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1 Introduction

Mentoring relations involving newcomers and senior managers have never
been formally modelled in economic theory even though sociological and
management literature have demonstrated their empirical relevance. For ex-
ample, Collins and Scott (1979), Ochberg, Tischler and Schulberg (1986),
and Chao (1997) study various professional environments identifying the
extent of relations between mentors and proteges and showing that men-
tored workers experience greater future rewards or career success than non-
mentored ones. This paper presents a model that endogenizes the formation
of mentor-protege relations and shows how mentoring can improve the pro-
motion process of workers in organizations.

In a pioneering study, Kram (1985) underlines the career enhancing func-
tions of mentoring. These functions are coaching, sponsorship and teaching,
all of which conspire to increase skills, signal ability and prepare the protege
for advancement. Accordingly, we interpret mentoring as the set of activities
by which a mentor can help workers to increase their productivity.

Laband and Lentz (1995) discuss two rational explanations for the use of
mentor-protege relations in organizations. The first is based on the transfer
and accumulation of firm specific human capital. The second relates mentor-
ing to job matching theory. To identify the best workers, firms invest time
and knowledge of senior managers to cooperate with the promising work-
ers. This cooperation generates information about the quality of job matches
and can improve on the matching of workers to jobs. Our contribution clearly
belongs to the job-matching interpretation.

We consider a boundedly rational principal who organizes a promotion
contest that is, a sequence of tests regarding relative performances of can-
didates. The tests can be based on the workers’ performances during the
normal course of production. Though the recorded performances are imper-
fect signals of ability, they help disclose for each candidate the likelithood of
being the best. The principal is assumed to have a bounded capacity to
process this information because he can only identify the best performance
in a given test and he is generally concerned with improvements (and not
maximization) of the expected profit associated with the promotion of the
best worker. This means that the promotion contest must be designed so
that the expected profit does not decrease with additional information. This
bounded rationality is motivated by the imperfection of the information and
the difficulty of mapping this information to expected profits.



We ask, (i) can a procedure with repeated identical tests and aggregated
records of performance always be relevant for selection? and, (ii) can the
principal improve on learning about workers’ ability by adopting a biased
test design, changing its informative value?

We answer these questions proving that the principal must bias the final
test by giving the worker known to have been the best performer in the
past, i.e. the leader, some help in the current test. In our framework, this
help corresponds to vertical cooperation with a mentor, i.e. a senior worker
already promoted.

What is the intuition behind this result? Anticipating a vacancy in the
next period, the principal gathers previous information about workers and
finally promotes one of them after a final test. Nevertheless, designing the
final test in the same way as the previous ones does not always increase the
principal’s confidence for the best worker, nor does it change the fact that
the leader before the final test will be promoted. If such an identical test
is irrelevant, changing its informative value by introducing a bias can nev-
ertheless increase the principal’s confidence in his selection. Biasing consists
of helping the leader, help provided by a senior manager whose mentoring
is such that it can alter the informative value of the test. Two outcomes
are possible. If the mentored worker wins, he remains the leader and the
principal’s final confidence about his promotion is enhanced. Otherwise, if
a non-mentored worker wins the biased test, this victory is understood as
a stronger signal of his ability because the quality of the contestants’ field
is increased. Thus, the principal always becomes more confident about the
winner of the final biased test than he was about the previous leader.

The idea of using a bias to improve the quality of information obtained
from imperfect signals has been applied to various contexts (see Calvert
(1985), Koh (1994), Billot (1998)). Close to our context, Meyer (1991) con-
siders the problem of a promotion contest between two agents.

Meyer proposes a cardinal bias for the final test which strictly mazimizes
the principal’s confidence about the winner. Besides, she argues that a pos-
sible way of implementing the bias could be to modify the contents of the
leader’s job. This interpretation is intuitive and especially attractive in terms
of job design. Nevertheless, her framework does not allow for a change in
the tasks devoted to the leader. Formally, the modelling of Meyer’s bias
is perfectly cardinal, operating as if the supervisors were giving a positive
handicap to the leader of the competition. This is different from our case
as we focus on cooperation between workers and show that the bias can be
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implemented by vertical cooperation similar to mentoring.

Moreover, in Meyer’s model, the principal deviates from standard notions
of rationality only in the sense that he has problems in gathering information
within the organization. Nevertheless, there is no limitation in his instrumen-
tal rationality since he still maximizes the expected output of the promoted
worker. In our framework, bounded rationality is instrumental and cogni-
tive since the principal does not maximize expected output nor gather full
information.

The remainder of the paper is organized as follows. Section 2 deals with
the rules of the promotion contest and the principal’s beliefs and behavior.
Section 3 describes the way the principal can extract supplementary informa-
tion about the workers’ ability by designing biased contests. Section 4 studies
the optimal design of the biased contest, endogenizes mentoring relations and
discusses their empirical relevance. Finally, Section 5 summarizes the results
and their empirical relevance and concludes with possible extensions of the
discrete choice framework within organization theory.

