AN EXPLORATION OF THE PROMOTION SIGNALING DISTORTIN

by

Michael Waldman
Johnson Graduate School of Management
Cornell University
Sage Hall
lthaca, NY 14853
(607) 255-8631mw46@cornell.edu

and

Ori Zax
Department of Economics
Tel-Hai College
Upper Galilee
ISRAEL
orizax@gmail.com

September 2013

* We thank Jed DeVaro, Suman Ghosh, and David \té@tt$or conversations that were helpful in the
initial formulation of the paper.



ABSTRACT

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

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



[. INTRODUCTION

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

In Waldman’s (1984a) model there are two periods,jbbs, and workers vary in terms
of ability. In the first period all workers aresigned 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 privgtearns the worker’s ability and then at the
beginning of the second period high ability workars promoted to a high level job where
ability is more valuable. Further, because ofalgmmetric nature of the learning process,
promotions serve as signals of high worker abibtprospective employers which results in
these firms bidding more for promoted workers. €hd result is that promotions are associated
with large wage increases which are paid in ordetap workers from being bid away.

In addition to showing that promotions can hawggaaling role, Waldman also shows
that signaling can lead to a distortion. The argoiis straightforward. Because a promotion
serves as a signal of high ability, prospective leygys are willing to bid more for workers who
receive a promotion so incumbent employers givenoted workers large wage increases in
order to stop promoted workers from being bid awalge result is that, if a worker is only a
little more productive at the high level job thé&we tow level job, the worker is not promoted
because this allows the firm to increase profitegiding the large wage increase associated
with promotion. In other words, from an efficienstandpoint too few workers are promoted.

This analysis has been extended in various waysthebretically and empirically. For

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



that for many workers the distortion takes the fafmmefficiently delayed promotion rather than
no promotion. Bernhardt also shows that the degfelestortion 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 decisioh.DeVaro and

Waldman (2012) extend Bernhardt's schooling anslgsid then show evidence consistent with
the resulting testable implications using the Wwalbwn Baker, Gibbs, and Holmstrom (1994a,b)
dataset that is based on the personnel recordéradrecial services firmi. And a number of

other recent papers also find evidence consistéhttiae promotion-as-signal argument (see
Belzil and Bognanno (2010), Okamura (2011), Bogwasamd Melero (2012), and Cassidy,
DeVaro, and Kauhanen (2012)).

But it has also been argued that the promotioradilgg distortion is not a robust
theoretical result. Specifically, some authorsiarthat, even if one assumes that learning in the
labor market is asymmetric, a promotion distortigh not arise under many realistic ways of
modeling the promotion processThe first author to make an argument along tliass is
Limor Golan in her 2005 paper. She reconsidersitbeel originally considered in Waldman
(1984a) but allows for counteroffers in the wageedwaination process. She finds that
introducing counteroffers on the part of initial @oyers eliminates the promotion distortion
associated with signaling and, in addition, sheiiporates training into the analysis and shows

that training decisions are also efficient.

1 There is an extensive theoretical literature os tipic. Some of the other papers in this literatnclude Ricart
i Costa (1988), Waldman (1990), Zabojnik and Berdh@001), Owan (2004), Zabojnik (2012), and Z2Q1(2).
2 To be precise, DeVaro and Waldman (2012) devetediptions concerning probability of promotion and
predictions concerning wage inceases that accomgramyotion. They find that the promotion probalyili
predictions hold for all education groups, while firedictions concerning the size of promotion wiagecases
hold only for bachelors and masters degree holders.

3 There is substantial empirical evidence pointmgsymmetric learning in labor markets as initiafigdeled in
Greenwald (1979,1986) and Waldman (1984a). Tise fiaper to provide evidence consistent with asgtrim
learning was Gibbons and Katz (1991). In additmieVaro and Waldman (2012) mentioned above anelrot
recent papers that provide evidence for the pramedis-signal hypothesis, other recent papers toatde
evidence consistent with asymmetric learning irofabarkets include Pinkston (2009) and Kahn (2013).
Schoenberg (2007) argues that she finds weak esédien asymmetric learning, but as argued in Wald2812),
it is unclear that the test for which she claiméind no evidence for asymmetric learning is, iotfa valid test of
the asymmetric learning hypothesis.



No promotion distortion has also been found in ysed such as DeVaro and Kauhanen
(2013) and Waldman (2013) in which promotions sawsignals but there is a slot constraint,
i.e., each firm has a single managerial positida.a result, in those models firms do not have a
choice concerning how many workers to promote aedetis no promotion distortion. This is
not fully surprising because the promotion distortidentified in papers like Waldman (1984a)
and Bernhardt (1995) concerns the probability ohpstion which is not a choice variable in
these more recent papers characterized by slotragrts.

In this paper we investigate two related issuasst,Fwe consider whether Golan’s
argument is correct both in terms of an enrichediga of the specific setting she considered
and more generally. In other words, we considegtihver the promotion distortion due to
signaling is a fragile result that disappears wmeaeling is made more realistic or a more
robust result? Second, we consider the natudeegptomotion distortion. Earlier papers focus
on promotion distortions that concern the frequasrcyming of promotions. In a setting with
slot constraints, frequency or timing may not lehaice variable for the firm. We thus ask
whether there can, nevertheless, be important giommefficiencies in such a setting.

In our first analysis we focus on a setting simitathe one considered by Golan (2005).
Following Waldman (1984a), Golan assumes that gty on the low level job is
independent of worker ability. Our model is simitait we more realistically allow productivity
on the low level job to vary positively with workability. We show that Golan is correct that, if
the wage determination process allows for counter®by current employers, then there is no
promotion distortion when output on the low lea js independent of worker ability.
However, when we more realistically assume thatlpetivity on the low level job is a strictly
positive function of worker ability, then thereagpromotion distortion even when counteroffers
are possible. In other words, in what is arguéiiblymost realistic case, i.e., counteroffers and

worker ability affecting productivity on each jodvel, too few workers are promoted as in



Waldman'’s original analysis.We also show how Golan’s results concerning itngichange
when productivity on the low level job is a strycositive function of ability.

