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Abstract

Consider a repeated principal-agent setting with verifiable effort
and an extra profit that can materialize only if the agent is tal-
ented. The agent is overconfident and updates beliefs using Bayes’
rule. The agent’s principal-expected compensation decreases over time
until high talent is revealed; thus he may be employed only if beliefs
are sufficiently low. We apply these results to a firm’s promotion pol-
icy, which may be based on success in a previous job even if jobs are
uncorrelated. This provides an explanation for the “Peter Principle”
in a setting with verifiable performance and highly confident workers
(Benson et al., 2019).
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1 Introduction

Humans systematically overestimate their abilities. Many think they are bet-
ter drivers than the average, more intelligent, or better at predicting political
outcomes (Myers, 2010; Bondt and Thaler, 1995; see Meikle et al., 2016| or
Santos-Pinto and de la Rosal, 2020 for excellent overviews). Recent evidence
points towards the prevalence of such “overconfidence” also in the workplace
— among managers (Malmendier and Tate|, [2005; Malmendier and Tate, |2015;

Huffman et al. 2022)) as well as non-executives (Hoffman and Burks, [2020).

We are just beginning to understand the extent and persistence of workers’
overconfidence, and how it may affect the structure of long-term employment
relationships. Whereas some studies argue that it can be cheaper for firms
to hire overconfident workers who overestimate their chances of achieving a
successful outcome (Santos-Pinto, 2008; de la Rosal 2011; |Sautmann, [2013)),
their focus is on one-shot interactions. But the relevance of such “exploita-
tion contracts” relies on their ongoing use over an extended period of time.
If workers learn and update their assessments (as studies such as Grossman
and Owens, |2012| or [Yaouanq and Schwardmann| 2022 indicate), their ex-

ploitation may quickly become infeasible.

In this paper, we show that a firm’s exploitation of a worker’s overconfidence
about his talent can intensify over time, even though he incorporates infor-
mative signals and updates beliefs using Bayes’ rule. This implies that the
firm’s expected profits can go up as bad signals about the worker’s talent
accumulate and firm and worker become increasingly pessimistic. Then, em-
ploying a worker may only be profitable if he is believed to be sufficiently
unproductive. We apply these results to a firm’s promotion decision and
demonstrate that it can be optimal to base a promotion on success in the
current job, even if the task requirements in the current and the new job
are entirely unrelated. The reason is that a success reduces the uncertainty
about the worker’s ability, and a subsequent promotion re-instates belief di-
vergence and consequently exploitation possibilities. Thereby, we provide a

microfoundation for the so-called Peter Principle, according to which past



successes are a bigger driver of promotion decisions than what naively ap-
pears to be optimal. In contrast to the prevailing alternative theoretical
explanations, our approach does not rely on (parts of) the worker’s perfor-
mance being unverifiable, and is thus able to rationalize recent evidence by
Benson et al., 2019 for the existence of the Peter Principle among highly

confident sales agents whose performance can easily be verified.

Our results are derived in a continuous-time setting, where a risk-neutral
principal can hire a risk-neutral agent to work on a task. The agent’s value
to the principal is given by his (costly) effort and his talent (or match qual-
ity), which might either be high or low. If talent is high, the agent’s effort
generates an extra profit to the principal with some probability at each in-
stant in time. If talent is low, the extra profit is never generated. The agent’s
talent is initially uncertain, and both players adjust their beliefs using Bayes’
rule: Once the extra profit materializes for the first time, beliefs of the agent
being talented jump to 1. Otherwise, beliefs go down. The agent is overcon-
fident about his talent, i.e., his starting belief of being talented exceeds the

principal’s.

The agent’s effort as well as the realization of the extra profit of high talent
are verifiable. Therefore, it is possible to incentivize the agent by determin-
istically compensating him for his effort cost. Because of the agent’s over-
confidence, however, this does not maximize the principal’s profits. Instead,
as long as there is uncertainty (i.e., until a first success has been realized),
the principal finds it optimal to only pay the agent conditionally on suc-
cess. The reason is that, with such an arrangement the expected payment
from the principal’s perspective is below the effort cost, whereas the agent’s

overconfidence makes him believe that his costs are covered.

The principal-expected compensation paid to the agent and thus the extent
of the agent’s exploitation depend on the ratio between the principal’s and
the agent’s belief. This ratio — and with it the agent’s principal-expected
compensation —decreases over time as long as there is no success. The rea-
son is that, whereas his overconfidence diminishes in absolute terms (and

converges to zero), the agent’s overconfidence increases in relative terms.



This implies that, even though the agent learns and becomes increasingly pes-
simistic, the principal’s profits from exploiting the agent due to the provision
of incentives go up as long as there has been no success. However, the total
profits from hiring the agent also contain the extra profit in case he is tal-
ented, and this component goes down in expectation without a success. Still,
the former effect may dominate the latter; this is the case if the extra profit
is small or occurs only rarely, or if the agent is initially very overconfident.
Then, as long as no success has been realized, the principal’s expected profits
increase with failures, i.e., as the principal and the agent become more and
more pessimistic about the latter’s talent. If the principal’s outside option
is so attractive that hiring an agent known to be talented is not profitable,
it can be optimal to hire him only with sufficiently pessimistic beliefs con-
cerning his talent. Thus, we show that receiving information about one’s
talent does not necessarily reduce the extent of the possible exploitation of

an agent’s overconfidence.