2 The Model

This section introduces a model of an organization managing the optimal
assignment of workers within its hierarchy. Our first objective is to describe
the process of revelation of the relative abilities of workers along a selection
contest. Then, we will explain how the principal in charge of the promotion
decision will form his beliefs from the results of this screening process. Finally,
his objective and choice behavior will be defined.

2.1 Definitions

We define the organization as a finite set X of agents, ranked in three hier-
archical levels: X, the junior workers, X5, the managers who produce and
supervise and X3, the principal. The latter runs the organization as a closed
internal labor market in which retiring managers are systematically replaced
by workers from the entry level X;. The principal must thus select the best
applicant from the pool of junior workers.

Initially, all junior workers are undifferentiated, in the sense that their rel-
ative abilities are totally unknown. Nevertheless, through on-the-job screen-
ing, the principal must acquire information about the best applicant for fu-



ture promotion. We focus on the principal’s most efficient learning method
in order to finally select the most able worker. The abilities of the applicants
are assumed to remain constant over time and to be imperfectly signalled by
a periodical performance.

Formally, for each applicant, the performance, denoted y = y(a,€), de-
pends on his ability a and on €, an idiosyncratic random shock, independently
and identically distributed across the contestants.’? This signal can either be
a direct measure of the output of a worker at X, supposed to be positively
correlated with the ability to perform well at X5, or an indirect evaluation
of that applicants potential as a manager. In both cases, a selection rule
based on repeated records of performance can solve the assignment problem
within the hierarchy. Moreover, we abstract from the moral hazard consider-
ations assuming that each junior worker supplies an identical and perfectly
verifiable level of effort or amount of hours of work.

The principal can design the selection process of the most able worker
as a contest, that is a sequence of production periods before the promotion
during which only the identity of the best performer is recorded. Each period
is called a test. The manager supervising each test is assumed to (i) always
single out a winner and (ii) never manipulate the observations when recording
and sending them to the principal in order to avoid all kinds of favoritism.

Thus, a contest, denoted C?%, is defined as a finite sequence of s tests over
a subset of workers A included in X;.> The winner of any test is the agent
w whose performance v, is superior to any other worker’s performance.

From the records of the winners’ identity during the repeated tests, the
principal constructs a function summarizing the accumulated information for
each worker involved in the contest. Consequently, for any contest C%, we
define the reputation of a worker i as a value R*(7) > 0, increasing with his
number of victories after s tests. The reputation is a mapping R?*(.) defined
from 2% to R such that, for all s > 0, A € 2%1:

1 Obviously, we also assume that random shocks are distributed such that a higher level
of performance conveys a positive signal about ability.

2In Meyer(1991), the information was said to be coarse in the sense that the principal
only knows both distributions of the spreads of performance and random schocks and
records the rank of the two contestants’ performance. In our model, the information is
even coarser since the principal has no prior about the distribution of relative abilities
neither of the random shocks.

3Indeed, the contest may include all the junior workers in the entry level or a subset if
the promotion process is organized within tenure or age cohorts.



R*(Uica) = Y RP(i) =5 x 14 (1)
€A

where 14 corresponds to the unit value R' (A) of one victory in A, that
can be interpreted as the reputation conveyed by organizing one test in A
whatever the identity of the winner. The unit value can also be identified as
the marginal value of a new test over a given set of candidates.

Furthermore, we assume that when the result of a test is not recorded,
it conveys no information. That is, if A = () then 15 = 0 and if A # ) then
14 > 0. We also impose a natural requirement of monotonicity: if A ¢ A" C
X1, 14 <1, < 1x,. This translates the intuition that winning in a large
set of workers does mean more than winning in one of its subsets. Finally,
the reputation conveyed by one test is supposed to be completely assigned
to the winner of this test. Note that this way of ruling the informative value
of each test result clearly recalls the basic features of discrete choice theory
in the sense that the response in the model is binary: win or lose.*

From (1), R! (A) can be decomposed as follows:

R!(A) =R!(w)+ ) R'(i) =14
i£w

which means that the supervisor only singles out the winner w and forgets
the losers i, R (w) = 14 and R! (i) = 0 for all i # w.

2.2 The Principal’s Beliefs

From the reputation function defined above, we can now define how the
principal will form and revise his beliefs about the ability of the junior workers
involved in the contest. Originally undifferentiated in terms of ability, all
workers of X7 have the same prior reputation before the beginning of the
actual tests in the contest. Then, the prior probability of any worker i to
be the best in any subset A C Xi, denoted P9 (i), can be given by the
uniform distribution, I, for all ¢ € A with a = card(A). This hypothesis
allows identification of the probabilities P4 (.) as if they were inferred from
a number a of previous tests where each worker ¢ of A has won just once. In
this way a contest consisting of s tests over a set of contestants A contain

4For further details about the relationship between discrete choice theory and selection
models, see Lanfranchi, (1994), Arai, Billot, Lanfranchi (1994) and Billot (1998).
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s —a actual tests and a initial neutral tests: every contestant is assigned one
victory.” Thus, for all i € A, P§ (i) = P5 (i) with R? (i) = R* (i) = 14 and
RY(A) =R (A) = a x1y4:

_R() _R() _ 1,
R%(4) R*(4) axly

Py (i) = P4 (i)

By dynamically extending this formula to any contest, we assume the
principal to set up a probability distribution from the results of C%, that
were recorded by the supervisor, as follows:

Axiom 1 : Forallie€ A C X,

_ R _ R(9

Pati) = Rs(A)  sx 1y (2)

where P§(7) can be viewed as the principal’s probability of the event “i is
the best contestant after s tests over A”.

