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marginal return of effort by the choice of the project mission. The principal’s and the agents’ 
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closer to the agent’s (principal’s) preferences. Furthermore, when effort is non-contractible, the 
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discussed. 
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1. Introduction

Empirical studies show that workers’ motivation is often driven by the mission of their projects,

in addition to financial rewards.1 A project mission can be broadly defined as the overall

project’s design and characteristics: the type of good that is provided, how it is provided, to

whom it is provided, and so on. For instance, the project mission can include the targeted

beneficiaries of a social project, the political orientation of a journalistic project, the topic of a

research project, or the teaching curriculum and the rules of conduct in an educational project.

In companies, a mission may include not only the financial target of a project but also its social

impact, e.g., through investments in corporate social responsibility. This evidence suggests that

the project mission can be used as a contracting tool by both public and private organizations

to incentivize and screen their workers. To date, however, we know little about the role of the

mission in optimal contracting.

There are several reasons why the study of the mission is relevant for contracting. First,

different actors involved in the provision of public goods, such as the procurer versus the

executor, or the employer versus the worker, may have different views on how to design the

project, i.e., different mission preferences. For example, an international aid contractor may

have different views on the role of religion in a school curriculum compared to a local non-

governmental organization (NGO) in a developing country (Besley and Ghatak, 1999, 2001,

2005). An editor and a journalist may disagree on what stories to cover or on the political

orientation to give to an article. Government agencies and private foundations that fund

research projects may have different research agendas, typically more policy oriented compared

to those of scientists. In the case of companies, employees may care about CSR investments,

while the firm may be focused solely on profit. Second, individuals vary in the extent to

which they care about the mission, and this is usually not observable: some individuals may

feel very strongly about the project mission, while others may care mostly about the financial

compensation for doing the project. Third, in several contexts, such as in the provision of public

goods, output is often not contractible and output-contingent rewards are rarely used (Francois

and Vlassopoulos, 2008). Hence, the choice of the project mission, by affecting workers’ intrinsic

rewards for doing the project, becomes a crucial instrument to motivate effort.

The above-mentioned observations raise a number of interesting questions. How should

a principal select the agent who carries the project? Should the project mission reflect the

preferences of the principal or those of the agent? What is the effect of non-contractibility of

effort and of informational asymmetries about agents’ motivation on the optimal mechanism?

1See Cassar and Meier (2016) for a recent literature review.
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To address these questions, I develop and analyze a model in which a principal offers a

contract to an agent for the development of a project and can influence the agent’s marginal

return of putting effort into the project by the choice of the project mission. Indeed, both the

principal and the agent derive an intrinsic benefit from pursuing certain (observable) missions

and, therefore, from the project being designed in a certain way. The closer the project mission

is to an agent’s ideal mission, the higher the agent’s marginal return of effort. However, the

mission preferences of the principal and of the agents are misaligned, and the agents vary in

how much they care about the mission, i.e., they have heterogeneous intrinsic motivation levels.

I consider two variations of the model: i) whether effort is contractible or not and, ii) whether

information about the agent’s intrinsic motivation is complete or asymmetric. In the last part

of the paper, I allow multiple agents and derive the optimal mechanism to select and incentivize

an agent.

My findings suggest that the non-contractibility of effort brings the project mission closer to

the agent’s preferences, while asymmetric information about the agent’s motivation brings the

project mission closer to the principal’s preferences. The intuition for the first result is that in

addition to increasing the agent’s intrinsic benefit from doing the project, and thus, to reducing

his payment, the project mission acts as an incentive device when effort is non-contractible.

In fact, the agent under-invests in effort compared to the first-best level. Hence, the principal

extracts additional effort by moving the project mission towards the agent’s preferences. The

intuition for the second result is that by moving the project mission away from the agent’s

preferences, the principal makes the contract of lower-types less attractive for the higher types

and thereby reduces their informational rents. Therefore, my model generates the predictions

that projects’ or organizations’ missions will be closest to workers’ (employers’) preferences in

sectors and industries where output is non-contractible (contractible) and where the uncertainty

about workers’ motivation is low (high), e.g., in sectors with high (low) competition and large

(small) labor supply.

When effort is non-contractible, I also find the following results. First, the informational

asymmetry leads to a “double distortion” in the optimal mission compared to the full-information

optimum: a standard distortion that reduces the agent’s intrinsic return of effort holding the

agent’s effort fixed, and an additional distortion that aims at reducing the agent’s effort. In

fact, when effort is contractible, this additional distortion of the mission is absent because the

principal can directly distort the contracted effort level. This distortion in the contracted effort

level contributes to reducing the informational rent that should be paid to the agents with

higher intrinsic motivation. However, when effort is not contractible and, therefore, cannot

be directly distorted, the principal needs to move the project mission even closer to her own
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preferences in order to induce the agent to exert less effort.

Second, contrary to a standard result in auction theory, it is not optimal to exclude low-

types agents from the competition. When effort is non-contractible, the surplus of the agent is

non-negative even for the lowest type because an agent has always the option of putting zero

effort into the project. Hence, the optimal payment to the agent when effort is non-contractible

is always non-positive,2 and this can be shown to lead to a positive virtual total surplus for

all types. On the contrary, when effort is contractible, the surplus of the lowest-type agent is

negative because the latter is forced to exert more effort compared to the level that maximizes

his utility. Hence, the participation constraint requires a positive financial compensation to the

lowest type, which can lead to a negative virtual total surplus of the agents with low intrinsic

motivation.

Third, I show that the optimal mechanism can be implemented through a scoring auction

whose scoring rule–i.e., the rule that determines the auction’s winner by assigning scores to all

bidders–is equal to the principal’s utility function plus two additional terms that induce the

agents to bid on a project mission that is closer to the principal’s preferences.

This paper belongs to the contract theory literature with motivated agents (Murdock, 2002;

Francois, 2003; Benabou and Tirole, 2003, 2006; Besley and Ghatak, 2005; Chau and Huysen-

truyt, 2006; Delfgaauw and Dur, 2007, 2008; Prendergast, 2007, 2008). Among these studies,

only Besley and Ghatak (2005) and Chau and Huysentruyt (2006) model mission preferences.

