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a b s t r a c t

We study the impact of overconfidence on investment decisions by
financial institutions. These institutions are characterized by the
delegation of investment decisions to portfolio managers and the
design of contracts that aim at aligning managers’ incentives with
those of the institution. We show that when rational and overcon-
fident agents acquire information of the same precision, overconfi-
dent agents trade lower quantities than rational agents. However,
overconfidence also generates incentives to overinvest in informa-
tion acquisition. In such cases, overconfident agents trade larger
quantities and take more risk than rational agents. The direct con-
sequence of these results is that, as far as delegated portfolio man-
agement is concerned, overconfidence generates high trading
volumes only through over-acquisition of information. Based on
psychological evidence that overconfidence is generated by a
self-attribution bias, our results are consistent with recent empir-
ical evidence about mutual fund managers’ portfolio-rebalancing
patterns and changes in mutual funds’ advisory contracts.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

It is widely acknowledged that some financial investment decisions are difficult to reconcile with
fully rational behavior. Accordingly, the analysis of financial markets in the presence of irrational
agents has received increasing attention over the last fifteen years. One form of irrational behavior
studied extensively is overconfidence (see Kyle and Wang, 1997; Benos, 1998; Odean, 1998; Wang,
1998, 2001; Daniel et al., 1998, 2001; Caballé and Sákovics, 2003). A common feature of these models
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is that market participants are individual investors maximizing their expected utility of wealth given
their beliefs. Furthermore, the common result is that overconfident investors hold riskier position/
trade larger quantities than rational investors.

However, a large fraction of company stocks are held by financial institutions. As highlighted by
Lewellen (2008), institutions held 68% of the US equity market at the end of 2007. Furthermore, (i)
their investment strategies differ from those of individual investors (see Cohen, 1999; Grinblatt and
Keloharju, 2000; Cohen et al., 2002; Ekholm and Pasternack, 2008); and (ii) recent empirical and
experimental studies provide evidence of overconfidence on the side of professional investors (see,
for example, Gort, 2007; Pütz and Ruenzi, 2008; Choi and Lou, 2008).1 As a consequence, in order to
analyze the impact of overconfidence on financial asset prices, one needs first to study how overconfi-
dence influences the investment strategies of institutional investors.

A fundamental characteristic of financial institutions is the delegation of investment decisions to
professional money managers. As a consequence of this delegation, agency conflicts may arise. There-
fore, the institution will design a compensation contract aimed at mitigating conflicts of interest.

Faced with overconfident managers, the institution must also deal with the biases overconfidence
may generate.2 Hence, the institution will design a compensation contract that deals with both agency
problems and biases associated with overconfidence.

In the end, the investment strategy of the manager will depend on his compensation contract.
Therefore, in order to analyze how overconfidence influences institutional investments, one must
endogenize compensation contracts and study investment strategies resulting from these endogenous
contracts.

To address this issue, we analyze a delegated portfolio management problem in which a risk-averse
financial institution (the principal) hires a risk-averse money manager (the agent) who may be of two
types: rational or overconfident. By exerting effort, the agent acquires private information about the
value of a risky asset. If the agent is rational, he updates his beliefs in a Bayesian fashion. However, if
overconfident, the agent over-estimates the precision of his private signal. Based on his updated be-
liefs, the agent then makes an investment decision.

In this situation, the moral hazard problem faced by the principal has two aspects, overconfidence
having an impact on each of them. First, the principal must provide the agent with incentives to exert
effort and acquire information. Second, if the principal and the agent have different levels of risk aver-
sion (as we will assume), the principal must calibrate the risk-taking incentives the contract provides
to the agent.

In order to disentangle the impact of overconfidence on each aspect of the agency problems, we
consider two different cases regarding the acquisition of information. First, we assume that effort is
a binary choice. It implies that if rational and overconfident agents acquire information, it is of the
same precision. As a consequence, the effect of overconfidence on the acquisition of information is
neutralized, and only the effect of overconfidence on the portfolio allocation is at work. In this envi-
ronment, we show that overconfident agents trade lower quantities than rational agents do. A direct
implication of this result is that those obtained in the case of private investors (i.e., excessive trading)
may not extend to the case of delegated portfolio management. When considering institutional invest-
ment, overconfidence may not generate excessive return volatility if the appropriate compensation
contract is used.

The second case we consider is such that effort is a continuous variable. We show that overconfi-
dent agents acquire more precise information and trade larger quantities than rational agents do. The
riskiness of investment strategies is then influenced in two ways. First, it is decreased through a lower
risk level per unit of investment, and second it is increased through larger risky-asset holdings. We
1 Though this paper concentrates on the miscalibration of private information, empirical studies suggest that overconfidence can
take several forms, including thinking of being better than others and a self-attribution, this latter bias leading to miscalibration of
private information.

2 Barber and Odean (2002) provide a review of psychological literature on overconfidence. As they explain, ‘‘overconfidence is
greatest for difficult tasks, for forecasts with low predictability. . . Selecting common stocks that will outperform the market is a
difficult task. Predictability is low; feedback is noisy. Thus stock selection is the type of tasks for which people are most
overconfident.”
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show that the latter effect always dominates the former implying that overconfidence always in-
creases the level of risk undertaken.

One could find this result very intuitive since more precise information implies higher expected re-
turns and lower risk per unit traded, hence providing room to trade larger quantities. However, this is
not the full picture. The reason is that the return taken into account by the principal when designing a
compensation contract is the portfolio return net of compensation expenses, and the cost of providing
incentive to exert effort is different for overconfident and rational agents. We show that the principal
provides more incentives to exert effort to overconfident agents. As a consequence, for a given port-
folio-return volatility, the net-return volatility is smaller if the agent is overconfident than if the agent
is rational. It then follows that the principal is willing to provide more trading incentives to an over-
confident agent.

Hence, comparing the results obtained in the binary and the continuous effort cases, we show that
in the case of delegation, overconfidence generates higher trading volume only through over-acquisi-
tion of information.

Based on psychological evidence that overconfidence is generated by a self-attribution bias, i.e.,
agents credit themselves for past good performance but blame others for failure, (see, for example,
Gervais and Odean, 2001), our results are consistent with several pieces of empirical evidence. First,
our results are consistent with those of Pütz and Ruenzi (2008) and Choi and Lou (2008) who show
that fund managers trade more after a good performance. Second, in our model institutions acquire
more information than individual investors. As a consequence, they realize better performances than
individual investors, implying that institutions are the market participants who suffer from the stron-
ger confidence reinforcement. Using this result in the market model of Daniel et al. (1998, Section III),
we deduce that institutions are the market participants who follow momentum strategies. This is con-
sistent with the findings of Grinblatt and Keloharju (2000) who provide evidence that the most sophis-
ticated agents, foreign funds in their sample and professional money managers in our model, are those
following momentum strategies. Third, our results suggest that, as a consequence of overconfidence
reinforcement, the incentive component of the compensation contract increases. Therefore, we expect
an increase in mutual fund management fees following good performances and no variation in case of
bad performances. This is consistent with the findings of Warner and Wu (2005) on the changes in
mutual fund advisory contracts.

