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Using experimental economics, we compare the efficiency and welfare effects of
tournament and fixed standards contracts. Our findings suggest that economic agents are
generally better off under fixed standard contracts unless they face substantial common
shocks. Administrators of contracts (principals) also tend to be better off under fixed
standard contracts for moderate to small common shocks. Efficiency wise, agents tend to
exert higher effort under fixed standard contracts. Moreover, effort under tournaments
appears to be declining in the variance of the common shock. Our results suggest that a
ban on tournament contracts may generally be better off for both growers and processors
except in cases where common shocks are large.
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[. Introduction
The regulation of agricultural production contracts has been atopic of debate in recent
policy discussions at both the state and federa levels. These debates emerged from
widespread grower discontent about the fairness of agricultural contracts and have led to
anumber of legidlative proposals that are designed to regulate agricultural contracts. One
proposal that has been on the table is the banning of relative performance contracts,
which condition growers’ payments on the performance of other growers through rank
order tournaments. As Tsoulouhas and Vukina (2001, page 1062) stated, “ Growers are
opposed to a system that bases their payments on how well or how poorly their neighbors
perform.” Such comparative performance payment systems make it difficult for growers
to predict how much they can expect to earn for any given growing period.

While some law makers and grower groups have pushed for the regulation or
banning of tournament contracts, relatively few serious economic studies have been
undertaken to assess the potential efficiency and welfare effects of alternative payment
regimes. A nice study by Tsoulouhas and V ukina (2001) based on analytical modeling
suggested that banning tournament contracts and replacing them with fixed standard
contracts can increase grower welfare provided that the magnitude of the piece rate in the
fixed standard contract is also regulated. Levy and Vukina develop arelated theoretical
model and derive conditions under which a ban of tournaments would be welfare
reducing. Calibrating key model parameters to data from tournaments in the North
Carolinabroiler chicken sector, they conclude that banning tournaments would be

welfare reducing. Roe and Wu apply results from Levy and Vukina's empirical analysis



to calibrate an explicitly dynamic model and aso find little support that banning
tournaments would increase total surplus but that it might benefit low ability producers.

This paper offers experimental evidence about the behavioral and welfare effects
of tournaments and fixed standard payment contracts. We followed an experimental
approach that was similar to the approaches of Bull, Schotter, and Weigelt (1987) and
Schotter and Weigelt (1992). The key difference in experimental design is that our
experimental subjects faced both idiosyncratic and common risk whereas these studies
exposed subjects only to idiosyncratic risk. We believe that exposing agents to common
risk is fundamental in examining behavior under relative performance contracts since a
key justification in the literature for having tournaments s to reduce aggregate risk.
Indeed, Holmstrom (1982) suggested that if agents' random outputs are not related, then
tournaments will only serve to expose agents to more uncertainty without any gain in
information about agents’ performance.

Our experimental subjects were primarily university students at The Ohio State
University. We recruited students and asked them to perform asimple task, which is
analogous to effort, under both afixed standards and tournament contracts. We
subsequently calculated their average effort levels, ex-post payoffs, and modeled ex post
payoffs for the principal (e.g. the processor).

A brief summary of our experimental findings are, (1) costly effort exerted by
subjectsis higher, on average, under fixed performance contracts than under tournaments
but this difference was mitigated by large common shocks; (2) agent (grower) welfareis
higher under fixed standards contracts so long as common shocks are not too important;

and (3) for certain types of revenue functions, principa welfare will be higher either



when common shocks are of moderate to low importance and they use fixed standard
contracts, or when common shocks are very important and they use tournament contracts.
These results suggest that, unless common shocks are very important, bans on
tournaments may enhance both ex post grower and processor welfare in the short run.>

While our experimental subjects are university students rather than agricultural
producers, we believe that our results will still reveal useful insights about human
behavior under different incentive contracts. Moreover, our results are less likely to be
biased by politics since most students are unfamiliar with the controversies surrounding
agricultural contract legislation.

In recent years, experimental economics has become an important tool for
assessing alternative regulatory regimes. It has been useful in providing insightsinto
number of issues ranging from affirmative action (Schotter and Weigelt, 1992), to
alternative mechanisms for public goods (Ledyard, 1994), to evaluation of tradable
permits for emissions (Cason and Plott, 1996), among other studies. Eckel and Lutz
(2003) suggest that a key advantage of experimental economicsisthat it can be very
useful in evaluating hypothetical situations (e.g. impact of new regulations) that are
difficult to replicatein the field.

[1. The Theoretical Framework
A. The Tournament Model
The theory of tournaments (e.g. Lazear and Rosen, 1981) states that an agent’ s payoff

depends on how he performs relative to other players rather than against some fixed

3 While this result appears to be straightforward, one has to remember that tournaments may not get used
unless common shocks are fairly sizable in the first place. Hence, it leaves open the question of whether
the government should institute a ban given that economic decision makers will naturally adjust their
strategies in response to different magnitudes of common shocks.



standard of performance. For ssimplicity, we will restrict our attention to two player
tournaments so that the “winner” receives a high payment in the amount R and the
“loser” receives apayment r whereR> r.*

To model behavior under tournaments, consider arisk neutral principal who
contracts with two identical risk neutral agents.” Following the literature, each agent’s
output isrelated in alinear fashion with effort and is defined by the relationship,

Q) yi= e+ Uct U i=12

where g is agent i’ s non-contractible effort, uc is arandom variable that is common to
both agents in the tournament, and u; is an idiosyncratic random variable that is
independently and identically distributed (i.i.d) across agents. We assume that the random
variables are normally distributed, where uc ~ N(0, a2, u; ~ N(O, &%), and

Cov(uc,u) =0 foralli.

Compared to other tournament experiments we have referenced, our research is
unique in that we include the common shock in the agents' production functions. The
inclusion of acommon shock isimportant both at a theoretical and behavior level. Ona
theoretical level, Holmstrom’ s (1979) sufficient statistics theorem suggests that any
information that can improve the principal’s ability to infer agents' effort levels ought to
be included in the contract; indeed, the sufficient statistic theorem has been frequently
used as ajustification for the use of relative performance contracts. On a behavioral

level, atournament can filter away the common shock and reduce the magnitude of risk

“ Both the theoretical and empirical literature on tournaments frequently focuses on two player tournaments
(e.g. Lazear and Rosen (1981), Bulll, et. al (1987), Schotter and Weigelt (1992), Hvide (2002), among
others). Whilereal world tournaments often involve more than two players, the two player case highlights
a common criticism of tournaments by agricultural producers, namely that the producers cannot predict
what output they must produce to earn the high payoffs.

® Risk neutrality of agentsisa common assumption in this literature. Indeed, the experimental studies of
Bull, et. a (1987) and Schotter and Weigelt (1992) postulated risk neutral agentsin their modeling.



faced by agents thereby possibly affecting their behavior. While we have assumed that
agents are risk neutral, it might be the case that our experimental subjects may have a
variety of risk preferences. By varying the size of our common shock while holding
expected payoffs constant, we ought to be able to infer risk aversion by observing
changes (if any) in the behavior of our subjects.

Since each agent isidentical, they have the same effort cost functions and we

assume that the cost functions satisfy the assumptions, ¢ (0) = c(0) =0, c'(e) >0 and
c'(e)>0. For our experiment, we will need to impose a specific functional form on the

cost functions so we adopt the cost structure used by Bull, et. a. (1987) in their

2

experiment, whichis c(g) = % where k is a positive constant.

Under the rank order tournament, agent i receives the high payment Rif y; > ;
and the low payment r if y; < y;.° The probability of agent i receiving the high payment is
then given by Prob(u, —u; >e, —g) where u —u; ~ N(O, 20°%) so that the risk agent i
facesistwice theidiosyncratic variance. Note that a major benefit of tournamentsis that
the common shocks cancel out so that each agent only faces idiosyncratic shocks,
although this could be better or worse depending how large the variance of the common

shock isrelative to the total variance. If the common shock variance makes up more than

50% of thetotal variance, then we have g’ + 0 > 20” so that the agent faces less risk
under tournaments since o2 would be eliminated.