In our second analysis we increase what prospeetiygloyers can observe concerning
the promotion process. Previous models of promaignaling typically assume either a single
worker at the low level job or multiple workers llbe market cannot observe the number of
workers promoted. We assume multiple low levelkgos and allow the market to observe the
number of promoted workers, where our focus is bether allowing the market to observe the
number of promotions eliminates or at least redtivegpromotion signaling distortion.

One might conjecture that by promoting a higher benof workers a firm can signal
that some promoted workers are of lower ability.turn, this should reduce the wage offers
prospective employers make to promoted workers lwsiould reduce the incentive for the
initial employer to distort the promotion decisioWe find some, but limited, support for this
argument. Specifically, we find that allowing timarket to observe the number promoted
improves the efficiency of the promotion processiewhat, 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.

The last model we consider is a model with a singd@agerial job as in DeVaro and
Kauhanen (2013) and Waldman (2013), but we allavitfe possibility of multiple schooling
groups. We first show that, if there is a singlealing 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 therpotion process is not fully efficient because
the wrong worker is sometimes promoted. Specliichlghly educated workers are inefficiently
favored in promotion decisions because the sigmaltiaus the extra wage associated with

promotion is smaller for highly educated workers.

4 See Barron, Berger, and Black (2006) for an eroglignalysis that shows that counteroffers areutatly
employed in real world labor markets.



So our overall conclusion is that the promotiomalgg distortion is a robust result
found across multiple settings characterized bynasgtric learning. As in the initial analysis of
Waldman (1984a), in many cases the distortion teke$orm of too few promotions. But in
other settings where the frequency of promotidixexd as can be the case in a setting with slot
constraints, the distortion takes the form of therwg worker sometimes being promoted. The
bottom line is, thus, given the evidence in theréiture that supports the asymmetric learning
hypothesis (see footnote 3), theory suggests tioatqion decisions should frequently be
characterized by distortions of various types.

The outline for the paper is as follows. Sectiorohsiders a two-period model where
each firm hires a single young worker and focusethe role of the counteroffer assumption.
Section lll changes Section II's model so that daah can hire many low level workers and the
market can observe the number of promoted work8extion IV considers the efficiency of the
promotion process when there are slot constrammte high level position so inefficiency in the
frequency of promotion is not a possibility. SentV provides an overview of our analyses and

results. Section VI presents concluding remarks.

II. AN INVESTIGATION OF THE COUNTEROFFER ASSUMPTION
In this section we explore how the introductiorcotinteroffers affects the promotion
signaling distortion. Further, like Golan (2005)avalso considers this issue, we additionally
consider the efficiency of human capital investraentthis type of setting. Our main result is
that, if productivity on the low level job is aistty positive function of worker ability, then

incorporating counteroffers frequently resultsnefficiencies®

A) The Model

In this section’s model there are two periodsfiatis are identical, and there is free entry

5 The analysis in this section is related to analyseshosh and Waldman (2010) and DeVaro and Waidma
(2012).



into production. Labor is the only input and eaarker is in the labor market both periods.
Further, each firm employs either zero or one wonke@ach period, where this assumption is
relaxed in the next section’s analysis.

Worker i's ability is denoted;, whered; is a random draw from a probability density
function f@). We further assumeti>0 for all 6, <6<6 and f@)=0 for all6 outside of this
interval. In our initial specification the workacquires no human capital during his or her
career, but later we consider what happens wheergelnuman capital and firm specific human
capital are introduced.

Each firm can assign a worker to either of two jatenoted 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 givien

1) ¥i,=C1+ch0;,
while if the worker is assigned to job 2 the workerutput is given by

2) ¥.=Co+ak0;.
We assume;ec,, 0<d;<d,, andf’ is such that ¢-d;6'=c,+d:0". In other words, i6;<(>)0’, then
it is efficient to assign worker i to job 1(2). kit is thus the low level job and job 2 the high
level job, where as in Rosen (1982) and WaldmaB4hPthere is a larger return to ability in the
high level job. Let H) be the expected ability level of workers in ttopplation. We assume
that g+d,E(0)>c,+dE(0), i.e., a worker of average ability is efficiendgsigned to job 1 rather
than job 2. And we further assume that0'<0y. That is, low ability workers are more
efficiently assigned to job 1 and high ability werk to job 2.

At the beginning of period 1 each worker’s abilagyel is unknown but all firms know
that each worker’s ability is drawn from the proitisbdensity function f(.), so each worker has
an expected ability at the beginning of period Gado E). At the end of the period a worker’s
first period employer privately observes the woikability level, while as described in more
detail below other firms infer information abougetivorker’s ability by observing the second

period job the first period employer assigns thekepto.



The wage determination process in the secondgatiows for counteroffers. To be
specific, at the beginning of period 2 a workei'stfperiod employer assigns the worker to a job.
The other firms, in turn, observe this job assignhad make wage offers. The first period
employer then observes the market wage offers akdsna wage counteroffer, where we
assume that the worker stays if the first perioglesrer matches the market wage offer and that
the first period employer matches if it is indiéat between matching and not matching.

The timing of the full game is as follows. At theginning of period 1 firms
simultaneously make wage offers and each workeps#®a firm to work fof. Each firm with a
worker then assigns the worker to a job, produdiidees place and workers are paid, and then at
the end of the period each operating firm privatddgerves the ability level of its period 1
worker (if d>0, this can be because the firm privately obsetivesvorker’s output).

