffices to note that dF(y; | ., ., .)/dAg < 0V i, where
F is the cumulative distribution function associated with density function f.
Thus, higher ability results in a stochastically higher payoff for each project. The
aggregate firm payoff, Y = > , y; = na + Y ., i, consists of two independent
components: the “base payoff” na, which is the sum of n common components
of project payoffs, and )" ; x;, the sum of all project-specific payoffs.

This specification will allow us to verify later that it is subgame perfect to
promote the manager with the highest perceived ability to CEO in the second
period. We assume that there is a private benefit B > 0 to the manager from
being appointed CEO. The sequence of events is summarized in Figure 2.

II. The Impact of Internal Organizational Governance on Managerial
Project Risk Choices: The First Best and Promotion Concerns

In this section, we suppress the second-period game in which a new CEO
is at the helm, and focus on first-period project risk choices. Each manager’s
risk choice depends on his compensation contract and on the distribution of
his project-specific payoff x;, but not on the unknown abilities of the CEO and
managers or the CEO’s strategy S. Thus, we return to the functional form in (2)
for this analysis. In this section, all managers are assumed to be rational. We
begin by examining the risk choices of managers without promotion concerns
and then introduce promotion concerns.
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A. First-Best Risk Choices

Suppose each manager’s ability is known. Managerial compensation will still
depend on perceived ability, but will be independent of the project payoff be-
cause there is no moral hazard. Each manager will act in the shareholders’
interest by choosing project risk to maximize expected project payoff. If project
risk and managerial ability interact in determining the expected payoff, man-
agers with different abilities may make different risk choices. In the Example
in the previous section, the expected payoff of a project managed by manager i
can be computed to be klA,-RiZ/S + «. To maximize this, a manager with ability
A; > 0 chooses the maximum risk R,,,x and a manager with lower ability chooses
minimum risk of zero. The risk choice is increasing in the manager’s ability
because the benefit of managerial ability increases with project risk. In an al-
ternative specification where managerial ability and project risk are separable,
all managers will choose the same risk regardless of their abilities.

B. Second-Best Risk Choices without Promotion Concerns

Suppose each manager’s unknown ability is inferred from his project payoff.
The manager’s project risk choice is also unobservable. For now, we suppress
the implicit tournament that determines the new CEO at the end of the first
period. Thus, each manager chooses his project risk seeking only to maximize
the expected utility of compensation, taking as given his wage contract, w(y;),
in which compensation is an increasing function of the project payoff. Of course,
the optimal contract in equilibrium is based on rational anticipation of man-
agerial risk choices in response to the wage contract.

Each ex ante identical manager’s expected utility calculation is unconditional
on unknown ability and is identical across managers. The expected utility of
manager i with risk choice R; is

U; = Eluw;(X))| Ry, R], (4)

where R is manager i’s belief about the risk choices of the other managers.
Since all managers solve the same problem, they choose the same risk R°.

The choice of risk by the manager depends on the manager’s risk aversion
as well as the form of the wage function. If the wage is a linear function of
posterior managerial ability, increasing project risk increases the risk of the
wage without altering the mean wage. This reduces the expected utility of the
risk-averse manager. If the wage function is concave (convex) in posterior man-
agerial ability, increasing project risk decreases (increases) the mean wage.
These two considerations determine the optimal risk choices of managers in
the absence of career concerns. Without explicitly solving for this risk choice,
we shall focus on how promotion concerns affect this risk choice.

C. Internal Organizational Governance and Promotion Concerns

We now assume that the managers compete for promotion to CEO at the end
of period one, so our focus is on the first-period project choices. The current



Overconfidence, CEO Selection, and Corporate Governance 2747

CEO wishes to promote the person with the highest ability. Since all managers
are ex ante identical and the probability density of the project payoff follows
the monotone likelihood ratio property, the manager with the highest project
payoff has the highest perceived ability after the first period and is promoted
to CEO for the second period.

LeEmMmA 1:  If manager i chooses risk greater than the risk chosen by all the other
managers in the first period, his probability of promotion is P; > 1/n, where 1/n
is the probability of promotion for any manager if all the managers choose the
same risk.

Lemma 1 says that a manager can improve his promotion prospects by in-
creasing his project risk. The intuition is as follows. If the manager chooses the
same risk as the other managers, he has the same project payoff distribution at
the end of the first period. Thus, with » managers who are a priori identical, the
probability of being promoted is 1/n. The choice of a riskier project by manager
[ increases his promotion probability because when manager i does have a high
payoff, his payoff tends to be higher than that of all the competing managers.
The reason is that higher risk makes more extreme payoffs more likely even
when it does not affect the mean. Because risk choices are unobservable, the
effect of risk on the project payoff cannot be disentangled from that of abil-
ity. Thus, a payoff higher than those of competing managers makes manager i
appear more able than his competitors and gets him promoted.?

To illustrate this, suppose we have 20 managers and four payoff states: very
low (VL), low (L), high (H), and very high (VH). With moderate risk, the payoff
probabilities are 0.49 each for L. and H and 0.01 each for VL. and VH. With
high risk, each payoff state has equal probability. Now, if all managers choose
moderate risk, the probability of being promoted to CEO is 1/20 for each. A
deviating manager who chooses high risk has a higher probability of achieving
VH and thus a higher chance of being promoted to CEO, even if the expected
project payoff is higher with moderate risk.

The tournament for promotion to CEO causes each manager to base his
project risk choice on the expected risk choices of other managers. To ensure
the existence of a pure-strategy equilibrium, we assume that a manager’s best-
response project risk choice is a continuous function of the project risk choices
of other managers, bounded below the maximum risk R,.x. We now have the
following result.

8 This intuition does not work when there are only two managers because then manager i’s
project payoff is compared with the project payoff of the other manager, which is equally likely to
be above or below the mean. By increasing risk, manager i makes moderate payoffs less likely and
very high or very low payoffs more likely. This increases his probability of promotion conditional on
the other manager achieving a high payoff but decreases his probability of promotion conditional
on the other manager achieving a low payoff. When there are more than two managers, manager
i’s payoffis compared with the maximum of the project payoffs of the remaining managers and this
maximum is more likely to be above the mean payoff than below the mean payoff. By increasing
the likelihood of a very high payoff, manager i increases his chance of exceeding the maximum
payoff of the remaining managers.
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ProrosiTion 1:  When managers are competing to be CEO, they choose projects
with risk R* that is greater than R°, the risk chosen when the managers have no
promotion concerns and seek only to maximize expected utility of compensation,
and R* is increasing in the benefit from promotion (B).

This proposition follows readily from Lemma 1. Since the manager can en-
hance his promotion probability by choosing more risk, in a Nash equilibrium,
all managers choose higher risk than they would in the absence of promotion
concerns. Risk thus has both a cost and a benefit for the manager. The per-
sonal cost of the reduced expected utility from riskier compensation is traded
off against the benefit of an enhanced promotion probability. As long as B > 0,
promotion concerns increase the chosen risk. Since all managers are identical,
they all choose projects with identical higher risk.’

II1. The Effect of Managerial Overconfidence on Internal
Organizational Governance

We now add overconfidence to the analysis and ask: Are overconfident man-
agers more or less likely than rational managers to succeed in becoming CEO?
We begin by examining first-period risk choices and the relative promotion
probabilities of overconfident and rational managers. We find that an over-
confident manager has a higher probability of being promoted when nobody
realizes there is an overconfident manager in their midst. We then ask what
happens if every manager recognizes that there is some probability that he is
overconfident. The previous result is qualitatively sustained.

Suppose one of the managers, say manager i, is overconfident. By this we
mean that the manager assigns too narrow a confidence interval when forecast-
ing the project payoff, thereby underestimating the risk of the project payoff.
Much of the evidence on overconfidence corresponds to agents overestimating
the precision of their forecasts, a phenomenon that is also termed “hyperpre-
cision” (see Kahneman, Slovic, and Tversky (1982), p. 475). Another notion
of overconfidence used in the literature corresponds to agents overestimat-
ing the precision of an exogenous noisy signal (e.g., Daniel, Hirshleifer, and
Subrahmanyam (1998)). Our definition of overconfidence is related to both
these notions of overconfidence if the manager’s estimate of project payoff is
based on a signal, so that by overestimating the precision of the signal, the
manager also overestimates the precision of the forecast of the project payoff.1°

°The notion of excessive risk-taking has a parallel in the R&D literature. Bhattacharya and
Mookherjee (1986), Dasgupta and Maskin (1987), and Klette and de Meza (1986) consider the
choice of research strategies by competing firms where research strategies affect the probability
distribution of invention times or quality of research output. These papers show that with a “winner-
take-all” payoff structure, the research strategies chosen in a market equilibrium are riskier than
those in a socially optimal outcome.

Y Two other notions of overconfidence used in the literature are overestimating one’s ability
to accomplish something and overestimating the probability of good outcomes (optimism). The
results of Section IV show that a CEO who is overconfident in the sense that she overestimates
the precision of her information will be too optimistic about the project portfolio she accepts when
she bases the portfolio acceptance decision on her information.
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If a project has risk R, the overconfident manager erroneously believes that
the project’s risk is R/C, where C > 1 is the degree of overconfidence. We assume
that no one (including manager i) suspects that manager i is overconfident.
Thus, all managers aim to choose risk R* in the first period (Proposition 1). The
overconfident manager, believing he is choosing risk R*, inadvertently chooses
CR*. This leads to the following proposition.

ProposITION 2:  An overconfident manager is more likely to get promoted at the
end of the first period when no one realizes the problem of overconfidence. The
relative increase in the probability of the overconfident manager’s promotion is
increasing in the degree of his overconfidence.

We saw in Proposition 1 that the risk aversion of managers and the prospects
of promotion interact to determine the optimal level of risk chosen by each
manager. An overconfident manager unwittingly chooses a project with higher
risk and ends up hurting himself in an expected utility sense. The higher risk,
however, increases the probability of promotion for the overconfident manager.
The strength of this effect is increasing in the degree of overconfidence.

We now assume that all managers are ex ante identical and each is likely to
be overconfident with probability =. The occurrence of overconfidence is inde-
pendent across managers. The degree of overconfidence is C for an overconfi-
dent manager. This information is common knowledge, which means that each
manager recognizes that the probability with which he is overconfident is .

All managers face the same problem of maximizing their expected utility over
compensation and promotion. This problem is more complicated now because
each manager must consider the possibility that he may be rational or over-
confident. At the same time, he must realize that others may also be rational
or overconfident in a similar way. Solving this problem, we get the following
result:

ProrosiTioN 3:  When each manager is likely to be overconfident with probability
7 and this is common knowledge, all managers believe they have chosen risk R**
in the first period. For a rational manager, the truly chosen project risk is also
R**, while an overconfident manager’s project has risk CR**. An overconfident
manager is more likely to get promoted than a rational manager.

Because managers are ex ante identical, it is not surprising that all the man-
agers adopt the same strategy and choose those projects that they think have
risk R**. They realize that the true risk of their project could be R** or CR**, de-
pending on whether they are rational or overconfident. Thus, introducing over-
confident managers results in cross-sectional variation in the risks of projects.

