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Abstract:

We present a simple classroom principal-agent éxyet that can effectively be used as a
teaching device to introduce important conceptsrganizational economics and contracting.
In a first part, students take the role of a ppatiand design a contract that consists of a fixed
payment and an incentive component. In the secani $tudents take the role of agents and
decide on an effort level. The experiment can kexlue introduce students to the concepts of
efficiency, incentive compatibility, outside opt®rand participation constraints, the Coase
theorem, and fairness and reciprocity in contractin
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1. Introduction

The principal-agent framework is arguably the miosportant common paradigm in
courses on organizational economics, personnelose@s, and contract theory taught in
economics departments and business schools. Fhecumented, e.g., in the textbooks by
Milgrom and Roberts (1992), Lazear (1998), Barod Ereps (1999) and Brickley, Smith and
Zimmerman (2001) which appear on many syllabi @aaizational economics courses. They
all devote considerable space to the issue of aciig and the principal-agent paradigm. In
the preface to their textbook Brickley et al. (2p@ite: “A quiet revolution is occurring within
business schooils. (...) Armed with powerful theodared access to unprecedented data, we now
have a rich set of managerial insights to teachutlloe workings of organizations and
markets.” One of these insights is certainly thatknincentives are an important management

issue and that the principal-agent framework iy weseful for discussing these issues.

In this paper we present a simple classroom exggertian a two-person principal agent
game that we have found very effective in introdgcand illustrating the principal-agent
framework and other important concepts of orgaiomal economics and contractingirst,
the students take the role of a principal who mesigh a contract that is offered to an agent.
Second, the students take the role of an agent nebeives a contract and decides upon
individual effort.

To motivate the principal’s problem the students asked to imagine being the “owner”
of a company who lacks the expertise to run it hemherself. Therefore an “expert” needs to
be hired. The offered contract can specify tworuraents of payment: Aixed paymenor a
return shareor both. The fixed payment can be either positiveegative (it has to be between
+700 and —700). If the fixed payment is positives is tantamount to a salary for the expert. If
the fixed payment is negative, this is tantamouard payment of the expert to the owner. The
return share may be set between 0 and 100 peticemii(tiples of 10 percent). It specifies the
share of the return which the expert can pockehiior- or herself. For instance, if the return
share is 100 percent, the expert will receive fathe return. Thus, contract design allows for a

variety of contracts including pure fixed wage cants and high powered incentive contracts.

! For those who want to conduct this experiment @omputerized laboratory, we also provide a progfeatied
“design_a_contract.ztt”) that runs under the experital software z-Tree (Fischbacher 1999). z-Tseee popular
and easy to use toolbox for economic experimenigee does not require any programming skillsslifreely
available (seéttp://www.iew.unizh.ch/ztree/index.phpz-Tree has to be installed first before our pangcan be
used. Details can be found in Fischbacher (1999yee runs under Windows NT, 2000, and XP (buturater
Windows 98). The program “design_a_contract.ztévailable from the authors upon request.
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In the second part of the experiment, all studdetsde in the role of the expert. They
first have to decide whether they accept or refeetcontract they are confronted with (we
explain below how this is done). If the contractejected, the expert earns an outside wage of
100 while the owner earns nothing. If the expad Hecided to accept the contract, he or she
has to choose a costly effort level which determitiee company’s return. The return is split
between owner and expert according to the terntiseo€ontract; the expert has to bear the cost
of effort.

There are ten effort levels (from 1 to 10) and €@se increasing and convex in the effort
level. Efficiency requires that the expert chootes highest effort level but, under standard
assumptions of rationality and selfishness, theegixpill choose the lowest effort level. Thus,
to induce an opportunistic expert to exert the aggreffort level, the owner has to give the
expert a sufficiently large share of the returmpe@fically, in the subgame perfect solution, if
the owner him- or herself is rational and selfisé,will offer a return share of 100 percent and

ask for the whole generated surplus minus 100€xipert’s outside wagé).

