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1 Introduction

Overconfidence is a well-documented trait in managers (Blavatskyy| (2009), Puri and Robin-
son/ (2007))), and acknowledging this when designing the optimal contract allows the principal
to reap a profit (Goel and Thakor| (2008), de la Rosa (2011)). Overconfidence means that
the manager has exaggerated beliefs with regards to his ability to affect the outcome of the
firm. In reality, the outcome of the firm is not observable to the principal and the board.
The observable measure is accounting earnings, which is a noisy measure of the outcome of
the firm, as well as the manager’s presentation of the firm’s economics. As the overconfi-
dent manager has exaggerated beliefs in his ability to make the firm succeed, the ability of
the accounting system to correctly present this together with the possibility of managerial
communication turns out to be an important factor in the optimal contract.

This paper explores the consequence of managerial communication when the manager
is overconfident. To this end I use a principal-agent model with moral hazard to explore
how the benefits of contracting with an overconfident manager are affected by the noisiness
of the accounting system and managerial communication. Managerial overconfidence first
reduces the cost of agency, and if the level of overconfidence is significant enough, it causes
the manager to wager on his wrong beliefs. The accounting system obscures the actual
economic outcome of the firm which attenuates the significantly overconfident manager’s
desire to wager against the principal. To circumvent this, I analyze a contract written on
the overconfident manager’s self-reported success. Introducing communication allows the
observation of the actual success or failure of the firm to be incorporated into the contract.
This is important as the exaggerated beliefs of the manager concern his ability to make the
firm succeed. The value of communication is decreasing with overconfidence for a slightly
overconfident manager, but increasing with overconfidence for a significantly overconfident
manager.

I contribute to the literature by studying the benefits of the overconfident manager com-

municating unverifiable information to the principal. Dye (1983), Gigler and Hemmer| (2001]),



and Sabac and Tian| (2014)) all show that when the rational manager observes the true
outcome of the firm, the principal is at least as well off using this information. With a
significantly overconfident manager, this effect is emphasized as communication makes the
manager’s overconfidence affect the contract directly and increases the manager’s desire to
wager against the principal. As overconfidence increases within the range of significant
overconfidence, the value of communication increases. However, when the manager is only
slightly overconfident, communication, overconfidence and earnings quality all reduce the
agency of contracting the manager, and as these effects crowd out each other, the value
of communication decreases in the range of slight overconfidence. The results with a sig-
nificantly overconfident manager are in line with Hribar and Yang (2016)) and |[Libby and
Rennekamp| (2012), where Libby and Rennekamp| (2012)) find that overconfident managers
issue more frequent management forecasts and Hribar and Yang (2016) who find that they
are more precise.

In a contract setting with moral hazard, overconfidence is purely beneficial (de la Rosa
(2011))). This result is a consequence of the partial equilibrium structure, where only the
optimal contract is considered. Other strands of the literature find that overconfidence has
both negative and positive effects. Malmendier and Tate (2005) find that an overconfident
CEOs distorts investments, and |Hsu et al.| (2017)) find that conservatism in the accounting
system can mitigate this behavior, so that the combination of accounting conservatism and
managerial overconfidence produces higher cash flows. |Bouwman (2014) finds that overconfi-
dent CEOs are associated with higher earnings smoothing. Similarly, |Schrand and Zechman
(2012) find that a positive bias in the financial statement from a manager might lead to
increased biases if, contrary to the manager’s belief, everything starts going downwards.
Although the present paper does not consider any investment decision, issues of truthful
communication does relate earnings management. If one thinks of managerial communica-
tion as the non-audited part of the financial statement or possibly the areas which are more

difficult to audit, then the result of this paper suggests that earnings management can be



useful for signaling the true underlying value of the firm to the principal, and this is increas-
ingly value enhancing as the manager’s overconfidence grows within the range of significant
overconfidence.

To analyze the consequence of communication in case of an overconfident manager, I
apply a principal-agent model with moral hazard. Here I use the framework of de la Rosa
(2011), where an overconfident manager can choose two levels of effort, that can either lead
to the success or failure of the firm. Overconfidence shows its face as the principal and the
manager disagree about the manager’s ability to make the firm succeed conditional on high
effort. |de la Rosal (2011) finds two effects of overconfidence in the optimal contract. In case
of slight overconfidence, a less powerful contract is needed to induce high effort. When the
manager becomes significantly overconfident, the moral hazard problem disappears, and the
manager wants to wager against the principal on the success of the firm.

I include communication by extending de la Rosa (2011)) with the framework from |Gigler
and Hemmer| (2001)). Here the principal cannot directly observe the outcome of the firm, but
only the accounting earnings. Accounting earnings are a noisy measure of the true outcome
of the firm, and increasing precision increases the principal’s profits from contracting with the
manager. When the manager is slightly overconfident, earnings quality, overconfidence and
communication all decreases the agency cost of hiring the manager. However, the decrease in
agency cost is a concave function in earnings quality and overconfidence, and thus earnings
quality and overconfidence are substitutes, that the value of overconfidence is decreasing in
earnings quality and vice-versa. For a significantly overconfident manager earnings quality
emphasizes the wager effect, thus making the two compliments. Communication reduces
the risk on the manager in the state of the world with low outcome, decreasing the cost of
agency. When the manager is more overconfident within the range of slight overconfidence,
agency cost is lower, and thus the value of communication goes down. When the manager
is significantly overconfident, communication allows the contract to directly incorporate the

effect of disagreement between the manager and the principal, thus emphasizing the effect of



overconfidence and increasing the wager effect between the principal and the manager. As
the wager effect grows with overconfidence, which is beneficial to the principal, the value of
communication increases with overconfidence in the range of significant overconfidence.
The paper proceeds as follows. In section [2 I present the model. In section [3] I analyze
the setting where accounting earnings are the only contractible information. In section [4] I
extend the framework with the possibility of the manager reporting his observation of the

firm’s outcome. In section [6] I conclude.

2 Model

Figure 1: Time line

contract success accoupting contract
offered effort or failure communication earnings settled
s(y) € t m(x) Y s(y)
or 5(z,y) or 5(z, )

The manager is offered a contract and after observing failure or success, x € {z1, 2L}, he can commu-

nicate his observation to the principal.

In this setting a risk-neutral principal hires a manager to supply unobservable effort.
The manager is risk and effort averse. He makes a choice that affects the future outcome of
the firm and that is costly for him. This could be laying off unnecessary workers, reducing
unprofitable investments, or implementing a new product. The manager can choose either
high or low effort, e € {I, h}, which with a certain probability leads to either a high economic
value of the firm z# or low economic value of the firm z¥ such that 7 > 2L, The manager
is the only one who observes the true economic condition of the firm after his chosen effort
level.

The principal and the manager have heterogeneous beliefs with regards to the probability
of the outcome given the manager’s effort, but agrees on the probability outcome conditional
on no effort. They are both aware of the disagreement but agree to disagree. The principal

believes that the probability of success of the firm given high effort is p,. The manager



instead believes that it is py. [ assume 0 < p, < 1 and 0 < pp, < 1E| and the manager is
said to be overconfident overall if p;, > py. I will assume this to be the case throughout the
paper. It is worth noticing that the optimal contract does not change irrespective of whether
it is the principal or the manager who holds the correct beliefs, only the welfare implications
changes.