With normally distributed random shocks, Prob(u, —u; >e; -¢) =

® In the case of atie, we flipped a coin to determine the winner in our experiments.



1- F(e —&) where F(¢) isthe normal cumulative density function of u —u;. Thus,

agent i’ s objective function is:

2

@ E(p=[1-F(e -e)]R+F(g -e) —
which, after some algebra, can be written as:

q2
)  E(m)=r+[1-F(e -g)|[R-r] —
Agent j’s objective function is:
(4) E(rr)=r+F(e -¢)[R -] ?J

The two agents therefore play a game where their strategies are their effort levels and
their payoffs are given by (3) and (4). Thefirst order condition with respect to the effort

for each agent is:

9E(7) _ _2%8 _
(5) % f(e -¢)[R-r] =0
0E(71) ~ ~
(6) T—f( e)[R r]

J

where f(¢) isthe density function. Conditions (5) and (6) suggest that,
2
(7) q = f(e -g)[R-1] ==L
sothat & =  =e* which isasymmetric Nash equilibrium. Thisaso implies that the

density function f(+) will be evaluated at zero so that f (0) = which suggests

1
J2m(20%)

that the optimal Nash equilibrium effort levels are:



For our experiment, we restrict our effort choice set for both agents to be the set of
integers from [0, 100] and we chose our parameters carefully to ensure interior solutions
inthis set.”

B. The Fixed Standards Model
For ssimplicity, we focus attention on a fixed performance standard contract with just
binary payoffs so that an agent i receives the high payoff Rif his output exceeds some
fixed standard y* and r otherwise. Thus, the probability that agent i receives the high
payoff issimply Prob(y; > y*), which is equivalent to Prob(uc + u; > y* - ), where uc +
u ~N(O, &°c + uj). Letting G() be the cumulative density function of uc + U, we have
Prob(uc + u > y* -e) =1- G(y* —e). Agenti’sobjective function under the fixed

standards contract is then:

2

9  E(m)=r+[1-G(y* -€)|[R 1] _%

with first order condition:

0E(7r) _

(10) %6

g(y*-&)[R-T1] -ZTQ =0

Note that since the agent under this contract does not compete against any other player,
(20) isjust the optimality condition for a standard optimization problem. Becauseg(e) is
anormal density function, solving for the optimal effort level that satisfies (10) will be

complicated and will require a numerical solution after we have chosen specific values

"Bull, et. al., and Schotter and Weigelt impose the same restriction. We try to maintain consistency with
other studiesin much of our experimental setup so that we have some basis for comparison when assessing
final results. Thus, wherever we can, we choose similar parameters and experimental restrictions to

mai ntain this consistency.



for the parameters. We will discuss the specific parameters in the next section, but it
sufficesto say for now that, given the objectives of this study, we selected our parameters
to ensure that the agent’ s ex-ante profits are equal under both tournaments and fixed
standard contracts.
[11. Experimental Parameters
A. Tournament Parameters
In setting our experimental parameters, we have tried to maintain consistency with prior

experimental studies on tournaments. Thus, the specific parameter we choose for our

2 2

cost function is c(g) =% -_8

and e (0[1,2,...,100] .B
k 10,000 & blL ]

Another objective we had was to observe behavior and welfare as we increased
the relative size of the variance of the common shock. We hold constant the total
variance (sum of the variances for the common and idiosyncratic shocks) at 500 (standard
deviation of 22.3) while varying the size of the common shock standard deviation from O
to 7, from 7 to 15.8, and from 15.8 to 18.7 across different experiments.

In choosing the payments R and r for the tournament, we had to consider a couple
of factors. First, we needed to choose the size of the spread between Rand r in order to
induce a certain effort level viathe incentive compatibility constraint (8). Second, we
had to choose the size of the payoff r to satisfy some hypothetical participation constraint
for the agent. These are also the sorts of constraints that a processor would have to face
in designing a contract for growersin practice. To mimic what areal world processor
might do, we assume that the processor would like to design a tournament contract to

minimize the cost of achieving some performance target or achieving some average level

8 Each of our experimental subjects faced this same identical cost function.



of performance at minimal cost.® The performance target we chose was 37 as it does not
appear to be an obvious number that subjects may focus on thereby biasing the results.
Moreover, it was the Nash equilibrium effort level chosen by Bull, et. al. so that it
facilitates comparison of our results with theirs. Therefore, R—r was chosen to
implement an effort level of 37 in order to induce an average output, E(y) =37.
Additionally, we assume that r is chosen to ensure that agents’ participation constraints
are satisfied. While we do not know the actual reservation utilities of our experimental
subjects, we did want to ensure an expected payoff of a minimum of $18.90 per
experiment to each of our experimental subjects. Each experiment consisted of four ten
round sessions for atotal of forty rounds of play. Thus, the per-round participation
constraint involves dividing 18.90 by 40 to get .4725.

Now we are ready to derive the optimal valuesof Rand r. With atarget effort
level of 37, k =10,000, and if the variance of the idiosyncratic shock is half the total
variance of 500 (i.e. o° =250 or ¢ =15.8), the optimal payment spread is R—r =.41.

In order to pin down r, we can use the per-round participation constraint,

372

- >0.4725
10000

(11) r+fO)[R-] —%2 =r +%[.4]]

® Strictly speaking, the principal should choose the target output level as part of an overall profit
maximizing strategy. However, given our objective of choosing our experimental designin away that is
relatively consistent with other experimental studies, it was impossible to incorporate profit maximizing
levels of effort and payoffs. For example, the effort space is bounded between 0 and 100, but the profit
maximizing effort level in a simple principal agent model would yield target effort level of e = 5000, a
payoff spread of R—r = 56.05, and r = 1295. These are well outside the bounds of our experimental
constraints. Therefore, we have assumed that the principal is solving some cost minimization problem of
achieving a performance target of 37, which isthe Nash equilibrium outcome of Bull, et. a’sstudy. While
assuming the principal behavesin this way is admittedly arbitrary, we feel that it is not completely out of
touch with reality. In practice, performance targets are often established by long run investmentsin fixed
factors, such is processing capacity, and/or by product or branding choices that require minimal quality
standards in inputs. Moreover, contract design is often a short run problem so that processors may not
actually choose simultaneously both the performance target and the cost minimizing contract parameters
for achieving that target. Thus, we believe that our approach of assuming that the principal minimizes
contracting costs conditional on some established performance target is not unreasonable for dealing with
short run welfare issues.



Solving for r yieldsr =.40.° Thisimpliesthat, in each round, each agent could choose
an effort integer from 0,...,100 and to this effort level is added an idiosyncratic shock, u;,
and an aggregate shock, uc, which are distributed u; ~ N(0, 250) and uc ~ N(0, 250), to

get ¥, =§ +U. +u,. Theoutput for agent j issimilarly defined. If y, > y,, then agent i
getsR=.81and agent j getsr =.40, andif y, <y, then agenti getsr =.40 and agent j

gets .81. We approximated a normal distribution with mean 0 and variance 250 using
300 pennies in a bucket where each penny was marked with an outcome for the random
shocks. The outcomes were represented by integers and the frequency for each outcome
was determined by approximating the number of outcomes out of 300 that might occur
under anormal distribution.™

We also calibrated payoffs for a case when the common shock islarge (70 percent
of total variance) still holding total variance at 500. In this case, o =18.7 and the pay
spread that would implement an effort level of 37 would beR—-r =.32. The reservation
utility for the participation constraint is once again 18.90 or 0.4725 per round,** and
solving for r yieldsr = .45. We also approximated two normal distributions, one for the
common shock with a standard deviation of 18.7 and another for the idiosyncratic shock

of 12.2 using the same method we used earlier.

19\We say “approximately” 40 because our numerical calculations had minor rounding errors. For example,
effort was actually 36.83 for an idiosyncratic variance of 250 and a pay spread of .41. The expected payoffs
were also dightly different from .4725 due to minor approximation errors but the payoff did not deviate by
more than 0.001.