This teaching experiment is very simple and easynfement. The role change in the
two parts of the experiment simplifies proceduressiderably, because the instructor does not
have to match principals and agents (who are idt# their principal has reached a decision).
Moreover, the design allows gathering data fromsaldents in both roles, which also often
results in interesting behavioral patterns and egissnt discussions.

In addition to introducing students to the printipgent framework this simple game
allows conveying the following theoretically andagptically important concepts: (i) post-
contractual opportunism (ii) efficiency, (iii) inogve compatibility, (iv) outside options and
the “participation constraint”, (v) the Coase thear and (vi) fairness and reciprocity in
contracting. The game can also be used to illiesiraportant principles of optimal behavior
(like determining the optimal effort level by usiag“marginal cost equals marginal benefit”
analysis), the concept of the disutility of effartd when we need incentives, the necessity and
difficulty of anticipating the behavioral reactioms the terms set in a contract, and recent

insights from behavioral economics research.

2 With our parameters return shares of 80 to 100guetrinduce efficiency. Offering 100 percent is trembling-
hand perfect solution. See Anderhub et al. (2002).
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2. Procedures

The experiment consists of two parts. In the fistt,all students act in the role of the
principal. In the second part, which we do notamte beforehanall students decide in the
role of the agent. Class size does not matter nfnrcthis experiment. We ran the experiment

with classes of 20 to 40 students.

The experiment does not need much preparation. indteictor only needs to copy (i)
theinstructions (ii) the contract design sheetf the principal and (iii) theffort decision sheet
of the agent. We found it useful to put the instimns onone piece of paper, and the contract
design sheet and the effort decision sheet ofgkateon two separate sheets of paper. It is also
helpful to use different colors for the three skeeAlso prepare transparencies of the
instructiond and aresults sheebn a transparency that will be helpful after tlhpeximent in
communicating the results and stimulating the dismn. The reader will find a copy of all

materials that we use in the appendix of this paper

The experiment is implemented as follows. Firstribute the instructions to all students
and ask them to read them carefully and silenttydénts will need 5-7 minutes for this.
Second, after students have read the instructsumsmarize the rules of the game by using the
prepared transparencies and the overhead proje&ftar you have summarized the rules, take
guestions. Third, ask the students to design tiwaitracts now. It is, of course, important that
students do not talk to each other and make thmices privately. Students will typically
need 5-7 minutes for designing their contracts.urffg after students have designed their
contracts, collect all sheets, and announce thatallosheets will be shuffled and redistributed.
Explain that all students will now act in the ralethe expert. After you have shuffled the
decision sheets, distribute them along with thagilet sheet of the agent. Before students take
the decisions, summarize the rules for the ageiitsthe help of a transparency. Emphasize
that the agents have to insert the contract theg neceived into their decision sheets. Then
students will need about 3-5 minutes to reach ttheaision. The whole experiment will need
about 30 minutes, including distributing and reecting decision sheets. Ask a student to

assist you, if you have large classes.

® The instructions we use are written in Microsofoid/in font size 20 pt, and comprise three pagekeroriginal
format. This has the following two advantagesstiyou can print the instructions on one piecpager by using
the option of printing four pages on one page. o8d¢ you can also print the same set of instrustion
transparencies, which are very helpful in summagzhe basic rules.
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3. Classroom Discussion

After you have collected the agent’s decision shestk one or two students to list them
on the prepared transparencies (see appendix)foivid it useful to present the results in two
ways. The first results sheet (“Offered contraatgl effort levels”) just lists the offered
contracts and the chosen effort levels. The secesdlts sheet (“Optimal effort choice?”)
summarizes the actual effort choices according h® Ibest reply effort levels. These
transparencies are very helpful in the formal pathe discussion (see below).

