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Abstract: The main characteristics of the basic principal / agent model are discussed. Several applications
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1. Introduction

Agency theory has been around for over twenty
years and has been applied extensively in a vari-
ety of contexts including accounting, finance, in-
dustrial organization and marketing. Baiman
(1982, p. 155) gives a concise definition of what
that theory is about: “Agency theory research
focuses on the optimal contractual relationships
among members of a firm, where each member is
assumed to be motivated solely by self-interest™.
As Ross (1973) points out, most contractual ar-
rangements contain an element of agency. The
literature on moral hazard is also closely related.

The basic model considers the interaction be-
tween two individuals, one of which is called the
principal, and the other the agent. In the simplest
situation the principal would like to delegate a
task to the agent. He wants to determine what
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(minimal) reward he should offer the agent to
ensure that

(1) the agent accepts to perform the task, and
(2) the agent performs the task in a satisfactory
way.

The former constraint is usually referred to as
the Individual Rationality Constraint (do not ac-
cept to perform a task if this makes you worse
off). The latter constraint is commonly labelled
Incentive Compatibility Constraint (motivate the
agent to act in the interest of the principal, even
when the principal cannot observe the action).

In the classical example of agency theory the
principal is interpreted as being the shareholder
or owner of a company and the agent its man-
ager. Attention to the incentive problems ensuing
from the agent managing the principal’s capital
goes back to Adam Smith (1776, p. 700), who
already noted that “The directors of such [joint-
stock] companies, however, being the managers
rather of other people’s money than of their own,
it cannot well be expected, that they should watch
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over it with the same anxious vigilance with which
the partners in a private copartnery frequently
watch over their own... Negligence and profu-
sion, therefore, must always prevail, more or less,
in the management of the affairs of such a com-
pany”.

Similar conflicts of interests arise in many situ-
ations. Still, these are often overlooked in tradi-
tional approaches. For instance, most studies of
scheduling rules look at issues such as minimizing
expected delays, maximizing throughput, etc, sub-
ject to some capacity constraint. Little attention
is paid to whether or not the resulting schedule
can be implemented. A medical practice may
schedule patients close to each other, to avoid
practitioners having to wait for the next patient.
Patients will soon realize that if they arrive at the
scheduled time, they are likely to face a consider-
able delay, and will adapt their behaviour accord-
ingly, thereby defeating the purpose of the origi-
nal schedule. Unless the incentives of all parties
are taken into account, this type of behaviour is
bound to occur.

Ross (1973) was one of the first to present a
formal analysis of the principal / agent problem in
its standard form. Spence and Zeckhauser (1971)
had considered a related problem in the context
of insurance contracts. They study the optimal
form of the insurance contract, under the con-
straint that the insurance company (the principal)
should break-even (rather than maximize his
profits). Wilson (1968) discusses how a group of
individuals can optimally reach a common deci-
sion under uncertainty, in a situation where this
decision results in a pay-off to be shared among
the members of a group. Stiglitz (1974) has dis-
cussed the appropriateness of the sharecropping
system to solve incentive and risk-sharing prob-
lems. Most earlier work had overlooked the
high-risk aspect of agriculture. Stiglitz formulates
a simple competitive agricultural model, which
allows him to focus on the risk-sharing and incen-
tive properties of alternative contracts such as
sharecropping, pure wage systems, pure rental
systems, or a mixture of the latter two. He also
incorporates the impact of the risk-aversion of
workers and landlords and points out that when
the level of effort is not observable, share-crop-
ping has positive incentive effects.

Empirical work relating to the principal / agent
paradigm is often limited to a detailed study of

one or two sites, as the opportunities to test a
variety of reward systems in comparable environ-
ments is generally limited. See for instance Blan-
chard, Chow and Noreen (1986). Alternatively,
one might consider the use of experimental stud-
ies, as for instance in Waller and Bishop (1990).
They conduct two experiments to test the effi-
ciency of various payment schemes in coping with
the problems of misrepresentation of private in-
formation by agents, and of consumption versus
investment of allocated resources.

As mentioned previously, the basic principal /
agent model and many of its extensions have
been applied in a variety of functional fields.
Surprisingly, very few applications to the field of
Management Science (MS) appear in the litera-
ture, although many problems addressed by MS
could benefit from this approach.

The remainder of this paper is structured as
follows. In section 2, I present the basic princi-
pal/ agent model more formally and discuss its
main characteristics. In Section 3, I briefly discuss
some of the many extensions of the basic model.
Section 4 contains a selection of applications of
the basic model and its extensions to the fields of
accounting, industrial organization, marketing and
finance. Section 5 discusses potential applications
of agency theory to the field of MS. Section 6
contains some concluding remarks.

2. The basic principal / agent model

In the basic model, the principal (P) wants to
hire an agent (A) to perform a job (e.g. preparing
a bid for a contract). The outcome of the job (x;
e.g. whether or not the contract is won) depends
on two elements:

(1) the level of effort exerted by the agent (e; e.g.
time-input) which is a disutility for the agent and
cannot be observed by the principal, and

(2) a random factor (r; e.g. the bid of the com-
petitor) which the agent learns after selecting his
level of effort and which the principal does not
observe,

Both the principal and the agent observe the
outcome. The principal is assumed to be risk-
neutral.

The principal’s aim is to design a payment
scheme (7), also called an incentive scheme, that
maximizes his utility (Up), while ensuring that
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(1) the agent accepts to perform the job, and
(2) the agent selects the effort-level the principal
favours.

The agent can refuse to perform the job. If he
rejects the principal’s contract, he obtains a cer-
tain utility level, usually called his reservation
level (UA; for instance, unemployment benefit).
Consequently, he will only accept the contract if
his expected utility (denoted by U,) exceeds this
reservation level.

Letting E, denote the expected value with
respect to the random element r, the principal’s
problem can be formulated as follows:

max E{Up(1(x), x(e, r))}

subject to
E{U(I(x(e, 1)), €)} 2 Uy, (*)
E{Ux(I(x(e, r)), )}
>E{Uy(I(x(e',r)), e’)} forall e’ +e.
(**)

Constraint (*) is the individual rationality con-
straint, constraint (* *) the incentive compatibility
constraint. Note that when selecting a payment
scheme (1(x)), the principal implicitly determines
the agent’s optimal effort level. This implies that
the effort level e is, in fact, a decision variable of
the principal. It is therefore usually included in
the choice variables as above, in case there is a
tie in the agent’s preferences.

The following example illustrates the concepts
introduced so far. The principal wants the agent
to prepare a bid for a contract, for which there is
only one other competitor. To keep things simple,
assume that the agent can either exert a high
level of effort (e=1) or a low level of effort
(e = 0). Assume also that the bid of the competi-
tor is either competitive (r =1) or overpriced
(r=0), and let the outcome be x =1 if the con-
tract is obtained and x = 0 if the contract is lost.
Assume that the probabilities of winning the con-
tract, given the agent’s effort level e and the
quality of the opponent’s bid r, are as shown in
Table 1.
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Assume further that the agent and the com-
petitor can obtain no information about each
other’s bid before having to submit their own.
Based on prior experience, the principal esti-
mates that the competitor is equally likely to
submit a competitive bid or an overpriced bid.
The principal’s profit (excluding any payments to
the agent) is 48 if the bid is won and 0 if the bid
is lost. This implies that Up(x) = 48x — I(x). Let
us assume that the agent’s utility equals yI(x) —
e, and that his reservation utility equals 2.5. For
this example the principal’s problem can be writ-
ten as follows:

max E{48x(e, r) —I(x(e, 1))}

subject to

E{{I(x(e, 1)) —e} 225,
{\/I(x(e r)) —e}z {I(x(e r)) —-e}

for e’ +e.

The principal has two options: induce a high
level of effort (e =1) or induce a low level of
effort (e = 0). If he decides to induce a high level
of effort, his problem becomes

max (48 —I(1)) * +(-1(0)) * §
I(x)

subject to

(JI(D) —1) = 3+ (I(0) — 1) 2= 235,

(I(D) —1) = 3+ (yI(0) —1) % 2

> VI(1) =3+ I(0) * 3.
Table 1
r e Probability that
x=0 x=

0 0 0.5 0.5
0 1 0.25 0.75
1 0 0.75 025
1 1 0.5 05
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Letting A and u denote the Lagrange multipli-
ers of the first and second constraint, some alge-
bra yields the following result: I(1) = 25, I(0) =1,
A=7, un=15 E(Up)=14, E{U(e=1}=25
=E{U,(e = 0)}; ie., the agent is indifferent be-
tween the two levels of effort. This is illustrated
in Figure 1(a). I assume that, when indifferent
between two actions and their associated re-
wards, the agent selects the action favoured by
the principal.