Since overconfident managers choose riskier projects, they are more likely to
get promoted than rational managers. Thus, the posterior probability that the
promoted manager is overconfident is higher than 7, the ex ante probability of
overconfident managers. Surprisingly, this does not imply that the promotion
ruleis inefficient for shareholders. The ability-filtering rule used for promotions
is rational in that the manager with the highest project payoff is still the most
likely to have the highest ability. The fact that overconfident managers are



2750 The Journal of Finance

more likely to get promoted does not mean that average ability will be lower
for promoted managers than for those not promoted; the reason is that ability
and overconfidence are uncorrelated.!! Since this effect arises from a promotion
rule that rewards the manager with the highest perceived ability, our analysis
implies that a greater emphasis on merit-based promotions makes it more likely
that overconfident managers are appointed CEOs.

Thus far, we have derived our results using a two-period model. Similar re-
sults will obtain, however, in any finite-horizon model as long as project choices
are made in only one period. That is, we can imagine a model in which there
is a CEO at the helm with n managers reporting to her. The CEO will be in
office for T e (1, oo) periods.!? Managers make project risk choices at the start
of the first period. Each manager’s choice yields identical and independently
distributed (i.i.d.) payoffs over each of the T periods that the current CEO is in
place; project risk choice is unalterable for T periods once it is made in the first
period. After T payoffs have been observed on each project, there is a posterior
assessment of managerial ability, based on which a new CEO is chosen. The
new CEO makes a one-time strategy choice, which is followed by a second (and
final) project risk choice by each manager. Beyond this point, project payoffs
can be observed for any finite number of time periods. Such a structure will
yield essentially the same results we have at present. What seems intractable
is a model in which the CEO makes multiple strategy choices and managers
make multiple project risk choices.

IV. The Efficiency of Internal Organizational Governance
and Its Impact on Board Governance: Is an Overconfident
CEO Good for the Firm?

Given that internal organizational governance favors an overconfident man-
ager as CEQO, we now ask whether this benefits shareholders more than having
a rational CEQO. That is, we focus on the second-period behavior of a newly ap-
pointed CEO who screens a project portfolio for investment on the basis of a
private signal whose precision the CEO may be able to choose.

In Subsection A, we show that a rational risk-averse CEO underinvests in
new project portfolios. In Subsection B, we show that an overconfident CEO is
better for shareholders than a rational CEO as long as she is not too overconfi-
dent; excessive overconfidence diminishes firm value. Subsection C shows that
overconfidence differs in effect from low risk aversion. Lower CEO risk aver-
sion always benefits the shareholders, whereas extreme CEO overconfidence

1Tt would be interesting to extend the analysis to see how the choice of riskiness and the pro-
motion probability are affected if managerial ability and the probability of being overconfident are
correlated. Even when ability and overconfidence are independent across managers, the promotion
process described here would lead to a negative correlation between ability and overconfidence for
promoted CEOs. The reason is that the promoted CEQO’s high project payoff can be attributed either
to high ability or to high risk-taking due to overconfidence.

12 We ignore the possibility of firing the CEO during these periods.
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can hurt the shareholders. Subsection D establishes another important differ-
ence, namely, that the Revelation Principle can be used to sort out managers
with different degrees of risk aversion but not overconfidence. Finally, in Sub-
section E, we show that an overconfident CEO underinvests in information
precision, and yet is preferred if moderately overconfident.

A. A Model of Underinvestment

Recall that the aggregate payoff Y consists of the base payoff na and the
project-specific payoffs X. The CEQO’s strategy S affects the base payoff while
the CEO’s ability affects the project-specific payoffs for all projects. Let the
CEO’s strategy choice be S € {accept, reject}, that is, the CEO can either accept
or reject a new project portfolio. If S = accept, then individual managers invest
in projects from the new portfolio. If S = reject, the managers invest in projects
from existing operations. In each case, the managers have payoff risk choices
to make at their level. The CEQ’s decision is made on the basis of a noisy but
informative private signal s of “project portfolio quality” (defined below). We
take the precision of s as fixed for now, but in Subsection E we will let the
CEO choose this precision, and, we assume that there is a board acting in the
shareholders’ interest that designs the CEO’s compensation.

The project portfolio differs from the existing operations in that it requires de-
velopment and has greater aggregate payoff risk. The CEO can make an initial
investment in project portfolio development through research and information
acquisition as well as by spending time on implementation. Project portfolio
development imposes a disutility of ¢ on the CEO. A project portfolio developed
by the CEO turns out to be good with probability p and bad with probability
1 — p, where p, referred to as the project portfolio quality, is a random variable.
The base payoff na equals [ for a bad project portfolio and A for a good project
portfolio, where & and [ are constants with & > [. If the CEO accepts the project
portfolio but does not develop it, the portfolio will be bad with probability one.
This can also be interpreted as the CEO rejecting the portfolio and investing
instead in value-depleting activities that the board cannot distinguish from the
portfolio. Finally, the CEO can reject the project portfolio, in which case the base
payoffis r, where r € (I, h) is a constant. We let w indicate the “project portfolio
outcome”: w = H if the portfolio is accepted and turns out to be good (base payoff
h), v = L if the portfolio is accepted and turns out to be bad (base payoff), and
o = R if the portfolio is rejected (base payoff r).

A manager’s project-specific payoff depends on the manager’s ability, the
CEQ’s ability, and the manager’s risk choice. The manager’s risk choice will
be independent of the project portfolio outcome w because managerial compen-
sation is independent of w as noted earlier. Thus, project-specific payoffs are also
independent of w. Since managers are ex ante identical, the project-specific pay-
offs are independently and identically distributed. The probability distribution
of the project-specific payoff x;, unconditional on the manager’s ability and risk
choice, £(x;, Ag), depends on the CEO’s ability Ay. The CEO’s ability is unknown
and only its probability density function, ¥, is known, so the distribution &(x;)
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is obtained by taking the expectation of £(x;, Ag) over the CEO’s ability, Ag. The
probability distribution & follows the monotone likelihood ratio property with
respect to the CEO’s ability; &(x;, Ag)/&(x;, Ar) is increasing in x; for Ay > Ay.
Thus, the CEQO’s ability affects the aggregate payoff in all states, but not the
project portfolio quality (or “success” probability).

There are two forms of information asymmetry between the CEO and the
board. First, the board cannot directly verify whether the CEO developed the
portfolio that was accepted. It can noisily infer the CEO’s action by observing
the portfolio outcome w. An w = H outcome reveals that the CEO developed
the portfolio, but @ = L may result even if the CEO developed the portfolio.
Second, the CEO privately observes the portfolio quality signal s before deciding
whether to accept the portfolio. The board does not observe s, but its probability
density function is common knowledge.

We now specify how the CEO updates her beliefs about the portfolio quality
p based on the signal s. The project portfolio quality p is uniformly distributed
over [0, 1]. With probability ¢*, the signal s equals p, and with probability 1 —
g* it is uninformative about p and uniformly distributed over [0, 1].1*> We can
view ¢* as the precision of s. The expected value of p, conditional on observing
the signal s, is given by

E[p|s] =sq*+0.5(1 —q"). (5)

The posterior estimate of p is thus a weighted average of the observed signal
s and its prior mean 0.5. The board, however, knows that the CEO may be
overconfident and that this may bias the CEO’s beliefs about the precision of
the signal s. A CEO with confidence C believes that s equals p with probability
g(C) and is uninformative with probability 1 — ¢(C), where g is an increasing
function and q(1) = ¢*. This means that an overconfident CEO’s (C > 1) estimate
of the precision of s exceeds the true precision ¢*, and the project portfolio
quality is incorrectly estimated to be

p€ = p(s, C) = sq(C) + 0.5[1 — g(C)] (6)

while the rational estimate is p = p(s, 1). This manifestation of overconfidence
is similar to that in Section III, where an overconfident manager overestimates
the precision of his information about the project payoff and consequently un-
derestimates payoff risk; here, an overconfident CEO overestimates the pre-
cision of her private signal about project portfolio quality and thus underesti-
mates the risk of the signal. In both instances, overconfidence is synonymous
with overestimating the precision of one’s information. The degree of overcon-
fidence of the CEO, C, is unknown and only its distribution ©«(C) is common
knowledge. Thus, we do not preclude a diffident CEO with C < 1.

The CEO does not believe that she is overconfident. Rather than viewing C as
a measure of overconfidence, she interprets q(C) as the precision of the signal
s; this precision depends on the parameter C that she will learn after entering

13 All results follow if the common range of p and s is restricted to a proper subset of [0, 1].
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into the wage contract but before making the investment decision. The CEO
shares common beliefs about the probability distribution n(C), so, despite her
overconfidence, she correctly anticipates how she may interpret the signal in
the future.!4

The CEO’s wage is Wg if o = R, W if o = L, and Wy if ® = H. It is inde-
pendent of the project-specific payoffs x; because the CEO’s strategy does not
affect x;. The CEO’s opportunity wage is Wy, so she needs a minimum expected
utility of u(Wy) to participate. The board designs the contract to incent the CEO
appropriately for accepting or rejecting a portfolio and for developing accepted
portfolios.

Suppose the board wants the CEO to reject the portfolio when assessed port-
folio quality p(s, C) < p* and accept and develop the portfolio when p(s, C) >
p*.1° Then the board’s problem is

o5
i=1
Max
P Wa, Wi, We | +Pr(p(s, C) = p*) x E [p(s, D(h — Wg) + {1 — p(s, D} — WL) | p(s, C) = p*]
+Pr(p(s, C) < p*) x (r — Wg)

(7
subject to
puWg) + (1 — pu(Wr) —c = u(Wg) (8)
Wy > Wi, 9)
Wgr > Wy, (10)
and
Pr(p(s,C) = p*) x Elp(s, C)uWg) + {1 — p(s, C)}u(Wr) — ¢ | p(s, C) > p*]
+Pr(p(s, C) < p*)u(Wg) > u(Wy). (11)

The objective in (7) is the expected payoff to shareholders net of the CEO’s
compensation. There are three terms. The first is the expected value of the
sum of project-specific payoffs. The second term is the probability of portfolio
acceptance multiplied by the expected value of the base payoff net of the CEO’s
wage conditional on portfolio acceptance: h — Wy when o = H (an event with
probability p(s, 1)), and [ — Wy, when w = L (an event with probability 1 — p(s,
1)). The third term is the probability of portfolio rejection multiplied by the
payoff r — Wr when w = R. Constraints (8) to (10) are incentive compatibility

14 This means she believes she will act optimally and does not realize that the investment rule
based on her biased beliefs will not maximize her expected utility.

15 A contract that induces the CEO to accept a portfolio without developing it will induce the
CEO to accept all portfolios and will not be optimal as long as a portfolio can have sufficiently low
NPV (p can be sufficiently low).
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constraints, where (8) and (9) ensure that the CEO prefers accepting and devel-
oping a portfolio to rejecting it if her estimate of portfolio quality is at least p*,
and prefers to reject otherwise. Constraint (10) ensures that the CEO prefers
rejecting a portfolio to accepting it but not developing it. The CEQO’s participa-
tion constraint is given by (11). The first term in the CEQ’s expected utility is
the expected utility from her wage net of the development cost conditional on
portfolio acceptance and the second term is the expected utility from her wage
conditional on portfolio rejection.!®

ProposiTioN 4:  If the deviation in the CEO’s confidence from rationality is suf-
ficiently small, the second-best equilibrium induces underinvestment, so that
when the CEO is indifferent between accepting and rejecting a project portfolio,
the shareholders are strictly better off if the portfolio is accepted.

The intuition is that the board, unable to observe whether the CEO devel-
ops a portfolio, offers the CEO payoff-contingent compensation to incent her to
develop an accepted portfolio at a personal cost. However, the resulting com-
pensation risk causes the risk-averse CEO to prefer the certain wage from
portfolio rejection to an equal expected wage from portfolio acceptance, causing
underinvestment.