Besley and Ghatak (2005) show that a principal can save on monetary incentives if he is matched

with an agent who shares his same mission preferences. In their setting, however, the job mis-

sion is assumed to be exogenous;3 there are no informational asymmetries, motivated agents

vary in their ideal missions rather than in the intensity of mission preferences, and the authors

do no derive the optimal allocation mechanism but focus on a stable matching analysis. Fur-

thermore, instead of varying the contractibility of effort, the authors allow output-contingent

rewards. Chau and Huysentruyt (2006) show that a competitive tender for the allocation of

public funds between two non-profits leads to an ideological compromise between the missions

of the principal and those of the contracted non-profit. However, their model and analysis are

very different from the ones in this paper. First, their model assumes the presence of ”exter-

nalities”, namely that a non-profit derives a (positive or negative) utility even if the project is

carried out by another organization. Second, in their model the agents’ effort, and therefore

the incentive effects, are absent. Third, the two non-profits vary in their costs rather than

in their intrinsic motivation to provide the good. Finally, the authors do not derive the opti-

2In other words, it is the agent who pays the principal to run the project.
3The authors only briefly discuss the possibility of relaxing the assumption of exogenous job mission but

leave the detailed analysis for future work.
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mal mechanism but rather compare the outcomes from a given competitive tendering versus a

cooperative bargaining solution.

The remainder of the paper is organized as follows. The next section describes the model.

Section 3 characterizes the full information optimum under contractible and non-contractible

effort. Section 4 does the same under the assumption of asymmetric information. Section 5

introduces multiple agents. Section 6 discusses applications and links to the empirical evidence.

Section 7 concludes.

2. The Model

Consider the following environment: a principal (she) offers a contract to an agent (he) for

the realization of a project. The contract specifies a project mission, m, a lump-sum payment,

p and, depending on the context, it can also specify the effort level, e, which the agent is

required to put into the project.4 If the effort level is not contractible, the agent first receives

the contract (m, p) and then decides how much effort to exert.

The agent and the principal derive an intrinsic benefit from pursuing certain missions.

More specifically, the contracted project mission m affects both the agent’s and the principal’s

marginal return of effort. The closer the project mission m is to the agent’s (principal’s)

preferences, the higher his (her) marginal return of effort. The most interesting case, which

will be the focus of this paper, arises when the agent’s and the principal’s mission preferences

are misaligned, namely, when the agent and the principal disagree on what the mission of the

project should be.

The extent to which the agent cares about the mission is measured by the exogenous pa-

rameter θ, in other words, his intrinsic motivation level. Very intrinsically motivated agents

care a great deal about the mission and have a high θ. On the contrary, a standard agent with

purely financial motives has a θ equal to zero.

Formally, the agents’ and the principal’s preferences can be represented as follows. The

utility of the agent from contracting with the principal is given by

U = p+ θG(m)e− C(e) (1)

G(m) represents the agent’s intrinsic benefit from working in a project with mission m and

has properties G > 0, G′ > 0, G′′ < 0. Note the interaction between θ and G(m). It means

4I assume the output of the project to be equal to the agent’s effort. This coincides with assuming a linear
production function Y (e) = e. Alternatively, e can be interpreted as the probability of a high output. To avoid
confusion, throughout the paper I will only refer to the agent’s effort rather than to the project’s output.
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that the effect of the mission on the agent’s marginal return of effort is increasing in θ. The

intuition behind this assumption is straightforward: the effort that a highly motivated agent is

willing to put into the project is more sensitive to choice of the project mission than the effort

of an agent who is mainly driven by money.5 C(e) is the standard disutility from effort, with

properties C ′ > 0, C ′′ > 0, C ′′′ ≤ 0.

The principal’s utility from contracting with the agent is

V = M(m)e− p (2)

where M(m) represents the principal’s valuation of a project with mission m. M(m) has

properties M > 0,M ′ < 0,M ′′ < 0. The misalignment between the agent’s and the principal’s

mission preferences is captured by the difference in the sign of the first derivative of G and M .

While the agent prefers larger values of m, the principal prefers smaller values. If no contract

is concluded, both the principal and the agent get utility equal to zero.

3. Full information

3.1. First-best: contractible effort

Suppose that effort is contractible and that all information described in section 2 is common

knowledge. The principal then chooses m and e that maximize total surplus and sets p to

make the participation constraint of the agent binding. It is straightforward to show that the

solutions to the maximization problem yield the following results:

−M ′(mFB) = θG′(mFB) (3)

M(mFB) + θG(mFB) = C ′(eFB) (4)

The first-best mission is the one that equalizes the agent’s and the principal’s marginal

returns of effort. The first-best effort level is the one that equalizes the total marginal returns

with the total marginal costs of effort under project mission mFB. Because the agent’s marginal

return of effort is increasing in θ, mFB and eFB are also increasing in θ. That is, the higher the

agent’s intrinsic motivation level is, the closer the project mission to the agent’s preferences

and the higher the contracted effort level.

5This is a simplified version of a more general model with G(m, θ) and Gmθ > 0 or of a model with G(m, θ, e)
and Gemθ > 0. The analysis and the results of this paper are not affected by this simplification. Notice also that
the assumption of the concavity of G means that small deviations from one’s ideal mission has a small effect on
the marginal return of effort, while small deviations starting from a very distant mission will have a larger effect.
While it can be debated whether this is always the most realistic representation of mission preferences, such an
assumption is very helpful in ensuring the existence and uniqueness of an internal solution to the problem.
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3.2. Second best: non-contractible effort

Now suppose that effort is not contractible. After the agent receives the contract (m, p), he

decides how much effort to exert. Thus, when choosing m, the principal needs to take into

account the agent’s effort response. p is again set to make the agent’s participation constraint

binding. Let S̃(m, e, θ) be the total surplus given m, e and θ, i.e., S̃(m, e, θ) = (M(m) +

θG(m))e− C(e). The solution to the problem is summarized in the first proposition.

Proposition 1 The optimal project mission under full-information and non-contractibility of

effort satisfies:

−M ′(m∗∗)e∗∗ = θG′(m∗∗)e∗∗ + S̃∗∗e e
∗∗
m (5)

The optimal effort level satisfies:

θG(m∗∗) = C ′(e∗∗) (6)

Proof. See Appendix.

S̃∗∗e is the derivative of S̃(m, e, θ) with respect to e evaluated at (m∗∗(θ), e∗∗(m∗∗(θ), θ), θ) and e∗∗m

is the derivative of e∗∗ with respect to m evaluated at (m∗∗(θ), θ). Note that S̃∗∗e = M(m∗∗) > 0

and e∗∗m > 0. Hence, the comparison between equations (3) and (5) clearly shows that m∗∗ >

mFB. That is, when effort is non-contractible, it is optimal for the principal to distort the

project mission towards the agent’s preferences compared to the first best. The intuition for

this result is simple: the principal uses the project mission as an incentive device to extract

more effort from the agent. Indeed, the comparison between equations (4) and (6) suggests

that, for any given mission, the agent under-invests in effort compared to the first best because

he fails to internalize the preferences of the principal. The principal partially compensates

for this lower effort by aligning the mission towards the agent’s preferences. This additional

”incentive effect” of the mission is captured by the term S̃∗∗e e
∗∗
m , namely the effect of the mission

on the total surplus via an increase in effort.