Since the random shock and ability distributions are assumed to be un-
known, the probability given by Axiom 1 is one of the simplest beliefs that
can be rationally formed from the principal’s information.5

Throughout this paper, we will follow an example of a promotion contest
illustrating the functioning of the model. Here follows an example of the
reputation and belief functions from the records of a given contest.

Example 1 : Consider a contest over A = {i,j} such that after s =4 (2
neutral and 2 actual) tests over A = {i, j}, the reputations are given by:

R* (i) =3 x 14 and R*(j) = 14.
First, we know that, for i and j:

P () = P4 (1) = P () = fjf) - =3

5The initial tests constitute the foundations for the principal’s beleifs on contestants
reputation before the begining of the actual tests.

®The form of beliefs given by equation (2) recalls the hypothesis of simple scalability,
frequently used in discrete choice models, according to which the choice probability of
a given alternative can be expressed as an increasing function of its scale value and a
decreasing function of the scale values of the other alternatives.
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Then, R* (i) = 3 and R (j) = 1 means that i wins 2 times and j never.
Hence, the probabilities for the two candidates to be the best after 4 tests
correspond to:

_R'(i)) R*(A)+1 2+1

Pﬁ(@')—R4(A)— Ria - 1 A
and

i R _R*@G)+1 041

PA(])—R4(A)— Ri(A) 4 —=1/4.

2.3 The Principal’s Behavior

The principal is here assumed to be boundedly rational for the following two
reasons:

- (i) The problem of the promotion decision in the contest arises from the
imperfect nature of the information conveyed by the recording of workers’
performances. This imperfection is not only due to the uncertainty about
workers’ ability but also stems from the principal’s incapability to cardi-
nally measure or totally rank workers’ performances. Since the principal
only identifies the winner and promotion contests may include more than 2
contestants, the principal’s ability to rank is obviously bounded.

- (ii) The principal only tries to increase (and not to maximize) the ex-
pected profit after the promotion. From the assumption of positive correlation
between the current performance of workers in X; and their future perfor-
mance in X,, looking for a higher expected profit is perfectly equivalent to
increase (and not to maximize) the final confidence in the promoted worker,
i.e. the leader at the end of the contest.

After each test, the probabilistic beliefs of the principal are revised ac-
cording to the results. In test after test, the principal tries to learn about
the relative ability of all contestants in order to limit the risk of inefficient
assignment of workers. Hence, it is natural to consider that the principal
must design the contest in order to extract the relevant information for the
promotion selection.

3 Information within Contests

In this section, we show how the principal can extract information from the
results of a sequence of identical tests. Moreover, we demonstrate that orga-
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nizing supplementary identical tests is not relevant for the purpose of efficient
selection of workers when the beliefs of the principal about the abilities of the
workers are not uniform. Finally, we introduce the notion of faith contests
conveying the same amount of information while organized over different sets
of applicants and for a different number of tests.

3.1 Expected reputations from virtual tests

After a given contest C%, the principal can extract information from a sup-
plementary identical test, designed with the same rules within the same set
of workers A. Before this supplementary test, the principal is able to com-
pute the expected reputation for each contestant after the (s + 1)th test. If
we denote R*T!(i | i = w) the conditional reputation of the worker i when
he is the winner of the supplementary test, the conditional reputation of any
worker ¢ can a priori take the two following values:
R0 |1 =w) =R(1) + 14,
{ | j=w) =R(i) for i # .

Furthermore, the principal knows the probabilities P5(.). The probabili-
ties for the workers to be chosen are used to compute the associated expected
reputation. Denoting V*"1(i) the expected reputation of 7 in s+1, we obtain:

V(i) = R i = w) x Pi(i) + R | j = w) x (1 - Py(3)),

then,

. . . . , s+1 ,
VG = (RYG) + La) x P36)+ R x (1 - (i) = S YR, (3)
Basically, this result can be generalized over more than a supplementary
virtual test. For a given contest C?, the expected reputation of a worker :

after n virtual supplementary tests can be shown to be as follows:

Vern(Z') — MRS(@) (4)

S

This result in terms of expected utility can also be reinterpreted in terms
of probabilities in the following proposition.



Proposition 2 : Consider any contest C%. Then, for all A C X3, i € A,
and for all s' > s,

P3 (i) = P4(i).
Proof: From (4), we know for all i € A:

!

8,
Ve (i) = SReG),
i.e. from axiom 1, P§ (i) = P4(:).0

According to this proposition, a virtual contest C% can be said to convey
the same information about the selection of a contestant within A, i.e. the
same ranking as in a real contest C%. This establishes that the principal
can reinterpret the records obtained after s actual tests over A in a longer
sequence of s tests over the same set without any change in the probability
for each worker to be promoted. This means that the contestants’ ranking
remains invariant under virtual replication of the number of tests by expec-
tation.”

