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ABSTRACT. — We study the design of a sequence of two
contests between a pair of identical risk averse employees whose
effort choices are private information. It is optimal for the organiz-
ation to “bias” the second contest in favor of the early winner —the
reduction in second-period incentives is outweighed by the incre-
ase in first-period incentives. Thus, even though first-period suc-
cess reflects only transitory shocks and not ability, it is efficient to
structure the contests so these shocks have persistent effects on
employees’ careers.

Biais dans les compétitions et aléa moral : impli-
cations pour les profils de carriéres

RESUME. — On examine une compétition formée de deux
concours successifs entre deux employés identiques présentant de
I'aversion a I'égard du risque et dont les choix d’efforts sont des
informations privées. || est optimal pour I'organisateur de la compé-
tition de « biaiser » le second concours en faveur du premier,
la réduction d’incitations dans la seconde étape étant plus que
compensée par l'accroissement des incitations dans la premiere.
Ainsi, méme si le résultat du premier concours ne reflete que des
chocs transitoires, aucunement des compétences, -il est efficace
d’organiser la compétition de sorte que les chocs affectent de
maniére permanente les carriéres des employés.
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1 Introduction

This paper studies the implications, for the structure of jobs in organiza-
tions and the career profiles of employees, of limitations on the information
available about employee performance. Organizational sociologists have
found that earnings and promotions in the later stages of employees’ careers
are strongly correlated with earnings and promotions in the early stages
{KanTER [1977], RosenBaum [1984)). Later success is positively associated
with early success, even when one controls for the effect of observable
characteristics likely to affect performance, such as education. One poten-
tial source of this correlation is differences in ability that persist over time
and that are not captured by the observable covariates. The companion
paper, MEYER [1991], develops a simple model of an organization designing
a sequence of contests in order to learn about differences in ability, and
shows that the optimal learning strategy can reinforce the effect of these
differences: early success can be even more strongly associated with later
success under the optimal learning strategy than under a naive process of
information accumulation.

Here we show that even in situations where employees are known to be
of identical ability, an organization may induce a correlation between early
and later success in order to limit the costs of moral hazard. In designing
a sequence of two contests for a pair of workers, it is optimal to reward
success in the first with an increased probability of success in the
second. This increase can be accomplished by assigning early winners to
more productive jobs or by providing them with extra training — treatment
which puts them on the “fast track”. Although the asymmetric treatment
of early winners and losers reduces incentives for effort in the second
contest, this cost is outweighed, with risk averse employees, by the increase
in incentives in the first contest due to the future rewards for current
success. Thus, even though the difference in employees’ performance in
the early contest reflects only transitory random factors and not ability, it
is efficient for the organization to structure the sequence of contests so the
transitory shocks have persistent effects on employees’ careers.

The model is intended to represent organizations which keep new
employees in junior positions for several periods before making major job
assignment decisions. Before the major decision, there must be at least
one opportunity for an interim evalution of employees’ performance and
for the subsequent treatment of employees to be differentiated according to
its results. The employees may, for example, be junior lawyers, academics,
accountants, or members of the military, but the analysis is not confined to
organizations employing “up-or-out’” policies. After working in positions
explicitly designated for new workers, some employees may be moved
“sideways”’, while others are moved up.

In the formal model, two risk averse agents compete against each other
for two periods; the organization’s major promotion decision is made after
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the second, and the interim evaluation after the first. The agents are
productively identical but make privately observed choices of effort, so the
organization (henceforth referred to as the principal) must design its job
structures and compensation policies to provide incentives for effort.

We focus on situations in which the costs associated with gathering or
transmitting information result in the principal obtaining only rank-order
information about the agents’ outputs in each period. However, we assume
that the principal can costlessly choose the criterion, called the “bias”, that
determines how the outputs are ranked: if the chosen bias is ¢ in agent i’s
favor, then agent i is declared the winner as long as his output does not
fall short of his rival’s by more than c¢.

When the “observer” who monitors the agents’ performance obtains
cardinal information but, because of the costs of communication, reports
only ordinal information to the principal, the principal can implement bias
by instructing the observer to use asymmetric evaluation criteria. But even
if the observer can identify only which of two output levels is larger, the
principal can control the level of bias by differentiating agents’ tasks or
work environments, or by providing different amounts of training or
equipment. Examples of the latter form of bias are the assignment of
employees to clients with different needs or attitudes and the provision by
senior colleagues of different amounts of guidance.

With a production technology in each period in which output is additively
separable in effort and the individual-specific component of the random
shock, we show that the Nash equilibrium effort levels of the agents are
equal, whatever the bias, and are decreasing in the magnitude of the
bias. It follows that the principal will never introduce bias in the first
contest, since doing so would reduce the agents’ first-period incentives, as
well as provide ex ante rents to the favored agent. Furthermore, a commit-
ment by the principal to bias the second contest in favor of the first-period
loser will not be advantageous because, relative to no bias, it would reduce
incentives in both the first period (by creating a future punishment for
current success) and the second period.

Our major result is that the principal’s cost of implementing any given
first- and second-period effort levels is minimized by committing to favor
the first-period winner by a strictly positive amount in the second
period. This result hinges on the fact that, starting with no bias, the
introduction of a small amount in favor of the first-period winner generates
a first-order increase in first-period incentives, but only a second-order
reduction in second-period incentives; in consequence, the original effort
levels can be induced with the imposition of less risk on the agents and
hence at lower cost to the principal. It is thus optimal for the principal to
commit to spreading rewards over time for risk averse agents, by designing
jobs so that early success is rewarded by an increase in future promotion
prospects as well as by a higher current salary. A correlation between
early success and later success therefore results, even though agents have
identical abilities and choose identical effort levels, so in equilibrium, success
in the first period is due entirely to transitory random shocks.
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Related Work

The companion paper, Mever [1991], focuses on how biasing contests
improves the information about relative abilities conveyed by rank-order
observations on outputs. In that paper, the organization’s payoff is assu-
med to depend only on the quality of the promotion decision that follows
the observation periods; the incentive effects of bias are ignored. The key
result is that the value of the final observation is maximized when the
organization biases the final contest in favor of the employee with the better
performance record. With respect to promotion chances, the optimal bias
thus reinforces the advantage this employee derives from his likely edge in
ability. In this paper, we abstract from the learning motive for bias by
considering agents of identical ability, and we focus on the incentive costs
and benefits, which accrue during the observation periods. Since in this
setting, the benefits of bias accrue before its costs, these benefits can be
realized only if the principal can commit to the use of bias in later contests,
for example, through the design of jobs or training procedures.