The organization of the paper is as follows. Section 2 reviews the related literature. Section 3 pre-
sents the model. Sections 4 and 5 study optimal contracts and investment strategies in the binary and
continuous effort cases, respectively. Finally, Section 6 discusses the results and their consistency with
empirical evidence, while Section 7 presents our conclusion. All the proofs are contained in the
Appendix.
2. Related literature

Our article bridges the literature on delegated portfolio management and overconfidence in finan-
cial markets.

Bhattacharya and Pfleiderer (1985) were the first to study delegated portfolio management in a
principal-agent framework. However, their model is one of hidden information rather than hidden ac-
tion since the principal can verify the level of risk taken by the agent.3

Cohen and Starks (1988), Admati and Pfleiderer (1996), Diamond (1998), Palomino and Prat (2003)
study delegated portfolio management with moral hazard on both effort and risk. Cohen and Starks
(1988) derive conditions under which the manager exerts more effort but chooses a riskier portfolio than
investors prefer. Admati and Pfleiderer (1996) look at the impact of benchmarking on behavior. They
show that, in general, benchmarking is inconsistent with obtaining the optimal portfolio and tends to
decrease incentives to exert effort. Diamond (1998) shows that if the control space of the agent has full
dimensionality (i.e., the principal has fewer degrees of freedom in setting the incentives than the agent
has degrees of freedom in responding), then as the cost of effort shrinks, the optimal contract converges
3 This type of problem is also analyzed in Stoughton (1993).
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to a linear contract. Palomino and Prat (2003) consider the case in which the agent has limited liability.
They show that there exists an optimal contract which takes the form of a bonus contract.

The influence of overconfidence on decisions in the context of delegation has been studied by Gerv-
ais et al. (2006) and Hackbarth (2008). Gervais et al. (2006) consider a capital budgeting problem faced
by a risk-averse overconfident manager. They find that a risk-neutral principal may be better off hiring
an overconfident agent than a rational one. The main difference between their study and ours is that in
our model the size of the investment (i.e., the amount invested in risky assets) is endogenous while in
their model the amount invested and the possible final values of the project are exogenous. This im-
plies that overconfidence has only positive aspects from the principal view-point: it reduces the dif-
ference in risk-taking incentives. Conversely, in our model, given that the agent chooses the size of
investment, the risk-averse principal faces the risk that an overconfident agent over-invests (i.e., in-
vests more than the optimal amount from the principal’s view-point).

Hackbarth (2008) studies the impact of overconfidence on capital structure. He shows that manag-
ers with growth and/or risk perception biases tend to choose higher debt levels and issue new debt
more often compared to otherwise identical unbiased managers. The main difference with our article
is that Hackbarth assumes that managers act in the interest of investors, i.e., aim at maximizing the
perceived value of the firm.

The consequences of overconfidence in financial markets in the case of agents trading for their own
account have been studied in the context of both perfectly and imperfectly competitive markets. Un-
der the assumption of perfect competition, Odean (1998, Section III.A) studies a market in which all
informed agents are overconfident about the precision of their information. He shows that as overcon-
fidence increases, trading volume and price volatility increase and the expected utility of overconfi-
dent agents is lower than if their beliefs are properly calibrated. Studying price reactions to public
and private information, Daniel et al. (1998) show that overconfidence increases price volatility
around private signals, and that price moves resulting from the arrival of private information are on
average partially reversed in the long run. Wang (2001, Section III) studies population dynamics in
the presence of rational and overconfident agents. He shows that if overconfident agents are moder-
ately overconfident and, initially, represent a sufficiently large fraction of the population, then over-
confident agents as a group will dominate the economy, in the long run. Finally, Daniel et al. (2001)
derive an asset pricing model taking into account agents’ overconfidence. They show that in an econ-
omy in which agents are risk averse with negative exponential utility, and uncertainty is normally dis-
tributed, prices overreact to private signals and true expected returns decompose additively into a risk
premium and components arising from mispricing.

In imperfectly competitive markets, Odean (1998, Section III.B) shows that overconfidence can lead
to market breakdowns and, that when a market equilibrium exists, expected volume, market depth,
price volatility and the level of informational efficiency increase as the insider’s overconfidence in-
creases. Kyle and Wang (1997) and Wang (2001, Section II) show that in a market with two informed
agents, overconfidence acts as a commitment to trade aggressively. As a consequence, an overconfi-
dent informed agent may earn a higher expected utility than a rational one and overconfident agents
may dominate the economy, in the long run. Finally, Caballé and Sákovics (2003) differentiate be-
tween private self-confidence (the self-confidence of the speculators) and public self-confidence
(the self-confidence they attribute to their competitors). They show that public self-confidence and
private self-confidence have different effects (sometimes opposite) on trading volume, price volatility,
informational efficiency and expected profits.
3. The model

We consider the following 2-state economy. There is one risk-free asset with return normalized to
0, and one risky asset with return v being the realization of a random variable ~v . With probability 1/2,
state 1 of the economy is realized and v ¼ 1, and with probability 1/2, state 2 of the economy is real-
ized and v ¼ �1.

Portfolio management is delegated by a principal to an agent endowed with a mean-variance util-
ity function. Through the exertion of effort, the agent can acquire information about the value of the
Please cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
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risky asset. The distribution of ~v conditional on exerting effort and observing a private signal is de-
scribed below.

Denote Wi the final wealth of the agent in state i ði ¼ 1;2Þ, and q the probability of obtaining W2

given his information. Then, the utility of the agent is assumed to be
Please
j.jfi.20
UðW1;W2; qÞ � CðeÞ ¼ ð1� qÞW1 þ qW2 � cqð1� qÞðW2 �W1Þ2 � CðeÞ
where e represents the effort level, Cð:Þ the effort cost function, and c > 0 a coefficient of absolute risk
aversion.

The principal is also endowed with a mean-variance utility function. If we denote Wp
i the final

wealth of the principal in state i, and q the probability of obtaining Wp
2, then the expected utility of

the principal is assumed to be
Up Wp
1;W

p
2; q

� �
¼ ð1� qÞWp

1 þ qWp
2 � cpqð1� qÞ Wp

2 �Wp
1

� �2
with cp < c, implying that the principal is less risk averse than the agent.
We also assume that the principal cannot acquire information at any cost. It implies that if the prin-

cipal does not hire an agent, his expected utility is zero since his optimal portfolio is then one that is
fully invested in the risk-free asset. In this environment, the principal faces a trade-off between the
utility derived from market returns and the cost of obtaining such returns (i.e., providing the agent
with incentive to exert effort and choose the appropriate portfolio).

Finally, as is standard in contract theory, it is assumed that the principal has all the bargaining
power and makes a take-it-or-leave-it offer to the agent. If the agent rejects the contract proposed
by the principal, his outside option is to trade for his own account.

4. The binary-effort case

There are two possible effort levels, e ¼ 0 and e ¼ 1. If choosing e ¼ 1, the agent incurs a loss of util-
ity Cð1Þ ¼ c and receives a private signal about the risky asset. The observed signal is either s ¼ 1 or
s ¼ �1. Conditional on signals, the distribution of the return of the risky asset is
Probðvjs ¼ vÞ ¼ ð1þ kÞ=2
Probðvjs – vÞ ¼ ð1� kÞ=2
with k 2 ð0;1Þ.
We define overconfidence as follows. After receiving a signal s (s ¼ 1 or s ¼ �1), an overconfident

agent believes that
Probðvjs ¼ vÞ ¼ ð1þ KÞ=2
Probðvjs – vÞ ¼ ð1� KÞ=2
with K 2 ðk;1Þ. Hence, overconfidence means that the agent miscalibrates the precision of his informa-
tion, perceiving it as being more precise than it really is.

