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Abstract

Shareholders design compensation contracts to incentivize top management teams.

Even though it is straightforward in theory to distinguish an individual contract from

a team contract, it is unclear yet which can better describe the incentive nature of

executive compensation in practice. Using the data from S&P1500 �rms from 1993

to 2005, this paper identi�es and tests two competing structural models of principal-

multiagent moral hazard, which capture the two contract types respectively. The

Team Model can rationalize the observed empirical relationship between executive

compensation and stock returns. The Individual Model can be plausible only when

this model appeals to an extra assumption that managers have heterogeneous risk

preferences across �rm characteristics, and thus is less robust.
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1 Introduction

Shareholders in a public �rm typically hire a group of top managers to run their business.

Though these managers may mutually observe and coordinate their e¤orts, shareholders

can hardly monitor the managerial e¤orts. They instead link executive compensation to

�rm performance to mitigate the moral hazard problem of the top management team. Re-

searchers have been trying to understand the e¢ ciency of executive compensation, but one

gap regarding its incentive nature remains: are the members of a top management team

compensated as a team or merely as separate individuals? In spite that the theoretical liter-

ature of multi-agent moral hazard has developed both individual models and team models to

explain incentive pay (Bolton and Dewatripont 2005, Glover 2012), there has been no serious

attempt to compare their empirical relevance in understanding executive compensation in

practice.

Motivated by the proceeding gap, this paper tests competing structural models with

S&P 1500 �rms�data and seeks to investigate the following unanswered research question:

between individual models and team models, which type of models can better empirically

rationalize the observed relationship between executive compensation and stock returns?

Without knowing the fundamental nature of underlying theoretical models, empirical analy-

ses overemphasizing a less plausible type of models may ignore important issues in executive

compensation and obtain only limited understanding of compensation e¢ ciency.

Extant empirical studies on executive compensation are numerous, but they mainly focus

on a single manager (MacLeod 1995; Murphy 1999, 2012; Core, Guay and Larcker 2003).

Among the few papers that study multiple managers, researchers who attempt to infer the

incentive nature from compensation di¤erentials between managers1 face the challenge of

1The di¤erential generally refers to the di¤erence in the shape of compensation schedule among executives,
such as the pay level and pay-for-performance sensitivity. Bushman, Dai and Zhang (2014) summarize pre-

2



missing variables and �nd only mixed results.2 More speci�cally, the challenge arises as fol-

lows. The observed compensation di¤erential within a top management team is determined

jointly by both the contract type unobservable to researchers and managers�personal char-

acteristics such as risk preference and costs of e¤ort, both of which are hardly measurable

and thus missing in simple regressions. On the one hand, the compensation di¤erential can

be generated by an individual contract designed for the managers who may take di¤erent

actions but share similar personal characteristics. On the other hand, the compensation

di¤erential can also stem from a team contract designed for the managers who always take

the same actions but have very di¤erent tastes in risk and e¤ort. In this sense, the simple

descriptive statistics of compensation di¤erential seems insu¢ cient for researchers to infer

the contract type.3

The structural approach employed in this paper confers three bene�ts, which are my

primary contribution. First, my paper directly examines the restrictions that the theoret-

ical models impose on data and explicitly tests how well one model can �t a commonly

used large dataset. These internally consistent restrictions capture the incentive nature of

di¤erent contract types and discipline unmeasurable parameters together with observed com-

pensation and stock returns within a uni�ed framework. Testing these restrictions as a whole

can to a large extent mitigate the missing variable concern in empirical analysis. Second,

my paper investigates which restrictions of a theoretical model are essential in rationalizing

the data and in distinguishing one model from another. This investigation may shed light

on modeling choices in theory that attempts to explain executive compensation. Third, my

paper estimates deep parameters which are invariant to regulation, such as managers�prefer-

ences over risk and e¤ort as well as production parameters. This policy-invariant estimation

vious studies on compensation gap and slice and invstigate the dispersion of pay-for-performance sensitivity
among top managers.

2Indirect evidence in support of using team-based contracts can be found in Li (2012) and Bushman, Dai
and Zhang (2014). The evidence in Main, O�Reilly III and Wade (1993), and Henderson and Fredrickson
(2001) does not support team-based contracts.

3The missing variable problem commonly concerns studies on executive compensation and broad man-
agerial accounting issues. For more discussions see Prendergast (1999), Core, Guay and Larcker (2003), and
Larcker and Rusticus (2007).
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may facilitate counterfactual analysis in future evaluations of regulations regarding executive

compensation using the same framework.

The intuition for my empirical strategy is as follows. Even though we do not know how

shareholders design the optimal contract in their minds, we do observe the compensation

they o¤er and the output the managers generate. Theory helps here because the optimal

contract can essentially be described by a well-de�ned theoretical model. If shareholders

honor their compensation arrangements with managers and managers exert optimal e¤ort to

generate stock returns as expected, then the observed compensation and stock returns are

random draws from the equilibrium of a theoretical model that characterizes that optimal

contract in shareholders�minds. After controlling for the heterogeneity in the data, the ob-

served variables deviate from the optimal contract only by measurement errors.4 Intuitively,

if the observed data pattern is statistically consistent with the data restrictions implied by

the equilibrium of the theoretical model, this consistency suggests that the observed com-

pensation schemes have the �avor of that model. In this paper, the ��avor� refers to the

contract type. The purpose of the tests is to �nd out which type of model (i.e. type of

contract) can explain the entire data better, allowing the contract shape to vary with �rm

characteristics, industrial sectors, and macroeconomic �uctuations.

The �rst part of my results is about identifying the two structural models that capture

the two types of contract respectively, which are called Individual Model and Team Model

hereafter5. I identify each model in two steps. First, I simplify the parameter space by deriv-

ing primitive parameters in one structural model as functions of the risk aversion parameter

in the same model. These mappings are solved from a set of equality restrictions imposed

by an optimal contract that motivates managers to work, for example, the binding partici-

pation constraint and incentive compatibility constraint. Second, I exploit other equilibrium

restrictions implied by this model, for example, shareholders�preference over all possible

4It is not necessary for the compensation contracts to be optimally designed all the time. Instead, this
paper only assumes the deviation in compensation scheme from optimality is random.

5Detailed model set-ups are left to the next section where I compare my strucutral models to existing
theoretical models.
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e¤ort pairs and managers�time-invariant preferences over risk, to govern the identi�ed set

of the risk aversion parameter to which all other primitive parameters are indexed.

The results of model identi�cation show that, without imposing on data the restrictions

from shareholders� pro�t maximization over the alternative e¤ort pairs of managers, the

pattern of compensation and stock returns can be empirically consistent with either model.

In other words, with di¤erent parameter values, two data generating processes, respectively

rationalized by the two models, can all give the same observed joint distribution of compen-

sation and stock returns. In econometric terms, they are observationally equivalent. This

problem indicates that inferences about parameters of the models from the observed data

are not assured and the estimation of parameters can be consequently inconsistent. In such

a sense, the empirical analysis would miss the whole point.

An important implication of the identi�cation results is that the descriptive properties

of compensation, which are usually based on comparative statics derived from the subset of

equilibrium conditions and deep parameters, may not be su¢ cient to help us distinguish the

two types of models without considering other restrictions that those confounding parameters

need to satisfy. This partially helps to illustrate why di¤erent research designs can lead to

mixed results in the literature as mentioned earlier.

The second part of my analysis is about testing model speci�cation. I test each model

in three steps. First, I summarize the data restrictions implied by a theoretical model into

a criterion function that has a distance-minimizing property similar to OLS and has only

one unknown parameter, i.e. risk aversion. If the model can explain the data, there must

exist some values of the risk aversion parameter in the identi�ed set such that the criterion

function reaches its lower bound.

Second, I estimate key components of the theoretical restrictions from the data I inves-

tigate, which covers S&P 1500 �rms from 1993 to 2005. The measurement of total compen-

sation follows Antle and Smith (1985) by incorporating opportunity costs of holding �rm
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stocks and stock options into managers�wealth.6 To account for the measurement errors

in the compensation and to acknowledge the �exibility of shareholders�contract designs, I

nonparametrically estimate both the density of the gross abnormal return in equilibrium

and the optimal compensation scheme as a function of the gross abnormal return. To reduce

the concern of overusing structures, the nonparametric method enables me to exploit the

information from data as much as possible and also avoids rejecting a model due to speci�c

model assumptions on contract form and distribution. This method shortens "the distance

between those roads to the point where now some econometric models are speci�ed with no

more restrictions than those that a theorist would impose" (Matzkin 2007, page 5311).

Third, I use the criterion function of each model to construct a hypothesis test for the

model. The test is based on the con�dence region of the identi�ed set of the risk aversion

parameter, which is governed by the criterion function. My testing strategy stems from Gayle

and Miller (2014) who distinguish principal-agent models of single-agent. If the con�dence

region is empty, the model is rejected.

The main results emerge from the proceeding three steps, as follows. Under the least

restrictive assumption that managers have heterogeneous risk preferences across �rm types

and industrial sectors, both the Individual Model and the Team Model cannot be rejected.

However, under the most restrictive assumption that managers have homogeneous risk pref-

erence across �rm types and industries, only the Team Model cannot be rejected. In this

sense, the Team Model is more robust than the Individual Model to rationalize the correlation

between the observed top executive compensation and stock returns.

The results of model speci�cation tests suggest that team-based contracting models tend

to better capture the incentive nature of executive compensation. If top managers are com-

pensated as a team more likely than as separate individuals, then in addition to external

governance from labor market and stock market, factors a¤ecting the e¢ ciency of inter-

nal governance may also be worth exploring in empirical compensation studies. Motivated

6Hall and Liebman (1998), Margiotta and Miller (2000), Gayle and Miller (2009, 2014), and Gayle, Golan
and Miller (2011) also follow the same approach.
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by theoretical literature, these factors may include reputation concern and group identity

(Itoh 1990), corporate culture (Kreps 1990), and long-term relationships (Arya, Fellingham

and Glover 1997; Che and Yoo 2001). Also, studies focusing on CEO compensation may

meanwhile need to consider the properties of other top manager�s compensation and the

environment within top management teams.

This paper contributes to several branches of literature. First, joining the expanding

empirical research on the compensation of multiple managers (Aggarwal and Samwick 2003;

Kale, Reis and Venkateswaran 2009; Li, Minnis, Nagar and Rajan 2012; Bushman, Dai

and Zhang 2014), my paper for the �rst time adopts the structural approach to explicitly

test the incentive nature of the executive compensation. Second, there exist a few papers

taking the structural approach to study executive compensation, but they focus on individual

incentive models (Margiotta and Miller 2000; Gayle and Miller 2009, 2014; Gayle, Golan and

Miller 2011). My paper di¤ers from them and thus contributes by testing a team model of

multi-agent moral hazard which may also help with rationalizing the curvature of executive

compensation. Third, attention on internal governance has increased from both theorists

(Acharya, Myers and Rajan 2011) and empiricists who examine the monitoring of CEOs

from other executives (Armstrong, Jagolinzer and Larcker 2010; Landier, Sauvagnat, Sraer

and Thesmar 2012). My paper adds a new perspective by empirically investigating how

shareholders respond in the compensation design. Fourth, previous evidence of using team-

based contracts is limited to lower-level employees, such as non-executive stock option holders

(Hochberg and Lindsey 2010), supermarket workers (Mas and Moretti 2009), physicians in

medical groups (Encinosa III, Gaynor and Rebitzer 2007), workers at the Continental Airlines

(Knez and Simester 2001). My paper enriches the literature by examining professionals at

the peak of corporation hierarchy.
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2 Link to Theoretical Literature

As econometric models, my structural models di¤er from related theoretical models in two

ways. First, the structural models further specify the elements of the underlying theoretical

models as observable and unobservable from the perspective of researchers rather than players

in the models. The observables have their empirical counterparts with measurement errors

and follow certain distributions. The unobservables are primitive parameters of our interest

to estimate. Second, the structural models aim to su¢ ciently distinguish the contract type up

to the extent that the primitive parameters can be recovered from the observed compensation

and stock returns. These models are not constructed to comprehensively explore the delicate

strategic interactions between and within shareholders and managers in complex reality. The

simpli�cation and generality enable my models to be empirically consistent with some well-

established models in the pervasive theoretical literature of multi-agent moral hazard rather

than a speci�c one. This section discusses how my econometric models can be linked to

several theoretical models in the literature.

To set up the two structural models under one common framework, I assume that there

are one risk-neutral principal (shareholders) and two risk-averse agents (the two highest paid

managers) who have the same absolute risk aversion coe¢ cient but di¤er in their costs of

e¤ort. The two agents produce only one joint output (stock returns). Their e¤ort can be

complementary, independent, or substitute in production which is their only action. They

choose e¤ort levels simultaneously. The two models (Individual and Team) share the same

participation constraint but di¤er in the incentive compatibility constraint and in sharehold-

ers�e¤ort selection, in the sense of the two-step procedure in Grossman and Hart (1983).