Several other papers analyze settings in which it is optimal for an organiz-
ation or principal to commit to selection criteria that, ex post, discriminate
to an inefficiently large extent in favor of those who achieve early success,
because such commitments bring incentive benefits.

LarroNT and Tirore [1988] study the principal’s design of an incentive
contract for an incumbent supplier, when a potential replacement will be
available in the second period. When the first-period investment under-
taken by the incumbent is unobservable but transferable to the entrant if
the incumbent is replaced, then it is optimal for the principal to commit to
favor the incumbent in choosing the second-period supplier. Introducing
a small bias causes a first-order improvement in the incumbent’s investment
incentives but only a second-order loss from inefficient selection.

MirgroM and Roserts [1988] model employees who divert effort from
current production to credential-building activities in order to influence
promotion decisions. Even if current performance (in contrast to credenti-
als) is uninformative about suitability for promotion, it is optimal for the
organization to supplement the incentives for productive effort provided by
performance bonuses by committing to base promotion decisions, with
strictly positive probability, on current performance.

PrRENDERGAST [1989] shows that when a firm acquires private information
about workers’ abilities, it may have an incentive to signal this information
to workers, to induce high-ability workers to invest in firm-specific human
capital. One type of credible signal of high ability is promotion to a job
beyond the worker’s capacity. The firm may thus choose to publicly
distinguish among its workers at an early stage, putting some in “fast track”
jobs for which they are insufficiently qualified.

Another setting in which relatively similar workers may have very dif-
ferent career paths is when “‘up-or-out” rules are employed, under which
junior workers are dismissed if they are not promoted by a certain
time. Despite the inefficiency of dismissing workers who could be profita-
bly retained in junior positions, Kanun and Huserman [1988], GiLson and
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MnookiN [1989], and Warpman [1990] argue that commitment to such rules
can be advantageous because it deters the organization from exploiting, by
not promoting, junior workers whom it has (privately) identified as poten-
tially productive senior workers; this deterrent in turn gives junior workers
incentives to invest in human capital.

Section 2 of this paper describes the model of a sequence of two contests
between identical employees, and Section 3 analyzes the consequences for
second-period efforts of the use of bias. In Section 4, we show that an
optimal two-period contract commits the principal to use second-period
bias to favor the first-period winner. Section 5 extends the result on the
value of committing to conduct an unfair contest to two simple settings in
which the employees are not identical.

2 The Model

An organization, referred to as the principal, hires a pair of identical
agents (labeled i and ;) and employs them in entry-level positions for two
periods. After the two periods, one of the agents is promoted to a higher
level in the hierarchy. In each period ¢, agent k’s output, xj, is given by:

=S @ e, k=i =12
where aj, 15 k’s effort in period ¢, s is a common shock affecting the
production of both agents in period ¢, and & is the individual-specific shock
in period ¢. In each period, the agents choose their efforts simultaneously
and noncooperatively, and an agent’s choice of effort is not observable by
anyone else.

We assume that /| >0 and f*, <0, where numerical subscripts denote
partial derivatives. We define Ae'=¢{—¢! and assume that Ae' and Ae?
are distributed independently and symmetrically about 0. Symmetry about
0 ensures that within each period there is no systematic difference between
the agents’ tasks, and independence ensures that any shock to relative
outputs does not persist over time. Let A¢’ have support (— o0, ) and
let G'(.) denote its cumulative distribution function and g'(.) its
density. Assume that g'(.) is unimodal and is continuously differentiable
and strictly positive everywhere. It follows that g'(.) is maximized at 0
and g (0)=0. Assume that s* and s* are distributed independently of each
other-and of Ae! and Ag?.

The principal is risk neutral and can borrow and save at an interest rate
corresponding to a discount factor 8, (0, 1]. He maximizes the discounted
sum of expected profit over the two periods, where revenue in each period
is an increasing function of the output of each agent and cost is the sum of
the compensation payments to the agents. The agents are risk
averse. Each agent’s utility is additively separable across periods and
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within a period is additively separable between income and effort. We
represent agents’ limited access to the capital market by the extreme assump-
tion that agents can neither save nor borrow (during the two periods), so
they consume their payment in each period. The total utility of each agent
1S

UIH=V(a")+38,(U(I*) =V (a?),

where I' is the payment in period ¢ and 6, €(0, 1] is the agents’ discount
factor. We assume

1 U : (0, o0) > (— 00, )
2e U>0,U"<0,limU0D=-cw

-0
3 e del0, ) t=1,2
4 V(0)=0,V'>0, lim V' (a)=co.

a D

Before period 1, the principal offers to each agent a compensation con-
tract specifying the rules by which payments will be determined in both
periods.  We assume that if an agent accepts the contract, he is committed
to stay with the firm for the two periods. We could equivalently assume
that the skills that agents develop in the first period are so highly firm-
specific that their outside opportunities in the second period will never
induce them to quit. The two-period utility of each agent from not signing
the contract is U> —oc.  Note that under our assumptions, at the start of
each period, the principal and the agents have common knowledge of the
production functions and of one another’s preferences. !