At the beginning of period 2 each firm that emgldya worker in period 1 offers the
worker a job assignment. The other firms in thek@athen observe these job assignments and
make wage offers to the worker. The period 1 egygsothen observe these market wage offers
and make wage counteroffers. At the end of thigen@dding process, each worker chooses to
work at the firm that offers the highest wage. cAlé multiple firms are tied in terms of the
highest wage offer, the worker chooses randomlyrantioese firms unless one was the first
period employer in which case, as indicated eater worker stays. Finally, after each worker
chooses a firm to work at in period 2, firms assignkers to jobs, workers produce, and then get
paid. Our focus is on pure strategy Perfect Bayesquilibria where beliefs concerning off-the-

equilibrium path actions are consistent with eaathsaction being taken by the type with the

6 Assuming that the first period employer matchesgsivalent to assuming that workers accumulate an
infinitesimal amount of firm specific human capjtahile the assumption that the worker stays wihexfirst
period employer matches is equivalent to assuminigfinitesimally small moving cost. We also assuthat the
market wage offer is at least the minimum outpua @forker who moves given beliefs about which woskaove
in equilibrium. This assumption is consistent wattrembling-hand type assumption where theresinall
probability that the first period employer does mtch even when doing so weakly increases prdaffitabWe
impose this assumption to rule out implausible Eopig in which an old worker stays with the firgtriod
employer and is paid less than the minimum outpabeiated with moving.

7 If two or more workers choose the same firm, tthenfirm chooses randomly among those who appinettiae
remaining workers are allowed to switch to a déferemployer.



smallest cost of choosing that action. This assiamgoncerning off-the-equilibrium path
actions is similar to the notion of a Proper Edpiilim first discussed in Myerson (1978).
Further, when there are multiple equilibria ourd®ds on equilibria that minimize inefficiencies.

This last assumption raises the hurdle requirdohtba promotion distortion.

B) Analysis without Human Capital Investments

In this subsection we consider the model withouhéi capital investments which is the
initial analysis in Golan (2005). In the next settson we introduce human capital investments.
We begin with a benchmark analysis that concerret Wappens when there is symmetric
learning of worker ability which in our model meagech worker’s ability becomes public
information at the end of the first period. Beao$our assumption that@®&6’, in period 1 all
workers are assigned to job 1 in this benchmar& easl are paidi¢d;E(0). Further, in period 2
worker i is assigned to job 1(2)G(>)0’ (if 6;=0" the worker can be assigned to either job 1 or
job 2), is paid ¢tdh0; (c+d20;) if 8;<(>)0’, and the worker remains with the first period
employer In other words, job assignments are efficieny,ipgeriod 1 equals expected
productivity while pay in period 2 equals realizgdductivity, and there is no turnover.

Now consider asymmetric learning, i.e., only thistfperiod employer directly observes a
worker’s ability at the end of the first period lmiher firms draw inferences about the worker’s
ability by observing the second period job assigmm&Ve start with some preliminary results.
First, as in the benchmark case, all workers asig@asd to job 1 in period 1 and are paid the
same wage. Second, in contrast to the symmetinileg benchmark, this wage exceeds
expected productivity because it also reflects etqubrents that a worker’s first period employer
earns in the following period. As is describednare detail 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 caseloB w is the wage paid to young

8 Related analyses of symmetric learning includeisland Holmstrom (1982) and Gibbons and Waldm&9g)L



workers in period 1, while ¥(6;) is the wage paid to an old worker in period 2 dsnction of

the worker’s value fo6;. All proofs are in the Appendix.

Proposition 1: If each worker’s ability is privagebserved at the end of period 1 by the worker’'s
first period employer, then i) through iii) des@&ibquilibrium behavior.
i) Each worker is assigned to job 1 in period 1 armhid w>c;+hE(0).
i) If d1=0, then in period 2 each worker i is assigneaho]j (job 2) if6;<(>)6’ (if 6;=0’
either assignment is possible), is paig{@)=c,+d16,=c; (Wo(8;)=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 pe2iad paid w(6;)=c,+d;0,, and

each worker remains with the first period employer.

There are a number of results of interest in Prtipoasl. First, similar to results found
initially in Greenwald (1986) and Milgrom and Os(&B87), in period 2 a worker’s wage is
equal to the lowest productivity of any worker witle same labor market signal and this is due
to the presence of the winner’s curse. The idea isehat the first period employer knows the
worker’s ability while prospective employers caryoobserve the job assignment offered to the
worker. Because of the counteroffer assumptida,yikelds 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 actuabipctivity was greater than or equal to the
offered wage, so any actual hire by a prospectiwgl@yer would result in losses for the hiring
firm. As a result, the market wage offer equaksltwest possible productivity of the worker

which is then matched by the first period emplogerthis is the wage.

9ii) follows given our focus on equilibria that ninize inefficienices. See the proof of Propositibin the
Appendix for details. Golan (2005), on the othandh, argues that this equilibrium is more stabkahee it
survives employers making assignment mistakes vhdether equilibria do not.
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Second, we find the main result in Golan (2005)aewproductivity at the low level job
is independent of ability, i.e.;€0, then period 2 job assignments are efficierite bgic is that
promotions serve as a signal of high ability agvimdman (1984a), but in equilibrium the wage
for promoted workers is the same as the wage forpromoted workers. In turn, since there is
no wage increase associated with promotion, firmmaa have an incentive to distort the
promotion decision so, in contrast to Waldman (E)8geriod 2 job assignments are effici&nt.

