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ABSTRACT

Beginning with Waldman (1984a), it is well undersdathat in a world characterized by
asymmetric learning promotions can serve as a lsgfiveorker ability which can, in turn, lead to
an inefficiently small number of promotions. Indipaper we explore two related issues. First,
how robust is the finding of a promotion signalidigtortion to different ways of modeling the
promotion process? Second, what are the varioussfdhat the promotion signaling distortion
can take? Our first conclusion is that a promos@maling distortion exists across a wide range
of settings, including some for which earlier watkggests no distortion. Our second conclusion
is that, even if there is no inefficiency concegnthe number of promotions, there can still be a

promotion distortion that takes the form of inefficcies concerning who is promoted.
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[. INTRODUCTION

Most workers provide a detailed history of the jdbsy previously held on their resumes
which suggests that the history of job assignmantspromotions provides valuable information
to prospective employers. In the economics liteeathis phenomena is captured by the idea that
job assignments and promotions serve as signalstedly modeled in Waldman (1984a) and
extended in numerous subsequent papers. One ohdire results in this literature is that the
signaling role of promotions leads to promotiontalions, i.e., the promotion process is not
fully efficient. In this paper we focus on the matand robustness of this promotion distortion.

In Waldman’s (1984a) model there are two periods, jobs, and workers vary in terms
of ability. In the first period all workers are apged to a low level job where ability is not
valuable, and workers accumulate both general iamdspecific human capital. At the end of the
period a worker’s first period employer privateatns the worker’'s ability and then at the
beginning of the second period high ability workare promoted to a high level job where
ability is more valuable. Further, because of tkgmametric nature of the learning process,
promotions serve as signals of high worker abilitiich results in prospective employers
bidding more for promoted workers. The end resuthat promotions are associated with large
wage increases which are paid in order to stop &srkom being bid away.

In addition to showing that promotions can hawggmaling role, Waldman also shows
that signaling can lead to a distortion. The argunige straightforward. Because a promotion
serves as a signal of high ability, prospective leggrs are willing to bid more for workers who
receive a promotion so incumbent employers givanpited workers large wage increases in
order to stop promoted workers from being bid awde result is that, if a worker is only a little
more productive at the high level job than the lewel job, the worker is not promoted because
this allows the firm to increase profits by avoglithe large wage increase associated with
promotion. In other words, from an efficiency stpasht too few workers are promoted.

This analysis has been extended in various ways theretically and empirically. For

example, Bernhardt (1995) allows workers to benanlabor market for more periods and shows



that for many workers the distortion takes the fafnmefficiently delayed promotion rather than
no promotion. Bernhardt also shows that the degreelistortion falls with the worker’s
education level, where the logic is that the praarosignal is smaller for more highly educated
workers and thus there is less incentive to dist@tpromotion decisiohDeVaro and Waldman
(2012) extend Bernhardt's schooling analysis amuiskvidence consistent with the resulting
testable implications using the well known Bakeihli3, and Holmstrom (1994a,b) dataset that
is based on the personnel records of a financi@icgs firm2 And a number of other recent
papers also find evidence consistent with the ptameas-signal argument (see Belzil and
Bognanno (2010), Okamura (2011), Bognanno and Mg2012), and Cassidy, DeVaro, and
Kauhanen (2012)).

But it has also been argued that the promotionasigm distortion is not a robust
theoretical result. Specifically, in some papels #érgued that, even if one assumes that learning
in the labor market is asymmetric, a promotionadigdn will not arise under many realistic ways
of modeling the promotion procesg.he first author to make an argument along thiess lis
Limor Golan in her 2005 paper. She reconsidersntbeel originally considered in Waldman
(1984a) but allows for counteroffers in the wagéedaination process. Her main result is that
introducing counteroffers on the part of initial gioyers eliminates the promotion distortion

associated with signaling.

1 There is an extensive theoretical literature dstibpic. Some of the other papers in this literinclude Ricart i
Costa (1988), Waldman (1990), Zabojnik and Bernh@@01), Owan (2004), Zabojnik (2012), and Zax120

2 To be precise, DeVaro and Waldman (2012) devetegigtions concerning probability of promotion and
predictions concerning the size of wage incredsatsaetcccompany promotion. They find that the prooroti
probability predictions hold for all education gps while the predictions concerning the size ohpotion wage
increases hold only for bachelors and masters ddwlelers.

3 There is substantial empirical evidence pointmasymmetric learning in labor markets as initiatlgdeled in
Greenwald (1979,1986) and Waldman (1984a). Tiségper to provide evidence consistent with asymiene
learning was Gibbons and Katz (1991). In additmbeVaro and Waldman (2012) mentioned above angf oth
recent papers that provide evidence for the pramedis-signal hypothesis, other recent papers thatde evidence
consistent with asymmetric learning in labor masketlude Pinkston (2009) and Kahn (2013). Alsdydgmberg
(2007) argues that she finds weak evidence for amtnic learning, but as argued in Waldman (20123, unclear
that the test for which she claims to find no exicfor asymmetric learning is, in fact, a valigttef the
asymmetric learning hypothesis.



No promotion distortion has also been found in ys®d such as DeVaro and Kauhanen
(2013) and Waldman (2013) in which promotions sa&sesignals but there is a slot constraint,
i.e., each firm has a single managerial positiosa&esult, in those models firms do not have a
choice concerning how many workers to promote &edetis no promotion distortion. This is
not fully surprising because the promotion distortidentified in papers like Waldman (1984a)
and Bernhardt (1995) concerns the probability aming of promotion which are not choice
variables in these more recent papers charactdoizsbbt constraints.

In this paper we investigate three related issb&st, we consider promotion signaling
when prospective employers can observe both whetrsgecific worker is promoted and the
proportion of workers promoted. This is potentiafhportant since promoting a large proportion
of workers should affect how prospective employerterpret the signal associated with
promotion. Second, we consider whether Golan’s ragqni is correct both in terms of an
enriched version of the specific setting she carsid and more generally. Third, we consider the
nature of the promotion distortion. Earlier papeisus on promotion distortions that concern the
frequency or timing of promotions. In a settinglw#ot constraints, frequency or timing may not
be a choice variable for the firm. We thus ask Wweethere can, nevertheless, be important
promotion inefficiencies in such a setting.

We start with a model that extends the analysaldman (1984a) in three ways. First,
like in Golan (2005), we allow for counterofferSecond, we make the model more realistic by
allowing productivity on the low level job to demkion worker ability. Third, we allow for the
possibility that firms hire more than a single yguworker and allow the number of workers
promoted to be publicly observed. We begin ouryaislof this model with the simpler case in
which firms can only hire a single young workeralmalyzing this case we first show that Golan
is correct that, if the wage determination procagsws for counteroffers by current employers,
then there is no promotion distortion when outputlze low level job is independent of worker
ability. However, when we more realistically assutinat productivity on the low level job is a

strictly positive function of worker ability, thethere is a promotion distortion even when



counteroffers are possible. In other words, in wisagrguably the most realistic case, i.e.,
counteroffers and worker ability affecting produitti on each job level, too few workers are
promoted as in Waldman'’s original analysis.

In our second analysis of this model we assumesfioan hire multiple low level workers
and allow the market to observe the number of ptethworkers. Our focus in this analysis is on
whether allowing the market to observe the numlbgremotions eliminates or at least reduces
the promotion signaling distortion.

One might conjecture that by promoting a higher benof workers a firm can signal
that some promoted workers are of lower ability.tum, this should reduce the wage offers
prospective employers make to promoted workers hwvisicould reduce the incentive for the
initial employer to distort the promotion decisioie find some, but limited, support for this
argument. Specifically, we find that allowing theanket to observe the number promoted
improves the efficiency of the promotion processnewhat, where the improvement follows
from the ability of a firm to use the number of prated workers as a type of signal along the
lines just discussed. But it is still the case tha promotion process is never fully efficient.

In our last analysis we consider a model with glsimanagerial job as in DeVaro and
Kauhanen (2013) and Waldman (2013), but we allomttie possibility of multiple schooling
groups. We first show that, if there is a singlaaading group, then the promotion process is
fully efficient as in the earlier analyses charaetsl by slot constraints. We then show, however,
that with multiple schooling groups the promotiorogess is not fully efficient because the
wrong worker is sometimes promoted. Specificallighty educated workers are inefficiently
favored in promotion decisions because the signdl thus the extra wage associated with
promotion is smaller for highly educated workers.