I focus on a one-period model which means that I abstract away from managerial learning.
It might be reasonable to assume that if the disagreement between the manager and the
principal is sufficiently large, then after repeating the contract a few times, the manager
might readjust his belief as regards his own ability. However, I believe that this setting will
capture the essence of contracting with an overconfident manager, and settings also exists
where the contract is short-term and not renegotiated, and thus they are well-described
by this model. One of such settings could be the case of a private equity firm?| who after
buying majority of a target firm hires a manager to run it for a short period prior to selling
their part again. Here one could reasonably assume that there would be no opportunity for
the manager and the principal to resolve their disagreement, and therefore the contracting
environment is well-described by the assumptions in this setting.

[ assume that (2% — 2%) x (p, — p1) is sufficiently large such that it is always optimal for
the principal to induce high effort. The manager’s utility is additively separable in money

and effort and is given by

U(s(-)) — c(e). (1)

The manager’s utility is continuous and twice continuously differentiable with U’ > 0 and
U"” < 0 so that the manager is risk averse. Given a choice of effort for the manager,
e € {l, h}, his personal cost is given by ¢(l) = 0 and ¢(h) = ¢. The manager’s outside utility
is independent of overconfidence and is given by U.

The principal neither observes effort nor outcome. She observes a report that can either

IThis is to avoid the trivial contract with infinite punishment.
2T would like to thank Marrku Kaustia for suggesting this example.



Figure 2: Probability structure
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e = productive effort;
H

' = success;

xl = failure;

y = high accounting earnings;
y~ = low accounting earnings;

pp, = principal’s belief of success conditional on high effort;

pr, = manager’s belief of success conditional on high effort;

p; = probability of success conditional on low effort;

M = probability of high accounting earnings when the firm succeed; and
A = probability of low accounting earnings when the firm fails.

show success, y, or failure, y”. The probability of the report showing success when the
underlying value is high is given by A\, and in the case of a report showing failure with low
underlying value it is AL, It is assumed that A¥ > 1 — A and A* > 1 — AE. The intuitive
interpretation of this report is the financial statement, but due to accounting recognition

criteria it might not give a true view of the economic performance.

3 Reported earnings

I begin by considering the case where the principal only receives the mandatory report and
thus excludes communication. I will use this as the case for comparison when I include

communication.

The optimal contract written on accounting earnings that implements high effort is given



as the solution to the following ”earnings-only” program

minpy [s(y™) + (1= A)s(y")] + (1 =pn) N5 + (1= X)sD)] - (©2)

subject to the individual rationality constraint

pn (NTU (s(y™)) + (1 = XU (s(y"))]

+(L=pn) MU (") + 1 =AU (s(y"))] == T, (3)
and the incentive compatibility constraint

P [MTU (s(y™)) + (1 = MU (s(y"))]
+ (1= pn) [NU (s(w") + (1 =AU (s(y™))] = ¢ >
p (MU (s(y™) + (1= XU (s(y"))]

+(L=p) [NU (s(y")) + (1= XU (s(y™))] - (4)

Here the principal” objective is to minimize remuneration costs in relation to the manager
while ensuring that (i) the contract provides the manager the minimum benefit before he
walks away, the individual rationality constraint, and (ii) that the manager decides to put

in high effort, the incentive compatibility constraint.

Lemma 1. If the manager is only slightly overconfident, the earnings-only contract will

be defined by the binding individual rationality constraint and the incentive compatibility

constraint.

The optimal solution to the problem where reported earnings are the only performance



measure is given by:

HVY ot o cpp ek
VW) =0t e o St G - 3e = 1) ©)
U(sy") =U+c— Drn__ 1= \7) : (6)

(Pn —p1) (B = p) (AT + AP = 1)

All proofs are found in the appendix.

As the manager becomes more overconfident, he beliefs in his ability to make the firm
succeed increases. This relaxes the incentive compatibility constraint and decreases the
necessary power of the contract needed to induce high effort from the manager as he becomes

increasingly willing to perform high effort.

Corollary 1. If the manager is slightly overconfident, the earnings-only contract exhibits

power of incentives that decreases in the degree of overconfidence:

d (U(s(y™)) — U(s(y")))

= <0, 7
i (7)
and that decreases in accounting precision:
d (U(s(y™)) — U(s(y*
G UUR)) S 5

d\

but the reduction in the power of incentives from an increase in earnings quality decreases

in overconfidence:

0* (U(s(y™)) — U(s(y")))
ONIOpy,

>0 (9)

The more overconfident the manager is, the less will the incentive compatibility constraint
bind. I will show that for a sufficiently high degree of overconfidence, the incentive constraint

will be slack:

Lemma 2. If the manager is significantly overconfident, the solution will be defined by the

9



binding individual rationality constraint.

The manager is significantly overconfident if

prA 4 (1= pu)(1 = MY U'(5(y™))
Pr(L = M) + (1 = pn) A U'(5(y"))
pr AT+ (1 —pp) (1= AE)
pr(1 = M) + (1 —pp) AE

(10)

where 3(y") and 3(y™) are the payments that satisfy the optimal earnings-only contract for

the slightly overconfident manager.

The expression reflects the optimal risk-sharing between the principal and the manager
taking into account the heterogeneity in beliefs and the noise in the accounting system. If
the manager is slightly overconfident, the principal cannot increase the power of the con-
tract without breaking the incentive compatibility constraint. However, when the inequality
is satisfied, an increase in power which satisfies the individual rationality constraint does
not break the incentive compatibility constraint. This means that only the individual ratio-
nality constraint will be binding. The expression of significant overconfidence includes the
precision of recognizing gains as well as recognizing losses, which means that the quality of
the accounting system affects the amount of overconfidence necessary for the moral hazard

problem to disappear.

Lemma 3. The optimal risk-sharing rule under overconfidence is given by:

1 M+ (=) (1= AD)
U (s(y™))  “pnM 4+ (1 —pn) (1= AE)
L yp(l= A+ (L) A
U (s(y")  "pa(l = AF) + (1 —pp) AL

(11)

(12)

10



where ¢ is the Lagrange multiplier from the individual rationality constraint. Together with

Pn [NTU (s(y™)) + (1 = XU (s(y"))]

+ (1= pn) MU (s(y™) + @ = AM)U (s(y™))] — e =T, (13)

these equations define the optimal contract.

Equations and define the optimal risk-sharing rule. As the manager is signifi-
cantly overconfident, I do not need to take into account the moral hazard problem. However,
even though I can ignore the moral hazard problem, optimal risk-sharing cannot be reached
as the principal and the manager want to wager against each other on the manager’s ability
to bring the firm success. If first-best risk sharing would have been reached, then the ratio
of marginal utility between the manager and the principal in equations and would
be equal. The heterogeneity in beliefs between the manager and the principal leads to the
manager wanting to wager on his ability to make the firm succeed against the principal.
The precision of the accounting system’s ability to correctly display success, M and A\,

emphasizes this effect, as there is less noise to obscure the disagreement.

Corollary 2. If the manager is significantly overconfident and has preferences such that
m (—%/,/—((j))) is a mon-decreasing function, the earnings-only contract exhibits power of

incentives that increases in the degree of managerial overconfidence:

d (U(s(y™)) = U(s(y")))

= > 0, 14

dpn (14)
and which increases in accounting precision.:
d (U(s(y™)) — U(s(y*

W) = U)o s — (1, 1), (15)

Under slight overconfidence, increasing either the precision of the accounting system or

managerial overconfidence reduces the power of the contract necessary to induce high effort.
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This translates into lower risk applied to the manager and therefore lowered required pay-
ments, which leads to a profit increase for the principal. When the overconfidence reaches
into the significant overconfidence interval, the wager effect takes over, and managerial over-
confidence increases the power of the contract. Similarly, increasing the accounting system’s
ability to correctly display success and failure increases the power of the optimal contract

with significant overconfidence.