! The exact method that we used was to cal culate the probability mass function in Excel for anormal
distribution with mean zero, and standard deviation 15.8. We then multiplied the probability for each
outcome by 300 and rounded it to the nearest integer. The resulting integer represented the frequency for
that particular outcome.

12 There were minor rounding errors here so the expected payoff for the agent was slightly above .4725 per
round. But the deviation was only about 0.0016.
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A third experiment reduced the variance of the common shock to only 10% of the
total variance of 500 so that the common shock standard deviation isonly 7.07. The pay
spread that would implement 37 is R—r =.55 and the level or r that would satisfy the
participation constraint with reservation utility set at .4725isr =.33. We approximated
two normal distributions, one for the common shock with a standard deviation of 7.07
and another for the idiosyncratic shock using a standard deviation of 21.2.

A fourth experiment eliminated the variance of the common shock atogether so
that total varianceis strictly due to the idiosyncratic shock. This experiment would
replicate (with minor changes in assumptions distributional assumptions) Bull, et. a’s
study mentioned earlier.

The four sets of tournament parameters and payoffs generated above allow usto
assess subject behavior under varying sizes of the common shock. Since we have
adjusted payments appropriately to ensure that the Nash equilibrium effort level is 37 and
that expected payoffs are identical at approximately .4725 across the four sizes of the
common shock, we should theoretically observe no differences in behavior under risk
neutrality. This provides uswith our first hypothesis:

Hypothesis 1. Changes in the size of the variance of the common shock (as a

fraction of total variance of 500) should not alter equilibrium behavior under risk

neutrality once compensating payment spreads R—r are made.
B. Fixed Performance Parameters
In calibrating parameters for the fixed performance contract, we had two goals in mind.
First, we wanted the optimal effort level to be identical to the Nash equilibrium effort of

37 under tournaments. This allows us to remain consistent with our assumption that the

11



principal is interested in implementing this effort level to achieve atarget or expected
output level of 37. Second, we assumed that if the principal were forced to use afixed
standards contract due to say, a ban on tournaments, it would still have to satisfy the same
participation constraints for agents so that we maintain the reservation utility of .4725 per
round in calibrating fixed performance payments.

Note that the incentive compatibility constraint for the agent is given by (10) so
that given a choice of g = 37, we can solve for the payment spread.™> However, before
doing so we need to choose afixed standard y* which output must exceed in order for the
agent to receive the high payment R. If output falls below y*, then the agent receivesr.
An obvious choice would be y* = 37, but we avoided this choice because we did not want
to provide our experimental subjects with afocal point so that they naturally gravitate
toward the optimal solution, 37. Instead, we chose y* = 41 and then adjusted our

payment spread so as to ensure that 37 is the optimal effort level. Since y* > 37, g(¢) in

(20) does not simplify into an easily manageable form asin the tournament model. We
therefore numerically solved for the optimal wage spread whichisR—r = .42. The value
of r that would result in an expected payoff of .4725 per round to satisfy the participation
constraintisr = .43. Thisleadsto our next hypothesis.
Hypothesis 2: Under the parameters chosen, effort level under the tour nament
contract and the fixed standard contract should be identical, on average.
Of course, this hypothesis relies on the assumption that agents are risk neutral.

Since the fixed standard does not filter away the common shock, the total risk

faced by the agent is o2 + 0. However, unlike the tournament case, varying the size of

13 \We also evaluated the second order conditions at 37 to ensure that we are at a maximum.
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the common shock (as arelative proportion of the total shock) should have no impact on
agents’ risk total risk exposure, since we hold total variance constant at 500. This leads
to our third hypothesis:

Hypothesis 3: Increasing the size of the variance of the common shock (as a

fraction of total shock) should not alter agents behavior under a fixed

performance contract.

C. Agent Welfare

Under the parameters in the previous sections, ex ante agent welfare was established to
be .4725 dollars per round. Calculating ex post welfare for both tournaments and fixed
performance was fairly straightforward as it smply involved taking the amount earned in
each round (R or r) and subtracting the cost of effort from the amount earned. Since the
ex-ante welfare was set to be .4725 across both the tournament and the fixed standard
contract, our welfare hypothesis for the agentsis:

Hypothesis 4: The ex-post welfare under the tournament should not differ

significantly from the ex-post welfare under the fixed standard contract.

D. Principal Welfare

On the cost side, it is straightforward to see that one advantage of the tournament for the
principal isthat thereis no uncertainty with regard to total payments that must be made to
two agents. That is, in atwo agent tournament, the cost to the principal isalwaysR + r
since there is aways one winner and one loser so there is little uncertainty with regard to
total payments made to the two agents. On the other hand, if the principal must contract
with the same two agents but must use a fixed standards contract, the expected total

payments can be (R, R), (r, r) or (R, r). The expected total payment would be:

13



(12)
E(pay) =(1-G(y* "))’ (2R) +2(1 -G(y* -€*))G(y* &) (R +r) +G(y* -€)?(2r)
Conseguently, one economic rationale for explaining the prevaence of tournament
contracts in certain agricultural sectorsisthat it provides processors with a mechanism
for reducing the variance in its costs of procurement.™

While minimum cost variation is adesirable goal, it is unlikely that principals
care only about this per se; that is, they also care about profits and profit variation. To
generate insights about processor profits, we had to make some heuristic assumptions
about the shape of the revenue function since we have little information about how output
may relate to revenuesin practice. Asmentioned in Section 111 A, we did not solve for
the long run profit maximizing performance target and instead assumed that, in the short
run, processors try to minimize the cost of achieving some pre-set performance target or
average level of output.”® Thus, we can interpret the revenuesin this section to be short
run revenues (e.g. flock to flock revenues).

To construct processor payoffs, we heuristically assumed two types of possible
short run revenue functions.® This allows us to determine whether qualitative
comparisons of ex-post payoffs between tournament and fixed standard incentives will

remain robust under different revenue structures. The first revenue function isjust the

“ This would require that at least some processors be risk averse.

1> For example, broiler companies are unlikely to change their processing capacity or quality performance
standards on a per flock basis. Instead, quality targets are determined by fixed investments in capacity or
product line over the long run. In this case, contracts will be designed to minimize the costs of inducing
growers to achieve these performance targets and short run (flock by flock) profits will be based on some
function of output minus payments made to growers.

16 While we will not defend our quantitative results on the basis of the rigor of our process, our analysis
can, nonetheless, provide general, qualitative insights about whether processor welfare might be higher
under tournaments or fixed standard contracts, and whether the qualitative results would remain robust
under alternative revenue functions.

14



simple revenue function commonly found in the agency literature which is that output is
equivalent to revenue so that R(y) =y. However, because the actual unit of measure for y
isnot given in dollar termsin our experiment, it is difficult to interpret output as revenue.
Instead, we make short run revenue alinear function of y by scaling y down appropriately
so as to facilitate a reasonable comparison between revenues and cost. The scaling factor
we choose was 0.1 so that expected per round revenue would just be R(y) = 0.1y so that
the expected ex-ante revenue would be $3.7 per round. Also, with two agents, we

assume that the processor cares about the average output so that we actually

useR(y) =0.1y where y = % As aresult, the ex post payoff for the processor

under the tournament would just be:
(13) 7 =.01y-(R+r)
For the fixed performance contract, the payoff would be:
(14) 7 =.01y-(p +p,)
wherep; O {R, r} fori =1, 2. We should note that, while total payments made by the
principal are deterministic under the tournament and random under the fixed standard
contract, it may be the case that even arisk averse processor may prefer the fixed
standard contract because the randomness of the total payments offers a natural hedge
against random revenues. Thisis because when average output islow and thereby
revenueis low, there is aso ahigher probability that payments will below. Thus, low
revenues are partly compensated by low payments.