Third, we find that the result that assignmentsedfieient is fragile. For all ¢+0,
including very small but strictly positive valuew i), assignments are inefficient and, in fact, no
one is assigned to job 2. The logic for why thera promotion distortion here is similar to the
logic in Waldman (1984a) for why the promotion dgan is distorted in that analysis. That is, a
promotion in this case results in a wage increask laecause firms have an incentive to avoid
promotion wage increases, the probability of praarots reduced below the efficient levél.

To see the argument more fully, supposeddand there is a val@é such that workers
for whom6;<6™ are not promoted and those for whégd™ are promoted. Given the winner'’s
curse argument discussed above, the wage for tiproonoted workers would be+a, 0, while
the wage for the promoted workers would pedgd” (the latter is true under the condition that
prospective employers would find it efficient tasim such a worker to job 2 if the worker were
to switch employers). So the extra wage the fiayspa promoted worker is,feh0™)-(c1+d10,).
The value fo*, in turn, is the value such that the extra proitgtassociated with promoting a
worker with this value just equals the increasthenwage, i.e., (8-0:0")-(c1+d:10") =(c+d0")-

(c1+d10.). But there is no value fé& that satisfies this condition with the result that

10 The above argument is incomplete in the sensdtttalites wages as given and then shows that assigps are
efficient given these wages. But in equilibriure thiages themselves are functions of the assignméntbe
proof of Proposition 1 in the Appendix there is aremcomplete argument for why assignments areieffiavhen
d]_:O.

11 Golan (2005), page 382 and footnote 13, does atelithat her main efficiency result is due to ngevncrease
upon promotion in her model and this is “a consegaef production technology and distribution asgtioms.”
Our analysis shows that this claim is correct dndher, that even if ability has just an infiniteslly small effect
on productivity in the low level job, there will llewage increase upon promotion and the resulsévare
inefficiency in the promotion decision in the setis& no one is promoted.
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no one is promotett.

So overall, Proposition 1 shows that Golan (208%)irrect that Waldman’s (1984a)
result that promotions are inefficient disappeangmvcounteroffers are added to the analysis.
That is, in Waldman'’s initial model output in tren level job did not depend on worker ability
and in that case introducing counteroffers elineaahe promotion distortion. But from another
perspective Golan is incorrect in claiming that pnemotion distortion is not robust to
introducing counteroffers into the wage determomafrocess. A more realistic assumption is
that output on the low level job does depend orkesoability. And when we enrich the model
to allow for this, even if we assume that the ertrgput on the low level job is vanishingly
small, the result is a severe promotion distortidrere, in fact, no one is promoted.

It is also worth noting that, as discussed abovesmoutput on the low level job does not
depend on ability, there is no promotion distortinn there is also a prediction of no wage
increases upon promotion. In contrast, when ouwpuhe low level job does depend on ability,
then there is a promotion distortion and a prealicthat promotions will be associated with
wage increases. Since various empirical studiels as Lazear (1992), Baker, Gibbs, and
Holmstrom (1994a,b), and McCue (1996) show thatmtions are typically associated with
large wage increases, the case with a promotigartan is more plausible both because the
assumption that yields this case is more realgstat because the equilibrium in this case better

matches the real world evidence (see footnote 16 felated discussion).

C) Analysis with Human Capital Investments

The second main result in Golan (2005) is thabilteome remains efficient when
human capital investments are introduced. Indhissection we consider investments in human

capital when output on the low level job is allowedncrease with worker abilify?

12 Settingd*=0, seems to satisfy the condition which suggestsithatjuilibrium everyone rather than no one is
promoted. But setting'=0, violates the condition that prospective employeosild find it efficient to assign a
worker who moves to job 2 rather than job 1. Asslew in the proof of Proposition 1 in the Appendixull
analysis that takes this into account yields tlwabne is promoted.
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Following Golan (2005), we assume that after obegrworker ability at the end of the
first period, a firm can invest in the worker's haimcapital. Specifically, the firm makes a take-
it or leave-it offer to the worker of a fee Op(that the worker pays the firm, wheredfis the
cost to the firm of providing the training. If tinorker rejects the offer, then the worker’s
productivity in period 2 is as described earlidrthe worker accepts the offer, then output in the
high level job at the first period employer incresi$o e+d.0;+A(6;), while output in the low
level job is unchanged. It is also assumed Af@)}-C(6) is increasing i® and thatA(0n)-

C(61)>0 while A(6.)-C(06.)<0. This last assumption tells us that it is@éint for high ability
workers who are promoted to be trained but traimsngpt efficient for workers who are low
ability and/or not promoted. Further, at the bagig of period 2 prospective employers can
observe whether a worker was trained or not andethevhen training takes place, but cannot
observe either the training cost or the job 2 iaseein productivity. For this analysis we also
assume that a worker learns his or her own alatithe end of period .

The efficient training rule in this model is indekent of whether training is general or
firm specific because efficiency is consistent withturnover. Leé* be the value fof such
thatA(6*)-C(6*)=0. If 6*>0', then it is efficient for workers to be promotetiemeve;>6’ and
promoted workers to be trained whgro* (efficiency requires that non-promoted workers ar
never trained since training does not affect ouiptite low level job). 16*<@’, then efficiency
requires that all promoted workers are trainedworkers are promoted whenever equation (3)
is satisfied (when (3) holds as an equality theming with promotion and not training without

promotion are both efficient).

®3) £6020:)+[A(6:)-C(61)]>(ca+0a(6)))

13 Other papers that consider human capital invedsriarthe case of asymmetric learning include Katd
Ziderman (1990), Waldman (1990), Chang and Wan8&),%nd Acemoglu and Pischke (1998).

14 Adding this assumption to the analysis in the janes subsection has no effect on equilibrium bebravit is
also worth noting that assuming the fee is publatigervable has no effect on the results. We niagke
assumption so that our analysis is consistent Gitan’s.
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Call 0" the efficient cutoff ability level for promotiomithis model, i.e §”=6" when6*>6" and
from (3) we knowd"<0" when6*<9'.