Proposition 1. In the earnings-only contract the principal’s profit is increasing in overcon-
fidence, both in the interval of slight and significant overconfidence.

The gain from overconfidence is decreasing in earnings quality for slight overconfidence
as the two effects are substitutes, and increasing in overconfidence for a significantly over-

confident manager as the effects are compliments.

4 Communication

I now consider the case where the manager will communicate the true underlying economic
condition of the firm to the principal. A clear interpretation of the manager’s communication
would be managerial earnings forecast, but it could also be any other means of voluntary
disclosure prior to the release of the financial statement.

This problem differs from the previous problem in several ways. I now allow the principal
to contract on non-verifiable information in the financial statement, and this non-verifiable
information reflects the true economic condition of the firm, z € {z*, z’}. If the principal
could also observe the true economic outcome of the firm, she would never write a contract
on the financial statement, since the economic performance is a sufficient statistic for the
financial report with respect to the manager’s choice of effort. Given that the manager is
the only one who observes the economic performance, I still include the mandatory report
as contracting variable to discipline the manager to report truthfully about the underlying

economic condition. This is reflected through two truth-telling constraints. The first con-

12



straint enforces that the manager reports truthfully when observed economic performance is
high. The second enforces the manager to report truthfully when economic performance is
low.

I define this as the ”communication” program.

min py, P\H (" y") + (1 - )\H)S(iHWL)}

s(Z.y)

+(L—pn) [Ms(@"y") + (1= A7)s(@", y")] (16)

subject to the individual rationality constraint

pr (MU (s(@7,4™)) + (1 = XU (s(@7,y"))]

+ (1= pp) [NU (s(@",y") + (1 = AU (s(@",y™)] —c > U, (17)
the incentive constraint

b [T (s(@", ™)) + ( U (s(@",y"))]
+ (1 = pn) [ U (s(@",y") + (1 =AU (s(z",y"))] —c >
p [NPU (s(@7,y™) + (1 = AU (s(@7,y"))]
(

+(1—p) [ALU (s(@5,y™) + (1 = MU (s(@", y™)], (18)
the truth-telling constraint with success
MU (@7, y™)+ (1 =AU (s(@",y")) = MU (s@@",y™)) + (1 =AU (s(z",y")), (19)
and the truth-telling constraint with failure

MU (s(@5,y7)) + (L= MU (s(@,y™)) = XU (s(3%,y%)) + (1= AU (s(z",5")) . (20)
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Lemma 4. The solution to the truthful communication problem under slight overconfidence
will be defined by the binding individual rationality constraint, the incentive compatibility
constraint and the truthful reporting with failure constraint.

The optimal solution to the communication problem under slight overconfidence is given

by:
U - B (_] Cﬁh C)\L
(@) =Ute-G=05+ GOV 35
~H | L\\ _ 77 C — Cﬁh - C(l )
U(S(l’ Y )) =U + (]Bh_pl) (ﬁh_pl)()‘H+)‘L )7
U(s(@"y") =U (s(@",y")) =U+c~ (ﬁhczihpl)'

Similar to the earnings-only contract, increasing overconfidence relaxes the incentive
compatibility constraint and reduces the power of the contract needed to induce high effort.
If we look at the individual rationality constraint, the utility required to satisfy the
opportunity cost of the manager (the outside opportunity) is now written on the known
success of the firm. Notice that the expected utility when the firm is a success can be

written as:
E U] = EMNU (s@",y") + (1 = XU (sz", ")) | 2"]. (21)

Corollary 3. If the manager is slightly overconfident, the communication contract exhibits

power of incentives that is decreasing in the degree of overconfidence:

d(EWU@") —U@"h)

- < 0, 22

i (22)
and that is decreasing in accounting precision:
d(E(U @) - U(z"

(BWED) - UE) <0 forie {L H) (23)

d\
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The effect of overconfidence on the power of incentives is decreasing in earnings quality, and

vice-versa,

& (E(U@ET)) — U@
dNidpy,

) >0 forie{L,H}. (24)

As in the ”earnings-only” contract, there will be a threshold of overconfidence at which
the wager effect between the manager and the principal starts to dominate, and the incentive

compatibility constraint becomes slack.

Proposition 2. The solution to the communication problem with a significantly overconfi-
dent manager is defined by the binding individual rationality constraint and the truth-telling
with failure constraint.

The manager is significantly overconfident if

prn (M = (1= A1)
N (L= M) 4 (L= ) AF] = (L= X [0+ (1= ) (1 — AP)] s
U s ")
Ur(s(@) = (L=pa)

X (25)

where 5(2f y), 5(z%,y*) and 5(z*) are the optimal payments in the communication con-

tract for a slightly overconfident manager.

The new threshold for significant overconfidence deviates from the previous one. First,
looking on the right side, there is no noise with regards to the principal’s beliefs. This is
due to the fact that she can directly observe the outcome of the firm by communicating

7 s i‘H H ! s H
with the manager. It is worth noticing that v gj,((s(;) ) > UUS(;EIQL))), as these are based on

the optimal utility in the slight overconfidence case where U’ (s(y*)) = U’ (s(z”,y")) and
U (s(g")) > U’ (s(z").
If I let M — 1, the expression approaches one similar to that without noise seen in de la

- U’ E(iH,yH)
Rosa (2011)), (13%,1) (U’(E(:EL) )

> P as having the manager communicate failure makes

(1-pn)’
thi fectly inf ti Lettine M\ 1 vields th : Mg, U (3@7 1))
everything perfectly informative. Letting — 1 yields the expression F=25 —5—=r;

>
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Ph
(I=pn)"

Lemma 5. The optimal risk-sharing rule under overconfidence and communication is given

by:

U’ (s(zH,yM)) (blp_h B ¢2p_h NH (26)
1 Ph 1A\
U’ (s(zH,y*)) ¢1p_h N ¢2p—h (1= \H) (27)
1 (I =p) 1
E G e R ) (28)

where ¢y is the Lagrange multiplier from the individual rationality constraint, and ¢o is the

Lagrange multiplier from the truth-telling with failure constraint. Together with

pn (MU (s(2",y™)) + (1= AU (s(@", y"))]

+(1=pn) U (s((&") —c—=U =0, (29)
and
U (s(@") = MU (s@@",y") + (1 = AU (s(z",y™)), (30)

these equations define the optimal contract.

The addition of communication to the contract has novel effects. The precision of
the accounting with regards to success, A, moves the payoff between U(s(z,y)) and
U(s(zf,yL)), whereas the precision of the accounting system with regards to failure, AL,
moves the payoff in low state as a weighted average according to the truth-telling constraint
from equation (30)).