As an application of these results, we take into account that the principal’s
outside option may not only correspond to a termination of the employment
relationship, but could also involve her value of promoting the agent to a
different position. Then, for the case in which the principal’s profits increase
with failures, it might be optimal to promote the agent after a success in the
original job, even if the agent’s talents in both jobs are entirely unrelated.
In general, the agent’s overconfidence lets the principal put less weight on
the agent’s inherent ability for the new job than would be optimal based on
fundamentals. This result is further exacerbated if the agent is also overcon-
fident in the second job. Then, a first-job success wipes out the principal’s
exploitation opportunities there. Promoting him to the second job again in-
troduces uncertainty regarding his talent, thus creating new room to exploit
his overconfidence. Moreover, a worker who is currently not successful but
who is expected to be talented in the second stage may instead not be pro-
moted because his continued lack of success increases the firm’s profits by
exploiting him. Also if the agent overestimates a potential positive correla-
tion between his talent in both jobs, a success in the first job might increase

the agent’s overconfidence and render a promotion particularly profitable.
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This mechanism encourages a promotion policy in which it is not necessarily
the best-suited agent who will have the most stellar career. Thereby, we
provide a micro-foundation for the Peter Principld!] for which [Benson et al.
(2019) have recently provided evidence. Different from alternative expla-
nations, our approach can generate the Peter Principle even if the agent’s
performance is verifiable, which indeed seems to be the case in the setting
described by Benson et al.| (2019). They demonstrate that the promotion of
sales workers is to a larger extent determined by their verifiable sales than
would be justified by their fit for a managerial position. Moreover, this link
between sales and promotion is especially strong for so-called “lone wolves”
who are highly self-confident but whose fit for managerial positions is par-

ticularly poor because of a lack of willingness to collaborate with others.

Related Literature

We relate to the theoretical literature on the “Peter Principle,” according
to which promotion decisions are based on success in the current, instead of
(perceived) ability in the new, job. We argue that the previous explanations
are insufficient to explain this phenomenon in a setting with sales agents as
observed by Benson et al.| (2019).

For example, one explanation having been proposed is that employees may
value the signalling role of promotions. Waldman| (1984) and DeVaro and
Waldman (2012)) set up models in which firms privately observe workers’
abilities for the “new” job. Because a promotion provides a signal about this
ability to the market, it has to come with a steep wage increase to fend off
counteroffers, and the ability threshold above which someone is promoted is
higher than without private information. Yet these theories do not predict
that the wrong people are promoted, but instead only the very best. In

the setting explored by [Benson et al. (2019)), a promotion indicates a sales

IThe Peter Principle states that a person performing well in his job tends to be pro-
moted until he reaches Peter’s Plateau, a level of responsibility for which he is incompetent.
Although named for Canadian management scientist Laurence Peter, the principle was al-
ready enunciated half a century earlier by Spanish philosopher José Ortega y Gasset, in
1910.



worker’s ability for his current job, rather than managerial talent. Employees
may also value the social status that comes with a promotion. DellaVigna
and Pope| (2018) find that social comparisons can increase incentives to exert
effort; however, the effects are negligible compared to even small monetary in-
centives. |Cullen and Perez-Truglia (2022) identify negative motivation effects
of earning less than one’s colleagues, but only if they are at the same level and
not in a higher position. Therefore, promotion-based incentives could reduce
the negative consequences of pay inequality. Nevertheless, whereas Breza
et al.|(2017) confirm the negative effects of pay inequality, they demonstrate
that these effects disappear if workers observe their higher-paid colleagues to
be more productive than themselves — and relative productivity can certainly
be observed among sales agents. As a further explanation for the extensive
use of promotions as a motivation device, firms may use promotions instead
of monetary bonuses because the latter are more prone to influence activi-
ties by workers (Milgrom and Roberts, [1988), an idea formally modelled by
Fairburn and Malcomson (2001). These models rely on an effort dimension
that is not objectively measurable and can therefore be misreported by su-
pervisors. By the same token, in Lazear| (2004)), firms do observe but a noisy
signal of agents’ talent. In expectation, a high observation will correspond
to a high noise term. Firms anticipate this, but, given the information they
have access to, they cannot avoid the Peter principle. In |Koch and Nafziger
(2012)), by contrast, agents’ talents are observable, while their efforts are not.
Firms thus trade off the most productive allocation of jobs to agents with
their desire to minimize the agency costs stemming from Moral Hazard. As-
suming that success in the more difficult job is a stronger statistical signal for
high effort, they show that, for certain parameter values, the principal’s latter
desideratum optimally determines the task assignment, leading to a “Peter
principle”-allocation, by which some productive efficiency is optimally sac-
rificed for a reduction in agency costs. Such a trade-off between productive
efficiency and rent extraction is also at the heart of our mechanism. In ad-
dition, our model derives a dynamic link between past performance and the
likelihood of being promoted, and that this link is particularly strong for

(over-)confident individuals.



We therefore conclude that, although these theories are able to rationalize the
incentive roles of promotions, they are insufficient to explain the observations
made by Benson et al.| (2019), which are based on an easily verifiable task
and highly confident individuals. Instead, we argue that their results might

be the consequence of the optimal exploitation of overconfident workers.

We also contribute to the literature on incentive contracts with overconfident
agents. DellaVigna and Malmendier| (2004)) and Heidhues and K6szegil (2010)
provide early work on how to design incentive contracts when consumers are
overconfident, in this case about their future self control. They show that
exploitation is optimal and feasible. In a static employment setting with
a risk-neutral principal and a risk-averse agent, Santos-Pinto (2008)) and
de la Rosal (2011) demonstrate that implementing effort can be cheaper if
the agent is overconfident about his ability. Moreover, exploitation contracts
can emerge, in which an agent’s overconfidence gives him a realized expected
utility that is smaller than anticipated by himself. Schumacher and Thysen
(2022) explore the consequences of an agent having misspecified beliefs that
pertain to the consequences of his actions off the equilibrium path. This
can also make it cheaper to provide incentives for a risk-averse agent who

underestimates the benefits of shirking.

Goel and Thakor (2008)) and |Gervais et al. (2011)) analyze the investment
decisions of risk-averse and overconfident managers. They demonstrate that
overconfidence makes managers less conservative in their project choices and

can increase firm value; however this link is not monotonic.