We always find it useful to kick off the discussiamformally. That is, while your
assistant prepares the results, ask the studemtbdw opinion on this experiment. Usually
students are happy to give their impressions. Tgreseed to ask questions like: “How did
you come up with a contract in the first part?” I kind of considerations did you have in
mind?” “In the second part, when you were an exew did you decide?” Most likely, this
part of the discussion will reveal that the studequickly got theules but found it very tricky
to think about an optimal contract design. Natyrahey find it easier to decide on the effort
level than on the contract. By the time you haskected some statements, your assistant will
be ready with the results and students will be wemyous to learn about them. We first put up

the results sheet with the offered contracts.

A typical result is that many principals ask foredurn share of 50 percent and pay a
positive fixed wage. About 10 to 20 percent of twatracts, usually, specify return shares
larger than 80 percent, and very few contractsr @tfiexed wage only. Thus, people recognize
the necessity to set incentives by offering a reirare. There are a few contracts that ask for
a negative fixed payment (typically those that @ftka return share of 100%). When students
are asked why they did not stipulate a negativediwage, and offered only 50 percent as a
return share, many arguments were reminiscent efetfidowment effect (see Kahneman,
Knetsch and Thaler 1991): They do not want to pamership, because they feel entitled to

ownership.

When students decide in the role of the expert, (e agent), they often reject contracts
(between 30 — 40 percent). Stated reasons focti@ps often relate to the unfairness of the

contract. The average effort level is usually lestw5 and 6.

Putting up the results will satisfy the studentsirigsity and further stimulate the
discussion. Some of them will say that they did thatk about the expert's likely effort level
when they decided about the contract. Rather, jinmsythought about what in their opinion a

reasonable contract looks like. Put differentlgeyt did not think strategically. Others,
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however, thought about the expert’s likely reactim designed their contract accordingly. In
the role of the expert they reject contracts thieywas unfair and, if they accept the contract,

they use a diversity of rules to decide on theref&vel.

After this informal discussion that we always fouttdbe quite lively, the ground is
prepared for a more formal discussion. Studemsager to learn about the “correct” solution
to this problem. A good starting point is puttimg a graphical depiction of the return and cost

schedule (Figure 1).

Figure 1 makes clear that the pie is largest aetfwt level 10. The question is how to
implement effort level 10. Before embarking onstlguestion, it is useful to discuss the
schedules first. While students quickly get theaiaf an increasing return, some of them do
not have an immediate intuition of the cost schedding convex. It can be used to drive the
idea home that incentive theory is about any prbdeicactivity that agents don’t want to
pursueat the margin(for instance, working long hours and thereby déang the opportunity to
watch a movie or to spend the evening with onetisp). If you have time, you can also use
this to discuss theories of work motivation (workifor money vs. job satisfaction and self-

fulfillment, etc.).

Figure 1:Returns and costs
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The next step in the discussion is the question toachieve effort level 10. Before
going into the derivation of the optimal result,ist useful to start with a discussion of
incomplete contracts. If the principal could enfora contract that stipulates a particular effort
level, there would not be any need for an incentimetract. As Milgrom and Roberts (1992)



put it (p. 127): “Motivation problems arise onlydaeise some plans cannot be described in a

complete, enforceable contract.”

The search for the optimal contract in this experninstarts with an argument on
backward induction. The principal has to think atbthe agent’s reaction to a contract. By
assuming that the agent wants to maximize his omunetary income, we can start with the
analysis. Students usually remember the “mardieakfit equals marginal cost” principle of
optimal choice. In this setup, the total margiretlrn from effort is constant and equals 70.
The fixed payment is independent of the effort leaed therefore does not influence the
marginal benefit. The marginal benefit that bekng the agent is determined by the return
share. If the return share is zero, the margigtairn for the agent is zero, but the marginal cost
is always positive. Thus, an optimizing agent ailays “shirk”, i.e., work at the lowest effort
level in this case. Incentives are needed to ptetres “post-contractual opportunism”. The
opposite case occurs when the return share is é@@mt. In this case the agent can pocket the
whole return. A comparison of marginal cost anddfi quickly reveals that marginal cost are
at most 50, but the marginal return is always TOus, an agent who enjoys the full fruits of
his or her labor has an incentive to work at thghest effort level. At this point students will
probably realize that already a return share op&@ent suffices to induce full effort of an

optimizing agent.