We now consider training decisions in equilibriukVe start with the case in which
training is firm specific, i.e., the increase im@uctivity with training is given above when a
worker does not switch employers at the beginningeoiod 2, but training has no effect on

productivity at the new firm when a move occurs.

Proposition 2: If each worker’s ability is obseneatdhe end of period 1 by the worker and the

worker’s first period employer and this employegrirmakes firm specific human capital training

decisions, then i) through iii) describe equililnilbehavior.

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 all job assignment and trajrdecisions are efficient, all
workers are paid;¢training fees equal zero, and each worker remaitisthe first
period employer.

iii) If d;>0, then there exists a val@g 6°<0y, such that in period 2 worker i is not promoted
and not trained (is promoted and trained)<d” (0,>0%), is paid ¢+d0, (max{c;+d;0",
6+d.0"}), each promoted worker pays a training fee etmahax{c+d:0", +d0"}-
(g+d:0,), and each worker remains with the first periogplyer. Also,0"=0" when

0*<0" while 07>0" when0*>0'.

One result in Proposition 2 is the same findinghaSolan (2005). Whend0, both
promotion decisions and training decisions areigifit. The logic extends the reasoning given
earlier for ii) of Proposition 1. Because trainisdirm specific, the fact that there is traininas
no effect on second period equilibrium wages, aavorker in period 2 is paid @hether or not
the worker is promoted and whether or not the woiké&ained. In turn, since neither the
promotion decision nor the training decision affeztworker’s second period wage, firms have

an incentive to choose both efficiently.
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The second result of interest in Proposition 2 eoms what happens whegr@. Here
we find that promotion and training decisions aveaiways fully efficient. Also, all promoted
workers are trained. The logic behind these ressilas follows. Suppose first that the lowest
ability worker who is promoted is not trained. Thelogic similar to that presented earlier to
explain why there are no promotions in Proposifiomhen d@>0 yields there would also be no
promotions here when®0. Given this, suppose the lowest ability wonkéio is promoted is
trained. Call this value for abili§§" as in the proposition. The value fiiris determined by the
value forf such that the firm is indifferent between assigranworker to jobs 1 and 2. Given
the winner’s curse result from earlier, this coidittranslates into (4).

4) (6+d:0M)+[A(6)-C(07)]-max{ci1+d10™,co+d.0 " H+max{c,+d;0",c+dx0"}-(C 1+d10,)
=ech6™)-(c1+d16,)
Equation (4) reduces to equation (5).
(5) 2£0:07)+[A(0")-C(0")]=Co+d10”
Comparing this equation to the definition8dfyields that the cutoff ability level for promotion
in this equilibrium is efficient whef* <6’ but not wher9*>0’

Intuitively, the training fee allows the firm tomi@re the increase in the wage associated
with receiving training and being promoted. Afauit, the signal need not distort the
promotion decision even whep>@. In particular, when efficiency requires thevést ability
worker promoted to also be trained, then promotamesefficient because there is no cost to the
firm associated with promoting tl§& worker since the wage increase due to the signal i
captured by the training fee. But when efficieneguires that the lowest ability worker
promoted is not trained, then there is a promatiistortion because promoting and training in
the efficient manner would not allow the firm tgptare wage increases due to promotion
signaling for thed” worker through the training fee.

We now consider equilibrium behavior when trainimgeneral, i.e., there is an increase

in productivity with training whether or not a mowecurs.
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Proposition 3: If each worker’s ability is obsenagdhe end of period 1 by the worker and the
worker’s first period employer and this employegrirmakes general human capital training
decisions, then i) through iii) describe equililnilbehavior.

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

i) If d,=0, then in period 2 all job assignment and trardecisions are efficient, each
promoted and trained worker i is paig@)=c,+d.0*+A(6*) and pays a training fee
given by p@;)=(c,-c1)+d:0*+A(6*), each non-promoted worker i and promoted but not
trained worker i is paid w(0;)=c;, and each worker remains with the first period
employer.

iii) If d1>0, then there exists a val@g 07<0y, such that in period 2 worker i is not promoted
and not trained (is promoted and trained)<®™ (6;>0"), is paid g+d.0, (max{c;+d0",
co+do0"+A(07)}), each promoted worker pays a training fee eqoi@hax{c+d.0",
Co+00"+A(07)}-(c1+dh0,), and each worker remains with the first periogkayer. Also,

8"=0" when*<6’ while 6">0" when6*>9'.

Proposition 3 tells us that the model works sinyjlarith general training as it did with
firm specific trainingt®> First, as found initially in Golan (2005), whet¥@ the training
decisions and job assignment decisions are battiezft and there is a wage increase upon
promotion for those that are trained. But wherOd as was also true in Proposition 2, training
and promotion decisions are efficient wi&r0’ but not wherv*>0'.

The logic for why promotion and training decisiare efficient when g0 is basically
the same as why promotion decisions are efficre®roposition 1 in the case=d. The net

payment to workers is; independent of whether they are assigned to jobjdb 2 and whether

15 As indicated earlier, following Golan (2005) wesasie that prospective employers observe whetheotoa
worker is trained. It might be more realistic, lewer, to assume that training is not publicly olzable. Under
this alternative assumption it is still the casat tigiven both general and firm specific human diaining
decisions, job assignment and training decisioreffreient when ¢=0 and not fully efficient when,&0.
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they are trained or néé. So, since at the point in time that promotionisieas and training
decisions are made the firm making the decisioassbal the costs and benefits, firms have an
incentive to make these decisions in an efficiashion.