There also is evidence for the existence of exploitation contracts, in the lab
as well as in the field. In the lab, Sautmann| (2013)) finds that agents who are
overconfident about their abilities overestimate their expected payoffs and
consequently are worse off than underconfident agents. |[Larkin et al., 2012
observe that participants who overestimate their performance in a standard
multiplication task are more likely to select convex (instead of linear) incen-
tive schemes that offer generous rewards for levels of performance they are

unlikely to attain.

Evidence from the field is mostly based on executive compensation, where
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overconfident managers receive incentive-heavy compensation contracts (Huniphery-
Jenner et al., 2016). Firms benefit from these arrangements because overcon-

fident CEOs receive fewer bonus payments and smaller stock option grants

than their peers and therefore ultimately receive less total compensation
(Otto, [2014).

Although the mechanisms underlying such “exploitation contracts” seem well
understood, their benefits for firms depend on whether they can repeatedly
be applied over a sufficiently long time horizon. Thus, it is important to
understand how employees assess the feedback they receive about their per-
formance. If they learn and update their assessments (such as in [Yaouanq
and Schwardmann) |2022)), one might expect their exploitation to quickly be-
come infeasible. We show, however, that learning about the source of the
underlying overconfidence can actually exacerbate the agent’s exploitation.
Moreover, even if complete learning is achieved, firms may re-instate uncer-

tainty — and consequently overconfidence — by promoting the agent.

Existing dynamic models with overconfident agents either rely on environ-
ments of misspecified learning in which success has several determinants and
the agent is overconfident about one of them (Heidhues et al., 2018; Heid-
hues et al., |2021} [Hestermann and Yaouang, [2021} Murooka and Yamamoto),
2021)), or assume that the agent assigns probability 1 to one state of the world
and therefore does not update when receiving new information (Englmaier
et al., [2020)).

When deciding whether to hire the agent, the principal is facing a one-armed
bandit problem. As a stylized formalization of the trade-off between exper-
imentation and exploitation, the bandit problem goes back to [Thompson
(1933)) and Robbins| (1952). |Gittins (1974)) showed the structure of the op-
timal policy; Presman| (1991) calculated the Gittins Index for the case in

which the underlying uncertainty is modeled by a Poisson process.



2 Model

A principal and an agent interact in continuous time over an infinite horizon.
Both parties discount future payoffs at the rate of » > 0. At each instant
t € R, the principal can either hire the agent or produce himself. If he
produces himself in [t,¢ + dt), he receives a profit flow of 7dt > 0. If the
agent is hired at instant ¢, the agent chooses his effort level at instant t,
e; € {0,1}; we impose that e; be caglad in ¢. Choosing an effort of e, = 1
(e, =0) for a.a. 7 € [t,t+dt) entails a cost of cdt > 0 (0) to the agent whose
outside utility flow is normalized to zero. The choice of effort is observable
and contractible. The agent’s time-invariant talent 6 € {0, 1} determines,
together with the agent’s effort choice, the principal’s profit flow over those

time intervals in which the agent is hired.

Indeed, if the agent is hired at a flow wage of w € R, , and exerts effort e,
over a time interval [¢,t + dt), the principal’s profit flow over that period is
given by (e —w)dt +n with probability fadt, and (e —w)dt with the counter-
probability, for some a > 0 and i > 0. Thus, a talented agent (i.e., one with
6 = 1) yields the principal an extra profit of 1 at an instantaneous rate of
adt. The principal initially believes that the agent is talented with probability
pl € (0,1); the agent initially believes that he is talented with probability
pit € [pF,1). We thus assume that pi' > pl, i.e., the agent is over-confident.
Both players update their respective beliefs according to Bayes’ rule: as soon
as an extra profit has been observed, both players’ beliefs jump to 1, and

stay there. If no extra profit has arrived by period ¢, party i’s belief can be
pé@ia j& er dr
phe @ Jo e a1y

-. In what follows, we shall write beliefs in the
0

form of the odds ratio zi = pi/(1 — pi) = afe~Joer 47 Thus,

written as p! =

lt
— =V € (0,1
z4 (a]

is constant over time; ¥ is an inverse measure of the agent’s over-confidence,
with U = 1 corresponding to the case of common priors. In the following,

we shall call z; (Vx,) the agent’s (principal’s) belief at instant ¢.



Contracts, Information, and Equilibrium Only spot contracts are pos-
sible. These specify the agent’s instantaneous wage payment as a function
of the agent’s current effort and the principal’s current profit, which is as-
sumed to be verifiable. The agent is protected by limited liability; i.e., these
wage payments must be non-negative at all times, after any history. The
agent’s belief is common knowledge; our results are not affected by whether
the agent is aware of the principal’s belief. For this, it is important that the
agent’s belief, and his overconfidence, are not affected by the contract offered
by the principal. In our setting, the form of contract offered by the principal
is (weakly) optimal for all levels of overconfidence ¥ < 1. For example, both
might agree to disagree. We solve for a perfect Bayesian equilibrium (PBE)

that maximizes the principal’s profits (given her beliefs).

3 Results

First, we derive the optimal compensation structure. Clearly, it is not optimal
to pay the agent anything he does if not exert effort. Since effort is verifiable,
it is possible to offer a spot contract that pays the agent ¢ for his effort,
independently of beliefs about . The agent would be willing to accept this
contract offer, which would allow the principal to extract the whole rent from
effort. However, with U < 1, i.e., with p5 > pl, it is optimal for the principal
to exploit the agent’s overconfidence and only to pay him conditionally on his
exerting effort and producing the extra profit n for the principal. The reason
is that the agent’s belief of being talented and thus of receiving the payment
is higher than the principal’s, so that both players gain by engaging in a
side-bet on the arrival of the extra profit. The risk-neutral agent is willing
to accept any contract that at least covers his effort cost in expectation,
é = 1:—5*/0. In a profit-maximizing equilibrium it is suboptimal to leave
the agent a rent, thus the lump-sum wage payment paid after a success is
W, = laJr—jtfc. The principal-expected cost of hiring the agent then amounts

to
ptP Tt 1 + Tt

—C = \If —
pfc “ 1+ \I/l’t ! 1+ ‘ljl't “
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which is smaller than C.E| For a given x;, this amount is increasing in V.
Thus, the greater the agent’s overconfidence, the greater the scope for side-
bets between the players (the limited-liability constraint notwithstanding),
and therefore the lower the amount the principal expects to pay the agent

for his services.