If the principal decides to induce a low level of
effort, his problem becomes

max (48 — (1)) * 5+ (~1(0)) * §
subject to
JI(D) * 2+ 1(0) *3=25,
JI(1) = 3+1(0) * 5

> (I(1) = 1) « 3+ (y1(0) —1) = 3.

Letting again A and u denote the lagrange multi-
pliers, some algebra yields I(1) = I(0) = 6.25, A =
5, =0, E{Up} =11.75, E{U,(e =0))=2.5>
E {U,(e = 1)) = 1.5. This situation is illustrated in
Figure 1(b). Note that in this case the agent’s
reward does not depend on the outcome (i.e., no
risk-sharing takes place), while if the principal
decides to induce the higher level of effort, the
agent has the same expected utility, but his actual
reward could be 1 or 25, depending on the out-
come.

It follows that in this example the principal is
better off offering an incentive contract I(1) = 25,
I(0) = 1, to induce a high effort level (¢ = 1).

If the value to the principal of winning the bid
was only 32 (instead of 48), resolving this problem
would yield that the principal can either offer a
contract I(1) =25, I(0)=1 to induce an effort
level e =1 and get an expected utility of 4, or
offer a contract I(1) =1I(0)=6.25 to induce an
effort level ¢ =0 and get an expected utility of
5.75. In this case it is not worth offering an
incentive contract, inducing the agent to expend a
high level of effort: the increase in expected
utility due to the higher probability of obtaining
the contract is more than offset by the required
increase in the agent’s reward.

It is worth comparing these results to a situa-
tion without incentive problems; i.e., either the
principal observes the agent’s level of effort, or

he is able to trust him. In this case he could offer
a contract I(1)=1(0) = 12.25 if e =1, nothing if
e =0. The agent would be better off choosing
e = 1, as this guarantees him a utility of v12.25 —
1=2.5. The principal would have an expected
utility of 30 — 12.25 = 17.75 in the first example,
and 20 — 12.25 =7.75 in the second example. In
both cases he is strictly better off, while the agent
has the same expected utility but no longer car-
ries any of the risk.

The model presented so far is known as the
basic moral hazard model (see for instance Dem-
ski and Feltham, 1978). It is useful at this point to
mention the adverse selection model, which can
be interpreted as a special case of moral hazard.
In the adverse selection model, the principal again
has a task that he wants to delegate to an agent.
But now there are several candidates to perform
this task, each with a different level of ability.
The principal is unable to observe the ability of
the agents.

In the moral hazard model, the principal was
unable to observe the agent’s level of effort. He
therefore designed a contract that would induce
the agent to select an appropriate level of effort.
In the adverse selection model, rather than at-
tempting to induce the appropriate level of effort
from a specific agent, the principal tries to select
an agent with the appropriate level of skill. He
will therefore write one (or more) contracts such
that only the agents with the desired ability ac-
cept a specific contract.

One of the first papers to address this issue of
asymmetric information about ability (the agent
knows his ability, but the principal does not) or,
more generally, about quality, is Akerlof’s model
of ‘The Market for Lemons’ (Akerlof, 1970),
where he analyses the problems of asymmetric
information about quality in the context of the
second hand car market.

In the remainder of this section I will focus on
the basic moral hazard model. Let us first con-
sider the case where the principal is able to
observe the agent’s level of effort. In this case the
incentive scheme can depend on the level of
effort. Consequently, it is quite easy for the prin-
cipal to write a forcing contract: if the agent
selects the desired effort-level he receives a pay-
ment insuring a utility UA, otherwise he receives
less than U,. Consequently, the agent will accept
the contract and select the appropriate effort-
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level. Whenever the effort-level is not observable,
the incentive scheme cannot depend on effort
and a forcing contract is not implementable.

There may be situations where effort is observ-
able, and still forcing contracts cannot be selected
due to laws and regulations. For instance, a union
agreement may prohibit wages below UA. Also,
they may violate the Bill of Rights in the
(amended) United States Constitution. Under
such circumstances, the forcing contract de-
scribed above would be unlawful.

Next let us consider the case where the agent
is risk-neutral. By this, I mean that the agent is
indifferent between receiving a fixed payment
(e.g., 5) or an uncertain payment with the same
expected value (e.g. probability 0.5 of 0 and prob-
ability 0.5 of 10). In this case it can be shown that
it is optimal to write a contract such that the
agent receives all the benefits from the job (e.g.
the sales revenue) less a fixed amount. The prin-
cipal selects this amount to be as large as possi-
ble, while still ensuring that the agent accepts the
contract. This incentive scheme induces the agent
to select the effort-level that maximizes total rev-
enue and the principal does as well as when
effort is not observable. This situation is referred
to as the first-best solution. Note that under this
scheme the agent carries all the risk: it is basically
a franchise agreement. There may again be prob-
lems with the implementation of such a contract.
For instance, under this payment scheme the
agent has no guaranteed minimum wage, which
in many countries is unlawful.

In most applications, though, it is more plausi-
ble to assume that the agent is risk averse (i.e., he
prefers a fixed payment to an uncertain payment
with the same expected value) and the principal
risk neutral. In this case, from a risk-sharing
perspective, it would be optimal to design the
incentive contract to be a lump sum, independent
of the outcome, causing the risk-neutral principal
to carry all the risk while asking the agent to
select the optimal level of effort. But this is not
implementable as the agent would have no incen-
tive at all to exert any effort. Consequently it is
necessary to trade off risk sharing and incentive
compatibility, to obtain what is known as a sec-
ond-best solution.

These concepts can be illustrated using the
numerical examples discussed previously. For in-
stance, in the first example the agent receives an

expected payment equal to 31(1) + 2I(0) = 16, but
the utility he derives from this payment equals
$VI(1) + 2/I(0) =3.5. A lump sum payment of
(3.5)* = 12.25 would yield the same utility. This
latter amount is referred to as the agent’s cer-
tainty equivalent: he is indifferent between re-
ceiving 12.25 for sure and receiving 25 with prob-
ability 3 and 1 with probability 2. The difference
between the expected payment and the certainty
equivalent is known as the risk-premium, 3.75 in
this case. It is the additional expected payment
the agent requires to compensate for the uncer-
tainty. Note that in this example the agent does
carry a considerable amount of risk: if the con-
tract is lost despite a high level of effort, his
utility equals yI(0) —1=1-1=0! This is
strictly less than his reservation level of 2.5.

In the basic principal / agent model the second

best solution exhibits the following properties:
(1) If lump sum payments are possible, the indi-
vidual rationality constraint is binding (why pay
the agent more than he asks for?)
(2) If the decision and outcome space are contin-
uous, then the agent’s marginal disutility of effort
equals his marginal expected utility of income
(this is a classical result of micro-economics).

In the next section I briefly present a series of
extensions of the basic model. Section 4 then
looks at the application of the basic model and
some of its extensions to several functional fields.
Two points deserve emphasis at this stage:

(1) The list of examples given is illustrative in
nature, and not at all exhaustive.

(2) The focus is on the modelling aspect (what
type of questions have been addressed by agency
theory) rather than on detailed analysis of the
models presented.

3. Extensions of the basic principal / agent model

In this section, I briefly discuss some exten-
sions of the basic principal /agent model: com-
munication, multiple agents, moral hazard and
adverse selection, monitoring and multiperiod
models.

In many situations the agent is better informed
than the principal regarding the uncertain events
affecting the outcome. The basic model does not
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allow the agent to pass on this information to the
principal (i.e., no communication). Christensen
(1981) analyses an agency problem in which the
agent receives information after accepting a con-
tract, but before selecting an action. He can send
a message to the principal after receiving this
information. Christensen shows that providing
more information to the agent does not imply
that the agency (agent plus principal) is better
off, because the agent could use this information
to exploit the principal.