4.1. Benchmark case: a private investor

As a benchmark, we consider the case of a private investor who first acquires information and then
chooses the quantity ðxÞ he trades/invests in the risky asset. We have the following result.

Proposition 1. Assume that c 6 K2

4cð1�K2Þ. Then, the agent acquires information and trades a quantity
x̂ðK; c; sÞ ¼ Ks

2cð1�K2Þ.

The proposition states that, for a given observed signal, the larger the level overconfidence, the lar-
ger the quantity traded by the agent. This result is similar to those of Odean (1998) and Wang (2001)
in the context of perfectly competitive markets: for a given precision of information, overconfidence
generates incentives to trade larger quantities than those traded by rational agents.
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
10.02.003

http://dx.doi.org/10.1016/j.jfi.2010.02.003
http://dx.doi.org/10.1016/j.jfi.2010.02.003


6 F. Palomino, A. Sadrieh / J. Finan. Intermediation xxx (2010) xxx–xxx

ARTICLE IN PRESS
4.2. Delegated portfolio management

When portfolio management is delegated, if the agent exerts effort, observes a signal s and acts in
the interest of the principal, he trades a quantity x̂ðk; cp; sÞ in the risky asset. In what follows, we will
refer to such trading quantities as the first-best quantities.

As already mentioned, if the agent rejects the contract proposed by the principal, his outside option
is to trade for his own account. However, it is assumed that in such a case, the information gathered by
the agent is of lower precision than that obtained if working for the principal. The idea is that when
working for the principal, the agent has access to a better information acquisition technology leading
to more accurate predictions. Formally, we assume that a rational agent, working for an institution,
who observes a signal s (correctly) believes that Probðv js ¼ vÞ ¼ ð1þ kÞ=2 and Probðv js – vÞ ¼
ð1� kÞ=2. If the same agent trades for his own account, he acquires less precise information and be-
lieves that Probðv js ¼ vÞ ¼ ð1þ bkÞ=2; b < 1. Similarly, an overconfident agent, working for an institu-
tion believes that Probðv js ¼ vÞ ¼ ð1þ KÞ=2, and if trading for his own account, believes that
Probðvjs ¼ vÞ ¼ ð1þ bKÞ=2. We deduce from the benchmark case that the reservation utility of the
agent is
Please
j.jfi.20
Uðb;KÞ ¼Max
b2K2

4cð1� b2K2Þ
� c;0

 !
Before proceeding, it should be noted that in the delegation problem we analyze, the moral hazard
problem faced by the principal is twofold. He must provide the agent with incentives to (1) exert effort
and acquire information, and (2) trade the appropriate quantity. This moral hazard problem related to
risk may be different depending on the agent’s type (rational or overconfident). If the agent is rational,
then for any strictly positive level of risk aversion c > cp, upon observing s ¼ 1 ðs ¼ �1Þ, he trades a
quantity x̂ðk; c;1Þ < x̂ðk; cp;1Þ ð�x̂ðk; c;�1Þ > �x̂ðk; cp;�1ÞÞ. Hence, the problem for the principal is
to provide the agent with incentives to take more risk than he would otherwise do when maximizing
his own expected utility. If the agent is overconfident, the problem may be different, the reason being
that for any K > k; limc!cp

x̂ðK; c;1Þ > x̂ðk; cp;1Þ. As a consequence, if the difference c� cp is small en-
ough, then x̂ðK; c;1Þ > x̂ðk; cp;1Þ ðx̂ðK; c;�1Þ < x̂ðk; cp;�1ÞÞ. In such a case, overconfidence generates
excessive trading incentives. The problem for the principal is therefore to reduce these trading
incentives.

Denote xðsÞ the quantity traded by the agent after having received a signal s ðs ¼ �1;1Þ, and xð;Þ
the quantity traded if information is not acquired. Given the two-point distribution of the return of
the risky asset, if the agent exerts effort, his portfolio return R is R1 ¼ sxðsÞ with probability 1þk

2 and
R0 ¼ �sxðsÞ with probability 1�k

2 . Therefore, the problem of the principal is to choose a contract g�ðRÞ
that associates a compensation to a realized portfolio return R. Formally, the principal maximizes
1
2

X
s2f�1;1g

Up �sx�ðsÞ � gð�sx�ðsÞÞ; sx�ðsÞ � gðsx�ðsÞÞ;1þ k
2

� �
ð1Þ
subject to
x�ðsÞ 2 argmaxxU g�ð�sxðsÞÞ; g�ðsxðsÞÞ;1þ K
2

� �
ð2Þ

x�ð;Þ 2 argmaxxU g�ð�xÞ; g�ðxÞ;1
2

� �
ð3Þ

1
2

X
s2f�1;1g

U g�ð�sx�ðsÞÞ; g�ðsx�ðsÞÞ;1þ K
2

� �
� c P U g�ðx�ð;ÞÞ; g�ð�x�ð;ÞÞ;1

2

� �
ð4Þ

1
2

X
s2f�1;1g

U gð�sx�ðsÞÞ; gðsx�ðsÞÞ;1þ K
2

� �
� c P Uðb;KÞ ð5Þ
Eq. (2) and (3) are the incentive compatibility constraints on risk if the agent has acquired informa-
tion and has not acquired information, respectively. Eq. (4) represents the incentive-compatibility
constraint on effort. Finally, Eq. (5) represents the participation constraint.
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
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We derive the following results regarding the contract proposed by the principal and the trading
quantities.

Proposition 2. Assume that c < KðKþ1Þ
c .

1. If K 6 3k,
� The following contract is optimal
Please
j.jfi.20
g� Rja�0;a�1;X
�� �
¼

a�0 � 1 if R < �X�

a�0 if R 2 ½�X�;X�Þ
a�0 þ a�1 if R P X�

8><
>: ð6Þ
with
a�0 ¼ Uðb;KÞ �
ð1þ KÞ �1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p� �
2Kc

þ
ð1� K2Þ �1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p� �2

4K2c

a�1 ¼
�1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p� �
Kc

X� ¼ k

2cpð1� k2Þ
þ �1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p
2Kc

ð7Þ

� The quantity traded by the agent is then x�ðs;X�Þ ¼ sX�.

2. If K > 3k, then let
�c ¼ KðK � 3kÞ
2cð1� K2Þ

1þ KðK � 3kÞ
cð1� K2Þ

" #
(i) If �c < KðKþ1Þ
c and c 2 �c; KðKþ1Þ

c

h i
then the contract g� :ja�0;a�1;X

�� �
is optimal and the quantity traded

by the agent is x�ðs;X�Þ.
(ii) In all other cases,

� the contract g� Rja00;a01;X
0� �

, with
a00 ¼ Uðb;KÞ � ðK � 3kÞ
4cð1� K2Þ

ð2þ K þ 3kÞ

a01 ¼
ðK � 3kÞ
cð1� K2Þ

X 0 ¼ k

2cpð1� k2Þ
þ ðK � 3kÞ

2cð1� K2Þ
is optimal,
� the quantity traded by the agent is x�ðs;X 0Þ ¼ sX 0.
The proposition establishes that two equilibrium situations may arise depending of the level of
overconfidence, and describes in each case the optimal contracts and trading strategies. In cases 1
and 2(i) (case 2(ii)), a�1 a01

� �
represents the incentive component of the compensation contract, which

provides incentives to exert effort, and a�0 a00
� �

is chosen so that the participation constraint is satis-
fied. Finally, the performance thresholds X� and�X� (X0 and�X0) aim at solving the risk-related agency
problem.