So our overall conclusion is that the promotionnalgng distortion is a robust result

found across multiple settings characterized bynasgtric learning. As in the initial analysis of

4 See Barron, Berger, and Black (2006) for an emginalysis that shows that counteroffers are comim real
world labor markets.



Waldman (1984a), in many cases the distortion tdkesform of too few promotions. But in
other settings where the frequency of promotiofixisd as can be the case in a setting with slot
constraints, the distortion takes the form of thrervg worker sometimes being promoted. The
bottom line is, thus, given the evidence in ther&iture that supports the asymmetric learning
hypothesis (see footnote 3), theory suggests thaingion decisions should frequently be
characterized by distortions of various types.

The outline for the paper is as follows. Sectiortdhsiders a model characterized by
counteroffers and explores the extent to which ghebability or frequency of promotion is
efficient. Section Il considers the efficiency tife promotion process when there are slot
constraints for the high level position so ineffiecy in the frequency of promotion is not a
possibility. Section IV provides an overview of oamalyses and results. Section V presents

concluding remarks.

II. AN INVESTIGATION OF THE COUNTEROFFER ASSUMPTION
In this section we start by presenting our firstdelovhich allows for counteroffers. We
then analyze the model under the assumption tlcat @aerating firm hires a single worker in the
first period and explore the robustness of the toon signaling distortion to the introduction of
counteroffers. In the last analysis in this secti@analyze what happens when an operating firm

can hire more than a single worker in the firsiquk?

A) The Model
In our first model there are two periods, all firarg identical, and there is free entry
into production. Labor is the only input and eacbrker is in the labor market both periods.

Further, in period 1 each firm can hire any numtifeworkers between 0 and N, M<where

5 The first analysis in this section is related nalgses in Ghosh and Waldman (2010) and DeVardAaldman
(2012).



there are constant returns to scale up to hiringolkers and a worker’s productivity on each job
and in each period is given below.

Worker i's ability is denoted;, where6; is a random draw from a probability density
function f@). We further assume &>0 for all 6,<6<6y and f@)=0 for all 6 outside of this
interval. Each firm can assign a worker to eithietwa jobs, denoted 1 and 2, where assigning a
worker to job 2 who was previously in job 1 is meéel to as a promotion. If worker i is assigned
to job 1 in period t, the worker’s output is givieyn

1) Y t=C1+010;,
while if the worker is assigned to job 2 the wotkeutput is given by

2 Y =Co+ 0.
We assumejec,, 0<d;<d,, and6’ is such that @d,0'=c,+d,0’. In other words, iH;<(>)0’, then it
is efficient to assign worker i to job 1(2). Jolislthus the low level job and job 2 the high level
job, where as in Rosen (1982) and Waldman (198#bktis a larger return to ability in the high
level job. Let EQ) be the expected ability level of workers in thepplation. We assume that
ci+diE(0)>c+dbE(0), i.e., a worker of average ability is efficientgsigned to job 1 rather than
job 2. And we further assume th<6'<6y. That is, low ability workers are more efficiently
assigned to job 1 and high ability workers to job 2

At the beginning of period 1 each worker’s abiléyel is unknown but all firms know
that each worker’s ability is drawn from the proitigbdensity function f(.), so each worker has
an expected ability at the beginning of period tado EQ). At the end of the period a worker’s
first period employer privately observes the wokebility level, while as described in more
detail below other firms infer information abouketlwvorker’s ability by observing the second
period job the first period employer assigns thekepto.

The wage determination process in the second gpealiows for counteroffers. To be
specific, at the beginning of period 2 a workeitstfperiod employer assigns the worker to a job.
The other firms, in turn, observe this job assignirend make wage offers. The first period

employer then observes the market wage offers aakesna wage counteroffer, where we



assume that the worker stays if the first perioghleger matches the market wage offer and that
the first period employer matches if it is indi#@at between matching and not matcHing.

The timing of the full game is as follows. At thHgeginning of period 1 firms
simultaneously make wage offers and each workeosd®a firm to work fof.Each firm with a
worker then assigns its workers to jobs, productakes place and workers are paid, and then at
the end of the period each operating firm privatghgerves the ability levels of its period 1
workers (if d>0, this can be because the firm privately obsemager outputs).

At the beginning of period 2 each firm that emgldyone or more workers in period 1
offers each previously employed worker a job aseigm. The other firms in the market then
observe each worker's job assignment which meach eliernative employer observes the
number of workers a firm assigns to job 1 at thgito@ng of period 2 and the number assigned
to job 2. Based on these observations, these ditines make wage offers and the period 1
employers then observe these market wage offersreak@d wage counteroffers. At the end of
this wage bidding process, each worker chooseot& at the firm that offers the highest wage.
Also, if multiple firms are tied in terms of theghiest wage offer, the worker chooses randomly
among these firms unless one was the first penopl@yer in which case, as indicated earlier,
the worker stays. Finally, after each worker cheasdirm to work at in period 2, firms assign
workers to jobs, workers produce, and then get.paid

Our focus is on pure strategy Perfect Bayesianlibgai where beliefs concerning off-
the-equilibrium path actions are consistent witbhesuch action being taken by the type with the
smallest cost of choosing that action. This assiamptoncerning off-the-equilibrium path

actions is similar to the notion of a Proper Eduilim first discussed in Myerson (1978).

6 Assuming that the first period employer matchesoigivalent to assuming that workers accumulati@faritesimal
amount of firm specific human capital, while thewsption that the worker stays when the first pkamployer
matches is equivalent to assuming an infinitesirathall moving cost.

7 If N+1 or more workers choose the same firm, tthenfirm chooses randomly among those who appliettiae
remaining workers are allowed to switch to a défgremployer.



Further, when there are multiple equilibria ourdeés on equilibria that minimize inefficiencies.

This last assumption raises the hurdle requirdohtba promotion distortion.

B) Analysis when N=1

In this subsection we consider the model when N¥& begin with a benchmark analysis
that concerns what happens when there is symmearaing of worker ability which in our
model means each worker’s ability becomes publicrmation at the end of the first period.
Because of our assumption thab)g’, in period 1 all workers are assigned to job Zhis
benchmark case and are paiddzE(0). Further, in period 2 worker i is assigned to dR) if
0;<(>)0’ (if 8;=0" the worker can be assigned to either job 1 or2)phs paid ¢+d;0; (c,+d0;) if
0;<(>)0’, and the worker remains with the first period eoypl8 In other words, job assignments
are efficient, pay in period 1 equals expected petidity while pay in period 2 equals realized
productivity, and there is no turnover.

Now consider asymmetric learning, i.e., only thetfperiod employer directly observes a
worker’s ability at the end of the first period lther firms draw inferences about the worker’s
ability by observing the second period job assigmm®&/e start with some preliminary results.
First, as in the benchmark case, all workers asegasd to job 1 in period 1 and are paid the
same wage. Second, in contrast to the symmetrinifep benchmark, this wage exceeds
expected productivity because it also reflects etquerents that a worker’s first period employer
earns in the following period. As is described iorendetail below, these rents are due to a
winner’s curse problem that arises because of eooffiers and asymmetric information.

We now formally state what happens in this caséwBevy is the wage paid to young
workers in period 1, while y{6;) is the wage paid to an old worker in period 2adanction of

the worker’s value fob;. All proofs are in the Appendix.

8 Related analyses of symmetric learning includerisl@nd Holmstrom (1982) and Gibbons and Waldma&9g)L.



Proposition 1: If each worker’s ability is privagedbserved at the end of period 1 by the worker’s

first period employer and N=1, then i) through dgscribe equilibrium behavior.

i) Each worker is assigned to job 1 in period 1 arghid w>c;+hE(0).

i) If d;=0, then in period 2 each worker i is assignedoto § (job 2) if6;<(>)0" (if 6;=6’
either assignment is possible), is paig(@)=c;+d;0.=c; (Wo(6;)=C,+d:0'=c;), and each
worker remains with the first period employer.

iii) If d;>0, then each worker is assigned to job 1 in peBipds paid w(0;)=c,+d:6,, and

each worker remains with the first period employer.