Agency models typically look at the relation-
ship between one agent and one principal. Many
real world situations involve the presence of mul-
tiple agents, one example being a sales-force con-
sisting of many salesmen. The presence of multi-
ple agents may give rise to phenomena such as
collusion, peer pressure and free rider problems,
which do not occur in a single agent environment.
On the other hand, if several agents are subject
to correlated random events, risk-sharing may be
improved by linking one agent’s payment to the
other agent’s performance.

Antle (1982) analyses a multi-agent model in
the context of auditing. The principal represents
the owner. There are two agents: the manager
and the auditor. The principal hires the auditor
to induce truthful reporting by the agent (e.g.
financial reporting). The auditor is modelled as
an expected utility maximizer. Consequences from
this assumption include the following:

(1) a multi-agent model;

(2) the need to address the subgame between the
manager and the auditor;

(3) the need to address the auditor’s incentive
problems; and

(4) the potential for gains from risk-sharing with
the auditor.

The work by Demski and Sappington (1989)
relates both to communication and multiple
agents. They consider a situation where a princi-
pal designs an incentive contract, a worker sup-
plies labour input, and a supervisor can produce
information about the production environment
which may influence the worker’s performance.
They show that when the supervisor can acquire
information unavailable to the worker, it is opti-
mal for the principal to use the worker’s perfor-
mance to evaluate the supervisor.

In Section 2, I briefly mentioned adverse selec-
tion models, where the principal wants to select

one out of many potential agents. McAfee and
McMillan (1987) analyze a model in which they
combine both adverse selection (several candi-
date agents of varying abilities, known only to the
agent), and moral hazard (level of effort not
observable). They assume that both the principal
and the agents are risk neutral. They show that
the principal’s optimal contract insures that

(a) the agent with the highest ability will be hired;
(b) the higher an agent’s ability, the higher his
optimal effort level and the higher his share of
the risk.

This result is interesting, as it shows that when
both adverse selection and moral hazard prob-
lems are present, it is not optimal to have a
risk-neutral agent carry all the risk, because ex-
tracting information rents becomes an issue.

In the models discussed so far, it was assumed
either that the agent’s action was not observable,
or that it was observable. In many practical situa-
tions, the agent’s action is not observable as such,
but the principal can invest in monitoring, which
will yield him (imperfect) information about the
agent’s action. This information reduces the
agency costs, but this gain has to be compared to
the cost of monitoring.

An interesting paper by Dyl (1988) looks at the
impact of shareholders monitoring the manager’s
compensation. His hypothesis is that, in closely
held companies (i.e., companies whose shares are
controlled by a small number of individuals), ma-
jor stockholders will monitor the manager’s be-
haviour more closely. This will lead to a reduc-
tion of agency costs reflected by comparatively
lower compensation for the Managing Directors
of such companies. Dyl gives empirical evidence
that supports this hypothesis. The idea underlying
this observation is that major stockholders gain
more from a certain amount of monitoring than
small shareholders. Consequently, the presence
of major sharcholders will increase the optimal
level of monitoring.

All models presented so far assumed that the
principal and the agent interact only once. In
many practical situations, this interaction will oc-
cur repeatedly. The main difference between
one-period and multi-period models is the poten-
tial for learning and for reputation building. Con-
sequently, the issues involved are modified con-
siderably, as an agent’s behaviour in one period
can influence his rewards in future periods. It
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turns out that in multi-period models, assump-
tions about who knows what play a crucial role.
The slightest modification can lead to completely
different outcomes. This raises the issue of the
potential advantages of a multi-period contract
over a series of one period contracts.

For instance, Antle and Fellingham (1990)
considers a situation where a principal hires a
manager to implement a project. The manager
knows the project’s rate of return, while the prin-
cipal only knows the distribution. This informa-
tion asymmetry causes inefficiencies, which result
in organizational slack and rationing of resources.
Antle shows that when the same situation is
repeated over time, multi-period contracts can
reduce these inefficiencies.

Fudenberg, Hélmstrom and Milgrom (1990)
look at sufficient conditions for the implementa-
tion of efficient long-term contracts as a sequence
of short-term contracts, and conclude that the
agent’s information advantage plays a key role in
determining the value of long-term contracts. In
their model, long-term contracts only serve to
avoid recontracting under asymmetric informa-
tion: if at all times of recontracting the principal
and the agent share the same beliefs about the
pay-off relevant future, long-term contracts pro-
vide no gains.

Malcolmson and Spinnewyn (1988) have shown
that the presence of moral hazard is not a suffi-
cient condition to insure that a long term contract
outperforms a sequence of short term contracts
in terms of improving the trade-off between in-
centives and risk sharing. For models where the
interaction between the agent and the principal is
repeated infinitely often, Radner (1985) has
shown that, provided the discount rate is suffi-
ciently low, the first best solution can be approxi-
mated by a sequence of one-period contracts,
eliminating the need to consider long term con-
tracts. When the discount rate is higher, it is
more difficult to penalise the agent in future
periods for bad behaviour now. Consequently,
multi-period contracts can yield an improvement
over a sequence of one period contracts.

Hoélmstrom and Milgrom (1987) look at the
problem of providing appropriate incentives over
time to an agent who has constant absolute risk
aversion (i.e., —UJ(-)/UJ(-), where ' and " re-
spectively denote first and second derivatives, is
constant). They consider both a discrete model,

where a single period multi-nomial model (the
agent selects the mean of a multi-nomial distribu-
tion) is repeated a finite number of times, and a
continuous time version, which can be inter-
preted as a limit case of the discrete model,
where the length of a period goes to zero. For the
discrete model they show that if the agent ob-
serves his performance before going on to the
next period, the optimal scheme depends linearly
on aggregates of the outcomes of past periods,
even though the principal observes the outcomes
of each period separately. A similar result holds
for the continuous case. Assuming that the agent’s
action consists of selecting the instantaneous drift
of a Brownian motion, it is shown that one can
compute the optimal incentive scheme as if the
agent were choosing the mean of a normal distri-
bution only once, and the principal was restricted
a priori to using a linear rule. The two key
conclusions from this work are:
(1) There is no need to use all the available
information (aggregate performance over time is
sufficient).
(2) Optimal rules in a rich environment must be
sufficiently robust to work well in a broad range
of circumstances, and therefore should not be
complicated functions of the outcome (in this
particular model they turn out to be linear).
Other work attempts to capture the dynamic
aspects by subdividing the period of interests into
several sub-periods, where the agent takes an
action and observes the relevant outcome in each
sub-period. For instance, Lambert (1984) explains
income smoothing in this context. He assumes
that the agent exerts some level of effort and
observes the resulting income for the first part of
the year. He shows that it is rational for both the
principal and the agent to design an incentive
structure where, if income is above (below) ex-
pectations in the first sub-period, it is optimal for
the agent to exert a low (high) level of effort in
the second part of the year, which leads to in-
come being smoothed towards the ex-ante ex-
pected value for the year.

4. INlustrations from various functional fields
In this section I present a selection of applica-

tions of agency theory to the fields of Accounting,
Industrial Organisation, Marketing and Finance.
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The aim is to illustrate the impact the principal /
agent paradigm has had in these areas, rather
than to provide an exhaustive list of all applica-
tions. It is worth pointing out that some applica-
tions could fit in more than one field. For in-
stance, I have incorporated sales-force compensa-
tion into the marketing section, but one could
classify this subject as part of labour relations,
and include it under the heading of industrial
organization. Similarly, the financial structure of
a firm could be included under the heading of
industrial organization, rather than finance.

4.1. Accounting

It is in the accounting context that the princi-
pal/ agent paradigm was first formalized. A very
broad spectrum of applications has been devel-
oped, and the principal / agent approach has be-
come an integral part of the standard accounting
textbook (see for instance Kaplan and Atkinson,
1989). I will only discuss two of them: budgetary
control systems and variable cost allocation. The
former one was selected on the basis that it is one
of the first to be developed, and the latter one
because cost allocation is a much discussed topic
these days.

Demski and Feltham (1987) define a budget-
based contract as having the following properties:
(1) The compensation depends on some observ-
able output-measure.

(2) The budgeted outcome (or standard) parti-
tions the set of feasible outcomes into desirable
and undesirable outcomes.

(3) Two compensation functions are defined, one
for the set of favourable outcomes and one for
the set of unfavourable outcomes.