One can write out the Borch rule on high outcome as the weighted average between

16



equations and :

1

U(s(z,y™))

U'(s(z, y*))

=\ 1 -\ = qsl@ - @i. (31)

bn bn
The effects of the precision of the accounting system and managerial overconfidence are
separated, as seen by observing that the relations are independent of each other in the first
order constraint. This means that the topic of disagreement, that is, the manager’s ability to
affect outcome, is incorporated directly into the contract, without being obscured by noise
in the accounting system. The heterogeneity in beliefs enters the solution to the problem
through the Lagrange multiplier from the individual rationality constraint, ¢;, whereas the
noise of the accounting system now affects the contract through the Lagrange multiplier
from the truth-telling with failure constraint, ¢,. Hence the optimal risk-sharing rule in
the communication contract is now directly comparable to the optimal risk-sharing rule in
de la Rosa (2011), where outcome is directly contractible. I use equations and
to compare the power of the ”communication” contract with the contract without noise in
de la Rosal (2011)). The difference in the ”communication” contract is an additional term
which accounts for the truth-telling with failure constraint reducing the manager’s utility
with success and increasing the managers utility with failure. This ensures that truth-full
communication can be implemented.

Increasing managerial overconfidence has two distinct effects. First, as observed in the
first term of the Borch rule, (31 and , it increases the manager’s marginal utility with
success and decreases it with failure. As the truth-telling constraint is binding, the principal
cannot provide the manager with as powerful incentives as if the true outcome of the firm
had been observable. This is seen when we compare the solution from Lemma 5| with the
optimal risk-sharing rule in de la Rosal (2011) and comes from the Lagrange multiplier,
¢o, from the truth-telling constraint. The way this affects the optimal contract is that the

observed earnings, ¥ and y”, must serve to verify the manager’s communication, and thus

17



discipline him if the two signals disagree. Like in the case with slight overconfidence, this
is implemented with the payment s(z,y) being larger than s(Zr), which again is larger
than s(2, yL). Writing the manager’s expected utility conditional on the success of the firm
gave the expression in equation (21]), which puts the largest weight on s(z7,y7). Similarly,
the payment conditional on the failure of the firm is determined by equation (30)), which
puts the largest weight on s(Z,y*). To keep the truth-telling incentives while increasing
the power of the contract, the payment s(Z%,y") must increase, whereas the payment of
s(zH, y") must decrease.

Similar to the ”earnings-only” contract, the power of incentives in the optimal contract

is increasing in both precision and overconfidence.

Corollary 4. If the manager is significantly overconfident and has preferences such that

m (—%/,'—((j))> 1s a non-decreasing function, the communication contract exhibits power of

incentives that increases in the degree of managerial overconfidence:

d(EU@ET) - U@h)

- > 0, 32

A (32)
and in the precision of the accounting system:
o (EWU(zH)) - Uzt

(BEUET) - UED) >0 forie {L,H). (33)

ON

While the qualitative effects of precision and overconfidence on the optimal contract is
the same in the ”earnings-only” and ”communication” problems, the mechanism differs. In
the ”communication” contract, the noise from the accounting system is separated from the
heterogeneity in beliefs by communication, and this is implemented through the truth-telling
constraint. This differs from the ”earnings-only” contract, where noise in the accounting
system decreased the effect of heterogeneity in beliefs on the optimal contract. The effect
of noise in the accounting system in the "communication” contract now indirectly affect the

power of the contract by increasing the tightness of the truth-telling constraint.

18



Figure 3: Overconfidence and the value of Communication.

(a) Slight Overconfidence and the Value (b) Significant Overconfidence and the Value
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The graphs display the value of communication, defined as the difference between the cost of hiring
the manager with and without communication, scaled by the mean cost of hiring the manager without
communication for the different levels of overconfidence within the range of slight overconfidence or
significant overconfidence, respectively.
For the numerical solution, the following functional forms and parameterizations are used: U(s(:)) is
assumed to be 1 — exp(—s), pr = 0.4, p; = 0.15, ¢ = 0.1, U = 0 and A\ = \F = 0.75.
Proposition 3. In the communication contract, the principal’s profit is increasing in over-
confidence, both in the interval of slight and significant overconfidence.
The gain from overconfidence is decreasing in earnings quality for slight overconfidence

as the two effects are substitutes, and increasing in overconfidence for a significantly over-

confident manager as the effects are compliments.

5 The value of communication

In this section I explore how accounting characteristics affect the value of communication in
the optimal contract. While a closed-form solution for the value of communication in the
case of slight overconfidence is well defined, sadly, I must rely on numerical analysis in the
case of significant overconfidence. Hence, I will rely on negative exponential utility for the

functional form, which is in line with the assumptions required for Corollaries [2] and [4]
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First, overconfidence in the range of slight overconfidence decreases the agency cost of
contracting. The gain from communication comes from the reduced noise of earnings in the
case of payment with low outcome, thus reducing the risk-premium which is forced upon the

manager.

Lemma 6. The value of communication under slight overconfidence is given by:

ASgighe = (1 = o {EIG(U(s(y))) | 2" = G(EU(s(2,y))) | "]} > 0 (34)

where G(-) is the inverse of the manager’s utility function.

As overconfidence increases within the range of slight overconfidence, the agency cost

decreases, which reduces the gains from communication. This relationship is shown in figure

[Bal

Proposition 4. The value of communication when contracting with a slightly overconfident

manager is decreasing in the level of overconfidence.

Looking at figure |3b| we note a positive relationship between the level of overconfidence
for a significantly overconfident manager and the value of communication. This comes from
the ability of the communication contract with a significantly overconfident manager to allow
the principal to directly contract on the heterogeneity in beliefs. This causes an increase in
the optimal power of incentives in the contract, in comparison with the ”earnings-only” con-
tract, thus increasing the principal’s benefit of contracting with a significantly overconfident
manager. The gain from communication becomes larger the more overconfident the man-
ager is, thus leading to the conclusion that the value of communicating with a significantly
overconfident manager is increasing in overconfidence. In the setting with a significantly
overconfident manager, the reduction in the cost of contracting with the manager, caused
by including communication, is not a tractable parameter, and I therefore have to rely on

numerical analysis for the following conclusion.
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Conclusion 1. The value of communication when contracting with a significantly overcon-

fident manager is increasing in the level of overconfidence.

Let us now assume that the manager is not able to directly observe the success of the
firm. In this case the manager’s self-report is no longer a sufficient statistic as regards his
effort choice, and hence communication is not necessarily valuable. Jabac and Tian (2014)
study this setting and find that incorporating soft information into the optimal contract
creates tension between creating incentives for effort and maintaining incentives for truthful
communication. This happens as principal want to provide high enough payment with
success such that the manager performs high effort. However, if the power of the incentives
is too high, the manager will be tempted to misreport in the case of failure, tightening the
truth-telling constraint.

With an overconfident manager, I conjecture that this tension is less problematic as
increasing the managerial overconfidence level within the interval of slight overconfidence
alleviates the moral hazard problem and relaxes the incentive compatibility constraint and
thus reduces the tension. Now, heuristicallyﬂ having the manager become significantly over-
confident means that the incentive compatibility constraint does not bind, which completely
removes the tension coming from the incentive compatibility constraint, However, it instead
creates tension from the wager effects as the manager wants increasingly large incentives to

bet against the principal.

6 Conclusion

In this paper I develop a model that incorporates managerial overconfidence and communi-
cation into a principal-agent model with moral hazard. To accommodate unverifiable com-
munication of the firm’s economic outcome, I introduce accounting earnings as the public

signal, which is a noisy signal of the economic outcome. Both with and without communica-

3The existence of a level of overconfidence for which the incentive compatibility constraint will not bind
is not ensured in this setting.
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tion, I find a threshold where overconfidence goes from decreasing agency cost to cause side
betting between the principal and the manager, which is an extension of the result in|de la
Rosal (2011)).