This structure is (strictly) optimal (for U < 1) as long as there has been no
success. Once the extra profit has been realized and both players’ beliefs jump
to 1, this contract generates the same profits as one in which the principal

just pays a flow of ¢ irrespectively of whether n materializes or not.

3.1 The Cost of Learning

Now, we explore how the agent’s expected compensation evolves over time.
Clearly, after a success, beliefs jump to 1 and stay there forever thereafter,
which implies that expected hiring cost then also become time-invariant. As
long as no success has been realized, though, these expected costs decrease

as time passes.

Lemma 1 W, is decreasing in x; and hence increasing in time t if there is

no success.

The principal-expected cost of hiring the agent,

P
by T 1"—5(71}
—c=aV¥ W, = c,
PP 1+ 0z, 1+ Uy

15 increasing in xy; it tends to e as x — 0, and to c as v — oo. It is a
martingale on the principal’s information filtration; in case of a success, it

Jumps up to ¢, and is decreasing in time t if there is no success.

Without any success, both the principal’s and the agent’s beliefs go down and

eventually approach zero. Because pI’ < pf!, though, Bayes’ rule indicates

2The optimality of such side-bets is widely known in settings with non-common priors,
see [Eliaz and Spiegler| (2006), or |Grubb (2015) for an overview.
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that the relative reduction of the principal’s belief is more pronounced than

the agent’s:

dp:.

= —a(l — py)dt,
pt ( Pt)

thus [—a(1 — pf)dt| = |a(1 — pf)dt| > |a(1 — pt)dt| < pf < pi.

This implies that learning does not necessarily benefit the agent. If no success
is observed and negative signals accumulate, the agent’s (principal-)expected
compensation goes down. Therefore, even if agents update their beliefs about
the underlying source of their overconfidence using Bayes’ rule (for which
there is evidence, see [Yaouanq and Schwardmann), |2022)), their exploitation

need not vanish in the long run — to the contrary, it may even exacerbate.

Note that this result does not rely on time being continuous but also holds
if time is discrete. We use continuous time because it allows us to explicitly

characterize value functions.

3.2 The Optimal Hiring and Firing Decision

The principal’s strategy thus boils down to, at each instant, choosing whether
to hire the agent as a function of the previous history. Formally, the princi-
pal’s hiring decisions are a process {x:}+cr, that is predictable with respect
to the public information, where y; = 1 if the agent is hired at instant ¢, and
x: = 0 otherwise. Clearly, it is without loss to restrict the principal to choos-
ing a Markov strategy, i.e., an effort process {Xt}te]R+ such that x; = x(xy)
for all t € R, where x : Ry U {oo} — {0,1} is a time-invariant function

of beliefs.ﬂ In summary, the principal chooses a Markov strategy so as to

30ur payoff-maximizing perfect Bayesian equilibrium will thus be a Markov perfect
equilibrium (MPE) with players’ beliefs as a state variable.

12



maximize

o U ¢
= —rt — —O — 7af e(zr)dr
II(z) =E [/0 re (1 T (1 [ >) X ()

1 v 1—m7 —
x(l—fr— 1+mtc—|— ot a(n—l—max{(), T+ an C})) dt]a:o_x},
7 T 14+ W, r

(1)

where the expectation is with respect to the process {z¢}icr. -

Bellman Equation
We now set up the Bellman equation for the problem. It is given by

V*(x) = max x[B(x, V*) + M(x)],

XG{O,I}

where

is the principal’s myopic payoff from hiring the agent, given his belief is Wx.
A myopic principal (i.e., one whose discount rate r — oo) would hire the
agent at z if and only if M(x) > 0. The same policy would be optimal
if the principal did not update her belief regarding the agent’s talent (e.g.,
because the agent’s talent is continuously drawn anew). Clearly, M(z) > 0
for all z if min{l — 7 — ¢¥,1 — 7 + an — ¢} > 0; in this case, a myopic
principal would always hire the agent. By the same token, M(z) < 0 if
max{l — 7 —c¥,1 — 7+ an — c} < 0; in this case, a myopic principal would
never hire the agent. If 1-7—c¥ < 0 < 1—74an—c, M(z) > 0, and a myopic
\11(11:7Z;T+_t;17]7ic) =: 2.
If, however, 1 — 7 4+an—c <0< 1—7 —c¥, amyopic principal would hire
the agent if and only if z < ™. We note that 2™ € (0,00) in both these

cases.

principal would thus hire the agent, if and only if z > —

Yet, a principal that is not myopic also takes the learning benefit of employ-

ing the agent into account. This learning benefit amounts to % times the

13



infinitesimal generator of the process of posterior beliefs applied to the value
function V', and can be written as
zra v

B, V)= o1+ U

(max{0,1 —7+an—c} —V(z)) = V'(x)].

We write V*(z) = max{0, V(x)}, where V satisfies the ODE

ar(l+ V)V (z) + (r+ Ya(r + a))V(x)
=r[(1+Px)(1—-7)— (14 2)Vc+ Yzan|+Vramax {0,1 — 7 + an — ¢},

which is solved by

Ux 1+x a Ux x7a
Vv =1-7 —cW — 1 —rran—ccot —— 1—7 — C ,
(2) T+ + Ian ¢ 14+ Ug {1=mran—ce<0} +rl4+ \I/x( Tan—c)+ 14+ Wz

with C' denoting a constant of integration. We furthermore note thaiﬁ

limV(z)=1—7 — VUg
z0

a
lim V(z) = (1 -7 +an—c) (1 — I 7tan—c<o0} ) ;

T—00 a-+r
in what follows, we shall write V(0) and V' (co) respectively for these limits.