There are a number of results of interest in Pridiposl. First, similar to results found
initially in Greenwald (1986) and Milgrom and Os{@987), in period 2 a worker’'s wage is
equal to the lowest productivity of any worker witte same labor market signal and this is due
to the presence of the winner’s curse. The idea tsethat the first period employer knows the
worker’s ability while prospective employers carlyoobserve the job assignment offered to the
worker. Because of the counteroffer assumptiors, ylelds that prospective employers will not
bid above the lowest productivity of workers wittetsame job assignment. If they did, the first
period employer would only match when the actuabpctivity was greater than or equal to the
offered wage, so any actual hire by a prospectimpl@yer would result in losses for the hiring
firm. As a result, the market wage offer equals Itheest possible productivity of the worker
which is then matched by the first period emplogerthis is the wage.

Second, we find the main result in Golan (2005).eWproductivity at the low level job
is independent of ability as assumed by Golan (200&, d=0, then period 2 job assignments
are efficient. The logic is that promotions senge asignal of high ability as in Waldman

(1984a), but in equilibrium the wage for promotedrkers is the same as the wage for non-

9i) follows given our focus on equilibria that ninize inefficiencies. See the proof of Propositiom the
Appendix for details. Golan (2005), on the othemdhaargues that this equilibrium is more stableglige it survives
employers making assignment mistakes while theratgeilibria do not.
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promoted workers. In turn, since there is no wameease associated with promotion, firms do
not have an incentive to distort the promotion sieci so, in contrast to Waldman (1984a),
period 2 job assignments are efficiéht.

Third, we find that the result that assignments efffecient is fragile. For all ¢~0,
including very small but strictly positive values fd;, assignments are inefficient and, in fact, no
one is assigned to job 2. The logic for why thara ipromotion distortion here is similar to the
logic in Waldman (1984a) for why the promotion déan is distorted in that analysis. That is, a
promotion in this case results in a wage increask because firms have an incentive to avoid
promotion wage increases, the probability of praarois reduced below the efficient levél.

To see the argument more fully, suppogeddand there is a valug such that workers
for whom 6;<6” are not promoted and those for whém0™ are promoted. Given the winner’'s
curse argument discussed above, the wage for thrmoonoted workers would be+ta;0, while
the wage for the promoted workers would beded™. So the extra wage the firm pays a
promoted worker is ¢gd.0")-(ci+d0,). The value fof*, in turn, is the value such that the extra
productivity associated with promoting a workertwithis value just equals the increase in the
wage, i.e., (grd0")-(ci+0d107)=(c+dk0")-(c1+010,). But there is no value f@" that satisfies this
condition with the result that no one is promotéd.

So overall, Proposition 1 shows that Golan (2085¢arrect in stating that Waldman’s
(1984a) result that promotions are inefficient dig@ars when counteroffers are added to that

analysis. That is, in Waldman’s initial model outpa the low level job did not depend on

10 The above argument is incomplete in the sensetttades wages as given and then shows that assigs are
efficient given these wages. But in equilibrium theges themselves are functions of the assignmientse proof of
Proposition 1 in the Appendix there is a more catghrgument for why assignments are efficient whef.

11 Golan (2005), page 382 and footnote 13, doesattelithat her main efficiency result is due to ngevimcrease
upon promotion in her model and this is “a conseqaef production technology and distribution agstioms.”
Our analysis shows that this claim is correct dmdher, that even if ability has just an infiniteslly small effect on
productivity in the low level job, there will beveage increase upon promotion and the result iversenefficiency
in the promotion decision in the sense that noispeomoted.

12 Settingd =0, seems to satisfy the condition which suggestsithedjuiliorium everyone rather than no one is
promoted. But settin§ =0, violates the condition that prospective employewsild find it efficient to assign a
worker who moves to job 2 rather than job 1. Assivew in the proof of Proposition 1 in the AppendiXull
analysis that takes this into account yields tioadme is promoted.
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worker ability and in that case introducing couaftars eliminates the promotion distortion. But
from another perspective Golan is incorrect inralag that the promotion distortion is not
robust to introducing counteroffers into the wagetedmination process. A more realistic
assumption is that output on the low level job ddepend on worker ability. And when we
enrich the model to allow for this, even if we asguthat the extra output on the low level job is

vanishingly small, the result is a severe promotimtortion where, in fact, no one is promotéd.

C) Analysis when N1

In the previous subsection we assumed that eadtatope firm hires a single low level
worker in period 1 and then decides whether ortagromote the worker in period 2. Previous
models of promotion signaling typically assume @ita single low level worker as we assumed
in Section Il or multiple low level workers but thtaie market has limited information about the
initial employer’s promotion decisions. That is, models of the latter type it is typically
assumed that the market only observes whethertar mmrker is promoted and not the number
or proportion of workers promoted by the workemngial employert4 It is easy to show that
these two approaches yield similar equilibria inmte of the cutoff ability level required for
promotion.

But suppose instead that prospective employerkl aaserve the number or proportion
of workers who receive promotions. What is of iegris whether the promotion distortion is
robust to this change in what is publicly obserealDne might conjecture that allowing
prospective employers to observe the proportionarkers promoted would reduce the incentive

for a firm to distort the promotion decision. Thgament for why it might is that by promoting a

13 Golan (2005) also shows that outcomes in her aisatgmain efficient when human capital investmengs
introduced. We can show that, just like her masulte this result does not extend to the case iclwbutput on the
low level job depends on worker ability. Also, $&#z and Ziderman (1990), Waldman (1990), Chang\&adg
(1996), and Acemoglu and Pischke (1998) for otlagreps that consider human capital investmentsircdise of
asymmetric learning.

14 An exception is promotion signaling models chagezed by slot constraints for the managerial jofe. consider
a model of this type in the next section.
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higher number of workers a firm can signal that $leé of workers it promotes includes some
workers of lower ability. Signaling in this way shlid lower the wage that prospective employers
offer which, in turn, should reduce the subseqeennteroffers the initial employer needs to pay
to stop promoted workers from being bid away.

We formally consider this issue in Proposition 2.

Proposition 2: Suppose each worker’s ability ivgely observed at the end of period 1 by the
worker’s first period employer and>. Holding all parameters other théufixed, there exists
a valuedy* such that i) through v) describe equilibrium beioa

i) Each worker is assigned to job 1 in period 1 snpkid w>c;+d;E(0).

i) If d1=0, then in period 2 each worker i is assigne@ko] (job 2) ifo;<(>)0’ (if 6;=0', then
either assignment is possible), is paig(8)=ci+di0.=c1 (Wo(6))=C,+d.0'=c;), and each
worker remains with the first period employer.

iii) If d;>0 and N=1, then in period 2 each worker is assigagob 1, each worker i is paid
w(0i)=c;+d;0,, and each worker remains with the first period lexygyr.

iv) If d;>0, N>1, andy<64*, then in period 2 each worker is assigned toJpbach worker
i is paid wy(6i)=c;+d;0., and each worker remains with the first period leygr.

V) If d;>0, N>1, and6y>04*, then equilibria are characterized by a stricfgsitive

frequency of promotions, but promotion decisioresraot fully efficient!>

Proposition 2 tells us that for many parameteiorst having the ability to signal the
number or proportion of workers promoted does rifgica equilibrium behavior, but there is a
range of parameterizations for which the frequeatyromotions does rise. Consider first
parameterizations in whichy=D, i.e., ii) of Proposition 2. The finding that tihis case allowing

firms to signal the number or proportion of workpremoted results in no change in behavior is

15 pue to space considerations, we do not providel atiaracterization of equilibria in this casehalugh the
following discussion provides some additional ressabncerning properties of these equilibria.
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not surprising. In this case equilibrium was e#iti when firms were constrained to hire just a
single worker in period 1, so allowing firms todnimultiple young workers will not result in a
change in the nature of equilibrium since no chacee improve the efficiency of the second
period promotion decision. iii) of Proposition 2dkso straightforward since that is just the case
considered in iii) of Proposition 1.

To understand the logic fogxD and N>1, i.e., iv) and v) of Proposition 2, doies what
happens when,d0 and N=2. Specifically, consider a firm that ki workers in period 1 and
the wage offers received by these workers frompgacisve employers in period 2. This wage can
depend on the number of workers the firm promotgeere consistent with a discussion above
the wage potentially falls with the number promotadother property of this wage function is
that it must satisfy the winner’s curse constrdistussed in Section Il. That is, the wage should
be equal to the productivity at a prospective elygiof the lowest ability worker who receives a
promotion on the equilibrium path given the numbieworkers promoted.

Given this, suppose the firm promotes a singlekeoin period 2 and le#;” be the
lowest value forf that results in this outcome on the equilibriunthpalhen prospective
employers would offer this worker maxfedi0,*, c;+d.0:"}. We also know, however, that if the
worker was not promoted, then the prospective eyeptowould offer ¢+d;6,. For the firm to
find it profitable to promote this lowest abilityorker it must be the case that equation (3) is
satisfied.