When the agent is rational or moderately overconfident (formally, K=k 6 3Þ or when the level of
overconfidence is large but the effort cost is not small enough (i.e., c > �c), the optimal contract is
such that both the incentive-compatibility constraint on effort and the participation constraint are
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
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binding, as is standard in contract theory in the absence of a limited liability constraint. In this case,
we observe that the optimal trading quantity is a decreasing function of the overconfidence level.
This result contrasts sharply with those obtained in the case of private investors for which overcon-
fidence increases trading quantities. Here, if an agent is moderately overconfident, then, for a given
effort level, overconfidence reduces trading incentives. Hence, overconfident agents take less risk
than rational agents.

When the level of overconfidence is large and effort cost is small, i.e., case 2(ii), it is possible for the
principal to have simultaneously the incentive component of the contract small and the incentive-
compatibility constraint satisfied. In this case, the optimal trading quantity is an increasing function
of the overconfidence level, as in the case of individual investors.

The reason for the optimality of the trading strategy x�ðs;X�Þ ¼ sX�, when performance thresholds
�X� and X� are chosen, is the following. Consider cases 1 and 2(i)4 and assume, without loss of gen-
erality, that the agent observes the signal s ¼ 1. In such a case, if the agent deviates from the optimal
trading strategy and trades a quantity x0 > X�, he receives a�0 þ a�1 if the realized value of the risky
asset is v ¼ 1, as if trading the quantity X�. However, if the realized value of the risky asset is
v ¼ �1, he receives a�0 � 1 if trading x0, while he receives a�0 if trading X�. It is then straightforward
that the deviation x0 > X� is not profitable. Assume now that the agent deviates from the equilibrium
trading strategy by trading a quantity x00 < X�. In such a case, he receives a�0 whatever the realization
of the value of the risky asset. This deviation yields a lower but certain compensation with respect
to the equilibrium one. If c 6 KðKþ1Þ

c then the utility derived from obtaining a�0 with probability
ð1� KÞ=2 and a�0 þ a�1 with probability ð1þ KÞ=2 is larger that the utility derived from obtaining
a�0 with probability 1.

However, if the trading strategy x00 < X� is preferred to the trading strategy x�ðs;XÞ ¼ sX when
acquiring information (i.e., c > KðKþ1Þ

c ), then the agent is better off not acquiring information since in
such a case, he can obtain the same compensation (i.e., a�0 with probability 1) and save the effort cost.
But, anticipating the strategy of the agent in the continuation game, the principal would not offer the
contract g� :ja�0;a�1;X

�� �
. It then implies that x�ðs;X�Þ ¼ sX� is the unique optimal trading strategy in an

equilibrium in which the contract g� :ja�0;a�1;X
�� �

is offered.
Finally, note also that in all cases, the optimal trading quantity is larger than the first-best quantity.

This is a direct effect of delegation. As a matter of fact, in cases 1 and 2(i), the optimal trading quantity
can be decomposed as follows:
4 The

Please
j.jfi.20
x�ðs;X�Þ ¼ sX� ¼ x̂ðk; cp; sÞ þ s
�1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p
2kc

� s 1� k
K

� �
�1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p
2kc

ð8Þ
The first term represents the first-best quantity. The second term represents the impact of delegation
to a rational agent. This term is increasing with the effort cost. The reason is that the principal cares
about the portfolio return net of compensation costs. The larger the effort cost, the more the agent has
to be compensated in case of a good performance. For a given trading quantity, this decreases the risk
undertaken by the principal. Therefore, in order to reach the optimal risk level, the principal chooses a
larger performance threshold ðX�Þ which provides the agent with incentives to trade larger quantities.
In this environment, the principal is always able to reach the first-best risk level: The variance of the
return of the principal is equal to the variance of the return of the first-best investment. Finally, the
last term of Eq. (8) represents the impact of overconfidence. The larger the overconfidence level the
larger this term in absolute value.

It should also be noted that in case 2(ii), the effect of overconfidence cannot be isolated from that of
delegation, since this case never applies when the agent is rational.

Another question we would like to answer is whether a rational principal is better off recruiting
rational or overconfident agents. The following corollary provides results on the impact of overconfi-
dence on the utility of the principal.

Corollary 3. Assume that parameters are such that cases 1 or 2(i) hold, and let Y ¼ ð1þ 2ccÞ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p
.

reasoning for the case 2(ii) is identical.
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� If Y < b2

2ð1�b2Þ2
then Up is an increasing function of K on k;

ffiffiffiffi
2Y
p

bðb
ffiffiffiffi
2Y
p

þ1Þ

h i
and a decreasing function of K onffiffiffiffi

2Y
p

bðb
ffiffiffiffi
2Y
p

þ1Þ ;1
h i

.

� If Y > b2

2ð1�b2Þ2
then Up is an increasing function of K.

When deciding whether to hire a rational or an overconfident agent, the principal has to take two
effects into account. First, overconfident agents are more expensive because of their higher outside op-
tion. Second, incentives necessary for effort exertion are lower for overconfident agents than for ra-
tional agents, due to the overestimation of the probability of success by overconfident agents. If b is
small, the effect of overconfidence on the outside option is small. As a consequence, the incentive ef-
fect dominates the outside-option effect, hence hiring an overconfident agent provides more utility to
the principal. The situation is different when b is large. In such a case, the difference K � k generates a
large difference in reservation values between overconfident and rational agents. Thus, the corollary
establishes that the incentive effect dominates for moderates level of overconfidence (i.e., K � k small),
but the outside-option effect dominates for large levels of overconfidence. As a consequence, when the
level of overconfidence is small, the utility of the principal is increasing with the overconfidence level,
but when this level gets large, the expected utility of the principal is decreasing in the level of
overconfidence.
5. The continuous effort case

In the previous section, it has been assumed that the agent faces a binary effort choice. As men-
tioned in the introduction, a direct implication is that if information is acquired, then overconfident
and rational agents have information of the same precision, though they differ in the perception of
its precision. This difference also means that rational and overconfident agents differ in their percep-
tion of the productivity of effort (the precision of information acquired per unit cost of effort). As a
consequence, if several levels of information were available, it could be the case that overconfident
and rational agents choose different effort levels in equilibrium.

To investigate this possibility, we consider an environment in which the effort level is continuous.
As in the binary-effort case, we assume that, upon exerting effort, the agent receives a signal s ¼ 1 or
s ¼ �1, and Probðv js ¼ vÞ ¼ 1þk

2 implying that Probðv js – vÞ ¼ 1�k
2 . In what follows, we will refer to k as

a measure of the precision of the signal received by the agent. The effort cost associated to a signal of
precision k is a twice continuously differentiable increasing and convex function CðkÞ. Furthermore,
we assume that there exists �k < 1 such that limk!�kC0ðkÞ ¼ þ1.