The optimal compensation contract trades off the cost of underinvestment
and a high expected wage when the compensation is more payoff-contingent
against the cost of the CEO not developing the portfolio if the compensation
is less payoff-contingent. The resulting equilibrium allows some underinvest-
ment by the CEO. That is, the shareholders’ expected payoff net of the CEO’s
compensation is increased if the CEO lowers the minimum portfolio quality for
acceptance below p*.

We now seek to determine the set of project portfolios whose acceptance ben-
efits shareholders. It is straightforward to see that the shareholders’ expected
incremental payoff from accepting a portfolio is monotonic in the assessed port-
folio quality p. Whether it is increasing or decreasing in p depends on the man-
agerial wage contract {Wy, Wi }. It is increasing in p if the wage contract is
such that h — Wy > [ — Wy, so that the shareholders’ expected payoff is higher
with a good portfolio than with a bad portfolio. It is decreasing in p if h — Wy <
[ — W;,. However, optimal risk-sharing between the shareholders and the CEO
rules out wage contracts of the latter kind because they necessarily imply
Wi > Wg (since h > [), and thus a negative relationship between the share-
holders’ and the CEQO’s payoffs. We omit the proof because it resembles that of
Proposition 4 in Grossman and Hart (1983). The shareholders’ expected incre-
mental payoff from accepting a portfolio is thus increasing in p, and it is easy
to verify that the portfolio quality p** at which the shareholders are indifferent
between acceptance and rejection is

6 The board’s expected payoff assessment is completely rational. It values projects based on
rational beliefs about project quality, and it accounts for the fact that the CEQO’s investment decision
may be based on a biased project-quality inference. However, the expected utility of the CEO in
the individual rationality constraint computes the values of accepted projects that will be accepted
based on the CEQ’s biased project quality inference.
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_r—Wr) = - W)
T Th—Wal -0 - W)

*k

(12)

We can now characterize the set of portfolios that shareholders would like
the CEO to accept.

COROLLARY 1: There is a probability value p** < p* such that any portfolio with
p** < p < p* is rejected by the CEO, but the shareholders’ expected payoff is
greater with portfolio acceptance than with rejection.

Next, we examine the impact of the CEQ’s ability on firm value.

LEMMA 2:  Firm value is increasing in the CEQO’s ability, Ay.

The intuition is that a higher-ability CEO is more likely to generate higher
project-specific payoffs x;. This result verifies that it is subgame perfect to ap-
point as second-period CEO the manager with the highest perceived ability.

B. Effect of CEO Querconfidence on Investment

We now consider how CEO overconfidence affects investment policy and firm
value. We assume that the exogenous parameters are such that the sharehold-
ers will not want a rational CEO to accept a project portfolio without observing
the signal. Specifically, we assume that p* > p(0.5, 1). If we define signal values
s* and s** to correspond to the probabilities p* and p**, then

s* > 0.5. (13)

ProrosiTioN 5:  The value of the signal above which an overconfident CEO ac-
cepts a project portfolio decreases as her degree of overconfidence (C) increases.
There is a threshold degree of overconfidence C* such that firm value increases
with the degree of CEO overconfidence for 1 < C < C*, but decreases with the
degree of CEO overconfidence for C > C*.

The intuition is as follows. The CEO accepts portfolios only when she observes
a signal high enough to ensure that the benefit of a high probability of the high
payoff outweighs the cost of bearing risk in accepting the portfolio. There is a
cutoff value of the signal, s*, below which the rational CEO does not accept a
portfolio. However, when an overconfident CEO observes a signal just below
s*, she overestimates the “good news” in the signal—the probability of the high
payoff—and consequently accepts the portfolio. The greater the CEO’s overcon-
fidence, the lower is the cutoff signal at which the CEO accepts the portfolio.
The set of portfolios that are accepted grows with CEO overconfidence.!” This is

1" This irrational behavior reduces the CEO’s expected utility because she is accepting project
portfolios with risks that are too high relative to her compensation for bearing them.
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consistent with Malmendier and Tate (2008), who document that overconfident
CEOs overinvest in acquisitions and the market reacts more negatively to such
acquisitions.

Interestingly, the impact of CEO overconfidence on firm value is nonmono-
tonic. Proposition 4 shows that a rational, risk-averse CEO underinvests. An
overconfident CEO accepts all portfolios a rational CEO accepts and also in-
vests in additional value-enhancing portfolios that a rational CEO rejects. Thus,
CEO overconfidence attenuates some of the underinvestment inefficiency due
to CEO risk aversion. This is the driving force behind Proposition 5. As the
CEO’s overconfidence increases, she is also willing to invest in portfolios that
have lower probabilities of the high payoff and produce smaller marginal in-
creases in shareholders’ wealth. Thus, firm value increases with CEO overcon-
fidence at a decreasing rate up to a point, and eventually it starts declining as
overconfidence causes the CEO to accept portfolios that even the shareholders
want rejected. That is, while moderate overconfidence diminishes underinvest-
ment inefficiency, higher levels of overconfidence create overinvestment.

The result in Proposition 5 that moderate CEO overconfidence enhances firm
value depends on the assumption that the CEO is risk averse. If the CEO is
risk neutral or risk loving, any level of overconfidence will lead to excessive risk
and reduce firm value.

Proposition 5 also suggests that the value of CEO overconfidence to the share-
holders will be circumstance-specific. Since the underinvestment inefficiency
due to CEO risk aversion will be greater in riskier industries, CEO overconfi-
dence will be more highly valued in such industries. Put a little differently, the
threshold level of confidence above which CEO overconfidence will adversely
affect firm value will be higher for firms in riskier industries, controlling for
CEO risk aversion.

Gervais, Heaton, and Odean (2007) find results that complement Proposi-
tion 5. They show that overconfidence and optimism can be an alternative to
executive stock options in resolving agency problems, and thereby enhancing
firm value. They emphasize that executive compensation design should take
into account executive behavioral biases, and that executive stock options that
are efficient with managerial rationality may induce excessive risk taking with
managerial overconfidence.

C. Differences in Effects of Reduced CEO Risk Aversion
and Quverconfidence on Investment

Because the effect of overconfidence on reducing underinvestment is similar
to that of a reduction in the risk aversion of the CEQ, it may appear that over-
confidence and reduced risk aversion are isomorphic. We now show, however,
that this intuition is not correct.

ProposiTioN 6:  Firm value is monotonically decreasing in the risk aversion of
a rational CEOQ.

The intuition is as follows. As shown in Proposition 4, with payoff-contingent
compensation, the risk-averse CEO’s preference becomes skewed towards
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rejecting project portfolios. This reduces firm value. Proposition 6 shows that as
risk aversion decreases, the cost of bearing risk also decreases and it is cheaper
for the shareholders to incent the CEO to accept good portfolios. This increases
firm value.

Propositions 5 and 6 highlight one distinction between the effects of low risk
aversion and overconfidence. While both help ameliorate underinvestment in-
efficiencies, overconfidence may also induce overinvestment because of the bias
it introduces in beliefs, so firm value is not monotonically increasing in CEO
overconfidence. A decrease in risk aversion, by contrast, is unambiguously ben-
eficial because it enables contracts with greater payoff-dependence and better
incentives.

Like Proposition 5, Proposition 6 relies on the CEO being risk averse. There
is considerable empirical evidence that managers are risk averse. Amihud and
Lev (1981) hypothesize that conglomerate mergers are undertaken by risk-
averse managers to reduce their undiversified employment risk, and provide
supporting empirical evidence. Grund and Sliwka (2006) use the German So-
cioeconomic Panel, which contains data on individual risk aversion, to present
evidence on the link between risk aversion and pay-for-performance sensitivity
in executive compensation. Khambata and Liu (2006) use data for 14 countries
to show that firms in countries with higher risk aversion exhibit lower dividend
ratios and lower propensity to pay dividends. Pattillo and S6derbom (2000) find
evidence of the impact of managerial risk aversion on the decisions of Ghanaian
manufacturing firms.!® Finally, Suto, Menkhoff, and Beckmann (2005) uncover
evidence of risk aversion among Japanese and German fund managers.

There is also ample evidence of overconfidence. Larwood and Whittaker
(1977) study a sample of corporate presidents and find them to be unrealis-
tic in their predictions of success (consistent with overestimating precisions of
private signals). Weinstein (1980) provides evidence that people are especially
overconfident about the projects to which they are highly committed, which sup-
ports our assumption that some managers are overconfident about their own
projects. More recently, Ben-David, Graham, and Harvey (2007) present empir-
ical evidence that managerial overconfidence is associated with aggressive cor-
porate policies, including investments, financing, and executive compensation.
Thus, it appears that overconfidence provides a much more plausible founda-
tion for preferences that can lead to value-destroying overinvestment than do
risk-seeking preferences.!?

An interesting empirical issue is whether risk aversion and overconfidence
are correlated in the cross-section, so that the more overconfident CEOs are
also less risk averse. In this case, the combination of increased overconfidence
and diminished risk aversion will positively impact firm value, generating a

18 Risk aversion in the studies cited here impacts corporate decisions that typically involve the
CEO and other high level executives. That is, this is not merely evidence of risk aversion in
the general population, but rather risk aversion among CEOs as well as managers who repre-
sent the set of agents from whom CEOs are selected.

19 Clearly, the value of CEO overconfidence to the shareholders depends on firms being unable
to fully solve the underinvestment problem by selecting appropriately risk-tolerant CEOs.
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result qualitatively similar to ours, but as one approaches risk neutrality, over-
confidence will be unambiguously bad. That is, the cutoff point above which
overconfidence will decrease firm value will be lower in this case than in our
model. Moreover, with a sufficiently high cross-sectional correlation, most of
the presumed effect of overconfidence would be captured by risk tolerance in
empirical tests, and overconfidence would have little independent effect. While
we are not aware of any direct test of the hypothesis that overconfidence is
positively cross-sectionally correlated with risk tolerance, there is illuminat-
ing evidence that shows that risk aversion is pervasive and yet overconfidence
exerts an independent effect on outcomes that cannot be explained by risk aver-
sion alone. For example, Beetsma and Schotman (2001) use data from a Dutch
television show, Lingo, to present evidence of risk aversion, but they also find
that the predictions fit the data much better when overconfidence is added to
the model. Guiso and Jappelli (2006) use data on the customers of a leading Ital-
ian bank to show strong evidence of overconfidence among individual investors,
but more importantly, they also show that their findings cannot be explained by
a possible correlation between risk aversion and overconfidence. Grinblatt and
Keloharju (2006) use data on Finnish investors and find that overconfidence
has a large effect on the investor’s decision of whether to trade and that the
results are not driven by differences in investors’ risk aversion. Finally, Barber
and Odean (2001) document that men exhibit greater overconfidence in trading
behavior than women do, and that differences in risk aversion do not explain
this.

D. Another Difference between Overconfidence and Reduced Risk Aversion:
Sorting Agents with Unobservable Cross-sectional Heterogeneity
in Quverconfidence and Risk Aversion

Another way to appreciate the difference between overconfidence and reduced
risk aversion is to recognize that managers are likely to know their preferences
but not whether they are overconfident, since recognition of their own over-
confidence would cause these managers to become rational; remember that
overconfidence leads to a lower expected utility. So, if the shareholders can
identify managers by their degrees of risk aversion, they will use this informa-
tion in the optimal promotion rule for two reasons. First, this information helps
shareholders separate the effect of a manager’s risk choice on his project payoff
from the effect of his ability. Second, managerial risk aversion may be another
attribute in addition to perceived ability in the choice of the CEO. Moreover,
second-period contracts will be customized to the known risk aversion of the
new CEO, unlike the CEO’s unknown overconfidence.