Note that unlike the standard model, even if the agent is not risk-averse, here it is not

possible for the principal to reach the first-best contract by selling the project to the agent.

Given that the payoffs are intrinsic rather than monetary, they do not vary with ownership:

even if the agent becomes the owner of the project, he will still want to exert an effort level equal

to (6) rather than (4). The principal could induce the agent to exert the first-best effort level

and to choose the first-best mission by setting the price of the project equal to her surplus, i.e.,

p = M(m)e, but this would only give her a payoff equal to zero. Hence, the first-best contract

cannot be implemented when effort is not contractible.

6



Finally, note that the effect of θ on the optimal mission m∗∗ is not as unambiguous as under

the first-best solution. While the RHS of equation (5) is increasing in θ, the LHS is decreasing.

On the one hand, the effect of a marginal increase in m on the marginal surplus that can be

extracted from the agent is increasing in θ (i.e, θG′(m∗∗)e∗∗θ + G′(m∗∗)e∗∗ > 0). The more

motivated an agent is, the higher the intrinsic utility that he derives from a better alignment

between the project mission and his preferences. Hence, the minimum payment that makes him

accept the contract also decreases with higher motivation. Furthermore, an increase in θ also

increases the marginal effect of the mission on the principal’s surplus via an increase in effort

(i.e., M(m∗∗)e∗∗mθ > 0). The more motivated an agent is, the higher the increase in effort–and

thus in the principal’s surplus–that results from an increase in m. On the other hand, however,

the increase in effort generated by the increase in θ also increases the principal’s marginal cost

of compromising on the project mission (i.e., M ′(m∗∗)e∗∗θ < 0), which decreases the principal’s

surplus. Hence, the overall effect of θ on m∗∗ depends on the relative size of these counteracting

forces.

Corollary 1 If C ′′′ is sufficiently small–such that e∗∗mθ is sufficiently large–m∗∗ is increasing in

θ.

Proof. See Appendix.6

According to Corollary 1, a sufficient condition for the optimal mission to be increasing in

the agent’s intrinsic motivation is that C ′′′ is small enough, such that the cross derivative of the

agent’s effort with respect to m and θ evaluated at (m∗(θ), θ), namely e∗∗mθ, is sufficiently large. If

this is the case, the power of θ in increasing the marginal effect of the mission on the principal’s

surplus via the increase in effort (i.e., M(m∗∗)e∗∗mθ > 0) will be large enough to dominate–along

with the higher extractable surplus from the agent–the decrease in the principal’s surplus due

to the higher cost of compromising on the mission. Corollary 1 rests on the following basic

intuition: if the power of the mission in motivating effort increases sufficiently with the degree

of the agents’ intrinsic motivation, agents with higher intrinsic motivation should be offered

missions that are more aligned with their ideals, exert more effort and receive lower payments.

6In the more general versions of the model, it would have also been sufficient to assume that Gmθ or that
Gemθ are large enough.

7



4. Asymmetric information

4.1. Contractible effort

Let’s come back to the setting where the principal can contract the agent’s effort level. However,

now she cannot observe the agent’s intrinsic motivation level and instead perceives the agent’s

type as being independently drawn from a distribution function F (.) on the interval [0, θ]. F (.)

is assumed to satisfy the monotone hazard rate property, i.e., ∂[(1− F (θ))/f(θ)]/∂θ < 0. It is

easy to verify that the first-best contract is not feasible because the agent has an incentive to

understate his intrinsic motivation level.

The principal’s optimization problem under incomplete information and contractible effort

is:

max
m(.),p(.),e(.)

Eθ

(
M(m(θ))e(θ)− p(θ)

)
(7)

subject to

θ ∈ arg max
θ̂∈Θ

U(θ̂, θ) = p(θ̂) + θG(m(θ̂))e(θ̂)− C(e(θ̂)) (8)

U(θ) ≥ 0 (9)

where U(θ̂, θ) is the agent’s utility when he reports his intrinsic motivation level to be θ̂ and

where U(θ) is the agent’s utility when telling the truth. The incentive compatibility constraint

in (8) then imposes that U(θ̂, θ) is maximized at θ̂ = θ, that is, it should be optimal for the

agent to report his type truthfully. Equation (9) represents the participation constraint. The

solution to this problem leads to the following proposition:

Proposition 2 The optimal project mission under asymmetric information and contractibility

of effort satisfies:

−M ′(mSB) =
(
θ − 1− F (θ)

f(θ)

)
G′(mSB) (10)

The optimal contracted effort level is:

M(mSB) +
(
θ − 1− F (θ)

f(θ)

)
G(mSB) = C ′(eSB) (11)

The optimal payment is:

pSB(θ) = C(e(0)) +

∫ θ

0

G(m(t))e(t,m(t))dt− θG(m(θ))e+ C(e) (12)
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Proof. See Appendix.

The term 1−F (θ)
f(θ)

represents the standard distortion compared to the first-best solution. Hence,

the optimal project mission under incomplete information is closer to the principal’s preferences

than under the first best. Similarly, the contracted effort level will be lower than under the

first best. Given the regularity assumption about F (.), the distortion in both the mission and

contracted effort decreases in the intrinsic motivation of the agent (no distortion at the top).

The intuition for such distortion is not new: by distorting the project mission towards her own

preferences and by contracting a lower effort level, the principal makes the contract for low

types agents less attractive to the agents with higher intrinsic motivation, thereby reducing

the rent she has to pay to make them report their type truthfully. Finally, the regularity

assumption about F (.) ensures that both mSB and eSB are increasing in θ, as it was the case

under the first-best.

4.2. Non-contractible effort

If effort is not contractible, the principal faces the additional ”effort constraint” described in

equations (6) and (16). The maximization problem of the principal then becomes:

max
m(.),p(.)