The second revenue function we look at isa*“loss’ or “distance” function of the

form R(y) = R(Y) -=d|¥ —y| where § issome minimal performance threshold that

15



output must exceed or there will be alossin the amount J|§ - y| which is subtracted

from the revenue, R(Y) . Therevenue R(Y) then represents the maximum achievable
revenue when performance objectives are met. Loss functions have been used in some of
the recent contracting literature (e.g. Dessein, 2002), and can be justified from a practical
standpoint in that processors often attempt to meet some minimal performance standard
rather than push for maximum performance. For example, plant capacity often dictates
that some minimal flow of output must be available within any given time period to
reduce efficiency losses. Once the supply of output has met the minimal flow
requirements, having additional output does not add much more to revenue. Similarly,
quality consistency in food products often requires that the raw input commodity meet
certain minimal quality standards. But pushing for quality beyond minimal standards
would increase costs but not add much to revenue.

The ex post payoff with our second revenue function for atournament contract is,
(15) 7, =R(§) -9~y -(R+r)
Wechose d =0.1 and R(Yy) = 3.7 to be consistent with our first revenue function. For
simplicity, we assume that § = 37 so that some loss occurs whenever y fallsbelow 37.
The ex post profits using the tournament is cal culated using,
(16) 7, =37-0.137-y| ~(R+r)
For the fixed standard contract, it is calculated using,
(17) m =37-0.137-Y|~(p, +p,)

wherep; O{R, r} fori =1, 2.

16



These models allow us to conduct an empirical exercise to understand qualitative
issues such as (1) whether ex-post principal profits are greater under tournaments or fixed
standard contracts, and (2) whether the qualitative results would be robust to alterations
in the revenue functions. Thiswill shed light on why processors prefer tournamentsin
certain industries but not in others and how a ban may affect short run profits of
processors.

V. The Experiments
To test our hypotheses, we ran atotal four experiments on four separate days. Each
experiment used a different set of subjects and a different size common shock variance.
Each experiment involved 12 students'’ who were recruited at The Ohio State University
via posters and/or email lists across several departments.*®

For each experiment, subjects would arrive in aroom where we randomly
assigned each subject to one of 12 chairs until all chairs were occupied. We informed the
subjects that they had an opportunity to earn money and the amount they earned was
dependent on the decisions they made during the course of the experiment. The first
session of the night involved a tournament experiment, where each subject was paired
with another subject, although the identities of the pair members were not revealed to the
parties. The subjects would then play 10 identical rounds of this tournament game, where
in each round, each subject was asked to choose a “decision number” (effort) from O to

100. The higher the number a subject chose, the higher the cost of that decision to the

" Four of the subjects participated in two of the experiments. But the other 44 subjects participated only in
one of the experiments.

%8 Including the agricultural economics department, the business school, and several social and physical
science departments.
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subject.’® After the decision numbers were chosen the subject would enter these numbers
into their worksheets and an administrator would record the decisions in a computer.
Subsequently, one subject would draw the “common shock” number from a bucket with
frequencies that approximated a normal distribution?® and all subjectsin the room were
asked to add this number to their decision. Then each subject would individually draw a
random number from another bucket with frequencies approximating a normal
distribution, and then these individual numbers were also added to their decision plus the
common shock. The sum of the decision number, the common shock, and the
idiosyncratic shock would be their “output”. For each matched pair of subjects, the
administrator would compare outputs and the pair member with the higher output would
receive the high payment R while the other pair member getsr. Each subject would
record his/her winnings in the worksheet and subtract their decision cost to get his/her net
earnings from that round. After the round ended, the next round began and the entire
process was repeated. There were atotal of ten rounds and all rounds were identical. At
the end of the tenth round, the subjects calculated their payoffs for the ten round session
where the total payoff was just the sum of the net payoffs per round. All subjects
received the same cost sheet, knew the distribution of the numbersin the buckets, and all
other experimental parameters. Only the identity of the pair members was not common
knowledge. A session typically last between 20-25 minutes. Example instructionsto the

tournament are contained in Appendix A.

2
19 Each subject was given a cost table where the costs were cal culated using the cost function c(g T

10,000
specified in Section I11A.
% We described in Section I11A how we approximated the normal distributions.
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It should be noted that, while the tournament was repeated over 10 rounds, the
theory is based on a static model. Nonetheless, such repetition iscommon in
experimental practice since subjects make complex decisions. Moreover, the only
subgame perfect Nash equilibrium to afinitely repeated game involves the choice of the
Nash equilibrium decision levels to the one-shot game in each round. Thus, predictions
concerning equilibrium play was independent of finite repetition (Bull, et. al.).

Once the ten round tournament session was compl eted, we started a second
experimental session for the fixed standard contract. In all respects, this session was
identical to the tournament session, except that each subject played against afixed
standard of y* = 41, rather than against a pair member. Example instructions are
contained in Appendix B.

Once the first two sessions were completed, we conducted another two sessions, a
tournament session and a fixed standards session. However, the subjectsdidn’t gain
automatic entry into the second half sessions; instead, they had to bid their way into these
sessions through an auction using their experimental earnings from the first two sessions.
The ten highest bidders for the second tournament session got to participate in the post-
auction tournament. Similarly, the ten highest bidders for the fixed standard session got
to participate in the additional session. Example instructions and description of the
auction isin Appendix C.

We conducted the second half sessions and the auction for two reasons. First,
Friedman and Sunder (pages 98 and 99) point out that |earning effects are pervasive in
experiments so that we wanted to have subjects repeat the sessions at least once so that

some of the learning effects are neutralized in the second half sessions. Secondly, some
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subjects were not very motivated and did not seem to make decisions very carefully,
which may contaminate the overall results. By having all subjects bid into the second
half sessions, we were able to select out some of the less motivated subjects who revea ed
their low interest in playing by bidding alow amount to continue. Consequently, we
expected the second half sessions (one tournament and one fixed standard) to produce
more consistent data with fewer outliers caused by learning and unmotivated subjects.
V. Results

A. Effort Levels
Table 1 provide experimental results for the decision numbers (effort) chosen by the
experimental subjects across four experiments. The datais segmented into a pre-auction
and post auction sessions for both tournaments and fixed performance. Additionally, for
the pre-auction sessions, separate summary statistics were provided for rounds 1-5 and
rounds 6-10. We do not partition the post-auction data in this manner since learning
effects for early rounds should be less of an issue; all subjects have already played in an
identical pre-auction round.

Using datafrom all four experiments (row 1), the average effort level was close to
the Nash equilibrium of 37 for al three partitions of the data®* For the pre-auction data,
the average decision levels were 35.8 and 35.4 for the 1-5 and 6-10 rounds, respectively.
For the post-auction data, the mean was aremarkable 37.1 which is almost exactly the
Nash equilibrium level predicted in our theoretical model. The associated standard
deviations for rounds 1-5 and 6-10 are 19.8 and 18.6, respectively. The post-auction
standard deviation was 16.2. Based on casual observation of summary statistics, it

appears that the subjects come close, on average, to the predicted optimal strategy of 37

! The means were calcul ated across players and the specified rounds.
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and that they appear to improve their play (closer to Nash and reduced standard

deviation) in the post-auction sessions where learning effects are not as pronounced.

Table 1: Summary Statistics for Effort Levels

Pre-Auction Session Post- Pre-Auction Session Post-
Means Auction Standard Deviations Auction
Session Session
Means Standard
Deviations
Data Rounds 1-5 Rounds 6-10 All Rounds Rounds 1-5 Rounds 6-10 All Rounds
1.Overdl 35.8 35.4 371 19.8 18.6 16.2
Tournament
2.Tournament 42.9 38.6 39.7 22.8 17.2 18.6
witho. =0
3.Tournament 35 36.8 40.1 19.3 20.6 18.5
witho.=7
4. Tournament 33.2 36.5 36.6 17.8 18 12.4
with o, = 15.8
5.Tournament 32.2 29.7 321 175 17.6 13.0
with o, = 18.7
6.0Overall 42.3 39.6 40.1 15.7 16.3 14.1
Fixed Std.
7.Tournament 374 354 36.4 16.3 20.4 14.7
witho.=0
8.Tournament 455 40.4 43.3 17.7 17.7 15.5
witho.=7
9.Tournament 457 41.9 40.6 11.6 12.7 11.5
with o, = 15.8
10.Tournament 40.5 40.9 39.9 15.3 12.8 13.7
with o, = 18.7

Table 1 also provides summary statistics for the fixed standard sessions. Using

datafrom all four experiments (row 6), the average effort level was dightly above the

optimal effort choice of 37 for all three partitions of the data. For the pre-auction data,

the average decision levels were 42.3 and 39.6 for the 1-5 and 6-10 rounds, respectively.

