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Abstract

Modern ‘principal-agent theory’ has made a lot of progress in propos-
ing theoretical solutions to agency problems. This paper contributes to a
better understanding of behavior in agency situations. In particular, we
provide experimental evidence on offered contracts and effort choices in a
simple agency game. In line with principal-agent theory we find that in
our experiments many contracts proposed by principals are ‘incentive com-
patible’ and most agents behave optimally given the terms of the contract.
However, in contrast with economic predictions, we find that agents (i) re-
ject ‘unfair contracts’ and that (ii) given acceptance, their effort choices
are to some extent driven by reciprocity. It seems that contract design has
to regard an equity constraint that has so far been neglected by contract
theory. In fact, most contract offers observed in the experiment aim at fair
surplus sharing.
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1. Introduction

Agency problems abound in economic life. An agency problem is likely to oc-
cur whenever one individual (usually called the ‘agent’) takes actions on behalf
of some other person (the ‘principal’). Hence, as it has been pointed out very
early on, almost all contractual relationships have some agency element. This
is of particular importance for organizations, since they can be understood as a
system of “contracting relationships among individuals” (Jensen and Meckling
1976, p. 310). Examples are the relationships between employers and employees,
managers and subordinates, and managers and owners. Agency problems are of
course also prevalent in business relations between firms and between individuals,
between landlords and tenants, voters and the government, and so on. Hart and
Holmstrém (1987, p. 75) make a particularly general argument about the impor-
tance of agency relationships by pointing out that agency problems are likely to
arise wherever there are gains to specialization.

A crucial aspect of an agency relationship is that the agent does not neces-
sarily take actions that are in the best interest of the principal. This problem
is particularly severe if the principal’s preferred action cannot be contractually
enforced. The reason for this is that there is some asymmetric information either
between the principal and the agent or between them and a third party like the
courts that prevents the conclusion of enforceable contracts.

Agency problems have been formalized as principal-agent (PA) models and
have been a major subject of economic theorizing especially within the last two
decades (see, e.g., Ross 1973;Holmstrém 1979; Shavell 1979; Grossman and Hart
1983; Hart and Holmstrom 1987; Holmstrém and Milgrom 1987; and Salanié 1997
for a recent textbook account). In these models, if contracts can not be enforced
completely, the principal has to design a work contract that obeys ‘“incentive com-
patibility constraints’ and a ‘participation constraint’. The former are necessary
to align interests between the principal and the agent because of the presumed
opportunism of the agent. The latter constraint is necessary to guarantee that
the agent agrees to the contract in the first place. The principal takes optimizing,
selfish behavior of the agent for granted and derives the optimal contract which
(1) is incentive compatible and (ii) leaves the agent just indifferent between ac-
cepting or rejecting the contract. In other words, the principal extracts the whole
surplus that is created in the exchange. The agent (iii) accepts the contract and
(iv) responds optimally to the incentives set in the contract.

In this paper we study the behavioral validity of these four predictions within



a simple PA-game. Within this game, the principal first designs a linear contract;
i.e., he may offer the agent a fixed wage and a return share. The fixed wage may
be positive or negative (within some upper and lower bounds) and the return
share can vary between 0 and 100 percent. A negative fixed wage is tantamount
to a payment from the agent to the principal; a return share of 100 percent is
tantamount to the agent possessing the whole return. Second, the agent decides
on whether or not to accept the contract. Thereafter, she chooses an effort level
which generates a return and causes a cost (to be beared by the agent). These
three stages comprise a single base game. In the experiment the subjects play two
repeated games each consisting of six base games.

Within the given restrictions any combination of fixed wage and return share
constitutes a feasible contract in our experiment. If, however, the agent is selfishly
motivated, a fized wage contract (with a zero return share) does not at all align
interests between the principal and the agent; it leads to full shirking of the
agent. Incentive compatibility requires the return share offered to the agent to be
sufficiently high. In our model, the unique ‘trembling hand’ perfect equilibrium
of the game calls for a return share of 100 percent, i.e., the agent owns the whole
return for which he pays a price (i.e., a negative fixed wage) that amounts to the
generated surplus. However, this solution as well as all subgame perfect equilibria
of the game are questionable from the viewpoint of fairness because the principal
receives all surplus.

The benchmark for our analysis are some empirical observations made in the
last decade of experimental research on people’s social motivations in bargaining
contexts and in cooperation games. For our purposes two sets of results are par-
ticularly relevant. First, by now there is a lot of evidence that people act less
often opportunistically than is assumed by standard economic theory and in most
agency models. For example, Fehr, Géchter and Kirchsteiger (1997) have shown
that in a simple agency game that was designed such that selfish agents had an in-
centive to shirk, much less shirking actually occurred than theoretically predicted.
Instead of shirking, agents made their effort choices dependent on the generosity
of the work contract offered to them by the principal. They responded with ‘high’
effort choices if the principal offered them ‘generous’ wages and they put forward
‘low’ effort levels if the terms of the contract were greedy. Put differently, agents,
on average, behaved reciprocally. Under certain conditions reciprocity turned out
to be a very powerful contract enforcement device. This result has by now been
replicated several times in different games and under different institutions (see

Giith, Klose, Konigstein, and Schwalbach 1998; and Fehr and Géchter 1998 for



an overview). The observation of reciprocity in agency relationships is not re-
stricted to the laboratory. To give just one example, Bewley (1997) provides
extensive field evidence for the importance of reciprocal behavior in employment
relations.