3.2 Relevant Tests

At the end of a contest, we know that the principal should rationally promote
the best candidate, that is the one with the highest probability of being the
best. We define the leader after s tests over A as the worker w? with the
highest reputation and the follower after s tests as the one j% with the lowest
reputation. Let us suppose that after any given sequence of s identical tests,
the principal knows that he must replace a manager by a junior worker in the
next period. The principal then needs to run a (s + 1)th test which allows
him to increase his confidence regarding the best contestant. We define such
a test as relevant (for the confidence).

Formally, for any given contest C%, a (s + 1)th test over A is said to be
relevant (for the confidence) if and only if:

max Pit (i) = Py (wi") = max P} (i) = P4 (w}) (5)

The following example will give us some intuition about the possible de-
sign of this last test.

"In fact, the probability Pf{ () can also be computed and interpreted as the expected
probability for ¢ to be the best worker after s’ tests for a given actual contest C%.
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Example 3 : Consider a contest where after 4 tests over A = {i,j}, the
reputations are given by:

R* (i) =3 x 14 and R*(j) = 1.4.

Hence, the probabilities for the two candidates to be the best correspond

to:
P (i) =3/4 and P} (j) = 1/4.

Therefore, a 5th test over A can only lead to the following results:

-(i) P35 (i) = 3/5 < 3/4 and P35 (j) = 2/5 < 3/4 which confirms that i
is the best candidate even if j’s victory decreases the principal’s confidence
regarding v as the best or

-(ii) P35 (i) =4/5 and P3 (j) = 1/5 which also confirms that i is the best
candidate.

A 5th test over A would be relevant if and only if Pi (w?) > 3/4 which
is not the case if wS = j. After running this test, the probability attached to
the previous leader © can decrease and the additional test is thus irrelevant.

Note that this test is useless for the selection since the principal’s opinion,
i.e. the final ranking on the workers, does not alter by the results of this test.
The worker who should finally be promoted is i, regardless of who wins the
5th test.

This example highlights the fact that running a supplementary identical
test is not always relevant in terms of confidence for the leader of the contest.
On the contrary, in the case of identical reputations of all workers after s
tests, the problem of selection is trivial because a supplementary identical
test will be relevant. So, by assumption, we now restrict ourselves only to
nondegenerated situations for which, after any given C%,, the reputations are
not uniform, i.e. R*(w?%) > R*(j%)-

More generally, the following result establishes the impossibility of run-
ning a relevant (s + 1)th test over A after any given contest C%.

Proposition 4 : After any given contest C¥%, any (s + 1)th test over A is
wrrelevant.

Proof: Suppose the (s + 1)th test over A to be relevant. Then, by (5),
s+1

for all w’"™", we must have:
Pyt (with) = Pi (wh)
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which means
V() | R ()
(S+1)X1A T s x 1y

i.e.
S S S S S
—S+1V +1 (wAH) > R (wh).

Due to equation (4), this expression becomes:
R’ (wf4+1) > R* (wh) .

Now, by definition of w¥, it is only consistent with R* (w%') = R* (w?)which
s+1

is not true if wi"™ = j3.0

This proposition means that the informative value of any new test over
A is not sufficient for the principal to increase the expected profits. Hence,
this impossibility is clearly related to the set of candidates. Intuitively, rel-
evant information for the purpose of selection can only be obtained from
a relevant test with a higher unit value, that is involving a different num-
ber of contestants. The next subsection deals with biased tests that convey
supplementary information about the relative ability of the workers.

3.3 Biased Tests

The following definition allows to focus on a particular subset of contests
within the organization, that are comparable in terms of information. Two
contests C?, j;,, with ¢ > 0 and A’ C X, are said to be faith when

R:(A) = R¥(A)). (6)

i.e. by the definition of the reputation: s x 14 = ¢ x 14

By monotonicity of the unit values 14 and 14/, we have necessarily s < s
if A" C A and symmetrically ' < s if A C A’. More generally, (6) means
that designing a small number of tests in a large set of candidates can be
interpreted as faithfully informative as designing a large number of tests in
a smaller set of candidates.

When after s tests, the principal needs to promote a worker in the next
period, he already knows from proposition 2 that an identical test over A is
irrelevant since he cannot always increase his confidence regarding the best
candidate. Hence, he should modify the informative value of the (s + 1)th
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test in order to transform it in such a way that it becomes relevant. Using
Meyer’s language, ‘changing the informative value of a test’ means ‘biasing
a test’.

Actually, from equation (6), we know that the principal can design the
(s + 1)th test over a larger set A° O A. In this way, he obtains the same
information as the one which should be generated by (n + 1) more tests over
A if Cl, is a faith contest of C%'!, i.e.e:

R™(A) = RY(A).