Figure 2 conveys the logic of the “incentive conimlty constraint” for various return
shares. The analysis reveals that only five etforéls can be optimal — levels 1, 4, 6, 8 and
10# The main message of this argument is that ecantmbry predicts a positive correlation

between return share and effort level.

* Effort level 1 is optimal for return shares 0, &8d 20 percent; effort level 4 is optimal for retshares of 30
and 40 percent; effort level 6 is best for the metshare of 50 percent; level 8 is a best respéorsthe return
shares of 60 and 70 percent; and return sharesr [Hrgn 70 percent will induce the highest level.
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Figure 2:Deriving the solution
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A principal who understands the problem of posti@mtual opportunism and the logic
of the incentive compatibility constraint, will trefore offer a contract that gives the agent at
least a return share of 80 percent. Since thisrmeshare induces an optimizing agent to
provide the largest effort, the surplus will be mmaized and amount to 400 (see Figure 1).
Provided the agent is a money maximizer, the goadonill therefore ask for a fixed payment
of —299. The agent, who earns 100 if he or shectgjthe contract, therefore enjoys a net

earning of one money unit and will consequentlyeptthe contract.

Of course, the data do not conform to this predlictiAgents, who receive a contract they
view as unfair, are likely to reject it. The rdsubre very similar as in the well-known
ultimatum gamé. Thus, you can drive home the point that the melév‘participation
constraint” of the agent is not just his or hersmg option, but what the agent is willing to

accept.

The effort choices of accepted contracts confornaty large to economic theory. The
correlation between return share and actual eléoel is usually highly significantly positive.
This message can be effectively conveyed by usiegsecond results sheet (“Optimal effort

choice?”). Students are usually quite impressed.

This theoretical discussion, combined with the itssgan be very helpful to the students
for getting the economic logic right. You can diss the theoretical properties of fixed and

variable payments, the importance of outside optiaand the participation and incentive

® The survey papers by Camerer and Thaler (1995t (1995) summarize important results on thienaltum
game. See also Camerer (2003, Chap. 2) for a chmpsese treatment.
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compatibility constraints. However, you can alsecdss the relevance of fair sharing, and
reciprocity in contracting. As in many other expents we usually observe some students
who reject unfair contracts or choose a subopteffalt level for reciprocal reasons. Thus, if
you have time, you can also briefly discuss reeeiviances in behavioral economics research
that has documented the importance of fairnessrecigrocity in principal-agent games and

beyond®

This experiment can also be used to discuss theoetio concept oéfficiency Students
easily see where the pie is maximized. They alsderstand that if the pie is not yet
maximized there are arrangements where a leaspartg can be made better off, without
making the other one worse off. From the concdpéfbiciency it is a small step to the
“efficiency principle”, “value maximization” and & “Coase theorem” as discussed, e.g., by
Milgrom and Roberts (1992, Chap. 2). We thereimeally assign Chap. 2 in Milgrom and
Roberts (1992) as compulsory reading and ask tltests in a homework assignment to relate

these concepts to the classroom experiment.

4. Further Reading

Ortmann and Colander (1997) also describe a pmheigent game used as a teaching
device. Their game is a version of the prisondilemma and can be used to illustrate the
issue of moral hazard. Douglas (1997) proposemple analytical approach of teaching the
principal-agent problem. Holt (1999) provides a eah discussion of classroom experiments

and a host of examples.

The experimental design of the present teachingraxgnt is inspired by research papers
we were involved in (Anderhub, Gachter and Konigs#002; Gith, Klose, Kénigstein and
Schwalbach 1998; Koénigstein 2001). See Anderhuhl.ef2002) for references to further
principal-agent experiments. This paper can aéscebommended to those students who want

to learn more about this experiment.

