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ABSTRACT

Preemptive Behavior in Sequential Tournaments

Rank-order tournaments are usually modeled simultaneously. However, real tournaments are
often sequentially. We show that agents' strategic behavior significantly differs in sequential
tournaments compared to simultaneous tournaments. In a sequential tournament, under certain
conditions the first acting agent chooses a preemptively high effort so that the following agent
gives up. In general, the principal will prefer simultaneous tournaments in which preemptive
behavior is impossible.
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1 Introduction

Rank-order tournaments have been extensively discussed in the literature.
In the basic model, two agents compete for tournament prizes by choosing
their effort levels simultaneously. The agent who produces the highest output
receives the winner prize whereas the other agent gets the loser prize. The
main result of this literature is that, under certain circumstances, the prin-
cipal can design tournament prizes such that the agents choose the first-best
effort level. Moreover, further advantages have been attributed to tourna-
ments; especially, low measurement costs, the filtering of common noise, and
contractibility even in cases where agents’ efforts and outputs are unverifi-
able.

The common assumption of all these tournament models is that the com-
peting agents choose their effort levels simultaneously. This assumption may
hold in some contexts. In many other contexts, however, agents do not de-
cide about their efforts at the same time. In addition, real tournaments are
dynamic and agents may be able to observe their competitors’ efforts when
deciding on their own effort. Hence, the agents may get some information
during the tournament, which will influence their succeeding effort choices.
Obviously, these features cannot be discussed within a simultaneous tourna-
ment.

In this paper, we consider tournaments in which the agents are assumed
to choose their efforts sequentially. In a two-agent tournament, one of the
agents first chooses his effort. After that, the other agent observes this effort
and then has to decide about his own effort level. This sequential tournament
substantially differs from the standard simultaneous tournament. In particu-
lar, the sequential tournament allows for additional strategic behavior by the

agents: The first acting agent has the chance to discourage the second agent



by choosing a preemptively high effort level.? This, in turn, implies that the
principal may be unable to implement first-best effort levels, because it leads
to inefficient agents’ behavior in the tournament.

In a paper by Jost (2000) is it shown that intermediate information will
not alter the agents’ decisions if the agents’ outputs depend on luck rather
than effort. This is due to the fact that in this case the agent with the highest
effort will not necessarily realize the highest output. Hence, the second agent
still has the chance to win the tournament, even if he chooses the lower effort
level. As a consequence, the first agent cannot strategically use his first-
mover advantage: Choosing a preemptive effort level to push the other agent
out of the contest is too costly compared to his increased winning probability.

The purpose of this paper is to analyze sequential tournaments in situa-
tions in which the agents’ outputs depend on effort rather than luck. Two
cases are distinguished: First, we consider a situation in which the agents’
luck is restricted. In particular, we assume that luck is a random variable,
distributed by a function with finite support. We show that in this case
a preemptive effort by the first acting agent is possible and depends on the
tournament prizes as well as on the agent’s cost function. This implies for the
principal that he weakly prefers a simultaneous tournament to a sequential
one.

Second, we consider a situation in which the agents’ luck is irrelevant for
winning the tournament. In particular, we assume that the agents’ outputs
are determined only by their effort levels. In this case, we show that either the
first acting agent chooses a preemptive effort and the second agent gives up,
or that the first agent resigns from the tournament and the second agent wins
with an arbitrarily small effort. As an immediate consequence, the principal

strictly prefers a simultaneous tournament to a sequential tournament.



The paper is organized as follows: As a benchmark we introduce in Section
2 the basic model of simultaneous tournaments and sketch the main result.
In Section 3, we alter the time structure of the simultaneous tournament and
discuss a sequential tournament in which luck is restricted. Section 4 then
considers the case of the sequential tournament in which only the agents’

efforts determine their outputs. Section 5 concludes.