If V(0) and V(o0) have the same sign, the principal’s hiring decision under
(almost) perfect information will be the same, independently of whether that
almost perfect information is positive or negative regarding the agent’s talent.
It is thus no surprise that the principal will make the same hiring decision for
all beliefs, and hence the learning benefit B = 0 in this case, as the following

proposition shows.

Proposition 1 The following cases describe the conditions for always or

never hiring the agent being optimal.

4There is a discontinuity in payoffs at 2 = 0, which stems from the fact that, at = = 0,
the contract we are looking at (payments contingent on success) ceases to be possible. As
our contract continues to be possible, and (weakly) optimal, when p? = p” = 1, there is
no such discontinuity at z = co.
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o /1. /Ifmin{l — 7 —c¥, 1 —7T+an—c} >0, x(z) =1 for all x €

R, U{oo} is optimal. The value function is given by V*(x) =1—7 +

Y 14z
vz~ 11us

concave; if an < (1 — W)c, it is strictly decreasing and strictly convex.
Ifan=(1—-V)c, V*(z)=1—7 —cV.

. Ifan > (1—=V)c, it is strictly increasing and strictly

o /2. [Ifmax{l—7—c¥,1—7+an—c} <0, x(z) =0 for allz € R U{oc0}

is optimal. The value function is V* = 0 in this case.

Proofs for our results rely on standard verification arguments; please refer to

the Appendix for details.

In the following propositions, we shall show that, in the cases not covered
by Proposition [ the principal’s learning benefit will be strictly positive,
and that his hiring decision will admit of a simple cutoff structure. First,
ifl—-7—cV <0<1—7+4an—c, ie., if the extra profit is important to
the principal, meaning that 7 is large, and the initial disagreement regarding
the agent’s talent is not too severe, i.e., ¥ is not too low, the principal will
hire the agent if and only if he is optimistic enough about his talent, as the

following proposition shows.

Proposition 2 If 1 -7 —c¥V < 0 < 1—-7+an—c, X = L), with

x* = a™, is optimal. The value function is C! and given by
z7aC Uz 14+
Vi (z) = Lo 1—m — v,
(z) (@20) () 1—1—\I/a7+ 7T—i_l—l—lllgncm 1+\I/xc
where C = —z*a(1 + Va*) [1 — 7 + H‘I_’ff,;*an - fjf;* c¥] is a constant of
integration determined by value matching at x = x*. On (z*,00), V* is

strictly increasing, and strictly convez (concave) on (z*, %) ((Z,00)), for some

inflection point T € (z*, 00).

In this case, the principal will either never hire the agent if xq < z*, or, if
xo > x*, he will initially hire the agent and keep hiring him till the time 7
at which the belief x, = z*; the agent is fired for good at this time 7. The

15



firing time 7 = 7%, where 7% := L1In(zo/2*), if the agent produces no extra

profit 7 in [0, 7*]; otherwise, 7 = o0, i.e., the agent is hired forever. This case
is thus equivalent to a standard one-armed Poisson bandit problem, in which
the risky arm is pulled whenever the decision maker is optimistic enough
about its quality. The value function in this case is smooth, verifying the
usual smooth pasting property. In our case, a success is fully revealing, so
that the risky arm will be used forever after a success. In the absence of a
success, optimism about its quality wanes continuously; the risky arm will
be abandoned forever when beliefs hit a threshold (or we start out below

this threshold). The principal’s learning benefit shows up in the fact that
1

1+2

she is hiring the agent, even though her current payoffs would be higher if

m ,.m
.CI,’,LC),

she will hire the agent below the myopic cutoff ™; indeed, on (

she produced herself. The concept of forgoing current payoffs in exchange

for information that is then parlayed into better decisions in the future is

what the literature commonly refers to as experimentation. The extent of

experimentation in our model is governed by the discounted arrival rate of
a

information 2; it vanishes as the principal becomes myopic (r — oo), and

becomes large as information arrives quickly (a large).

If, however, ] — 7 +an—c<0<1—7—cV, ie., if n and ¥ are relatively
small, the opposite dynamics obtain. In this case, the extra profit is relatively
unimportant to the principal, and the initial disagreement concerning the
agent’s talent is large. Then, the principal will hire the agent if and only if

he is pessimistic enough about his talent, as the following proposition details.

Proposition 3 If1-7+an—c <0< 1-7—cV, x = Lz, with & = Lz,
15 optimal. The walue function in this case is given by
V*(x) = Tpa(x) [1 -7+ fazan — eV — e (1 -7 4 an —o)|; it

is C', except for a convex kink at ¥, flat on [&,00), and strictly decreasing

and strictly convez on (0, ).

In this case, the principal will either never hire the agent if xy > &, or, if
xo < &, she will hire the agent until he produces the extra profit, at which

time she will fire him forever. In this case, the stopping boundary is not a
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reqular boundary, as beliefs can only move away from, rather than toward,
the boundary %, over the course of time. As in [Keller and Rady| (2015),
therefore, smooth pasting fails, and the value function admits a kink at the
boundary. Asin the previous case, the extent of experimentation is increasing

in the ratio 2, with Z = (% + 1unexpected”inm@th)2 x* = (% + 1) x™.

The following remark indicates that no matter if V*(x) is increasing or de-
creasing, the principal experiments less if her beliefs are closer to agent’s,

i.e., if the extent of the latter’s overconfidence is lower.

Remark 1 More similar beliefs (higher W), and therefore fewer exploitation

opportunities, lead to less experimentation. Thus:
e In Proposition % > 0.
o In Proposition@ g—é < 0.

Finally, the following remark, which follows from Propositions [2] and [3} col-

lects the conditions for the monotonicity of the value function.

Remark 2 The value function V* is monotonically increasing if and only if
an > (1=U)c; it is constant if and only if an = (1 —W)c. It is monotonically
decreasing if and only if an < (1 — ¥)e.