For the post-auction data, the mean was 40.1 which is dlightly higher than the optimal

choice of 37. The associated standard deviations for the pre-auction rounds 1-5 and 6-10

were 15.7 and 16.3, respectively. The post-auction standard deviation was 14.1.
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Hypothesis 2 states that there should be no significant difference between the
effort levels chosen under the tournament and effort levels chosen under the fixed
standard contract. The summary statistics from Table 1 suggests that effort level was
slightly higher under the fixed standard contract than under the tournaments. To test this
theory, Wilcoxon tests were conducted separately for the pre-auction rounds 1-5 and
rounds 6-10, and for the post-auction data. The p-values were 0.00 for all three partitions
of the data so that we would reject Hypothesis 2 on the basis of this test.

Because our subjects repeated rounds and sessions, we have numerous repeated
observations on each experimental player. Moreover, some of our subjects in our fourth

experiment (with o,=0) had already participated in an earlier experiment. One downside

to thisis that many of the across round observations will not be a part of a random
sample. However, the repeated observations do allow us to use fixed effects to control
for unobservable heterogeneity, such as rate of learning, risk tolerances, etc, which may
affect the way subjects choose their strategies. We run three different regressions with
subject fixed effects to control for unobservable heterogeneity, with each regression
corresponding to a different partition of the data. The dependent variable for each
regression is effort, and the explanatory variables are a tournament dummy, which equals
1 whenever the data was generated from a tournament session and zero otherwise; a
variable for the standard deviation of the common shock which can take on four values,
0, 7, 15.8, and 18.7; a post auction dummy, which equals 1 if the data came from a post
auction session; and interactions terms for the tournament dummy and common shock,

the post auction dummy and the common shock, and the tournament dummy and post
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auction dummy. Finally, all regressions contain 43 fixed effects since there were a total
of 44 subjects across al four experiments (4 subjects were repeat participants).

Table 2 contains the results of the regression using three different partitions of the
data. Regression 1 uses al experimental data. Regression 2 uses al data except the first
five rounds of the pre-auction data to reduce the impact of learning effects. Regression 3
uses only post-auction data to reduce learning effects and subject outlier effects. Since
these regressions control for unobserved heterogeneity across subjects, they can be used
to conduct a more sophisticated assessment of Hypothesis 2.

Regression (1), which uses al the data, yielded a tournament coefficient of 0.87
but the p-value was 0.54 so that, by itself, the tournament dummy appears to have no
impact on effort. However, the interaction term between the tournament dummy and the
common shock standard deviation is-0.59 and with a p-value of 0.00. This suggests that,
under tournaments, effort levels are decreasing in the standard deviation of the common
shock. Thisresult was fairly robust to different partitions of the data as no qualitative
changes occurred in regressions (2) and (3). This suggests that Hypothesis 2 can be
rejected for non-zero values of common shock standard deviation.

Recall that Hypothesis 1 and Hypothesis 3 were statements about the way changes
in the relative size of the common shock variance may or may not affect decisions of
subjects. The null hypotheses would be that adjusting the relative size of the variance of
the common shock will not alter behavior either under the tournament contract or the
fixed standard contracts after payments are adjusted to compensate for differencesin the
size of the common shock variance. Essentially, these hypotheses test for the behavioral

relevance of varying the size of the common shock. We anticipate that behavior under
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the tournament contract is more likely to be affected by changesin the size of the
common shock since such changes ater the risk faced by subjects under tournaments.
This is because the tournament filters out the common shock so the larger the common
shock, the morerisk isfiltered out by the tournament. On the other hand, altering the
relative size of the common shock, while holding the variance of the total shock fixed,
will have no impact on the amount of risk faced by subjects under the fixed standard
contract.

For each of the four experiments we performed, we atered the relative size of the
standard deviation of the common shock in our normal distribution approximations for
our experimental random draws. Then we made adjustments to the spread between high
payments, R, and low payments, r, to ensure that 37 was the Nash equilibrium. This
provides us with the data to refute hypotheses 1 and 3. Table 1 provides the summary
statistics for different sizes of the standard deviations of the common shock. Under the
tournaments, the average effort levels do appear to be responsive to changesin the size of
the common shock standard deviation. Regardless of the data partition, average effort
levels appear to be declining in o.. For example, for rounds 1-5 in the pre-auction
experiments, higher average effort levels appear to be associated with lower common
shock standard deviations. For o; = 0, mean effort level was 42.9, while for o. = 19, it
dropped down to 32.2. Similar patterns were observed for rounds 6-10, and for the post
auction sessions as can be seen from Table 1, rows 2-5. To test our hypothesis formally,
we conducted a Kruskal-Wallis test for equality of means across several samples.?? For

the pre-auction, rounds 1-5 data, the KW test yielded a Chi-square(3) test statistic of 6.79

2 Thisisamultiple sample generalization of the Wilcoxon test.

24



with an associated p-value of 0.08. Thus, the null hypothesis that the mean effort level
should be equal across alternative sizes of the common shock standard deviation is
rejected at the 10% level but not rejected at the 5% level.* For rounds 6-10, the Chi-
square(3) test statistic was 7.21 with ap-value of 0.07. Thus, our conclusions do not
change by using only the later rounds data. However, for the post auction tournament
sessions, the same test yielded a Chi-square (3) test statistic of 20.51 so that the null
could be rejected even at the 1% level. Thus, we reject our Hypothesis 1.

Turning our attention toward the fixed standard contract, we can see from Table
1, rows 7-10 that average effort level did not exhibit the declining pattern it did under
tournaments for increasing sizes of the common shock standard deviation. While there
was still substantial variation in mean effort levels, it may have had more to due with
sampling error across different subjects rather than variations in the common shock
standard deviation. The Kruskal-Wallis on the pre-auction, rounds 1-5 datayielded a
Chi-sguare(3) test statistic of 12.03 with an associated p-value of 0.00 so we can reject
our null of equality of effort across common shock variances. For the rounds 6-10 data,
the Chi-square(3) test statistic was 3.18 with an associated p-value of 0.36 so that we
could not reject the null of equal effort levels. Finaly, for the post-auction fixed
standards sessions, the Chi-square(3) was 17.73 with a p-value of 0.00 so that we reject
the null of equal effort levels. One can see that the results are more mixed for fixed
standard contracts than tournaments contracts.