2 Simultaneous tournaments

We follow the model of Lazear and Rosen (1981) and consider a tournament
between two homogeneous and risk neutral agents. According to the ranks
of their outputs the agents receive a winner prize w; or a loser prize wo,
where w; > wy. The output ¢; of agent i (i = A, B) is given by the linear

production function
qi = € T &; (1)

where e; > 0 denotes agent i’s effort. The error terms €4 and g are indepen-
dently and identically distributed over the interval [—&,&| with cumulative
distribution function F'(¢) and density f (). The principal, who is also risk
neutral, is assumed to observe neither e; nor ;. But he can observe the
unverifiable output ¢;.> Effort e; entails some costs for agent i. These costs
can be described in monetary terms by the function c(e;) with ¢(0) = 0,
c (e;) > 0, and ¢’ (e;) > 0. The principal maximizes his expected surplus,
i.e. the sum of the expected outputs (E (g4) + F (¢p)) minus the labor costs
wi + ws. According to this objective function he chooses appropriate tour-
nament prizes to generate optimal incentives for the two agents. Each agent

maximizes his expected tournament prize minus his effort costs c(e;). If



agent ¢ (i = A, B) decides to participate in the tournament, he will at least
receive a reservation utility u.

To sum up, there is two-stage game between the principal and the two
agents (see Figure 1). In stage 1, the principal chooses the prizes w; and
wy to maximize his expected surplus. In stage 2 — the tournament stage —
agent A and agent B simultaneously choose their efforts e4 and eg. After
realization of ¢4 and ¢g, the most successful agent gets w;, whereas the other

receives ws.
[Figurel|

To analyze this game, we consider first the tournament stage. Agent ¢

(i, = A, B; i # j) exerts effort e; to maximize

EU;(e;) = ws+ Aw-prob{g > ¢;} —c(e;)
= wy+Aw- Fy (e; — ¢j) — c(e;) (2)
with Aw := wy —wy as prize spread, Y := ¢;—¢; and Fy (-) as Y’s distribution

function. The density of the composed random variable is denoted by fy ().

Agent j’s objective function is given by
EU]‘ (6]‘> :’LUQ—{—AU) [1—Fy (ei—ej)] —C((ij). (3)
The first order conditions yield

Aw- fy(ei—¢;) = (&) (4)
Aw- fy (e —e;) = (). (5)

Hence, when a Nash equilibrium exists, it has to be symmetric, i.e. e =

e; = e, and each agent will become the winner of the tournament with

probability 1/2.* Therefore, from the principal’s viewpoint in stage 1 each
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agent’s incentive constraint for given tournament prizes is given by
Aw - fy (0) = (e¥)

and his participation constraint by

w1+w2

5 —c(e’) > a.

Thus, the principal’s maximization problem leads to the Lagrangian function
L(wy,wq,€*) = 2(e"+ FE(g)) —wy — we (6)

T - [Awfy (0) — ¢ ()] + As - w

—c(e’)—ul.
The optimality conditions for e*, w;, and ws show that Ay = 0 and Ay =
2 (i.e., the participation constraint is binding). Moreover, we obtain the

following results:®

Proposition 1 In the simultaneous tournament, the principal chooses

ey - (e
wl—C(6>+U+m
and
d (e*)

~2fy (0)

and implements first-best effort e* =71 (1).

we =c(e*) +1u

Proposition 1 describes the benchmark result for simultaneous tourna-
ments with risk neutral agents: Since there is no trade-off between incentives
and risk sharing, the first-best solution will always be achieved. Ex ante, each
agent is rewarded by an expected prize (w; + ws) /2 which exactly compen-
sates him for this effort costs c(e*) and his reservation utility . Ex post,
however, the winner is strictly better off than the loser. This induces opti-
mal incentives to generate first-best efforts. The following section discusses
whether the first-best solution can also be achieved in the sequential tourna-

ment.



3 Sequential tournaments with restricted luck

In this section, we drop the assumption that both agents simultaneously
choose their efforts. Instead, the following three-stage game is considered

(see Figure 2).
[Figure2]

Again, in stage 1 the principal decides about prizes w; and ws, and effort
level implementation. In stage 2, agent A chooses e4. In stage 3, agent B
observes e and then chooses eg. As in the simultaneous case, the realizations
of 4 and ep are not known by either agent when exerting effort.