To be speci�c, in the Individual Model, one manager could shirk no matter the other works

or not. Concerned about managers�unilateral shirking, shareholders motivate the managers

as separate individuals. Both managers working (the optimal e¤ort pair throughout this

paper) is a Nash equilibrium in the managers�subgame. The Individual Model is standard in

the theoretical literature on multi-agent moral hazard and appears as the benchmark model
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in Itoh (1993), Arya, Fellingham and Glover (1997), and Che and Yoo (2001) to contrast

with their team models. It can be considered as a multi-agent version of Holmstrom (1979),

in the sense that one agent�s participation constraint and incentive compatibility constraint,

which are binding on their own respectively in Holmstrom (1979), now are conditional on

the equilibrium e¤ort choice of the other agent. In other words, each agent takes working as

the best response to the other working.

In contrast, the Team Model describes a situation in which shareholders treat the man-

agers as a team whose members move in the same direction and choose working as a Pareto

optimal equilibrium. Shareholders are concerned merely with both shirking. The key feature

of the Team Model is that the team incentive compatibility constraint replaces individual

incentive compatibility constraint. This feature is commonly shared by several theoretical

models of team incentive. These models further develop various mechanisms to enforce the

Pareto optimal strategy, for example, the explicit side contracts without utility transfer in

Itoh (1993), the �nitely repeated game with implicit side contracts in Arya, Fellingham and

Glover (1997), and the in�nitely repeated game with implicit side contracts in Che and Yoo

(2001). Though distinguishing these enforcement mechanisms is interesting, it is beyond the

scope of a �rst-pass test, which this paper targets.7 Instead, my Team Model captures the

common feature of a class of team models in literature and makes a behavioral assumption

that managers choose Pareto optimality. Similarly in theoretical papers, simpli�cation is

made for the sake of research focus; for example, Friedman (2012) models CEO and CFO as

syndicate without an explicit enforcement mechanism.

The set-up in this paper distinguishes from some other theory papers of multi-agent

moral hazard in following aspects, due to the context and data availability. First, the single

joint output assumption di¤ers from mechanisms using agent-speci�c performance measures,

7Another type of team model allows agents to transfer utilities (Itoh 1993). Li (2013) applies the same
empirical procedure on a team model in which the set-up is the same as the current one, except that the
two agents can transfer utilities. This type of team model describes a "teamness" level higher than that
of the current Team Model by treating managers as family members. Practically speaking, this family-like
contract may be less implementable in the context of top management teams. The test shows that this type
is rejected by the data.
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such as relative performance evaluation (RPE, hereafter; Holmstrom 1982) and tournament

(Lazear and Rosen 1981), which relies on a restrictive contract form. These mechanisms

encounter a sabotage problem. This counter-productive problem (Dye 1984) may poten-

tially explain why the RPE has not received much empirical support in the context of top

management teams.8 Besides, executive compensation is mostly equity-based and is tied to

the overall �rm performance, so that the single output assumption seems to better capture

top management team production. Second, the simultaneous move assumption di¤ers from

sequential move assumed in Winter (2006, 2010). Sequential move enlarges the information

space and action space of players, but seems to better describe assembly-line workers rather

than top managers who often make joint decisions. Third, the single action assumption dif-

fers from the models of multiple tasks including reporting e¤ort to upper levels in a hierarchy

(Ma 1988), reporting output (Friedman 2012; Indjejikian and Matejka 2009), or helping in

addition to production (Itoh 1991; Ramakrishnan and Thakor 1991). Testing these models

requires the information regarding the externality of individual manager�s non-productive

action, which is more than available to this paper. For the same reason, I do not con-

sider externality more than on output, for example, the synergy on e¤ort cost in Edmans,

Goldstein and Zhu (2013).

3 Models

This section lays out the two principal-multiagent models of moral hazard as the theoretical

underpinning of the identi�cation and hypothesis tests. I model the shareholders�decision-

making process following the two-step procedure in Grossman and Hart (1983).

I start from their second step by formulating the shareholders�cost minimization prob-

lem. I assume throughout this paper that shareholders prefer motivating both managers

to work. In the following, I �rst introduce the two models�common setups, including the
8Gong, Li and Shin (2011) point out that the weak support of RPE since Antle and Smith (1986) may

be due to data availability. However, their evidence from new information disclosed in proxy statements is
limited to using RPE to incentivize CEOs across �rms rather than top managers within one �rm.
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timeline, technologies, managers�preferences, and shareholders�objective function. Then I

discuss their di¤erences in terms of whether shareholders motivate managers as a team at

the optimal contract design. If shareholders motivate managers as a team, they contrast im-

plementing the optimal e¤ort pair (both managers working) with the suboptimal e¤ort pair

(both managers shirking); otherwise, they are concerned about each manager�s unilateral

shirking.

At the end of this section, I discuss the �rst step of Grossman and Hart (1983) after

the optimal contracts are derived. In this step, shareholders compare their net bene�t from

implementing a given e¤ort pair of the two managers and select the optimal e¤ort that gives

the largest net bene�t among all possible e¤ort pairs.

3.1 Timeline

In a static model, the timeline of the interaction between the risk-neutral shareholders and

the two risk-averse managers9 is as follows. At the beginning of a period, the shareholders

propose a compensation scheme wi(x) for manager i; x is the joint output whose distribution

is conditional on the e¤ort choices of the two managers. Let V denote the �rm value at the

beginning of this period and ex denote the abnormal stock return realized from this period;

ex is the idiosyncratic component of the �rm�s stock return, which is under the control of the
managers. To be consistent with the tradition of agency models, I construct the performance

measure variable x, called gross abnormal return, as

x = ex+ w1
V
+
w2
V
:

Facing the shareholders�o¤er, each manager decides whether to take the o¤er or reject.

If one manager rejects the o¤er, he gets his outside option. I assume neither manager can

9It might be interesting to explore the coordination among more than two managers, for example, em-
bedding a coalition stability problem into the principal�agent setting. However, this is not the focus of this
paper and is thus left for future studies.
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operate the �rm by himself. This is realistic because modern �rms are large such that they

are rarely run by a single manager. As a result, one manager has to wait for another manager

to join the team and proceed together.

After accepting the shareholders� o¤er, each manager can choose between two e¤ort

levels, namely, working and shirking. The interdisciplinary knowledge set of managing large

diversi�ed �rms requires that top managers work closely to make better decisions. The

frequent interaction in their routine work makes it possible for them to observe each other�s

e¤ort, but it can be hard to describe to anyone outside the teams10. I assume in both models

that the two managers can observe each other�s e¤ort choice, but the shareholders cannot

observe these choices. Such information asymmetry between the shareholders and managers

creates a moral hazard problem, considering that more managerial e¤ort can bene�t the

shareholders but is more costly to the managers. The moral hazard of hidden action is the

fundamental friction in single-agent models. In the multiagent models of this paper, there

is another friction called free riding. If one manager shirks, he can avoid his entire disutility

of working but only has to partially bear the loss from the reduction in output if the other

manager works. Thus each manager has an incentive to count on the other one and shirks.

To account for the unilateral shirking, it is necessary to specify the e¤ort choice for each

manager. Let j denote manager 1�s e¤ort choice and k denote manager 2�s. To sum up, I

de�ne the three mutually exclusive choices as

j(k) =

8>>>><>>>>:
0; if manager 1(2) rejects the o¤er

1; if manager 1(2) accepts the contract but shirks later

2; if manager 1(2) accepts the contract and works later.

At the end of the period, the joint output x is realized and manager i gets paid according

to his compensation scheme wi(x). Conditioning on the managers�e¤ort choice (j; k), x is

a random draw from an independent and identical distribution across �rms in this static

10This assumption rules out the revelation mechanism like Ma (1988).
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model, after controlling for the heterogeneity in the data.

3.2 Technologies

The technologies are captured by the probability density function (PDF) of the joint output

x conditional on the two managers�e¤ort choices. I denote f(x) as the PDF of x conditional

on both managers working, that is, the e¤ort pair on the equilibrium path. Throughout this

paper, I use the symbol E[�] to represent the expectation taken over f(x), or
R
� f(x)dx.

As to the PDFs of x conditional on managers�e¤ort pairs o¤ the equilibrium path, I

introduce likelihood ratios to distinguish between managers�unilateral shirking and simul-

taneous shirking. To be speci�c, when manager i chooses to shirk but the other manager

chooses to work, the product gi(x)f(x) denotes the corresponding PDF of x; gi(x) is the

likelihood ratio between the PDF of x conditional on manager i�s unilateral shirking over

the PDF of x conditional on the equilibrium e¤ort pair. In the single output framework,

without specifying the individual contribution as an additive or a multiplicative technol-

ogy, g1(x) 6= g2(x) simply means that shareholders can provide individual incentive to each

manager based on his distinct in�uence on the distribution of the gross abnormal return.11

It is noteworthy that the speci�cation of the PDFs on and o¤ the equilibrium path does

not put any functional form restrictions on the distribution. There are at least two advan-

tages of doing so. First, such �exibility allows empiricists to be consistent with theoretical

models as much as possible. Many theoretical models do not rely on particular functional

forms to guide empirical analysis (Holmstrom (1979, 1982), Grossman and Hart (1983)).

The PDFs speci�ed here are literally as general as those de�ned by the above theoretical

papers. They also accommodate discrete distributions used in multiple-agent models close

to the present paper, for example Itoh (1993), Arya, Fellingham and Glover (1997), and Che

and Yoo (2001). Keeping consistent with theory in production technology set-up at minimal

use of structures gives the tests in this paper more credibility.
11This setup is suggested by Margiotta and Miller (2000) in their discussion on extending their single-agent

framework to a multiagent one.
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Second, the variation of compensation essentially comes from the variation of the like-

lihood ratio across realizations of the performance measure. As a result, the �exibility of

PDFs and thus that of the likelihood ratio frees the optimal compensation form from a rigid

linear shape or alike. Linear contract, or in particular the LEN model (linear contract, ex-

ponential utility, normal distribution of signal noise), is widely used mainly because of its

tractability. Empirical studies that attempt to test implications derived from those LEN

models usually do not justify the optimality of the contract shape at �rst place. As Hemmer

(2004) illustrates with RPE studies, the lack of empirical support can be caused by overly

relying on linear compensation regression which is not required by the theoretical results

(Holmstrom, 1982). This paper avoids this problem and this point is more clear when I

discuss the optimal contract.

Also, this speci�cation is general enough to capture the performance evaluation that

shareholders may adopt in reality. To illustrate, one manager may mainly take charge of

the right-tail performance of the �rm, for instance, the head of a research and development

department whose primary task is to maintain high growth or a Chief Marketing O¢ cer

who is responsible for continuous market expansion. By contrast, the other manager may

be someone who monitors the downside risk of the �rm, for instance, a Chief Financial

O¢ cer who watches �nancial stress and bankruptcy risk or a Chief Executive O¢ cer who is

responsible for both tails of the gross abnormal return.

Assuming that one manager�s marginal in�uence on the PDF of x is unconditional on

the other manager�s e¤ort choice, the product g1(x)g2(x)f(x) is the PDF of x when both

managers choose to shirk. This can be proved in the following Lemma.12 Denote g(x) as the

likelihood ratio of the PDF of x conditional on both managers shirking over that conditional

on both managers working.

Lemma 1

E[g(x)] �
Z
g1(x)g2(x)f(x)dx = 1:

12All proofs are in Appendix A.

14



Two points are noteworthy. First, the unconditional density assumption rules out the pos-

sibility that the two managers have exactly the same marginal in�uence on the distribution of

the gross abnormal return when they unilaterally shirk. Mathematically, the stochastic na-

ture of the likelihood ratio makes g1(x) 6= g2(x), because otherwise, E[gi(x)] = E[g2i (x)] = 1

implies that gi(x) turns out to be a constant. Second, this unconditional density assumption

can be consistent with the production of substitutability, independence, or complementar-

ity. The stochastic property of production is captured by the di¤erence in expected output,

as follows: if the increment in expected output due to manager 1 switching from shirking

to working conditional on manager 2 working is larger than that increment conditional on

manager 2 shirking, then the production has a complementarity property; if the former in-

crement is smaller than the latter, the two managers are substituted in production; if the

two increments are the same, the production is considered as independent. Formally,

fE[x j j = 2; k = 2]� E[x j j = 1; k = 2]g � fE[x j j = 2; k = 1]� E[x j j = 1; k = 1]g

=

�Z
xf(x)dx�

Z
xg1(x)f(x)dx

�
�
�Z

xg2(x)f(x)dx�
Z
xg1(x)g2(x)f(x)dx

�
=

Z
x [1� g1(x)] [1� g2(x)]f(x)dx8>>>><>>>>:
> 0; complementary in production

= 0; independent in production

< 0; substitute in production.