4 Application — Optimal Promotion Policies

and the Peter Principle

We have shown that the principal benefits from a discrepancy between her
and the agent’s belief. Once a success has revealed the agent to be good,
beliefs are aligned and the principal can no longer benefit from an exploitation
contract. If the discrepancy has been large, this can lead to a situation where

the principal consumes her outside option after a success.
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Now, we argue that, instead of corresponding to a complete termination of
the relationship, triggering the outside option may also consist of moving
the agent to another position. If this move is labelled a promotion, it can
be optimal to promote the agent conditionally on his being successful in his
previous position, even if such a success does not indicate fitness for the new
job. Indeed, Benson et al.| (2019) provide causal evidence for this link, which

has been widely known as the “Peter Principle.”

In the following, we will take a closer look at how the agent’s overconfidence
can generate a promotion policy that is based on success in previous jobs;
in Section [4.5 we relate it to the evidence provided by Benson et al|(2019).
For this purpose, we will first assume that the outside option 7 is the agent’s
value in the higher position; we will later explore potential features of that
job (such as the agent being overconfident there as well), which generate this
value. This first exercise allows us to demonstrate that, even if the agent’s
talent in both jobs is unrelated, his overconfidence can make a promotion

after a success in the first job more likely.

4.1 Owutside Option as the Value of a Promotion

Assume the agent starts out in the first job, which is as described in Section
At a time of her choosing, the principal can promote the agent to a second
job where his value to the principal is 7; not promoting him thus entails a
flow opportunity cost of 7, as before. It is, however, not possible to move the
agent back again to the first job. For simplicity, we set the value of firing, or
temporarily not employing, the agent in the first job to 0. Importantly, there
is no correlation between the jobs regarding the agent’s talent for either, and
he is (weakly) over-confident concerning the first. Potential overconfidence

in the second job is explored in the subsequent Section |4.2

Clearly, the principal will promote the agent at time 7% = inf {¢t > 0 : V*(z;) < 0},
where V*(z;) is the value of employing the agent in the first job net of the
value of the outside option 7. Generally, our results will depend on whether

an is larger or smaller than (1 — W)c, i.e., whether V*(x) is increasing or
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decreasing (see Remark [2).

As a benchmark, we first analyze the principal’s promotion decision for an
agent who is not overconfident, i.e., ¥ = 1. Then, the agent is more likely
to be promoted after no success has been observed in the first job. Indeed,
if ¥ =1, an > (1 — V)¢, and V* is increasing in x. Thus, the agent will
either be promoted after a long enough history of failures in the first job —
or right away or never. This is because the longer history of failures makes
the opportunity costs of promoting the agent less severe. As V* is monotone

for common priors, the following Lemma is immediate:

Lemma 2 With common priors (¥ = 1), there is a cutoff w(x) such that

the agent is promoted iff T > 7w (x); moreover, w(x) is increasing.

The result that a promotion is more likely after the agent has been suffi-
ciently unsuccessful in the first job may seem unintuitive but follows from
our assumption that the jobs are uncorrelated; i.e., a success (failure) in the
first job does not indicate (lack of) fitness for the second job. Then, the
tradeoff is between the agent’s value in the second job (which is constant
prior to a promotion) and the opportunity costs of losing him in the first job,

which are increasing in .

Moreover, the opportunity costs of promoting able workers are indeed af-
fecting real-world promotion decisions. For example, there is evidence for
“talent hoarding” in firms, meaning that middle managers who benefit from
having good employees in their teams suppress the promotion opportunities
of those they value the most (Haegele, 2022).

Next, assume that the agent is overconfident, i.e., ¥ < 1. Then, the results
derived in Propositions [2| and [3] can be used to show

Proposition 4 There is a cutoff w(x, V) such that the agent is promoted iff
7> 7(x, V). w(x, V) is strictly increasing in x if and only if an > (1 — ¥)c,
strictly decreasing in x if and only if an < (1 —W)e, and constant in x if and
only if an = (1 — ¥)c.
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For all x < oo, 7(x, V) is strictly decreasing in the players’ belief alignment

U, when the principal’s belief x -V is held constant.

If an < (1 — V), V*(z) is decreasing and the agent’s value goes up over
time as long as no success is observed. Once a success occurs, the principal’s
value of keeping the agent in the first job falls because of the eliminated
exploitation opportunities. Then, the resulting value reduction increases the
relative benefits of a promotion (i.e., the cutoff 7(x, ¥) drops) even though
the success is not informative of the agent’s talent in the second job — and
the Peter Principle is indeed the manifestation of optimal firm policy. In
these cases, the agent is promoted after a success simply because, after his

type has been revealed, the value of keeping him in the first job is too low.

If an > (1 — U)c, V*(x) is increasing and the general pattern is the same
as with common priors (U = 1). Either the agent is immediately (or never)
promoted, or after many failures in the first job have sufficiently reduced the
opportunity costs of a promotion. Still, the threshold 7(z, V) is higher than
with W = 1 because the exploitation opportunities in the first job decrease

in ¥ (holding the principal’s belief x - ¥ constant).

Finally, the last result of Proposition [ illustrates the fact that the higher
the agent’s overconfidence the more valuable he is to the principal in the first

job.

4.2 Endogenizing 7

Now, we endogenize the agent’s value in the second job and assume that his
overconfidence can extend to it. Assume that the second job also has the
features described in Section[2] there is still no correlation between the agent’s
talent across both jobs. The details can be found below, in Section [6.2]in the
Appendix. As before, the agent’s value in the second job remains constant
as long as he is not promoted. Therefore, the same effects as in Section
obtain, while introducing the agent’s overconfidence in the second job allows

for additional comparative statics. The reason is that a promotion after a
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success in the first job re-instates uncertainty and overconfidence, and thus
again allows the principal to exploit the agent. Therefore, a lower ¥ in the
second job (holding the principal’s belief there constant) makes it ceteris

paribus more likely that the agent is promoted after a first-job success.