Two models are considered: the pure moral
hazard model, where the agent selects a level of
effort and the pure adverse selection model,
where skills vary across workers. Demski and
Feltham show, among other things, that necessary
conditions for a budget based contract to be
Pareto superior to other forms of contract are: (1)
the agent is risk averse, (2) the state (random
element) is costly (or impossible) to observe and
(3) effort (moral hazard model) or skills (adverse
selection model) are costly (or impossible) to ob-
serve.

Gjesdal (1988) considers a model with a risk-

neutral agent, where moral hazard and adverse
selection are both present. He focuses on piece-
wise linear compensation functions (i.e., linear
functions with a kink at the target outcome). He
shows that for a broad range of settings, this
simple functional form is effective, and that when
efficiency is not obtained, any reasonable func-
tion is likely to fail.

As mentioned earlier, empirical work concern-
ing the principal / agent model is rather limited.
An exception is Blanchard, Chow and Noreen
(1986), who analyze the hospital budgeting system
in the state of Washington. In their model, the
principal represents the regulatory organization
and the hospital manager is the agent. The model
shows how the existing budgeting procedure, im-
posed by the regulatory organization, induces the
managers to bias some of the data (estimated
variable costs and volume) which they are re-
quired to report. They give empirical evidence
which supports the conclusions from the model.
This study provides a nice illustration of the need
to take the agent’s incentive constraint into ac-
count when determining a budgetary control sys-
tem, or more generally any control or reward
system. Section 5.1 discusses related issues in the
context of centralized versus decentralized plan-
ning.

Magee (1988) considers a model where the
principal (owner) provides a resource (new mate-
rials, capital equipment, ...) to an agent (worker).
The agent selects an effort level (not observable
to the principal) and the level of usage of re-
sources (observable to the principal). He shows
that if the agent has private information about
the value of the resources provided by the princi-
pal, then (1) the optimal compensation depends
on resource usage; and (2) it is possible that
compensation increases as resource usage in-
creases.

The first part of this result simply states that
allocation of variable costs is desirable. The sec-
ond result is more surprising: higher consumption
of a resource may lead to higher compensation.
This contradicts the traditional cost allocation
literature, where higher usage leads to more costs
being allocated and possibly penalties. This phe-
nomenon tends to occur when agent effort and
resource usage are substitutes. Magee provides a
numerical example which illustrates this possibil-
ity.
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4.2. Industrial organization

This section will be kept very brief, as good
surveys of various aspects of the use of the princi-
pal / agent paradigm can be found in for instance
Holmstrom and Tirole (1989), Baron (1989) or
Tirole (1989). The area of industrial organization
provides many examples of moral hazard and
adverse selection models. As already mentioned,
Akerlof (1970) shows how asymmetric informa-
tion may lead to a breakdown of the market.
Holmstrom and Tirole survey recent work in in-
dustrial organization with an emphasis on moral
hazard and incentive problems. The topics dis-
cussed include capital structure (which we discuss
briefly in Section 4.4), disciplining of the product,
labour and capital markets, and the role of super-
vision.

Baron (1989) provides a survey of recent work
in the area of regulation. A regulatory relation-
ship can be interpreted, among others, as a situa-
tion where the regulator delegates the pricing
decision to the firm, specifying only a menu of
pricing mechanisms from which the firm can
choose. The firm has private information about
its ‘type’ (production functions, factor prices,
managerial ability, etc). The regulator faces the
problem of choosing the menu of pricing mecha-
nisms so as to induce maximization of total sur-
plus, while satisfying the firm’s incentive compati-
bility and individual rationality constraints. This
situation is similar to that of an employer offering
a menu of contracts to potential salesmen, who
are better informed about their own ability, as
discussed for instance in Lal and Staelin (1987).
We discuss this issue in more detail in Section
43,

Firms are sometimes observed to be taking
seemingly inefficient actions: i.e., they do not
maximize profits. As explained in Tirole (1989),
this seemingly sub-optimal behaviour may be the
consequence of constraints imposed by the inabil-
ity to observe the actions of all the agents. Also,
managers have the power to exploit the informa-
tion advantage they have over shareholders. This
ability is to some extent limited by market con-
straints: sub-optimal decisions could lead to
take-over bids, or even bankruptcy, which are
harmful to the manager.

The manager also faces the dilemma of fur-
thering his own career at the expense of the firm:

decisions maximizing short term profits may pro-
vide him with a larger bonus and attractive job
offers, at the expense of the future profitability of
the firm. This problem will be discussed further
when discussing work by Holmstrom and Ricart i
Costa (1986) in Section 4.4.

A related issue is that of labour contracts.
Epstein (1985) notes that 60-65% of labour con-
tracts in the USA are ‘at will’; i.e., both parties
can terminate the contract if they so desire. He
argues that this type of contracts provides a high
level of flexibility in adjusting the imperfections
of the original contract, as neither party has an
incentive to stick rigidly to the original contract.
Two other advantages are that neither party has
an incentive to use litigation to settle disagree-
ments, and the loss of severing the relationship
are larger to the party which misbehaves. But this
type of contracts is not applicable in a unionized
environment. A sufficient level of stability must
be achieved, which cannot be guaranteed by ‘at
will’ contracts. On the other hand, if firing is
impossible, some agents can free-ride on the other
agents’ efforts. Epstein suggests that the ‘for-
cause’ contracts (the contract can only be termi-
nated if there is a good cause to do so) are an
attempt at balancing these two elements, but
argues that this type of contracts increases agency
costs. The issue of rewarding a team of agents is
closely related: if the effort of individual mem-
bers cannot be observed, how can one avoid the
free rider-problem?

Another area where agency problems arise is
that of limited partnerships. Wolfson (1985) stud-
ies these in the context of the oil and gas indus-
try, and tests several hypotheses empirically. Typ-
ically, the limited partner (the principal) provides
the capital, while the general partner (the agent)
makes the decisions. Agency problems arise be-
cause
(1) The agent has much more information than
the principal.

(2) Cost allocations and tax effects imply that
decisions beneficial to the agent may be sub-opti-
mal for the principal.

Therefore limited partnerships are expected to
occur less commonly in instances where these
problems are more severe (developmental
drilling). Agents can decrease these problems by
building a reputation for success at the cost of
lower short term profits. Doing so should allow
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them to obtain investment funds on more
favourable terms. Wolfson shows that both these
hypotheses are supported by empirical data.

4.3. Marketing

The relationship between a sales-manager and
a salesmen is a natural candidate for a principal-
agent approach. I discuss work that addresses
three topics:

(1) What are the characteristics of an optimal
compensation plan?

(2) When should a menu of compensation plans
be offered?

(3) When should pricing be delegated to the
salesmen?

Basu et al. (1985) model the sales-force com-
pensation problem as a principal / agent relation-
ship. The principal is the sales manager and the
agent is the salesman. The principal’s goal is to
select a compensation plan I(-) for his sales-force,
so as to maximize the expected value of revenue
minus cost. Revenue is determined by the level of
sales (x; the outcome). Costs consist of (variable)
production costs and the compensation paid to
the sales-force. In selecting a compensation plan
the principal is constrained by the usual two
conditions: the agent must be willing to accept
the suggested contract and it must be optimal for
the agent to select the effort-level desired by the
principal.

Given a compensation scheme, the agent se-
lects his effort-level (e in this case is time input)
so as to maximize the expected utility of the
compensation he receives, minus the cost of ef-
fort. He will only accept the contract if this makes
him better off than rejecting it. The actual sales
level depends on two elements:

(1) the agent’s time-input, and
(2) random factors not observable to the princi-
pal.

Basu et al. show that, under a set of assump-
tions similar to the traditional set of assumptions
in this literature (i.e., separability of utility in
income and effort, decreasing marginal utility of
income, increasing marginal disutility of effort,
etc.), the characteristics of the optimal payment
scheme depend on the agent’s risk tolerance,
where risk tolerance is defined as the inverse of
Pratt’s measure of absolute risk aversion (i.e.,

T(-)= —UJ(-)/UJ(-), where ' and ” respectively
denote first and second derivatives).