Subsequently, I discuss four properties of the likelihood ratios. I denote in general

the PDF associated with a suboptimal e¤ort pair by the product h(x)f(x) and h(x) 2

fg1(x); g2(x); g(x)g. First, by the de�nition of the likelihood ratio, h(x) is nonnegative for

any x, that is, h(x) � 0;8x, and also it satis�es

E[h(x)] �
Z
h(x)f(x)dx = 1:
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Second, I assume that an extraordinary output can be realized only when no one shirks. To

put it mathematically, h(x) satis�es

limx!1 h(x) = 0:

Third, I assume h(x) is bounded, which implies that the contract cannot achieve the �rst

best allocation by using a signal that can be perfectly informative at extreme realizations of

x (Mirreless 1975). Fourth, the shareholders and managers have con�icting interests in the

sense that shareholders can bene�t more if the managers work than if they shirk. To re�ect

such a con�ict, I assume that the expected gross abnormal return increases with the number

of working managers, namely,

Z
xf(x)g(x)dx <

Z
xf(x)gi(x)dx <

Z
xf(x)dx:

3.3 Managers�Preferences

Each manager�s preference can be expressed using a negative exponential utility function

with multiplicatively separable preference on e¤ort.13 The two managers have the same

coe¢ cient of absolute risk aversion, denoted by �, but di¤er in the cost of e¤ort. The cost

is captured by the coe¢ cient e�ij(k) (i = 1; 2, j(k) = 1; 2) in the managers�utility functions
as (1) and (2), de�ned later; e�1j (e�2k) corresponds to manager 1(2)�s e¤ort choice j(k). For
manager i, I assume 0 < e�i1 < e�i2, meaning that manager i would not choose to work if he
faced �xed compensation but instead would prefer shirking. To interpret shirking, managers

are not necessarily lazy, but instead they pursue their own bene�ts, which con�ict with the

shareholders�. Take empire building, for example. The managers may exert substantial labor

input to pick up projects that maximize their own private perks but not maximize the �rm�s

value.
13The CARA utility function has obvious merit for tractability and is widely used in theoretical research,

for example, the LEN model in agency theory. (Lambert, 2001, 2006)
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Manager i�s compensation wi(x) is a function of the gross abnormal return x. The

expected utility is conditional on the distribution of x given the managers�e¤ort pair (j; k).

Formally,

Manager 1�s expected utility � �e�1jE [exp (��w1(x)) j j; k] ; (1)

Manager 2�s expected utility � �e�2kE [exp (��w2(x)) j j; k] : (2)

To simplify notation, I de�ne the negative of manager i�s utility from compensation as

vi(x) � exp (��wi(x)) , i = 1; 2:

In particular, on the equilibrium path, manager i gets his expected utility from com-

pensation under the distribution of x conditional on both managers working adjusted by

manager i�s e¤ort cost coe¢ cient with respect to working (e�i2):
�e�i2 Z vi(x)f(x)dx:

As to the o¤-equilibrium path e¤orts, if manager i shirks but the other manager does

not, manager i�s expected utility is modi�ed by replacing his disutility coe¢ cient with the

one corresponding to shirking and replacing the distribution with that under manager i

unilaterally shirking:

�e�i1 Z vi(x)gi(x)f(x)dx:

If both managers shirk, the disutility coe¢ cient remains e�i1, but the distribution is
replaced with that conditional on both managers shirking. Manager i�s expected utility is

represented by:

�e�i1 Z vi(x)g1(x)g2(x)f(x)dx or� e�i1 Z vi(x)g(x)f(x)dx:
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Also, I de�ne each manager�s outside option by �e�0.14
Because the managers�preferences can be preserved for an increasing transformation, I

normalize the utility function by dividing it with e�0, and thus the outside option is normalized
to �1. Consequently, the e¤ort disutility coe¢ cient hereafter is the ratio of that coe¢ cient

over the outside option, that is,

�ij �
e�ije�0 :

It is helpful to tabulate the expected utilities conditional on the four e¤ort pairs, shown

in the table following. In each of the four cells, manager 1�s (the row player) expected utility

is in the bottom left corner, and manager 2�s (the column player) is in the upper right corner.

Manager 2

Work Shirk

Manager 1

Work � �22E[v2(x)] � �21E[v2(x)g2(x)]

��12E[v1(x)] ��12E[v1(x)g2(x)]

Shirk � �22E[v2(x)g1(x)] � �21E[v2(x)g(x)]

��11E[v1(x)g1(x)] ��11E[v1(x)g(x)]

where E[�] �
Z
� f(x)dx

3.4 Shareholder�s Cost Minimization Problem

3.4.1 Objective Function

For now, I assume that the shareholders prefer both managers working. The shareholders

are assumed to be risk neutral, and thus their utility is measured in monetary terms, in-

14The outside option does not vary with the gross abnormal return, but this does not necessarily imply
that the reservation compensation is zero.
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cluding a cost and a bene�t. The shareholders�cost is the total compensation paid to the

two managers, which needs to be delicately tied to the gross abnormal return x. The share-

holders�bene�t is the expected �rm value growth conditional on both managers working,

which is a constant when managers�e¤ort choices are �xed. Consequently, the shareholders�

optimization problem is to minimize the expected total compensation of the two managers.

Furthermore, the expectation is taken over the distribution of the gross abnormal return

conditional on both managers working.

By de�nition vi(x) is monotonically decreasing in wi(x), so the objective function of the

cost-minimizing shareholders is equivalent to maximizing the following expected value:

E [ln v1(x) + ln v2(x)] : (3)

This objective function in the shareholders�cost minimization problem is the same between

the two models. However, depending on whether the shareholders motivate the managers as

individuals or a team, shareholders face di¤erent constraints across the two models. These

di¤erences become clearer in the following subsections.

3.4.2 Participation Constraint

Shareholders design the optimal compensation contracts such that, at the beginning of the

period when managers decide whether to accept or reject the job o¤er, each manager �nds

that accepting the o¤er and working diligently during the following period is weakly better

than rejecting the shareholders�o¤ers to instead pursue an outside option normalized to �1.

Such a restriction is called the participation constraint, which places a bound on the set of

feasible compensation schemes that shareholders can use to minimize the cost.

In both the Individual Model and the Team Model, the same participation con-

straint applies. Formally, in (4) and (5), on the left-hand side of the top (bottom) line

is manager 1 (2)�s expected utility, which consists of a CARA utility from compensation
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conditional on the distribution of the joint output if both managers work and a multiplica-

tive disutility coe¢ cient associated with manager 1 (2) working. The expectation is taken

over the distribution of x conditional on both managers working. On the right-hand side

is manager 1 (2)�s outside option normalized to �1. The following weak inequalities re�ect

managers�preference over the two options:

��12E [v1(x)] � �1; (4)

��22E [v2(x)] � �1: (5)

3.4.3 Incentive Compatibility Constraint

Given that shirking is more tempting to the managers (�i1 < �i2), to induce both managers to

work, the optimal compensation contracts need to provide the managers su¢ cient incentive

not only to accept the o¤ers but also to exert e¤ort in line with the shareholders�interests.

Such a restriction on the shareholders� cost minimization problem is called the incentive

compatibility constraint.

In the Individual Model, shareholders design the optimal compensation to induce one

manager to work as a best response to the other manager�s working; that is, both managers

working is a Nash equilibrium in the two managers�subgame. The following two inequalities

re�ect this constraint.

In (6), the left-hand side is manager 1�s expected utility if both managers work, which

holds the same expression as previously de�ned in the participation constraint corresponding

to manager 1. The right-hand side is manager 1�s expected utility if manager 1 unilaterally

shirks. It is calculated by multiplying his shirking disutility coe¢ cient (�11) by the utility

from monetary compensation. And the expectation is taken over the distribution of the gross

abnormal return conditional on that manager 1 unitarily shirks. The inequality (7) applies
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the same constraint, which provides working incentive to manager 2:

��12E [v1(x)] � ��11E [v1(x)g1(x)] ; (6)

��22E [v2(x)] � ��21E [v2(x)g2(x)] : (7)

To guarantee the uniqueness of this Nash equilibrium, I further prevent one manager�s

shirking from being best response to the other manager�s shirking. Accordingly, there are

another two constraints

��12E [v1(x)g2(x)] � ��11E [v1(x)g1(x)g2(x)] ;

��22E [v2(x)g1(x)] � ��21E [v2(x)g1(x)g2(x)] :

In the Team Model, the two separate incentive compatibility constraints state for each

manager that the expected utility conditional on both working (on the left-hand side) is no

less than the expected utility conditional on both shirking (on the right-hand side). Equation

(8) is the incentive compatibility constraint for manager 1, and (9) is for manager 2:

��12E [v1(x)] � ��11E [v1(x)g(x)] ; (8)

��22E [v2(x)] � ��21E [v2(x)g(x)] : (9)

Again, all this Team Model describes is that no manager shirks even though there is a

free rider opportunity and that working is preferred only as a Pareto optimal strategy rather

than as a Nash equilibrium strategy. This is the whole idea of this model and makes it

essentially di¤erent from the Individual Model. The existence of free riding problem implies

that both shirking is the (unique) Nash equilibrium. Consequently the following inequalities
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hold simultaneously.

��11E [v1(x)g(x)] > ��12E [v1(x)g2(x)]

��21E [v2(x)g(x)] > ��22E [v2(x)g1(x)]

Also, both working does not need to be a Nash equilibrium.

3.5 Optimal Contracts

The shareholders�cost minimization problem subject to the participation constraints and

the incentive compatibility constraints has a Lagrangian formulation. Thus the optimal

contract can be derived by solving the �rst-order conditions of the shareholders�constrained

optimization problem. The following proposition gives the optimal contract under each

model. Note that �ij and gi(x) are the same as previously de�ned, �1 is the shadow price

associated with manager 1�s incentive compatibility constraint and �2 with manager 2�s,

w�i (x) is the optimal compensation paid to manager i.

Proposition 2

w�1(x) =
1

�
ln�12 +

1

�
ln

�
1 + �1 � �1

�
�11
�12

�
g1(x)

�
; (10)

w�2(x) =
1

�
ln�22 +

1

�
ln

�
1 + �2 � �2

�
�21
�22

�
g2(x)

�
: (11)

In the Individual Model, w�i (x) has exactly the same expression in (10) and (11). In the

Team Model, only g1(x) and g2(x) are replaced by g(x).

The intuition is as follows. In the Individual Model, the incentives are based on each man-

ager�s own in�uence on the distribution of the gross abnormal return, so that the optimal

compensation accounts for the informativeness of the joint output di¤erently between the

two managers, that is, g1(x) and g2(x) enter the formula respectively. In the Team Model,
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the optimal contract merely prevents simultaneous shirking, and thus relies on the infor-

mativeness of the joint output drawn from the distribution conditional on both managers

shirking, which is captured by g(x).

Importantly, if the observed compensation and stock returns are generated from the

equilibrium of a model, the managers� risk attitude (�), their e¤ort tastes (�ij), and the

informativeness of the performance signal (gi(x) or g(x)) together explain the compensation

shape of each manager. Relative features of the two managers�compensation schemes can be

rationalized by any of these two models, depending on the values of the preceding primitive

parameters. This again con�rms that the relative properties between the two managers�

compensations are not su¢ cient to distinguish the two models.

Three more points can help us understand the form of the optimal contracts. First,

each manager gets his highest compensation denoted by wi(x) when the informativeness

of corresponding output realization is highest, i.e. gi(x) = 0 or g(x) = 0, given that the

shadow price and disutility coe¢ cients are all positive. Second, if the managers� e¤orts

are observable to shareholders, gi(x) or g(x) equals zero for any x. This is the �rst best

scenario without information asymmetry on e¤ort. Thus only the participation constraint is

binding for each manager at their e¤ort choice of working, and the shadow price of incentive

compatibility constraint drops. As a result, the optimal compensation equals (1=�) ln�i2,

which is the su¢ cient amount required to motivate manager i to work if his e¤ort can be

perfectly monitored by shareholders. Third, the optimal compensation increases with the

informativeness of the performance signal about working. While an output realization is

more likely drawn from the distribution under which manager i works, that is, gi(x) or g(x)

is smaller, he gets higher compensation at that signal, keeping all other things constant.

This is a good place to emphasize the advantage of the nonparametric approach used in

this paper, which does not put any restrictions on the distributions. From the formula of

optimal contract, it is clear that strong assumptions on the functional form of the likelihood

ratios gi(x) or g(x) are required in order to legitimize a linear contract shape, or alternatively
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an OLS analysis. In particular, if the distributions belong to the exponential family, the

contract shape can be approximated by a linear regression after log transformation. However,

considering the convexity in compensation due to stock options, linearity may not be the

right starting point.