As in Section 2, we assume that the ¢; are distributed over a finite interval

[—&;&]. The convolution fy (y) can be described by®
[ fe)fle —y)de if —26<y<0

rW)=q [ fle)fle—y)de if0<y<2e (7)

otherwise.

e}

Therefore, using (5) (or (4)) agent B’s reaction function in stage 3 can be
written as ep = ep (e4, Aw) with’

—E&

ep—ep+E
Aw/ f(e) f(e—eptea)de =  (ep) if —22<ep—eq <0 (8)

Aw/g F&) f(e—epten)de = ¢ (en) f0<en—ea <2 (9)

o eg = 0 ifey > 2¢. (10)
Expression (10) describes the possibility that agent B will become completely
discouraged, if agent A chooses a preemptive effort e4 > 2. In stage 2,
agent A has to decide about his effort choice for given tournament prizes
and anticipating that B will behave according to (8)—(10). Again, using (4)

(or (5)) yields the best response e4 of agent A. If —22 < egp —eq < 0 or
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0 < ep — ey < 2¢, substituting ¢ (eg) by ¢ (e4) in (8) and (9), respectively,
will characterize agent A’s effort choice. As an alternative, Agent A can
choose preemptive effort e4 = 2% to induce eg = 0 according to (10). In
the two scenarios described by (8) and (9), we obtain the well-known result
from simultaneous tournaments: Since the agents’ marginal benefits from
increasing their efforts are identical, marginal costs must be identical, that
is ¢ (ep) = ¢ (ea). Hence, efforts must also be identical, i.e. eg = e4 = e**.

But then eg — e4 = 0 implies
c 2 _ ! Kk g 0 *%
Aw/ f(e)de = (") = Awfy (0) = (). (11)

Comparing (11) with the results for the simultaneous tournament from Sec-
tion 2 gives e** = e*, i.e. the two agents will choose the same effort as in the
case of simultaneous tournaments. Whether agent A chooses e4 = e* or the
preemptive effort e4 = 2 depends on his expected utility FUx (e4) in these

cases: Since

EU(e") =we + Aw [l — Fy (0)] — c(€*) = wy + % —c(e) (12)

and
EU4 (28) =we + Aw [1 — Fy (—28)] — ¢ (28) = wy + Aw — ¢ (28), (13)
we obtain the following proposition:

Proposition 2 In the sequential tournament, in which luck is distributed

over a finite interval [—&,&|, the agents’ optimal behavior is as follows:

(a) ea = 2& and eg = 0 when

% > ¢ (28) —c(e"), (14)



(b) ea = ep = €* when

7“’ < c(28) —c(e) (15)

o 106,

Proposition 2 shows that in case (a) agent A prefers to choose a preemp-

where

tive effort to discourage agent B: Thus, Proposition 2 characterizes a suffi-
cient condition for sequential tournaments to differ strategically from simulta-
neous tournaments. Inequality (14) is also intuitively plausible. Agent A will
prefer ey = 22 to e4 = e*, if the additional gain Aw/2 (= w; — [wy + ws)/2)
exceeds the additional costs ¢ (28) — c¢(e*) from exerting the preemptively
high effort.

Proposition 2 leads to the following comparative-static results: First,
there exists a critical value * such that for every distribution f(-) over [, £]
with € > &* a preemptive effort by agent A cannot be optimal. To see
this, note that the agent’s costs c(2) for choosing his preemptive effort
increase in €. In the limit, when £ — oo, his effort costs are arbitrarily high.
According to this result, agents’ optimal effort choice in case of a finitely
distributed function converges to the case in which the error terms €4 and
ep are distributed over an infinite interval. Second, agent A’s incentives
to use a preemptive effort are higher the higher his gain from winning the
tournament. To see this, note that the left-hand side of inequality (14)

increases in Aw, whereas the right-hand side decreases in Aw since’

dc (e*) i Oe*
ne ) Fan

Lazear (1989) showed that from the principal’s viewpoint it may be beneficial

> 0.

to choose a low prize spread Aw to decrease the agents’ incentives for sab-

otaging each other. Our analysis gives another argument for choosing a low
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Aw: By choosing a low prize spread the principal can prevent agent A from
exerting preemptive effort, which cannot be preferable from his viewpoint.
The last point becomes obvious, when we consider the principal’s decision
in stage 1. From Proposition 1 we know that in the case of simultaneous
tournaments the principal is able to implement first-best effort by choosing
wy and wy. According to Proposition 2, in the case of sequential tournaments
he faces an additional restriction which may lead away from the first-best
solution. In other words, when error is finitely distributed in a sequential
tournament, the principal must add the restriction Aw/2 < ¢(2¢) —c¢(e*) to
his Lagrangian (6). Let A3 be the multiplier for this restriction. Then the
optimality conditions yield Ay = 2 (i.e., the participation constraint is still

binding) and

_ 41 -d(e)) fr(0)
ST (er) + 2fv (0)¢(e¥)