Turning our attention to the regression resultsin Table 2, we find that the estimate

of the coefficient for the standard deviation of the common shock was 0.67 with a p-value

2 |t should be noted, however, that in these early rounds, learning effects may be substantial so that our
sample across rounds may not be efficient thereby possibly biasing our results toward not rejecting the null.
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Table 2: Effort Regression Results (Effort is dependent variable)

Data Used

Variables (€ @) (©)
Using adl data  All dataexcept Post auction
pre-auction data only

rounds 1-5
Tournament dummy (1 if datafrom a 0.87 172 1.69
tournament session, O otherwise) (0.59) (0.33) (0.18)
Common Shock Std Deviation 0.67 0.53 0.01
(0.00) (0.02) (0.96)
Post Auction Dummy (1 if datafroma -0.12 1.82 --
post-auction session) (0.93) (0.32)
Tournament x Common Shock -0.59 -0.57 -0.60
(0.00) (0.00) (0.00)
Post Auction x Common Shock -0.05 -0.10 -
(0.59) (0.37)
Tournament x Post Auction 215 0.79 --
(0.08) (0.59)
Fixed Effectsfor experimental Too many to list Too many to Too many to
subjects. (44 total list (44 total list (38 total
subjects) subjects) subjects)
No. of Observations 1760 1280 800
R-squared 0.406 0.478 0.62

Note 1: All regressions were estimated using the robust Huber-White sandwich estimator.
Note 2: p-vaues are contained in the parentheses below the coefficients.

of Oinregression 1. Sinceit ispositive and significantly different from zero, it appears
that larger common shock standard deviations are associated with higher effort.
However, for the post-auction data only, this same coefficient is not significantly
different from zero. Sincethe latter isthe more reliable datain our estimation, we give
preference to these results. The interaction term between common shock standard
deviation and the tournament dummy in the post-auction datais negative and highly
significant. What we can interpret from regression 3 is that when the tournament
dummy is O (fixed standard contract), then the coefficient on the common shock standard
deviation isinsignificantly different from zero so that Hypothesis 3 cannot be rejected.
That is, increasing the relative size of the common shock will have no impact on effort

under the fixed standard contract. However, when the tournament dummy is 1

26



(tournament contract), the coefficient on the common shock standard deviation is-0.60
and it issignificantly different from zero. Hence, we would reject Hypothesis 1. Indeed,
this confirms our earlier conjecture that effort is declining in the common shock standard
deviation under tournaments.

B. Agent Welfare
A crucial aspect of this study is that we attempt to gain insights about how the welfare of
agents might be affected by tournaments and fixed standard contracts. Thiswill allow us
to make inferences about how growers might be impacted by alternative contractual
regimes and shed light on their attitudes toward these contracts. Recall from Section
[11.C that we had set agent reservation utility at 0.4725 dollars per round so that this
represents our expected payoffs for our subjects. Hypothesis 4 states that ex post welfare
should be equal to 0.4725 under both the fixed standard and tournament contracts.

Table 3 contains summary statistics on the actual per-round earnings of subjects
in our four experiments. A casual glance of the data reveals that, for the most part, mean
per-round earnings were higher and standard deviations were lower under fixed standard
contracts. To formally test Hypothesis 4, we also conducted Wilcoxon tests for the
overall data, the pre-auction rounds 1-5 and rounds 6-10, and for the post-auction data.
The p-value for the overall data was 0.00 which rejects the null hypothesis that per-round
net earnings are equal under tournaments and fixed standard contracts. For the pre-
auction rounds 1-5 data, the p-value was 0.03 which also rejects the null. However, for
rounds 6-10, the p-value was 0.33. Finally, using only the post-auction datayielded a p-

value of 0.09, so that the null can only be rejected at the 10% level.
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Table 3: Summary statistics for per-round earnings by subjects (agents).

Pre-Auction Session Post- Pre-Auction Session Post-
Mean Earnings Auction Standard Deviations of Auction
Session Earnings Session
Mean Standard
Earnings Deviations
of Earnings
Data Rounds 1-5 Rounds 6-10 All Rounds Rounds 1-5 Rounds 6-10 All Rounds
1.Overdl 0.439 0.446 0.442 0.237 0.238 0.247
Tournament
2.Tournament 0.37 0.427 0.413 0.315 0.313 0.304
witho.=0
3.Tournament 0.446 0.428 0.41 0.262 0.268 0.289
witho.=7
4. Tournament 0.463 0.44 0.456 0.176 0.178 0.204
with o, = 15.8
5.Tournament 0.476 0.492 0.49 0.15 0.157 0.153
with o, = 18.7
6.0Overall 0.486 0.469 0.479 0.198 0.191 0.195
Fixed Std.
7.Tournament 0.439 0.453 0.494 0.188 0.187 0.187
witho.=0
8.Tournament 0.444 0.481 0.50 0.204 0.183 0.185
witho.=7
9.Tournament 0.488 0.449 0.47 0.197 0.21 0.192
with o, = 15.8
10.Tournament 0.572 0.492 0.45 0.175 0.185 0.213
with o, = 18.7

A more sophisticated test involves looking at the regression coefficients in Table 4 since
these results controls for unobserved heterogeneity across subjects. Regression (1),
which uses al the data, yielded atournament coefficient of -0.07 with a p-value of 0.003
so that we would reject the null that the tournament and fixed standards contracts should
result in the same level of net earnings. However, the coefficient for the interaction term
between the tournament dummy and the common shock standard deviation variableis
positive and significant. Thus, it appears that tournaments have a negative impact on per
round net pay but this negative impact would be partially offset by increasing the size of
the common shock standard deviation. Intuitively this makes sense since arelatively

higher standard deviation implies that more risk gets filtered out by tournaments so that
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Table 4: Agent Net pay Per-Round Regression Results.

Data Used

Variables (1) 2 3
Using all data  All dataexcept Post auction
pre-auction dataonly

rounds 1-5
Tournament dummy (1 if datafroma -0.07 -0.08 -0.11
tournament session, O otherwise) (0.003) (0.01) (0.00)
Common Shock Std Deviation 0.000 -0.004 -0.01
(0.99) (0.29) (0.120)
Post Auction Dummy (1 if datafroma 0.04 0.02 --
post-auction session) (0.07) (0.39)
Tournament x Common Shock 0.003 0.005 0.006
(0.03) (0.00) (0.00)
Post Auction x Common Shock -0.003 -0.001 --
(0.02) (0.61)
Tournament x Post Auction 0.00 -0.01 -
(0.99) (0.59)
Fixed Effectsfor experimental Too many to list Too many to Too many to
subjects. (44 total list (44 total list (38 total
subjects) subjects) subjects)
No. of Observations 1760 1280 800
R-squared 0.08 0.07 0.09

Note 1: All regressions were estimated using the robust Huber-White sandwich estimator.
Note 2: p-values are contained in the parentheses below the coefficients.

agents face less uncertainty and may be able to make more efficient decisions. These
qualitative results remained robust under regressions (2) and (3), which used smaller
subsets of the data.

Based on our statistical results, we would conclude that agents generally earned
less profit under tournaments relative to fixed performance contracts but thisresult is
mitigated as the size of the common shock increased. Thisis consistent with the
tournaments literature which often cites the presence of large common shocks as a major
advantage to using relative performance contracts. We would therefore infer from these
results that growers may generally be worst off under tournament contracts, all else being
equal, but if common shocks are large, then tournaments may be less harmful and may in

some cases even be beneficial to grower welfare. For example, if we revisit the datain

29



Table 3, we can see that mean net earnings are higher and standard deviations of net
earnings are lower under tournaments when the common shock islarge at 18.7.

Overall, our results provide arational explanation for why many growers dislike
tournament contracts; simply put, they may earn less money. However, tournaments may
be advantages in situations where the size of the common shock variance overwhelms the
idiosyncratic variance.

C. Principal Welfare
In Section 111 D, we outlined a strategy for heuristically modeling short run profits for
principals using two different revenue functional forms. These profits are based on teams
of two agents with the revenues a function of the average output of the two agents. Table
5 provides summary statistics of per-round earnings for the principal under the
revenue/profit function consistent with (13) and (14), where revenue isjust alinear
function of output. One can easily see that processor revenues are higher under the fixed
standard contract in amost every partition of the data. Moreover, the standard deviations
of profits also tend to be lower under fixed standard contracts in the majority of
partitions.