The design of this classroom experiment is clogegtnderhub et al. (2002). The most
important design differences are that in Anderhtilale(2002) agents can choose among 21
effort levels and that the return shares are nmekipf 1 percent. Moreover, the game is played
repeatedly, in two sequences of six periods edde results are that principals design work
contracts that are incentive compatible and obeyp#rticipation constraint. Contracts are less

® Fehr and Gachter (2000) and Géachter and Fehr [200%ey results on the economics of reciprocity &re
relevance of fairness and reciprocity in varioustracting situations. Camerer (2003) provides seresive
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unfair than predicted by standard arguments. Ageject unfair contracts (similarly as in the
ultimatum game) and respond to a very large degpmnally to the incentives set by the
contract. Deviations from the optimal contract t@nexplained by reciprocity. In summary,
the results typically observed in this classroonpeginent are largely consistent with the

observations in the underlying research experiment.

References

Anderhub, Vital; Simon Géachter, and Manfred Konigstein, “Efficient Contracting and Fair
Play in a Simple Principal-Agent ExperimerEXperimental Economicg002,5, 5-27.

Baron, James and David Kreps Strategic Human Resources. Frameworks for General
ManagersNew York: John Wiley & Sons, Inc., 1999.

James A. Brickley, Clifford W. Smith and Jerold L. Zimmerman, Managerial Economics
and Organizational ArchitecturdMcGraw-Hill/Irwin, 2001.

Camerer, Colin (2003):Behavioral Game Theorfrinceton: Princeton University Press.

Camerer, Colin and Richard Thaler, “Anomalies: Ultimatums, Dictators and Manners.”
Journal of Economic Perspectiv&ring 19959(2), 209-19.

Douglas, Evan,“The Simple Analytics of the Principal-Agent Inceat Contract”,Journal of
Economic EducatiolVinter 1989, 39-51.

Fehr, Ernst, and Simon G&achter “Fairness and Retaliation: The Economics of Reaipy,”
Journal of Economic Perspective&dummer 200014, 159-181.

Fischbacher, Urs,“z-Tree. Toolbox for Readymade Economic Experimaelixperimenter's
Manual.” Working paperNo. 21, 1999, Institute for Empirical ResearchBoonomics,
University of Zurich.

Géachter, Simon and Ernst Fehr,“Fairness in the Labour Market — A Survey of Experntal
Results”, in: Friedel Bolle and Marco Lehmann-Waffehmidt (eds.),Surveys in
Experimental Economics. Bargaining, Cooperation dtfdction Stock Market$hysica
Verlag, 2002.

Guth, Werner, “On ultimatum bargaining experiments — a persoreliaw”, Journal of
Economic Behavior and Organizati@a, 1995, 329-344.

Guth, Werner, Wolfgang Klose, Manfred Konigstein ard Joachim Schwalbach “An
Experimental Study of a Dynamic Principal-Agent&einship,”"Managerial and Decision
Economicsl9, 327-41.

Holt, Charles, “Teaching Economics with Classroom ExperimentSQuthern Economic
Journal,65(3), 603-610.

overview of experimental results in related games.
10



Kahneman, Daniel, Jack Knetsch, and Richard Thaler,The Endowment Effect, Loss
Aversion, and Status Quo Biaslburnal of Economic Perspectivéd/inter 1991,5, 193-
206.

Kdnigstein, Manfred, “Optimal Contracting With Boundedly Rational AgefitsHomo
oeconomicus2001,XVIII (2), 211-228.

Lazear, Edward, Personnel Economics for Manageigew York: John Wiley & Sons, Inc.,
1998.

Milgrom, Paul and John Roberts,Economics, Organization and Managemedthentice-Hall:
Englewood Cliffs, N.J., 1992.

Ortmann Andreas and David Colander “A Simple Principal-Agent Experiment for the
ClassroomEconomic Inquiry April 1997,XXXV,443-450.