The principal will organize one test over A" instead of a (s + 1)th over
A and obtains information that is faithful to n + 1 supplementary tests over
A. More particularly, we define the agent(s) (A’ — A) as the bias introduced
for the (s + 1)th test. Then, the principal just has to add the results of this
test to those previously recorded from C%. Finally, everything goes as if he
sets up a global actual contest C5™*?,

Note that in designing a biased test Cl, in place of an irrelevant (s + 1)th
test over A, we distinguish one actual victory and n expected ones in such a
way that this single biased test over A’ is equivalently informative as (n + 1)
more tests over A. In that sense, a biased test is relevant (for the confidence)
if and only if:

mas [Py (1)] > Py(w}) ™

Consider the problem of how to precisely modify the set A. From the
definition of two faith contests, we immediately infer that A’ must be larger
than A. However, we have to evaluate the relation between the size of the
bias (A" — A) and the corresponding number (n + 1) of virtual tests over A
resulting from the actual test over A’. The following proposition establishes
the reputation of the bias.

Proposition 5 : Consider two faith contests C{', CY,. Then, the reputa-
tion of the bias RY(A' — A) is defined as:

RI(A'—A):lA/—lA:nXIA. (8)
Proof: The reputation of the bias R!(A’ — A) can be decomposed as:

R!(A — A) = R(4) — RI(A).
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or, by definition of the reputation:
RY(A — A) =14 —14.

Now, focus on the special family of virtual contests C%™ equivalent to
ClL, ie:
14 = (n—i—l) X 14

which means that one victory in A’, namely in the contestants set A enlarged
with the bias (A’ — A), is equivalently informative as (n + 1) victories in the
actual set A. Then, we have:

RI(A — A) =n x 14.0

In enlarging the set A towards A’, the principal defines a set union be-
tween the previous set A and the bias (A’ — A), i.e. a subset of virtual
contestants belonging to the organization such that their reputation modi-
fies the informative value of the (s + 1)th test.

4 Mentoring

We already know ‘how to precisely modify the set A’ due to the introduction
of the bias (A’ — A) whose reputation is defined by n x 14. Now, we have to
search for the best ‘implementation’ of the bias or the efficient design of the
rules of the biased test. First, for consistency of the promotion process, the
principal must be sure that the bias (A" — A) is not sufficiently involved in
the contest Cl, to win it.

Proposition 6 : Consider two faith contests CZH, CL,, such that there
exists a bias (A’ — A) whose reputation is defined by R} (A’ — A) =n x 14.
Then, the winner w of the (s + 1)th biased test CY, is different from the bias
(A —A).

Proof: If C%'! is a faith contest of C, then, one victory in A’, denoted
L4, is faith to (n + 1) victories in A, each denoted 14, i.e.:

14 :(TL+1) X 14.

14



Now, suppose that (A" — A) wins the test over A’, i.e. the (n + 1) tests over
A, then:
R'(A —A)=1xg=(Mn+1) x 1,

Hence, since R! (A’ — A) = n X 14 by Proposition 3, for n > 1, it implies
(n—}-l) X14=nX1yg4,
i.e. 14 = 0 which is wrong for all A # (.0

This proposition establishes that the design of the biased test is such that
the bias (A" — A) cannot win it and, consequently, does not change the set
of actual candidates for promotion, namely A. Being involved in the contest
without any possibility to win, implies mentoring one of the contestants of
A where mentoring means that (i) the bias helps a candidate, i.e. does not
really participate in the contest and (ii) belongs to an upper hierarchical
level.

4.1 The Mentor Theorem

This theorem deals with identifying the bias in a contest as a mentor. The
proof is in four steps:

First step : It is easy to remark that, in fact, A’ can always be decomposed
into AU (A’ — A). Hence, we have:

A'=Ujeap i U{it U (A = A).

Denote 4,, = {i} U(A’ — A), the union between the agent 7 and the bias
(A" — A) = m (m for mentor). This set union reflects the fact that a
contestant ¢+ will be helped during the production period by an agent
(or a group of agents) m. So, for a given contest C%, we define a biased
test as a contest Cl, faith to C’;™, where one agent i € A is helped by
m = (A" — A) whose reputation is equal to R}(m) = n x 14,

The performance of the aggregated agent i,, corresponds to a joint
performance union,® such that it is impossible for the principal to pre-
cisely distinguish the respective contribution of ¢ and m within the

8See Arai, Billot & Lanfranchi for further details about the concept of ‘joint perfor-
mance union’.

15



global performance of i,,. This interpretation is consistent with the
following Proposition which defines the reputation of the winner of the
biased test:

Proposition 7 : Consider a contest C%, the reputation of the winner w of
a biased test CY, faith to C'\™ is the following:

- (i) the reputation R'(i) = 14 if ipm = w,
-(ii) the reputation RY(j) = (n+ 1) x 14 if j # iy and j = w.

Proof: (i) Straightforward, since by Proposition 3 and the definition of
the reputation, R* (i) = R! (i,,) — R (m) =1, — (n X 14) = 14.
(ii) By definition of the reputation, R'(j) =14 = (n+1) x 14.0

This proposition establishes that since ¢ does not win the biased test in
A’ by his own, the principal cannot see him as the true winner and does not
credit him with the reputation 1 ., neither with the (n + 1) victories in A.
On the contrary, if the helped leader loses this biased test, then the winner
j, who is not helped, wins by his own. Consequently, in that case, j will
benefit from the whole reputation of his victory in A’.