The logic for what happens whegr@ is basically the same as the logic for the caseé
in Proposition 2. The training fee allows the fitoncapture increases in the wage associated
with a worker being trained and promoted. Theltasuhat there is no promotion distortion
when efficiency requires all promoted workers taragned, but when this is not the case then
promotion decisions are distorted.

In summary, Golan (2005) shows that adding couffemto the model in Waldman
(1984a) removes the finding of a promotion ineffir@y. But Waldman’s (1984a) model had the
unrealistic feature that productivity on the lowédéjob is independent of worker ability. In this
section we explored what happens when counterddferallowed and we simultaneously relax
the assumption that productivity on the low lewad poes not depend on worker ability. Our
analysis reconfirms Golan’s findings but we alsowglthat these findings are not robust to
allowing productivity on the low level job to be artreasing function of worker ability.
Specifically, even if increases in worker abiligMe vanishingly small effects on productivity in
the low level job, the results are: i) no promosiam the absence of training decisions; ii)
inefficiencies in the promotion decision for sonagmeterizations when firm specific training is
introduced; and iii) inefficiencies in the promatidecision for some parameterizations when

general training is introduced. In other words, @oalysis indicates that introducing

16 By net payment we mean the payment after subhdtie training fee that the worker pays. Focusinghe
gross rather than net payment associated with pfomin this case, there is a wage increase upometion
which can be used to explain why numerous empistiadies find that promotions are associated wilev
increases (see the discussion at the end of th@peesubsection). But in this explanation thespre discounted
value of future promotion wage increases equalsrtiring costs paid by current low level workend it seems
unlikely that in reality such training fees areg@arenough to justify the large wage increases &ssocwith
promotion found in the empirical literature.

17 Golan (2005) also considers what happens whenes®an invest in general human capital beforerlatoket
entry, where the human capital increases produgtdri the low level job. Another interesting césahen human
capital acquisition during employment is not a cleorariable but rather all workers acquire it @arhing-by-
doing. Although both are of interest, for lengtasons we skip these cases.
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counteroffers does not in general eliminate thenatoon distortion in Waldman (1984a) type
settings, although as shown by Golan this is tnufe special case where productivity in the low

level job is independent of worker ability.

Ill. AN ANALYSIS WHEN THE NUMBER OF PROMOTIONS IS BSERVABLE

In Section Il we assumed that each firm hiresglsilow level worker in period 1 and
then decides whether or not to promote the work@eriod 2. Previous models of promotion
signaling typically assume either a single low leverker as we assumed in Section Il or
multiple low level workers but that the market fiasted information about the initial
employer’s promotion decisions. That is, in mod#lthe latter type it is typically assumed that
the market only observes whether or not a workprasnoted and not the number or proportion
of workers promoted by the worker’s initial employ® It is easy to show that these two
approaches yield similar equilibria in terms of toff ability level required for promotion.

But suppose instead that prospective employersl @iserve the number or proportion
of workers who receive promotions. What is of iagt is whether the promotion distortion is
robust to this change in what is publicly obsereallDne might conjecture that allowing
prospective employers to observe the proportionarkers promoted would have an important
effect on the incentive for an initial employerdigtort the promotion decision. That is what we

investigate in this section.

A) The Model
Here we consider the initial model considerechmprevious section, i.e., the model with
no training decisions, except firms can now hirdtiple workers in period 1. Specifically, in

period 1 each firm can hire any number of workertsvieen 0 and N, N<, where there are

18 An exception is promotion signaling models chagdzed by slot constraints for the managerial joe
consider a model of this type in the next section.
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constant returns to scale up to hiring N workeid amvorker’s productivity on each job and in
each period is the same as before.

At the beginning of period 2 each firm gives eatltis period 1 employees a period 2 job
assignment. Prospective employers then observevearker’s job assignment, the number of
these employees that the firm assigns to job heabéginning of period 2, and the number the
firm assigns to job 2. Other than these extragsexf information that prospective employers

observe at the beginning of period 2 the timingnofves is the same as before.

B) Analysis

As discussed above, the basic question is whatheng the ability to promote in a
publicly observable way a higher number of workeduces the incentive for a firm to distort
the promotion decision. The argument for why ightiis that by promoting a higher number of
workers a firm can signal that the set of workegeomotes includes some workers of lower
ability. Signaling in this way should lower the geathat prospective employers offer which, in
turn, should reduce the subsequent counteroffergittial employer needs to pay to stop
promoted workers from being bid away.

We formally consider this issue in Proposition 4.

Proposition 4: Suppose each worker’s ability isgely observed at the end of period 1 by the

worker’s first period employer and in period 2 thenber of workers a firm assigns to job 1 and

the number assigned to job 2 are both publicly oiesk Holding all parameters other thitan

fixed, there exists a valwg* such that i) through v) describe equilibrium beloa.

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

i) If d1=0, then in period 2 each worker i is assigneaho]j (job 2) if6;<(>)6’ (if 6;=0", then
either assignment is possible), is pais{®)=c;+d10,=¢; (Wo(0;)=C+d20'=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
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w(6i)=c,+d;0,, and each worker remains with the first period lexygy.

iv) If d;>0, N>1, andy<64*, then in period 2 each worker is assigned toljpbach worker
i is paid wy(6))=c1+d;0,, and each worker remains with the first period kexygr.

V) If di>0, N>1, andy>04*, then equilibria are characterized by a strigthsitive

frequency of promotions, but promotion decisioresraot fully efficient!?