Eθ

(
M(m(θ))e∗(θ)− p(θ)

)
(13)

subject to

θ ∈ arg max
θ̂∈Θ

U(θ̂, θ) = p(θ̂) + θG(m(θ̂))e∗(θ̂)− C(e∗(θ̂)) (14)

U(θ) ≥ 0 (15)

θG(m(θ̂)) = C ′(e∗) (16)

where the principal doesno longer chooses e but must take into account the optimal effort level

in (16). Let Ṽ (m, e, θ) be the virtual surplus generated by a type-θ agent when the principal’s

mission choice is m, taking the agent’s effort e as given, i.e., Ṽ (m, e, θ) =
(
M(m) +

(
θ −

1−F (θ)
f(θ)

)
G(m)

)
e − C(e). Sufficient conditions for the problem above to be “well-behaved” are

listed in the following assumptions:

Assumption 1 C ′′′ < C such that e∗∗mθ > e.7

7See the proof of proposition 3 in the Appendix for the derivation of C and e.
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Assumption 2 Ṽ ∗e (m, θ) ≥ 0 ∀θ.

where Ṽ ∗e is the derivative of Ṽ (m, e, θ) with respect to e evaluated at the optimal solution of

the problem (m∗(θ), e∗(m∗(θ), θ), θ), i.e., Ṽ ∗e =
(
M(m∗) − 1−F (θ)

f(θ)
G(m∗)

)
. In other words, As-

sumption 2 requires that the virtual surplus evaluated at the optimal mission is non-decreasing

in effort, which naturally occurs if the principal cares enough about a project with mission m∗,

namely if M(m∗) is large. Assumptions 1 and 2 ensure that the optimal solution to the problem

is monotonically increasing in θ and, therefore, that the single crossing differences condition

∂2U∗/∂θ̂∂θ > 0 holds, which, in turn, guarantees that the incentive compatibility constraint in

(14) is satisfied.

The next proposition describes the solution to the problem under these two assumptions:

Proposition 3 The optimal project mission under asymmetric information and non-contractibility

of effort satisfies:

−M ′(m∗)e∗ =
(
θ − 1− F (θ)

f(θ)

)
G′(m∗)e∗ + Ṽ ∗e e

∗
m (17)

where Ṽ ∗e =
(
M(m∗)− 1−F (θ)

f(θ)
G(m∗)

)
. The optimal payment is:

p∗(θ) =

∫ θ

0

G(m(t))e(t,m(t))dt− θG(m(θ))e+ C(e) (18)

Proof. See Appendix.

The expression in equation (17) has a natural economic interpretation: moving the mis-

sion marginally towards the agent’s ideal, while holding the agent’s effort fixed, reduces the

principal’s surplus by −M ′(m∗)e∗, but it increases the capturable surplus of the agent by(
θ − 1−F (θ)

f(θ)

)
G′(m∗)e∗. It also increases the agent’s effort by e∗m, which increases the virtual

surplus, which the principal captures at the margin, by Ṽ ∗e . The role of Assumptions 1 and 2

becomes now evident: if the effect of the mission on the agent’s effort is highly increasing in

θ (Assumption 1) and the virtual surplus is increasing in effort (Assumption 2), the optimal

mission will be increasing in θ.8

It is easy to compare the optimality condition in (17) with the optimality condition under

complete information, namely equation (5). For any given m, one can verify that e∗∗ = e∗, e∗∗m =

e∗m, S̃
∗
e > Ṽ ∗e , and θ− 1−F (θ)

f(θ)
< θ, so it must be the case that m∗ < m∗∗ for every θ < θ. In other

words, private information information about θ leads the mission choice to be closer to the

8Essentially, the intuition behind Assumptions 1 and 2 is the same as the intuition for Corollary 1. Again,
in the more general versions of the model with G(θ,m) or G(m, θ, e) , Assumption 1 should be replaced by the
assumption that Gmθ or Gemθ are positive and large enough.
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principal’s ideal. As we have seen in the previous subsection, this result also holds when effort

is contractible. However, when effort is not contractible, the mission has a “double distortion”:

the first distortion of m, which is also present in equation (10), namely, 1−F (θ)
f(θ)

G′(m), reduces

the agent’s marginal intrinsic benefit of effort while holding the agent’s effort fixed. The second

distortion of m, namely, 1−F (θ)
f(θ)

G(m), is an “effort driven distortion”, in the sense that it aims at

reducing the agent’s effort. When effort is contractible, this additional distortion of the mission

is absent because the principal can directly distort the contracted effort level. However, when

this is not possible, the principal needs to move the project mission even closer to her own

preferences in order to induce the agent to exert less effort.

Thus, all together, Propositions 1-3 suggest that the non-contractibility of effort pushes

the project mission towards the agent’s preferences, while information asymmetries move the

project mission towards the principal’s preferences. Hence, the following corollary:

Corollary 2 The project mission is closest to the principal’s mission preferences when effort is

contractible and there is informational asymmetry about the agent’s intrinsic motivation. The

project mission is closest to the agent’s mission preferences when effort is non-contractible and

information is complete.

5. Multiple agents: optimal mechanism

In this section I extend the model with asymmetric information and non-contractibility of effort

to allow for multiple agents. The principal now faces the additional problem of having to select

one out of n motivated agents to whom to allocate the project. Without loss of generality,

I restrict my attention to direct and incentive compatible mechanisms. That is, I look for a

mechanism that specifies for each agent i, with i = 1, ..., n, a probability of winning the project

qi(.), a project mission mi(.), and a payment pi(.) as functions of the agents’ reported intrinsic

motivation levels (θ̂1, ..., θ̂n) = θ̂ and that induces a truth-telling Bayesian Nash equilibrium,

θ̂ = θ.

The principal’s optimization problem is described below. As in the previous subsection,

Assumptions 1 and 2 are sufficient conditions for the problem to be well-behaved.

max
qi(.),mi(.),pi(.)

Eθ

( n∑
i=1

qi(θ)M(mi(θ))e
∗
i − pi(θ)

)
(19)

subject to

θi ∈ arg max
θ̂i∈Θ

Ui(θ̂i, θi) = Eθ−i

(
pi(θ̂i, θ−i) + qi(θ̂i, θ−i)θiG(mi(θ̂i, θ−i))e

∗
i − C(e∗i )

)
(20)
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Ui(θi) ≥ 0 (21)

θiG(m(θ̂i, θ−i)) = C ′(e∗i ) (22)

n∑
i=1

qi(θ) ≤ 1 and qi(θ) ≥ 0 for any θ, i = 1, ..., n. (23)

where Ui(θ̂i, θi) is the expected utility of agent i when he reports his intrinsic motivation level to

be θ̂i and all the other agents report their intrinsic motivation levels truthfully, and where Ui(θi)

is the agent’s i expected utility when telling the truth. The incentive compatibility constraint in

(20) then imposes that Ui(θ̂i, θi) is maximized at θ̂i = θi, that is, it should be optimal for agent

i to report his type truthfully. Equations (21), (22), (23) represent the individual rationality

constraint, the agent’s ex-post optimal level of effort, and the basic properties of the probability

function, respectively. The solution to this problem leads to the next proposition:

Proposition 4 Under the optimal mechanism:

a)The project is always allocated to the agent with the highest intrinsic motivation:

q∗i (θ) =

{
1 if θi > max∀j 6=i θj
0 otherwise

(24)

b)The optimal project mission m∗i (θ) satisfies equation (17).

c)The optimal expected payment is:

p∗i (θi) =

∫ θi

0

Eθ−i

(
qi(ti, θ−i)G(mi(ti, θ−i))ei(ti,m(ti, θ−i))

)
dti−Eθ−i

(
qi(θ)

(
θiG(mi(θ))ei−C(ei)

))
(25)

Proof. See Appendix.