3.6 Shareholders�Pro�t Maximization

Shareholders also need to compare the expected net bene�ts among di¤erent e¤ort pairs

and guarantee that motivating both managers to work is indeed better than motivating

other e¤ort pairs. This is the �rst step in the analysis of Grossman and Hart (1983). From

shareholders�viewpoint, the bene�t is the expected increase in the equity value of the �rm

in the contract period, which is calculated by multiplying the market value of the �rm at the

beginning of the period, as previously denoted by V , with the gross abnormal return x and

then taking expectation over the distribution of x conditional on the two managers�e¤ort

choices in that period; that is, E[V � x j j; k].

Shareholders�cost is the total compensation paid to the two managers. Denote wsi as

the optimal �xed compensation paid to manager i (i = 1; 2) if shareholders merely wish to

induce the manager to stay in the �rm but allow him to shirk. The superscript s refers to

shirking; wsi can be derived from an equation resembling a binding participation constraint at

shirking. In that equation, on one side is the value of manager i�s outside option normalized

to �1, and on the other side is manager i�s expected CARA utility from a �at compensation

wsi multiplied by his disutility coe¢ cient of shirking (�i1). Solving such an equation gives

the optimal compensation to induce manager i to shirk as

wsi =
1

�
ln�i1, for i = 1; 2:

The optimal e¤ort pair to be implemented in the two models is the same, that is, both

managers work. However, the suboptimal benchmark e¤ort pairs are di¤erent. In the
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Individual Model, the suboptimal e¤ort pair is that no more than one manager works.

Thus motivating both managers to work is preferred by the shareholders if and only if

E[V � x� w�1(x)� w�2(x)] � maxf E[(V � x� ws1 � w�2(x)) � g1(x)];

E[(V � x� w�1(x)� ws2) � g2(x)];

E[(V � x� ws1 � ws2) � g1(x) � g2(x)]g: (12)

On the right-hand side of the preceding inequality, the �rst (second) term re�ects the share-

holders�net bene�t of having only manager 1 (2) shirking. The third item is the shareholders�

net bene�t of having both managers shirking.

By contrast, in the Team Model, there is only one benchmark e¤ort pair, that is, both

managers shirk. As a result, shareholders prefer motivating both managers to work if and

only if the net bene�t is higher by doing so than by taking the alternative, that is,

E[V � x� w�1(x)� w�2(x)] � E[(V � x� ws1 � ws2) � g(x)]g:

4 Data

This section discusses the data source and the construction of key variables in the empirical

implementation of this paper. The sample period covers 1993 to 2005. The �rm charac-

teristic data come from the COMPUSTAT North America database. The stock returns

are from CRSP and Compustat PDE. The top executive compensation data come from the

ExecuComp database.

4.1 Heterogeneity in the Data

In my framework, managers�preferences for e¤ort and risk do not change after they accept

the compensation contracts. However, managers with di¤erent preferences may sort into
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di¤erent types of �rms. To account for the heterogeneity in the sample, �rms are grouped

by industrial sector, �rm size, and capital structure.

Following are the detailed procedures to categorize observations. First, I typeify the whole

sample into three industrial sectors according to the Global Industry typei�cation Standard

(GICS) code, denoting by Snt the nth �rm in year t. The primary sector (Snt = 1) includes

�rms in energy (GICS: 1010), materials (GICS: 1510), industrials (GICS: 2010, 2020, 2030),

and utilities (GICS: 5510). The consumer good sector (Snt = 2) includes �rms in consumer

discretionary (GICS: 2510, 2520, 2530, 2540, 2550) and consumer staples (GICS: 3010, 3020,

3030). The service sector (Snt = 3) includes �rms in health care (GICS: 3510, 3520), �nancial

(GICS: 4010, 4020, 4030, 4040), and information technology and telecommunication services

(GICS: 4510, 4520, 5010). Next, in each industrial sector, I typeify the �rms based on the

�rm size, which is measured by the total assets on the balance sheet and denoted by Ant, and

the capital structure, which is measured by the debt-to-equity ratio and denoted by D=Ent.

Each of the two variables can have two values, that is, small (S) or large (L). If the total

assets of �rm n in year t are below the median of total assets in its sector, Ant = S; otherwise,

Ant = L. The same rule applies to D=Ent. I denote �rm type as Znt = (Ant; D=Ent), which

has four combinations of Ant and D=Ent.

In Table 1, I summarize the �rm characteristics cross-sectionally. As to the �rm size, if

compared based on book value (measured by the total assets on the balance sheet), �rms in

the consumer goods sector on average have smaller book values than those in the primary

or service sector. If compared based on market value, the three sectors have close market

values. The debt-to-equity ratio re�ects the �rms�capital structure. It has the highest value

in the service sector and the biggest standard deviation as well. The yearly abnormal return

of a �rm is calculated by subtracting a market portfolio return from the �rm�s monthly

compounded return for a given �scal year. The abnormal return is not signi�cantly di¤erent

from zero in any sector.
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4.2 Key Variables in the Optimal Contracts

4.2.1 Abnormal Stock Returns

For each �rm in each �scal year, I calculate a monthly compounded return adjusted for

splitting and repurchasing and subtract the return to a value-weighted market portfolio

(NYSE/NASDAQ/AMEX) from the compounded return to get the abnormal return for the

corresponding �scal year. I drop �rm-year observations if the �rm changed its �scal year

end such that all compensations and stock returns are 12-month based.

The abnormal stock returns are summarized cross-sectionally in Table 2, conditional

on �rm size, capital structure, and industrial sector. They are all insigni�cantly di¤erent

from zero, which is consistent with an underlying assumption that each type of �rm faces a

competitive market.

4.2.2 Compensation

When managers make e¤ort decisions, they care about their overall wealth change implied

by their compensation packages. In the ExecuComp database, available are salary, bonus,

other annual compensation not properly categorized as salary and bonus, restricted stock

granted during the year, aggregate value of stock options granted during the year as val-

ued using S&P�s Black�Scholes methodology, amount paid under the company�s long-term

incentive plan, and all other compensation. However, managers�wealth varies with their

holdings in �rm-speci�c equity as well. They can always o¤set the aggregate risks imposed

in their compensation package by adjusting with a market portfolio but cannot avoid being

exposed to nondiversi�able risks of holding �rm stocks and options. As a result, managers�

wealth changes in holding �rm-speci�c equity are incorporated into total compensation given

that they cannot diversify those idiosyncratic risks. Following the concept of wealth change

initiated by Antle and Smith (1985, 1986),15 I construct the total compensation by adding

15Among followers are Hall and Liebman (1998), Margiotta and Miller (2000), Gayle and Miller (2009,
2012), and Gayle et al. (2011).
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wealth change from holding options and wealth change from holding stocks into all regular

components provided in the database. These wealth changes can be interpreted as oppor-

tunity costs of holding �rm-speci�c equity. Consequently, the wealth change from holding

stocks is equal to the beginning shares of held stocks multiplied by the abnormal returns.

By holding the options from existing grants rather than disposing of this part of wealth into

a market portfolio, the manager obtains the di¤erence between the ending option value and

the beginning option value multiplied by the market portfolio return.

The two managers studied in this paper are the two highest paid executives based on the

total compensation. Table 2 describes their compensation cross-sectionally. In all types of

�rms (typei�ed by �rm size and capital structure), the primary sector always provides the

lowest compensation for both managers, and the service sector always provides the highest.

In each sector, large �rms o¤er higher compensation for both managers than small �rms. As

to the distribution of compensation conditional on capital structure, in the primary sector

and the service sector, among �rms of similar size (either small or large), �rms of high

�nancial leverage (large debt-to-equity ratio) o¤er compensation no more than �rms of low

�nancial leverage. In the consumer goods sector, small �rms have the same direction, but

large �rms go in the opposite direction.

Table 3 summarizes the time-series properties of the key components of the total com-

pensation. A few things stand out. First, the compensation is heavily equity based for both

managers. The sum of the four equity-based components, that is, the values of restricted

stocks, values of granted options, changes in wealth from stocks held, and changes in wealth

from options held, on average accounts for more than 80 percent of the total compensation.

Second, the opportunity costs of holding �rm-speci�c equity are signi�cantly positive and

similarly high for both managers. This indicates that the potential nonpecuniary or non-

contractible bene�ts of holding the stocks or options from the current �rm are large for the

two highest paid managers. Third, the variation of the total compensation across years is

not negligible for either manager. This suggests that it is necessary to take into account the
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e¤ect of the macroeconomic �uctuation on the compensation schemes.

Table 4 reports the position pro�les of the two managers. I typeify the positions held

by the two highest paid managers into three categories. I count the frequency of holding

positions of certain categories as follows. �Functional" = 1 if the manager holds the posi-

tion of CTO, CIO, COO, CFO, or CMO, but not any other; otherwise, �Functional" = 0.

�General 1" = 1 if the manager holds the position of chairman, president, CEO, or founder,

but not any other; otherwise, �General 1" = 0. �General 2" = 1 if the manager holds the

position of executive vice-president, senior vice-president, vice-president, vice-chair, or other

(de�ned in the database), but not any other; otherwise, �General 2" = 0. �Functional &

General 1" = 1 if the manager simultaneously holds at least one position from each of the

Functional category and the General 1 category but none from the General 2 category; oth-

erwise, �Functional & General 1" = 0. The same rule applies to �Functional & General 2"

and �General 1 & General 2." �Functional & General 1 & General 2" = 1 if the manager

holds at least one position from each of the three categories; otherwise, the indicator equals

zero.

I �rst analyze the primary sector. The top three rows of Table 4 describe for each manager

the frequency of holding positions of only one category. Both of the two managers rarely

hold only the functional position. The highest paid managers have a larger chance to sit on

the top rank of the general position (General 1), and by contrast, the second highest paid

managers have a larger chance to sit on the low rank (General 2).

The three rows in the middle describe the two managers�title distributions when each

manager holds a position from only two categories in the same year. Comparing the top

two rows of the middle three with the row of �Functional" on the very top suggests that the

chance of managers to obtain high compensation from holding one more general position in

addition to the functional position is larger for the second highest paid managers than for

the highest paid managers. In contrast, the bottom row of the three shows that the highest

paid managers are more likely those who hold two general positions. In other words, holding
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a general position helps managers more to get higher compensation.

The very bottom row in Table 4 presents a very similar distribution feature as what is

shown in the very top row for holding a functional position only. Here both managers rarely

hold positions from all of the three types. The consumer goods sector and the service sector

have exactly the same pattern as what was discussed previously for the primary sector.

5 Identi�cation

This section establishes the identi�cation for each model laid out in Section 3. I �rst brie�y

recap what variables have been introduced into the two models, and then I typeify these

elements in the models into observables and unobservables from the perspective of researchers

rather than the players in the models.

Recall that I �rst introduce the technologies that are captured by the distribution of the

gross abnormal returns, respectively, when both managers choose equilibrium actions and

when they deviate from the equilibrium path. Then I specify the information asymmetry

between shareholders and the two managers, that is, managers�e¤orts are unobservable to

shareholders but observable between the managers. Next, I specify managers�preferences

by parameterizing two CARA utility functions with a common risk aversion parameter and

di¤erent disutility coe¢ cients of e¤ort. I specify the shareholders�preferences by embedding

a constrained cost-minimization problem into their selection of managers� e¤ort pairs to

maximize the net pro�t. Given these primitive preferences and distributions parameterized as

stated, we can perfectly predict the endogenous decisions that are made within the model by

shareholders (compensation design that speci�es the managers�compensation as a function of

the gross abnormal return) and by managers (choice among rejecting the job o¤er, shirking,

and working).

Before typeifying the observables and unobservables, I make an assumption on the play-

ers�behavior in equilibrium for identi�cation purposes; that is, shareholders are assumed
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to prefer both managers working, and the two managers are assumed to indeed work, as

the optimal contracts intend to implement. These assumptions are natural. Because overall

�rms have been ongoing, it seems unlikely that the top executives shirked in general.

Given the above assumption on behavior, the optimal compensation schemes and the

distribution of the gross abnormal returns conditional on managers� equilibrium actions

are assumed to be observable with measurement errors and thus can be nonparametrically

identi�ed from the data. The unobservable primitive elements left for researchers to identify

include managers�preference parameters of risk and e¤ort as well as the distribution of gross

abnormal returns conditional on managers�o¤-equilibrium actions, which is pinned down to

the likelihood ratio between the distribution of the gross abnormal returns o¤ and on the

equilibrium path because the on-equilibrium-path distribution can be identi�ed from the

data.

This section identi�es the models by bridging between observables and unobservables. To

do so, I exploit the equilibrium restrictions, for example, the �rst-order conditions derived

in the Lagrangian formulation of the shareholders�optimization problem (corresponding to

Grossman and Hart�s (1983) second step) and restrictions implied by shareholders�prefer-

ences over the optimal e¤ort level (corresponding to their �rst step).