Indeed, Wilcoxon tests for the overal pre-auction rounds 1-5, the pre-auction
rounds 6-10, and the post auction rounds yielded p-values of 0.00, 0.009, and 0.045,
respectively. Thus, we conclude that per-rounds profits are not equal under tournaments
and fixed performance contracts using the first type of revenue function. Therefore, this
data provides us with little empirical evidence for explaining why tournament contracts

are used by processors in certain industries.
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Table 5: Summary Statistics for per-round earnings for Principals — Revenue Function 1

Pre-Auction Session Post- Pre-Auction Session Post-
Mean Earnings Auction Standard Deviations of Auction
Session Earnings Session
Mean Standard
Earnings Deviations
of Earnings
Data Rounds 1-5 Rounds 6-10 All Rounds Rounds 1-5 Rounds 6-10 All Rounds
1.Overdl 1.98 2.14 2.45 2.45 2.31 2.16
Tournament
2.Tournament 3.32 271 2.58 3.39 2.77 2.57
witho.=0
3.Tournament 1.57 2.04 2.30 1.85 2.29 2.33
witho.=7
4. Tournament 1.33 2.25 2.72 1.92 2.22 1.82
with o, = 15.8
5.Tournament 1.69 1.54 2.18 1.88 1.83 1.86
with o, = 18.7
6.0Overall 3.17 2.86 2.88 2.00 181 191
Fixed Std.
7.Tournament 2.13 2.28 2.59 2.06 1.98 1.54
witho.=0
8.Tournament 3.16 2.99 3.25 2.09 1.70 2.02
witho.=7
9.Tournament 3.85 2.84 2.98 2.13 1.66 1.62
with o, = 15.8
10.Tournament 3.55 3.32 2.62 121 1.83 2.28
with o, = 18.7

Table 6 presents summary statistics for short run principal profits under our
second revenue/profit function which is specified in (16) and (17). Here, the results are
more mixed as profits are greater under tournaments for some partitions of the data.
Specificaly, for o, = 15.8 and o = 18.7, profits are dightly greater under tournaments
although standard deviation of profits are still lower under fixed standard contracts.
Because of the mixed results, we conducted more detailed Wilcoxon tests than we did
under the first revenue function. Specifically, we test for the equality of profits under
tournaments and fixed standards for the overall data as well as for the different sizes of

common shock standard deviations.
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Table 6: Summary Statistics for per-round earnings for Principals — Revenue Function 2

Pre-Auction Session Post- Pre-Auction Session Post-
Mean Earnings Auction Standard Deviations of Auction
Session Earnings Session
Mean Standard
Earnings Deviations
of Earnings
Data Rounds 1-5 Rounds 6-10 All Rounds Rounds 1-5 Rounds 6-10 All Rounds
1.Overdl 1.23 1.38 1.59 1.28 143 1.28
Tournament
2.Tournament 153 1.48 1.49 112 1.33 1.46
witho.=0
3.Tournament 1.19 1.36 1.46 1.27 157 147
witho.=7
4. Tournament 0.99 1.50 1.86 1.47 143 1.02
with o, = 15.8
5.Tournament 1.21 1.19 157 1.25 141 111
with o, = 18.7
6.0Overall 1.77 1.82 1.69 0.89 0.79 0.89
Fixed Std.
7.Tournament 1.39 1.40 1.77 1.33 1.11 0.84
witho.=0
8.Tournament 1.75 1.94 171 0.69 0.63 0.89
witho.=7
9.Tournament 1.84 1.88 184 0.82 0.77 0.74
with o, = 15.8
10.Tournament 211 2.06 1.47 0.27 0.32 1.02
with o, = 18.7

Using al of the post-auction data, the Wilcoxon test delivered a p-value of 0.00
which suggests that profits are not equal under tournaments and fixed standard contracts.
For common shock standard deviations sizes of 0, 7, 15.8 and 18.7, the Wilcoxon p-
values were 0.05, 0.11, 0.02, and 0.10, respectively. These results are somewhat mixed
at the 5% level but at the 10% level, we can state more confidently that profits are not
equal under the two contract types.

An interesting facet of these resultsis that profits for tournaments appear to be
higher as the size of the common shock standard deviations get larger. For example,

average profits are higher under the fixed standard contract for o, = 0 and o, = 7, but

higher under the tournament when o = 15.8 and o = 18.7. These results are consistent
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with what we might expect which isthat the benefits of atournament are greater as the
size of the common shock gets larger.

A possible implication of these resultsis that different types of operations may
favor different types of contracts. For example, for firms that have revenue functions that
are close to linear in output where more is always better, the fixed standard contract may
be preferred. However, for afirm with a nonlinear revenue function, such as aloss
function, moreis not always better; indeed the firm only needs to meet some threshold.
Once some minimal performance standard is met, then greater output may not add
anymore to revenues. We can see that these two types of revenue functions can yield
possibly different qualitative results, which may yield insights into why tournaments are
prevalent in some industries but not in others.

V1. Conclusion
The purpose of this research was to conduct an experimental analysis of behavior under
tournaments and fixed performance contracts. The insights derived from such
experiments can shed light on recent controversies surrounding legislative proposals to
ban tournament contracts. Specifically, we were interested in understanding how a ban
on tournaments might affect ex-post efficiency and welfare of principals and agents.

With regard to issues of efficiency, our statistical tests showed that effort level is
significantly lower under tournaments contracts and the discrepancy increased as the size
of the common shock standard deviation increased. Thus, even though there should have
been no ex-ante difference in effort levels under the two types of contracts (based on our
choice of parameters), it appeared that, ex-post, the fixed standard contract was more

efficient in that it induced a higher average level of effort from experimental subjects. A
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particularly interesting facet of the study isthat effort is declining with the size of the
common shock under tournament contracts. While this may seem counterintuitive, it can
be explained by ssimple economic logic. Essentially, when common shocks variances
increase, tournaments tend to be more effective at reducing agents' risk exposure. When
risk is reduced, risk averse agents will tend to decrease their effort levels to insure against
bad shocks which may cause their performance to drop. While our experimental
parameters were generated using risk neutral models, we do not rule out the possibility
that our actual subjects may behave in arisk averse manner. We intend to investigate this
possibility further in our future research and attempt to infer subjects’ coefficients of risk
aversion from our experimental data.

Agent welfare (net pay) is generaly higher under fixed standard contracts, which
provides us with arationa explanation for why growers prefer fixed standards contracts
over tournaments. However, there is a qualification to this statement and it is that the
welfare advantages of fixed standard contracts will decrease as the relative size of the
common shock standard deviation increases. Thus, a ban on tournaments may enhance
actual grower welfare (as opposed to ex ante welfare), but a policy maker should be
aware that such bans can eliminate insurance against large common shocks. In this case,
it is possible for grower welfare to be hurt by a ban.

Principal welfare was unambiguously higher with fixed performance standards
when we modeled principal revenues using asimple, linear function of output. If this
revenue function is at al redlistic, then aban would clearly enhance welfare for the
principal. Of course, this begs the question of why a principal would ever choose a

tournament in the first place if profits are higher under fixed standard contracts. A



possible answer to thisis that our simple revenue function may be misspecified. We
therefore conducted the same analysis using a nonlinear revenue function that is based on
aloss function. Our results using the nonlinear revenue function suggest that, for large
common shocks, processors may earn more profits from using tournaments so that a
tournament ban may negatively impact processor welfare.

In conclusion, our overall results suggest that, unless the common shock islarge,
a ban on tournaments may enhance both ex-post grower and processor welfare in the
short run. Thisclaimisbased on our statistical findings which suggest that both agents
and principals could be better off using fixed standard contracts for moderate to small
common shocks. However, thisleadsto akey puzzle which isthat, if both growers and
processors prefer tournaments when common shocks are large, but prefer fixed standard
contracts when common shocks are small, then why does there appear to be such political
conflict in practice between processors and growers? We posit several possible
explanations which can form the basis for future research. First, growers may simply not
believe that tournaments are fair because they are forced to compete against each others
and they are unclear about what performance standards they need to meet in any given
flock or growing season. We are currently conducting experiments that investigate both
subject attitudes toward experiments and what they are willing to pay to participate in
fixed standard contracts versus fixed standards contracts. Second, anecdotal evidence
from growersin some livestock industries suggest that processors can manipulate the
inputs used by growers and/or game the tournament rankings so that there is not “an even

playing field” across growers in tournament competitions. Thus, even if awell run
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tournament can be advantageous to growers, a tournament that includes opportunistic

behavior may be economically harmful to many growers.
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Appendix A
Sample Instructionsfor the Tour nament
Introduction

Thisis an experiment about decision making. Theinstructions are simple, and if you
follow them carefully and make good decisions, you could earn a considerable amount of
money, which will be paid in cash to you at the end of today’ s session.