(3) 3-0201")-max{c;+d;01", C+d0;")>(ci+0d1017)-(Cc1+d10,)
But there is no value fo;" that satisfies equation (3). So there cannot Isrietly positive
probability that in equilibrium the firm will promte a single worker. Another way to put this is
that the logic for why there are no promotions whgrD in Proposition 1 also tells us that on the
equilibrium path a single worker cannot be promatbén N=2.

Now suppose the firm promotes both workers anddjétbe the lowest value fob
consistent with this outcome on the equilibriumhpand let®),”™ be the ability level of the other

worker in a realization of abilities where this lkest ability worker is promoted. Prospective
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employers would offer each worker mayfd.0.", c+d:0,'}. We also know, however, that if
neither worker was promoted, then prospective eyeptowould offer each worker0;6, .
When a pair of workers is promoted, it must be nprdditable for the firm to promote the pair
than to promote neither or to promote only one.e@ithat promoting a single worker is an off-
the-equilibrium path event, the binding constramoncerns the option of promoting neither
worker16 Given that the winner's curse means that when baitkers are promoted neither
leaves, we have that for the firm to promote botinkers equation (4) must be satisfied.

(4) (C+0a02")+(Co+dk0,")-2max{c+dh0,", C+0a02"}>(Cr+di0,")+(Cr+0102)-2(c+0h6,)

If equation (4) is not satisfied, then the firm has incentive to deviate from the proposed
equilibrium behavior and promote no one.

Equation (4) immediately tells us that there dveags equilibria with no promotions. If
there are no promotions, then observing both wereomoted is an off-the-equilibrium path
event and),” in the equation can be set at any value betWeemdoy. If we setd, =04, then
inspection yields that (3) cannot be satisfiecbo no promotions is always an equilibrium.
However, since we restrict attention to equiliihiat minimize inefficiencies, this is the outcome
only when there are no other equilibria that areenficient.

To consider the statements in Proposition 2 camicgby, first note that equation (4) can
be rewritten as equation (5).

(5)  (0+d0,")-(c+dh0,7)>(C1+010,7)-(Co+ a0, ") +2max{c+di0,", c+dy0,"}-2(c1+d10,)
Note that for any fixed value dd,", if equation (5) is satisfied for some value '™,
0,'<0,""<0y, then it is satisfied whedy, "=0y. Given this, hold all other parameters fixed aetd |
0,""=0y and fix0," at some constant value. Then increasingauses the left hand side of (5) to

rise with no upper bound and the right hand sideetoain unchanged. So féy sufficiently

16 Because promoting a single worker is an off-theHéagium path event, we can choose a wage thaggective
employers will pay when they observe a single wogtemoted such that promoting a single workerisan
attractive option for the first period employer.

17 Notice that this belief is consistent with ouruasgtion concerning beliefs associated with off-gfygslibrium
path actions.
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large (5) is necessarily satisfied. This means fibvay sufficiently large there will be equilibria
in which both workers are promoted with positivelpbility, so this is the outcome given our
focus on equilibria that minimize inefficiencies.

On the other hand, suppose we hold all other petensifixed and consider what happens
asby falls and approaché®. The upper bound on the left hand side of (5sfalid approaches
zero while the right hand side of (5) has a lowaurid that is strictly positive and bounded away
from zero. So fofy sufficiently small (5) cannot be satisfied. Thisans that fofy sufficiently
small there cannot be an equilibrium in which battrkers are promoted with strictly positive
probability.

The above analysis further tells us that, evenplmameterizations for which there are
equilibria with a strictly positive probability dboth workers being promoted, there are no
equilibria in which promotion decisions are fullfigient. There are two reasons for this. First, if
one worker’s ability is abov@’ and the second worker’s ability is bel@then it is efficient to
promote a single worker. But we know that promotangingle worker is not consistent with
equilibrium behavior. So whenever a firm’s workbes/e ability realizations where it is efficient
to promote just one worker, then period 2 promotenisions will be distorted.

Second, equation (5) tells us that equilibriumnzanbe consistent with two workers
being promoted if and only if it is efficient togmote both workers. To see this, suppose there
was an equilibrium that had this property and thegis a firm with realizations for worker ability
equal to6:=06"+e and0,=0'+2¢. In this case the left hand side of equation €&sjuces to 3¢
while the right hand side reduces to @86, )+3die. So fore sufficiently small equation (5) is
not satisfied. In other words, there cannot bealibrium in which two workers are promoted
if and only if this is efficient because, startifgpm such an outcome, a firm would have an
incentive to deviate and promote no one if the twalizations for6 were both above but
sufficiently close t®'.

Note that the above discussion concerns the ca®e But it is easy to generalize the

above discussion to show that for any N the follayunust be true. First, a single worker cannot
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be promoted in equilibrium. So, if a firm’s firsepod employees have realizations éosuch
that it is efficient to promote just one workerethfor this firm promotion decisions will not be
efficient. Second, for any n<B<N, promotion decisions where exactly n workers@mmoted
will not be fully efficient. Third, as captured the proposition, the magnitude @f (holding all
other parameters fixed) determines whether or Inetet are equilibria with a strictly positive
probability of promotions.

So, in summary, having the ability to signal themier or proportion of workers
promoted can improve the efficiency of the promwotj@rocess. Specifically, this change can
move equilibrium from one in which inefficiency severe because there are no promotions to
one in which inefficiency is reduced in the sensat there is a strictly positive frequency of
promotions. But this change never results in tloenation process being fully efficient.

A final point to consider in this section is tresue of commitment. In our analysis we
assume that a firm cannot commit at the beginningh@ game to the number of workers who
will be promoted at the beginning of period 2. Bossibly some limited type of commitment is
possible. We have decided for length reasons nimictade a formal analysis of this possibility.
But it is worthwhile pointing out that giving firmsome or even substantial commitment ability
will not result in fully efficient promotion decisns in this model. For example, suppose each
firm at the beginning of period 1 could commit ton@mimum number of workers it will promote
at the beginning of period 2. Since the efficientier of workers to promote will vary with the
realizations of worker ability levels and theralways a strictly positive probability this efficie
number will be zero, this type of commitment apilinay improve the efficiency of the

promotion process but cannot result in fully effidi promotion decisions.

. SLOT CONSTRAINTS
In Section II's model there were no slot constirSpecifically, in period 2 the firm
faced no constraint concerning how many of itsqeefi workers it could promote. But in many

real world firms there are slot constraints thatilithe number of workers who can be assigned
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to managerial positions. In a setting where thpetyf slot constraint is important the standard
promotion signaling distortion that concerns thenber of promotions can disappear because the
firm has no discretion concerning how many worlaes promoted. Here we show that, even in

this type of setting, there can still be a promwotiistortion that concerns who is promoted.

A) The Model

In this section we consider a two-period model imoh there are F firms, where each
firm hires N or zero young workers in period 1 (thés no constraint on the number of old
workers employed in period 2) and production fumtsi are the same as in Section 1l. Workers
can also produce in self-employment where outpweifremployment is independent of ability
and equals z for workers in the first period of-eshployment and’zz>z, for workers in their
second period of self-employment, i.e., self-emplept exhibits learning-by-doiri§.We further
assume that z and are such that firms find it profitable to hire ymuworkers in period 1 and
between periods a worker never switches betweémsglloyment and working at a firm.

There are also three other assumptions that fudisénguish this model from the earlier
ones considered. First, there is a managerialcglostraint, i.e., in each firm there is a single
managerial job or level 2 position. Second, duth®importance of firm specific human capital
for the managerial job, only an old worker who poergly worked at a firm can staff the firm’s
managerial position. Note, this means that in getibhe managerial position is left empty.

Third, there are S,>8, schooling levels where the ability of worker ittwschooling
level s equals B(3+6;. We assume BO, while §; is a random draw from a probability density
function f(.) which does not vary across schoolgngups and which has the same properties as
previously. Given that the schooling level is natheice variable, the schooling level does not

serve as a traditional signal in our model. ButgsiB>0, firms correctly believe that the ability

18 Gjven our assumption that firms hire either N erazyoung workers in each period, assuming fresy eatses a
number of complications. So instead we assumeed fi’umber of firms and a self-employment optioncitallows
us to avoid these complications.
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distribution does vary with schooling and, in pautar, both average ability and the range of
abilities varies positively with the schooling léve/e assume B(1p>B(S)+0.. This means
that the highest ability old worker at a firm cam & worker from any of the schooling groups.
Also, there are m(s) workers in schooling grougvisere the total number of workers exceeds
NF. Further, g+tdx(B(1)+9.)>c;+d1(B(1)+0,) which ensures it is always profitable for a fitm
staff the managerial position in period®2.