4.3 Correlated Jobs and Endogenous Overconfidence

We have demonstrated that the agent’s overconfidence can affect promotion
decisions in a way that is reminiscent of the Peter Principle. We have assumed
that the agent’s talent across both jobs is not correlated. However, even with
a positive correlation between jobs, the agent’s overconfidence induces the
principal to put less weight on the agent’s talent for the second job. Indeed,
while a success in the first job then increases players’ beliefs concerning the
agent’s talent for the second job, this increase is less pronounced than the
increase in the belief about his talent for the first job (unless correlation
was perfect). In the absence of divergent beliefs, therefore, such a success
should make a promotion less likely. With divergent beliefs, however, as the
success also eliminates exploitation opportunities in the first job, promotion
will become more likely whenever the belief divergence is important enough

(i.e., whenever U is low enough).

Moreover, a success in the first job could also by itself increase the agent’s
overconfidence. For example, assume that the agent overestimates the cor-
relation between talent across both jobs. This could be the result of an
inherent bias[’] or of the principal’s subterfuge. Then, our results would only
require the agent to naively believe the principal’s claim that being successful
in the first job is indicative of his potential in the second job. In this case,
promoting an agent who has proven to be talented in the first job would
again create the additional benefit of being able to exploit his overconfidence

in the second job. Importantly, this result would not require the agent to

5For example, the widely observed self-attribution bias, in which people attribute their
success to their own abilities instead of just being lucky (see |[Daniel et al., [1998| or [Billett
and Qianl 2008 for evidence in the context of managers), could be a factor leading to
the agent’s attribution of a first-job success to a general skill that also transfers to other
realms.
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be inherently or initially overconfident — instead his overconfidence would
endogenously emerge from a wrong belief that talent in one domain transfers

to talent in another.

4.4 Two Agents

Finally, we argue that employing overconfident agents may also lead to the
principal’s putting less weight on an agent’s perceived value in the second
job when making a promotion decision, compared to the case where agents
are not overconfident. Assume there is some time 7" by which the principal
wants to promote one out of two agents, ¢ € {1,2}. As in Section [4.1] the
principal’s value of promoting agent i, 7;, is solely given by his (expected)
inherent talent in the second job. Without loss, we assume that 7, > 7.
To isolate the role of an agent’s overconfidence on the principal’s promotion
policy and abstract from differences in the opportunity costs of a promotion,
we focus on cases in which the principal’s belief W;x; is the same for both
agents, while only their ¥; might differ. If agent ¢ has produced a success,
he is commonly known to be talented, i.e., ¥; = 1. Now, if both agents
have produced a success, or agents are not inherently overconfident, i.e.,
U, = U, =1, agent 1 is promoted because the principal bases the promotion
decision solely on the agent’s perceived value in the second job. Otherwise,
agent 1 is not necessarily promoted: Assume W; < Wy < 1, so that, due
to his greater overconfidence, agent 1’s value is also higher in the first job.
Then, if the difference between 7; and 75 is small relative to the difference
between Wy and Wy, the principal will indeed promote agent 2 although he

is less well suited for the second job.

Putting together this outcome as well as the insights from Section |4.1] and
holding the agent’s perceived value in the second job constant, we can con-
clude that an overconfident agent is more likely to be promoted if he has
proven to be talented in the first job, whereas he is less likely to be promoted

otherwise — compared to the benchmark case of common beliefs. Thus, we
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would predict a positive correlation between current performance and a pro-

motion, even if the requirements for both jobs are entirely unrelated.

4.5 Evidence

Using microdata on sales workers, [Benson et al. (2019) find evidence for pro-
motion policies putting too much weight on current performance, as opposed
to perceived fit for the new job. Although sales clearly are a verifiable per-
formance measure, high sales are not only rewarded with cash compensation,
but also increase a salesperson’s chances of being promoted to a managerial
position. This policy disregards managerial potential and is costly because it
reduces managerial quality (measured as value added to subordinate sales)
by 30% compared to a counterfactual where the ones with the highest man-
agerial potential would be promoted. Benson et al.| (2019) discuss a number
of potential theoretical explanations for these outcomes which, however, we
argue cannot fully rationalize their observations, which are based on an easily
verifiable task (see the Related Literature Section above). Instead, we argue
that it is not the nature of the job that renders the promotion of successful
sales agents (instead of those with the best fit) optimal, but their personal
characteristics. Indeed, there is evidence that sales agents are particularly
prone to being overconfident. |Sevy| (2016]), in a Forbes blog, argues that,
because of the availability of clear performance indicators, sales is an envi-
ronment that attracts people who want to prove their ability. Those who
go for sales care about personal advancement and not about helping a team
thrive; this is different in sales management, where holding back one’s ego

and letting others shine is important.

Moreover, whereas Benson et al.| (2019) find that collaboration experience is
indicative of better managerial performance, so-called “lone wolves,” who
never collaborate and are known to be highly self confident (Dixon and
Adamson, 2011)) are significantly more likely to be promoted to a managerial

position.

23


https://www.forbes.com/sites/groupthink/2016/10/10/why-great-sales-people-make-terrible-sales-managers/?sh=3c742ac824cf

5 Conclusion

We have shown that, in a model in which the principal benefits both from
the agent’s work effort (in a deterministic fashion) and (stochastically) from
his talent, the monotonicity of the principal’s value function depends on the
agent’s overconfidence V. If the agent’s appraisal of his talent is close to
that of the principal, i.e., if ¥ is close to 1, the principal’s value function is
increasing in her belief, and the agent is fired after a long enough streak of
failures. If, however, the agent is very overconfident, i.e., if ¥ is low, the prin-
cipal’s value function is decreasing in her belief, and the agent is fired after
a success. As in our model firing can be interpreted as promotion to a sec-
ond, unrelated, job, we provide a novel explanation for the well-documented
Peter principle: As the agent’s type becomes common knowledge after a suc-
cess, a success makes exploitation contracts impossible; thus, if exploiting the
agent’s overconfidence is an important part of the principal’s objective, she
will not want to hire the agent in the current job any longer after a success

there, preferring to promote him to another job instead.