We assume that the agents’” performance is monitored by an “observer”,
for whom the processing of information is costly and who consequently
reports to the principal in each period only the rank order of agents’
outputs. However, the principal can costlessly choose the criterion, called
the “bias”, that determines how the outputs are ranked: if the chosen bias
in period ¢ is ¢' in s favor, then i is declared the period-t winner if
xi+c'>x5 and jif xi+c <xj. We assume that the principal can commit
himself, through the contract, to a level of first-period bias ¢!, to a magni-
tude of second-period bias | ¢”|, and to a rule determining, for each of the
two first-period rankings, whether the second-period bias favors the first-
period winner or loser. 2

1. In this respect, the model is similar to ROGERSON'S [1985] and LaMBERT'S [1983] models of two-
period incentive contracts for a single agent.

2. The result that it is optimal to use a strictly positive bias in the second contest in favor of the
first-round winner would generalize if we relaxed the assumption that the magnitude of the
second-period bias must be independent of which agent won the first contest.  One rationale
for this assumption is that the agents themselves may not be able to observe the rank order of’
their outputs (as in MaALCOMSON {1984]). Then a scheme in which the magnitude of ¢* is
independent of which agent the principal reports as the {irst-period winner is incentive compatible
for the principal, whereas one in which |¢?| varied according to the principal's report would
not be: as Section 3 shows, equilibrium efforts are higher the smaller is |¢?|, so the principal
would chaose his report to bring about the lower value of | ¢?|.
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Bias in contests can be implemented in two different ways, depending
upon why the observer reports only ordinal information about the agents’
outputs to the principal. If the observer learns the actual values of outputs
but can transmit ordinal information far more cheaply than cardinal infor-
mation, then the principal can implement bias ¢ in i’s favor by instructing
the observer to use asymmetric evaluation criteria, reporting j as the winner
if and only if j’s output exceeds /’s by at least ¢, If ordinal information
about outputs is far less costly for the observer to gather than cardinal
information, the principal can control the bias by providing different inputs
to the two agents’ production functions or by differentiating the production
functions themselves. The observer continues to observe and report only
whether ’s output is larger or smaller than ;’s, but these output values are
perturbations on the x’s above: the observer compares x;+ v, with x;+ v,
where v; and v; are chosen by the principal so that v;,—v; equals the desired
¢. This second method of implementing bias can be used even when no
individual in the organization receives information about outputs that is
finer than rank-order information.

Asymmetric treatment of individuals, producing bias of the second type,
can take numerous forms. Individuals may be assigned different tasks,
placed in different environments, given different amounts of training or
supervision, or supplied with different amounts of capital. For example,
junior employees can be assigned to collaborate with senior colleagues who
differ in their talent or motivation, and secretaries can be assigned equip-
ment of different vintages. > *

We assume that the only way in which the contract can link second-
“period compensation to the first-period rank-order result is through the
dependence of the assignment of second-period bias on the latter. An
agent’s second-period payment thus depends only on whether he wins or
loses the (biased) second-period contest. It may well be easier for the
principal to commit in advance to a magnitude of bias than to a plan

3. As an illustration of the contrast between the two different ways of implementing bias, consider
first a promotion choice between two associate professors whose performances as assistant
professors were different.  The senior fuculty can evaluate their publication records, but transmit-
ting detailed evaluations to the dean may be difficult if the dean is not familiar with the relevant
journals; it may be far easier to transmit simply a ranking of the two candidates and to
incorporate bias by using asymmetric criteria in producing the ranking. Consider, in contrast,
a depurtment’s decision about which of two graduating Ph.D. students to recommend more
highly for jobs. Developing cardinal measures for the quality of theses can be very difficult
even for the faculty, but a ranking is much easier to produce. The faculty can incorporate
bias into the thesis evaluation process by basing its own input into a student’s thesis on his
previous performance in courses or exams. (This second method of implementing bias could
also be used in the first example: the faculty couid burden the associate professors with different
levels of administrative responsibility and then simply report whose publication record was
better.)

4. “Affirmative action” programs in the United States can be viewed as biasing the competition
among workers through the use of asymmetric evaluation criteria; in contrast, “positive action”
programs, such as those in Great Britain, increase the hiring or promotion prospects of some
individuals by providing them with extra guidance or training (Commission for Racial Equality
[1989)).
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FIGURE 1
The Timing of Events.

e Principal offers two-period contract to agents, and agents accept.

e First-period bias ¢! implemented.

® Agents choose first-period efforts, @' and a}.

e Interim evaluation: principal learns and reports biased ranking of first-period outputs,
x} and x}, and pays y* +z' 10 winner and y' —z*' to loser.

e Second-period bias of magnitude |c?| implemented (sign of ¢? is contingent on first-period
ranking).

e Agents choose second-period efforts, 47 and a’.

e Major promotion decision: principal learns and reports biased ranking of second-period outputs,
x? and x7, and pays p* +z* to winner and y*—z* to loser.

involving deferred payments. He can commit to | ¢?| through choices about
organization design: for example, he can institutionalize different types of
training or design (and give different titles to) jobs involving different
packages of responsibilities.

A contract specifies the level of first-period bias, c¢!; payments to the
first-period winner and loser, y' +z! and ' —z!, respectively; the magnitude
of second-period bias, , and the rule for assigning it, contingent on the
first-period ranking; and payments to the second-period winner and loser,
y*+z? and y?—:z?, respectively. (In each period, )* is the average prize,
and z' measures the prize spread. Since lim U (I)= — cc, the principal will

1-0

always choose y'>0 and |z'| <)’) The interpretation is that the major
promotion is awarded to the winner of the second contest; y'+z' and
y!—z! represent salaries after the interim evaluation; and y? +z% and y? — 22
represent salaries after the promotion decision (see Figure 1).