If we are only interested in estimating some su¢ cient statistics of a particular aspect

of the economic model, for example, the pay-for-performance sensitivity given the primitive

preference parameters �xed, a reduced form regression can accomplish this task. However, if

we hope to test how well each entire model can rationalize the data of executive compensation

and abnormal stock returns, to estimate the primitive parameters for future counterfactual

analysis on contracting e¢ ciency, or to arrive at policy implications that can only be made

based on a particular model that �ts reality, we need to go further to identify the mod-

els as a whole and estimate all the unobservable primitive elements (Matzkin 2007). The

identi�cation takes two steps for each model, as follows.

In step 1, I assume that the risk aversion parameter is known and then show that all
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other primitive parameters in that model can be identi�ed. Given the behavioral assumption

I make, managers play the equilibrium strategies (both work) as shareholders desire. If

the data of compensation and stock returns are generated by a model, the density of gross

abnormal returns conditional on optimal e¤ort choice f(x) and the equilibrium compensation

scheme wi(x) of manager i can be nonparametrically identi�ed directly from the empirical

distribution of the data. The optimal contract implies that both participation constraints and

incentive compatibility constraints are binding. The �rst-order conditions in the Lagrangian

formulation of the shareholders�cost minimization problem together with some regularity

conditions on the likelihood ratios allow me to derive each structural parameter as a mapping

of the risk aversion parameter and some observable quantities from the data generating

process.

In step 2, I exploit other restrictions implied by the model to bound the risk aversion

parameter. These restrictions include the shareholders�preferences over managers�e¤orts (in

inequalities) and other restrictions (in inequalities or equalities) tailored to each model. The

mix of equality and inequality restrictions prevents the risk aversion parameter from point

identi�cation. Instead, I use these restrictions to delimit the identi�ed set of this parameter.

These extra restrictions, along with the mappings derived in the �rst step, characterize the

identi�ed set of the risk aversion parameters.

In particular, these equilibrium restrictions constitute a function Q(�; x; w) in which the

risk aversion parameter is the only unknown that is left to be identi�ed and estimated. The

Q(�; x; w) function has a distance-minimizing feature; that is, if the data are generated from

a process that can be rationalized by the model and by the true value of the risk aversion

parameter ��, we should have Q(��; x; w) = 0. To identify the model and estimate the risk

aversion parameter, I search for a range of the risk aversion parameter that asymptotically

satis�es this equation. In the rest of this section, I discuss the detailed identi�cation for each

model. The estimation and hypothesis tests built on Q(�; x; w) will be discussed in next

section.
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5.1 Individual Model

The unobservable structural parameters in the Individual Model include each manager�s

e¤ort preference over working and shirking relative to his outside option (denoted by �ij,

which is the time-independent e¤ort disutility coe¢ cient in manager i�s utility functions

when he chooses e¤ort level j), the likelihood ratio of the distribution if manager i shirks

over that if both managers work in year t (denoted by git (xt), and the subscript t in xt is

dropped hereafter when it does not cause confusion), and the risk aversion parameter �. I

assume the data of compensation and stock returns are cross-sectional independent draws

from the equilibrium of this model. The draws are repeated in each year t = 1; :::; T . As a

result, ft(x) can be identi�ed directly from the empirical distribution of the gross abnormal

returns using a nonparametric density estimator. Also, following the same logic, the optimal

compensation can be nonparametrically identi�ed from the data as well. Then I show that

those unobservable structural parameters can be sequentially derived as mappings of the risk

aversion parameter and the observables.

First, I consider the disutility coe¢ cients of working, that is, �i2 for i = 1; 2. Shareholders

design the optimal compensation contracts such that, at the beginning of the period when

managers decide whether to accept or reject the job o¤er, each manager is indi¤erent between

rejecting the job to pursue an outside option and accepting the o¤er and working diligently

during the following period. In the economic model, this means that the participation

constraint in the shareholders� optimization problem is binding, that is, each manager�s

expected utility conditional on his subsequent e¤ort choice (working) is equal to the value

of his outside option, which is normalized to be �1.

Rearranging the terms of the (4) and (5) when the equalities hold, we can �nd that only

the disutility coe¢ cients �i2 and the risk aversion parameter � are unknown. This indicates

that if � can be identi�ed, then �i2 can be expressed as a mapping of � and the observables.

In this sense, �i2 are identi�ed respectively for i = 1; 2 up to the risk aversion parameter as
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follows:

�12(�) = Et[v1t(x; �)]
�1; (13)

�22(�) = Et[v2t(x; �)]
�1: (14)

To be careful, �ij only re�ects the normalized e¤ort cost coe¢ cient. Recall the normaliza-

tion with respect to the outside option �0. Without further information on the demand and

supply of managerial e¤orts, it is impossible to separately identify e�ij and �0, but instead
we can only identify the ratio �ij = e�ij=e�0.16
Next, I consider the likelihood ratios git(x) for i = 1; 2. In the formula of optimal

compensation (10) and (11), it is easy to check that the compensation reaches the highest

value when the likelihood ratio equals zero. Consequently, assuming the data satisfy this

restriction on the likelihood ratio, that is, limx!1 git(x) = 0, then wit � wit(xit) satisfying

git(xit) = 0 can be consistently estimated by the highest compensation. Now de�ne the

likelihood ratio git(x; �) (i = 1; 2) as a mapping of � and some quantities that can be

calculated from the data-generating process:

g1t(x; �) =
1=v1t(x; �)� 1=v1t(x1; �)

Et [1=v1t(x; �)]� 1=v1t(x1; �)
; (15)

g2t(x; �) =
1=v2t(x; �)� 1=v2t(x2; �)

Et [1=v2t(x; �)]� 1=v2t(x2; �)
: (16)

Note that the formula of git(x; �)(i = 1; 2) satis�es Et[git(x; �)] = 1, which is required by

the de�nition of the likelihood function, as well as git(xi; �) = 0, which is required by the

model. Also, in the functional form of the likelihood ratios, the only unknown is the risk

aversion parameter. This implies that these two ratios are identi�able up to the risk aversion

parameter as well.

Then I consider the disutility coe¢ cients of shirking, that is, �i1 for i = 1; 2. When

16This is common in papers using similar model set-up (Margiotta and Miller, 2000; Gayle and Miller,
2009, 2012).
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shareholders design the optimal contracts to induce both managers to work, they need to

provide su¢ cient incentive through the compensation not only to induce the managers to

stay in the �rm but also to motivate them to exert e¤ort in the shareholders�interests. As

a result, the optimal compensation schemes should make each manager�s expected utility

from working and receiving the monetary compensation at the end of the period the same as

his expected utility from shirking during the following period. In the economic model, this

means that the incentive compatibility constraint in the shareholders�optimization problem

is binding for each manager. In the econometric model, the data generated from this model

satisfy the two equalities held in the incentive compatibility constraints (6) and (7) as well

as the two equalities held in the participation constraints (4) and (5). These together help

us derive the disutility coe¢ cients �11(�) and �21(�) as the mappings of the risk aversion

parameter, as follows:

�11(�) = Et[v1t(x; �)g1t(x; �)]
�1; (17)

�21(�) = Et[v2t(x; �)g2t(x; �)]
�1: (18)

Again, these two formulas imply that for any known risk aversion parameter �, the shirking

disutility coe¢ cient �i1 is the only unknown in the equations, and thus it can be identi�ed

from the data along with the risk aversion parameter for i = 1; 2.

Last, I consider the shadow price of each manager�s incentive compatibility constraint in

the Lagrangian formulation of the shareholders�cost minimization problem. Take manager

1, for example. I apply the property of the likelihood ratio g1t(x1) = 0 in the formula of the

optimal compensation w�1t(x) in (10) and evaluate both sides at x1. Note that on the left-hand

side of that formula, w1t(x1) can be identi�ed and estimated by the highest compensation

that manager 1 receives. On the right-hand side, given that the disutility coe¢ cients have

been identi�ed as previously and g1t(x1) drops o¤, only the shadow price �1t and the risk

aversion parameter are left unknown. The same procedure applies to identifying the shadow

35



price for manager 2 (�2t). Consequently, the two shadow prices can be expressed as the

mappings of the risk aversion parameter, as follows:

�1t(�) = Et [v1t(x; �)] =v1t(x; �)� 1; (19)

�2t(�) = Et [v2t(x; �)] =v2t(x; �)� 1: (20)

Collectively, all primitives in the model can be recovered from the data generating process

along with the risk aversion parameter.

Subsequently, I further explore other restrictions implied by the Individual Model to

delimit the identi�ed set of the risk aversion parameters. The �rst set of restrictions refers

to shareholders�preferences on pro�t maximization. As assumed, the shareholders prefer

motivating both managers to work to allowing either one or both of them to shirk. From the

shareholders�viewpoint, the bene�t of motivating both managers to work is the expected

increase in the equity value of the �rm in the contract period. Recall the mathematical

expression of this pro�t maximization preference in (12). The net pro�t of motivating a

particular e¤ort pair is the residual of the �rm value growth deducted by the compensation

cost. I calculate the shareholders�net bene�t of motivating both managers to work and

that of motivating no more than one manager to work, respectively. Those equilibrium

restrictions imply that this di¤erence should be nonnegative and constitute the following

three inequalities in (21), (22), and (23). �1t (�2t) re�ects that the shareholders�net bene�t

of motivating both managers to work is larger than that of having only manager 1 (2) shirk.

By contrast, �3t re�ects that shareholders�net bene�t is also larger than that of having both
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managers shirk:

�1t(�) = Et[Vt � x� w�1t(x)� w�2t(x)]� Et[(Vt � x� ws1t � w�2t(x)) � g1t(x; �)] � 0; (21)

�2t(�) = Et[Vt � x� w�1t(x)� w�2t(x)]� Et[(Vt � x� w�1t(x)� ws2t) � g2t(x; �)] � 0; (22)

�3t(�) = Et[Vt � x� w�1t(x)� w�2t(x)]� Et[(Vt � x� ws1t � ws2t) � g1t(x; �) � g2t(x; �)]

� 0; (23)

where w�it(x) is manager i�s compensation if he works and is estimated from data, and wsit

is manager i�s �at compensation to meet his outside option when shareholders prefer him

shirking, that is,

wsit =
1

�
ln�i1(�), for i = 1; 2: (24)

The second set of restrictions stems from the requirement that both managers working

is the unique Nash equilibrium between the two managers. The incentive compatibility

constraint has guaranteed that for each manager, shirking is not a best response to the other

manager working such that the asymmetric e¤ort pairs are ruled out from being a potential

Nash equilibrium. To avoid �both managers shirk" being a Nash equilibrium in the subgame

of the two managers, the optimal contract ensures that shirking is never a best response of

one manager to the shirking of the other manager. In particular, manager 1�s expected utility

conditional on that he works but manager 2 shirks is higher than that conditional on both

he and manager 2 shirking. The inequality in (25) ((26)) following re�ects this restriction

for manager 1 (2). The �rst term of the top (bottom) line is manager 1 (2)�s expected utility

conditional on that he works but manager 2 (1) shirks. The second term is manager 1 (2)�s

expected utility conditional on both managers shirking. If the data are generated from this

37



model, then the following two inequalities should hold:

�4t(�) = f��12(�)Et[v1t(x; �)g2t(x; �)]g

� f��11(�)Et [v1t(x; �)g1t(x; �)g2t(x; �)]g > 0; (25)

�5t(�) = f��22(�)Et[v2t(x; �)g1t(x; �)]g

� f��21(�)Et[v2t(x; �)g1t(x; �)g2t(x; �)]g > 0: (26)

The third source of equilibrium restrictions comes from the requirement that the like-

lihood ratio git(x) be nonnegative. Recall the identi�cation of xi, which is obtained by

satisfying git(xi) = 0; 8 x > xi (i = 1; 2), the formula of git(x) in (15) and (16) is guaranteed

to be nonnegative. However, the product g1t(x)g2t(x) is another likelihood ratio such that

the following restriction must be satis�ed:

	1t(�) = Et[g1t(x; �) � g2t(x; �)] = 1:

Collectively, the preceding restrictions implied by the Individual Model can be summa-

rized by a function QI(�) as

QI(�) �
TX
t=1

(
5X
k=1

[min(0;�kt(�)]
2 + [	1t(�)]

2

)
:

Note that the QI(�) function has a distance-minimizing feature, which is the sum of two

types of elements. The element corresponding to an equality restriction, that is, 	1t(�) = 0,

is the square of 	1t(�). The element corresponding to a nonnegative inequality restriction,

that is, �kt > 0, is the squared value of the minimum between �kt and zero. As a result,

QI(�) theoretically reaches zero if all restrictions implied by the model are satis�ed. Thus, if

a risk aversion parameter is admissible to the model, it belongs to the identi�ed set de�ned
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as

�I � f� > 0 : QI(�) = 0g : (27)

5.2 Team Model

I explore restrictions implied by the Team Model to bound the identi�ed set of the risk

aversion parameters, which appeal to shareholders�preferences on the optimal e¤ort level.