To show that shareholders can get the managers to reveal their risk aversion
but not their overconfidence, we extend the first-period model to allow for cross-
sectional variation in overconfidence as well as risk aversion. Suppose manager
i has von Neumann—Morgenstern utility u,, over his compensation, w, where
o; measures the risk aversion of the manager. Higher o means greater risk
aversion in the sense that
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d ( ”54(“’)) - 0. (14)

do _uj,(w)

The risk aversion o; is privately known to manager ; while shareholders only
know that o; € A. Of the many potential risk aversion revelation mechanisms
available to shareholders, we shall examine the one in which each manager
reports his risk aversion and receives a compensation contract from a menu of
contracts with varying degrees of risk sharing. Our objective here is to uncover
an implementable revelation mechanism rather than solve for the most efficient
mechanism. From the Revelation Principle, we can restrict our attention to
direct revelation mechanisms in which the manager reports her risk aversion
truthfully and accepts the pre-announced wage contract associated with that
report.

Each manager reports his risk aversion and privately chooses project risk that
can be inferred noisily from the project payoff. The mechanism design relies only
on the reported risk aversion, as the equilibrium project risk choice depends
on the reported risk aversion rather than the true risk aversion per se. The
reason is that the manager’s risk choice does not affect the mean payoff, so in
the absence of moral hazard, shareholders do not condition the manager’s wage
on the project payoff. Thus, the manager’s project risk choice is not driven by
wage risk considerations and is independent of his true risk aversion. However,
the project payoff is used to infer managerial ability and overconfidence. These
inferences are used in conjunction with the manager’s reported risk aversion
in choosing a CEO at the end of the period. This causes the manager to base
project risk choice on his reported risk aversion.

We assume that managers with revealed ability less than a cutoff are fired
and suffer a personal cost due to firing.2’ The monetary equivalents of a man-
ager’s private benefit from promotion and personal cost of being fired are W2and
WP, respectively.?!

We seek to design a revelation mechanism M: A — .‘Ri using linear wage
contracts: w; = B(0;)Q + #(0;), where the piece rate 8 € i, and the fixed wage
t € N, for manager i are functions of his reported risk aversion o;, and @ is an
exogenous risky outcome with expected value of zero.?

The timing of events is as follows. First, the principal offers and pre-
commits to a menu of wage contracts corresponding to types (risk aversion) of

20 The firing of low ability managers is not critical to the model. It just ensures that managers
do not take the maximum possible risk. This condition will also be satisfied if the promotion rule
punishes excessive revealed overconfidence and thereby discourages excessive risk-taking.

21 The manager’s benefit from promotion and the cost of firing are expressed in monetary equiv-
alents rather than utility terms for meaningful comparison across managers with different utility
functions.

22 An example of a real-world contract that bases the agent’s compensation on an uncertain out-
come that reveals no information ex post about the agent’s action choice is executive compensation
based on the firm’s total return as opposed to idiosyncratic return, which filters out the market
component. Prendergast (1999) cites the prevalence of contracts that expose managers to risky
outcomes that are uninformative about managerial actions.
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managers.?? Then, all the managers simultaneously report their types and ac-
cept the corresponding wage contracts. Next, each manager chooses unobserved
project risk. Finally, the risky outcome @ and project payoffs are realized. The
outcome @ determines managerial wages, while project payoffs are used for
promotion and firing decisions.

We examine this model backwards. The shareholders’ choice of which man-
ager to appoint as CEO in the second period and which managers to fire
depends on the shareholders’ posterior beliefs about managers’ abilities, risk
preferences, and overconfidence. Since these rules can be anticipated by the
managers, all managers know how their contract choices and project risk
choices will affect their chance of being promoted or getting fired. Next, we
examine managers’ project risk choices. When choosing project risk R;, man-
ager i trades off the probability of being promoted against the probability of
being fired. While the utility from promotion and the disutility from dismissal
do not vary across managers, the rules used to promote and fire a manager
depend on the manager’s reported risk aversion in the revelation game. Thus,
manager i’s project risk choice, a response to promotion and firing rules, will be
determined by the risk aversion ai' reported by the manager. Consequently, the
expected benefit from future promotion or the expected cost of future dismissal
for manager i depends on the reported risk aversion oi/ .

Finally, in the wage contract choice stage, each manager reports a risk aver-
sion to maximize his expected utility from his wage as well as from potential
promotion and dismissal. We simplify by assuming that t(ai/ ) includes the fixed
part of manager i’s wage and the monetary equivalent of future promotion and
dismissal, and it depends on the manager’s report ai'. A sufficient condition for
an implementable mechanism that elicits truthful reporting of managerial risk
aversion, that is, oi' = 0;, is the Spence—Mirrlees single-crossing condition.?*
The single-crossing condition holds if

9 (0Eu, /3B

do; \ dEu,, /ot
is monotonic in o;, where the expectation Eu,, is based on manager i’s informa-
tion and beliefs at the time he reports o;, and the manager takes as given the
probability distribution of types and the actions of the other managers. This
condition requires that a manager’s marginal rate of substitution between his

fixed wage and his payoff-contingent wage is monotonic in the manager’s risk
aversion.

ProrosiTioN 7:  Shareholders can offer a menu of wage contracts (B(a’), t(c’))
with B (o’) decreasing in the reported risk aversion o’ such that each manager
will truthfully report his risk aversion.

The above result verifies that the single-crossing condition holds in our
model and establishes that shareholders can implement a perfectly separating,

23 We ignore managers’ participation constraints because their participation can be ensured with
sufficiently high fixed wages.
24 See, for example, Fudenberg and Tirole (1991, p. 259).
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risk-aversion revealing mechanism. The managers’ choices are revealing be-
cause more risk-averse managers prefer contracts with lesser payoff depen-
dence, even with lower expected wages. Shareholders can use their knowledge
about a manager’s risk aversion to infer the manager’s risk choice and hence
sharpen their inference of managerial ability from the project payoff. Further,
this information affects the optimal promotion rule as well as wage contracts
in the second period.?’> An analogous revelation mechanism, however, cannot
be used to learn the degree of overconfidence because managers are not aware
of their own overconfidence.

Our result that overconfident agents can be screened on the basis of risk
aversion is in contrast to the existing literature. For example, Sandroni and
Squintani (2007) find that overconfidence frustrates the separation of low-risk
and high-risk agents by contract choice in compulsory insurance markets. In
their model, a high-risk overconfident agent mistakenly believes he is low risk
and underestimates the risk that he potentially seeks to insure. The consequent
lack of behavioral separation between those who are truly low risk and those
who are high risk but mistakenly believe they are low risk makes the usual
Rothschild and Stiglitz (1976) separation of types by insurable risks impossible.

The reason we are able to achieve separation despite overconfidence is a key
difference in the two models. Whereas in Sandroni and Squintani (2007) agents
vary in overconfidence and the magnitude of the unidimensional risk they face,
in our model agents vary in overconfidence and risk aversion. Two features of
our model enable separation by risk aversion. The first is the recognition that
while risk aversion pertains to an agent’s consumption from all sources, an
agent’s overconfidence is specific to his private information.2® Second, we per-
mit the feasible contracting space in the design of the revelation mechanism
to include an exogenous risky outcome unrelated to the manager’s private in-
formation or domain of personal association. That is, we assume that there is
a source of risk on which the principal and the agent can contract and over
which the agent is risk averse but not overconfident. This is plausible, given
the abundance of evidence in psychology that personal involvement height-
ens overconfidence without affecting risk tolerance with respect to exogenous
risky outcomes. For example, Wu and Knott (2006) present evidence that en-
trepreneurs are risk averse with respect to (exogenous) demand uncertainty
and overconfident with respect to self-ability uncertainty. Concrete examples
of exogenous risky outcomes over which contracting can occur are the overall
stock market return, the economic growth rate, and the weather (which can
affect the demand for, say, air conditioners).

E. Effect of Overconfidence on Information Acquisition

The efficiency of the CEQ’s project portfolio investment decision depends on
the information signal s available to her. So far, we have taken the precision of

25 While we have shown that a risk aversion-revealing mechanism can be implemented, we
have not addressed the issue of the efficiency of the mechanism and whether the firm would elicit
information about risk aversion this way.

26 This is consistent with the evidence on overconfidence (see Hirshleifer (2001)).
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s as exogenous. We now allow the CEO to determine this precision and consider
how her choice affects firm value.

Suppose after the CEO discovers the signal precision g(C) based on her pos-
sibly biased beliefs, she can invest in information to improve this precision. An
increase in precision from g; to g2 > g1 results in an information acquisition
cost of 6(g2) — 0(q1) to shareholders, where 6’ > 0, ” > 0. This investment in
information may eventually be observed by the board but is noncontractible.
However, we ignore any agency problem in the CEO’s information acquisition
decision, so the CEO’s precision choice seeks to maximize firm value net of
information acquisition costs.

LeEmMA 3:  The shareholders’ expected payoff from the project portfolio is increas-
ing in q, the precision of the project portfolio quality signal. An overconfident
CEO underinvests in information acquisition.

The first result in the lemma is intuitive. The investment decision of the
CEO depends on portfolio quality as determined by the signal. This invest-
ment decision is like a real option with a convex payoff because the CEO
invests in higher quality (higher payoff) portfolios and rejects lower quality
portfolios. A more informative signal causes greater quality differentiation
between portfolios, resulting in more efficient investment decisions. The in-
tuition for the second result is as follows. The optimal investment in infor-
mation depends on the initial precision of the CEQ’s signal and the desired
precision of the signal. The desired precision is determined by the tradeoff be-
tween the marginal increase in the shareholders’ payoff from higher precision
and the marginal cost of increasing precision. An overconfident CEO desires
the same precision as the rational CEO, but believes her original signal to be
more precise and so believes the desired precision is attainable with a lower in-
vestment in information.?” Thus, the overconfident CEO produces less precise
information.2®

7 A robustness issue here is whether the CEO’s overconfidence would result in overinvestment
in information if the overconfidence was about her skill in producing information. This is, of course,
possible, and it may be an interesting avenue to explore in the context of managers whose expertise
is in information production/acquisition, such as those in charge of financial intermediaries (e.g.,
Ramakrishnan and Thakor (1984)). However, our focus here is on managers for whom information
production is secondary to the task of choosing projects, and thus we focus on their overconfidence
about the signal pertaining to this project choice rather than their skill in acquiring information.
Our analysis is more in line with papers such as Daniel, Hirshleifer, and Subrahmanyam (1998)
where the manager receives a signal whose precision he overestimates. A difference is that we
permit the CEQO’s information acquisition choice to exert an independent influence on signal pre-
cision. For a paper that shows how overconfidence can lead to overinvestment in information, see
Gervais, Heaton, and Odean (2007).

28 Milbourn, Shockley, and Thakor (2001) show that career concerns may induce rational man-
agers to overinvest in information production. This suggests that the underinvestment in informa-
tion caused by CEO overconfidence may help mitigate the overinvestment in information caused
by the CEQ’s career concerns.
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ProrosiTiON 8:  Firm value is higher with a moderately overconfident CEO than
with a rational CEO when the CEO is responsible for both project portfolio
investment and information acquisition decisions.