Proposition 4 suggests that the project is always allocated to the one among n agents who

has the highest intrinsic motivation level. Hence, contrary to a standard result in auction

theory, here it is not optimal for the principal to reduce the informational rents by excluding

low types from the competition. The intuition for this finding lies on the non-contractibility

of effort, which by the FOC in equation (22), ensures that the agent’s surplus, and in turn

the virtual surplus, is non-negative ∀θ. To see this formally, let’s reorganize the virtual sur-

plus V ∗(m, e, θ) generated by agent i and evaluated at the optimal solution of the problem

(m∗(θ), e∗(m∗(θ), θ), θ) in the following way:

θiG(m∗i )e
∗
i − C(e∗i ) +

(
M(m∗i )−

1− F (θi)

f(θi)
G(m∗i )

)
e∗i ≥ 0 (26)
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The first two terms in (26) represent the agent’s surplus, which must be non-negative by the

FOC in (22). Thus, a sufficient condition for V ∗(m, e, θ) to be non-negative ∀θ is that the last

term in (26) is also non-negative ∀θ. The latter is nothing but Ṽ ∗e e
∗, which, by Assumption

2, is always non-negative. So essentially, in a setting where effort is non-contractible and the

virtual surplus is increasing in effort, it is always optimal to allocate the project.

Note that if effort were contractible, the non-exclusion finding would not (necessarily) hold.

As can be inferred from the FOC in (11), the surplus of the lowest-type agent, i.e., a standard

profit-maximising agent with θi = 0, is negative: he is forced to exert a positive amount of effort

even though he does not derive any intrinsic benefit from it.9 Hence, as can be seen in (12),

in order to make type-0 agent participate, the principal needs to offer a payment that covers

his effort costs, i.e, pi(0) = C(e(0)). This term plays a similar role as an (endogenous) agent’s

outside option. So even if the virtual surplus is increasing in effort, it may not be positive for

all types. To see this formally, please note that the virtual surplus when effort is contractible

is equal to: (
M(mSB

i ) +
(
θi −

1− F (θi)

f(θi)

)
G(mSB

i )
)
eSBi − C(eSBi )− C(e(0)) (27)

While the sum of the first two terms must be positive from the FOC in (11), it is not necessarily

larger than C(e(0)). Let equation (27) be equal to 0 for θ = θ. Then, the principal will exclude

all types θ < θ.

Finally, notice that the optimal mission is the same as in the one-agent version of the model.

This is the so-called “dichotomy property” by Laffont and Tirole (1987). To see the intuition

for this result, notice that the maximization problem in (19) is the same as the one in (13) with

the exception of having to choose the allocation rule qi(θ), which is a simple weighting function

and, therefore, does not affect the optimal solution of the mission compared to the model with

one agent.

5.1. Implementation

The optimal mechanism can be implemented through a scoring auction:

Proposition 5 The optimal outcome can be implemented through a first- or second-score auc-

tion with scoring rule S∗(m, p):

S∗(m, p) = M(m)e∗(m)− p−
∫ m

v

1− F (m−1
0 (s))

f(m−1
0 (s))

(G′(s)e∗(s) +G(s)e∗m(s))ds

9Note that the condition to have an internal solution of effort for the lowest type is equivalent to Assumption
2. If this condition does not hold, the problem is still well-behaved in this case, but the principal will want zero
effort from type-0 agent and, thus, will exclude him from the competition.
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for m ∈ [m0(0),m0(θ)] and where m0(.) is the optimal mission in (17), e∗(m) is the optimal

effort in (22) and v is any real number.

Proof. See Appendix.

A scoring auction is a multi-dimensional auction where agents bid on both the price and the

project mission, and bids are evaluated by a scoring rule designed and announced ex-ante by

the principal. The bidder with higher total score wins. More specifically, under the first-score

auction the winner develops the project with the offered mission at the offered price. In the

second-score auction, the winner is required to match the highest rejected score in the auction

with no additional constraints attached to the combination of mission-price.

The scoring rule in Proposition 5 can be rewritten as S∗(m, p) = M(m)e∗(m)− p−∆(m).

Hence, the scoring rule is equal to the principal’s utility function minus the term ∆(m), which

is increasing in m and, therefore, induces the agents to bid a project mission that is closer to the

principal’s ideal mission than under the full information optimum with non-contractible effort.

In other words, ∆(m) implements the distortion in the optimal project mission described in

Proposition 3 and consists of two terms. The first term–i.e,
∫ m
v

1−F (m−1
0 (s))

f(m−1
0 (s))

G′(s)e∗(s)ds–is the

distortion that reduces the agent’s intrinsic benefit from effort, holding effort fixed. The second

element–i.e,
∫ m
v

1−F (m−1
0 (s))

f(m−1
0 (s))

G(s)e∗m(s)ds–is the distortion to induce a lower effort level. In a

model in which the agent’s effort is taken to be exogenous, as it is in Che (1993), ∆(m) consists

only of the first term.

6. Applications

The analysis is relevant for a wide set of labor market environments where the mission of the

job is part of the compensation package that a principal can use to select and motivate an

agent. Below I discuss its application to the design of competitions for aid contracts, research

funding, creative jobs and corporate social responsibility.

6.1. Competition for aid contracts

The model applies to the design and allocation of procurement contracts for the provision of

social goods and services. Governments and aid agencies regularly face trade-offs like the one

described in this paper: They need to select private organizations for the development of social

projects but usually cannot observe the real motivation of these organizations. Furthermore,

different actors in the development sector have often different views on how to implement aid
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projects (Besley and Ghatak, 1999, 2001), leading to ideological conflicts similar to the ones

described above.