Note that the model is characterized by a numbemaplifying assumptions that reduce
the scope for a promotion distortion. In particutlie number of young workers a firm hires in
period 1 is fixed and the single managerial positimust be staffed by promotion from within.
These assumptions reduce the scope for a promdistortion because with these assumptions
the number of old workers promoted is fixed. Staytwith Waldman (1984a) the standard
promotion signaling distortion is that too few werk are promoted or promotion is delayed, but
that type of distortion cannot arise here. Our nmasult in this section is that, even though this i

the case, promotion decisions are not fully effichen there are multiple schooling groups.

B) Analysis

We begin by considering how the model works indhse of symmetric learning. Given
our assumption that a young worker cannot prodacelevel 2 position, in period 1 NF young
workers with the highest values for expected ab{lighest schooling levels) are hired by firms
and assigned to job 1. Further, young worker i withooling level jshired by a firm is paid a
wage w(s), where w(.) is such that for workers in the lowest schaglgroup employed by
firms the expected payment over a worker's two quetifetime equals z+zwhile for higher
schooling groups this expected payment exceeds Zhis condition follows from competition

for jobs from workers who are self-employed in éiQuum.

19 Our assumption that the ability of worker i witthsoling level sequals B(3+6; is not essential for our results.
The gqualitative nature of the results would be amgfed as long as the minimum worker ability isrtyy positive
function of the schooling level. Also, to simplifye analysis we assume there does not exist a lsogpdevel § such
that m(S)+m(S-1)+...+m{E=NF.
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For old workers, because learning is symmetric,esagepend on worker ability but not
directly on the schooling level or the job assignin@ghe wage does depend indirectly on the
schooling level since the schooling level helpsedatne worker ability). Specifically, since an
old worker who switches employers must be assigagdb 1, the wage for each old worker i
with schooling levelisequals the worker’s productivity at job 1, i.eq(®,5)=C1+d1[B(si)+6].

Further, since an old worker’'s pay is independdrthe worker’s job assignment, firms
assign old workers to jobs efficiently. That isyen that the return to ability is higher in job 2
than in job 1, in period 2 a firm assigns the hgglability old worker to job 2 and keeps all the
other old workers in job 1 (as in the previous medtere is no turnover in equilibrium). In
other words, in this benchmark analysis the prdialof promotion rises with a worker’s
schooling level, but this is solely because expkatslity increases with schooling and not
because of any other advantage associated witlokoté°

We now turn our attention to what happens whennlagris asymmetric rather than
symmetric. With asymmetric learning the promoti@tidion will not be efficient because wages
for old workers will depend on ability, schoolirepd job assignment, as opposed to just ability.
In order to illustrate the central role of schoglin inefficient promotion decisions, we start with
the case of a single schooling group, i.e., S=1s Thse is analyzed in Proposition 3. Note,
below wy(s) again denotes the young worker wage for workerschooling group s, while

Wo(6i,S) is now the old worker wage for worker i with scotiag level s assigned to job j.

Proposition 3: If S=1, then i) through iii) desaibquilibrium behavior.

i) Each firm hires N young workers in petil and the remaining young workers are self-

20 One question concerning this model is whetherdfiwill hire workers of the same schooling levehae a more
heterogeneous set of workers. Although we do nmivshformally, the answer is that under both syrtrineand
asymmetric learning firms have incentives to hieéeehogeneous workforces. The reason is that ilngdria young
worker with high expected ability, i.e., a high aoling level, is more valuable to a firm withouhet young
workers with high expected ability because theie tiggher probability the worker will be promotexdad the
managerial job in period 2. Also, a related arguryéids that young workers with high expected igbikill
typically prefer to work at firms that employ fewher young workers with high expected ability.
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employed and remain in self-employmehnén old. Also, w(1) is such that young
workers are indifferent between selipygment and working at a firm, i.e., the expected
payment over a worker’s two-periodtlifee of working at a firm equals ztz

i) In period 2 each old worker i employed at arfiwhen young stays with the first period
employer and is paicby0;,1)=c+di[B(1)+6].

iii) In period 2 each firm assigns the oldriser in its employ with the highest ability to j@b

and the remaining old workers are amssigo job 1.

Proposition 3 has a number of interesting reskltst, wages are again determined by the
winner’s curse. Specifically, the wage for old wenrk employed at firms equals the productivity
in job 1 of the lowest ability worker, where thssthe case both for workers assigned to job 1 and
those assigned to job 2. Second, a consequenbésoksult is that, even if;g0, the wage for a
promoted old worker is the same as the wage fooldrworker assigned to job 1. This is in
contrast to the Proposition 1 result concerningwhge for promoted workers giveg>@® and no
slot constraints. There a promoted worker receigedhigher wage because of the signal
associated with promotion. But that does not anesee when S=1 because it is possible that a
promoted worker has an ability level infinitesinyatlose to B(1)#,. and combining this with the
winner’s curse yields that promoted old workers aod-promoted old workers are paid the
same wage. Third, both because firms have no dissreoncerning the proportion of workers
promoted and because promoted and non-promotedevgor&ceive the same wage, there is no
incentive to distort the promotion decision andph@motion rule is the efficient one.

We now consider equilibrium behavior given multigiehooling groups, i.e., S>1. The
main result is that the promotion wage for old vewskin lower schooling groups exceeds the

non-promotion wage and, as a result, there is m@tion distortion.

Proposition 4: If S>1, then i) through vi) descrdaguilibrium behavior.

i) Each firm hires N young workers in petil and the remaining young workers are self-
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employed and remain in self-employmehnén old.

There exists a schooling level 4<s<S, such that all young workers in each schooling
group §, s’>s, are employed at firms, all workers in each scimgoyroup § s<s, are
self-employed, and some old workers in grougre employed at firms.

The expected payment over a worker’s twariod lifetime of working at a firm for a
worker in schooling group gquals z+z while this expected payment exceeds' faza
worker in schooling group szs.

In period 2 each old worker employed dtren when young stays with the first period
employer and each such old worker i with schoolewgl s assigned to job 1 is paid
Wo,1(6;,S)=C1+di[B(Si)+6.].

In period 2, if g=0, then old worker i with schooling levelassigned to job 2 is paid
Wo 0i,5)=Wo 1(0i,5)=C1+01[B(s))+0.]=c1 and in each firm the old worker assigned to job
2 is the one with the highest ability, i.e., prorantdecisions are efficient.

In period 2, if >0, then old worker i with schooling leve] s<S, assigned to job 2 is

paid W A6i,5)>Wo,1(6i,5)=Ci1+di[B(Si)+6L], while wo (6i,S)=wb 1(6;,S)=c+d1[B(S)+0.].

Also, for some realizations of workeéiligies the promoted worker has higher schooling
but lower ability than a worker not proted, i.e., promotion decisions are not fully

efficient?

Proposition 4 tells us that when there are multgdkooling groups there is a similarity

between this model and the model analyzed in Sedtigiven N=1. In particular, in both

analyses promotion decisions are efficient wherDdout there is a promotion distortion when

d:>0. We start by discussing the case@ The first important result in this case is ttegt wage

for an old worker in each schooling group s is peteent of whether the worker is assigned to

21vj) is written to be consistent with a firm thatshat least a single old worker of each schoobnglls, s>s, and
where &S, If these conditions are not satisfied but nobldl workers at the firm have the same schoolinglle
then it is still true that for some realizationsaafrker abilities promotion decisions are not efit. See footnote 20
for a related discussion.
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job 1 or job 2. The logic is that promoting an eldrker sends a positive signal about the
worker’s ability, but because in this model progpecemployers cannot assign the worker to job
2 they are only willing to bid what the worker cdyroduce in job 1. In turn, given=D, the
positive signal about ability has no effect on mharket wage offer with the result that promoted
and non-promoted old workers are paid the same.wage

The second important result concerning the cas@ @ that promotion decisions are
efficient, i.e., the promoted old worker at eagimfis the one with the highest ability. This result
follows from the first result concerning wages. Tig since whether or not an old worker is
promoted has no effect on the worker’'s wage, thed t@age bill is not a factor in the promotion
decision. This means the promotion decision isrdeteed by the choice that maximizes current
output and, since high ability is more valuabletlie managerial or job 2 position, the firm
promotes the old worker with the highest abilitgtjiike in the symmetric learning case.