We have assumed that a success fully reveals the agent’s type, i.e., an un-
talented agent never produces a success. While this makes our model ana-
lytically tractable, we expect our main qualitative conclusions to continue to
obtain in a setting in which an untalented agent may also at times, albeit

less frequently, produce a success.
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6 Appendix

6.1 Proofs

We shall write

~ Uz 1+z a Uz
V(z) =1-7 —cl L1y —ec0) —— 1—7+an—
(z) T T Y T gy e <0}a—|—r1—|—\llx( Tan—c)

for the principal’s payoff of never firing the agent in the absence of a success.

In all four cases, the proposed policy y implies a well-defined law of motion
of the belief x, and the closed-form expression for V* is the payoff function
associated with the policy x. To prove optimality of y, it suffices to show
that B(z,V*) > —M(z) (B(z,V*) < —M(x)) whenever y =1 (x = 0) on

some open subset of R, .

For Proposition , Case (1.), direct computation shows that B(z, V) >
—M(z) for all z > 0. Moreover, V' > 0> V" ifan > (1—U)e, V' <0< V"
if an < (1 —W)e,and V =1—7 — ¥ if an = (1 — ¥)c.

In Case (2.), B(x,V*) = B(z,0) = 0, for all x > 0. Thus, all that remains
to be shown is that M*(z) < 0 for all z > 0. As M is increasing, this
is equivalent to lim, oo M(z) = 1 — 7 — ¢ + an < 0, which holds by the
definition of Case (2.).

Let us turn to Proposition ] For z < z*, V*(z) = 0 and B(z,V*) =

r(llpf\;:p) (1—7+an—c). Direct computation shows that B(z, V*) < —M(z) for

x < z*. For x > z*, one shows by direct computation that B(-, V*) > —M(-)

in this range. Thus, x = 1(;+ o) is optimal. Direct computation furthermore
shows that lim, .- V*'(z) = 0 and V*(z) > 0 for all # > z*. By the same
token, direct computation shows that lim, |, V¥ (x) > 0, limy_e V¥ () <
0, while V*"' |1 o) < 0.

We now turn to Proposition B} For z > &, V*(z) = B(z,V*) = 0. By the

same token, M(x) < 0 if and only if x > 2™ = 2. For x < ¥, one shows

by direct computation that B(-,V*) > —M(-) in this range. Thus, x = L
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is optimal. Direct computation furthermore shows that V*”|(07¢E] > 0, and
that lim,q; V* (z) < 0.

6.2 Microfoundation for Second Job

The purpose of this appendix is to show how to extend the model so as
explicitly to incorporate the second job. Specifically, we shall denote zy €
(0,00) (¥,z0) the agent’s (principal’s) belief (measured in odds ratios, as
before) that the agent is talented for the first job, and hence produces the
extra profit n, > 0 at the rate a, > 0 in the first job. By the same token,
we shall write yo € (0,00) (V,yo) for the agent’s (principal’s) belief that
the agent is talented for the second job, and hence produces the extra profit
1y > 0 at the rate a, > 0 in the second job. Flow effort costs in either job

are ¢, > 0, and ¢, > 0, respectively.

We continue to assume that the agent is (weakly) overconfident regarding
both jobs, i.e., that ¥, <1 and ¥, < 1. Since talent across jobs is uncorre-
lated, we have y; = y, for all times ¢ at which the agent is employed in the first
job. Both parties discount future payoffs at the rate » > 0. After the agent
has been promoted to the second job, the principal, as before, receives a flow
payoff of 7, > 0 if she does not hire the agent. Before the agent is promoted,
the principal receives a flow payoff of 7, > 0 if she does not hire the agent.
We shall write V' for the agent’s value to the principal in the first job, ignor-
ing the possibility of promotion to the second job. Clearly, the principal will
promote the agent at time 7" =inf {¢t > 0 : 7, + V*(z;) < 7, + Vy*(yo)}

The value functions V" and V" are computed as above. Before the agent
is promoted, y;, and therefore V,*(y;) = V,"(yo), remain constant, while
and hence V(z;), evolve as described above. The key to our subsequent
analysis is the monotonicity of the value function, which we have noted in
Remark [2| In particular V* (i € {x,y}) is strictly increasing (decreasing) if
and only if a;n; > (1 — ¥;)e; (am; < (1 — Uy)¢;), and constant if and only if
a;n; = (1 —W,)e;.

As before a promotion, 1;, and hence V;/*(yt), remain constant, only the mono-
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tonicity of V¥, and hence the properties of the first job, matter for the dy-

namics. In particular, for arbitrary parameters for the second job:

o If a,n, > (1 —V,)c,, the agent is promoted after a long enough dearth

of lump sums [0, 7], with 7* € [0, col;

o if a,n, < (1—V,)c,, the agent is promoted either right away, never, or

at the arrival time of the first lump sum in the first job;

o if a,n, = (1—,)c,, the agent is either promoted right away or never[f]

Promotion dynamics thus depend only on the characteristics of the first job.
In particular, the agent is promoted after a long enough streak of failures if
azn: > (1—=V,)c,. If azn, = (1—V,)c,, his performance in the first job does
not matter; he either stays in the first job forever, or is immediately affected
to the second job. If a,n, < (1 — ¥,)c,, Peter-principle dynamics apply: the

agent is promoted after a success in the first job.

Thus, if a,n, < (1 — ¥, )c,, the agent is either promoted right away or never
in the absence of a success. If a,n, > (1 — WV, )c,, however, the agent is never
promoted after a success, but, in the absence of a success, may be promoted
at any time 7* € [0, oo|, the exact realization of which depends on the precise

parameter values.
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