Consistent with the model presented in this paper, public and international organizations,

such as EuropeAid, USAID, the UK’s Department for International Development (DFID),

and the World Bank’s International Development Association, make extensive use of scoring

auctions to allocate aid contracts. In practice, at the launch of the tender, these organizations

release the project’s “Terms of Reference” (TOR) along with the scoring rule that will be

adopted to evaluate each bid. The TOR is a document that describes in detail the ideal project

mission from these organizations’ point of view. In terms of this model, it means that the

principal’s mission preferences are common knowledge. Then, each competing candidate bids

a price and a proposal on the project’s design and characteristics. Finally, the scoring rule

assigns a score to the offered price and to each aspect of the proposal according to the extent

to which it conforms with the specified TOR. The bidder with highest total score wins.

The study by Huysentruyt (2011) provides empirical evidence regarding the bidding strate-

gies used by for-profits and non-profits in scoring auctions for the allocation of aid contracts

by the DFID. The data set analyzed includes detailed information about all of the 457 aid ser-

vice contracts that were allocated through scoring auctions between the period 1998 and 2003,

including the terms of reference as well as the 1,222 bids that were made for these contracts.

Among other things, the paper looks at how bidding strategies, contract outcomes and partic-

ipation in specific tenders vary between profits and non-profits. Two results are particularly

relevant for the present analysis. The author finds that, holding the tender constant, (1) non-

profits make bids that score on average 4 to 6 percentage points worse on their compliance with

the DFID’s terms of reference (TOR) relative to for-profits; (2) the overall prices proposed by

non-profits are approximately 60% cheaper, on average, than the prices proposed by for-profits.

These results are consistent with Propositions 3 and 4, if we reasonably assume that workers

in non-profit organizations have on average a higher intrinsic motivation than workers in for-

profit organizations. Agents with higher intrinsic motivation are willing to sacrifice financial

gains in favor of a higher level of control over the project mission. Therefore, they will bid

a lower price for developing the project and will bid a project mission that is more distant

from the principal’s ideal mission. On the other hand, agents with lower intrinsic motivation

prefer to comply more with the principal’s ideal mission in order to receive higher payments.

As a consequence, they will bid a higher price for developing the project and will bid a project

mission that is closer to the principal’s ideal mission. Overall, highly motivated agents are more

likely to score less on the mission dimension and more on the financial dimension than agents
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with low intrinsic motivation.10

Finally, the paper contributes to the longstanding debate on the desirability of public-private

partnerships for the delivery of social goods by providing insights on whose values are more

likely to dictate the provision of these goods and under which circumstances. As discussed

in Chau and Huysentruyt (2006), one may be worried that public values, such as laicism,

might be undermined by delegating the provision of social services to, for instance, religious

organizations. On the other hand, there is the concern that the state may interfere with non-

profits’ goals and values, as the dependence on public funds is likely to make the non-profits

vulnerable to political pressures. This paper shows that non-profits’ missions are more likely

to be compromised in the presence of informational asymmetries and when output (effort) is

contractible (Corollary 2).

6.2. Competition for research funding

The model applies to the design and allocation of research grants. Academics and scientists who

conduct research are often motivated by specific research agendas, addressing specific research

questions with specific research methods. Typically, academics’ and scientists’ research agendas

are targeted to making academic contributions, which usually require very rigorous analysis

at the expense of the breadth of practical application. On the contrary, research funding

agencies, such as government agencies and private foundations, are mostly interested in the

policy relevance and societal impact of a research project, which often comes at the expense of

rigorous and scientific analysis.

Such misalignment in research interests, along with the fact that there is heterogeneity in

researchers’ intrinsic motivation that is usually not observable by the funding agency, generates

similar trade-offs as the one described in this paper: funding agencies have to choose a rule

to allocate grants, the amount of the grants, and how many conditions to attach to the grant,

knowing that the number of conditions and their level of detail will determine how much freedom

the researchers will have to pursue their own research agendas, and in turn how much effort

they will be willing to put into the project.11.

10It is worth mentioning that this evidence does not prove that the DFID is actually using the optimal
scoring auction. Other non-optimal scoring auctions may lead to similar results, as long as non-profits care
more about the mission than for-profit organizations. Rather, this evidence suggests that my model gives a
good representation of the trade-offs present in the aid contracting environment and of the preferences of the
actors involved in that environment.

11Just recently, the Centre for Economic Policy Research (CEPR) under the cooperative action “Cooperation
for European Research in Economics” (COEURE), financed by the European Commission, has launched a called
for tender for the analysis of “research funding agencies in Europe, how research agendas are set; how priorities
are decided; and what is the balance between top down and bottom up initiatives, between academic criteria
and policy relevance/societal impact.” The main goal of this project is to “suggest ways in which funding
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Hence, applied to this setting, Propositions 3 predicts that because government agencies

and private foundations cannot observe the intrinsic motivation of the researchers, the research

projects that they fund through their grants are likely to be too “policy-oriented” and “less

academic” compared to what would be socially optimal. Furthermore, Proposition 4 suggests

that it is not optimal for the funding agencies to fix a maximum amount of the grant (i.e.,

a maximum p) because this would discourage researchers with low intrinsic motivation from

applying. As shown in Proposition 4, it is not optimal to exclude low-types from the competition

when effort is not contractible.

6.3. Creative jobs

More generally, this analysis applies to the design of contracts for jobs that involve a certain

level of creativity from the agent, such as journalism, photography, architecture, computer

programming, chefs, and so on. Workers in these professions usually care about the level of

discretion they are given in solving their tasks. Journalists, for example, may be motivated to

cover specific types of stories, they may have specific political orientations, or they may want

to use specific writing styles. These preferences usually do not perfectly coincide with those of

the editors.12 Furthermore, the extent to which each worker cares about having discretion in

designing a project is heterogeneous and unobservable by the employer. Hence, the contracting

problem of theses types of jobs is analogous to the model presented in this paper.

The optimal contracts described in Propositions 2 and 3 suggest that an employer should

offer workers a menu of contracts with different levels of wage and discretion (and effort, when

contractible) and let the workers self-select into one of these contracts based on his intrinsic

motivation level. In practice, offering such menu of contracts can be interpreted as offering the

choice between freelancing contracts versus contracts for permanent positions. Workers with

higher intrinsic motivation will then prefer the contracts designed for freelancers, which are

usually less attractive financially but offer more flexibility in following one’s personal passion

and interests.13

mechanisms might evolve in the future to more effectively support frontier research.” For more information
visit http : //www.coeure.eu/call − for − interest/

12Furthermore, even if a journalist had the exact same preferences as the editor of the newspaper at the time
in which the contract is signed, at that point in time there is high uncertainty about what news will emerge in
the future and, therefore, whether the journalist and the editor will always continue to perfectly agree on which
stories to cover. Hence, even in such situations, the issues discussed in this paper will apply.