This last property of the cost function implies that the agent never acquires perfect information.
This is necessary for an interior solution. If the agent can acquire perfect information, even at an infi-
nite cost, the principal will set a1 ¼ þ1when offering a contract gð:ja0;a1;XÞ. This is profitable for the
principal since, in absence of trading restrictions, he can set X > a0 þ a1, hence obtaining a positive
profit with probability one, despite an infinite effort cost for the agent. In order to discard this case,
there are two possibilities. The first one is to make trading increasingly costly. The second one, chosen
here, is to take a cost function such that the marginal cost goes to infinity even for a signal precision
strictly smaller than 1.

Overconfidence is now modeled as follows. Upon spending an effort cost co, the agent believes that
the precision of his signal is wC�1ðcoÞ with w 2 ð1;1=�kÞ. That is, for a given effort cost, the agent over-
estimates the precision of the signal he receives. Hence, w can be interpreted as a measure of overcon-
fidence. Finally, the condition w < 1=�k ensures that the perceived probability of having v ¼ s if a sig-
nal s 2 f�1;1g is observed is strictly smaller than one.

The maximization problem of the principal is modified from the binary-effort case as follows. The
incentive-compatibility constraint (4) has to be replaced by the following condition
Please
j.jfi.20
k� 2 argmaxkU g�ðsx�ðsÞÞ; g�ð�sx�ðsÞÞ;1þ wk
2

� �
� CðkÞ
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As in the previous section, we focus on equilibrium contracts of the shape of the optimal contract
derived in Proposition 2, i.e., g�ð:ja0;a1;XÞ. Before proceeding, note that the result about x�ðs;XÞ ¼ sX
being the unique optimal trading strategy in an equilibrium in which the principal propose a contract
g�ð:ja0;a1;XÞ is still valid in the continuous effort case, since the proof of the optimality of x�ðs;XÞ is
independent of the number of strictly positive effort levels the agent can exert.

We then start by deriving results about the optimal effort level exerted by the agent, for a given
contract proposed by the principal.

Lemma 4. Assume that the principal offers a contract g�ð:ja0; a1;XÞ and denote K the set of signal
precisions that maximize the expected utility of the agent, i.e.,
Please
j.jfi.20
K ¼ argmaxk U a0; a1;
1þ wk

2

� �
� CðkÞ

� �
If there exists k̂ 2K such that U a0; a1;
1þwk̂

2

	 

� Cðk̂ÞP a0, then k� ¼ k̂ is an optimal signal precision for the

agent. In all other cases, the agent does not acquire information, i.e., k� ¼ 0.

The lemma derives a condition that the contract parameters must satisfy for the agent to exert ef-
fort and trade x�ðs;XÞ in the continuation game. If the condition is not satisfied, then the agent does not
acquire information.

A direct consequence of this lemma is that, for given cost function and risk-aversion parameters, it
could be the case that for some overconfidence levels an equilibrium with effort acquisition exists
while for other levels of overconfidence, the principal does not offer a contract (since the agent would
not exert effort in the continuation game).

In the context of our model, in order to study the impact of overconfidence on trading quantities, it
is then necessary to rely on sets of parameters (risk-aversion parameters and effort cost function) for
which comparative static can be performed. In other words, sets of parameters for which there exists
an interval Iw such that for any w 2 Iw, an equilibrium in which a contract of the shape of g�ð:ja0; a1;XÞ is
offered and the agent exerts effort exists. Therefore, in the rest of the section, we will proceed as fol-
lows. In a first step, we will assume that risk aversion coefficients and effort cost functions such that
comparative static can be performed exist, and derive the impact of overconfidence on the contract
proposed by the agent, the precision of the acquired information, and the quantities traded. Then,
in a second step, we will provide an example of a family of cost functions such that the interval Iw does
exist.

We have the following results regarding the impact of the contract parameters and overconfidence
level on the precision of the signal acquired by the agent.

Proposition 5. Consider intervals Ia1 ; Ia0 , and Iw such that for any a1 2 Ia1 ; a0 2 Ia0 and w 2 Iw if the
principal proposes a contract g�ð:ja1; a0;XÞ, the optimal effort level k� is strictly positive. Then

1. k� is an increasing function of the incentive component of the compensation contract ða1Þ.
2. k� is an increasing function of the overconfidence level ðwÞ.
3. k� is independent of a0.
The proposition states standard results from contract theory, in the case of our model. The first part

of the proposition says that the larger the difference in compensation between a good and a bad per-
formance, the larger the amount of effort exerted by an agent. The second part of the proposition
states that the larger the (perceived) marginal productivity of effort, the larger the amount of effort
exerted by an agent. Finally, the last part of the proposition says that the compensation in case of
bad performances has no effect on the level of effort exerted by the agent.

Given that k� is increasing in a1 and w, and is independent of a0, we will denote the optimal effort
level as k�ða1;wÞ in what follows.

Having determined how the agent responds to a given contract, we can now turn to the problem of
the principal (i.e., the determination of the contract parameters a0; a1, and X), and study how overcon-
fidence influences these parameters, hence the precision of the information acquired by the agent and
the trading volume.
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Proposition 6. Consider a cost function Cð:Þ for which there exist �w and �c such that if w 2 ½1; �w�, and
0 6 cp < c 6 �c, then the principal optimally offers a contract g�ð:ja�0; a�1;X

��Þ and the agent chooses a signal
of precision k�ða1;wÞ > 0. Then,
1. The performance threshold is
Please
j.jfi.20
X�� ¼ a�1
2
þ k�ða�1;wÞ

2cp 1� k�2 a�1;w
� �	 
 ð9Þ
2. There exists ��c 2 ð0; �cÞ such that if c < ��c, then the optimal incentive component a�1 is an increasing func-
tion of the overconfidence level.

3. As a consequence, if c < ��c, then the quantity traded by the agent is an increasing function of the over-
confidence level.

The first part of the proposition derives the optimal performance threshold. We observe that it is
increasing in k�. Therefore, for a given incentive parameter a1, the more overconfident the agent, the
higher the precision of the acquired signal, and the larger the equilibrium trading quantity (i.e.,
x�ðs;X��Þ).

The second part of the proposition establishes that when risk-aversion is not too large, then the
incentive component of the compensation contract is increasing with the level of overconfidence.
The intuition for this result is the following. First, the return taken into account by the principal when
designing a compensation contract is the portfolio return net of compensation expenses (hereafter, the
net return). Given the expression of X��, we derive that the expected utility of the principal as a func-
tion of the compensation levels in case of bad performances ða�0Þ and in case of good performances
ða�0 þ a�1Þ is
Up ¼ �a�0 �
a�1
2
þ k�2ða1;wÞ

4cð1� k�2ða1;wÞÞ
The principal has to take two effects into account when choosing the incentive parameter a�1. First, the
marginal impact of a1 on the signal precision k� is increasing in w. This is due to the fact that overcon-
fidence implies that the agent over-estimates his marginal productivity of effort. The consequence is
that the more overconfident the agent, the larger the incentives for the principal to set a�1 high.