2
¢

A Pareto optimal contact maximizes the discounted expected profit of
the principal subject to the ex ante reservation utility constraints for the
agents and the incentive compatibility constraints stemming from the agents’
private choices of effort in each period. To express the incentive compati-
bility constraints, we assume that the principal can implement a set of effort
levels {(a}, aj), (a?, a})} if and only if they form a subgame perfect equili-
brium in the two-period game between the agents induced by the
contract. Though our primary interest is the form that bias takes in Pareto
optimal contracts, we prove our main result for the larger set of “cost-
minimizing” contracts (see GrRossMaN and HART [1983]). A cost-minimiz-
ing contract for a given set of effort levels minimizes the discounted sum
of compensation payments by the principal, subject to the reservation utility
constraints and to the constraint that the effort levels constitute a subgame
perfect equilibrium for the agents. Since in any Pareto optimal contract,
the prizes and biases are cost-minimizing, given the efforts induced, our
result on the use of bias in cost-minimizing contracts is necessarily valid
for Pareto optimal ones as well.
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3 The Second Period

Consider the Nash equilibrium behavior of the agents in the second
period when the bias is ¢*>. (Our sign convention is that a positive bias
favors i and a negative one favors j.) Given second-period prizes y*+z2
and y*—z* and given a conjectured level of effort for j of a7, i chooses a}
to maximize

P(xi2+c2>xf)U(y2+zz)+ (I=PF+>x) U2~ V(a}).

Given our assumptions, —
Ja
tion about the first period. The first-order condition for an interior opti-

mal a? is

5 5 .
=P (x} +¢?>x}) does not depend on /s informa-

2. a 2 ’
AU? ﬁP (xF+ct>xDH=V (a]),

t

where AU?=U (y?2+2z%)—U(y*—2z*)>0 as long as z°>0. Now

iP(xi2 +t>x)= L Fiae >0 a8, =, 7))
da? da?

i L

0
= ﬁE.\z[l _GZ (fZ (af, SZ) _f2 (aizv SZ)—Cz)]

=Ep[g*(f*(a], s~ f?(al, )= D) fi(al, s7),

where E,2 denotes the expectation with respect to s, and the second equality
uses the independence of Ae? and s*. The first-order condition for an
interior optimal a; is

2 6 2 ’
AU P(xt+c?<x))=V' (@),

oa;

and manipulations parallel to those above give

%P (4 et <x)=Ep (g (12 (a2, 59—/ (a2, %) — )2 (al, 5]
J

Since ffl <0 and V>0, if the first-order conditions
AUTEa[g (2 (2}, =S @k, D)= D f (@, M=V (@)
AUPEp[g? (2 (@, 9 ~f2 (@, )= ) [ @, D=V (@)
have a solution, it is unique and has the form af =a? =a?, so a? satisfies
(M AU g (=) Ealfi(@, sH =V (a?).
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Since V' (0)=0, and lim V’'(a)=co, there does exist an a® solving (1), and

a — o©

since g2 (.)>0and f3(0, .)>0, a®*>0.
The local second-order conditions for i and j, respectively, at a} =a} =a* are
AUPEgz[—g¥ (=) (f1(a s+ g% (=D [, (@ s7)] -V (@*) <0

AU?Ea[g* (=) (fi(a®, s +g7 (=) [T (a% M) = V" (a*) <0

These are clearly satisfied if ¢*=0, since g*'(0)=0; and since g% (.) is
continuous, they will be satisfied at least for some interval of ¢? values with
0 in the interior. (The analysis below focuses on the effect of a small
change in ¢* from 0.) It has been frequently noted in the tournament
literature that local maxima of agents’ expected utility functions might not
be global maxima (see NaLEBUFF and StiGLiTz [1983], O’KEEFE, Viscust, and
ZECKHAUSER [1984]), and especially MoOOXHERIJEE [1989]). MOOKHERJEE'S
arguments for unbiased tournaments apply to biased ones as well.
Roughly, the global second-order conditions will be satisfied at af =a} =a?
if the distribution of Ae? is sufficiently dispersed (| g*'(.)| sufficiently small)
and/or the marginal disutility of effort rises sufficiently rapidly (|V”(.)| suf-
ficiently large). > In what follows, we assume that the global second-order
conditions are satisfied at the unique solution to the first-order conditions.

Finally, there does not exist a Nash equilibrium in which an agent exerts no
effort, since V' (0)=0, g2 (.)>0and /% (0, .)>0. Thus the unique Nash equili-
brium in the biased second-period contest involves equal (strictly positive) effort
levels for the two agents, with the common effort a? (c?) solving (1).

Increasing the magnitude of the bias reduces the common effort level: since
g%(.) is unimodal and symmetric about 0, (1) implies that «* is decreasing in
|c*|.  For each agent, the marginal return to effort when effort levels are equal
is proportional to the probability that Ae? equals —¢?; this critical realization of
Ae* becomes less probable the further away from 0 it is. That effort levels are
likely to fall as the degree of asymmetry between contestants rises has been
noted before (e.g. Lazear and Rosex [1981]). The important additional result
for our analysis of bias in a two-period setting is the following: since g?(.) is
symmetric about 0 and differentiable,

da’* (c*)

Thus, a small increase in |¢*| from 0 has no first-order effect on equilibrium
efforts in the second period.

5. When ¢ =0, the only conceivably profitable deviation is to a smaller, strictly positive effort;
with bias in 7s favor, j (but not i) could, in addition, conceivably benefit by an increase in
etffort. Both types of deviation are unprofitable under the conditions above.
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4 The Optimal Two-Period Contract:
Second-Period Bias Favors the First-
Period Winner

To analyze the effect of bias ¢! in the first period, let AW* denote the
difference (for each agent) between the overall expected utility from winning and
losing the first contest (including the consequences from the use of second-period
bias). An analysis parallel to that in Section 3 shows that the unique Nash
equilibrium in the first period involves a common effort level a* which solves ©

@ AW g (=Y Ealf !, S=V'(a)).

If the agents were risk neutral, a Pareto optimal contract would, in each
period, set the bias equal to zero and specity the prize spread that induced the
first-best levels of effort. Since the agents would not need to be compensated
for the imposition of risk, the principal’s expected payoff from this contract
would be as high as if efforts could be directly observed and contracted upon.