13For example, in the Freelance industry report of 2012, 83% of people list as main benefit of
being a freelancer a non-monetary argument, such as being able to choose on which projects to
work, greater flexibility and creative freedom, while only 7.5% of people gave a financial reason,
such as higher income potential or higher income security. For more information visit https :
//s3.amazonaws.com/ifdconference/2012report/FreelanceIndustryReport2012.pdf
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6.4. Corporate social responsibility

Finally, the analysis of this paper can be applied to model firms’ investments in corporate social

responsibility (CSR). Indeed, firms can use CSR to make their mission more pro-social and,

in turn, to attract and incentivize more motivated employees. In such a model application,

M(m)e can be interpreted as a revenue function and m as the choice of how much to invest in

CSR, e.g., in the form of charitable donations or paid pro-bono work. Firms may indeed not

care about CSR directly (i.e., M ′ < 0) but only as a way to increase their profit by increasing

employees’ motivation (i.e., by increasing e) and to save on wages (i.e., by reducing p). Recent

empirical evidence has indeed revealed a negative correlation between firms’ investments in

CSR and wages (Nyborg and Zhang, 2013; Nyborg, 2014), which is consistent with all of the

propositions presented in this paper. This paper contributes further to the literature on CSR

by generating new testable predictions: CSR investments will be highest (lowest) in those

industries and sectors where output is non-contractible (contractible) and where there is low

(high) uncertainty about employees’ intrinsic motivation–e.g., if the labor supply (i.e., number

of agents) in that sector is sufficiently large, the uncertainty about the employees’ motivation

converges to zero as the employer knows she can attract the agent with the highest intrinsic

motivation.

7. Conclusion

This paper analyzes, for the first time, an optimal contracting problem where the agents vary in

their unobservable intrinsic motivation levels and are incentivized not by outcome-contingent

rewards, but by the choice of the project mission. The model points to a different “hidden cost

of control” which, contrary to Falk and Kosfeld (2006), Bartling et al. (2012, 2013), does not

arise from the perception that the lack of discretion is a signal of the principal’s distrust, but

from the fact that workers have direct preferences on how to design their projects (i.e., on the

project mission), and these preferences are not always aligned with those of their employers.

The analysis provides policy recommendations to governments, international agencies, and

private organizations who pursue specific missions on how to optimally design competitions

and contracts for allocating projects to motivated agents. I show that the non-contractibility of

effort brings the project mission closer to the agent’s preferences, while asymmetric information

about the agent’s motivation brings the project mission closer to the principal’s preferences.

I also find that when effort is non-contractible: i)the informational asymmetry leads to a

double distortion in the optimal mission compared to the full-information optimum, a standard
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distortion that reduces the agent’s intrinsic return of effort while holding the agent’s effort

fixed, and a second distortion that aims at reducing the agent’s effort; ii) it is not optimal to

exclude low-types agents from the competition; iii) the optimal mechanism can be implemented

through a scoring auction whose scoring rule is equal to the principal’s utility function plus

two additional terms that induce the agents to bid on a project mission that is closer to the

principal’s preferences. These findings can be applied to the allocation of aid contracts, research

finding, creative jobs and CSR investments.
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Appendix

Proof of Proposition 1

The maximization problem is

max
m(.)

M(m)e∗∗ + θG(m)e∗∗ − C(e∗∗)

subject to

θG(m) = C ′(e∗∗)

which leads to the following FOC:

M ′(m∗∗)e∗∗ +M(m∗∗)e∗∗m + θG′(m∗∗)e∗∗ = 0

The SOC requires:

M ′′(m∗∗)e∗∗ + θG′′(m∗∗)e∗∗ + (2M ′(m∗∗) + θG′(m∗∗))e∗∗m +M(m∗∗)e∗∗mm < 0

The first two terms are negative by the assumption of concavity of M and G, the third term is

negative from the FOC, while the fourth term is ambiguous and depends on the sign of e∗∗mm–

which can be shown to be negative for sufficiently negative G′′. Hence, sufficient conditions for

the SOC to hold is that M and G are sufficiently concave.

Proof of Corollary 1

From the Implicit function theorem, m∗∗(θ) is increasing if ∂FOC/∂θ > 0, i.e, if

(M ′(m∗∗) + θG′(m∗∗))e∗∗θ +G′(m∗∗)e∗∗ +M(m∗∗)e∗∗mθ > 0 (A-1)

where e∗∗mθ = −
(
C ′′(e∗∗)

)−2

C ′′′(e∗∗)
(
C ′′(e∗∗)

)−1

G(m∗∗)θG′(m∗∗) +
(
C ′′(e∗∗)

)−1

G′(m∗∗)

The first term in (A-1) is negative from the FOC, while the second term is positive. Hence, a

sufficient condition for the inequality in (A-1) to hold, is that e∗∗mθ is positive and sufficiently

large, which is the case if C ′′′ is sufficiently small.

Proof of Proposition 2

By applying the Envelope Theorem to the IC in (8), we get:

U ′(θ) = G(m(θ))e(θ)
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U(θ) = U(0) +

∫ θ

0

G(m(t))e(t)dt

The payment is then

p(θ) = p(0) +

∫ θ

0

G(m(t))e(t,m(t))dt− θG(m(θ))e+ C(e)

The participation constraint is binding for the lowest type, thus p(0) = C(e(0)). This proves

equation (12). Inserting the payment function into the objective function in (7) and maximizing

with respect to m and e gives the FOCs described in (10) and (11). The SOCs require

− C ′′(e) < 0 (A-2)

−C ′′(e)
(
M ′′(m) +

(
θ− 1− F (θ)

f(θ)

)
G′′(m)

)
e− 2

(
M ′(m) +

(
θ− 1− F (θ)

f(θ)

)
G′(m)

)
> 0 (A-3)

Equation (A-2) is always satisfied by the assumption of convex effort cost. The second term

in (A-3) is equal to zero at m = mSB. Hence, the SOCs are always satisfied for sufficiently

concave M .

To guarantee that the monotonicity condition is satisfied, we also need mSB and eSB to be

increasing in θ. By the Implicit function theorem, we know that the derivative of the FOCs in

(10) and (11) wrt θ must be positive. Let λ(θ) define the hazard rate, the conditions are:

∂FOC|m
∂θ

= G′(m)(1− λ′(θ)) > 0

∂FOC|e
∂θ

= G(m)(1− λ′(θ)) > 0

which are always satisfied from the monotone hazard rate property, namely λ′(θ) < 0.