We now consider the case>@. The first main result in this case is that &ach
schooling group other than the top one, S, the vimga promoted old worker is higher than the
non-promotion wage. This is just the standard ptamosignaling result. To see the logic here,
note first that for an old worker of schooling le$ethe promotion and non-promotion wages are
the same. This is because a worker of schoolingl IBwvith ability equal to to B(SPt will be
promoted if the other workers have low enough Bbikvels (if the firm employs multiple
workers of schooling level S the worker will havestaictly positive probability of promotion
given an ability equal to B(Sht+e, for anye>0). As a result, due to the winner’s curse, both
promoted and non-promoted old workers of schodéwgl S are paidied;[B(S)+0.]. But the
same logic does not hold for old workers of schaplievel § s<S. That is, a worker of
schooling level s s<S, with ability close to B(st0, has a zero probability of promotion because
a worker from schooling group S has higher abftitysure, so the firm would prefer to promote
the group S worker (see footnote 21). So promatioa group sworker means the worker has a
value for9; strictly aboved_ which, in turn, via the winner’'s curse means thenmption wage

strictly exceeds the non-promotion wage.
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The second main result is that wher»@ promotion decisions are not fully efficient,
where the result follows from what we know abougea just discussed. Suppose that the two
highest ability old workers at a particular firmedrom schooling group,ss<S, and S. As just
discussed, if the firm promotes the worker withaaing level S there is no effect on the firm’s
total wage bill since the worker receives@[B(S)+0,] whether or not the worker is promoted.
But if the firm promotes the worker with schooliteyel s, then the worker receives a higher
wage meaning the firm’s total wage bill increadébat this means is that, if the worker with the
higher ability is the worker with schooling levelbait abilities are similar, then the worker with
schooling level S will be promoted even though hsehe is of lower ability.

Notice that the nature of the promotion distortltare and the logic for why there is a
distortion is related to the reason for promotinafiiciencies in Section I, but there are some
differences. In Section II, as in Waldman (1984mpmotion serves as a signal of high worker
ability which drives up the wage, so a firm onlpmrotes a worker if the worker’s productivity
on the high level job is significantly more tharoguctivity on the low level job. The result is
that the frequency or probability of promotionngfficiently low.

In this section’s model the promotion distortiomis that the frequency of promotion is
too low since the frequency of promotion is fixeédLAN in this model. Rather, the distortion is in
terms of who is promoted. The signaling effect mirpotion on wages varies with the worker’s
schooling level. Specifically, as captured in thatement of the proposition and the above
discussion, promotion signaling has no effect ogegafor the highest schooling group but for
lower levels of schooling a promotion causes ame@se in the wage. As a result, the decision
concerning who to promote is not fully efficient brder to lower its costs, a firm will
sometimes promote a worker of lower ability butighlkr schooling level because the wage

premium associated with promotion is lower for thizrker22

22 The result is related to theoretical findings rBhardt (1995) and DeVaro and Waldman (2012). & negers
build on Waldman’s (1984a) analysis by introducivaykers of varying schooling levels. They show thigher
levels of schooling reduce the wage premium dysmdmnotion signaling with the result that the ineifint reduction
in the probability of promotion is smaller for wens with high education levels. In our analysisvlage premium
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A final point concerning the argument in this sewatis that it can be generalized beyond
the idea that varying education levels can resuinefficiencies concerning who is promoted.
The more general point is that, if workers vary &most any reason in the extent to which
signaling causes wage increases upon promotiams fivill have an incentive to distort the
promotion decision in favor of workers for whomgatlsignaling effect is smaller. For example,
consider two workers who vary in terms of a movaogt associated with switching employers
where this difference between the workers is pibbbservable. The positive signal associated
with promotion would likely result in a higher wagecrease for the worker with the lower
moving cost. So, even if the worker with the loweoving cost had a very low probability of
leaving after a promotion, the worker's employerwdohave an incentive to favor the worker
with the high moving cost in the promotion decisietause of the smaller increase in the firm’s
total wage bill. In other words, just like in owrinal analysis above, promotion decisions would
not be fully efficient because the firm would ineiéntly favor the worker for whom the

promotion wage increase due to signaling is smaller

IV. DISCUSSION
In Sections Il and Il we explored a pair of ma&leharacterized by promotion
signaling in order to understand the extent to wipitomotion signaling results in a distortion of
the promotion decision. In each analysis we foumat,tdepending on the parameterization,
promotion decisions can be fully efficient or nbar example, along the lines of Golan (2005),
in the models considered in Sections Il and li& gromotion decision was fully efficient when
worker ability had no effect on productivity in th@wv level job. But when productivity on the
low level job increased with worker ability, themeach of those models a promotion distortion

could arise in equilibrium. We also found in Sewtidl that having multiple education groups

due to promotion signaling similarly varies withuedtion. But instead of having an effect on thessigyw of the
inefficiency concerning the probability of promatidhe result is that the wrong worker is sometipresnoted into
the single managerial position.
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can be important. That is, in that model theredspromotion distortion when all workers at a
firm have the same education level, but when thee multiple education groups then a
promotion distortion arises when productivity oe thw level job increases with worker ability.

Based on the importance of whether or not alglifgcts productivity in the low level job
for the existence of a promotion distortion in bathour models, one might be tempted to
conclude that the existence of a promotion digiartrequires ability to positively affect
productivity on the low level job. But this is olwusly incorrect. The promotion signaling
distortion was first identified in Waldman (1984a)d in the models investigated in that paper
ability had no effect on productivity in the lowvl job. So assuming that worker ability has no
effect on productivity in the low level job is netfficient to guarantee there will not be a
promotion distortion due to signaling.

But a comparison of the analysis in Waldman (1984th the analyses in Golan (2005)
and in Section Il can be used to identify the kegtdire required for a promotion signaling
distortion. In the wage determination process fidrworkers in Waldman (1984a), a worker’s
current employer first offered a wage/job assigningeir, prospective employers then observed
the job assignment and offered a wage, and thenwtirker chose a firm. In the resulting
equilibrium, being promoted to the high level joénged as a signal of high ability which led
prospective employers to offer high wages to premavorkers. In turn, the current employer
paired a high wage with promotions to stop workesm being bid away but, at the same time,
reduced the probability of promotion below the @ént level in order to avoid paying the high
promotion wage when the worker was not sufficientlyre productive in the high level job.

Now consider the analyses in Golan (2005) andeicti®n Il when ¢=0. The difference
in terms of assumptions is the wage determinationgss for old workers. In particular, in those
analyses the current employer announces a jobressit, each prospective employer observes
the job assignment and offers a wage, the curmapta@er makes a wage counteroffer, and then
workers choose firms. One result is a winner’s ewbere the old workers do not move and a

worker’'s wage equals the lowest possible produgtiai a prospective employer of any worker
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with the same labor market history. Further, praora serve as signals of high worker ability in
the sense that prospective employers correctlyewelithat promoted workers are of higher
expected ability than non-promoted workers. Butosg) as ¢=0 this does not translate into a
promotion wage that exceeds the non-promotion wRgther, the promotion and non-promotion
wages are the same and, because they are the adima, only considers productivity when
deciding who to promote and thus promotion dectsiane fully efficient.