Proposition 4 tells us that for many parameteiorat having the ability to signal the
number or proportion of workers promoted does fffecaequilibrium behavior, but there is a
range of parameterizations for which the frequasfqyromotions does rise. Consider first
parameterizations in which=D, i.e., ii) of Proposition 4. The finding thatthis case allowing
firms to signal the number or proportion of workpremoted results in no change in behavior is
not surprising. In this case equilibrium was eéfit when firms were constrained to hire just a
single worker in period 1, so allowing firms todmultiple young workers will not result in a
change in the nature of equilibrium since no charageimprove the efficiency of the second
period promotion decision. iii) of Propositionstadlso 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 4, doies what
happens when;80 and N=2. Specifically, consider a firm thatelsi2 workers in period 1 and
the wage offers received by these workers fromgead$ve employers in period 2. This wage
can depend on the number of workers the firm pres)yathere consistent with a discussion
above the wage potentially falls with the numbempoted. Another property of this wage
function is that it must satisfy the winner’'s cucamstraint discussed in Section Il. That is, the
wage should be equal to the productivity at a pgospe employer of the lowest ability worker

who receives a promotion on the equilibrium patlegithe number of workers promoted.

19 bue to space considerations, we do not providel liaracterization of equilibria in this casehalugh the
following discussion provides some additional resabncerning properties of these equilibria.
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Given this, suppose the firm promotes a singlekaoin period 2 and lét;* be the
lowest value fob that results in this outcome on the equilibriurthpalhen prospective
employers would offer this worker maxfedi0:*, c;+d:0:'}. We also know, however, that if the
worker was not promoted, then the prospective eyepsowould offer ¢+d,0,. For the firm to
find it profitable to promote this lowest abilityorker it must be the case that equation (6) is
satisfied.

(6) (@-dx0,")-max{c;+dh0,”", c+d0;")>(c1+d1017)-(C1+0h0,)
But there is no value fdh" that satisfies equation (6). So there cannot $teicily positive
probability that in equilibrium the firm will prome 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 promaretthis section’s model.

Now suppose the firm promotes both workers anéblebe the lowest value fér
consistent with this outcome on the equilibriumhpand le®,™ be the ability level of the other
worker in a realization of abilities where this kest ability worker is promoted. Prospective
employers would offer each worker max{d;0.",c;+d:0>"}. We also know, however, that if
neither worker was promoted, then prospective eyeptowould offer each workeg-€d;0, .

When a pair of workers is promoted, it must be npycditable for the firm to promote the pair
than to promote neither or then to promote onevefsthat promoting a single worker is an off-
the-equilibrium path event, the binding constramhcerns the option of promoting neither
worker20 Given that the winner’s curse means that wheh tatrkers are promoted neither
leaves, we have that for the firm to promote botinkers equation (7) must be satisfied.

(7) (Co+d0;")+(Co+ 020, ")-2max{c+0h0,", G+ b0y} >(cr+0h0,7)+(Cr+0d10,")-2(cr+d6,)
If equation (7) is not satisfied, then the firm laasincentive to deviate from the proposed

equilibrium behavior and promote no one.

20 Because promoting a single worker is an off-theiléarium path event, we can choose a wage thapective
employers will pay when they observe a single wogtemoted such that promoting a single workerdsan
attractive option for the first period employer.
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Equation (7) immediately tells us that there dneags equilibria with no promotions. If
there are no promotions, then observing both werkesmoted is an off-the-equilibrium path
event and," in the equation can be set at any value betweandd,. If we setd, =0y, then
inspection yields that (6) cannot be satisfiedo no promotions is always an equilibrium.
However, since we restrict attention to equilidhiat minimize inefficiencies, this is the outcome
only when there are no other equilibria that areenaficient.

To consider the statements in Proposition 4 comegby, first note that equation (7) can
be rewritten as equation (8).

(8) (G0, )-(Cr+0102 ) >(Cr+0h0,")-(Cot b0, )+2max{c+010,", C+0:0,"}-2(C1+0:6,)
Note that for any fixed value 6%", if equation (8) is satisfied for some value @g1",
0,'<0,""<By, then it is satisfied whefy"=0y. Given this, hold all other parameters fixed astd |
0, =0y and fix8," at some constant value. Then increa$ingauses the left hand side of (8) to
rise with no upper bound and the right hand sidemaeain unchanged. So fay sufficiently
large (8) is necessarily satisfied. This meansftiraby sufficiently large there will be equilibria
in which both workers are promoted with positivelmability, so this is the outcome given our
focus on equilibria that minimize inefficiencies.

On the other hand, suppose we hold all other petersfixed and consider what happens
asby falls and approachds. The upper bound on the left hand side of (8% fahd approaches
zero while the right hand side of (8) has a lowaurid that is strictly positive and bounded away
from zero. So fofy sufficiently small (8) cannot be satisfied. Thigans that foéy
sufficiently small there cannot be an equilibriumwhich both workers are promoted with
strictly positive probability.

The above analysis further tells us that, evempéwameterizations for which there are
equilibria with a strictly positive probability dfoth workers being promoted, there are no

equilibria in which promotion decisions are fullffieient. There are two reasons for this. First,

21 Notice that this belief is consistent with ourwsgtion concerning beliefs associated with off-tagslibrium
path actions.
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if one worker’s ability is above’ and the second worker’s ability is belélvthen it is efficient

to promote a single worker. But we know that pranga single worker is not consistent with
equilibrium behavior. So whenever a firm’s workkeve ability realizations where it is efficient
to promote just one worker, then period 2 promotlenisions will be distorted.

Second, equation (8) tells us that equilibriumncarbe consistent with two workers
being promoted if and only if it is efficient toggnote both workers. To see this, suppose there
was an equilibrium that had this property and theas a firm with realizations for worker ability
equal to9;=0"+e and06,=0"+2¢. In this case the left hand side of equatiorr¢8)ces to 3g
while the right hand side reduces ta@d6,)+3die. So fore sufficiently small equation (8) is
not satisfied. In other words, there cannot beaguilibrium in which two workers are promoted
if and only if this is efficient because, startingm such an outcome, a firm would have an
incentive to deviate and promote no one if the teadizations fof were both above but
sufficiently close t®'.