Second, as a�1 increases, the variance of the compensation of the agent increases. It implies that the
principal must also increase the compensation in case of a bad outcome (a�0) for the participation con-
straint of the agent to be satisfied. However, the lower the level of risk aversion of the agent, the less a�0
has to increase as a response to an increase of a�1. The proposition then states that a low level of risk
aversion ensures that the positive effect of an increase of a1 on effort dominates the negative effect of
an increase of a1 on the risk borne by the agent. It follows that the larger the overconfidence level of
the agent, the larger a�1, hence the larger the effort exerted by the agent and the larger the equilibrium
trading quantity.

Then, comparing these results with those of the previous section, we deduce that in the case of del-
egated portfolio management, if overconfidence generates excessive trading and risk-taking, it is only
through over-acquisition of information. The main reason for this difference in results between the
continuous and binary-effort cases, is that in the latter one, the principal does not have to take into
account the marginal impact of the incentive component of the compensation contract ða1Þ on the ef-
fort level. The principal then focuses on the impact of a1 on the risk borne by the agent. By choosing a1

smaller for an overconfident agent than for a rational one, the principal can reduce the risk borne by
the overconfident agent, while keeping the incentive-compatibility constraint on effort satisfied. It im-
plies that the compensation of an overconfident agent in the case of a bad performance ða0Þ can also be
decreased. Now, the variance of the net return being ð1�k2Þ

4 ð2X � a1Þ2, the consequence of a decrease in
a1 is an increase of the variance of the net return. In order to decrease this risk, the principal sets the
threshold X at a lower level for an overconfident agent than for a rational one, implying that overcon-
fident agents trade smaller quantities than rational ones in the binary-effort case.
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
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Finally, we need to show that there exists a cost function Cð:Þ such that the type of equilibria de-
scribed in Proposition 6 is obtained. We provide an example of such a cost function. Let
5 Cho
Petajist
benchm

6 Thi
technol

Please
j.jfi.20
CðkÞ ¼ �cLogð�k� kÞ

with �k < 1. This cost function is increasing and convex and goes to infinity as k tends to �k, hence ensur-
ing that perfect information is never acquired.

For such a cost function, a closed form solution is obtained for the effort level:
k�ða1;wÞ ¼
cw�ka1 � 1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ cw�ka1Þ2 � 8cc

q
2cwa1

ð10Þ
Then, one checks that it is always the case that U a0; a1;
1þwk�

2

	 

> U a0; a1;

1
2

� �
, hence ensuring that if a

signal of precision k�ða1;wÞ is acquired, then the agent trades x�ðs;X��Þ in the continuation game.
Hence, k�ða1;wÞ is an optimal signal precision for the agent.

This implies that if the effort cost function of the agent is CðkÞ ¼ �cLogð�k� kÞ, then for any w P 1,
there exists an equilibrium in which the principal offers a contract g�ð:ja0; a1;X

��Þ, and the agent
chooses a strictly positive effort level.

6. Discussion

Overconfidence is often the result of a self-attribution bias which leads agents to falsely attribute a
good performance to skills rather than luck, and a bad performance to bad luck rather than skill. Under
such circumstances, good performances generate overconfidence (see, for example, Gervais and Odean
(2001)). Our results are then consistent with several pieces of empirical evidence.

6.1. Portfolio rebalancing

Two recent studies by Pütz and Ruenzi (2008) and Choi and Lou (2008), measuring trading volume
by the turnover ratio, provide evidence that fund managers trade more after a good performance,
hence suggesting that fund managers suffer from a self-attribution bias causing overconfidence.5

The results of the previous section are consistent with these pieces of evidence since, in our model,
the larger the overconfidence level, the larger the trading volume, even when compensation contracts
are taken into account. Everything else constant, as overconfidence increases, the precision of the
information acquired by the agent increases, hence the trading volume increases (see Eq. (9)). Further-
more, the incentive component of the compensation contract also increases, providing further incen-
tive to acquire information and trade.

6.2. Momentum investment strategies

Daniel et al. (1998, Section III) develop a model in which, if informed agents suffer from a self-attri-
bution bias then they cause a positive autocorrelation in prices in the short run. Hence, after receiving
a good (bad) signal, hence buying (selling) and pushing the price upward (downward), informed
agents keep buying upon arrival of public information, on average. It follows that agents suffering
from a self-attribution bias generating overconfidence follow momentum investment strategies.

In a related study on the investment behavior of different categories of investors, Grinblatt and Kel-
oharju (2000) provide evidence that investors following momentum strategies are the most sophisti-
cated ones, foreign institutional investors in their sample.

In our model, institutions acquire more information than individual investors.6 As a consequence,
they realize better performances than individual investors. Hence, if market participants suffer from a
i and Lou (2008) use a second measure of trading volume, namely the Active Share, a measure developed by Cremers and
o (2007), which is calculated as one half of the sum of absolute deviations in portfolio weights of an active portfolio from its
ark index.

s is also true if we assume that individual investors and institutions have access to the same information processing
ogy (i.e., b ¼ 1) and have the same level of absolute risk aversion (i.e., c ¼ cp).
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self-attribution bias, portfolio managers investing on behalf of institutions are the participants who suf-
fer from the strongest confidence reinforcement. As a consequence, in the model of Daniel et al. (1998,
Section III), they are those who follow momentum strategies.7 In this respect, our results are consistent
with the empirical findings of Grinblatt and Keloharju (2000).

6.3. Evolution of mutual funds’ management fees

The results of the previous section show that compensation increases with the level of overconfi-
dence. Therefore if overconfidence is generated by self-attribution bias, our results suggest that mu-
tual fund management fees increase after good past performances, as overconfidence increases, while
they do not decrease after bad performances.

This is consistent with empirical evidence provided by Warner and Wu (2005) who study the
determinants of changes in mutual fund advisory contracts. They show that good past performances
increase the likelihood of an increase in management fees while bad past performances have no im-
pact on the likelihood of a decrease in management fees.

7. Conclusion

The impact of overconfidence on investment strategies and asset prices has received a lot of attention
in the last decade. However, until recently, attention has concentrated on individual investors’ behavior,
while one of the main categories of financial market participants are institutions, which are character-
ized by the delegation of investment decisions to professional money managers. This delegation of tasks
requires the design of a compensation contract which influences managers’ investment decisions.

In this article, we have shown that results on overconfidence obtained in the case of private inves-
tors (i.e., excessive trading volume and risk-taking incentives) may not hold in the case of institutional
trading. The reason is that institutions can propose contracts that mitigate risk-taking incentives gen-
erated by overconfidence. More precisely, we show that in equilibria in which rational and overcon-
fident agents acquire information of the same precision, overconfident agents trade lower quantities
than rational agents.

However, if we consider the precision of the information to be acquired as a continuous variable,
we have shown that overconfident agents are proposed compensation contracts with a larger incen-
tive component. As a consequence, acquire more precise information, trade larger quantities, and take
more risk than rational agents do.

Based on psychological evidence that overconfidence is generated by a self-attribution bias, our re-
sults are then consistent with recent empirical evidence about mutual fund managers’ investment
strategies, namely an increase in portfolio rebalancing after good performances and the use of
momentum strategies. Our results are also consistent with evidence that good past performances have
a positive impact on the likelihood of increasing management fees.

Appendix
Proof of Proposition 1. If exerting effort and observing a signal s, the agent maximizes the following
function over the trading quantity x
7 Eve
against

Please
j.jfi.20
U �x; x;
1þ K

2

� �
¼ �1� K

2
xsþ 1þ K

2
xs� cð1� K2Þx2
The first-order condition (sufficient here) yields x ¼ Ks
2cð1�K2Þ.