Compared with the same set of restrictions in the Individual Model, the di¤erence here is

that the suboptimal e¤ort level as a benchmark becomes both managers shirking, meaning

that the shareholders prefer incentivizing both managers working to both shirking. The

top (bottom) inequality expresses this restriction using the likelihood ratio with respect to

manager 1 (2)�s compensation:

�6t(�) = Et[Vt � x� w�1t(x)� w�2t(x)]� Et[Vt � x � g1t(x;w1; w2)� ws1t � ws2t] � 0;

�7t(�) = Et[Vt � x� w�1t(x)� w�2t(x)]� Et[Vt � x � g2t(x;w1; w2)� ws1t � ws2t] � 0;

where the �xed compensation paid to both managers if the shareholders prefer them shirking

(wsit) is the same as previously de�ned.

Shareholders contrast the optimal e¤ort pair (both working) with both shirking. This

implies that the two managers�compensation schemes have the same informative inference

to back out the likelihood ratio gt(x). I ensure that the two likelihood ratios are equal in

unit mass by imposing the following restriction:

	2t(�) = Et[1fg1t(x; �) = g2t(x; �)g � 1] � 0;

where 1fg1t(x; �) = g2t(x; �)g is an index function equal to 1 if the condition is satis�ed and

zero otherwise.17

17This function-wise restriction is constructed in a way similar to the nonnegative restriction on likelihood
ratio imposed in Gayle and Miller (2012).
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Collecting the restrictions implied by the Team Model as

QT(�) �
TX
t=1

(
7X
l=6

[min(0;�lt(�))]
2 + [min (0;	2t(�))]

2

)
;

I de�ne �T, a set of the risk aversion parameter admissible to this model, as

�T � f� > 0 : QT(�) = 0g : (28)

Note that only binding constraints are used to develop the mappings from the risk aversion

parameter to other primitive parameters. Other inequality constraints can have empirical

content only when all involved parameters can be identi�ed. In this model, the binding

constraints include the two participation constraints and the two incentive compatibility

constraints, and both associate with symmetric e¤ort choices only.

5.3 Summary of the Identi�cation Results

To sum up, in the previous subsections, the binding participation constraints and binding

incentive compatibility constraints in each model helped us derive the mappings from the risk

aversion parameter to the primitives in the model. The equilibrium restrictions customized to

each model help us bound the risk aversion parameter with which the model can rationalize

the data. The function QM(�) for each model M summarizes the equality and inequality

restrictions in equilibrium, and it is a function of observables and the risk aversion parameter,

which is the only unknown in the econometric model.

Given that all primitives introduced into the econometric model can be recovered from the

data generating process along with the risk aversion parameter, I denote M 2 fI (Individual

Model), T (Team Model)g and the set of structural parameters by

�I � (�11; �12; �21; �22; g1t (x) ; g2t (x) ; �1t; �2t);

�T � (�11; �12; �21; �22; gt (x) ; �1t; �2t);
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then the following proposition formally states this result.

Proposition 3 If the data are generated by one model M in the framework of this paper

with true risk aversion parameter ��, then ��M can be identi�ed from (xt; wit; wit) for i = 1; 2,

that is, ��M = �M (�
�).

6 Estimation and Tests

6.1 Estimation and Tests Based on QM(�)

Intuitively, if the modelM can rationalize the data, there must exist some nonnegative values

of the risk aversion parameter � such that the data restrictions embedded in the criterion

function QM(�) are satis�ed. In other words, the corresponding set �M is nonempty. This

intuition is the foundation of the estimation and tests in this section. Recall that the QM(�)

function has a distance-minimizing feature. Mathematically, If the data are generated by the

model M , there must exist some nonnegative values of the risk aversion parameter � such

that the population value QM(�) is zero. Following this logic, I use a subsampling algorithm

to obtain a consistent estimate of the 95 percent con�dence region of the risk aversion

parameter that is admissible to the model. If the model is observationally equivalent to the

data generating process, this interval should not be empty. If the interval is empty, we can

reject the null hypothesis that this model generates the data. Consequently, the estimated

con�dence region of the risk aversion parameter provides a criterion on whether the model

is rejected. The estimation and the hypothesis test are accomplished at the same time.

To be precise, I de�ne for each model M the null hypothesis and alternative hypothesis

as

HM
0 : QM(�) = 0 for some � > 0, i.e., the model M cannot be rejected

HM
A : QM(�) > 0 for all �, i.e., the model M is rejected:
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I calculate a sample analogue of QM(�) , denoted by Q
(N)
M;ZS(�), for each �rm type Z in

each sector S by replacing each element in QM(�) with its sample analogue. In particular,

the expectation valued by an integral is consistently estimated by an average weighted by

the corresponding kernel densities. Here vit(xit) is replaced with exp (��wit(xit)), where

wit = maxfw1it; :::wNZSit g in the Individual Model, and is replaced with exp (��wit(xt)), where

xt = maxfargmaxx(w1t(x)); argmaxx(w2t(x))g, in the Team Model. The value of Q(N)M;ZS(�)

is the sum of yearly equality and inequality restrictions within �rm type Z and industrial

sector S. Formally, I obtain the sample analogue of QM(�) for each model M 2 fI, Tg as

follows:

Q
(N)
I;ZS(�) �

2005X
t=1993

(
5X
l=1

h
min(0;�

(N)
lt;ZS)

i2
+
h
	
(N)
1t;ZS

i2)
;

Q
(N)
T;ZS(�) �

2005X
t=1993

(
7X
l=6

h
min

�
0;�

(N)
lt;ZS

�i2
+
h
min

�
0;	

(N)
2t;ZS

�i2)
:

Let us summarize the di¤erences among the preceding two criterion functions. The sub-

optimal e¤ort pair unfavorable to the shareholders is di¤erent between the Individual Model

and the Team Model such that the restrictions corresponding to the shareholders� pro�t

maximization are �(N)lt;ZS (l = 1; 2; 3) in the criterion function of the Individual Model but

�
(N)
lt;ZS (l = 6; 7) in the Team Models. The restriction on the uniqueness of Nash equilib-

rium is only required by the Individual Model, so its criterion function Q(N)I ;ZS(�) includes two

unique terms �(N)lt;ZS) (l = 4; 5). The restrictions on the likelihood ratios generate the term

	
(N)
1t;ZS in the Individual Model to guarantee that the likelihood ratio associated with both

managers shirking satis�es the integral-to-one property. In the Team Model, the symmetric

inference of the likelihood ratio requires that the two likelihood ratios identi�ed separately

from the two managers�compensation schemes be equal with unit mass, which gives the last

restriction, denoted by 	(N)2t;ZS.

The hypothesis test on each model M is based on the con�dence region of the risk aver-

sion parameter by which each model can be indexed. The intuition is that if the data are
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generated from a process observationally equivalent to one model with some values of the

risk aversion parameter admissible to this model, then the corresponding criterion function

Q
(N)
M;ZS(�), which is evaluated by the observed data at a �xed risk aversion parameter belong-

ing to the identi�ed set, should be close enough to zero because of its distance-minimizing

feature. By contrast, if that model cannot rationalize the data, then at least one of those

restrictions summarized by the criterion function must be violated. Such violation makes the

test statistic, that is, the criterion function multiplied by its asymptotic convergence rate, go

to in�nity as the sample size N goes to in�nity. Consequently, if there do not exist positive

values of the risk aversion parameter that, together with the observed data, can make the

value of the test statistic small enough in a frequency sense, the model should be rejected.

De�ne the 95 percent con�dence region of the identi�ed set of the risk aversion parameter

under model M in �rm type Z and sector S as

�
(N)
M;ZS � f� > 0 : Na

ZS �Q
(N)
M;ZS(�) � cM95;ZSg;

where Na
ZS is the asymptotic convergence rate of Q

(N)
M;ZS(�) with a = 2=3 and where c

M
95;ZS

is the 95 percent critical value of the test statistic. This value can be consistently estimated

by the subsampling algorithm used in Gayle and Miller (2014), which is modi�ed from

Chernozhukov, Hong and Tamer (2007). Consequently, if the set �(N)M;ZS is empty, I reject the

model M for �rm type Z in sector S. If it is not empty, I obtain the 95 percent con�dence

region of the risk aversion parameter set.

6.2 Dynamic Consideration

In the static models, managers�outside options are constant over time. However, managers�

alternative career opportunities may �uctuate with the macroeconomy. Top managers may

lose their jobs or receive shrunken compensation packages in recession years. Also, top

managers studied by this paper are in late middle age on average, such that when they make
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e¤ort choices, they may take into account consumption smoothing over the rest of their

lives. Given these factors, a natural extension of the static models is a dynamic version that

addresses the preceding two considerations.

To convert, the e¤ort-dependent utility function de�ned in (1) and (2) now has a new

expression:

��ij
1

bt�1Et

�
exp

�
��wit(xt)
bt+1

�
j j; k

�
; (29)

where bt is the bond price in year t, which pays a unit of consumption per period forever.18

Intuitively, now a manager consumes the interest of the bond purchased with the compensa-

tion in each period, that is, wit(xt)=bt+1. This re�ects his life-time consumption smoothing.

Also, the cash certainty equivalent of the nonpecuniary bene�t of e¤ort is deferred one more

period to match the timing of compensation. It was (1=�) ln�ij in the static model as (24),

but now it is [bt+1=�(bt � 1)] ln�ij in the dynamic version.

I update the participation constraints and incentive compatibility constraints in the static

models with the new utility function (29). This reinterpretation makes the models �t the

framework of Margiotta and Miller (2000)19 better. I adopt the dynamic version of the two

models to estimate the primitive parameters and to test each model. I report the results in

next section.

7 Results

7.1 Estimation of the Risk Aversion Parameter and Tests

Table 5 reports the estimates of the risk aversion parameter under each model by �rm type

and sector as well as its economic meaning in terms of a certainty equivalent value of a gamble.

The two panels in the table correspond to the two models. The column �Risk Aversion"

reports the 95 percent con�dence region of the identi�ed set of the risk aversion parameter,

18See the detailed construction of the bond prices in Gayle and Miller (2009, page 1748-1749).
19This paper is descended from Grossman and Hart (1983) and Fudenberg et al. (1990).
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where a blank parenthesis means an empty set. The column �Certainty Equivalent" reports

the amount that a manager would like to pay to avoid a gamble with equal chance to win

or lose $1 million given his coe¢ cient of absolute risk aversion equal to the corresponding

value in the column �Risk Aversion."20

A comparison of con�dence regions between the two models shows that the level of

the estimated risk aversion parameter is higher under the Individual Model than under the

Team Model. Note that for the same industrial sector and �rm type, whenever, between the

Individual Model and the Team Model, the con�dence regions are not perfectly overlapped,

the Team Model always covers the lower range of the non-overlapped interval, indicating

that to rationalize the currently studied data of stock returns and executive compensation,

this model has to go with less risk averse managers.

To examine how sensitive the robustness of the model speci�cation test is to the as-

sumption on homogeneous risk preferences, I strengthen this assumption gradually. Take

the Individual Model in panel A of Table 5 as an example. Firstly, I assume managers�

risk preferences can vary with capital structure but stay the same among �rms of similar

size. The column �Homogenous within Size" reports the con�dence region overlapped among

�rms that fall into the same size category. In the primary sector, the common interval for

small size �rms is (12.75, 16.25), which is the overlapped interval between (12.75, 26.38)

of small size and small debt-to-equity ratio �rms and (0.89, 16.25) of small size and large

debt-to-equity ratio �rms. Similar analysis applies to the large size �rms and to other sectors.

Second, I further strengthen the assumption on homogeneous risk preference by assuming

that managers in the same sector have the same magnitude of risk aversion. This assumption

makes it impossible to �nd an overlapped con�dence region within either the primary or

the consumer goods sector. This indicates a rejection of the model in these two sectors if

managers�risk attitudes are not sensitive to �rm-level characteristics. Only the service sector

20For a manager with risk aversion parameter �, the expected utility from a gamble with half chance to
win or lose $1 million is EU = 0:5 � exp(�� � (�1=b)) + 0:5 � exp(�� � 1=b), where b is the mean of the bond
prices in the sample period. Thus the certainty equivalent to this gamble is CE = �b

� lnEU .
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survives this level of homogeneity by presenting a common con�dence region regardless of

�rm size and capital structure, which covers a range of (4.83, 7.85).