4.1. Cost-Minimizing Contracts

We now analyze cost-minimizing contracts for the principal when the agents
are risk averse. Specifically, we consider the principal’s choice of first- and
second-period prizes and first- and second-period biases to minimize his total
discounted cost of implementing the common first-period effort level @' >0 and
the common second-period effort level a?>0, subject to the reservation utility
constraints of the agents. (Since |¢*| is required to be independent of the first-
period result and since, by (1), the equilibrium value of a* will be independent
of the sign of ¢?, a* will be independent of which agent wins the first contest.)

Our first main result is:

ProposimioN 1: In a cost-minimizing contract implementing ¢' >0 and >0,
the first-period bias, ¢!, is 0. Furthermore, if the magnitude of the second-
period bias, |¢?|, is strictly positive, then that bias is, for both first-period
rankings, assigned to favor the first-period winner.

Proof. See Appendix 1.

The intuition behind Proposition | is straightforward. First, reducing the
magnitude of the first-period bias from a positive value to 0 raises first-period
efforts by raising g*(—c') (see (2)) but has no effect on second-period
efforts. Second, starting from a contract in which the second-period bias

6. The agents’ second-order conditions will be satisfied under conditions analogous to those given
in Section 3.
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disadvantages the first-period winner, reducing its magnitude to 0 raises second-
period efforts by raising g% (—¢?) (see (1)) and also raises first-period efforts by
eliminating the future punishment for current success, thus increasing A W! (see
(2)). Finally, the switch to a contract with ¢* =0 and |¢*| =0 ensures that the
agents’ ex ante expected utilities are equal and therefore eliminates the rents paid
to an agent who is advantaged ex ante.

4.2. The Effect of Introducing Bias in the Second Period

Given Proposition 1, the question that remains is whether, in a cost-minimizing
contract, the principal uses no bias in the second period or commits to favor
the first-period winner. 'We can now, without ambiguity, economize on notation
by using ¢* in place of |¢*|, always taking ¢*>0. We will analyze the cost-
minimizing choice of first- and second-period prizes to implement &'>0 and
a* >0, subject to the reservation utility constraints, given ¢ =0 and ¢220. We
will show that, starting from ¢?=0, a small increase in ¢? reduces the principal’s
total discounted cost.

The first-period winner wins the second contest with probability
pi=1—G?(—=¢?), since in equilibrium af =a?; the first-period loser wins with
probability p? =G?(—¢?). Define

AP (D=pi—pi=1-2G*(-c®=0.

We can write AW!, the difference between the overall rewards for winning
and losing the first contest, as AU+, Ap* (c*) AU? (where AU! is defined
analogously to A U? and we again use the fact that a7 =47). Substitution into
(2) (with ¢* =0) gives

€)) [AU'+8,Ap° () AU g O Esf1(a', sH]=V'(a).

Equations (1) and (3) can be solved for AU* and AU? in terms of %, a', and
a*:

: bt AP AV @) _pia g 2
) 5 ' = —~ =R
B FOEMIE N PedE@a
© A= &) iz

T P (- AEaf1 (@ 5]

R!(c?, @', a®) and R?(c?, a?) give the prize differences in utility terms necessary
to implement efforts @' >0 and &*>0 for a given ¢*. Clearly R?(c?, a*)>0
and since R! (0, a', ¢?)>0, we can ensure that R! (¢?, a*, a?)>0 by focusing on
values of ¢>=0 that are sufficiently small. Use the definitions of AU’ and
A U? to rewrite (4) and (5) as, respectively,

(6) L UG -UG =R @ @)
™ U +2)-UG2 =) =R} (&, @)

{6) implicitly defines a function z* =Z (y*, R*) for y* >0. From the assumptions

on U(), if R'>0, then 0<Z{(4RYH<y' and Z{(.,.)
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is continuously differentiable and strictly increasing in both arguments.
(7) implicitly defines z? by the same function: z2=Z(y?, R?).

We now solve for the cost-minimizing contract that implements a* >0 and
a®>0, given ¢2.  We solve

min 2 (5 + 5, %)

1,2
Y.y

subject to

%U(lerz(yl, R'(¢, 2!, e+ %U(J’l -Z(Y, RY(A, @b, a)) -V (ah)
o [ % UOA+Z(7 R (e, )
i ; UG =Z 0% R (& d)=V (aﬂm

The expression 2(y! + 8 y?) is the principal’s total discounted cost. The con-
straint is the common reservation utility constraint for the agents. Since ¢! =0
and ¢? is assigned to favor the first-period winner, each agent has, before the
first period, probability one-half of winning each contest, whatever the size of
¢*. This class of contracts, therefore, despite being “unfair” ex post (in the
second period), offers the agents identical expected utilities ex ante. The incen-
tive compatibility constraints are incorporated through Z (v*, R!(¢?, @', @) and
Z(y*, R*(c?, a?)), which determine, for given positive average prize levels p*
and y? and for given ¢?, the monetary spreads necessary to induce efforts a'
and a2,

The principal’s cost is clearly increasing in y' and y? and the same can be
shown to be true of the agents’ expected utility. Therefore, the reservation
utility constraint will be binding at a solution. We write the Lagrangian (with
multiplier A>0) as

LY y% e dl, @) =20y +857)
~l{%U(y1 +Z (', R (2, 4, az)))
UG =204 R, @ a) =V (@)
+ SA[ SUGA+Z0% R )
+ UG -Z0% R, a@»—Waﬂ—U}.

We now argue that, given (¢?, a*, @*), there exists a unique cost-minimizing
contract, which we denote (y**(c? a', @), y**(c?, @', @*), and that it

. ; aL al , y . . b T
is characterized by P =0 and g =0 (in conjunction with the binding
¥y oy

constraint). First, in (¥*, y*) space, the principal’s iso-cost curves are straight
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lines with finite, strictly negative slope. Second, by the assumptions on U(.),
the constraint can be shown to define a differentiable, strictly decreasing, and
strictly convex function y*=T(y'). Furthermore, since U> —co and

lim U ()= — oo, the graph of T(.) lies entirely in the positive quadrant and
=0

has asymptotes of the form y*=k'>0 and y*=k*>0. It follows that the

unique  point  of  tangency  between an  isocost lLne  and
the Ulaph of T( ) i1s the unique cost-mimimizing contract,
(' (2, at, a®), y** (c?, @, a¥)), and that p**>0 and y**>0.