The above result shows that moderate overconfidence in the CEO is good
for the shareholders. Proposition 5 showed that moderate overconfidence can
mitigate underinvestment, and Lemma 3 showed that overconfidence leads to
suboptimally low information acquisition and hence less efficient investment
decisions. Thus, when both investment efficiency and information acquisition
efficiency are considered, we see that CEO overconfidence pulls in opposite
directions—it enhances investment efficiency but diminishes information ac-
quisition efficiency. This makes the desirability of CEO overconfidence poten-
tially ambiguous for shareholders. Proposition 8 indicates, however, that for
relatively low levels of overconfidence, the inefficiency associated with under-
investment in information is more than offset by the gain from the reduction
in underinvestment in the project portfolio due to CEO risk aversion.?’

V. CEO Overconfidence and Corporate Governance
at the Board Level

The purpose of this section is to examine board governance. Instead of as-
suming that the first-period CEO is pre-determined to retire at the end of the
first period, we now permit the board to decide whether to retain or fire her
based on the first-period outcome. The structure of the model is similar to that
in Section IV in that we suppress individual managers’ risk choices and abili-
ties and focus on the strategy choice and ability of the CEO. The two differences
are that now we fix the precision of the signal s, suppressing the CEQ’s ability
to affect it, and we allow the CEO’s first-period decision-making to recognize
that her decision in the first period will affect not only her compensation but
also the board’s decision to retain/fire her after the first period. That is, unlike
the “end game” in Section IV, there are now career concerns. This relates to
the first-period analysis, which is our focus here. We don’t analyze the second
period since all our results from the previous section carry over intact to the
second period.

A. The Board’s Decision to Retain/Fire the CEO

The board can observe the firm’s payoff and whether the CEO accepted the
project portfolio. In addition, the board acquires a signal about the quality of
the accepted portfolio; this signal is non-contractible. For simplicity, we assume

2 Of course, what level of overconfidence is considered “relatively low” depends on risk aversion.
The higher the CEO’s risk aversion, the higher will be the level of overconfidence that is considered
low.
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that the board’s signal is the same as the signal s that the CEO observes.?? The
signal permits the board to improve its evaluation of the CEQO’s investment
decision since the board can now observe the information the CEO had at the
time of the investment decision.

The board forms beliefs about the project portfolio and updates its beliefs
about the CEQ’s ability and overconfidence. The updated beliefs are used to
decide whether the CEO is retained for the second period. If retained, the CEO
gets a new wage contract for the second period that depends on the board’s
updated beliefs about the CEO. If the CEO is fired, the replacement CEO’s
ability and overconfidence are unknown and drawn from distributions that
characterize the population of potential replacement CEOs.

The board’s CEO-replacement decision in the first period maximizes the
expected second-period payoff of the firm net of the (new) CEQO’s wage. The
board’s beliefs about the abilities and overconfidence of the incumbent CEO and
the replacement CEO may differ; these beliefs affect the reservation wages, the
optimal wage contracts, and consequently the expected firm payoffs across the
two CEOs.

Let v be the probability density function describing the board’s prior belief
about the CEO’s ability Ay at the beginning of the first period and let ¢ be the
corresponding posterior distribution at the end of the first period. Let i be the
probability density function describing the board’s prior belief about the CEO’s
degree of overconfidence C at the beginning of the first period and let v be the
corresponding posterior distribution at the end of the first period.

Lemma 2 and Proposition 5 imply that the firm’s expected second-period pay-
off is increasing in CEO ability but nonmonotonic in the CEO’s overconfidence.
In our analysis of the first-period problem, using subscripts to indicate time,
we can therefore assume that the CEO expects a reservation utility of Us(¢, v)
and the shareholders expect a payoff of Ys(¢, v) in the second period, where
Uz and Y, depend on the posterior distributions ¢(Ay) and v(C) of the CEO’s
ability and overconfidence as follows:

Us(¢, U)=f/Uz(AO,C)v(C)dC§(A0)dA0

and

Yo(z,v) = //YQ(AO,C)v(C)dC;“(AO)dAO.

Here Us(Ay, C) and Y5(Ayp, C) are linearly increasing in CEO ability Ay and
single-peaked in CEO overconfidence C in accordance with Lemma 2 and Propo-
sition 5, respectively.

The board updates its beliefs about the CEQO’s ability and overconfidence
based on the signal s, the outcome w, and the project-specific payoffs X. We

30This is not necessary, and our results will also follow, albeit with more algebra, if the two
signals are positively correlated.
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represent the posterior distribution of the CEO’s overconfidence as v(C | s, w, X),
and the posterior distribution of the CEO’s ability as ¢(Ay | s, , X).3!

The CEO now makes her portfolio choice in the first period to maximize her
expected utility over two periods, taking into account the impact of her decision
on the probability of being retained for the second period. That is, the CEO
maximizes

E[UW) + Us(g,v)] + [B x Pr(Ya(¢, v) > Ya(y, w)l. (15)

Note that we have assigned the same private benefit B to the CEO from being
retained in the second period that we included in the utility specification of the
manager who gets promoted to be CEO. The CEO’s reservation utility is U;. The
board chooses wages Wy, Wi, and Wi and the CEO determines the investment
policy. We restrict attention to equilibria in which if the CEO accepts a portfolio
with a lower signal value, she will also accept a portfolio with a higher signal
value. This requires Wy > Wy. Further, if a less overconfident CEO accepts a
portfolio based on a signal s, so will a more overconfident CEO who overreacts to
the good news in the signal. Thus, a CEO with overconfidence € will invest when
the portfolio quality signal exceeds s*(C), where s* is a decreasing function. The
board’s inference from observing the CEO accept (reject) a portfolio with signal
s will be that the signal s exceeds (is less than) the CEO’s threshold s*(C). The
board’s problem is

i=1
Max + Pr(s > s*(C) x E [p(s, D(h — W) + {1 — p(s, D}l — WL) |5 > s*(C)]
s*(C), Wy, Wi, Wg
+ Pr(s < s*(C)) x (r — Wg)

+ E[max(Ya(y, w), Ya(g, v))]

(16)

subject to
uas*(0), 0) = ups*(0), ) vC, a7
Wo > Wy, (18)
ugr(s,C) > ur(s,C) vs,C, (19)

and
Pr(s > s*(C))E {ua(s, C)|s > s*(0)}

+Pr(s < s*(C)E{ur(s,C)|s <s*(C)} = Uy, (20)

31 The results in Lemma 2 and Propositions 5 and 8 hold the CEO’s reservation utility fixed.
Common knowledge about the CEO’s ability and overconfidence may affect this reservation utility.
We assume that even when reservation utility changes, the changes are small compared to the
changes in firms’ expected payoffs, so that the results in Lemma 2 and Propositions 5 and 8 continue
to hold for firm value net of CEO wages.
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where

up(s,C) = u(Wg) + E{Ux(¢, v) + B x Pr(Ys(,v) > Yo(y, ) s > s*(O)}, (21)

ur(s,C) = u(Wr) + E{Ua(¢,v) + B x Pr(Ys(¢,v) > Ya(y, w)) |s > s*(C)}, (22)

ug(s, 0= u(Wg) + E{Uz(g, V) + B x Pr(Yq(¢,v) > Yo(y, w))|s < s*(C)} , (23)
and
uals, C) = p(s, Ougls, C) + {1 — p(s, O)lur(s, C) —c. (24)

The objective in (16) is the expected payoff to shareholders from both periods.
It is similar to (7) except for the addition of a fourth term, E[max(Ys(yr, u),
Y(z, v))], which represents the expected value of the maximum of two second-
period payoffs, one from retaining the current CEO and the other from hiring
a new CEO. Equation (17) defines the threshold signal value s*(C) for portfolio
acceptance. Constraint (18) ensures that the CEO will accept a portfolio when
the signal value exceeds s*(C), because acceptance increases the probability of
obtaining the higher wage Wy and precludes the shareholders from considering
the CEO diffident. Constraint (19) ensures that the CEO prefers rejecting a
portfolio to accepting it but not developing it. The Individual Rationality (IR)
constraint (20) ensures the CEO’s participation.

The expected utilities in (21), (22), (23), and (24) are based on the potentially
biased beliefs of the CEO with overconfidence C and signal s, with the respective
outcomes of a good portfolio, a bad portfolio, portfolio rejection, and portfolio
acceptance with the development cost. The CEQ’s expected utility is calculated
based on her expectations of her first-period wage, the expected utility from her
second-period wage, and the probability of being retained as CEO.

Lemma 4:  Ifthe deviation in the CEO’s confidence from rationality is sufficiently
small, there is an equilibrium in which:

(a) A CEO with sufficiently low confidence underinvests: When the CEO is
indifferent between accepting and rejecting a portfolio, the shareholders
would be strictly better off if the portfolio is accepted.

(b) Firm value is increasing in the CEQO’s ability Ag.

(¢) The expected value of the firm is increasing in the CEQ’s overconfidence for
degrees of overconfidence less than a cutoff.

This lemma shows that the results in Section IV for the second period
continue to hold in the first period under certain conditions even when the
CEO has career concerns. Career concerns may strengthen or weaken un-
derinvestment depending on whether the CEO thinks that indicating greater
confidence by accepting a portfolio will raise or lower her second-period
utility. To the extent that the learning and career concerns are not very
significant, CEO risk aversion towards her first-period wage still leads to
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underinvestment, at least if she is not too overconfident. A sufficiently over-
confident CEO may overestimate portfolio quality so much that she overin-
vests, whereas moderate CEO overconfidence raises firm value by countering
underinvestment.

LEMMA 5:  There is no learning about the CEO’s ability from the project portfolio
quality signal s or the portfolio outcome (w = H, L, or R). The posterior distribu-
tion ¢ of the incumbent CEOQO’s ability is increasing in each project-specific payoff
x; in the first-order-stochastic dominance sense. The posterior distribution v of
the incumbent CEQ’s degree of overconfidence is independent of X, the vector of
project-specific payoffs, and depends only on w and s. Conditional on portfolio
acceptance or rejection, the distribution v with a lower value of s first-order-
stochastically dominates the distribution with a higher value of s. The posterior
distribution v when the portfolio is accepted first-order-stochastically dominates
the prior distribution, which in turn first-order-stochastically dominates the pos-
terior distribution v when the portfolio is rejected.

The intuition is that CEO ability affects only the distribution of the project-
specific payoffs X; since X is observable, the signal s and the portfolio outcome
o do not affect beliefs about the CEO’s ability. Higher values of x; indicate
higher CEO ability because the distribution of x; with a higher-ability CEO
first-order-stochastically dominates that of a lower ability CEO.

Learning about CEO overconfidence depends only on the portfolio quality
signal s and the portfolio outcome w—whether the portfolio was accepted and
if so, whether it turned out to be good or bad. This learning is independent
of project-specific payoffs X because overconfidence affects only the CEO’s in-
vestment decision and has no impact on X. Since a more overconfident CEO
uses a lower cutoff value of s to accept a portfolio, a lower s value for an ac-
cepted portfolio indicates higher CEO overconfidence, and a higher s value for
a rejected portfolio indicates lower CEO overconfidence. Portfolio rejection de-
creases perceived CEO overconfidence because a portfolio is rejected only if
CEO overconfidence is less than the value at which the CEO is indifferent be-
tween portfolio acceptance and rejection; likewise, portfolio acceptance raises
perceived CEO overconfidence.

The decision of the board to retain or replace the incumbent CEO will be based
on the learning about the CEQ’s ability and overconfidence from the first period.
The board will compare the expected firm value with the incumbent CEO to
the expected firm value with a new CEQ.3? The following result characterizes
the conditions under which the incumbent CEO will be fired.