Second step : We need to know how the principal can in every possible
situation, translate the record of a biased test over A’ into equivalent
records of (n + 1) tests over A.

From proposition 5, it is clear that the information acquired from the biased
test is qualitatively different from the one that could be acquired from
(n+1) supplementary tests over A with a unique winner . In fact, when
i, wins the biased test, the sum of the reputation of the contestants in
Aonly represents the reputation value of one real victory in A because
R!(7) = 1,4 while, for all the other workers j in A, R!(j) = 0, just like
if only one of the (n+1) tests had been recorded. If the principal wants
to infer from this unique record the workers’ reputation corresponding
to (n+1) tests over A, he must consider the remaining n tests as virtual
ones for which Proposition 1 applies. In the opposite case, when i, loses
the biased test, the winner j obtains a reputation equal to (n+1) X 14.
The next proposition expresses the rules to calculate the reputation of
the workers over A after the biased test whoever the winner is:
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Proposition 8 : Consider two faith contests C’Z,“, Cl,, such that there ex-
ists a mentor m = (A’ — A) whose reputation is R'(m) = nx14. Then, after
any contest C%, for any (s + 1)th biased test CY,, the reputations R*T"1(.)
are defined by:

R T1(5) =R*(1) + (n+1) X 14 if i wins and i is not helped
RsTF1(5) = R*(j) otherwise,

Proof: Two cases occur. First, 4 wins without help: R}(A") = R (A) =
R™ (i) = 14. Hence,

R (5) = R*(i) + R (i)
which is equal to
R =R(i) + 1o =R°(i) + (n + 1) x 1g4,
while the other agents j of A keeps the same records:
R(5) = R7(j).

Those results correspond to the situation where i can claim all the victo-
ries since he is not helped.

Second, i,, wins: R!(i,,) = 14/, but because i is helped, R!(:) = 14 and
R!(i,) = R"(A) > R™™ (7). Insuch a case, the n first virtual tests do not
change the probabilities obtained from C?¥, while the (n + 1)th is considered
as won by 7. Hence, from Proposition 2, we can write:

R (i) =R°(i) + R"™ (i) = R°(i) + V"(i) + R'(i)
i.e., from equation (4):

s+n
S

R (j) = R*(i) + R'(3).

Then,

Rs+n+1(i) — HTHRS(Z) + 1A-

17



Moreover, in order to satisfy R*™™1(A) = (s +n+ 1) x 14, when i, wins,
we have for all j # i,,:

S+n
S

R5+n+1(j) — RS(Z)D

When the winner of the biased test has been helped, he cannot be consid-
ered as fully responsible for the victory. In that case, the principal increases
his reputation with one true victory and assign the value of the bias to all
the contestants proportionally to their actual reputation after s tests, due to
equation (4). On the contrary, if the winner is not helped, his reputation is
increased by the equivalent in A of the unit value of the test over A’.

Third Step : Another question concerns the right contestant to help. The
biased test must be designed in order to be relevant for promotion. In
Example 2 above, it is straightforward that if the principal wants the
5th test to be relevant, he must help the leader after 4 tests. Actually,
in any biased test where the leader is helped and wins, the principal
learns that the leader remains the best candidate but with a higher
probability. On the contrary, if a worker wins against the helped leader,
the principal could then conclude that j is the agent whose probability
of being the best is the highest if the biased test is relevant. In this
way, a victory of any of the workers who do not receive help against a
stronger field of contestants because of the mentor’s intervention, is a
sufficient signal that he is more likely to be the most able contestant.
Moreover, the quantity measuring the advantage of the leader(lead),
that is dR* = V"1 (w%) — R*(j%) where w? is the leader and j¥ the
follower, is decisive for the relevance of the biased test:

Theorem 9 (of relevance) : Consider two faith contests C';t', CY, such
that there exists a mentor m = (A’ — A) whose reputation R'(m) > dR®.
Then, after any contest C%, the (s + 1)th biased test Cl, is relevant iff
im = {w% Um}.

Proof: (i) Assume any other contestant i # w? to be helped. Then, the
(s + 1)th biased test is relevant iff:

max (P57 (0) yim # {wh Um}] > P4(w?).
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Now, consider that i # w?% wins, i.e.:

max[~E2R° (w}), SR (i) + 1]

(s+n+1)x1y

max [P (i) yim # {wh Um}] =

Then, for the relevance, we need:

maX[SJ“T”RS(wj), HT"RS(Z') + 14] - R*(w%)
(s+n+1)x1y T osx 1y

which is true if and only if, for all i € A:

s+n s+n .
R*(w!) < R°(i) + 14
S S
1.e.
S

R’(w}) —R*(j) < 14 < 14 for any n > 0.

s+n
Then, since R*(w?) — R*(i) > 14 by the assumption of non uniformity of
the reputation, it is inconsistent with R*(w?%) — R*(i) < 14 and the test is
then irrelevant.
(ii) Assume the leader w? to be helped. Then, the (s + 1)th biased test
is relevant iff:

max [P (@) i = {w Um}] > P5(w?).
Two cases occur: (1) The leader w¥ wins, i.e., by Proposition 7:

SRR (wh) + 14
(s+n+1)x1y

max [P (i) yim = {wiy Um}] =

Then, we always have:

SRR (wh) + 14 - R*(w¥)
(s+n+1)x1y =~ sxly

since R*(w%) < s x 14 and the biased test is always relevant.
(2) Another contestant j # w? wins, i.e.:

max [R*(w%),R*(j) + (n + 1) x 1A]'

ij[PfrnJrl(i);im?é{wilum}]: (3—|—n—|—1)><1A
(9)
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Then, for the relevance, we must have:

max [R*(w}), R*G) + (n +1) x L] R*(w3)
(s+n+1)x1y T sx 1y

which is true if and only if for all j € A and then for the follower j% with the
lowest reputation:

s+n+1

—R(w)) <R%(73) + (n+1) x 1

1.e.

dR® = Vi (ws) — R*(j%) < RY(m) = n x L4

Hence, the (s + 1)th test is relevant if and only if the leader w? is helped
by m such that R'(m) > dR*.0

This theorem is an ordinal extension to the case of n contestants of
Meyer’s result under which the most efficient contestant in the past must be
given a positive handicap.’

Such a result could seem to be linked with favoritism. Prendergast and
Topel, 1995, define favoritism from a supervisor in a three-tier hierarchy as a
bias in his preferences towards one of the supervised workers. Consequently,
such tastes can lead to inefficient assignment of workers within the hierarchy.
In our framework, the mentoring relation cannot be mixed up with favoritism
for two reasons. (i) At the beginning of the selection, the principal has no
prior preference for any of the contestants. The objective results of the con-
test reveal the relative ability of the workers and then, the principal chooses
to bias the final test and to mentor the leader according to the relevance
criterion. In other words, mentor-protege relations help to promote the best
worker, whoever he is, while favoritism leads to promotion of a particular
worker, whatever his relative ability (otherwise, it would not be a favor). (ii)
Our selection process implying that the leader is helped during the biased
test, can nonetheless not be viewed as favoring the leader. Actually, if the
last test is still designed as the previous ones, the leader is sure to be pro-
moted (see Example 2, Proposition 2). Even though mentoring him increases
his performance during the last test, it does not fully protect him against the

YWhen after a given sequence of s tests, the principal identifies multiple leaders with
equal reputations, each of them should receive the same help. Nevertheless, the reputation
of the mentor remains the same, each leader sharing equally his help.
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risk of finally being outdone by another contestant. Hence, if we ask this
leader to choose the design of the final test, he should rationally prefer not
to be helped. Furthermore, from the viewpoint of the other contestants, the
relevant informative value of the biased test yields a last chance of promotion
for all of the contestants.

Corollary 10 : Consider two faith contests C'\™', CY, such that there exists
a mentor m = (A’ — A) whose reputation R*(m) > dR*. Then, after any
contest C%, a relevant (s+ 1)th biased test Cl, allows the follower j% to win
the contest C5t" 1.

Proof: Straightforward since by relevance, we have:
dR’® < (n—i—l) X 14

ie.
: +n+1
RY(j3) + (n+ 1) x Ly > ————R(u}).
Now, if the follower 7% wins the biased test C,, it follows from Proposition
6:

s+n-+1

Rs+n+1(ji;) :RS(jZ)—i-(n—f-l) X 14 > B

R*(w}) > R*(w})
and the result holds.O

The qualitative nature of these results, that is mentoring the leader of the
contest while authorizing the follower to be promoted after the last test, only
depends on the relevance criterion. Hence, designing a biased test introducing
a joint performance union between the leader and a mentor does not require
that the principal acts as a probability maximizer. A satisficing behavior is
clearly sufficient.

Fourth Step : The following theorem allows identification of the mentor as
a previously promoted worker, i.e. belonging to Xs or X3. Actually, we
know that the principal promotes the worker with the highest reputa-
tion, that is with the highest probability of being the best. Then, we
show that each winner of a biased contest, that is a contest in which
some test is biased, can bias afterwards any other contest where the
advantage of the leader is inferior to his final reputation.
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Theorem 11 (of the mentor) : Consider two faith contests C'!, C},
such that there exists a mentor m € X, whose reputation is R'(m) > dR®.
Then, the winner w of the biased contest C% ™ can bias a (3 + 1)th test of
any contest C% such that dR* > dRS.

Proof: A winner w of a biased contest C5™ ! can always bias a (5 + 1)th
test of any contest C% when his reputation R**""!(w) is greater or equal to
dR?, as shown by Theorem 1.

By Theorem 1, a relevant biased (s + 1)th test is such that i, = {w®% Um}.
Then, two possibilities emerge: (i) A contestant w # w? wins. In this last
case, Proposition 6 establishes that:

R (w) = R*(w) + (n+ 1) X 14 > dR®.
(ii) The leader w¥ wins, i.e. w = w?:

s+n

Rs+n+1 (’U}) —
S

R*(w') + 14 > dR".

Thus, we know, for any relevant biased contest C% %! that the promoted
worker’s reputation R*""1(w) is always greater than dR*, whoever he is.
Now, consider a contest C% such that dR® > dR’. Then, it is always true
that:
R (w) > dR®.O
The following final example summarizes the design and results of a rele-

vant biased test

Example 12 : Consider as, in Examples 1 and 2, a contest where after 4
previous tests over A = {i,j}, the reputations are given by:

R* (i) =3 x 14 and R*(j) = 14.