In the case of slight overconfidence, with and without communication, the precision of
accounting earnings and overconfidence decreases agency cost, but they act as substitutes.
In the case of significant overconfidence, with and without communication, an increase in
overconfidence causes the principal and the manager to wager more against each other. The
precision of the accounting system and overconfidence work as complements, as the higher
the precision of the accounting system, the larger the effect of overconfidence on the wager
effect.

Communication in the case of slight overconfidence reduces the agency cost of hiring the
manager. As overconfidence increases within the range of slight overconfidence, the agency
cost of hiring the manager decreases, thus reducing the potential effect of communication.
This leads to the value of communication being decreasing in overconfidence. As the man-
ager’s overconfidence grows into the threshold of significant overconfidence, communication
allows the principal to directly observe the cause of disagreement, that is, the manager’s
effect on outcome, such that the accounting system no longer obscures the effect of overcon-
fidence. Communication thus increases the power of the contract, which in turn increases the
principal’s profit. As communication emphasizes the effect of the heterogeneity in beliefs,
the value of communication is increasing in overconfidence for a significantly overconfident
manager.

The results in this paper provides insight and a theoretical foundation for the empirical
studies on managerial overconfidence and disclosure, such as |[Bouwman, (2014), |[Hribar and
Yang| (2016 and Libby and Rennekamp| (2012). There are a few limitations of this model.
First, this model does not capture any downside of managerial overconfidence. Secondly, it
only describes a setting where there is no possibility of the overconfident manager learnings

from prior experiences. 1 leave these topics for further research.
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Appendix
Proof of Lemma(l] 1 say the manager is slightly overconfident if

oA+ (1= pn) (1 = M) U'(5(y™))
Pr(1 = M) + (1 = pp)AE U'(5(y*))
g+ + (1= (g+v) (1=
T (o)A = M)+ (1= (g+v)) AL

(35)

This means that the principal cannot make a change in payments that makes them better
off, without breaking the incentive compatibility constraint. More specifically, the change
she would make is d5(y”) < 0 and d5(y") > 0, which means that such a decrease in the
incentives of the manager would break in the incentive constraint. Therefore, the incentive
constraint of the manager must be binding in the case of slight overconfidence.

Solving the two equations for two unknowns yields the solution. O

Proof of Corollary[1. The incentive constraint in the case of slight overconfidence can be

written as:

(Pr—m1) [)\HU (S(yH)) + (1= XHU (s(yL)) - XU (s(yL)) — (1= X\HU (s(yH))] =c, (36)
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by rearranging the terms

(Br — ) [(AT + X = 1) (U(s(y™)) = U(s(y")))] = e,

[(U(s™)) — U(s(4*)))] =~ !

(ﬁh —pl) ()\H + )\L — 1)’

the derivatives are then given by

d HYY _ U (s(4”
T U™ = U(s() <.
L (U(s(s™) ~ Uls(") <0

S U(s ™) ~ U(s(y) <0,

and the cross derivative is given as

9 ) )
ONO(Pr — i) (Uls(y™)) = Uls(y™)) >0
) ; )
ONO(Pn — p1) (U(s(y™) = Uls(y"))) > 0.

(41)

(42)

]

Proof of Lemma[4 This proof is analogous to the proof of Proposition 3 in|de la Rosa/ (2011)).

I will show that the principal can make a change in payments that makes them better off

and that will not break the incentive compatibility constraint.

I begin by total differentiating the manager’s binding individual rationality constraint

pn [NTU' (5(y™)) ds(y™) + (1 = XU (s(y")) ds(y"™)]

+ (1= pp) MU' (5(y")) ds(y" + (1 = MU' (s(y™)) ds(y™)] = 0.

25

(43)



This yields

ds(y")
(L= pn = )N — AT — (1 — (Pn + Pn))
— APy — XD+ Ppr — 1) + Pu + Dn
U'(5(y™)) Sy
Er

Now I need to find the total differentiated principal cost minimization in order to find a

change in payments that makes the principal better off:

ds(y") [pn(1 = AT) + (1 — pa) A*]

+ds(y") [ppaA" + (1 —pr) (1 = AH)] <0, (44)

and substitute in our expression for the ds(y")

(1= pn — o)A — oA — (1 — (P + Dn))
—Npy, — XD, + pr — 1) + Pr + D

XM s(yH _\H . L
U/(g(yL))d (y )[ph(l AT+ (1 ph))\]

+ds(y") [ppA" + (1 —pr) (1= A9)] <0. (45)

Algebraic manipulation leads to:

P AT+ (1= pn)(1 = N U'(5(y™))
Pr(1 = M) + (1 = pp)AE U'(3(yh))
AN (1 =) (1= 0F)
[pn(1 = AT) + (1 — pp) AL

ds(y™) > 0, (46)

and rewriting this I get the expression that defines the threshold between slight overcon-

fidence and significant overconfidence:
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P+ (1= pu)(1 = MY U'(5(y™))
Pr(1 = A) + (1= pn) A U'(5(y"))
ph)\H + (1 - ph) (1 - )\L)

- ph(l - /\H) + (1 —ph) )\L‘

(47)

For this level of overconfidence, increasing the power of the contract makes the principal
better off while satisfying the incentive compatibility constraint.
The incentive constraint is not binding. This leaves the principal with the following

minimization problem:

min p [Ms(y™) + 1= A)s@")] + (1 —pn) [Nos@™) + (1= AD)sy)] - (48)

subject to the individual rationality constraint

n MU (s(™) + (1= XU (s(y")]

+ (1= pn) [NU (s(y")) + (1 =AU (s(y™))] —e>U. (49)

Proof of Lemmal[3 1 can then write up the Lagrangian for the constrained optimization

problem:

L=pr [Ms(y™) + (1= X)s(y")] + (1= pa) [Nos(y") + (1= A")s(y")]
= olpn (MU (s(y™)) + (1 =AU (s(y"))]

+ (1= pn) [NU (s(y") + 1 =AU (s(y™))] — e —T]. (50)

where ¢ is the Lagrange multiplier from the IR constraint. This gives me the first-order
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conditions:

o = P (1= i) (1= X = AU (s(4™)
= 61— 1) (1= XU (s(4)) =0,
oty = (1= A+ (1= ) A = (1= XU (s(4)
=6 (1= p) MU (s(4) =0,
G = P VU (s(6) + (1= XU (s(0%)]
+ (1= 5u) MU (s(") + (1= AU (s(y))] = e = U = 0.
Solving these equation for the Borch rule yields the solution. 0

Proof of Corollary[9. This proof follows the proof of Proposition 3 in de la Rosal (2011)). I
begin by total differentiating the manager’s binding individual rationality constraint with

respect to pp:

(A4 2E—1) [U (s(yH)) -U (s(yL))]

dU (s(y"
+ [P AT+ (1= ) (1= A5)] —Sfy )
Ph
dU (s(y"
+ [Pa(1 = AT + (1 = pp) A —(ds~(y ) = 0. (51)
Ph
Given [U (s(y™)) — U (s(y"))] > 0, it follows immediately that dU(;;SZH)) < 0or dU(cjszL))

0

I now move on to take the total derivative of the optimal risk-sharing rule with respect to

Dh:

BN+ (1= )(1— ALY d (U'(E(yﬂ)))
Pn(L—= M)+ (1 — pp)AE dp, \ U'(5(y%))
(™) d (B + (=) - AR
T GUD) dn (ﬁha—wm M) 0 (52)
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Given that both izz\i J;(I}; f(hl)g);;\;) and gl,((gg(éf)))) are positive, and that

d (ﬁhAH+<l—ﬁh><1—AL>>

dp, ﬁh(lH— )\HL) + (1 = pn)A*
RS +1A5;7,(1+—AA;i e~ o
it must be so that
£ (F) <o
Now assume that dU(;;zL)) > 0. Since % and dU(;;ZH)) cannot both be positive, then

duU (s(y* . L D s .
% < 0, but this means that is violated, which is a contradiction. This means

s L
that 22CED)

dpp
dU (s(y™)) d H L : :
If —5—= =0, then 4~ (U (s(y™)) = U (s(y*))) follows immediately.
S L S H /
Now if both dU(dEy ) and dU(dgy ) are negative, taking into account that dg—fs) =
Ph Ph Ph

[[J]l,l((;)) dgifi), I can write( } as:

1 ( U”(s)) du(s(y™)) 1 (_U”(S(yL))) du(s(y")) >0 (55)

U'(s(y™)) \ U'(s) i U'(s(yP) \ U'(s(y")) dpr,

Given U(s(y™)) > U(s(y")), by assumption

1 U"(s) 1 CU"(syh)
U,(S<yH))>( U'<s>)ZU'<s<yL>>>( U'<s<yL>>)' (56)

This means that I can write

1 ( U”(S)) du(s(y™)) 1 ( U”(S(yL))) du(s(y"))

e\ T6) ) dem . OeEE) \ Uswh) ) dp
L Us) (du(s")  du(s(h)
SUf(s(yHm( U'<s>>< b I ) (57)

Since the left-hand side is strictly positive I have showed that dz% (U (s(y™)) = U (s(y™))).
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To analyze how the optimal power of the contract changes with accounting precision, I

start by total differentiating the individual rationality constraint with regards to \*:

P [U (s(™) = U (s(y™)] + [paAT + (1 = M) (1= )] U (s(y™)) ar

+ [Pa(1 = A7) + (1= pu) M) U (s(y")) dXT = 0. (58)
Given [U (s(y™)) — U (s(y"))] > 0, it follows immediately that # < 0or dUE;—(ZL)) <

I now move on to take the total derivative of the optimal risk-sharing rule. with respect

to \H

AT+ (1= pn)(1 = AF) d (U’( (yH)))
Pr(L = M)+ (1 = pp)AF AT\ U"(5(y"))
d (ﬁh)\H (1 —pp)(1 = AE) )
dNH ph(l - )\H 1 —ph )\L
d (phAH (1 — ph 1 — /\L )

A\ pp(1— NH) + 1—ph ) AL

U/ yH
U/ yL

_|_

where

d (ﬁhAH + (1 =) (1= AF) Ph >0, (60)

dM\pr(1 = A) + (1 —ﬁh)AL) T (n (L= N+ (1= ) AR

and

d (ppAT+ (1 =p)(1 =AY _ o
At (ph<1 =M+ —ph)AL> RS G e (61)

From the relation for a significant manager in Proposition 2] I see that

d <15h>\H + (1 —pn)(1 — AL)) U'(5(y™))
AT\ pr(1 — M) + (1 — pp)AE ) U'(3(yh))
d (pp\T+ (1 —pu) (1 =X
Y (ph(l — M) + (1 —pp) )\L) 0 (62)
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as

U'(s(y" . _ oy U'(3(y™))
A 1-— 1—AX 63
and
Ph >> Dh, (64)
which means that
d U/ (. H
dAT \ U'(5(y"))
Now assume that dUE;(ﬁf,L’) > (. Since dUE;(i’f)) and dU(C;(ZH)) cannot both be positive, then

dU(s(yH))
d\H

< 0, but then 1) is violated.

Next, I want to find the effect of accounting precision with firm failure on the power of

the contract. Total differentiating the individual rationality constraint with regards to A\%:

(1= n) [U (s(") = U (s(™))] + [BnA" + (1= ) (1 = A")] w
a2+ (1] o) (jﬁ ), (66)

S H S L
Given [U (s(y*) — U (s(y")))] > 0, it follows immediately that dU(d)\;Iy,)) > 0 or dUg/\—(g)) >

0.

AT+ (1= pp)(1 = AE) d <U/(S ?JH)))
Pr(1 — M)+ (1 — pp) AL dAE ))
d (ﬁhAH +(1—pp)(1 = AD)
dNE A\ pr(1 = M) + (1 — pp)AE
_ d <ph)\H + (1 —ph) (1 — >\L)
dNE \ pp(1 — M) + (1 — pp) AL

+

=0, (67)

~— — &

<=
|
W | @]
A@
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I
S~— | —r
S— | ~—
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where

d (phAH + (1 —pp) (1 - AL)) _ (1= ) <0,

dX \pa(1 = A) + (1 = pp) A* (pr(1 — M) 4 (1 — pp) AL)?

and

< 0.

d (ﬁhAH+(1—ﬁh)(1—>\L)) _ (1—pp)
dXE \pp(1 = M) + (1 = pn)A* (Fr(1 = M) + (1 = ) AF)?

From the relation for a significant overconfidently manager in Proposition [2}

d (mﬂ (1= )1 - AL)) Us(y™)  d (phAH T+ (L=p) (1= M)
ANE \prp(1 — M) + (1 —pp)AL ) U'(5(y*))  dAF

as

S
VAl

GO _ iy gy e D0
Gty = O 00 )y

(1-p)

which means that

so the power increases in A*

Proof of Proposition [l The principal’s minimization problem is given by:

minp, M s(y™) + (1= AT)s(y™)] + (1 —pr) [Mos(y") + (1= A")s(y™)]

s.t

pr MU (s(y™) + (1 = XU (s(y")]

+ (1 — pn) [)\LU (S(yL)) + (1 =\HU (s(yH))] —c

Vv
S
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(69)

on(L— A + (L= pn) )\L) >0, (70)

(71)

(72)



Using the duality between profit maximization and cost minimization I twist the problem
around so as to specifically analyze profit. Using the envelope theorem and differentiating
the principal’ profit with regards to managerial overconfidence yields:

T[N - (=AU (M) - - (=AU ()] 0. (79

The next step is to analyze how earnings quality affects the gain from overconfidence:

0*m

OpnONE o [U (s(y™) = U (s(y"))] > 0. (76)

and similar for A\Z.

O

Proof of Lemma[j. That these three constraints will be binding conditional on slight over-
confidence follows directly from Lemma 2 in |Gigler and Hemmer| (2001)).

To understand that the incentive compatibility constraint will bind for a slightly over-
confident manager, then consider the following change in payment. The principal cannot
make a payment that satisfies i) the individual rationality constraint, ii) the truth-telling
constraint, and iii) that decreases the cost of contracting with the manager with breaking
the incentive compatibility if the degree of managerial overconfidence satisfies the following

constraint:

P (M= (1= X))

M [n(1 = M)+ (1= ) AE] — (1= AF) [Bd + (1 — ) (1 — AR)] S0
U (5(7H 2
% (S<1’; iy )) < DPh .
U’ (s(zt) (1 —pp)

Using the individual rationality, incentive compatibility and truth-telling with failure

constraints and solving for the three unknowns yields the Lemma. O]
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Proof of Corollary[3 The incentive compatibility constraint can be rewritten to:

MU (s((@",5™) + (1= XU (s((2",5%) = U (s((=") = ———

The derivative with regards to overconfidence:

(Ph—p1)

d(pn — m)

< 0.