This difference is the key feature that explainsether or not there is a promotion
distortion in each of our analyses. That is, whengwomotion signaling results in promoted
workers receiving a higher wage than non-promotedkers, then firms have an incentive to
distort the promotion decision to reduce the céshis promotion wage premium. But when the
signal does not result in a high promotion wagentfirms base their promotion decisions solely
on productivity and promotion decisions are fulfficent. In Golan (2005) and in Section Il
when d=0, promotion signaling did not result in a promatiwage increase and there was no
distortion. But in Waldman (1984a) and in Sectibwith d;>0, promotion signaling did result in
a promotion wage increase and firms promoted affigiently small number of worker®
Similarly, in Section Il when S=1 and/og=D, there was no promotion wage increase due to
signaling and promotion decisions were fully e#fiti. But when S>1 and;D, then signaling
did result in a promotion wage increase and thenptmn decision was inefficiently biased
towards workers with the highest level of education

Another interesting question is to what extentsdoemmitment ability allow firms to
avoid the promotion signaling distortion. As dissed at the end of Section I, giving firms the

ability to commit to the number of workers promoteil not result in fully efficient promotion

23 The reason that whether or netigistrictly positive is important for a higher pmotion wage due to signaling was
discussed in Section Il. The basic idea is thatabse of the counteroffer assumption and the wincerse, the
wage paid to each old worker equals the produgtatita prospective employer of the worst workehwlite same
labor market signal. The worst promoted workerighéar ability than the worst non-promoted workehéi d>0

this results in a higher wage for promoted worlginse, independent of the job assignment at a potisge

employer, the worst promoted worker is more progedhan the worst non-promoted worker. But wherOdthe
worst promoted worker has the same productivifpinl as the worst non-promoted worker. In turnainappens

in equilibrium is that the worst promoted workeefficiently assigned to job 1 (to be precise, thisker's
productivity is the same in the two jobs), so preedowvorkers earn the same amount as non-promotgargo
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decisions. The reason is that the efficient nuntbgrromote will vary with the realizations of

worker ability levels and so commitment concernihg number to promote does not result in
fully efficient outcomes. On the other hand, asvain@n Waldman (1984a), if firms can commit

to pay promoted worker and non-promoted workerssdiae higher wage where this wage is
high enough that promoted workers are not bid awlagn it is possible to get an efficient

outcome in the type of model considered in Sectibrend Ill. However, even that type of

commitment ability will not result in efficient octmes if worker effort is added such as in
Ghosh and Waldman (2010).

In summary, our analysis indicates that promotimortions due to signaling can arise as
long as the signal results in a higher promotiogevdn Sections Il and lll, whether or not the
models analyzed met this condition depended onifsppcooperties of the specifications. But, in
general, the more realistic specifications, i.bilitst positively affecting productivity on the low
level job and multiple schooling groups, are thesowhere signaling does have a positive effect
on the promotion wage and thus the specificatidragacterized by a promotion distortion. It is
also the case that various empirical studies sadtaaear (1992), Baker, Gibbs, and Holmstrom
(1994a,b), and McCue (1996) show that promotioms tgpically associated with large wage
increases, so the specifications in which the ptmnacsignal leads to a higher wage are more
realistic. We also argued that adding commitmerititpbon the part of firms concerning
promotion practices will not typically result inlfy efficient decisions. Our conclusion is thus

that theory supports the importance of a promagignaling distortion.

VI. CONCLUSION
Starting with Waldman (1984a), a large literathes investigated the signaling role of
promotions. Many of the papers in this literatunedfthat the signal is accompanied by
promotion inefficiencies. But in some of the pap#rsre is no promotion distortion and it is

argued that inefficiencies are not a general resystomotion signaling models. In this paper we



28

investigated the robustness of the promotion siggalistortion to different ways of modeling
the promotion process.

We conducted analyses of three settings in whsgmanetric learning in the labor market
leads to a promotion serving as a signal of highrkewo ability: i) a two-period model
characterized by counteroffers where each operétimghires a single worker in the first period,;
i) the same model as our first analysis excephdircan hire multiple young workers and the
number promoted is publicly observable; and iiiYwa-period model characterized by slot
constraints and multiple education groups. In eeabe we found that in the most realistic
specification promotions served as a signal, siggdked to higher promotion wages, and the
higher promotion wages led to distortions of thenpotion decision. For example, in each of our
first two analyses this was the result when woedality had a positive effect on productivity in
the low level job, while the distortion was not paf equilibrium behavior given the unrealistic
assumption that this is not the case. Also, in turd model these properties describe
equilibrium behavior given multiple education leygbut there was never a distortion under the
unrealistic assumption of a single education level.

We also identified the key property necessaryafpromotion signaling model to exhibit
a promotion distortion. We found that when the algig role of promotion results in a wage
increase upon promotion, then there is typicallpramotion distortion because in making
promotion decisions firms have an incentive to dvitie wage increase due to signaling. In
contrast, when signaling does not result in proamtiage increases, then firms focus solely on
productivity in making promotion decisions with thesult that promotion decisions are fully
efficient. This perspective explains when we se# @m not see promotion distortions in all the
analyses in this paper and also explains the exister non-existence of promotion distortions
in earlier papers such as Waldman (1984a) and GaRob).

In terms of future research, one topic that wé deserves more attention is investigating
competitive responses to promotion distortionshdf labor market is competitive, then contracts

between workers and firms should minimize inefficies which from the standpoint of the
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analyses here means minimize promotion distortidnse to signaling. A few papers have
investigated this idea. For example, in Waldmah33@a) original paper on promotion signaling
he considered the extent to which commitments toréupromotion and non-promotion wages
can reduce promotion distortions, while more rdgeMukherjee and Vasconelos (2013)
investigate the extent to which break-up fees camded to reduce the distortion. We believe,
however, that these are just two possibilities agnmany and that more attention to competitive

responses to promotion signaling distortions israrged.

APPENDIX

Proof of Proposition 1: We start with period 2. Ger first wages. For actions on the

equilibrium path, because the initial employer oaake counteroffers, other firms are willing to
offer a worker assigned to job j the worker’'s minm possible output at one of these other firms
which is based on when the initial employer assitpesworker to job j in equilibrium. In turn,
given the tie-breaking rules assumed, the initmpyer just matches these offers and then the
worker stays with the initial employer.

Now consider period 2 job assignments. Since dutges faster with ability on job 2
than on job 1, there must be a valliesuch that a worker’s initial employer assignswloeker to
job 2 if 6;>0" and assigns the worker to job 10j&0" (if the worker is assigned to job 1 with
probability one we will sap =0y while 8"=0, refers to the case where the worker is assigned to
job 2 with probability one).

Supposé™=0,. Consider the return to promoting the worker whg)_+y, y small. The
extra productivity associated with such a promotguoals [g+dx(0,+y)]-[c1+di(0.+y)] which is
strictly negative fory close to zero. Starting from a situation in whé¢k6,, when the off-the-
equilibrium path action of the worker not being maded is observed by the market, the

inference is that the worker’'s ability & (this follows from our assumption that beliefs
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concerning off-the-equilibrium path actions are gistent with each such action being taken by
the type with the smallest cost of choosing thébag. The extra cost of promoting the worker is
therefore zero. Thus, since the extra cost of ptmgdhe worker exceeds the extra productivity,
the firm will not promote the worker so we haveoatcadiction. Hencef)™>0, .

Suppose), <0*<0y. Thend” is the value fol; such that the firm is indifferent between

assigning the worker to jobs 1 and 2. In this ¢dssatisfies (AL).

(A1) [6-0107]-[c1+d10 ]=[Co+d07]-max{c,+d:0", c+d:07}

Suppose $0. Then the left hand side of (Al) is strictly fin® while the right hand side is
weakly negative. So, if;80, 0" is not in the intervalé(, 64). Given our earlier result, we have
that in this cas@™=0y, i.e., no one is promoted. This proves iii).

Suppose 0. Then the left hand side of (Al) equals zerolevithe right hand side
equals zero for any value féF that satisfie®">0". So there are multiple equilibria where the
equilibria differ in terms of the value féf. Focusing on equilibria that minimize inefficieasi
yields 87=0". The reason is that this outcome is characterizgdho inefficiencies in job
assignments. This proves i).

Now consider job assignments and wages in periddiien that from above we know
that each employer in period 1 earns positive ebgolegrofits in period 2, competition means that
wy must exceed expected productivity in period 1. 8¥& know that, givened;E(0)>c;
+dbE(0), in period 1 all workers are assigned to job &dmBining this result with the previous

result yields w>c,;+d,E(0). This proves i).

Proof of Proposition 2: i), ii), and iii) follow &m arguments in the proof of Proposition 1. Now

suppose ¢+0 and N>1. A variant of the argument that shoved there are no promotions when
N=1 yields that a single worker cannot be promotdeen N>1. Given this, suppose that in
equilibrium there is a strictly positive probakyla firm promotes n workers, 1<N. There must

be a lowest ability level corresponding to the fipmomoting n workers. Call this ability level

0,". The winner's curse vyields that when n workers ni@noted the market will offer each
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worker max{g+d:0,", c+d:0,'}, the initial employer will match this wage, anldetn workers
will all stay.