When A3 > 0, the new restriction is binding and 1 > ¢(e*) is obtained,
that is the two agents exert less than first-best effort. However, the first-best
solution will be achieved, if the first-best effort e* = ¢ ~!(1) and the first-best

prizes given by Proposition 1 meet inequality (15). This holds for:

1
2fy(0)

with e* = ¢ ~!(1). The last considerations are summarized in the following

< c(28)—c(e),

proposition:

Proposition 3 When the principal is able to choose between organizing a
tournament simultaneously or sequentially, he will weakly prefer a simulta-

neous tournament, if luck is restricted. There is a critical value € with

¢(28%) = nylm) +e (c"l(l)) (16)




so that for every probability distribution over [—&,&| with € > &* the first-best

solution can be achieved in the sequential tournament.

Proposition 3 shows that the critical value £* depends on the shape of
the convolution fy(-) and the cost function ¢(-). The concrete value can be
easily calculated for a given distribution and a given cost function. Let, for
example, €4 and £p be uniformly i.i.d. over the interval [—£,Z] and let the
cost function be quadratic with c(e;) = 0.5e2. Then we get &* = (1 4 /5)/4,

because & and therefore * must be positive.!?

4 Sequential tournaments without luck

In this section, we analyze a situation in which only the agents’ efforts de-
termine their outputs. Consider first agent B’s decision when choosing his

effort at stage 3. His winning probability can then be specified by

1 ifeg>ey
prob{qp > qa} = % ifeg=ea (17)
0 ifeg <eyu.

Suppose that agent B decides to choose eg > e4. Since effort is costly, he
chooses eg = e4 + 0, where 6 > 0 is an arbitrarily small number. B wins
the tournament and his utility is given by w; — ¢ (ea + 8). This utility, of
course, is greater than the one he receives in case he chooses eg = e4: In this
case, his chance to win the tournament is 1/2 so that his expected utility is

(w1 +wq) /2 — c(ea). Since wy > wy, there always exists a § > 0 such that

Wy + wo
>7

wy —c(ea+9) 5

—c(ea).

Now suppose that agent B decides to choose eg < e4. By the same argument

as above, he then chooses ez = 0 and his utility is given by ws.

10



Summing up, the reaction function ep (e4, Aw) of agent B can be written

as

+6 if Aw >
e (ea, Aw) = 4 if Aw > c(ea) (18)

0 otherwise.

Given this reaction function, agent A decides about his effort choice in stage
2. In principle, he has two choices: He can either choose a preemptive effort
to induce eg = 0 or does not and loses the tournament. In the first case, his
optimal preemptive effort e4 is given by ¢ (e4) = Aw. In the second case, he

optimally chooses e4 = 0.

Proposition 4 In the sequential tournament without luck, the agents’ opti-

mal behavior is as follows:
(a) Either eg =0 and e4 > 0 with
c(eq) = Aw, (19)
(b) or eg =6 and ey = 0 with
6 > 0, arbitrarily small. (20)

Proposition 4 states that agent A is indifferent between choosing a pre-
emptive effort or dropping out of the tournament. This follows immediately
from the fact that his utility is equal in both cases and identical to the loser
prize wo.

>From the principal’s viewpoint at stage 1, a sequential tournament with-
out luck is disastrous. Given the agents participate in the tournament, he
can never implement first-best efforts for both agents. The best he could
do is to induce the first acting agent to choose an adequate effort level by

increasing the prize spread Aw. Moreover, we can suspect that the problem

11



of collusion between the agents will be greater in sequential than in simulta-
neous tournaments. In a simultaneous tournament, collusions in which the
agents agree to reduce their efforts to save effort costs are not stable in gen-
eral. This is obvious for the simultaneous tournament in Section 2 which
has a unique symmetric equilibrium so that any collusive agreement cannot
be self-enforcing. Similar considerations hold for a simultaneous tournament
without luck. Here, both agents can profitably deviate from a collusive agree-
ment, too. Together, the instability of collusions directly follows from agents’
simultaneously choosing their efforts. The situation in sequential tourna-
ments is completely different. Here, agent A chooses his effort first, and he
is indifferent between the preemptive effort and dropping out. Therefore, he
has no incentive to deviate from the collusion, when both agents have agreed
upon e4 = 0. On the other hand, agent B strictly prefers e4 =0 to e4 > 0,
because wy — ¢(6) > ws.