A second set of results that is relevant here comes from ultimatum games.?
In the subgame perfect equilibrium of that game the proposer offers the smallest
amount of money and the responder just accepts it. As we have just pointed
out, this is also the prediction about the principal’s contract offer and the agent’s
acceptance decision. The experimental results in the ultimatum game are not at
all in line with this prediction. Subjects reject allocations that give them only a
fraction of the pie. Accordingly, proposers usually offer between 40 and 50 percent
of the pie. Again, this result has been replicated many times (see Camerer and
Thaler 1995, Giith 1995, and Roth 1995 for overviews).

While the first set of results suggests that people act less often opportunis-
tically than assumed by standard economic theory, the latter set of results may
be informative about the behaviorally relevant participation constraint. These
observations raise several interesting questions that we want to investigate in this
paper. How do agents respond to the incentives set in the contract? (Given that
people are often reciprocally motivated, how does this influence agents’ behavior
under incentive contracts? In turn, if agents are less opportunistic than assumed
by standard theory, what kind of contracts do principals design? To what extent
do they rely on incentive contracts? Does the result that people reject unfair offers
carry over to more complex contractual arrangements? In other words, what is
the behaviorally relevant participation constraint in an agency relationship?

Our most important results, presented in detail in sections 3 and 4, are as
follows. In line with economic predictions, principals offer incentive compatible
return shares and ask for negative fixed wages in many cases. Agents choose con-
ditionally rational effort levels in many cases, i.e., we find optimal effort decisions
on and off the equilibrium path. Deviations from the individually optimal ef-
fort level can be explained by reciprocity. Agents who receive generous contracts
are more likely to increase their effort above the conditionally optimal level than
agents who receive greedy offers. However, agents are also prepared to reject ‘un-
fair’ contracts. Thus, the observations from the ultimatum game carry over to our
principal-agent experiment. The behaviorally relevant participation constraint is

'In this game a proposer can divide a fixed sum of money between him and a responder
who can either accept the proposal, or reject it. In case the responder rejects both get nothing,
whereas an acceptance leads to the implementation of the proposed allocation.



one that involves fair sharing between the principal and the agent.

Our paper contributes to the behavioral investigation of agency problems. In
this respect we complement empirical investigations that use naturally occurring
data on issues of incentive contracting (see Prendergast 1999 for a comprehen-
sive overview of this literature). However, there are by now not many investi-
gations that study the behavioral elements that make up a contractual solution
of an agency problem. The papers that are closest to ours in this respect are
the experimental studies of Berg, Daley, Dickhaut, and O’Brien (1992); Epstein
(1992); Giith, Klose, Kénigstein, and Schwalbach (1998); and Keser and Willinger
(1997) who all study contract design and agents’ behavior in moral hazard situa-
tions. Giith, Konigstein, Kovédcs, and Zala (1999) study a PA—game with multiple
agents.”

In contrast to most of these papers, in our design principals can choose among
a very large number of contracts - including pure fixed wage contracts, pure in-
centive contracts and any mixture of incentive and fixed wage contracts. Agents
can choose among a large set of effort levels. These design features allow us to
investigate the relevance of fine-tuned incentive contracts, ‘fair sharing’, as well
as the principles which are behind effort choices.

In section 2 we present the game underlying our study, its theoretical solution
and the applied experimental procedures. Thereafter we present our experimental
data on contract design (section 3) and on the behavior of agents (section 4).
Section 5 concludes.

2. The Experimental Design

2.1. The game

In the experiments we implemented a finitely repeated game that consisted of six
repetitions of the following base game between two players, a principal P and
an agent A. First, the principal designs a work contract and makes a ‘take it
or leave it’-offer to the agent. Secondly, the agent either accepts or rejects the

2Other PA-studies which are, however, less closely related to ours are: Bull, Schotter and
Weigelt (1987) who test the incentive effects of piece rate and tournament payment schemes;
Nalbantian and Schotter (1997), who investigate various contracts to provide group incentives;
Hackett (1993), who studies incomplete contracting, and Chaudhuri (1998), who investigates
ratchet effects in a principal-agent relationship. Plott and Wilde (1982); DeJong, Forsythe,
and Lundholm (1985); and DeJong, Forsythe, Lundholm and Uecker (1985) study moral hazard
problems with multiple buyers and sellers.



contract and, thirdly, chooses her work effort. In detail, the three stages and the
parameters of the base game in period t are as follows:

STAGE 1: P chooses a work contract w, = (fy, s¢) that consists of two components,
a fixed wage f; and a return share s;. P also states a ‘suggested work effort’ ¢,
which is not binding for A’s choice later on. The work contract and the suggested
work effort have to obey the following restrictions:

fi € {=1700,—699, ..., +700}
se € {0,0.01,...,1}
& € {0,1,...,20}.