Lal and Staelin (1986) address the following
question: Why would a principal want to offer a
menu of compensation plans to potential agents?
They consider a situation where the sales man-
ager would like to hire a subset of a pool of
agents. Each agent is either a high performer or a
low performer. Agents know their type, but the
principal does not. He only has a prior over the
number of high (low) performers in the pool of
applicants. This set-up is similar to the work by
McAfee and McMillan (1987) mentioned earlier,
who show that when the principal must select one
out of many potential agents whose abilities are
unknown to him, the optimal contract insures
that the highest ability agent is selected.

The main results can be summarized as fol-
lows:

(a) Based on his prior assessment over the num-
ber of high (low) performers in the pool of appli-
cants and their reservation levels, the principal
decides whether he wants to hire either only high
performers or only low performers or both groups
of agents.

(b) If the principal decides to hire agents from
one group only, he offers a single contract which
only agents from the desired group will accept.
(c) If the principal decides to hire agents from
both groups, he offers a pair of contracts such
that high performers will select one contract and
low performers the other.

In other words, based on his decision of whom
to hire, the principal designs contracts to induce
self selection by the agents. Lal and Staelin also
mention that the same result holds if the agents
are characterized by either high or low risk-toler-
ance rather than performance.

Lal (1986) analyzes conditions under which it
is optimal for the sales manager to delegate the
pricing decision to the sales-force. In this situa-
tion the principal can select a compensation plan
which depends on both the sales level and the
selected price. The agent selects both an effort-
level and a pricing policy. The actual price
charged by the agent depends on the information
revealed by his effort. In other words, the agent is
able to expend effort to gain information about
his market and/or customers, and then select a
price based on this information.
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The main results can be summarized as fol-
lows:

(a) Delegating the pricing decision does not make
the principal worse off.

(b) Information asymmetry is a necessary (but not
sufficient) condition for price delegation to be
strictly better; i.e., the agent must be able to
obtain more information on the sales environ-
ment than the principal.

The intuition behind the second part of the
result is that the agent is able to exploit his
information to charge a different price depending
on the prevailing situation. Lal also notes that in
practice, price delegation is observed in environ-
ments where the sales manager is significantly
removed from the scene of action; i.e., where
there is indeed a considerable likelihood that the
agent is better informed than the principal.

Coughlan and Sen (1986) give an overview of
other work in the area of sales-force compensa-
tion. They state a number of hypotheses derived
from theoretical work and look at empirical evi-
dence which either confirms or contradicts these
hypotheses. As stated in their introduction, their
results are more suggestive than conclusive, but
represent a first attempt at testing these hypothe-
ses.

Other aspects of sales force compensation may
also benefit from this approach. For instance,
how does one induce a salesman to allocate his
time optimally between various products, or be-
tween following up on existing customers and
looking for new customers?

4.4. Finance

The principal / agent approach has been used
extensively in the financial modelling literature.
In most work, the principal represents the share-
holders, investors or owners of the company, while
the agent represents the manager. Kaplan (1984)
has expressed concern about this approach, on
the grounds that characterizing managers as be-
ing effort averse is not very realistic. This point
will be picked up in the concluding section.

The traditional analysis of the capital structure
of the firm assumes an environment of full infor-
mation. It has been shown that, under this as-
sumption, the financial structure of the firm is
irrelevant, which makes one wonder why we ob-
serve such a variety of complex financial struc-

tures. Ross (1977) takes an alternative approach.
He assumes that managers have inside informa-
tion about the value of their firm; i.e., there is
asymmetric information. He suggests a manage-
rial compensation scheme which has the property
that the financial structure (amount of debt) se-
lected by the manager reveals his inside informa-
tion. Note that in this approach there is no ‘ef-
fort’ involved: the agent’s only action consists of
choosing a financial structure.

This compensation scheme is structured as fol-
lows:

(a) A bankruptcy cost is imposed on the manager
(there is no need for the firm to actually incur
this cost in case of bankruptcy).

(b) The manager receives a payment which is a
function of the value of the firm.

Based on this scheme, the manager will select
the smallest amount of debt (minimize the proba-
bility of bankruptcy) that differentiates his firm
from the less valuable ones (increase his pay-
ment). A consequence of this scheme is that the
debt-equity ratio rises as the value of a firm
increases.

Haugen and Senbet (1981) consider a situation
where the manager owns the firm; i.e., he retains
complete control, but issues debt to outsiders. In
their model the agent is the manager-owner and
the principal represents the bondholders. They
argue that the agent has the possibility (and the
incentive) to increase his wealth at the expense of
the bondholders by
(a) overconsuming perks (slack management), and
(b) pursuing riskier investment strategies than
bondholders or a sole owner like.

They suggest that it is possible to reduce, and
in some cases eliminate, these problems by re-
quiring the manager-owner to own a combination
of call and put options. The scheme works as
follows:

(a) The manager owns a call option to buy back
the whole firm at a set price.

(b) The bondholders own a put option to sell the
firm to the manager.

It is intuitively clear that each of these make
the agent bear the full cost of perk consumption,
thus reducing his consumption to the level of a
sole owner.

Haugen and Senbet also argue that the combi-
nation of these call and put options may reduce
the agent’s incentive to select risky projects. The
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argument is that selecting more risky projects will
increase the value of the agent’s call option as
well as the value of the principal’s put option. By
selecting appropriate exercise prices, these two
effects cancel each other out as far as the agent’s
portfolio is concerned, thus eliminating the incen-
tive to select riskier projects. One problem with
this approach is that the appropriate exercise
prices may not exist.

Lambert (1986) analyses the selection of risky
projects, focusing on an executive’s motivation to
expend effort on obtaining information that will
allow him to select the best project. He shows
that the conflict of interests between the princi-
pal and the executive can lead to under or over
investment in risky projects, and indicates how in
a multi-period setting, the use of future-period
incentives is required to motivate the executive to
spend effort on both productive use and informa-
tion gathering.

Thompson and Wright (1989) have interpreted
the recent surge in management buyouts as a way
to reduce the consumption of managerial perks.
These buy-outs usually consist of a group of man-
agers receiving a large proportion of the shares
for a relatively small investment, the balance be-
ing financed by debt. This transaction results in a
reunification of ownership and control, thereby
reducing (or eliminating) the agency problem.
Using a simple model, Thompson and Wright
show how this type of buy-out can reduce the
consumption of managerial perks, thereby raising
the value of the firm.

Bhattacharya and Pfleiderer (1985) consider a
situation where a principal desires to
(1) hire agents (portfolio-managers) from a pool
of candidates with heterogenous abilities, and
(2) motivate the hired agents to act in his interest.

Note that this paper combines the problems of
screening and delegating. The authors consider
an environment of asymmetric information where
agents have two elements of private information,
one of which is received at the pre-contracting
stage (e.g. forecasting ability) and one is received
after contracting, but before selecting an action
(e.g. about security return).

Both the action of the agent and the outcome
are assumed to be observable. The authors show
that despite this, it remains necessary to deviate
from an optimal risksharing agreement, in order
to induce the agent to reveal his information

(screening) at the pre-contracting stage. In other
words, the presence of asymmetric information
before contracting prevents an optimal risk-shar-
ing agreement.

Hélmstrom and Ricart i Costa (1986) suggest a
different reason for the divergence of interests
between the manager (agent) and the owner
(principal). They describe the cause of the incen-
tive problem as a different valuation of the re-
turns of a project: the manager worries about
‘human capital’ returns (career concerns) while
the owner is interested in financial returns. This
divergence leads to a difference in risk prefer-
ences.

They present a two-period model which allows
for learning about managerial talent, the agent’s
second period wage being a function of his per-
formance in the first period. Each period the
agent has the possibility to recommend a project
to the manager, based on his private information
about potential projects. This information will
not be known to the principal until after an
investment takes place.

This information structure implies that the
agent can refrain from presenting a specific pro-
ject, but cannot misrepresent his information. The
main results can be summarized as follows:

(a) The second best contract consists of giving the
agent a downward rigid wage (partial insurance),
which can be interpreted as an option on the
value of his human capital.

(b) If the manager has a sufficiently low risk
aversion, the principal must ration capital (by an
investment rule) to avoid over-investment.

(c) Under the second best contract less projects
are undertaken than in the first best (full insur-
ance) case: the effective cost of capital exceeds
the market rate, because of the residual human
capital risk carried by the option (see (a)).