Now, consider the principal’s maximization problem when choosing the
optimal prizes in the sequential tournament without luck. Taking the agents’
incentive and participation constraints into account, the Lagrangian function

reads as
L (wy,wq, ") = " —wy —wa+ A1 - [Aw — ¢ (€)] + Ag [wy — 4 (21)
Proposition 5 In a sequential tournament without luck, the principal chooses
wy = U (22)
and
wy =u+c(e’) (23)
and implements first-best effort e* = =1 (1) by at most one agent.

12



We will now compare these results with the equilibrium behavior in a
simultaneous tournament without luck. Note, that different to Proposition 1
in Section 2 the agents do not choose a pure strategy in equilibrium: Suppose
that agent i (i,j = A, B; i # j) would choose effort level e; with certainty
in equilibrium. To analyze agent j’s best response we can distinguish three
cases: First, he can choose e; < e;. In this case, he loses the tournament.
To minimize his effort costs, he best chooses e; = 0 and receives a utility
wsy. Second, he can choose the same effort level as agent 4, that is e; = e;.
Then prizes are equally split and he receives (w; + ws) /2 — ¢(e;). Third,
he overbids agent i and wins the tournament. To avoid too much effort
costs, he then best chooses e; = e; + 6, where 6 is positive but arbitrarily
small. Since the winner prize is strictly greater than the loser prize, his payoff
wy — c(e; + 0) is strictly greater than the one in the second case. Together,
agent j’s best response function is given by

0 ife; > e

ejle) =
! €Z+6 if6i<€1

where e; is determined by u = w; — ¢(e1). Note, that in case of e; > e; agent
j’s expected utility would be less than his reservation utility u, if he chooses
€; > €.

We will now argue to a contradiction. Suppose that agent i chooses an
effort e; with certainty in equilibrium. If e; < ey, he will lose the tournament.
Hence, e; = 0 and agent j wins with an arbitrary small effort 6, 6 > 0. But
then agent ¢ would win if he chooses an effort level 20, a contradiction. If
e; > e1, agent i wins the tournament, hence e; = e;. Agent j then chooses
no effort, but then agent ¢ would minimize his effort costs if he takes e; = 6,
a contradiction.

As a consequence of this discussion we conclude that both agents choose

13



mixed strategies in equilibrium. Suppose agent ¢ chooses a mixed strategy.
For an effort level e; let G;(e;) be the probability that agent ¢ loses the
tournament, that is, his effort level actually choosen is lower than e;. Then

agent j’s expected utility when choosing e; is given by
EUj(Gj) = Wy + AwGl(ej) — C((ij).

Of course, agent j has to be indifferent between choosing e; and some other

effort level. In equilibrium then the following condition must hold:

Gi(ej) = Cge,jj) .

Hence, agent j chooses an effort level e; in equilibrium with probability
d(ej)/Aw, which relates marginal costs to marginal gains of an increase

in effort.

Proposition 6 When the principal is able to choose between organizing a
tournament simultaneously or sequentially, he will strictly prefer a simulta-

neous tournament, if effort rather than luck determines the agents’ outputs.

Proof. For given prizes (w;,ws) let é be the maximal effort level the
agents would choose with positive probability in equilibrium. Then G;(é) =
1, hence Aw = c(é).

To prove the proposition suppose that the principal chooses wy = u and
wy = c(e*) + u such that é = e* is the first-best effort level. Then the
principal will prefer to organize a simultaneous tournament, if the agents’
expected outputs are greater than e*, the maximal output in the sequential
tournament. Now in the simultaneous tournament, the agents’ expected

outputs are

*

e
2/€Aw de.

0

14



Using the fact that Aw = ¢(e*) and integrating by parts, we conclude that

expected outputs are

This term is greater than e* if

e*e(e’) > 2 / cle)de.

This inequality is always satisfied since the cost function c(-) is convex. m
To complete the discussion, we can characterize the optimal solution of

the principal’s problem in the simultaneous tournament as follows: Incor-

porating the agents’ participation constraint, i.e. w,; = 4, and incentive

constraint, i.e. w; = ¢(é*) + w, his maximization problem reduces to

&*

2 / o
mégxdé*) /ec (e)de — c(€)
0

Integrating by parts, the maximand is equivalent to

This condition determines the optimal €*.