(77)

(78)

To analyze precision one can use the binding truth-telling with failure constraint into the

incentive compatibility constraint, and by moving around I get the following expression:

(Pn — pr) M+ AE—1)

[ (s((&™,y™)) = U (s((z",y"))] =

This yields:

P pv vy

N < 0,
d(ﬁh—pz)(ACHHL—l) <0
d\L '

And similarly

2

Gr—P) AL —T)
d\Ldpy,

> 0.

(79)

(82)

]

Proof of Proposition[4 1 will show that for a sufficiently overconfident manager, the incen-

tive compatibility constraint in the communication problem will not bind.

Total differentiating the manager’s binding individual rationality constraint with respect

to the payments yields
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ﬁh [)\HU/ (S(ZZ‘H,yH)) d§(l’H,yH)+(1—/\H)U/ (S(I‘H,yL)) d§(l’H,yL)}

+ (1= pn) U' (s((2")) ds(z") = 0. (83)
I also total differentiate the binding TR constraint:
U' (s(@") ds(z") = AU (s(@7,y")) ds(z™,y") + (1 = AM)U' (s(@7,y™)) ds(z™, y™). (84)
Inserting U’ (s(z") ds(z") from TR into the individual rationality constraint yields:

b [NU (s(@",y™)) ds(@™,y™) + (1 = AU (s(=", y")) ds(2", y")]

+ (1 —pp) ()\LU' (s(iH,yL)) ds(z™,y") + (1 = XU’ (s(iH,yH)) dE(xH,yH)) =0. (85)

Isolating ds(z™, y*):

[Pr(mh | )M + (1 — Pr(a" | e)) (1- AL)] U (s(@",y™) ds(z" 4™

e :_[P}«w [e)(1 = AT+ (1= Pr(ah | e)) Ar| U (@ 9%) oY

(86)
Inserting this back into the TR yields:

| Priat | N+ (1= Pr(" | ) (1 - %)

[ﬁr(xh L e)(1— \H) + (1 — Pr(zh | e)) /\L]

di(z") = (1= M) — A

U’ (S(ITZH, yH))
U (s(zL)

ds(x™,y™). (87)

Now I need to find the principals’ total differentiated cost minimization:

pr [N sz, y™) + (1 = NT)ds(z",y™)] + (1 — pn) d5(z") < 0, (88)
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and substitute in my expression for the ds(x’) and ds(z%):

[P“r(xh | e)AH + (1 — Pr(z"| e)) (1- )\L)]
[ﬁr(zh | e)(1— M) + (1 — Pr(zh | e)) /\L]

Dh )\Hd§(xH,yH) —(1- )\H)

U’ (S(i*H,yH))d,

T (@) )

9

[ﬁr(xh )N + (1 ~ Pr(z"| e)) (1- AL)}

[ﬁr(xh | e)(1— AH) + (1 — Pr(zh| e)> AL}

+(1=pn) [(1=A") = A

U/ (S([I?H, yH)>
U (s(&L)

ds(z",y™) < 0. (89)

Algebraic manipulation leads to the requirement that

AT = (1= A)p
[V [P(1 = X) 4 (1= P AP = (1= M) [N+ (1= ) (1= X9)] i)

U'(s(zH, )))
% U’ (g(i'H7yH>) . Dh (o1
U’ (5(zL) (1 _ph)> ds(z™,y") > 0. (90)

I need

prAT — (1= M)y,
X 30— )+ (1= ) V] = (1= M) [+ (1= ) (1~ A G
U EE )
U’ (3(zt) (1 —pn)

ds(a",y") (91)

for the manager to be significantly overconfident.

For this level of overconfidence, the principal can change the optimal payments of the
contract to make them better off, without breaking the incentive compatibility constraint.
This means that the incentive compatibility constraint is slack.

Now for managers who are significantly overconfident, I can rewrite the problem as the

incentive compatibility constraint is not binding.
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This yields:

min py [N, y") 4 (1= ) s(a",y")] + (1= pn) ("), (92)

subject to the individual rationality constraint:

Dh [)\HU (s((xH,yH)) +(1=XNHU (s((xH,yL))]

+ (L =pn) U (s(z%)) —c> T, (93)
and truth-telling constraint with failure constraint:
U (s@@") = MU (sz",4") + (1 = XU (s(@",y™)). (94)

]

Proof of Proposition[4 Provided that the heterogeneity in beliefs is sufficiently large such
that the manager’s incentive compatibility constraint is not binding, ( pp, >> pp ), I now
show that the principal’s problem in case of overconfidence and communication is defined by
the binding individual rationality constraint and the truth-telling in case of lower economic
earnings constraint.

In this proof, I follow the proof of (Gigler and Hemmer| (2001) and show that it holds
without a binding incentive compatibility constraint. First, notice that, as shown in |Gigler
and Hemmer| (2001), if truth-telling with success is binding then U* = U(s(z%,y")) =
U(s(z,y*)), and truth-telling with failure is binding, then U = U (s(2%,y")) = U(s(2¥, y1)).

The solution to the problem has constraint truth-telling with success slack and truth-
telling with failure binding. To show this, suppose that truth-telling with success binds. Then
I know that truth-telling with failure is slack, and that U? = U(s(2,y)) = U(s(2, y*)).

I can then rewrite the incentive compatibility and truth-telling with failure constraints such
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that:

U > = £ AU (s(38 1) 4+ (1= ADU(s(a5, ™)),

U < XU(s(2%, y5) + (1 = XEYU(s(2, y™)). (95)

which generates a contradiction and therefore proves that the truth-telling with success

constraint is slack.
The solution to the problem has the individual rationality constraint binding and the
incentive compatibility slack. The individual rationality must be binding due to the standard

argument.

]

Proof of Lemmal3 1 can write up the Lagrangian for an overconfident manager with com-

munication as:

L=npy [)\HS(QY:H, v+ (1 — \)s(2f, yL)]
+ (1 =) [Nos(ah,y") + (1= A)s((a®, y™)]
— o [ [MTU (s((z",y™)) + (1 = XU (s((=",5"))]
+ (1= n) (MU (s((a®, ") + (1= AU (s((z",y™))] — ¢ = U]
=02 [NU (s(@",9") + (1 = AU (s(@",y™))

—NU (s(@™, y") — (1 =AU (s(@",y™)] . (96)

where ¢, is the Lagrange multiplier from the IR constraint, and ¢ is the Lagrange multiplier
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from the T'T}, constraint. This yields the first-order conditions:

oy — A = N (5" ds(@” ")
+ go(1 = XU (s(@", y™)) ds(z", y™) =0, (97)
Gz = = A = (1 = U (s((0",9) dsta” )
+ AU (s(@™,y")) ds(z",y") = 0, (98)
arers = (1= o) = n (1= i) U (s((=) @)
— $U' (s(2%)) ds(z") =0, (99)
S VU (s((@ ™) (1= XU (s((a" )]
+ (1 —pn) U (s((z") —c=U =0, (100)
2—5 = (U (s(z%)) = MU (s(@",y")) — (1 = MU (s(@",y™)) =0 (101)
Solving these vields the Lemma. 0

Proof of Corollary[) Using the truth-telling constraint the individual rationality constraint

can be rewritten as:

PhEU(s(z™) + (1 = pn) U (s((z")) —c—=U = 0. (102)
Taking the total derivative with regards to p;, yields:
EU(s(z™) = U (s((z") + o EU' (s(z™))dpp, + (1 — pp) U (s((z")) dpr, = 0. (103)

It is known that E(U(s(zf)) — U (s((z")) > 0. I then need to determine E(U’(s(z™))dp), =
MU (s(@7,y™)) dpp+(1=XT)U' (s(z™,y")) dpp, and U’ (s((z*)) dpp, = AU’ (s(27,y")) dpp+
(1= MU' (s(2",y™)) dpp, so I need to find the sign of the change in E(U’(s(z"))dp), and
U’ (s((z%)) dpp.
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Notice that written this way, the problem mimics the proof of Corollary

Letting A — 1 and A" — 1, the Borch rule from Lemma [3| takes the form:

1 _ 4P
U (s(y™) " pn’
1 :¢(1—ﬁh)

U'(s(y™)) (1 —pn)’

which was used to sign U’(s(z¥))dp;, and U’ (s((y")) dpn.