ProposiTioN 9:  For any portfolio quality signal value s and portfolio outcome
w, the CEO is fired if the project-specific payoffs X are sufficiently low and re-
tained otherwise. For any X, the CEO is fired if she rejects the portfolio and s is
sufficiently high, or if she accepts the portfolio and s is sufficiently low.

32 Hermalin (2005) shows that the option of firing the CEO in the future biases the board towards
a candidate whose ability is known less precisely.
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The intuition is as follows. The board’s objective is to maximize sharehold-
ers’ expected second-period payoff Y, which is affected by the CEO in three
ways. First, the CEQO’s overconfidence will influence her decision to accept a
portfolio. Second, an accepted portfolio’s outcome w will depend on whether the
CEO developed the portfolio. Third, the CEO’s ability will affect project-specific
payoffs X. The equilibrium second-period contract will induce the CEO to de-
velop an accepted portfolio, so the board focuses on the CEQ’s overconfidence
and ability, which will influence investment policy and X, respectively, in the
second period and thereby determine Y. Since Y is increasing in the CEO’s
ability and the CEO’s inferred ability is increasing in the first-period project-
specific payoffs X, for given beliefs about CEO overconfidence based on s and
o, the CEO will be retained if project-specific payoffs X are sufficiently high
and replaced otherwise. The expected second-period payoff Y is single-peaked
in CEO overconfidence, so conditional on beliefs about CEO ability, the CEO
will be replaced if she is evaluated to be excessively diffident or excessively
overconfident. If the CEO accepts a portfolio with a very high s or rejects one
with a very low s, there is little learning about CEO overconfidence because
most CEOs make these decisions. It is when the CEO rejects a portfolio for
a sufficiently high s that it is possible to make the sharp inference that the
CEO is excessively diffident. Similarly, when the CEO accepts a portfolio for
a sufficiently low s, it very likely that she is excessively overconfident. Thus,
overconfidence is more likely to precipitate CEO dismissal when the CEO over-
invests, while diffidence is more likely to precipitate dismissal when the CEO
underinvests.

B. The Impact of Information Disclosure-Related Penalties
on the Board’s Choice of CEO

The Sarbox specifies stiff penalties for misrepresentation of information by
the firm. To examine the effect of this Act, we now add three features to the
model. First, we assume that the signal s that the CEO uses to make her
portfolio-specific decision at ¢ = 0 and the board uses to decide whether to
retain the CEO at ¢t = 1 is also made available to investors at ¢t = 0, even though
the precision of this signal is known privately only to the CEO who makes an
unobservable investment in this precision.

Second, if the portfolio payoff observed at ¢ = 1 is sufficiently low, it is in-
ferred that the precision of the information provided to investors at ¢ = 0 was
low enough to invoke disclosure penalties. This is because a low payoff indi-
cates a high likelihood that the signal s was erroneous in indicating that the
portfolio should be undertaken. We shall take this cutoff portfolio payoff, o*, as
exogenously given, so the penalty, P > 0, a reduction in firm value, is invoked
ifa < a*.

Third, at date ¢ = —1, when the board is deciding who to appoint as CEO at
t = 0, the board knows that managers of equal assessed ability include those
with confidence C > 1 (overconfident managers) and confidence C = 1 (rational
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managers). These managers cannot be noiselessly distinguished, but there are
two observationally distinct groups, A and B, such that the probability that a
randomly chosen manager will have C > 1 is higher for group A than for group
B. We now have:

CoROLLARY 2: Suppose the CEO can choose the precision of the signal satt =0
by making an unobservable investment in information production. Then there
exist parameter values such that the board prefers to choose a manager from
group A as the incumbent CEO at t = —1 when P = 0. Moreover, there exists a
P > 0 high enough such that the board’s preference switches to a manager from
group B as the incumbent CEO chosen at t = —1.

This result points out that in the absence of information disclosure penal-
ties, the board will prefer a moderately overconfident (C > 1 but not too large)
CEO. The reason is that such a CEO attenuates the risk aversion-induced un-
derinvestment inefficiency associated with a rational CEO, and this more than
compensates for the inefficiencies of a less precise signal both in terms of the
CEQ’s portfolio selection decision and the board’s decision of whether to retain
the incumbent CEO at ¢ = 1. And since C is not too high, the overinvestment
inefficiency with excessive overconfidence can be avoided.

An information imprecision penalty, P, can change this preference on the
board’s part. When P is sufficiently high and is a charge against firm value,??
the board may find the cost of underinvestment in information precision to
be too high to appoint a CEO who has a high likelihood of being overconfident.
Even though the anticipation of this penalty increases the CEQO’s investment in
information precision, an overconfident CEO always invests less in information
precision than a rational CEO.

Corollary 2 highlights an unintended consequence of Sarbox. It can tilt CEO
selection in favor of less confident CEOs, thereby increasing the incidence of
underinvestment in projects.?*

VI. Empirical Predictions

We now discuss the empirical predictions of the analysis and the results to
which they are linked.

First, the incidence of overconfidence among CEOs will be higher than in
the general population. This follows from Propositions 2 and 3. Moreover, our
analysis indicates where CEO overconfidence is likely to be especially per-
vasive. Specifically, overconfident CEOs are more likely to be found in firms

33 The charge would include both direct monetary penalties and the indirect effect of a reduction
in firm value because litigation distracts management and the board.

34To the extent that Sarbox causes the board to eschew a moderately overconfident CEO who
would have enhanced firm value in the absence of the Sarbox penalties, Sarbox will also lead to a
reduction in firm values. However, this does not take into account potential benefits of Sarbox that
are outside our model, such as improved investor confidence, reduction in self-serving behavior by
managers, etc.
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in riskier industries (see the discussion following Proposition 5) and in firms
that emphasize merit-based promotions more (see the discussion following
Proposition 3).

Second, from Proposition 5 and Lemma 4 we have the prediction that, con-
trolling for industry, firm size, and future growth, the relationship between
firm value and the CEO’s overconfidence is non-monotonic, with firm value
increasing with CEO overconfidence up to a point (see also Proposition 8) and
then decreasing. The threshold overconfidence value above which CEO over-
confidence diminishes firm value obviously depends on the CEO’s risk aversion.
However, it may be empirically impractical to construct continuous measures
of risk aversion and overconfidence, and a null hypothesis of a “non-monotonic
effect” may not be an ideal test. To get around both these issues, one could
identify a sample of only low risk aversion managers. For this sample, our the-
ory generates a null hypothesis with a clear direction: Overconfidence (even a
rough binary measure) should reduce value.

Third, Proposition 5 also predicts stock price reactions to corporate invest-
ments. To see this, note first that our model assumes that the CEO’s overconfi-
dence is unknown to everyone, although it is common knowledge that there is
a nonzero probability that any manager is overconfident. Once a CEO has been
at the helm for some time, we would expect that the stock market has formed
a noisy yet informative assessment of the CEO’s overconfidence—perhaps us-
ing proxies such as those used by Malmendier and Tate (2005)—so that the
market’s posterior assessment of CEO overconfidence may rise above its prior
assessment even though the CEO’s own prior belief about her overconfidence
may be unaffected.?® The market will thus end up with cross-sectional hetero-
geneity in its posterior beliefs about the degrees of overconfidence of various
CEOs. This leads to the prediction that the (abnormal) price reaction to a corpo-
rate investment that has an identifiable announcement date will be higher for
CEOs viewed by the market as possessing relatively low to moderate levels of
overconfidence than for those viewed by the market as being highly overconfi-
dent. This prediction too is really about the interaction between overconfidence
and risk aversion, so one would want to control for CEO risk aversion and test
whether the predicted relationship between overconfidence and the announce-
ment effect holds.

Fourth, from Lemma 3 we know that an overconfident CEO underinvests
in information, which implies that the quality of the information provided to
both the board and the investors will be poorer with more overconfident CEOs.

3 With attribution bias (see Hirshleifer (2001)) feeding the CEO’s overconfidence, it follows that
even though the CEO and the market observe the same realizations of events, the market may
revise upward its belief about the CEO’s overconfidence, whereas the CEQ’s belief either does not
change or changes in the opposite direction. We could even permit the board to share the stock
market’s belief about the CEO’s overconfidence. However, as our analysis in Section V shows, this
does not guarantee that the board will dismiss the CEO. There are two reasons for this. First, the
board views moderate levels of CEO overconfidence as being beneficial to the shareholders. Second,
even for high levels of overconfidence that do not benefit the shareholders, the board may not learn
enough to fire the CEO unless the overconfidence is excessive (see Section V).
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One way to test this prediction would be to identify all settled litigation cases
involving information misrepresentation to investors, and examine whether the
CEOs in this group were more overconfident than for a control sample, making
sure to introduce appropriate control variables.

Fifth, Proposition 9 yields the prediction that, controlling for CEO risk aver-
sion, CEOs viewed as either excessively diffident or excessively overconfident
are fired. To test this prediction, one would examine the attributes of dismissed
CEOs and compare those to the attributes of CEOs who have been in office for
a while. Controlling for risk aversion, there should be a greater clustering of
dismissed CEOs in the two tails of the overconfidence distribution and a pre-
dominance of continuing CEOs in the middle.

Sixth, Proposition 9 also generates a predicted announcement effect. There
will be a positive (abnormal) stock price reaction to a CEO dismissal, and the
size of the reaction will be increasing in the absolute value of the difference be-
tween the (appropriately normalized) level of pre-dismissal investment by the
firm and the contemporaneous average industry investment, controlling for
other factors that impact corporate investment. The idea is that, while on av-
erage, CEOs may be overconfident, the level of overconfidence among retained
industry CEOs is closer to the shareholders’ optimum than that of a dismissed
CEO. An excessively overconfident CEO is fired for overinvesting and his over-
investment is increasing in his overconfidence, which implies that the stock
price reaction will be increasing in the amount of overinvestment. We would
look at the absolute value of the difference between the firm’s investment and
the average industry investment because diffident CEOs who underinvest also
get fired.

Finally, from Corollary 2 we get the prediction that Sarbox should lead to a
lower incidence of overconfidence among CEOs, and lower aggregate invest-
ment. A test of this prediction should be possible to conduct now, as there
should be sufficient CEO turnover since the passage of Sarbox to generate
a post-Sarbox sample of CEOs that differs potentially significantly from the
pre-Sarbox sample.

VII. Conclusion

We examine how corporate governance at the board level is affected by the
internal organizational governance that seeks to identify the highest ability
manager to appoint as CEO through the ability filtering provided by an im-
plicit tournament. We find that the board is likely to end up with a pool of
overconfident managers from which to choose a CEO and that moderate de-
grees of overconfidence actually benefit the shareholders. However, excessively
overconfident CEOs overinvest, and firm value is nonmonotonic in CEO over-
confidence. Hence, a board acting in the shareholders’ best interest will fire
a CEO who is either perceived to be overly diffident or overly overconfident.
That is, internal organizational governance induces the board to appoint an
overconfident manager as CEO, but the board fires the CEO if it is later discov-
ered that she is too overconfident. Our theory explains the apparent paradox
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that overconfident CEOs sometimes make value-destroying investments, and
yet overconfident managers are winners in the race to be CEO. In our analy-
sis, we have taken seriously the important task of theoretically distinguish-
ing overconfidence from risk aversion. In addition to these main results,
our analysis generates numerous testable predictions that are summarized
above.