5. Principal / agent theory and Management Sci-
ence

Very few applications of agency theory to
Management Science (MS) problems can be found
in the literature, although many might benefit
from this approach. In this section, I first discuss
one of these applications: the choice of central-
ized versus decentralized production planning. It
is worth noting that the work discussed in Section
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5.1 was done before agency theory became an
accepted paradigm. Also, the authors assume that
both parties are risk neutral, but do not consider
the possibility of letting the agent carry all the
risk. In Section 5.2, I discuss potential applica-
tions of agency theory to MS.

5.1. Centralized versus decentralized production
planning

In this section we look at several bonus
schemes a central planner may select to induce
plant managers (or managers of any type of re-
source) to produce the desired amounts of out-
put. In principal / agent terminology, the princi-
pal is the central planner and the agent is the
plant manager. It is generally assumed that the
agent has more information about the capacity of
the plant than the principal. In a classical reward
system, the central planner sets a target for the
plant, and the manager receives a bonus if this
target is achieved or exceeded. Such a scheme is
not without problems, especially if one assumes
that the manager knows more about capacity
than the central planner.

One category of problems relates to how the
target level is determined. If the central planner
uses the manager’s estimate of capacity to set the
target, then the manager has an incentive to
underestimate capacity, as this will make his life
easier. On the other hand, if the target is a
function of past performance, the agent has a
strong incentive to underproduce, so as to keep
his target down in future periods. The principle
of giving a bonus for exceeding the target is in
itself problematic, especially if the target is not
determined appropriately. The concept of induc-
ing managers to overachieve contradicts the ini-
tial purpose of production planning.

Several incentive schemes, addressing one or
more of these problems have been developed.
Ijiri, Kinard and Putney (1968) provide a detailed
discussion of the problem of setting an appropri-
ate target level. They use simple budgeting exam-
ples to show how target level, actual level and
performance interact, given a system of penalties.
They suggest how this approach can be applied to
responsibility accounting by having each responsi-
bility centre submit a plan, which form the basis
for central planning. Performance of each re-

sponsibility centre is evaluated using the usual
accounting methods, as well as penalties for dis-
crepancies between plans and actual figures. The
choice of appropriate penalties is important if the
plan of one responsibility centre affects perfor-
mance at other centres.

Fan (1975) suggests an incentive scheme in the
spirit of the one suggested by Ijiri, Kinard and
Putney (1968), which induces the manager to
reveal correctly the (expected) capacity and, given
any target, to produce up to the (realized) capac-
ity. Bonin (1976) extends Fan’s result and shows
that for any distribution of the capacity, it is
optimal for the manager to reveal the median
capacity (rather than the expected capacity, which
is a consequence of the symmetry of the bonus
scheme around the production target). Bonin
(1976) also takes Fan’s analysis a step further. He
introduces the concept of ‘planning from below’.
Under this scenario, the planner selects an incen-
tive scheme, and the agent selects his own target;
i.e., there is no longer a need for the planner to
obtain information from the manager. He sug-
gests a bonus scheme which allows the planner to
give the manager an incentive to reveal a specific
fractile of the output distribution, and to produce
up to the realized capacity.

Weitzman (1977) discusses the properties of an
incentive scheme that was first introduced in the
Soviet Union in 1971. The main characteristic of
this plan is that the target results from a two-stage
process. The planner first selects a tentative bonus
and a tentative target. The manager is then al-
lowed to revise the target. The actual bonus de-
pends on these three quantities as well as on the
realized production. The properties of this scheme
are similar to those of the scheme suggested by
Bonin.

This system does require the central planner
to gain some information about capacity to be
able to set a reasonable tentative target. The
manager’s opportunity to revise this target makes
an accurate decision less crucial and also reduces
the problem ensuing from the relationship be-
tween target and either past performance or in-
formation revealed by the manager.

It is interesting to relate this to Gjesdal’s (1988)
work mentioned earlier. The scheme described
above can be interpreted as a piece-wise linear
system, with a slight complexity introduced by the
special way in which the target bonus is deter-
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mined. The situation considered here is simpler
as there is no adverse selection issue.

5.2. Potential applications of principal / agency
theory to Management Science

In this section, I present three management
problems which involve issues of task delegation
and which may therefore benefit from a princi-
pal/ agent approach. The first two are only briefly
discussed. The third one is described in more
detail to illustrate what kind of insights can be
expected from this approach.

The first example considers issues of produc-
tion planning, and has already been discussed to
some extent in the previous section. Elements
one may want to consider include: should goals
be set by one central authority (the principal)
who tries to enforce them, or should this decision
be delegated to the production unit (the agent);
what type of payment scheme will induce achieve-
ment of a stated goal, thus avoiding excessive
over- or underproduction; what is the impact of
the payment scheme on the type of individuals
who are willing to run a production unit (self
selection). These concepts seem relevant in the
present crisis of the EEC’s agricultural policy.
The incentive system created to insure an ade-
quate minimum revenue has led to large amounts
of overproduction and to abuse of the system.
How could this system be revised to keep the
positive aspect of a guaranteed minimum income,
while avoiding the undesirable side-effects?

The issue of production planning could be
extended to incorporate aspects of quality: it is
not solely the amounts produced that matters,
but also the quality of this output and the amount
of rejected output. This latter element is espe-
cially important as it influences production re-
quirements at the upstream units. If planned
reject rates are exceeded, the overall production
plan may be severely affected.

The second example concerns scheduling.
Consider a situation where there is one facility,
say a piece of specialized equipment in a lab, and
several engineers (agents) desire to use this piece
of equipment to carry out a test. They submit
their requests for a specific amount of time (which
may be random) to the lab manager (the princi-
pal), who schedules a starting time for each.

Given that times required to perform a test are

subject to uncertainty, the manager does not know
when exactly the equipment will be available. If
he could perform the tests himself, his job would
be easy. He could collect the items to be tested,
carry out all the tests sequentially, and return the
items with the test results. If this is not possible,
he must select a schedule for the engineers. If he
schedules the tests close to each other, engineers
may have to wait (the equipment is not available
when they arrive). If this occurs frequently, they
may take on the habit of arriving late.

On the other hand, if the manager schedules
too much buffer time between tests, the equip-
ment will be idle for a non-negligible part of the
day, implying low utilization and possibly long
waiting lists to obtain access to the equipment.
Consequently, when selecting a schedule, the lab
manager must trade off the engineers’ waiting
time against idleness of the equipment, and also
ensure that the engineers will arrive at their
scheduled starting times. Although situated in a
very different environment, the structure of this
problem is very similar to the medical practice
example mentioned in the introduction.

Using a principal / agent approach would allow
one to incorporate some of the following aspects:
asymmetric information (the engineers know their
disutility of having to wait, they have a better idea
of how long the test will take, etc); self selection
(a specific scheduling rule may induce some engi-
neers to look for another lab, e.g. engineers with
a high disutility for waiting in the case of a tight
scheduling rule); delegation (should the lab-
manager select a schedule and attempt to imple-
ment it, or should he limit his intervention to
determining the order of tests (e.g., first applied,
first served) and let the engineers decide when to
arrive; moral hazard (did an engineer come late
on purpose to avoid waiting or because he was
unexpectedly held up by a phone call?).

The key issue of this example is that in the
principal / agent context (or more generally, in
the game theoretic context), scheduling can be
analyzed as a multi-person problem, rather than
as a situation where one individual selects a
schedule and the others obey blindly. A similar
problem is analyzed in van Ackere (1990) in the
context of hospital operating rooms. There is a
single operating room, in which several opera-
tions, each performed by a different surgeon,
need to be scheduled sequentially. The duration
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of the various surgical procedures is subject to
uncertainty and surgeons may arrive late, either
on purpose or due to events beyond their control.
The surgeons’ behaviour is analyzed, and an opti-
mal scheduling rule which takes this behaviour
into account is derived.

The third example considers the selection of
batch-size in an environment with high set-up
costs. The purpose is to produce enough good
units to satisfy a specific order. The reject rate
depends on the worker’s level of effort, and on a
number of random elements (e.g. quality of the
raw materials, precision of the set-up, etc.). In
such a situation, should the batch-size be deter-
mined by the supervisor (principal) or should he
delegate this decision to the worker (agent) who
knows what level of effort he will select and who
may have better information about the random
elements? Under each of these alternatives, what
is the optimal reward system? How can the prin-
cipal induce the optimal batchsize /effort level
combination? Does an appropriate reward system
allow the supervisor to obtain the ‘right’ type of
workers for the job (self-selection)?