Given that for all s; s2 ¼ 1, It follows that the utility obtained by the agent is K2

4cð1�K2Þ. Hence, if
c 6 K2

4cð1�K2Þ, the agent exerts effort and acquires information. h
n if individual investors are also overconfident, but to a lower extent than professional money managers, they will trade
institutions, hence follow contrarian investment strategies.
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Proof of Proposition 2. Given that Pðv ¼ 1js ¼ 1Þ ¼ Pðv ¼ �1js ¼ �1Þ, and the two-point distribution
of ~v , it is straightforward that if x� is an optimal trading quantity when observing s ¼ 1, then �x� is an
optimal trading quantity when observing s ¼ �1. Therefore, we restrict our attention to the case s ¼ 1,
the proof for the case s ¼ �1 being identical.

Assume that the principal wants the agent to trade a quantity xo upon observing s ¼ 1. Given the
distribution of ~v , the principal knows that if the agent trades a quantity xo, the possible returns are
R ¼ �xo and R ¼ þxo. Denote q > 1=2 the probability of observing the return R ¼ xo when trading a
quantity xo, given the beliefs of the agent.

Then, a contract of the shape
Please
j.jfi.20
gðRja0;a1; xoÞ ¼
a0 � 1 if R < �xo

a0 if R 2 ½�xo; xoÞ
a0 þ a1 if R P xo

8><
>: ð11Þ
with a1 6
1

cð1�qÞ ensures that the agent trades a quantity xo.
The reason for this result is the following. If the agent deviates from the equilibrium trading

strategy and trades a quantity x0 < xo, he receives a0 whatever the realization of the value of the risky
asset. Conversely, if he trades a quantity x00 larger than xo, he receives a0 þ a1 with probability q, and
a0 � 1 with probability 1� q. Now, if trading the quantity xo, the agent receive a0 with probability
1� q and a0 þ a1 with probability q. Hence, trading the quantity x00 > xo provides a lower expected
compensation and a larger variance of the compensation than trading xo. Therefore, trading xo is
always preferred to trading x00 > xo. The situation is different when comparing the strategies xo and
x0 < xo. If trading x0, the agent receives a0 with probability 1, hence faces no risk. Trading xo is then
preferred to trading x0 < xo if
a0 6 a0 þ qa1 � cqð1� qÞa2
1 ð12Þ
which is equivalent to a1 6
1

cð1�qÞ.
Now, assume that the agent does not acquire information. Then, given the assumptions of the

model, the probability of observing the return R ¼ xo when trading a quantity xo is equal to 1/2. Before
proceeding, note that the right-hand side of inequality (12) is increasing in q since q > 1=2. It implies
that if the agent trades x0 < xo when acquiring information, he also trades a quantity smaller than xo if
not acquiring information.

Given that the expected utility obtained when exerting no effort and trading a quantity smaller
than xo is a0, and the expected utility obtained when exerting effort and trading a quantity smaller
than xo is a0 � c, we derive that either the agent acquires information and trades xo or does not exert
effort and trades a quantity x0 < xo. More precisely, if qa1 � cqð1� qÞa2

1 P c, the agent acquires
information and trades the quantity xo ð�xoÞ, when observing s ¼ 1 ðs ¼ �1Þ. Otherwise, he does not
acquire information and trades a quantity x0 2 ð�xo; xoÞ.

In the rest of the proof, we restrict our attention to contracts of the shape of gð:ja0;a1;XÞ. The
problem of the principal is then to maximize Up �X � a0;X � a0 � a1;

1þk
2

� �
, subject to the IC constraint

on effort and the participation constraint.
Denote k and l, the Lagrangian multipliers associated to the participation constraint and the IC

constraint, respectively. The principal maximizes
Up X � a0;X � a0 � a1;
1þ k

2

� �
þ k Uða0;a1;

1þ K
2
Þ � c � Uðb;KÞ

� �

þ l Uða0;a1;
1þ K

2
Þ � c � U a0;a1;

1
2

� �� �
ð13Þ
The first-order condition of the maximization problem faced by the principal are
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
10.02.003

http://dx.doi.org/10.1016/j.jfi.2010.02.003
http://dx.doi.org/10.1016/j.jfi.2010.02.003


F. Palomino, A. Sadrieh / J. Finan. Intermediation xxx (2010) xxx–xxx 15

ARTICLE IN PRESS

Please
j.jfi.20
@L
@a0
¼ �1þ k ¼ 0 ð14Þ

@L
@a1
¼ �1þ k

2
� cpð2x� a1Þð1� k2Þ þ k

1þ K
2
� ca1ð1� K2Þ

2

 !
þ lK

2
1þ c

a1K
2

� �
¼ 0 ð15Þ

@L
@X
¼ k� cpð2X � a1Þð1� k2Þ ¼ 0 ð16Þ
It is straightforward that k > 0 so that the participation constraint is binding. Therefore, two pos-
sibilities have to be considered. Either l > 0 so that the IC constraint of effort is binding, or l ¼ 0.

First, assume that the IC constraint is binding. In such a case we obtain the solution
a�0 ¼ Uðb;KÞ � 1þ K
2cK

�1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p	 

þ ð1� K2Þ

4cK2

a�1 ¼
1

Kc
�1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4cc

p	 

and X� is obtained from the first-order condition (16) and a�1. Finally, one checks that, given the
expression of a�1; c 6

KðKþ1Þ
c is equivalent to
a�0 6 a�0 þ
1þ K

2
� c

1� K2

4
a�21 � c
This ensures that if the contract g� :ja�0;a�1;X
�� �

is offered, effort is exerted. Hence the optimal trading
strategy of the agent is x�ðs;X�Þ ¼ sX�.

Assume now that l ¼ 0. From Eq. (14), we deduce that k ¼ 1. Consequently, Eqs. (15) and (16)
imply that
a01 ¼
K � 3k

cð1� K2Þ
and
X0 ¼ a1

2
þ k

2cpð1� k2Þ
It directly follows that this solution is not possible if K < 3k. However, if K > 3k, it must also be
checked that the IC constraint on effort is satisfied. This is equivalent to
KðK � 3kÞ
2cð1� K2Þ

1þ KðK � 3kÞ
cð1� K2Þ

" #
P c
The left-hand side of this last inequality is equal to �c.

Hence if �c < KðKþ1Þ
c and c 2 �c; < KðKþ1Þ

c

h i
then the contract g� :ja�0;a�1;X

�� �
is optimal and the quantity

traded by the agent is x�ðs;X�Þ.
Conversely, in all the other cases g� :ja00;a01;X

0� �
is an optimal contract. Furthermore, one checks

that it is always the case that
a00 6 a00þ 1þ K
2
� c

1� K2

4
a021
hence ensuring that if the contract g� :ja00;a01;X
0� �

is offered, then the optimal trading strategy of the
agent is x�ðs;X 0Þ ¼ sX0.