However, if managers�risk preferences cannot vary with industrial sector, �rm size, or

capital structure, then the last column, �Homogeneous across Sectors," shows that there is

no common interval of the con�dence regions of the risk aversion parameter, which means

that the Individual Model would be rejected if such an amount of homogeneity in managers�

risk preferences were to exist in the data. In panel B for the Team Model, I do the same

analysis and report the common con�dence regions subject to di¤erent levels of homogeneity

of managers�risk preferences.

The main results from the estimation of the risk aversion parameter are summarized

as follows. The Individual Model cannot be rejected in any type of �rm if managers�risk

preferences di¤er across �rm types. This model can rationalize the data with managers who

have heterogeneous risk preferences and are relatively more risk averse. If homogeneous risk

preferences are assumed regardless of �rm type, the Individual Model cannot be rejected

only in the service sector, which accommodates �rms with higher �nancial leverage. How-

ever, if the homogeneity in risk preferences is assumed across industrial sectors, there is no

common interval of the con�dence regions of the risk aversion parameter. This means that

the Individual Model model is rejected if the managers are assumed to have homogeneous

risk preferences.

The Team Model can rationalize the data in all types of �rms with less risk-averse man-

agers. What�s more, when the homogeneous risk aversion assumption is put on data, this

model survives up to the most restrictive case. There is a common con�dence region sitting

across all �rm types and industrial sectors in the sample. As a result, the Team Model is

more robust than the Individual Model in explaining the observed executive compensation

which attempts to mitigate the moral hazard in top management teams.
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7.2 Discussion

There are three issues worth further discussion. The �rst issue is to compare the level of

the estimated risk aversion between my two models. Note that the estimated risk aversion

parameter under the Individual Model is in general higher than that under the Team Model.21

A higher parameter value corresponds to the managers who are more risk averse.

To understand this di¤erence, a comparable result is found in the comparison of the

two models of Gayle and Miller (2014). In their paper, the estimated risk aversion under a

two-states pure moral hazard model is less than that under a hybrid moral hazard model

in which the CEO has private information about the �rm�s states and shareholders pay

a premium to induce truthful report. To explain their di¤erence, the pure moral hazard

model requires that managers�expected utilities are equalized across states (no premium for

reporting truth), such that the estimated risk aversion needs to be low enough to mitigate

the variation in CEOs�compensation between states.

A similar consequence of model �tting exists in this paper. The suboptimal e¤ort choice

in the binding incentive compatibility constraint under the Team Model is both shirking.

This implies that the variation in the two managers�expected utilities is attributed to their

di¤erent e¤ort disutility coe¢ cients only, rather than additionally to the asymmetric infor-

mativeness of performance measure (captured by the likelihood ratios) under the Individual

Model. As a result, to �t the data, the Team Model accommodates less risk averse managers.

The second issue is to compare my estimates of risk aversion with those in previous papers

on executive compensation which cover similar sample periods. The papers are comparable

in terms of the certainty equivalent amount of a gamble with half chance to win or lose $1

million.22 The estimated risk aversion under my Individual Model is close to what Gayle and

Miller (2009) and Gayle, Golan and Miller (2011) �nd using a more parameterized approach.

21In Table 5, the con�dence regions of the Team Model cover the lower range of the nonoverlapped intervals
between the two models in all �rms in the primary sector and consumer goods sector as well as in the large
�rms with low debt-to-equity ratio in the service sector.
22See an earlier footnoot in last subsection for the calculation of this certainty equivalent amount.
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The point estimate of the risk aversion parameter in Gayle and Miller (2009) generates that

certainty equivalent amount at $248,620, and Gayle, Golan and Miller (2011) gives $255,199.

My Individual Model covers these two values in eight out of twelve cases in Table 5.

The estimated risk aversion under the Team Model is less, but it is still at a reason-

able level which is close to the estimates in Gayle and Miller (2014) whose approach this

paper follows. Gayle and Miller (2014) reports the 95% con�dence region of that certainty

equivalent amount at [$8,849, $92,390] under their pure moral hazard model and [$160,870,

$181,710] under their hybrid moral hazard model. My estimated common region of the risk

aversion parameter under the Team Model gives [$7,000, $75,000].

The third issue is to contrast my estimates based on structural models whose primitives

are unknown against the predictions from theoretical models built on �xed primitives (pre-

sumably known). A potential doubt could arise as follows. If the risk aversion is �xed, the

incentive provided by a team contract is muted owing to a less restrictive incentive compat-

ibility constraint. Theoretically this implies that the compensation scheme under a team

contract tend to be �atter.23 If the Team Model is observationally equivalent to the Individ-

ual Model (assuming heterogeneous risk preference), that is, both have nonempty con�dence

regions, shareholders seem to have adopted a compensation scheme unnecessarily steeper

than they are supposed to use under a team contract. This tends to suggest a rejection of

the Team Model.

However, the proceeding doubt is not true if the managers�risk aversion is actually lower

than the level indicated by the Individual Model. In such a case, as theory predicts, there

is more demand of incentive in a team contract and thus a steeper compensation scheme is

needed for less risk-averse managers. The structural estimation of the Team Model, which

leaves the risk aversion unknown in empirical implementation, �ts this scenario, and thus

the Team Model can rationalize the data.
23In the appendix, I set up a binary output example to illustrate how the risk aversion parameter (�) and

the information structure (f(x) and h(x)) interact in the estimation to reconcile with the curvature of the
compensation schemes.
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8 Conclusion

This paper identi�es and tests two competing structural models that are explicitly based

on theoretical models of principal-multiagent moral hazard. The two models are intended

to capture a crucial consideration in shareholders� optimal compensation design, that is,

whether they incentivize the members of a top management team as a team or as separate

individuals.

To highlight my method, for each model, I exploit the equilibrium restrictions to delimit

the identi�ed set of the risk aversion parameter to which all other primitive parameters in

the same model can be indexed. The con�dence region of the identi�ed set is the basis of

the model speci�cation test. The nonparametric technique can, to certain extent, alleviate

concern about overusing auxiliary assumptions. This concern generally applies to structural

modeling papers. The set identi�cation method allows me to examine a richer set of equilib-

rium restrictions by incorporating both equality and inequality moment conditions into the

criterion functions of the tests.

To analyze the results of the hypothesis tests and draw conclusions, I need to delve into

a discussion about the assumption of homogeneity of managers� risk preferences. Under

the Individual Model, the identi�ed sets are not empty, but they do not overlap across

�rm types and industrial sectors. To reconcile this model with the data, I have to assume

that managers�risk preferences vary with �rm size, capital structure, and industrial sector.

Although it is likely that top managers in general have a di¤erent risk attitude from other

groups of people, it is unclear to what extent they are distinguishable among themselves

in terms of risk aversion based on the characteristics of their employers. In contrast, the

Team Model predicts a common range of risk aversion across all �rms. This model cannot be

rejected even with the most stringent assumption that the managers have homogenous risk

preferences across all types of �rms and industrial sectors. Therefore, this model has more

robust explanatory power for the correlation between the observed executive compensation

and stock returns.
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The unconditional explanation provided by the Team Model tends to suggest that, from

the compensation designers�perspective, internal governance mechanism may be exploited

to mitigate the moral hazard problem in top management teams in addition to monetary

devices. The results of this paper call for attention to the positive e¤ects of managerial coor-

dination on compensation design along with other factors suggested by theoretical studies,

such as reputation concern and group identity (Itoh 1990), corporate culture (Kreps 1990),

and long-term relationships (Arya, Fellingham and Glover 1997; Che and Yoo 2001).

Although the management literature has found that "attention to executive groups,

rather than to individuals, often yields better explanations of organizational outcomes"

(Finkelstein, 2009, page 334), its emphasis is on behavioral integration and collective cogni-

tion based on demographic characteristics. This paper investigates how economic incentives

work in the context of executive compensation design. In particular, my direct tests on the-

ory may potentially advance our understanding of how shareholders perceive and respond to

the moral hazard problem in top management teams.

In practice, when coordination among managers turns out to be useful to shareholders,

investment in human resources to facilitate cooperation is in demand. Fostering a stable and

close network within top management teams may be bene�cial to a �rm, but otherwise could

be detrimental if the managers tend to collude against shareholders�interests. In this sense,

testing the popularly adopted incentive nature of executive compensation, as this paper does,

has real implications for individual �rms.

In future research, it could be interesting to �gure out whether the compensation con-

tracts between shareholders and managers feature a speci�c enforcement mechanism, which

may facilitate cooperation within top management teams. Also, it could be interesting to in-

vestigate how contract types might be endogenously selected, in order to �nd out the driving

forces behind cross-sectional variations in contract type, if they exist.
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A Proofs

Proof of Lemma 1. The assumption that manager 1�s marginal in�uence on the distri-

bution of the single output x is unconditional on manager 2�s e¤ort choice implies that the

deviation of x�s probability density from manager 1 working to manager 1 shirking is the

same no matter whether manager 2 works or shirks, and vice versa. Denote f(�jj; k) as the

PDF of x conditional on the two managers�e¤ort choices (j; k), mathematically:

g1(x) � f(x j manager 1 shirks, manager 2 works)
f(x j manager 1 works, manager 2 works) (30)

=
g1(x)f(x)

f(x)

=
f(x j manager 1 shirks, manager 2 shirks)
f(x j manager 1 works, manager 2 shirks) (31)

=
f(x j manager 1 shirks, manager 2 shirks)

f(x)

g2(x) � f(x j manager 1 works, manager 2 shirks)
f(x j manager 1 works, manager 2 works) (32)

=
g2(x)f(x)

f(x)

=
f(x j manager 1 shirks, manager 2 shirks)
f(x j manager 1 shirks, manager 2 works) (33)

=
f(x j manager 1 shirks, manager 2 shirks)

g1(x)f(x)
:

Using (30) and (33) gives

Z
g1(x)g2(x)f(x)dx

=

Z
f(x j manager 1 shirks, manager 2 works)
f(x j manager 1 works, manager 2 works)

� f(x j manager 1 shirks, manager 2 shirks)
f(x j manager 1 shirks, manager 2 works)f(x)dx

=

Z
f(x j manager 1 shirks, manager 2 shirks)

f(x)
f(x)dx

= 1:
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The last equality is by the de�nition of a PDF.

Proof of Proposition 2. See the �rst-order conditions (FOCs) in the proof of Proposition

3 later.

Proof of Proposition 3. Individual Model

We want to show that �� = � (��). Suppose � is known. Write down the Lagrangian as

L = E [ln v1t(x) + ln v2t(x)]

��1 [�12Et [v1t(x)]� �11Et [v1t(x)g1(x)]]

��2 [�22Et [v2t(x)]� �21Et [v2t(x)g2(x)]]

��3 [�12Et [v1t(x)]� 1]

��4 [�22Et [v2t(x)]� 1] : (34)

Take derivative of the above Lagrangian with respect to (w.r.t., hereafter) vit(x). We get

the First Order Condition (FOC hereafter) w.r.t. v1t(x) is

1=v1t(x) = (�1 + �3)�12 � �1�11g1(x): (35)

Similarly, the FOC w.r.t. v2t(x) is

1=v2t(x) = (�2 + �4)�22 � �2�21g2(x): (36)

Evaluate the FOCs at the threshold values of shirking distribution, that is, g1(x1) = g2(x2) =

0. Respectively, we get

1=v1t(x1) = (�1 + �3)�12 (37)

1=v2t(x2) = (�2 + �4)�22: (38)
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Take the expectation of the FOCs over the distribution with both diligent managers to get

E [1=v1t(x)] = (�1 + �3)�12 � �1�11 (39)

E [1=v2t(x)] = (�2 + �4)�22 � �2�21: (40)

The binding participation constraint for each manager gives

��12 = Et[v1t(x)]
�1 (41)

��22 = Et[v2t(x)]
�1: (42)

The binding incentive compatibility constraint gives

�11Et [v1t(x)g1(x)] = �21Et [v2t(x)g2(x)] = 1: (43)

Multiply both sides of (35) and integrate over f(x); it follows that

1 = (�1 + �3)�12Et [v1t(x)]� �1�11Et [v1t(x)g1(x)] ;

and plugging (41) and (42) into the preceding, it follows that

�3 = 1:

Multiply both sides of (36) and integrate over f(x); it follows that

1 = (�2 + �4)�22Et [v2t(x)]� �2�21Et [v2t(x)g2(x)] ;

and plugging (42) and (43) into the preceding, it follows that

�4 = 1:
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Multiplying (37) by Et [v1t(x)] and using �3 = 1, it follows that

Et [v1t(x)] =v1t(x1) = �1 + �3

�1 = Et [v1t(x)] =v1t(x1)� 1:

Similarly, multiplying (38) by Et [v2t(x)] and using �4 = 1, it follows that

Et [v2t(x)] =v2t(x2) = �2 + �4

�2 = Et [v2t(x)] =v2t(x2)� 1:

Equations (35), (37), and (39) together give

1=v1t(x1)� E [1=v1t(x)] = �1�11

1=v1t(x1)� 1=v1t(x) = �1�11g1(x)

and

g1(x) =
1=v1t(x)� 1=v1t(x1)
E [1=v1t(x)]� 1=v1t(x1)

g2(x) =
1=v2t(x)� 1=v2t(x2)
E [1=v2t(x)]� 1=v2t(x2)

:

Plug into (43); it follows that

��11 =

�
Et[v1t(x)]� v1t(x1)
1� v1t(x1)E[1=v1t(x)]

��1
��21 =

�
Et[v2t(x)]� v2t(x2)
1� v2t(x2)E[1=v2t(x)]

��1
:

Team Model

See the proof for the Individual Model. The only di¤erence is that the likelihood ratios

with respect to each manager are the same.
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B Nonparametric Estimation of Compensation and

the Probability Density Function of Gross Abnor-

mal Returns in Equilibrium

Either the gross abnormal return or the optimal compensation cannot be directly observed

from real data. I construct their consistent estimators as discussed subsequently. Here exnt
represents the abnormal returns, and ewimt is manager i�s total compensation from �rm n in

year t. (Znt; Snt) are �rm type variables, de�ned before. I nonparametrically estimate the

optimal compensation using the following kernel regression (Pagan and Ullah 1999):24

wint � Et[ ewintjexnt; Vn;t�1]
=

PN
m=1;m 6=n ewimt � IfZmt = Znt; Smt = SntgK � exmt�exnthx

; Vm;t�1�Vn;t�1
hV

�
PN

m=1;m 6=n IfZmt = Znt; Smt = SntgK
� exmt�exnt

hx
; Vm;t�1�Vn;t�1

hV

� ;

where Vn;t�1 is the market value of �rm n at the end of year t�1. Then I calculate the gross

abnormal returns by

xnt � exnt + w1nt
Vn;t�1

+
w2nt
Vn;t�1

:

The PDF of gross abnormal return xnt is nonparametrically estimated by a kernel estimator:

f(xntjZ; S) =

PN
m=1 IfZmt = Z; Smt = SgK

�
xmt�xnt

hx

�
PN

m=1 IfZmt = Z; Smt = Sg
:

24K(�) is a multivariate standard normal kernel density function:

K(�) = exp
(
�0:5 �

�
xmt � xnt

hx

�2)
� exp

(
�0:5 �

�
V mt � V nt

hV

�2) jSj�1=2

(2�)hxhV
;

where S = cov(ex; V ), hx=V = 1:06 � sdx=V � N�1=5
If�g , is a cross-validation bandwidth and (x; V ) =

(ex; V )S�1=2; (ext; Vt�1) are the raw abnormal returns and raw one-year lagged market value.
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C Binary example

I use a binary output example to illustrate how the risk aversion parameter (�) and the

information structure (f(x) and h(x)) interact in the estimation to reconcile with the cur-

vature of the compensation schemes. Each manager i = 1; 2 has two e¤ort options j 2

f1 = shirk; 2 = workg and two outputs, either high or low, x 2 fxH ; xLg. The pay sched-

ule is de�ned as w(xk) for k = H;L. The following table gives the conditional probability

prob(xjj), that is, f(x) or f(x)h(x) in the continuous case. In particular, p � prob(xjwork)

and q � prob(xjshirk); subscripts correspond to Individual Model (I) or Team Model (T ).

Model Both Models Individual Model Team Model

e¤ort pair i work, �i work i shirk, �i work i shirk, �i shirk

xH p qI (< p) qT (< p)

xL 1� p 1� qI 1� qT

The CARA utility function of manager i is speci�ed as ��i1e��w(x) if manager i shirks

and as ��i2e��w(x) if manager i works, for x 2 fxH ; xLg; � is the risk aversion parameter,

and �ij are the e¤ort disutility coe¢ cients, de�ned as before. Note 0 < �i1 < �i2.

The incentive compatibility constraint implies that for a given q 2 fqI ; qTg and

f�ijgi=1;2;j=1;2, the optimal compensation scheme for manager i satis�es the following in-
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equality:

p � [��i2e��wi(xH)] + (1� p) � [��i2e��wi(xL)]

� q � [��i1e��wi(xH)] + (1� q) � [��i1e��wi(xL)]

=) (�i2p� �i1q)e��wi(xH) � (�i1 � �i2 + �i2p� �i1q)e��wi(xL)

=) e��[wi(xH)�wi(xL)] � �i1 � �i2
�i2p� �i1q

+ 1: (44)

Note that the left hand-side of the last line decreases in the wage spread between two output

levels for agent i because � > 0, and the right-hand side of the last line decreases in q because

�i1 < �i2.

From the shareholders�perspective, if manager i�s preference of risk and e¤ort costs are

�xed, the compensation spread wi(xH) � wi(xL) increases in q. From the researcher�s per-

spective, the data tell about the spread (> 0) and p, which are both �xed. The Team Model

has qT < qI because the incentive compatibility constraint is relaxed and thus the suboptimal

e¤ort pair is both shirking. Given the binding incentive compatibility constraint (equality

held in (44)) and �xed wage spread, � is expected to be smaller in the Team Model, which

rationalizes the same data as the Individual Model does.

57



References

Acharya, V. V., S. C. Myers, and R. G. Rajan (2011). The internal governance of �rms. The

Journal of Finance 66 (3), 689�720.

Aggarwal, R. K. and A. A. Samwick (2003). Performance incentives within �rms: The e¤ect

of managerial responsibility. The Journal of Finance 58 (4), 1613�1650.

Antle, R. and A. Smith (1985). Measuring executive compensation: Methods and an appli-

cation. Journal of Accounting Research 23, 296�325.

Antle, R. and A. Smith (1986). An empirical investigation of the relative performance

evaluation of corporate executives. Journal of Accounting Research 24, 1�39.

Armstrong, C., A. Jagolinzer, and D. Larcker (2010). Performance-based incentives for

internal monitors. Rock Center for Corporate Governance at Stanford University Working

Paper Series (76).

Arya, A., J. Fellingham, and J. Glover (1997). Teams, repeated tasks, and implicit incentives.

Journal of Accounting and Economics 23, 7�30.

Bushman, R., Z. Dai, and W. Zhang (2014). Management team incentive dispersion and

�rm performance. Working Paper .

Che, Y.-K. and S.-W. Yoo (2001). Optimal incentives for teams. American Economic

Review 91 (3), 525�541.

Chernozhukov, V., H. Hong, and E. Tamer (2007). Estimation and con�dence regions for

parameter sets in econometric models. Econometrica 75 (5), 1243�1284.

Core, J. E., W. Guay, and D. F. Larcker (2003). Executive equity compensation and incen-

tives: A survey. Federal Reserve Bank of New York Economic Policy Review .

Dye, R. A. (1984). The trouble with tournaments. Economic Inquiry, 147�149.

58



Edmans, A., I. Goldstein, and J. Zhu (2013). Contracting with synergies. Working Paper .

Encinosa III, W. E., M. Gaynor, and J. B. Rebitzer (2007). The sociology of groups and

the economics of incentives: Theory and evidence on compensation systems. Journal of

Economic Behavior and Organization 62 (2), 187 �214.

Finkelstein, S., D. C. Hambrick, and A. A. Cannella (2009). Strategic leadership : Theory and

research on executives, top management teams, and boards. New York : Oxford University

Press.

Friedman, H. L. (2012). The role and responsibilities of the CFO: Implications for reporting

quality, �rm value, and incentive compensation. Working Paper .

Fudenberg, D., B. Holmstrom, and P. Milgrom (1990). Short-term contracts and long-term

agency relationships. Journal of Economic Theory 51 (1), 1 �31.

Gayle, G.-L., L. Golan, and R. A. Miller (2011). Promotion, turnover and compensation in

the executive labor market. Working Paper .

Gayle, G.-L. and R. A. Miller (2009). Has moral hazard become a more important factor in

managerial compensation? American Economic Review 99 (5), 1740�1769.

Gayle, G.-L. and R. A. Miller (2014). Identifying and testing models of managerial compen-

sationn. Review of Economic Studies Forthcoming.

Grossman, S. J. and O. D. Hart (1983). An analysis of the principal-agent problem. Econo-

metrica 51 (1), pp. 7�45.

Hall, B. and J. Leibman (1998). Are CEOs really paid like bureaucrats? The Quarterly

Journal of Economics 103, 653�691.

Hemmer, T. (2004). Lessons lost in linearity: A critical assessment of the general use-

fulness of LEN models in compensation research. Journal of Management Accounting

Research 16 (1), 149�162.

59



Henderson, A. D. and J. W. Fredrickson (2001). Top management team coordination needs

and the CEO pay gap: A competitive test of economic and behavioal views. The Academy

of Management Journal 44 (1), 96�117.

Hochberg, Y. V. and L. Lindsey (2010). Incentives, targeting, and �rm performance: An

analysis of non-executive stock options. Review of Financial Studies 23 (11), 4148�4186.

Holmstrom, B. (1979). Moral hazard and observability. The Bell Journal of Economics 10,

74�91.

Holmstrom, B. (1982). Moral hazard in teams. The Bell Journal of Economics 13 (2),

324�340.

Indjejikian, R. and M. Matejka (2009). CFO �duciary responsibilities and annual bonus

incentives. Journal of Accounting Research 47 (4), 1061�1093.

Itoh, H. (1990). Coalitions, incentives, and risk sharing. Unpublished manuscript .

Itoh, H. (1991). Incentives to help in multi-agent situations. Econometrica 59 (3), 611�636.

Itoh, H. (1993). Coalitions, incentives, and risk sharing. Journal of Economic Theory 60,

410�427.

Kale, J. R., E. Reis, and A. Venkateswaran (2009). Rank-order tournaments and incentive

alignment: The e¤ect on �rm performance. The Journal of Finance 64 (3), 1479�1512.

Knez, M. and D. Simester (2001). Firm-wide incentives and mutual monitoring at Conti-

nental Airlines. Journal of Labor Economics 19 (4), 743�772. October.

Kreps, D. (1990). Corporate culture and economic theory. Perspectives on positive political

economy.

Lambert, R. A. (2001). Contracting theory and accounting. Journal of Accounting and

Economics 32 (1), 3 �87.

60



Landier, A., J. Sauvagnat, D. Sraer, and D. Thesmar (2012). Bottom-up corporate gover-

nance. Review of Finance.

Larcker, D. F. and T. O. Rusticus (2007). Endogeneity and empirical accounting research.

European Accounting Review 16 (1), 207�215.

Lazear, E. P. and S. Rosen (1981). Rank-order tournaments as optimum labor contracts.

The Journal of Political Economy 89 (5), 841�864.

Li, C. (2013). Mutual monitoring within top management teams: A structural modeling

investigation. Working Paper .

Li, F., M. Minnis, V. Nagar, and M. Rajan (2012). Knowledge, compensation, and �rm

value: An empirical analysis of �rm communication. Working Paper .

Li, Z. (2012). Mutual monitoring and corporate governance. Arizona State University,

Dissertation.

Ma, C.-T. (1988). Unique implementation of incentive contracts with many agents. The

Review of Economic Studies 55 (4), 555�572.

MacLeod, W. (1995). Incentives in organizations: An overview of some of the evidence

and theory. Trends in Business Organization: Do Participation and Cooperation Increase

Competitiveness? , 832�854.

Main, B. G. M., C. A. O�Reilly III, and J. Wade (1993). Top executive pay: Tournament or

teamwork? Journal of Labor Economics 11 (4), 606�628.

Margiotta, M. M. and R. A. Miller (2000). Managerial compensation and the cost of moral

hazard. International Economic Review 41 (3), 669�719.

Mas, A. and E. Moretti (2009). Peers at Work. American Economic Review 1, 112�145.

61



Matzkin, R. L. (2007). Chapter 73 Nonparametric identi�cation. Volume 6, Part B of

Handbook of Econometrics, pp. 5307 �5368. Elsevier.

Mirrlees, J. A. (1975). The theory of moral hazard and unobservable behaviour. mimeo,

Oxford .

Murphy, K. J. (1999). Chapter 38 Executive compensation. Volume 3, Part B of Handbook

of Labor Economics, pp. 2485 �2563. Elsevier.

Murphy, K. J. (2012). Executive compensation: Where we are, and how we got there.

Handbook of the Economics of Finance. Elsevier Science North Holland (Forthcoming).

Prendergast, C. (1999). The provision of incentives in �rms. Journal of Economic Litera-

ture 37, 7�63.

Ramakrishnan, R. T. S. and A. V. Thakor (1991). Cooperation versus competition in agency.

Journal of Law, Economics and Organization 7 (2), 248�286.

Winter, E. (2006). Optimal incentives for sequential production processes. The RAND

Journal of Economics 37 (2), 376�390.

Winter, E. (2010). Transparency and incentives among peers. The RAND Journal of Eco-

nomics 41 (3), 504�523.

62