In period ¢t = 1 the principal is allowed to design up to two work contracts (and
to suggest a work effort for cach contract).

STAGE 2: A may either accept (6; = 1) or reject (6, = 0) the contract offered
by P (in t = 1 she may accept one of the two offered contracts or reject both).
This decision determines the ‘implemented contract’. For é; = 1 the implemented
contract is equal to the offered contract (one of the offered contracts in ¢ = 1).
In case of 6; = 0 the implemented contract is equal to @ = (0, 0), the ‘status quo
contract’.

STAGE 3: A chooses work effort e; with
€ € {0, 1, ceey 20} .

The agent has complete effort discretion, i.e., she is not restricted by é; suggested
by the principal.?

The repeated game proceeds by P getting informed about 6; and e; after A’s
effort choice. Then, either the next period follows (if ¢ < 6) or the game ends (if
t=86).

A’s work effort e; determines the return according to the return schedule r;, =
r(er) = 35e;. The players’ repeated game payoffs are the sum of the following base
game payoffs:

Wf = (1—3t)'7"t—ft
7TZ4 = s+ fr— ¢ 2

/N TN
T
H

3Technically, A also has to make an effort choice if she has declined P's contract offer.
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with s;, and f; according to the implemented contract, the return r;, and cost of
work effort ¢, = ¢(e;). The cost function c¢(e;) is piecewise-linear, increasing in e,
and convex (for a tabular representation of this cost function as it was presented
to the subjects, sec the instructions in the Appendix):

5¢; Ve, =0,...,4
—20+ 10e; Ve, =5,...,8
cle) = —60 + 15¢; Ve, =9,...,12
—120 + 20e; Ve, =13,...,16
—200 + 25¢; Ve, =17, ...,20.

For our purposes, this type of cost function has some useful properties which will
be discussed later on. In the following we turn to the game-theoretic solution of
this game, and then discuss some important features of our design.

2.2. Game-theoretic solution

The game-theoretic solution we now derive assumes rationality and selfishness of
all players. We start by characterizing the set of subgame perfect equilibria of the
base game in ¢ = 6. For a given implemented contract wg the agent maximizes
(2.2) by choice of eg. Her best reply effort function ég(sg) satisfies:

é¢ = arg max my (2.3)
eg

In contract theory this condition is known as the ‘incentive compatibility con-
straint’. We refer to é; as the ‘conditionally rational effort choice’. It is the effort
level that equates A’s marginal return and her marginal cost. Since marginal
return is constant and marginal cost is a step function, one can easily derive the
conditionally rational effort choices as a function of the return share sq (sec figure
1 and table 1). Thus, the piecewise-linear specification of the cost function allows
for only six different effort levels that might be conditionally rational. In the data
analysis below, this feature will make it easy to determine whether agents choose
conditionally rational effort levels.

Insert figure 1



Return Share Conditionally Ra-

(s6) tional Effort (ég)
0§86<% 0
%§86<% 4
%§36<% 8
%§86<% 12
‘—$§36<§ 16
2<s<1 20

TABLE 1: Conditionally rational effort choices. Note that figure 1 suggests that

€g is not unique for sg € {%, %, %, %, %} . However, within the experiment sg could be

chosen only in increments of 0.01 such that non—uniqueness was impossible.

Before deciding upon an effort level, A has to choose whether to accept or to reject
the offered work contract. A rejection ¢ = 0 means that the status quo contract
w = (0,0) becomes effective and that by her subsequent choice of ég = 0 she can
guarantee herself a payoff of at least zero. Accordingly, ¢ = 1 if and only if

Té(ég) > 0 (2.4)

which will be referred to as the ‘participation constraint’. Thus, the principal’s
problem is described as follows:

max g

€6,f6,56

subject to (2.3) and (2.4).

Given the participation constraint is satisfied, (2.3) says that effort solely depends
on sg. Furthermore, note that multiple return shares may lead to the same effort
and that optimal behavior requires for P to induce a given effort at minimal
cost (see, e.g., Grossman and Hart 1983). Therefore, choosing fg such that (2.4)
holds with equality implies that every ( fs, sg) induces eg = €g(s¢) at minimal
cost. However, this also implies that the principal captures all the surplus. Thus,
maximizing 7 implies surplus maximization and one easily finds that this is the
case for all sg > % In summary, the paths of all subgame perfect equilibria (SPE)