Soecific Instructions

Asyou read these instructions you will be in aroom with anumber of other subjects.
One of these subjects has been chosen to be paired with you by a random drawing of
subject numbers conducted before you arrived. This subject will be called your pair
member. The identity of your pair member will never be revealed to you and your pair
member will never know your identity.

In the experiment you will perform asimple task. In each round of the experimental
game you will choose a number between 0 and 100 —thisis called your ‘Decision
Number’. Associated with each Decision Number is decision cost, which islisted in
Column B of Table 1. Note that the higher the Decision Number you choose, the higher
isthe associated decision cost. Your pair member has an identical table.

At the beginning of each round of the experimental game you and your pair member will
each select a Decision Number separately. Write your number in Column 1 of Sheet 1.
Also, record the decision cost associated with your decision number in Column 6 of
Sheet 1.

When all subjects have selected their decision numbers, an experimenter will have one
subject choose a penny from a bucket with alarge number of penniesin it. Each penny
in the bucket has a number written on it and the set of all possible numbers range from —
35to + 35. The sheet “Distribution of the Random Number Draw” contains both the
frequency (number of pennies for each specific number) and the probability of drawing a
particular number. You will note that more pennies feature numbers closer to zero and
the fewer pennies feature numbers close to —35 and +35. In other words, there is a higher
probability of drawing numbers closer to zero than numbers far from zero. The penny
chosen will be called the * Group Random Draw Number’. Everyonein the room will
enter this number in Column 2.

Then the experimenters will bring buckets around to each of you. You will draw a penny
from the bucket and the number on this penny will be called your * Individual Random
Draw Number’. Record your Individual Random Draw Number in column 3 of Sheet 1
and then return the penny to the bucket.
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Calculation of Payments

The amount of money you earn in each round will be determined as follows. Y ou will
add your Decision Number (column 1) to the Group Random Draw Number (column 2)
and to your Individual Random Draw Number (column 3) —write thistotal in Column 4
of Sheet 1. Your pair member will do the same. The experimenter will also record this
information after you receive your Individua Random Draw Number.

Since all subjects have worked in privacy, the experimenter will then compare the totals
of you and your pair member. If your total in Column 4 is greater than your pair
member, you receive the high payment of $0.81; if your point total is smaller than your
pair member, you receive the low payment of $0.40. Whether you receive $0.81 or $0.40
depends only on whether your point total is greater than or less than the point total of
your pair member. It does not depend on how much bigger or smaller itis. If thereisa
tiein total points, the experimenter will flip a coin to determine who gets the high
payment.

The experimenter will announce whether you have received a high or low payment.
Circle the appropriate payment in Column 5 and subtract the decision cost associated
with your decision number, whichisin Column 6. Record this difference in Column 7.
The amount in Column 7 is your earnings in dollars for the round unless thisis a practice
round. If thisisapaying round, this amount will be added to your running total, which is
tabulated in Column 8. Y our running total at the end of the 10" paying round is then
carried forward to the next experiment.

Before we get started, make surethat you write your chair number on “ Sheet 1”.

Arethereany questions?

Review of Instructions

1. Beginning of Round Announced

2. Choose Decision Number - Record in Column 1
3. Locate associated Decision Cost from Table 1 - Record in Column 6
4. One Subject Draws Group Random Number - Record in Column 2
5. Each subject draw Individual Random Number - Record in Column 3
6. Add Numbersin Columns1, 2 and 3 - Record in Column 4
7. If your sumis:

a. Higher than your ‘pair member’
b. Lower than your ‘pair member’

8. Subtract your ‘Decision Cost’ from your payment

If thisisapaying round then

- Circle $0.81 as your payment
- Circle $0.40 as your payment
- Record in Column 7

—> Update running total (Cal. 8)




Appendix B

Sample Fixed Standard Contract I nstructions
This experiment isidentical to Experiment A in all aspects except the following.

In Experiment A you received the high payment if the sum of your Decision Number, the
Group Random Draw Number and your Individual Random Draw Number was greater
than your pair member’s sum. If your sum was lower than your pair member, you would
receive the low payment.

In this Experiment, you will receive a high payment of $0.85 if the sum of your Decision
Number, the Group Random Draw Number and your Individual Random Draw Number
is greater than or equal to 41. If thissum islessthan 41, you will receive alow payment
of $0.43. Whether you receive $0.85 or $0.43 as your payment depends only on whether
your point total is greater than or equal to 41 — it does not depend on how much bigger or
smaller.

All instructions for recording your Decision Number, Decision Cost, Group Random
Number, Individual Random Number and payment amount and all instructions for
calculating your per round earnings are the same as before.

Y ou will resume tabulating your running total after the one practice round. Please
remember to carry forward your net running total from the bottom of Sheet 1 to the top of
Column 7 on Sheet 2 so that you can correctly tabulate your running total for this
experiment. That is, your running total builds upon your net earnings from the previous
experiment and will be carried forward to the next experiment.

Arethere any questions?

Review of Instructions

10. Beginning of Round Announced

11. Choose Decision Number - Record in Column 1
12. Locate associated Decision Cost from Table 1 -> Record in Column 6
13. One subject draws Group Random Number - Record in Column 2
14. Each subject draw Individua Random Number - Record in Column 3
15. Add numbersin Columns 1, 2 and 3 - Record in Column 4

16. If your sum is:

a. Greater than or equal to 41

b. Lessthan 41
17. Subtract your ‘Decision Cost’ from your payment
18. If thisis a paying round then

- Circle $0.85 as your payment
- Circle $0.43 as your payment
- Record in Column 7

- Update running total (Col. 8)




Appendix C
Sample Auction Instructions

In the second half of today’ s session you will have the opportunity to earn more money
by participating in two more experiments identical to the two experiments played in the
first half of today’ s session only without the initial, non-paying practicerounds. That is,
the rules and the number of paying rounds for the experiments played in the second half
will be exactly like those played in the first half.

For each experiment, however, only 10 of you will be allowed to participate. Which 10
of you will participate in each experiment will be decided as follows.

For Experiment A you will fill out a Experiment A bid card. On this card you will place
your chair number and the maximum number of dollars you would be willing to pay from
your experimental earnings today in order to participate. You will then fill out asimilar
card for Experiment B. The total amount of your bids for Experiment A and Experiment
B combined cannot exceed the running total of dollars you have earned so far in the
experiment.

We will collect the Experiment A and Experiment B bid cards from all participants and
rank them from highest to lowest for each experiment. The top 10 bids for each
experiment will be allowed to play in that additional experiment.

Each participant that gains entry into an additional experiment will have his’her running
dollar total decreased by the amount of the 10™ place bid for that experiment. Note: if
your bid is higher than the 10™ place bid, you will pay less than the anount you bid. In
other words, you will gain no advantage by bidding less than your true value for entry to
the additional experiment, since it isunlikely you would have to pay the full amount you
bid.

The two people with the lowest bids for each experiment will not be allowed to play in the
additional experimental session and will not have any dollars deducted from their
running total. They must sit quietly as the additional experiment is played.

Review of Instructions

19. Write maximum amount you are willing to pay to play an additional round of Experiment A
on the Experiment A Bid Card

20. Write maximum amount you are willing to pay to play an additional round of Experiment B
on the Experiment B Bid Card

21. Verify the sum of bidsfor Experiment A and B are not greater than your net running total.

22. Thetop 10 bidders for each experiment will play in an additional experiment.

23. Your net running totals will be reduced by the amount of the 10™ place bid if you were one
of the top 10 bidders for that experiment.

24. Y our net running total will not be reduced if you are not in the top 10 bidders, but you can’t
play in the additional experiment.