In the remainder of this section I present a
simple model that enables us to illustrate some of
these points. Consider a manager who has re-
ceived a special order for a limited amount of a
product. Examples include shirts with a special
logo for a sports club, textile of a very specific
colouring, and packaging materials for a special
deal. Any excess items must be disposed off,
while a shortage results in penalties. The man-
ager must select an optimal run-length (batch-
size), knowing that a second run is infeasible,
either due to excessive set-up costs, time con-
straints or technical infeasibility (e.g. obtaining a
second batch of identical colouring).

For mathematical simplicity I assume that the
order is of size 1, and infinitely divisible. The
batch-size is denoted by B. The yield depends on
the worker’s level of effort, denoted by e, where
ecle,e?], e 20, e*<1, and on a random
component r, 0 <r <1, with density f(-) and
cumulative distribution F(-). For a given batch-
size, level of effort and random factor, the num-
ber of good units is assumed to equal erB. Units
up to the ordered quantity can be sold at a price
P, while any excess units are valueless. If insuffi-
cient good units are available, a shortage cost of
§ per unit of shortage is incurred. This cost can

be interpreted either as a penalty for non-de-
livery or as the cost of reworking a defective unit.

Let us assume that a worker can produce one
unit per hour, independently of his level of effort,
and that he is paid a wage w. Variable material
costs equal ¢ per unit. First it is assumed that
there are no incentive compatibility problems and
no individual rationality issues. Next the individ-
ual rationality issue is included, and finally incen-
tive compatibility problems are considered, as-
suming that the worker is risk averse. A numeri-
cal example is included to illustrate how account-
ing for individual rationality and incentive com-
patibility affects the optimal decision.

Given this framework, the manager’s profit
function for a given batch-size, effort level and
random shock equals

II(B, e, r) =P * min(1, erB)
— § *max(0, 1 —erB)
—(c+w) * B. (1)

The first term refers to sales revenue: good units
up to the order quantity of 1 can be sold at price
P. The second term represents the shortage cost:
If erB < 1, a shortage cost equal to S(1 — erB) is
incurred. The last term consists of the variable
production and labour costs. Taking the expected
value with respect to the random factor r yields
an expected profit of

1/(eB)

(B, e)=(P+S) [ " erBf(r) dr
0

+(1-F(1/eB))P
—SF(1/eB) — (c +w)B. (2)

To keep the problem interesting, the following
assumption is made:

E(R)e™>(c+w)/(P+5).

This assumption insures that for any effort level
e, it is optimal to select a batch-size B such that
eB > 1; i.e., under ideal circumstances (r = 1) the
manager would be able to satisfy the order. Opti-
mizing (2) with respect to the batch-size, for a
given level of effort, yields

j;)l/(eB*(e))e’f(r) dr=(c+w)/(P+S5). (3)

This expression shows that the optimal batch size
depends both on the effort level and on the
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distribution of the random factor. Intuitively, one
would expect the batch-size B*(e) to be decreas-
ing in the level of effort e. This turns out to be
the case for most distributions of r, but not for
all. From (3) it follows that

dB*(e) eB3'/(')l/(eB)’f(r) dr B
de  f(1/(eB)) e 4

If the random factor r is uniform on [0, 1}, (4)
yields

dB*(e) —B*(e)
= <0,
de 2e

which implies that the optimal batch-size is in-
deed decreasing in the level of effort e. If the
random component r has density f(r)=2(1—r),
i.e., a high probability of a low yield, then

dB*(e)  4-—3eB*(e)
de  6e*(1—-eB*(e))’

which is negative for eB*(e) < 2, and positive
otherwise. This phenomenon can be explained
intuitively as follows: when the yield is very low,
additional good units are likely to be needed and
are therefore valuable. At the same time, an
increase in the level of effort makes these units
less costly to produce. Consequently, the desire

Table 2

for more good units leads to a larger optimal
batch-size, despite the increase in yield. ‘
As this phenomenon is the exception rather
than the rule, I will focus on the case where
B*(e) decreases in e. In the remainder of this
section, I will assume more specifically that r is
distributed uniformly on [0, 1]. In this case

P+S
II(B,e)=P— ———(c+w)B,

2eB )
which yields
[ P+S
B*(e); m and
II(B*(e),e) =P—2(c+w)(P+S)/e. (6)

Given that the expected profit function is increas-
ing in e, and that the manager can costlessly
induce any level of effort, he will select e =e™.
Next let us assume that the worker’s utility,
when receiving a wage w and selecting a level of
effort e, equals w — e?. A quadratic term is used
for the cost of effort to capture decreasing
marginal returns of effort: increasing the fraction
of good units from 0.17 to 0.2r requires less
additional effort than increasing it from say 0.6r
to 0.7r. If the agent’s reservation utility equals
UA, the manager must pay him w = le +e? when

Numerical illustration of the batchsize example. Parameters: P=16, S=4,0<e <1, r=U[0, 1]

c UA Risk neutrality Risk aversion

e B eB/2 Wage Profit Individual rationality Incentive compatibility

e B eB/2 Wage Profit wy w, e B eB/2 Wage Profit
0 02 045 748 1.7 0.4 100 0.26 2334 301 007 1268 0.03 053 0.14 3492 239 0.07 1157
0 05 071 3.76 13 1.0 85 041 742 152 044 940 0.19 211 025 1021 130 043 7.72
0 09 095 242 11 1.8 73 055 356 098 1.44 575 057 517 038 4.63 088 1.44 3.62
05 02 084 292 12 0.9 7.8 060 451 136 0.32 864 001 199 033 6.09 1.01 034 5.94
05 05 1 224 1.1 1.5 71 060 366 1.10 0.74 691 0.13 3.38 037 491 090 0.73 443
05 09 1 204 1.0 1.9 63 065 261 08 1.76 424 049 6.19 045 335 075 177 1.73
1 021 213 1.1 1.2 66 073 3.01 109 053 6.82 0.00 283 041 392 081 059 3.61
1 05 1 200 1.0 1.5 61 071 266 094 1.00 536 009 428 044 346 076 1.01 2.47
1 09 1 1.86 0.9 1.9 55 073 212 077 205 3.07 042 7.02 050 270 0.67 2.07 0.30
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requiring a level of effort e. His problem be-
comes

1/(eB)erBf( r)dr

11( B, e)=(P+S)f

0
+(1~F(1/eB))P— SF(1/(eB))

—(c + le+e2)B, (N

which follows from (2) when replacing w by U, +
e2. The first order conditions become

/1/(eB) 'f( )dl‘—

1/(eB) _ 2eB
[ () dr= 5. (8)

¢+ U, +e?
P+S

Again, B*(e) will be mostly decreasing in e,
except in a few special cases. If r is distributed
uniformly on [0, 1], (7) reduces to

P+S - 5
H(B, e)=P—ﬁ—(c+UA+e )B (9)
This yields
B*(e) P+S q
e)=,/— an
2(c+0,)"

*=\c+U, foryc+U, €le”, e*]. (10)

The optimal level of effort e* increases in both ¢
and U,, while the optimal batch size decreases in
¢ and U,. Expected profits equal

II(B*(e), e*) =P—2\/(P+S)\/c + U,
for yc + U, e, e*],

and decrease in ¢ and UA, as expected. A numeri-
cal example is given in Table 2.

Comparing this to the case where the principal
did not account for the cost of the agent’s effort
shows that the optimal effort-level is lower for
¢ + U, <(e*)?, and unchanged otherwise.