We believe that the interaction between CEO overconfidence and the effec-
tiveness of corporate governance is an important issue. Future research involv-
ing CEO attributes associated with endogenous selection processes should lead
to a more comprehensive framework for assessing corporate governance.

Appendix

Proof of Lemma 1: Suppose manager 1 chooses risk R while all other man-
agers choose risk R < R. The probability that manager 1 is promoted is

Py =Pr(x; >x;Vj >1) = / {1-F(x,R)fkx)dx,
where f is the probability density function of the maximum of xs, . . ., x,. Rear-

ranging the above, we get

Py

/ {1—F(x,R)}f(x)dx+/ (F(x,R)—F(x,R)}f(x)dx

o . (A1)
. +f (Fx, R) — Fx, R} F&) — Flex)dx > &,
n 0 n

where the first term of 1/n after the equality is the probability a manager
will be promoted when all managers choose the same risk R and the second
term is obtained from the property F(—x, R) — F(—x,R)=1—F(x,R)— 1+
F(x,R)=—{F(x, R) — F(x, R)}. The inequality obtains because with x > 0,
Fx,R)—F(x,R)>0and f (x) = f(—x) for n = 2, while if n > 2,

flx)= j—x{F(x)}”‘l =0 - DF@)}"2f(x)
> (n = DIF ()" f(~2) = f(~a). QE.D.

Proof of Proposition 1: Let EX[u1 | R, R?] be the expected utility of manager
1 when the benefit from promotion is By, > 0, and E”[u; | R, R®] be the corre-
sponding expected utility when the benefit from promotion is By > By, under
the assumptions that shareholders expect all managers to choose risk R, man-
ager 1 chooses risk R, and the other managers choose R?. The difference in the
two utilities is given by

E"[uw,|R, R*] — E“[u1|R, R®] = (B — BL)/oo {1-F(x, R)Fx)dx,
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where f is defined in the proof of Lemma 1. Differentiating the above expression
with respect to R and evaluating at R = R?, we get

d d

ﬁEH[uﬂR’ Rb]|R=R” - ﬁEL[uﬂR’ Rb]|R=Rb
© JdF(x, RY) .
— By - By) / i A Fwrax (A2)
~ dF(x, R®) . _
= —(Bg — BL)/O %{f(x) — f(=x)}dx > 0,

where the last equality and the last inequality follow from the arguments in
the proof of Lemma 1 and the fact that d F(x, R?)/d R® < 0 for x > 0. Suppose
R? < R™a% i the equilibrium risk choice with benefit from promotion By,. Then,
with benefit from promotion By, when other managers choose risk R? the best
response of manager 1 is a risk choice higher than R®, while when the other
managers choose risk R™#* the best response of manager 1 is a lower risk choice.
By continuity, there is an equilibrium risk level between R? and R™2*. The case
without promotion concerns is equivalent to B, = 0. Q.E.D.

Proof of Proposition 2: Follows from Lemma 1 by assuming manager 1 is the
overconfident manager and chooses risk R = CR > R when all other managers
choose risk R. Manager 1’s promotion probability is increasing in the degree
of overconfidence C because an increase in C increases the risk R of manager
1’s project, which increases F (x, R) — F(x, R) for x > 0, thereby increasing the
value of the integral in (A1). Q.E.D.

Proof of Proposition 3: Since the managers do not know whether they are
rational or overconfident and are otherwise identical, they face the same project
risk choice problem and each manager chooses the same project risk R**, know-
ing that the actual risk will be CR* if he is overconfident. Since an overconfi-
dent manager’s project is riskier than a rational manager’s project, it follows
from Lemma 1 that an overconfident CEO is more likely to be promoted than
arational manager. Q.E.D.

Proof of Proposition 4: Constraint (9) can be eliminated as it follows from
(8) and (10). The board’s problem then reduces to

M * _ _ _ *
P*,WH,%V)I(”WR +Pr(p(s,C) = p*) x E [p(s, D(h — Wi) + {1 — p(s, D}I — W) | ps, C) = p*]
+Pr(p(s,C) < p*) x r — Wg)
(A3)
subject to

puWg) + 1 — p*)u(Wr) —c = u(Wg), (A4)
Wg > Wi, (A5)
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and
Pr(p(s, C) = p*) x E [p(s, Cou(Wg) + {1 — p(s, O)} u(Wr) — ¢ | p(s, C) > p*]
+ Pr(p(s, C) < p*) x u(Wg) > u(Wy). (A6)

Let n, « < 0, and § < 0 be the Lagrange multipliers for constraints (A4),
(A5), and (A6), respectively, in the above problem. The Individual Rationality
(IR) constraint (A6) must bind because otherwise the expected CEO wage can
be reduced without violating other constraints by lowering u(Wg), u(Wy), and
u(Wg) by the same constant. Next, to prove n < 0, consider the optimal solution
in absence of constraint (A4). If (A5) binds, the solution is

u'(Wg) =u'(Wg)
_ Elp(s,C)|p(s,1) > p*] 1 —Pr(p(s, 1) > p*)E[p(s, 1| p(s, 1) > p*]

= "(Wg).
Elp(s,1)| p(s,1) > p*] 1 — Pr(p(s,1) > p*)E[p(s,C)| p(s, 1) > p*]u( #)

If (A5) does not bind, the solution to (A3) and (A6) is

Elp(s,1)|p(s, 1) > p*]
E[p(s,C)| p(s, 1) = p*]
1-Elp(s,1)| p(s, 1) = p*]
1-E[pGs,C)|p(s, 1) > p*l

u'(Wg) = u'(Wg),

u(Wp) = u'(Wg).

In both cases, as long as the CEQO’s expected deviation from rationality (C =
1) is small, Wy and W, are close to Wg so the right-hand side of (A4) exceeds
the left-hand side. Thus, we must have n < 0 in solution of (A3) to (A6). Next,
let T'(p) be the expected payoff of the shareholders in (A3) with equilibrium
wages conditional on threshold project quality p. The first-order condition for
threshold portfolio quality to be p* in equilibrium is

IM(p*) — n(w(Wg) — w(Wg))

—8 [uWg)+ ¢ — p*uWg) — (1 — p*)u(Wy)] dd? Pr[p(s,C) < p*] = 0.

Substituting n < 0, (9), and (A4), we get
I'(p*) < 0.

Thus, the shareholders’ expected payoff will increase if the CEO starts accepting
portfolios with assessed quality marginally less than p*. Q.E.D.

Proof of Lemma 2: Consider the optimal contract when the CEO’s abil-
ity is known to be Ar. The same contract is feasible when the ability of the
CEO is known to be Ay > Ar, because ability affects only the distribution of
project-specific payoffs X, and the wage is not contingent on X. The expected
wage of the CEO remains unchanged while the expected values of project-
specific payoffs x; increase because the distribution of x; with CEO ability Ag
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first-order-stochastically dominates the distribution of x; with CEO ability Ay,.
The firm value increases. Q.E.D.

Proof of Proposition 5: The overconfident CEO accepts a portfolio if s > s€
such that p(s€, C) = p* = p(s*, 1). That is,

s¢q(C) +0.5[1 — g(C)] = s*q* + 0.5(1 — ¢*). (A7)
It is straightforward to check that
ds¢/dC< 0. (A8)
Let V(C) be the firm value when the CEO’s degree of overconfidence is C:

V(C)=E [in] + /0 r — Wg)ds

1
+ / (pls, Dl — Wyl + [1— pls, DIC — W)} ds.

Differentiating with respect to C,

C
VI(C) = ‘(%{(r — Wg) — p(sC, DIk — Wyl — [1— p(sC, DIT — W)}

Since sC is decreasing in C (from (A8)) and p(s, 1) is increasing in s, we get
V'(C) > 0 for C < C* and V'(C) < 0 for C > C*, where at C = C*,

_ G —Wp) =~ W)
T Wal - - Wp)

ps©, 1) = p*

But the value of sC defined by the above equation is s**. Substituting this in
(A7) and simplifying, we characterize C* by
s*=05 ., p*—05

*) = . J ED.
9C) = 5057 = o —o057 Q

Proof of Proposition 6: The board’s problem (A3) to (A6) with a rational CEO
reduces to

E[Y %]+ Pr(p = p) x E [pth = Wi)+ (1 = p)l = W1) | p = p’]

. Max
p*\Wg, Wi, Wg +Pr(p < p*) X (T‘ — WR)
(A9)
such that
PuWi) + (1 — pu(Wr) — ¢ = u(Wg), (410)

y =uWg) —u(Wr) >0, (A11)
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Pr(p > p*) x E [pu(Wg) + (1 — p)u(Wz) —c| p > p*]
+Pr(p < p*) x u(Wg) > u(Wy). (A12)

The Individual Rationality constraint (A12) must bind because otherwise re-
ducing u(Wg), u(Wg), and u(Wg) by the same constant will not violate (A12),
will leave the IC constraints (A10) and (A11) unchanged, and will increase the
objective in (A9).

Taking p* and y as given, we can solve (A10), (A11), and (A12) for wages:

w(Wir) = u(Wo) + 1_*’c+<1‘*’ —1) y, (A13)
p p
T T
w(Wp) = u(Wo) — —c (1 n —*> v, (A14)
p p
W(Wr) = u(Wo) — —c — —y, (A15)
p p

and
t = E[max(p — p*, 0)].

We now argue that y must be zero. For y > 0, Wy > W > W, and a decrease
in y reduces Wy — W and Wi — Wi, reducing wage risk. Since the CEO is risk
averse, this lowers expected CEO wage. Hence, the optimal solution must have
y = 0, that is, (A11) binds.

Now, consider a set of individuals as possible CEOs with utility functions u,
indexed by o, the risk aversion of the individual. The individuals are otherwise
equivalent as CEOs. That is, the reservation wage for each is Wy when they
are paid a fixed wage and do not incur the cost of developing a portfolio, the
reservation wage for each is W; when they are paid a fixed wage and incur
the cost of developing a portfolio, and the distributions of their abilities are
identical. Suppose the same investment policy is implemented for all CEOs.
That is, p* is fixed. From (A10) to (A12),

T

1-— 1-—
o (Wr) = —u, (W) — ( - 1) 1o (Wo), (A16)
P P

and
us(Wr) =us,(Wg) = (1 + %) us(Wo) — }%ua(Wﬂ. (A17)

Since Wi > Wy and a higher o increases the concavity of u,, application of
Jensen’s theorem to (A16) and (A17) shows that Wy, Wy, and Wy, are increasing
in o. Since the expected CEO wage is a weighted average of Wy, Wy, and Wg
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(see (A9)), a less risk-averse CEO implements the same investment policy with
lower expected wages. Q.E.D.

Proof of Proposition 7: Manager i’s expected utility when he reports risk
aversion ¢’ and gets a contract (8, t) is

Ui(B,t,0") = E [us,(BQ +1)]. (A18)

Consider a twice-continuous, positive, and decreasing function B(¢’). There
exists a transfer function #(¢’) such that the menu of wage contracts (8(c"), t(c”))
implements a mechanism in which the managers truthfully report their risk
aversion to choose a wage contract if the following condition holds:

9 (3B, (0", 0" /0P dplo) _ (A19)
00; \ OU(Blo), b 0N fot ) | “day T

Here the second term is negative by assumption. From (A18), we get

Ui(Bo"),t(c)),0") [0  E[Qu,(BQ +1)] 1(E [wu,, w)] L
AU (B0, t(0"),0) /0t E[u,(pQ+t)] B\ E[u,w)] o QH’

so (A19) will hold if we can show that
0 E [wu,, (w)]
i B [, @)]
Upon expanding, we get
o E[wu, (w)]
do; E [u), w)]

1 d2u,, du,. du,, d2u,.
= K i E i _E |\ E i
(ETu, (w))? { [wdoidw] [ dw ] [w dw } [da,-dw” ’
which is negative by Chebyshev’s inequality (see Mitrinovic and Vaic (1970),
Theorem 10, p. 40) if

2
ol 1o duw
d ugi/ dw

is decreasing in w. Differentiating (A20) with respect to w, the sufficient con-
dition for this is

(A20)

duy dus  d*us d’u,
do;dw? dw do;dw dw?

which can be obtained by expanding (14). Q.E.D.