In the rewritten version of Lemma [5| the Borch rule takes the form:

1 _ b1
EU GG~ "
o, (I =pn) 1
T @) - M T

(104)

(105)

(106)

(107)

The only difference between these two versions is the second terms that depend on the

Lagrange multiplier from the truth-telling constraint.

Now assume that the truth-telling constraint forces overconfidence to not increase the

power of the contract. Taking the total derivative yields:

(zwimy) = (o) - 020,
1

(ﬁ) = <¢1 i :Zﬁ) W+ (@) Ay

From the proof of it is known that ( 12—2) dpy, > 0 and ((;51 (l_ﬁh)> dpy, < 0.

(1—pn)

If the truth-telling constraint breaks the relation from [2] then
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(qsp—) 0 — (62) dpn— < 0 (110)
Phr Ph

b
(1 —pa)

(cbl(l _ﬁh)> A + () dpy >0, (111)

(1 — Dn)

which means that (¢2) dp, must not just be positive, it must be sufficiently positive for
this to hold.

However, using the IR and TR constraints:

[)\HU (s((:L'H,yH)) +(1=XDOU (s((xH,yL))] — [)\LU (s(iH,yL)) + (1= XU (s(:EH,yH))}
+ o (MU (s((2™,4™)) dp, + (1 = XU (s((2™,y")) Bi]

+ (1= pn) MU (s@,9")) pr 4+ (L = AU (s(@",y™)) ], (112)

U (s((2",5™) + (1= AU (s((",y"))]

— U (@ P)) + (1= MO (53, ™)] > 0, (113)

either U’ (s((z,y™)) dpn < 0 or U’ (s((z™,y")) dp), < 0, or both, will be below 0.
As the payments must incentivize high effort, we know from equations and

which define the Borch rule conditional on high observed outcome of the firm, that:

1 N 1
U (s(@,y")) = U (s(z",y"))’

(114)
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so that

1 AL (1 —AE)
gbgp—h <(1 B VISV ) > 0. (115)

Total differentiating this expression yields:

L1 S LA (1))
(T ~ o) = o, (o~ ) O

So that if ¢odp, > 0, then the power of the contract is increasing in pj,, which yields a
contradiction.

To get the intuition from this, equation shows that the expected utility of the
manager conditional on the firm being a success is a weighted average of the payments
conditional on the public report and communicating success, however the largest weight is
on s(z", yH).

From the truth-telling constraint, the outcome of the manager conditional on low output
is also a weighted average of the payment conditional reporting success and the accounting
earnings, however the largest weight is on s(z",y*). So if s(2",y*) increases, then the
conditional expected power of the contract increases.

This means that as overconfidence increases the power of the contract conditional on
either success or failure, the truth-telling constraint forces the payments conditional on
success to become farther apart.

To analyze how the effect of precision affects the optimal contract, consider the following:

If the payments s(7, y*) and s(2, y*) that satisfy the optimal contract are kept fixed,

then the manager’s utility conditional on observing success or failure can be written as:

U (2") =AU (52", y")) + (1 = XU (527, 4™)), (117)

E[U@™)] = [MNU (5(z",y™) + (1 = AU (5(=",y"))] - (118)
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The power of the contract can then be written as:

E [U(xH)} -U (§(iL)) = Ny (E(xH,yH)) + (1= AHU (E(xH,yL)) ,

— XU (527, 4") — (1 = MU (527, y™)) . (119)

This yields the partial derivatives:

OFE [U(xI;?H— U (zt) — U (32, y™)) — U (5(z",y")) > 0, (120)
OF [U(x’;)jL— U (&) U (55", y™)) — U (52, 45)) > 0. (121)
[

Proof of Proposition[3 I want to minimize the principal’ payment to the manager given high
effort:

ﬁ%?)ph [)\Hs(i'H, y?) 4 (1 = A s(2, yL)] + (1 — pn) s(@h), (122)

subject to the individual rationality constraint:

pr MU (s((@",y™)) + (1 = XU (s((=",9"))]

) U (s(3") — > T, (123)
and truth-telling with failure constraint:
U (s(@") > XU (s(@",y") + (1 = MU (s(z",y™)) . (124)

Again using the duality of cost minimization and profit maximization, in optimum I can use

the envelope theorem to get:

g—; = é1 (MU (s((=™,4™)) + (1 = MU (s((=7,y7)) — U(s(a™)]. (125)
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From the binding truth-telling with failure constraint, I know that:
Us(z") = (1= M) U (s((, y™)) + XU (s((z", 42)) (126)
Inserting that and moving around yields:

g—]; = o1 [[M = (1 =M U (s(@@",y™) — [\ = (1 = 2] U (s((",y"))] >0 (127)

and

8}52# = ¢ [U (s((z",y™)) = U (s((z",y"))] > 0. (128)

The welfare gain from the combined increase of overconfidence and precision is given

from the comparative statics in O

Proof of [6, This proof follows that of Proposition 1 in |Gigler and Hemmer| (2001]).

The expected cost of hiring the manager in the ”earnings-only” contract is given by:

E[GU(s()] =pn [N'G (U(s(y™))) + (1 = AN)G (U(s(y")))]

+ (1= pn) NG (U(s(y") + (1= 2A)G (U(s(y™))] (129)
and in the ”communication” contract

E[G(U(s(z,9)))] =pn [NG (U(s(y™))) + (1 = A)G (U(s(y")))]

+ (1= pn) G M (U(s(y")) + (1 =A%) (U(s(y™)))] - (130)

This leads to the change in payment from the ”communication” contract to the ”earnings-
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only” constrat

ASgighe = (1 = o {EIG(U(s(y))) | #"] = G(E[U(s(2,9))) | "]} > 0,

due to convexity of the risk-averse manager’s inverse utility function G(-).

(131)

O

Proof of Proposition[]] First, notice that that the difference between E[G(U(s(y))) | x%] —

G(E[U(s(z,y))) | 2] is decreasing in managerial overconfidence py,.

The expression in Lemma [6] can be rewritten as

(1= [GU(s(y™)) = G(EU(s(,1))) | 2"]]

£ [GU () — GEU(s(E.9))) | 24] = 0,
where
(1 =A%) [GU(s(y™)) = GU(s(z")))] = =NV [G(U(s(y"))) = G(U(s(zM)))] ,

due to the convexity of G(-).

Notice from Lemma [I] and [ that

QU (s(y")) _ dU(s(x%)) _ dU(s(y™))
o Opn . Op

Y

which means that

aASslight

— < 0,
Opn

(132)

(133)

(134)

(135)

(136)

as the difference between G(U(s(y*))) — G(U(s(z%))) becomes smaller, thus reducing the

value of communication as there is less difference between the two payments, reducing the

effect of Jensen’s Inequality.
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