Consequently, if c > �c this last inequality does not hold and there is no solution such that the IC
constraint on effort is not binding. h
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Proof of Corollary 3. From the quantity traded by an informed agent and the contract g�ð:ja�0;a�1;X
�Þ,

we deduce that the expected utility of the principal:
Please
j.jfi.20
Up ¼
�Y þ 2ccK2

2K2c
þ

k2cð1� b2K2Þ � b2K2ð1� k2Þcp

4ccpð1� k2Þð1� b2K2Þ
Differentiating Up with respect to K, we obtain
@Up

@K
¼ Y

2cK3 �
b2K

2cð1� b2K2Þ2
The first-order condition @Up

@K ¼ 0 has two positive solutions, the smaller one being
K� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Y
p

b b
ffiffiffiffiffiffi
2Y
p

þ 1
	 


vuut

Given that @Up

@K is positive at K ¼ 0, the smaller solution represents a maximum. The rest of the proof
directly follows. h

Proof of Lemma 4. If a contract g�ð:ja0; a1;XÞ is offered by the principal, the agent chooses an signal
precision so as to maximize U a0; a1;

1þwk
2

	 

� CðkÞ. Hence, the effort level chosen by the agent belongs

to
K ¼ argmaxk Uða0; a1;
1þ wk

2
Þ � CðkÞ

� �
Let k̂ be an element of K. The agent trades the quantity x�ðs;XÞ in the continuation game if and only
if
U a0; a1;
1þ wk̂

2

 !
P U a0; a1;

1
2

� �
If this inequality is not satisfied, then by the same argument as that developed in the proof of Prop-
osition 2, we deduce that the agent trades a quantity smaller (larger) than x�ð1;XÞ ðx�ð�1;XÞÞ when
observing a signal s ¼ 1 ðs ¼ �1Þ. Then, again, from the proof of Proposition 2, we know that in such
a case the agent is better off not acquiring information. h

Proof of Proposition 5. Given a contract g�ð:ja0; a1;XÞ, the expected utility of the agent is
U ¼ a0 þ
1þ wk

2
a1 � c

1� w2k2

4
a2

1 � CðkÞ
The first-order condition of the maximization problem of the agent is then
@U
@k
¼ w

2
a1 þ

cw2k
2

a2
1 � C 0ðkÞ ¼ 0
Denote Fðk; a1;wÞ the left-hand side of this last equation as a function of k; a1, and w. Then the optimal
effort level k� satisfies Fðk�; a1;wÞ ¼ 0 with @F

@k

��
k¼k�

< 0 (i.e., the second-order condition of the maximi-
zation problem is satisfied).

From the implicit function theorem, we deduce that
dk�

da1
¼ � @F=@a1

@F=@k
Given that @F=@dk < 0, we deduce that dk�=da1 > 0 is equivalent to @F=@a1 > 0. Simple differentiation
yields
cite this article in press as: Palomino, F., Sadrieh, A. J. Finan. Intermediation (2010), doi:10.1016/
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@F
@a1
¼ w

2
þ ca1w

2k
we have the desired result. Proceeding similarly, given that
@F
@w
¼ a1

2
þ ca2

1wk
We obtain that dk�=dw > 0.
Finally, given that the expression of @U

@k is independent of a0, it is straightforward that k� is
independent of a0. h
Proof of Proposition 6. Assume that the principal proposes a contract g�ð:ja0; a1;XÞ. We know from
Lemma 4 and Proposition 5 that the precision of the information acquired by the agent is k�ða1;wÞ. Fur-
thermore, if k�ða1;wÞ > 0, the optimal trading strategy of the agent is x�ðs;XÞ.

The problem of the principal is then to choose the parameters a0; a1, and X so as to maximize
Up ¼ �a0 � X þ 1þ k�ða1;wÞ
2

ð2X � a1Þ � cp
1� k�2ða1;wÞ

4
ð2X � a1Þ2
Now, denote koðbÞ the precision of the information acquired by the agent if trading for his own
account. His reservation utility is then Uðb; koðbÞÞ and if his participation constraint is binding, we have
Uðb; koðbÞÞ ¼ a0 þ
1þ wk�ða1;wÞ

2
a1 � c

1� w2k�2ða1;wÞ
4

a2
1 � CðkÞ
It implies that a0 must satisfy
a0 ¼ Uðb; koðbÞÞ � 1þ wk�ða1;wÞ
2

a1 þ c
1� w2k�2ða1;wÞ

4
a2

1 � CðkÞ ð17Þ
Substituting a0 by the expression derived in Eq. (17) and rearranging, the expected utility of the
principal can be rewritten as
Up ¼ � Uðb; koðbÞÞ þ k�ða1;wÞ
2

ðw� 1Þa1 þ Xk�ða1;wÞ � c
1� w2k�2ða1;wÞ

4
a2

1 � Cðk�ða1;wÞÞ

� cp
1� k�2ða1;wÞ

4
ð2X � a1Þ2
The principal then chooses a1 and X so as to maximize Up. The first-order conditions of this maximi-
zation problem are
@Up

@X
¼ k�ða1;wÞ � cp½1� k�2ða1;wÞ�ð2X � a1Þ ¼ 0 ð18Þ
and
@Up

@a1
¼ w� 1

2
k�ða1;wÞ þ a1

@k�

@a1

� �
þ X

@k�

@a1
� c

2
a1ð1� w2k�2ða1;wÞÞ � a2

1w
2k�ða1;wÞ

@k�

@a1

� �

þ
cp

2
ð2X � a1Þ ð2X � a1Þk�ða1;wÞ

@k�

@a1
þ ð1� k�2ða1;wÞÞ

� �
� C0 k�ða1;wÞð Þ @k�

@a1
¼ 0

ð19Þ
From Eq. (18), we deduce that
X�� ¼ a1

2
þ k�ða1;wÞ

2cp½1� k�2ða1;wÞ�
ð20Þ
Replacing X by its optimal value X�� in Eq. (19), we obtain that the first-order condition @Up

@a1
¼ 0 can

be rewritten as
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w� 1
2

k�ða1;wÞ þ a1
@k�

@a1

� �
þ a1

2
þ k�ða1;wÞ

2cp½1� k�2ða1;wÞ�

 !
@k�

@a1

� c
2

a1ð1� w2k�2ða1wÞÞ � a2
1w

2k�ða1;wÞ
@k�

@a1

� �

þ k�ða1;wÞ
2½1� k�2ða1;wÞ�

k�2ða1;wÞ
cpð1� k�2ða1;wÞÞ

@k�

@a1
þ ð1� k�2ða1;wÞÞ

 !
� C 0ðk�ða1;wÞÞ

@k�

@a1
¼ 0

ð21Þ
Denote Gða1;wÞ the left-hand side of this last equation as a function of a1 and w. Then, from the
implicit function theorem, we obtain that
da�1
dw
¼ � @G=@w

@G=@a1
The second-order condition of the principals maximization problem implies that @G
@da1

< 0 at a1 ¼ a�1
and X ¼ X��. As a consequence, da�1=dw > 0 is equivalent to @G=@w > 0.

Computing dX��

dw , we obtain
dX��

dw
¼ 1þ k�2

cpð1� k�2Þ2
@k�

@w
> 0
It implies that dX��

dw tends to infinity as c goes to zero. Then, given the expression of Gða1;wÞ, it is
straightforward that there exists ��c > 0 such that if c < cp <

��c then @G=@w > 0. Hence, for such risk-
aversion parameters, da�1

dw > 0. As a consequence, the quantity traded by the agent is an increasing func-
tion of the overconfidence level. h
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