Hence, the probabilities for the two candidates to be the best correspond
to:
P; (i) = 3/4 and Pj(j) = 1/4.
We know any 5th test to be irrelevant. Hence, introduce a mentor m such
that R (m) = n x 14 with dR* < n x 14, since i = w¥, and j = j5. We can
choose n =11 for instance, i.e. the necessary minimum to bias since:

dR* = ((5%4")3— 1) <n.
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Then, we can consider the actual contest CY | (m} 05 equivalently informative

as a virtual contest C3™. By Theorem 1, we know that it is relevant to help
the leader, that is to form a joint performance union i,,. Now, according to
Proposition 6, two possibilities emerge:

(i) im wins and RY(i) = HERY (1) + 14 = (4 x3+1) X 14 =13 x 14.
Hence, P}%(i) = 13 x 14 > 3/4,

-(ii) 7 wins and R'Y(j) = R*(j)+12x14 = 13x14. Hence, P}%(j) > 3/4.

In both cases it is clear that the principal increases the quality of his choice
measured as the confidence attached to the candidate who is finally promoted.

4.2 Empirical Relevance

The bias in our model, namely help provided by a senior manager, sounds
natural according to previous empirical results about the positive effects of
mentors on the career of proteges in different types of productive organiza-
tions. Mentors’ influences on access to partnership within law firms are doc-
umented by Laband and Lentz. Similar patterns are reported by Ochberg,
Tischler and Schulberg ( 1986) for the medical sector. Various surveys about
young managers and professional workers arrive at similar conclusions (see
e.g. Roche (1979), Collins and Scott 1979, Chao). Whytely, Dougherty and
Dreher (1991) for example, show that the success of workers in their early
career is positively related to mentoring relationships, arguing that success-
ful newcomers in firms have received frequent help, advice or exposure from
senior managers.

Moreover, in our model, the previous performance records of the promoted
workers serve as a specific asset for the organization in contrast to external
entrants in ranks X, or X3 who are not associated with such a previous
reputation. In this way, the organization can be seen as a stock of reputation
accumulated from its previous workers’ selection policy. Choosing to promote
someone already in the organization, can be seen as formally equivalent to
an investment insuring that future quality of promotion will be improved.
Nevertheless, the supply of reputation is naturally limited by the size of the
organization and more particularly by the limited number of senior managers
who are able to help the junior workers. This restriction has an appealing
consequence for the design of the biased contests. Because the extent of
the bias is increasing with the ability lead of a leading worker, the more
quickly a candidate signals his productive advantage, the more difficult it
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will be to find a mentor whose reputation can match the lead. Hence, if an
agent seems definitively better, the principal needs to stop the contest earlier,
thus offering a faster internal career for this agent. This corresponds to a
well-known stylized fact, that early signalling of ability by workers and their
later achievements in terms of internal career are positively correlated (see
Rosenbaum (1984), Forbes (1987), and Bruderl, Dieckmann and Preisendorfer
(1991).

5 Final Remarks

The model we propose in this paper is to our knowledge, the first theoretic
approach formally establishing that mentor-protege relations can be benefi-
cial to the organization.

Two remarks can be made in relation to the related literature:

(i) The main result, as an extension of the Meyer’s idea, allows us to
interpret the learning behavior of the principal in the context of the job
design literature. Earlier literature studying the optimal choice of the job
contents as a part of the motivation system, show that cooperation and co-
ordination between workers of the same hierarchical rank can complement
incentive compensation policies ( See e.g. Holmstrom and Milgrom (1991)
and Valsecchi (1996) ). Analogous to this ‘incentive’ argument for cooper-
ation, our contribution establishes the importance of work organization for
the selection scheme.

(ii) Mentoring as an integral part of a selection process according to our
model, serves also as a means of creating long term employment relations
between the workers and their firm in line with the human capital theory.
The implementation of vertical cooperation, as learning by doing, naturally
increases the productive knowledge of the worker. Moreover, after the promo-
tion, a worker is regarded as a specific asset for the organization since these
workers reputation can be used to optimally bias future promotion contests.
Such a specific human capital reinforces the link between senior workers and
the organization. In some sense, expected gains from efficient screening with
mentoring are similar to the use of Old Boys Networks by firms to proceed
in external hiring (see Simon & Warner (1992)).

From a methodological viewpoint, a new feature of our contribution is
the modelling of the selection problem in a discrete choice style. For further
research, this family of probabilistic models seem to be useful for describ-
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ing imperfect decision making within the context of organization theory. A
natural extension of this paper is to model the promotion process when su-
pervisors record the results of repeated quota-like tests in order to analyze
the properties and relative advantage of the two systems of selection: the
tournaments and quotas (see Lazear and Rosen (1981) for tournaments and
Drago and Turnbull (1991) for quotas). An appropriate tool for that purpose
could be the Tversky’s selection model of discrete alternatives (1972), based
on binary experiments about specific attributes.
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