11



Appendix: Instructions, decision sheets, and resudtsheet

Design a contract!
1. Imagine you are the owner of a firm but you lack &xpertise to run your company
properly. Therefore you decide to hire an expert.
Your task is tadesign a contractbetween you and the expert.

The expert caaccept or rejectyour proposal. If the expert rejects the propdsalwill
earn 100; you will earn nothing.

4. If the expert accepts the contract and is therefgling to run your company, he/she
chooses his/hawork effort. For simplicity, we assume that there e work effort
levels the expert can choose (1=expert works vehy;|[10=expert works very hard).

5. The work effort determines thietal return that is generated as a result of the expert’s
work effort. The higher the expert’s work efforethigher the total return, but also the
cost the expert has to bear.

Your contract offer to the expert consists of two elements:

1. A fixed payment,which can be
- positive(i.e., the expert gets a salary)
- or negative(i.e., the expert has to pay this amount to you)

2. Theexpert'sreturn share, in multiples of 10%, which states the share oftttal return
(in %) that belongs to the expert (the rest autaraby goes to you).

Rules for contract offers to the expert:

For contract offers the following rules hold:

—700< fixed paymeng 700 (only integers!)

Theexpert's return sharebetween 0% and 100%
(0%, 10%, 20%,...,100%)

ALL combinations that obey these rules are feasible

Payoffs if the expertaccepts the contract:

The expert gets:
[Expert’s return sharén %] x(total return) + fixed payment — cost of the exjsawork effort

The owner gets:

[100% —Expert’s return sharén %] x(total return) — fixed payment

Note: The expert's return share is a multiple of 10% (@9%400%)

Example 1: Expert’s return share = ®the owner gets the whole return

Example 2: Expert’s return share = 108¥Expert gets the whole return

Example 3: Expert’s return share = 5@»EXxpert gets 506; the owner gets 50% of the total return

Payoffs if the expertregects the contract:

Theexpert earnsl00
Theowner earns 0.

12



The following table indicates the relationship betwen the expert’'s work effort and the
generated total return from his or her work effort. The table also shows the costs of work

effort the expert has to bear.

Work effort levels, total return from the expert’s work effort and the expert’s cost of the

work effort:
Expert’s work effort Total return from expert’s effort;] Costsof work effort
(1=lowest; 10=highest): 70%(Work effort) for expert

1 70 0

2 140 20
3 210 20
4 280 60
5 350 90
6 420 120
! 490 160
8 560 200
9 630 250
10 700 300

Example:

You offer the following contract:

Fixed payment: +55
Expert’s return share: 50%

The expert chooses effort level 3. The total retaierefore 210.

The expert earns: 50%x210 + 55 — 40 = 120.
You earn: 50%x210 — 55 = 50.

You can “simulate” payoff consequences of varioustiacts by using assumptions on the

expert’s work effort.




Contract design sheet for the principal
Design a contract!

I make the following contract proposal to the exper

Fixed payment(between —700 and +700): ..

Expert’s return share (in multiples of 10%, between 0% and 100%):  .........

Effort decision sheet for the agent

Now you are an expert!
You have just received a contract offer! You nowéhto make two decisions.
1. Your first decision is to decide whether yaccept or rejecthis contract.

2. If you accept the contract, you have to choose yairk effort

Please fill in the details of the contract propdbkal you have just received from an owner:

The owner’s proposedfixed payment forme: L

The owner’s proposedreturn shareforme: Ll

| accept this offer:
o No
oYes

Only when “Yes”:

14




First results shegt'Offered contracts and effort levels”)

Fixed
no. |payment |return share %| accept (1="yes"; 0="no" effort level
1
2
total

Second results she@Optimal effort choice?”)

Return share % | Payoff maximizing Actual efforts Average effort
effort
0, 10, 20 1
30, 40 4
50 6
60, 70 8
80, 90, 100 10
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