Define C*(c?, a', a*) as the minimized cost to the principal of implementing
efforts @' and a?, given that ¢ is assigned to favor the first-period winner. Since
the principal’s cost and the agents’ expected utility are both continuously differen-
tiable functions of y*, y* and ¢, it follows by using the implicit function theorem
on the first-order conditions that y** and y**, and hence C*, are differentiable
in ¢

AC*

c :
To calculate —, use the envelope theorem, and since ¢? enters the Lagran-
oc*

gian directly only through
Z(yt, RY(3, &, ab) and Z(y*, R*(*, ab)
in the constraint,

oct 5 3 ! el 1 Lyl =gl
®) —7(c dl, a)=— MU O™ +Z(, RS @, a%)

oc

W PP —=Z iy, RN ¢ a“)))] (yl* R) (C a', a
+8, (U (y2*+Z(y2*, R, az)))

=Py —Z{y*, RN, az)))] ( L RZ) oo -5 a)}
! Sk 1 l
= 5}\.{ ( R) (C a a)
+D2 (/Z( 2% RZ)(’RZ( 2 aZ)}’

where D'=U" (y™* +Z (¥, R‘)) U (*—2(y* RY) for 1=1, 2. Differentiat-
ing (4) and (5) with respect to ¢* and using a*>0 vields

OR! 5, V' (@)
= dc? R Esz i1 (@ 5%l
x[ -y +AP 2)gz ‘CZ)} , V20
@ ()
(10) é‘ﬁRj (2, )= V' (a%) [ {(—%) \‘>0 V=0
oc” E.[f3 (@, &* (=)
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Evaluating these derivatives at ¢ =0 gives

R! IR? o ;
(Z —(0, a*, a*)<0 and Uﬁ—j(O, a*y=0, since g% (0)=0.
ac* ' [

Since R'(0, &*, )>0 and R2(@, a0, D'<b for t=1, 2 when cvalumted
at ¢*=0. From (6) and (7), %(J/*, RY>0 for ¢=1,2. Therefore, (8)
shows that for all a' >0 and aZU>0,

ac*

342
oc

0, a*, a*) <0.

Hence, given Proposition 1, we have shown

ProposiTion 2: A cost-minimizing contract implementing any ‘>0 and
@*>0 commits the principal to favor the first-period winner by a strictly
positive amount in the second period. Therefore, as long as the optimal
efforts in a Pareto optimal contract are strictly positive, a Pareto optimal
contract uses strictly positive second-period bias in favor of the first-period
winner.

For the intuition behind Proposition 2, consider how an increase in ¢? affects
the agents’ expected utility, when y*' and y* are held fixed at their optimal levels
and z' and z? are adjusted so the agents continue to choose &' and «*>. An
increase in ¢* lowers the marginal effect of effort on the probability of winning
the second contest, and keeping a? fixed requires offsetting this change by an
increase in A U? (see (10) and (1)). On the other hand, an increase in ¢? leads
to a reduction in A U, because it increases both A U? and A p?(¢?), and hence
increases the component of AW' representing the second-period reward to
winning the first contest; the first-period reward must therefore be reduced to
keep a' unchanged (see (9) and (3)). With the average prizes y' and y? fixed,
these changes in A U' and A U? are accomplished by changes in the prize spreads
z' and z?; the increase in A U? therefore lowers the risk averse agents’ expected
utility, while the reduction in A U! raises it. Starting from ¢* =0, however, the
increase in AU? is of only second order, since the reduction in effort &* for a
given A U? is of only second order (as shown in Section 3). But the reduction
in A U* is of first order, since the increase in A p? (¢?), and therefore in the effort
a' for a given AU!, is of first order. Therefore, the only first-order effect of
an increase in ¢* from 0 is an increase in the agents’ expected utility from the
first period.  Since the principal will optimally hold the agents to their reservation
utility, introducing a small second-period bias in favor of the first-period winner
produces a first-order reduction in the principal’s expected cost. ™ 8

7. This result remains valid even if the incentives for second-period effort are provided partly by
the adjustable prize spread A U? and partly by an exogenously given reward, representing future

opportunities available only to the promoted agent.
AC*

8. As either a' or a* approaches 0, (0, @', a®) approaches 0. Inducing a'=0 with ¢*=

dc?
requires no imposition of risk in the first period, so raising ¢® generates no rsk-reduction
benefit. Inducing a*=0 requires no prize spread in the second period, so raising ¢* from 0
generates no increase in first-period incentives and therefore no risk-reduction benefit.
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Hence it is optimal for the principal to commit to spreading rewards over
time, by rewarding the first-period winner not only with a higher salary but also
with a job in which his future promotion probability is higher. A correlation
between early and later success is therefore induced, even though first-period
success is due, in equilibrium, entirely to transitory random shocks.

Since bias in the second period reduces effort incentives at that point, it will
be implemented by the principal only if he is committed to doing do, for
example, through the job structures he has designed. The organizational sociol-
ogists Baron and Biery [1986] have documented the significant extent to which
organizations “fragment” work through the proliferation of job titles, “‘making
finer distinctions among work roles than are required simply on the basis of job
content”. These differences in job titles may be the organization's way of
formally identifying the use of bias. This hypothesis is consistent with Baron
and BieLBy's finding that the proliferation of job titles is more extreme in firms
in which workers’ skills are more highly firm-specific: such firms should find it
easier to introduce bias, and hence reap the incentive benefits, without driving
away those whom the bias disadvantages.

b Discussion

We now discuss two simple settings in which the agents are not identical and
extend our result on the value of committing to conduct an unfair contest in
the second period.