Proof of Lemma 3: Let p* be the threshold portfolio quality that the optimal
contract implements for accepting a portfolio. The CEO accepts all portfolios

<0,




2778 The Journal of Finance

with assessed quality of at least p*. The portfolio accepted at the threshold pro-
vides at least as much expected payoff to the shareholders as the value from
portfolio rejection (see Proposition 4) and the shareholders’ expected payoff for
accepted portfolios increases linearly with portfolio quality since their expected
payoff from a good portfolio, ¥x; + h — Wy, exceeds that from a bad portfolio,
3x; + 1 — Wr. Thus, the expected payoff to shareholders is a convex function of
assessed portfolio quality. A signal s with precision g results in assessed portfo-
lio quality sq 4+ 0.5(1 — g). While greater precision does not change the expected
value of the assessed portfolio quality, it increases the variability (informative-
ness) of the assessed portfolio quality. By Jensen’s theorem, this increases the
shareholders’ expected payoff, which is the expectation of a convex function
of assessed portfolio quality. If T1(g) is shareholders’ expected payoff from the
portfolio when the signal precision is ¢, then IT'(g) > 0.

For the second part of the lemma, suppose the true precision of the CEO’s
original signal is q;. A rational CEO will invest in information production to
achieve precision g2 such that

M'(g2) — 0'(g2) = 0. (A21)

An overconfident CEO believes the precision of her signal is ¢1(C) > g1 but has
the same first-order condition, (A21), for the choice of precision. She invests
0(gs) — 6(q1(C)), which is less than the amount 6(q9) — 6(q1) that a rational
CEO would have invested, and she thus ends up with a signal with precision
less than gs. Q.E.D.

Proof of Proposition 8: An overconfident CEO underinvests less than a ra-
tional CEO and increases firm value. Since the rational CEO underinvests, the
marginal benefit of overconfidence, calculated as V/(C) > 0 for 1 < C < C* in
the proof of Proposition 5, is strictly positive. An overconfident CEO underin-
vests in information production compared to a rational CEO and this reduces
firm value. From the proof of Lemma 3, a rational CEO with C = 1 invests
the optimal amount (see (A21)), so the marginal cost of underinvestment in
information production is zero at C = 1. Hence, the marginal benefit of over-
confidence exceeds the marginal costat C =1. Q.E.D.

Proof of Lemma 4:

(a) Constraint (18) can be eliminated as it follows from substituting (17) in
(19) with s = s*(€). Constraint (19) is most restrictive for the highest signal
s = 1, because with a very high signal the CEO has strong aversion to
rejecting the portfolio and being considered excessively diffident. Thus,
the board’s problem reduces to

S*(C),WMHa,‘))%/LsWR E [Z xi]
+Pr(s > s*(C)) x E [p(s, D(h — Wg) + {1 — p(s, D} — W) |s > s*(C)]

+Pr(s < s*(C)) x (r — Wg) + E[max(Ya(y, ), Ya(g, v))] (A22)
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subject to

ua(s*(€), 0) = ur(s*(C), &) vC, (A23)

ur(1,0) > ur(1,0) vC, (A24)

and

Pr(s = s*(C)E {ua(s, C) | s = s*(C)}

+Pr(s < s*(C)E{ur(s,C) |s < s*(C)} = Us. (A25)
Let (), «(C) < 0, and § < 0 be the Lagrange multipliers for constraints
(A23), (A24), and (A25), respectively, in the above problem. The IR con-
straint (A25) must bind because otherwise expected CEO wage can be
reduced without violating the constraints by lowering U(Wg), U(Wy), and
U(Wg) by the same small constant. Next, to prove n(C) < 0, consider the

optimal solution to a simpler problem, obtained from the above problem
by removing constraint (A23). If (A24) binds, the solution is

w(Wy) = w(Wg) + E{Us(Z, ) + B x Pr[Ya(z,v) > Ya(y, ] |1 < s°(C))
—E{Us(t,v) + B x Pr[Ya(t, v) > Yoy, 0] [1 = s*(C)},

and

u'(Wg)  Elp(s,D|s >s*(C)]
u'(Wg)  Elp(s, C)|s > s*(C)]
Pr(s > s*(C)E[p(s,1) | s = s*(C)] 4+ Pr(s < s*(C))

u'(Wg) e
W0 + Pr(s < s*(C))

If (A24) does not bind, the solution to (A22) and (A25) is

uW(Wg)  Elp(s,1)|s >s*(C)] w'(Wr) 1-—E[p(s,1]s>s*(C)]
w(Wg)  Elp(s,C)|s >s*(C)]’ w/(Wg) 1—Elp(s,C)|s>s*(C)]’

Pr(s > s*(C)E[p(s, 1) |s > s*(C)]

In both cases, as long as the CEO’s expected deviation from rationality (C
= 1) is sufficiently small, Wy and W, are close enough so that

un(s,C) —urs, €) < x, (A26)
where y satisfies
x <¢/ps*(0),C) vC. (A27)

Multiplying (A26) by p(s*(C), ), subtracting from (19) with s = s*(C), and
substituting (24) results in

ua(s*(0), C) < ur(s*(0),C) —c + xps*(C), C) < ur(s*(0), 0),
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where the last inequality follows from (A27). Thus, the right-hand side of
(A23) exceeds the left-hand side and we must have (€) < 0 in the solution
of (A22) to (A25). Let I be the expected payoff of the shareholders. The
first-order condition for s*(C) to be the equilibrium threshold signal value
for a CEO with overconfidence C is

ol’

3s*(C)
— 8{ua(s*(0), C) — ur(s* (), 0)}

ap(s*(C), C)

3s*(C)
d

ds*(C)

Substituting n(C) < 0, (18), and (A23), we get

aIr -
as*(C)

Thus, the shareholders’ expected payoff will increase if the CEO decreases
the threshold signal value for portfolio acceptance. Finally, to verify that
the beliefs in (21) to (24) are rational, we must show that s*(C) is a decreas-
ing function. This follows from (18) and the fact that the CEO’s second-
period utility U, is single-peaked in perceived overconfidence, so rejecting
a portfolio with a higher signal s causes the CEO to be considered more
diffident and imposes a higher penalty than rejecting a portfolio with a
lower s. If a CEO with low overconfidence is indifferent between accept-
ing and rejecting a portfolio, then a CEO with higher overconfidence who
estimates a higher probability of success will strictly prefer accepting the
portfolio to rejecting it and hence must have a lower threshold signal for
portfolio acceptance.

(b) The proof is identical to that of Lemma 2.

(¢) Follows from part (a) and the fact that the threshold signal value for port-
folio acceptance, s*(C), is decreasing in CEO overconfidence C. Q.E.D.

— (O w(Wg) — u(Wr)

Pr[s < s*(&)] = 0.

0.

Proof of Lemma 5: The posterior distribution ¢(Ay | s, , X) of the CEQ’s abil-
ity when the board observes signal s, the portfolio outcome w, and the project-
specific payoffs X is

¥(Ao) [ ]G, Ao)
[ Tt parda

The posterior likelihood ratio of the probability that the CEO has ability Ay to
the probability that the CEO has ability A;, < Ay,

(A ls,0,X)  vAm [, An)
¢ALls,0,X)  y(AD [ |6, AL’

§(A0|3,60,X)=

is independent of s and w and is increasing in x; because of the monotone
likelihood ratio property of &(x;,Ag). We now examine the board’s posterior
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distribution v(C | s, w, X) over the CEO’s overconfidence. If the CEO rejects the
portfolio, the posterior beliefs are given by

13<S*(C)M(C) _ 10<s**1(s)

U(C | S, R: X) = =
/lkﬂmMOMC' / L(C)dC
c C'<s*1(s)

u(C).

If the CEO accepts the portfolio, the posterior beliefs are given by

lsZs*(C)M(C) _ 1023*71(5)
/ Lizschu(CH AL / w(CHdc’
C’ C'>s1(s)

v(Cl|s,H,X)=v(C|s,L,X)= u(C).

When the portfolio is rejected, the posterior distribution of CEO overconfidence
with a lower signal s; first-order-stochastically dominates the distribution with
a higher signal sy > s; because the two distributions satisfy the monotone like-
lihood ratio property, given that the ratio

«Hdc'

wm&&m_%@wﬁwmf

v(C|sz, R, X) 1C<s**1(82)/‘ wehHdce'
C'<s*1(s1)

is nondecreasing in C. When the portfolio is accepted, the posterior distribution
of CEO overconfidence with a lower signal s; first-order-stochastically domi-
nates the distribution with a higher signal s3 > s1 because the two distributions
satisfy the monotone likelihood ratio property, given that the ratio

chde

v(Cls1, H, X) v(Cls1, L, X)  leosg) /c'zs*l(sZ)M

v(C | s2, H,X) v(C |82,L,X) 1C23*71(32) / M(C/)dc,
C'>s*"1(s1)

is nondecreasing in C. The posterior distribution of CEO overconfidence when
the portfolio is accepted first-order-stochastically dominates the prior distribu-
tion because the two distributions satisfy the monotone likelihood ratio prop-
erty, given that the ratio

U(C|S, H,X) _ U(C|S,L,X) N 1028*—1(3)
C'>s*"1(s)

is nondecreasing in C. The posterior distribution of CEO overconfidence when
the portfolio is rejected is first-order-stochastically dominated by the prior
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distribution because the two distributions satisfy the monotone likelihood ratio
property, given that the ratio

chHdcC
u(C) /c/w(s) u(©)

v(C |s, R, X) N 1C<s*’1(s)

is nondecreasing in C. Q.E.D.

Proof of Proposition 9: The CEO is retained if Yo(¢, v) > Yo(y/, 1) and re-
placed otherwise, where Y5 is increasing in the first argument and single-
peaked in the second argument when the arguments are point distributions.
Thus, the board’s decision depends on its beliefs about the CEQ’s overconfidence
and ability. First, consider a fixed signal value and portfolio outcome. Lemma
5 shows that these completely determine the board’s beliefs v about the CEO’s
overconfidence, so the CEO will be retained if the CEQ’s ability is inferred to be
sufficiently high, and Lemma 5 shows that this happens if the project-specific
payoffs X are sufficiently high. Next, consider a fixed X. Lemma 5 shows that
this completely determines the board’s beliefs about the CEQ’s ability, so the
CEO will be replaced if the CEO’s degree of confidence is too high or too low.
From Lemma 5, when the portfolio is rejected, the CEO is likely to be less
confident than a replacement CEOQ, so the incumbent CEO will be fired if she
is evaluated to be sufficiently diffident. From Lemma 5, this occurs when the
signal s is sufficiently high. When the portfolio is accepted, Lemma 5 shows
that the CEO is likely to be more confident than a replacement CEO, so the
incumbent CEO will be fired if she is evaluated to be sufficiently overconfident.
From Lemma 5, this occurs when the signal s is sufficiently low. Q.E.D.
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