5 Conclusion

In this paper, we analyzed sequential tournaments in which preemptive be-

havior by the first acting agent is possible. We showed that intermediate

15



information can destroy the incentives of the agent who acts second, thus
making a sequential tournament less attractive for the principal than a si-
multaneous tournament.

In practice, although tournaments are sequential in general the principal
may be able to mimic a simultaneous tournament. To avoid strategic be-
havior in sequential tournaments, he might be able to separate the agents in
different locations. If this is possible they cannot observe each others’ efforts.
This will make an originally sequential tournament ” quasi-simultaneous”.

An interesting question remains with respect to the agents’ strategic be-
havior in more general dynamic tournaments: Even if in practice the principal
can separate the agents so that their decisions are independent, real tour-
naments are of repeated nature. That is, the entire tournament consists of
several stages and at each stage the agents play a simultaneous tournament.
Before the next stage, the agents observe their competitors’ efforts in the
last stage. From the analysis of this paper, one would expect that if effort
rather than luck determines the agents’ outputs, strategic behavior by the
agents will be possible. This strategic behavior might include a preemptive
effort by the first acting agent. It is, however, also possible that leapfrogging
might occur: Although one agent is behind in total output, he might choose
with some small probability an effort level such that he leaves his competitor

behind.
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Appendix

In Section 3, we analyzed the case in which agent A chooses e4 > 2¢ so
that agent B’s probability of winning the tournament becomes zero. Such
kind of preemptive effort will be possible, if €4 and ep are distributed over
a finite interval [—¢,¢&] (i.e., if luck is restricted): B chooses his effort ep
according to the first order condition Aw - fy(es — eg) = d(ep), where Y is
distributed over [—2&, 2g]. Therefore, by choosing e4 > 22 agent A can shift
fv(ea —ep) out of the interval [—2&, 22| so that Aw - fy(e4 —ep) and ¢(ep)
intersect at eg = 0.

Another kind of preemptive effort would occur, if agent B drops out of
the tournament, because exerting a competitive effort level is too costly for
him. Then, he would choose eg = 0 for purely economic reasons. This kind

of preemptive effort é4 < 2¢ requires
we + Aw [l — Fy(éa —ep)] — cleg) < we + Aw [1 — Fy(é4)] (A1)
where epg is given by
Awfy(és —ep) = d(ep). (A2)

The left-hand side of (Al) describes agent B’s expected utility when he
chooses eg > 0 according to (A2) as a technically best response to é4. The
right-hand side of (A1) characterizes B’s expected utility when he drops out
and chooses eg = 0. Rearranging (A1) yields

AwFy(é4) — clep) < AwFy(éa — ep). (A3)

Inequality (A3) shows that the existence of a preemptive effort level é4 < 2&
crucially depends on the shape of the distribution function Fy(-) and the

cost function c(-).

17



Now, consider the typical example of uniformly distributed luck and
quadratic costs. Thus, we assume for the rest of the Appendix that €4 and
ep are uniformly i.i.d. over [—£,&] and c(e;) = 0.5ke? (i = A, B) with k& > 0.
We can show by contradiction that, in this case, there cannot exist a pre-
emptive effort €4 < 2. When luck is uniformly distributed, the convolution

fy(+) is triangular with

L4+L if —26<y<0
friyy=9 £-4 if0<y<2e (A4)
0 otherwise.
and
( .
0 ify < —2¢
L4l 2 <y<0
Fr(y) =4 2 %0 - (45)
L +1 ifo<y<2e
| 1 if y > 2¢.
Therefore, B’s best response eg according to (A2) is
_ (2?’: — éA)Aw (AG)

5 4ke?2 — Aw

Using (A5), (A6), and the quadratic cost function, inequality (A3) can be

rewritten as:!!