So far the worker was assumed to be risk-neu-
tral. Next, risk aversion is introduced by assuming
that his utility equals the square root of any
payments received, minus the disutility of effort:
e, Uyw, €)= Vw — e2. If there are no incentive
compatibility problems, the manager must pay
the worker (U, + €%)?> when requiring a level of

effort e. Assuming again that r is distributed
uniformly on [0, 1], his problem becomes

=P- £+ (c+ (ﬁA+e2)2)B,

II(B, ¢) )

(11)

which follows from (5) by replacing w by (UA +
e?)?. Solving this problem for B and e yields

N P+sS |
(= \/2(C + (ﬁA+ez)2)e an
e*=\/%(\/4l7,3+3c ~0,). (12)

Note that ¢* is increasing in c, 1ncreasmg in U,
for U, > Ve, but decreasing in U, for 0, < \/_A
This is counter:mtuntlve as one would expect e*
to increase in U, as defects become more expen-
sive. Intuitively this can be explained as follows.
When ¢ is ‘large’, the desired level of effort is
high. Therefore, an increase in U, will cause a
considerable increase in the required wage (UA

¢?)? to maintain the same level of effort. This
creates an incentive to decrease the level of ef-
fort. When U, is small compared to ¢ (U, < 1vc),
this latter effect dominates.

This case is illustrated in Table 2. Note that
the profits should not be compared to those of
the risk neutral case, due to the difference in the
utility function of the agent.

Next, let us incorporate incentive compatibility
and assume that a worker attempts to maximize
his hourly expected utility. The wage he receives
depends on the observed outcome: he is paid w,
if the unit is good, and w, if the unit is defective.
Assuming r is uniform on [0, 1], the agent’s
problem thus becomes

max %e\/w_g + (1 - 3e)wg — €2

This yields e=(/w, —/wy). The principal’s
problem can then be formulated as

P P+3 B - {3 1-3 B
- —cB~{lew +(1—1Le
e’g}j:wd 2¢B °© {23“’; (1-3 )Wd}
subject to \/7 14 -e2>U,,

e=3{fm )
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Solving for the first order conditions and rear-
ranging the terms yields the following equations:

e =[O — s
e = e+ 4T = Jwa = g + e,

P+S
48(0— g )~ 8(05— iwa)”
wd=c+2UA Wy +4(I7A—\/v7d)2

- 3/2
—~16(Up — g ) -

Table 2 illustrates these resuits for a numerical
example. As expected, wy <wj, e* increases in ¢
and U,, and B* decreases in ¢ and_U,. Both
components of the wage increase in U,, and w,
increases in ¢ while w, decreases. The optimal
level of effort is considerably lower than in the
case without the incentive compatibility con-
straint, the expected number of good units is
lower, despite the considerably larger optimal
batch-size, and expected profits are lower.

This simple example illustrates how incorpo-
rating the agent’s ability to select the effort-level
maximizing his utility can considerably affect the
optimal policy: the optimal effort level may be
reduced by as much as 50%, while the optimal
batch-size may be increased by up to 50%. The
drop in profits illustrates that it may be worth-
while investigating the possibility of monitoring
the agent’s level of effort, for instance by collect-
ing information about factors influencing r.

This example illustrates that the optimal plan-
ning and control policy is context specific. In
particular, it is not possible to separate the plan-
ning stage (what is the optimal batch size, what is
the optimal level of effort) from the control stage
(how does one induce the worker to exert that
level of effort). Rather, the optimal plan will
reflect the control costs associated with imple-
menting the plan.

This example only scratches the surface of the
issues involved. Other elements, such as informa-
tion asymmetry (the agent has private informa-
tion about r) could be incorporated. It was as-
sumed that the agent maximizes his expected
hourly utility. One might want to analyze what
happens if he maximizes expected utility from the
job: he may want to decrease the level of effort in

order to increase the optimal batch-size, and
therefore be employed a larger number of hours.

The purpose of these examples was to illus-
trate what type of results can be expected. The
common point among these three examples is
that a principal / agent approach (and more gen-
erally, the use of a multi-person approach) allows
one to address some basic questions which are
often overlooked by other methods of analysis,
and see how sensitive optimal policies are to
these issues.

6. Concluding remarks

Many criticisms have been directed towards
agency theory. Some of these, but not all, can be
answered by the extensions discussed in Section
3. 1 first discuss some of the more important
ones, and end with some general comments about
the principal / agent approach.

Kaplan (1984) mentions, among others, the
following problems with agency theory:

(1) only simple models can be solved.

(2) Agency theory is a theory of contracting with
production workers, not managers.

(3) The role of knowledge and innovation to
create value in the firm is missing; i.e., agency
theory is static.

The first of these criticisms is indeed a key
issue: as soon as one goes beyond the basic set-up,
agency models become quite complex to solve,
and the complicated algebraic expressions hide
the underlying intuition. Still, Grossman and Hart
(1983) have shown that one can obtain consider-
able insight into the optimal structure of an in-
centive scheme without working out the full prob-
lem. They explain how the complexity of solving
an agency problem can be reduced by splitting it
up into two sub-problems if one is willing to
assume that the agent’s preferences over income
lotteries are independent of the action he selects.
In a first stage, one determines for each action an
incentive scheme that minimizes the expected
cost of inducing the agent to choose that action.
This step can be formulated as a convex program.
In the second stage the optimal action is deter-
mined. This stage is much harder to solve. Gross-
man and Hart show that solving for stage one
only, allows to determine many characteristics of
the optimal incentive contract. Gjesdal’s (1988)
work on the optimality of piece-wise linear incen-
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tive schemes is also relevant in this respect, and
when turning to multi-period models, the work by
Holmstrom and Milgrom (1987) mentioned ear-
lier is encouraging.

The second criticism has been partly addressed
by reinterpreting the basic model. Rather than
talking about ‘effort’, alternative interpretations
look at career concerns, signalling, perks con-
sumption, etc. Alternatively, one can interpret
the principal / agent approach as a theory of ‘life
at the margin’: assuming ‘disutility of effort’ to be
U-shaped, we would be at a point of positively
sloping personal cost. Still, this criticism is worth
keeping in mind.

The third criticism is probably the most crucial
one. In a rapidly changing world, the manager’s
role is to ensure that his firm is ready for tomor-
row’s requirements. To capture these elements a
dynamic multi-period environment is desirable.
But no theory can capture all aspects of a prob-
lem. Other fields have (and are) focusing on
issues such as selecting an appropriate R&D
strategy, choosing the right technology, or react-
ing to a competitor’s action. Game theory has
been used to address some of these issues. But
there again, the problem of tractability arises as
soon as attempts are made to make a model more
realistic. This raises the question as to whether
precise mathematical analysis is the appropriate
tool to tackle a dynamic environment, but does
not imply that agency theory should be put ‘on
the shelf’ for problems involving dynamics. The
insights derived from analyzing simple problems
can be very useful when using other tools to
handle the more complex framework. Again, the
work by Holmstrom and Milgrom (1987) is a first
step in the process of capturing the multi-period
aspect in a tractable way.

Demski and Kreps (1980) criticize one of the
fundamental assumptions underlying agency the-
ory: no recontracting is allowed after an action is
taken (or the effort-level selected) but before the
outcome is known, although in many instances
this would make both parties better off. The key
problem here is that, if this type of recontracting
were allowed, then the original contract would no
longer be an equilibrium, as the principal and the
agent would expect recontracting to occur and
adapt their behaviour accordingly. This observa-
tion emphasizes the need for further attention to
issues of renegotiation and renegotiation-proof

equilibria, as for instance in Fudenberg and Ti-
role (1990). They modify the standard principal /
agent model in order to capture the notion of
renegotiation. They show that any outcome that
the principal can achieve by renegotiation after
the agent selects his action, but before the out-
come is observed, can also be achieved by a
renegotiation-proof contract, and that the result-
ing equilibrium involves mixed strategies. The
work by Fudenberg, Hélmstrom and Tirole (1990)
referred to earlier, which looks at the conditions
under which efficient long term contracts can be
implemented as a sequence of short term con-
tracts is also important in this regard.

Some aspects of agency theory appeared in
several of the functional fields discussed above.
Examples include the idea of delegation (portfolio
management, pricing, resource usage), standards
(accounting and POM (bonus schemes)), and
self-selection (portfolio management and sales
force selection). Concepts and results developed
in one area can be of significant use in other
fields, making joint work across various func-
tional areas particularly desirable. This may avoid
duplication of effort and allow the application of
well-developed concepts to one’s own field.

Despite its shortcomings, I remain convinced
that agency theory has a lot to offer to a variety
of functional fields, and to Management Science
in particular. It allows to incorporate the multi-
person aspect (incentives and risk attitude) too
often overlooked in the traditional approaches.
In-depth analysis of the extensions mentioned
above should yield many interesting results and
improve our understanding of contracting.
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