Proof of Proposition 3

By applying the Envelope Theorem to the IC in (14), we get:

U ′(θ) = G(m(θ))e∗(θ) + (θG(m(θ))− C ′(e∗(m(θ), θ)))e∗θ(m(θ), θ)

where the second term is equal to 0 from the FOC on effort. Thus, we have

U(θ) = U(0) +

∫ θ

0

G(m(t))e(t)dt
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The payment is then

p(θ) = p(0) +

∫ θ

0

G(m(t))e(t,m(t))dt− θG(m(θ))e+ C(e)

The participation constraint is binding for the lowest type, thus p(0) = 0. This proves equation

(18). Inserting the payment function into the objective function in (13) and interchanging the

order of integration gives

E(V ) = Eθ

((
M(m) +

(
θ − 1− F (θ)

f(θ)

)
G(m)

)
e∗ − C(e∗)

)
Maximizing with respect to m gives the FOC described in (17). The SOC is(

M ′′(m) +
(
θ − 1− F (θ)

f(θ)

)
G′′(m)

)
e∗ + θG′(m)e∗m + 2

(
M ′(m)− 1− F (θ)

f(θ)
G′(m)

)
e∗m

+
(
M(m)− 1− F (θ)

f(θ)
G(m)

)
e∗mm < 0

The first term is negative for sufficiently concave M . The sum of the second and third term

is negative from the FOC. The last term is negative by Assumption 2 if e∗mm is also negative,

i.e., if G is sufficiently concave. Next, for the FOC in (17) to be the solution of the problem in

(13), m∗ must be increasing in θ, i.e., ∂FOC/∂θ must be positive. This condition is given by:(
1− λ′(θ)

)
G′(m)e∗ +

(
M ′(m) +

(
θ − 1− F (θ)

f(θ)

)
G′(m)

)
e∗θ − λ′(θ)G(m)e∗m

+
(
M(m)− 1− F (θ)

f(θ)
G(m)

)
e∗mθ > 0

The first and third terms are positive by the monotone hazard rate property. The second term

is negative by the FOC. Hence, for the condition to be satisfied, it is sufficient that the last

term is positive and sufficiently large, as stated in Assumptions 1 and 2. More specifically, we

need

e∗mθ > e =
1

Ṽ ∗e

(
λ′(θ)G(m)e∗m −

(
1− λ′(θ)

)
G′(m)e∗ −

(
M ′(m) +

(
θ − 1− F (θ)

f(θ)

)
G′(m)

)
e∗θ

)
The above condition is satisfied as long as:

C ′′′(e∗) < C =
((
C ′′(e∗)

)−1

G′(m)− e
)(
C ′′(e∗)

)2

C ′′(e∗)
1

θG′(m)G(m)

This completes the proof of Proposition 3.
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Proof of Proposition 4

For sake of notational simplicity, let qi(θi), mi(θi) and pi(θi) define, respectively, Eθ−i
qi(θ),

Eθ−i
mi(θ) and Eθ−i

pi(θ).

Applying the Envelope Theorem, as in the proof of Proposition 3, gives the expected pay-

ment to agent i in (25)

pi(θi) =

∫ θi

0

Eθ−i

(
q(ti, θ−i)G(mi(ti, θ−i))ei(ti,m(ti, θ−i))

)
dti − Eθ−i

(
qi(θ)

(
θiG(mi(θ))ei + C(ei)

))
Inserting the expected payment into the principal’s expected utility and interchanging the order

of integration gives

E(V ) =
n∑
i=1

Eθ

(
qi(θ)

((
M(mi(θ)) +

(
θi −

1− F (θi)

f(θi)

)
G(mi(θ))

)
e∗i − C(e∗i )

)))
which is maximized at m∗i (θ) in (17)–indeed, it is clear that the allocation rule qi(θ) is a simple

weighting function and, therefore, does not affect the optimal solution of the mission compared

to model with one agent.

Hence, the virtual surplus V ∗(m, e, θi) generated by agent i and evaluated at the optimal

solution of the problem (m∗i (θ), e
∗
i (m

∗
i (θ), θi), θi) is equal to:(

M(m∗i ) +
(
θi −

1− F (θi)

f(θi)

)
G(m∗i )

)
e∗i − C(e∗i )

which, if rearranged, gives equation (26) and, as explained in the main text, is always positive

under Assumption 2. This non-exclusion results leads to the optimal allocation rule qi(θ) in

(24). Next, we need to check the monotonicity condition, namely that the virtual surplus is

increasing in θ. V ∗θ can be shown to be equal to

(1− λ′(θ))G(m∗i )e
∗
i +

(
M(m∗i −

1− F (θi)

f(θi)
G(m∗i )

)
e∗θ

The first term is is always positive by the monotone hazard rate property. The second term,

namely V ∗e e
∗
θ, is also always positive by Assumption 2. This completes the proof of Proposition

4.

Proof of Proposition 5

Consider the scoring rule in Proposition 5, namely

S∗(m, p) = M(m)e∗(m)− p−
∫ m

v

1− F (m−1
0 (s))

f(m−1
0 (s))

(G′(s)e∗(s) +G(s)e∗m(s))ds

23



for m ∈ [m0(0),m0(θ)] and where m0(.) is the optimal mission in (17), e∗(m) is the optimal

effort in (22) and v is any real number. From Lemma 1 in Che (1993), I know that under the

first- and second-score auction with general scoring rule S(m, p), each agent bids an m that

maximizes Z(θi,m) = S(m, p) + θiG(m)e∗ − C(e∗). Thus, with scoring rule S∗(m, p) defined

above, each agent chooses the mission that satisfies the following FOC:

∂Z(θi,m)

∂m
=

(
M ′(m) +

(
θ − 1− F (m−1

0 (m))

f(m−1
0 (m))

)
G′(m)

)
e∗ +

(
M(m)− 1− F (m−1

0 (m))

f(m−1
0 (m))

G(m)
)
e∗m

= 0 if m = m0(θi)

where m0(θi) is the mission rule that satisfies the FOCs in (17). Thus, I have shown that the

optimal mission is implemented by the modified scoring rule S∗(m, p). Since under the first-

and second-score auction with scoring rule S∗(m, p) both the allocation rule and the project

mission are the same as under the optimal mechanism, the first- and second-score auctions

with this optimal scoring rule give the same expected utility to the principal as the optimal

mechanism.
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