For a firm to promote n workers in equilibriumntust earn higher profits from this
action than from promoting no one. If promoting oe is an on-the-equilibrium path action,
then since the worst worker to promote i&_avorker it must be the case that some realizations
of abilities in which no one is promoted has astemne worker be &_worker. So the winner’s
curse means that when no one is promoted the markge is ¢+d0,, the initial employer
matches, and all the workers stay. If promotingne is an off-the-equilibrium path action, then
our assumption about beliefs concerning off-thefdgium path actions yields that when no one
is promoted the market wage is-d;0,, the initial employer matches, and all the worlstey.

So, for a firm to find it profitable to promoteworkers wherf," is the lowest ability
worker promoted it must be the case that (A3) hdlige, belowd,..;” is the average ability level
of the n-1 other workers.

(A3) (e+h0n")+(n-1)(cr+do0n-1")-nmax{ci+di6y”, Cr+0a0n"}

>(C+0h0n ) +(N-1)(G+hOn.1)-n(Cr+ch6))
For any fixed value fof,", 0,"<0,.1", if 0,.1"=0", then the left hand side of (A3) is strictly less
than the right hand side. In turn, sirg” cannot exceeék, both sides of (A3) are continuously
increasing infn.1", and d>d; so the left hand side increases faster Witlhf*, there exists a
smallest value fofy, holding all other parameters fixed, such that)(88nnot be satisfied for
any feasible f,", 0,.1") pair given@y is strictly less than this value. There is suchalue for
every n, Zn<N. Call the smallest of these valugs*. We now have that, iby<64*, then in
equilibrium a firm cannot promote ng<@<N workers, so the winner’s curse means each worker
is assigned to job 1, is offered+d;6,. by both the market and the initial employer, ahd t
worker stays with the initial employer. This proves

Now suppose @0, N>1, andy>04*. We first show there are equilibria that satigfg
description in iv). Suppose each firm hires n yowmgkers in period 1, while in period 2 no one

is promoted, the market offers+ci,0, to all workers, initial employers always matchd aal
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workers stay at their initial employers. Furthére off-the-equilibrium path action of a worker
being promoted would be followed by the market irfilg c,+d.04 which is consistent with our
assumption concerning beliefs following off-the-gitprium path actions. Based on these market
wage offers a first period employer would nevernpote a worker in period 2, so the situation
described in iv) is an equilibrium.

Finally, based on the definition 6f* above, if0>04*, there exist values for n aréyl’
such that (A3) is valid for certain realizationsatfility so there will be equilibria characterized
by a positive frequency of promotions. Since owuis equilibria that minimize inefficiencies,
we now have that the outcome is characterized pys#tive frequency of promotions. But note
that we know from earlier that a single worker aanbe promoted in one of these equilibria.
Since it is possible that all workers at a firm bue are characterized By0’ while the single
worker is characterized B>0', it is possible that efficiency requires the prdimo of a single
worker. Since this cannot happen in equilibriummenof these equilibria are fully efficient. This

proves v).

Proof of Proposition 3: The pair of assumptiong firaduction is profitable and that a firm hires
either N or zero young workers in period 1 yieldatteach firm hires N young workers in period
1. We also assumed that z andrz such that a worker who starts in self-employmemains in
self-employment when he or she is old, while madkearing requires thatwl) is such that the
expected compensation of working at firm over akeos two-period lifetime equals z+ZThis
proves i).

Because g£bd; and a firm takes market wage offers as givengma Wwill always have an
incentive to promote the highest ability old workEnis proves iii).

Since in period 2 a firm assigns the N-1 old weskeith the lowest abilities to job 1, the
winner’s curse yields that the market offersdi[B(1)+6,] to the old workers assigned to job 1,
the initial employer matches, and all the workersain with the initial employer. Now consider

the worker who is promoted. For asy0, there is a strictly positive probability thdk the old
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workers have ability less thahh +e. So the winner’'s curse yields that the market aers
ci1tdi[B(1)+6.] to the promoted worker, the initial employer nies, and the worker remains

with the initial employer. This proves ii).

Proof of Proposition 4: The pair of assumptiong firaduction is profitable and that a firm hires

either N or zero young workers in period 1 yieldatteach firm hires N young workers in period
1. We also assumed z andaze such that a worker who starts in self-employnmemains in
self-employment when he or she is old. This yiélds

Our assumption that self-employment productivibesl not depend on schooling and/or
worker ability while expected productivity at arfirrises with a worker’s schooling level means
that the NF young workers with the highest schaplevels are employed at firms. There is thus
a critical schooling level,’ssuch that young workers at firms with less scimgplre self-
employed, those with more schooling work at firmvkjle some or all of the workers with this
critical value for schooling work at firms. Thise{dls ii).

Market clearing requires that a worker with schaplevel $ must be indifferent between
working and not working. Given workers are risk tneband no discounting, this requires that a
young worker with schooling level’ svho works at a firm has an expected aggregate
compensation over t and t+1 equal to'zFurther, expected lifetime compensation for woske
with schooling level s, s3smust exceed this amount since on average workehs higher
schooling levels are more productive. This prdies

iv) follows using the same logic as in the probPooposition 1. That is, because of the
winner’s curse, a prospective employer will be Uhmg to pay more than;edi[B(s;)+6.] for
any worker with schooling leve| assigned to job 1 since if it did the period 1 &yer would
match if and only if the worker’s productivity wasleast equal to the wage offer. So prospective
employers offer g+dh[B(si)+0.], the first period employer matches, and the wostays with the

first period employer.
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Now consider v). If g0 and given that an old worker who switches emgigygan only
be assigned to job 1, independent of the workeh®aling level, a prospective employer is only
willing to offer ¢ to a worker assigned to job 2. In turn, by assimnpthe firm matches and the
worker stays. Further, we now have that a firm®&ltevage bill in period 2 is independent of
which old worker is assigned to job 2. Further,egivd>d;=0, a firm maximizes profits by
assigning to job 2 the worker who maximizes outpujob 2, i.e., the firm ignores the education
level and simply promotes the worker with the highebility. This proves v).

Now consider vi). Consider firm j that employedpariod 1 at least one young worker
from each schooling group, $>s' (see footnote 21). Suppose ¥0i,s)=ci1+di[B(si)+0.] for all
S, §>S. Then the firm’'s period 2 wage bill for old workewould be independent of its
promotion decision, so it would promote the workath the highest ability. But then a worker
with schooling level 'scould only be promoted if the worker’s ability was least equal to
B(S)+9.>B(s)+6.. But this is inconsistent with the promotion wdgea worker with schooling
level s being equal to;e-di[B(s")+0.]. So it is not the case thabw(6;,5)=c1+di[B(si)+6,.] for all
S, §=S.

Suppose wa(6;,5)>ci+di[B(si)+6.] for all 5, s>S. For any set of wages that satisfy this
condition, there will be realizations of worker lg®@s for the young workers employed by firm j
in period 1 such that each worker’s productivityjab 1 is less than the wage. Since one of the
workers would have to be promoted, this worker'ggvavould exceed the worker’s productivity
in job 1 in which case the wages proposed are sistent with how the winner's curse
determines wages in this model. Combining this i previous result and that the winner’s
curse means thatgm(0;,5)>c1+di[B(si)+0.], we have that w(0;,5)=c;+di[B(si)+0.] for some of
the relevantjswhile wo 2(6;,5)>c1+di[B(si)+0,] for other of the relevant.s

Suppose W (0i,S)=a+di[B(S)+'], whered >0, . Suppos®=0"-¢ and the realizations for
all the 0s for the other old workers at the firm are clasé.t If € is sufficiently small, then the
firm would promote the worker with schooling lev&l This contradicts how the winner’s curse

determines promotion wages, s® M0;,S)=g+d;[B(S)+0.]. But given this and wx(0i,5)>C1
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+dh[B(si)+6.] for all relevant s the firm would never promote a worker of schoglievel s,
s<S, if 6; is sufficiently close t@,. So w, A0;,5)>Ci+di[B(s;)+6.] for all relevant § s<S.

Now suppose gdy[B(si)+6i]=co+d[B(S)+0g]+¢, whered; is the realization of for the $
worker ands is the realization off for the S worker (and that managerial ability éach of the
other old workers in the firm in period 2 is bel®{S)+0s). Promoting the S worker does not
increase the period 2 old worker wage bill since pnomotion and non-promotion wages for
schooling group S are the same, while promotingstiveorker would increase the old worker
wage bill given earlier results. So fersufficiently small the firm would have an incermivo
promote the worker from schooling group S even ghomanagerial productivity would be

higher if the worker from schooling groupvgas promoted instead. This proves vi).
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