5.1. Unobservable Differences in Promotion-Relevant
Skills in the Second Period

Consider a setting in which the principal uses the contests both to provide
incentives and to learn about differences in the agents’ skills. In the first period,
the agents perform a very routine task in which their outputs are insensitive to
ability, depending only on effort, as in the original model. However, the agents
also automatically develop firm-specific skills. The levels of skills developed by
iand j, n? and n?, are ex ante uncertain and independent of first-period efforts,
because they reflect innate, unobservable ability. The common prior beliefs of
the principal and agents are symmetric with respect to n? and 1} (the agents
have equal potential) and assign An*=n?-n/ a unimodal density. Post-
promotion profits are maximized by promoting the more skilled agent, and the
only information about skills that becomes available to either the principal or
the agents before the promotion decision is the (biased) ranking of second-
period outputs. The difference in second-period outputs, A x*=x7? — x7, depends
on An? according to

(1D Axt=f(g, #)—Fla), S+ A2 + A,
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where Ae? and An? are independent. This formulation of the technology
preserves the result that the agents’ second-period equilibrium efforts are equal,
no matter what bias is used. Furthermore, (11) is a natural extension, to
situations with moral hazard, of the framework used in MEYER [1991] to examine
the value of biased contests in learning about skills.

In this setting, we assume that the principal chooses a contract from class
analyzed above to maximize the discounted sum of expected pre-promotion and
expected post-promotion profit, subject to implementing given efforts @* >0 and
a*>0. The second-period bias affects the former component of profit through
the costs of providing incentives and the latter by influencing the information
about relative skills provided by the second contest.

Consider first expected pre-promotion profit. Let A%(.) denote the density
function of Ag*+An?.  Given a bias of ¢?, the unique Nash equilibrium in the
second contest involves a common effort level a* which solves

AU 2 (= A Ep[f2(a?, )=V (@)

Given our assumptions on An?* and Ag?, #*(.) is symmetric about 0, unimodal,
and has a stationary point at 0, so a small increase in |c?| has no first-order
effect on &’ for a given AU The function #? plays exactly the same role here
as g2 played in Sections 3 and 4: here the “effective noise term” is Ag® +An?,
instead of just Ac?. Our previous analysis therefore implies that the expected
pre-promotion profit from implementing efforts @' >0 and ¢*>0 is maximized
by setting ¢! =0 and committing to favor the first-period winner by |c?| >0.

Now consider the effect of ¢? on expected post-promotion profit. No matter
what the common level of a2, (11) implies that A x?=Ae?>+An?2.  Since, at the
start of the second period, the principal’s beliefs are symmetric with respect to
n; and N}, the optimal promotion rule is, for any ¢?, to promote the second-
period winner. With this rule, since the distribution of Ag? is symmetric about
0 and continuous, expected post-promotion profit is symmetric about ¢*=0 and
(as shown in Appendix 2) has a stationary point there. Hence a small increase
in |c?| from 0 to favor the first-period winner has only a second-order effect
on expected post-promotion profit. With ex ante indistinguishable agents, a
symmetric production environment, and continuously distributed noise, the pay-
off from the promotion decision is, to first order, unaffected by the introduction
of bias.

Therefore, in a contract that maximizes the discounted sum of expected pre-
promotion and expected post-promotion profit, subject to implementing given
efforts @' >0 and ¢?>>0, the principal commits to use strictly positive second-
period bias in favor of the first-period winner. Bias in the second contest can
reduce both second-period incentives and the value of the information provided
about relative skills but, starting from zero bias, each of these effects is of second
order, while the increase in first-period incentives is of first order. The principal’s
concern with learning in this setting does not alter the conclusion of the earlier
analysis: it is optimal to structure the second contest so the first-period winner
is strictly more likely than his rival to win and be promoted.
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5.2. Observable Differences in Productivity in Pre-Pro-
motion Tasks

Consider a different scenario, in which there are, ex ante, commonly known
productive differences between the agents in the entry-level jobs. Specifically,
let Ax* be given by (11) and Ax'=x{ —x; by

Axt=f'(a}, sH)~f"(a}, s")+Ae' +Ant,

where An' and An?* are commonly known constants. Suppose that after two
periods, both agents will be reassigned, though only one will be promoted,
and that An' and An? are uninformative about how they will perform after
reassignment. Thus An' and An? may represent differences in skills that the
agents use only in the entry-level positions or naturally arising differences in the
tasks performed in these positions.

In this setting, as in the orginal model, bias in the first two periods has no
effect on profits after the promotion decision, so the use of bias will be determined
entirely by the costs of providing incentives. Recall the sign convention that a
positive bias favors i and a negative one favors ;. The unique Nash equilibrium
efforts ! in the first contest, given a bias of ¢!, solve

AW! gl (= ¢! =AY Ea [f} (@, s)=V'(a),

where AW! depends upon the rule determining the level of bias in the second
contest. The unique Nash equilibrium efforts ¢* in the second contest, given a
bias of ¢2, solve

AP g~ =AY (f1 (8%, A=V (&%)

Consider the class of contracts specifying first-period bias ¢! =—An’+d' and
second-period bias ¢f = —An?+d” if i wins and ¢; = —An?>—d?* if j wins. Itis
easy to adapt the proofs of Propositions | and 2 to show that the principal
minimizes the cost of implementing ' >0 and a?>>0 by choosing d*=0 and
d*>>0. Thus the first-period bias should exactly offset the productive difference
An' and so make the contest fair, but the second-period bias should deviate
from —An? by rewarding the first-period winner with a strictly higher probability
of winmng again than in a fair contest.