) - o )
ea € 1\ (22 — éx)Aw
Aw( - - + ) O.Sk:( e~ Aw
~ (2?’: - éA)Aw Ea— (25 - éA)Aw 2
A 4kg?2 — Aw 1

A _ 1
D 2% 522 *3

_1 (25 — éA)2A’U)2
8 22(Aw — 4kz?)
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To check inequality (A7) we have to notice that, for uniformly distributed

luck and a quadratic cost function, the symmetric Nash effort e* is given by

Aw
S — A8
© T 2k (48)
Since e* < 28, we obtain
Aw < 4ke?, (A9)

which implies that (A7) cannot be true.
This leads to the result that in the sequential tournament, in which luck
is uniformly distributed over [—&, €] and effort costs are quadratic, there does

not exist a preemptive effort €4 < 2¢.
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Footnotes

1. See, e.g., Lazear and Rosen (1981), Nalebuff and Stiglitz (1983), Green
and Stokey (1983), O’Keefe, Viscusi, and Zeckhauser (1984), Malcomson
(1984, 1986), Rosen (1986), McLaughlin (1988), Lazear (1989).

2. There are some parallels to the literature about preemptive takeover
bidding (see, for example, Fishman 1988, 1989), and about R & D races
(see, for example, Fudenberg et al. 1983; Fudenberg and Tirole 1985). These
models, however, completely differ from the tournament model which will be
analyzed in this paper.

3. By the assumption of unverifiable outcomes we rule out the possibility
that the principal can induce proper incentives by using individual incentive
schemes like piece rates.

4. Note that the existence of the equilibrium cannot be guaranteed, be-
cause the second order conditions are ambiguous. This problem is well-known
in the tournament literature; see, for example, Lazear and Rosen (1981, p.
845, fn.2), Nalebuff and Stiglitz (1983, p. 29), Lazear (1989, p. 565, fn. 3).

5. First best effort is described by e* = arg max, (E [e + €] — ¢ (e)), which
leads to e* = ¢! (1). For this result, which also holds for unrestricted luck
(i.e., gi€(—00,00)), see Lazear and Rosen (1981, pp. 844-846); Wolfstetter
(1999, pp. 304-306).

6. The integrand directly follows from the rules for the distribution of
the difference of two random variables [(see, e.g. Mood, Graybill, and Boes
(1974, pp. 185-186)] and the fact that €4 and ep are i.i.d.. The limits
of the two integrals stem from the following considerations: The random
variable Y = ¢; —¢; (1,5 = A, B; i # j) is distributed over [—2¢, 2¢] which
can be divided into the two subintervals —2 <y < 0 and 0 < y < 2. The

relations —€ < ¢; <fandeg =¢;—yand y — € < ¢g; < y + € then lead to
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the expression (7).

7. To be more precise eg = 0 is obtained for eg — ey > 22 or eg — ey <
—2¢. The first inequality cannot be met by non-negative efforts. The second
inequality is identical with (10). Note that we implicitly assume here that the
variance of the random variable ¢; is sufficiently high such that a preemptive
effort by agent A implies e4 > 2. This is justified by the fact that in this
section we only analyze the implication of restricted luck. Moreover, for the
case of uniformly distributed luck and a quadratic cost function it is shown in
the Appendix that there does not exist another preemptive effort. In general,
if the agents’ outputs are determined by effort rather than luck, a preemptive
effort e4 < 22 is possible, of course. This case, however, is analyzed in the
next section.

8. In the strict sense, e4 has to be sligthly above 22. Greater effort would
imply a waste in effort costs.

9. The inverse of the marginal cost function, ¢! (+), is monotonely in-
creasing because of ¢’ () > 0.

10. Note that here e* = 1 and fy(0) = 1/[2¢], i.e. the probability term
fv(0) itself depends on the critical value.

11. Note, that é4 > e* must hold for a preemptive effort of agent A, where
e* is the symmetric Nash effort described in Proposition 2 with Aw fy (0) =
c(e*). Since ep # é4 and fy(y) has a unique maximum at y = 0 (see (A4)),
we obtain fy(é4—ep) < fy(0) and therefore eg < e*. This leads to ep < é4.

Thus, the third case in (A5) becomes relevant when rewriting inequality (A3).
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Principal agenti (i =A, B) q,and gp agents
chooses w, chooses ¢, are receive w,
and w, realized and w,
. . ® ® »
Stage 1 Stage 2
Figure 1: Simultaneous tournament.
Principal agent A agent B q,and g, agents
chooses w, chooses e, observes e, are receive w,
and w, and chooses e, realized and w,
—e ® ° ® ® »
Stage 1 Stage 2 Stage 3

Figure 2: Sequential tournament.
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