In general, when the performance of initially indistinguishable employees in a
sequence of contests is informative about both their efforts and their abilities,
then in choosing how to use bias, the organization may need to trade off the
incentive and learning benefits. When the first-period result is informative about
relative abilities, the effort-maximizing bias in the second period will typically
favor the first-period loser, offsetting the probable difference in
abilities. Sections 4 and 5 suggest that the principal’s pre-promotion profit will
be increased by committing to deviate in the second period from the effort-
maximizing bias to supplement the reward to the first-period winner. Still, the
second-period bias that maximizes pre-promotion profits could, relative to no
bias at all, disadvantage the first-period winner. On the other hand, the analysis
in MEYER [1991] implies that post-promotion profits will be maximized by setting
the second-period bias to favor the first-period winner relative to no bias, i.e. to
reinforce the probable difference in abilities. Hence the choice of second-period
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bias may have opposite implications for employee incentives and for learning by
the organization, and which employee should be favored may depend on the
relative sensitivity to bias of pre-promotion and post-promotion profits. Alterna-
tively, the use of bias may in practice depend on the incentives of the individual
who controls the conditions under which employees compete. If bias is control-
led by the supervisor of junior workers, who is compensated according to their
productivity before promotion, then it is likely to be dictated by incentive
considerations. If, instead, bias is controlled by the future manager of the
promoted worker, then learning considerations are more likely to dominate.
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APPENDIX 1

Proof of Proposition 1

Step (i): Start with an arbitrary contract, A, which implements a'>0 and
a*>0 and satisfies both agents’ reservation utility constraints but in which one
or both of the following are true: (I) ¢! #0; (I) [¢*| >0 and for at least one
first-period ranking, the first-period loser is favored by |c*|. Replace contract
A by B, which specifies the same first- and second-period prizes but sets ¢ =
and |*| =0.

Step (if): Under contract B, each agent has, in equilibrium, ex ante probability
one-half of winning each contest, so the expected value of the utility from
monetary prizes is equal for the two agents. If contract A makes this expected
value lower for one agent than the other, then the switch from A to B raises
this expected value for the initially worse-off agent—since the sum over the
agents of these expected values is the same under A and B.

Step (iii): By (1), second-period efforts are independent of the first-period
ranking and are (weakly) larger under contract B than under A. Replace
contract B by C, which differs from B only in that z2 is (weakly) reduced so
that the product AU?g?(—c¢?) is equal under A and C, and therefore a2 is
equal under A and C. Since by assumption @*>>0 under A, the value of z*
under C must be strictly positive.

Step (iz): Under contract A, AW'<AU'=U () + ) —U (3* —2") (see condi-
tion (II) in Step (i)), whereas under C, AW!'=ATU'. Also, g' (—c!) is (weakly)
larger under C than under A (see condition (I)). Therefore, by (2), first-period
efforts are (weakly) larger under C than under A. Replace C by D, which differs
from C only in that z* is (weakly) reduced so that the product AW! g!' (—¢?!) is
equal under A and D, and therefore @' is equal under A and D. Since by
assumption a' >0 under A, the value of z' under D must be strictly positive.

Step (v): Since, by hypothesis, contract A satisfies one or both of (I) and (II)
in Step (i), either one or both of z* and z* are strictly smaller under D than
under A.

Step (vi). Overall, the switch from contract A to D leaves a' and a?
unchanged. The principal’s total discounted cost is also unaffected, since total
payments in each period (2 y* and 2 y*) are unchanged. If one agent’s expected
utility under contract A is lower than the other’s, the switch from A to D
increases the expected utility of the initially worse-off agent, in three ways: (@)
Step (ii) showed that, for given, y*, z!, y?, z*, the change in the success probabili-
ties in the two contests increases his expected value of the utility from monetary
prizes; (b) given probability one-half under D of winning the second contest, the
reduction in z? (Step (iii)) with y* fixed raises expected utility given risk aversion;
and (c¢) given probability one-half under D of winning the first contest, the
reduction in z' (Step (iv)) with y' fixed raises expected utility given risk
aversion. By Step (v), one or both of the increases in (b) and (c) are strictly
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positive, and these increases are present (for both agents) even if, under A, the
agents’ expected utilities are equal. Since D gives them equal expected utilities,
the switch from A to D slackens the tighter of the two reservation utility
constraints,

Step (vii): Therefore, starting from contract D, the principal can reduce his
total discounted cost, while continuing to implement a! and @* and to satisfy the
reservation utility constraints, by slightly reducing y* and y* and simultaneously
adjusting z* and z* to keep AU" and A U? unchanged. This final modification
to D yields a contract that strictly dominates A. [
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APPENDIX 2

For the model of Section 5.1, we prove that when the principal uses the
optimal rule, “promote the second-period winner”, expected post-promotion
profit has a stationary point at ¢*=0. Let /(n}, n}) be the symmetric joint
density function of n/ and n7. Given skills n/ and 1}, let the principal’s profit
if i is promoted be 7 (n?, n7) and if j is promoted be n/(n?, n?). The principal’s
profit should depend only on the agents’ skills and not on their identities, so
7' (a, b)y=n' (b, a) for all (g, h). Since the agents’ second-period efforts are equal,
(11) implies that i is promoted if Ag*+An’*+c¢*>=0 and j is promoted if
Ae*+An?+¢? <0. Hence expected post-promotion profit, as a function of ¢?,
is

Rirt)= J‘J‘[n‘ (a, HYP(A?= —a+b—c?)
+1/(a, )P (Ae* < —a+b—cD)](a, b)dadh,

where a and b are the variables of integration for n/ and 17, respectively.

SEZ e ”[n" (a, )=/ (a, b)lg* (—a+b)a, b)dadb
7

a3

: I1
Using the symmetry of /(a, b), g—z(O) can be written as
e

~

J J ([ (a, b)— 1 (a, b g*(—a+b)+ [w (b, @)

i b—nj(/), @) g*(—b+a)} l(a, bydadb.

But

[ (a, b)— 1/ (a, b &* (—a+b)+ [ (b, @)~ (b, @) & (—b+a)
=g*(—a+b){[r'(a, b)—7 (b, A+ [ (b, )~ (a, H)]} =0,

since g2(.) is symmetric about 0 and ='(a, b)=1/(b, a) for all (a, b). Hence

5T
Z©O=0. O
ocC
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