Note that the above discussion concerns the cae But it is easy to generalize the
above discussion to show that for any N the follayunust be true. First, a single worker cannot
be promoted in equilibrium. So, if a firm’s firgeriod employees have realizations@i@uch
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 workerspamnoted
will not be fully efficient. Third, as captured the proposition, the magnitude &f (holding all
other parameters fixed) determines whether orhregetare equilibria with a strictly positive
probability of promotions.

So, in summary, having the ability to signal thener or proportion of workers
promoted can improve the efficiency of the promofjiwocess. Specifically, in the case of no
human capital investments, this change can movéitagum from one in which inefficiency is
severe because there are no promotions to oneiamwiefficiency is reduced in the sense that
there is a strictly positive frequency of promosorBut this change never results in the

promotion process being fully efficient.
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A final point to consider in this section is tlssue of commitment. In our analysis we
assume that a firm cannot commit at the beginnfrigeogame to the number of workers who
will be promoted at the beginning of period 2. Paossibly some limited type of commitment is
posible. We have decided for length reasons niviclade 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 decisins in this model. For example, suppose each
firm at the beginning of period 1 could commit tsmmaimum number of workers it will promote
at the beginning of period 2. Since the efficieainber of workers to promote will vary with the
realizations of worker ability levels and theraiways a strictly positive probability this efficie
number will be zero, this type of commitment aliltay improve the efficiency of the

promotion process but cannot result in fully effidi promotion decisions.

IV. SLOT CONSTRAINTS

In Section llII's model where a firm could hire mple young workers in period 1 there
were no slot constraints. Specifically, in peribthe firm faced no constraint concerning how
many workers it could promote. But in many reafidirms managerial positions are
characterized by slot constraints that limit thenber of workers who can be assigned to
managerial positions. In a setting where this tyfpglot constraint is important the standard
promotion signaling distortion that concerns thenber of promotions can disappear because the
firm has no discretion concerning how many worleespromoted. 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 ok there are F firms, where each
firm hires N or zero young workers in period 1 (e no constraint on the number of old
workers employed in period 2) and production fumtsi are the same as in Section Il. Workers

can also produce in self-employment where outpseliremployment is independent of ability
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and equals z for workers in the first period of-eehployment and’zz>z, for workers in their
second period of self-employment, i.e., self-emplegt exhibits learning-by-doirfg. We
further assume that z antaze such that firms find it profitable to hire ymuworkers in period 1
and between periods a worker never switches betagléemployment and working at a firm.

There are also three other new assumptions thiiefudistinguish this model from the
earlier ones considered. First, there is a mar@gdot constraint. That is, in each firm these i
a single managerial job or level 2 position. Segalue to the importance of firm specific
human capital for the managerial position, onlypklhworker who previously worked at a firm
can staff the firm’s managerial position. Notettthes means that in period 1 the managerial
position is left unfilled.

Third, there are S,>8, schooling levels where the ability of workeritmschooling
level s equals B($+6;. We assume B0, while6; is a random draw from a probability density
function f(.) which does not vary across schoolyngups and which has the same properties as
previously. Given that the schooling level is aathoice variable, the schooling level does not
serve as a traditional signal in our model. Buge B>0, firms correctly believe that the ability
distribution does vary with schooling and, in pautar, both average ability and the range of
abilities varies positively with the schooling Iévé&Ve assume B(1p>B(S)+0.. This means
that the highest ability old worker at a firm candworker from any of the schooling grodps.
Also, there are m(s) workers in schooling grouglsere the total number of workers exceeds
NF. Further, grdy(B(1)+0.)>c:+d;1(B(1)+9.) which ensures it is always profitable for a fiton
staff the managerial position in period 2.

Note that the model is characterized by a numbsingplifying assumptions that reduce

the scope for a promotion distortion. In particuthe number of young workers a firm hires in

22 Gjven our assumption that firms hire either N erczyoung workers in each period, assuming freg/eaises a
number of complications. So instead we assumeed fiumber of firms and a self-employment optioricivh
allows us to avoid these complications.

23 Qur assumption that the ability of worker i witthsoling level sequals B(3+6; is not essential for our results.
The qualitative nature of the results would be amgfed as long as the minimum worker ability isrecthy

positive function of the schooling level.
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period 1 is fixed and the single managerial positinust 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. Stgrtvith 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. Ourmmasult in this section is that, even though this

is the case, promotion decisions are not fullycedfit when there are multiple schooling groups.

B) Analysis

We begin by considering how the model works indage of symmetric learning. Given
our assumption that a young worker cannot produeelével 2 position, in period 1 NF young
workers with the highest values for expected abfhighest schooling levels) are hired by firms
and assigned to job 1. Further, young worker nwithooling level;shired by a firm is paid a
wage W (s) that satisfies w(s)>c;+dh[B(si)+E(6i)]. The reason the wage exceeds expected first
period productivity is that, as described below,dach worker there is a strictly positive
probability the worker’s productivity in period Zlivexceed the worker’s wage. So, in
anticipation of this, competition for young workehsves the wage above expected productivity.

For old workers, because learning is symmetric,egatepend on worker ability but not
directly on the schooling level or the job assigntr(¢ghe wage does depend indirectly on the
schooling level since the schooling level helpedatne worker ability). Specifically, since an
old worker who switches employers must be assigmgob 1, the wage for each old worker i
with schooling levelisequals the worker’s productivity at job 1, i.eq(y,5)=C1+di[B(si)+6i].

Further, since an old worker’s pay is independétih® worker’s job assignment, firms
assign old workers to jobs efficiently. That isjem that the return to ability is higher in job 2
than in job 1, in period 2 a firm assigns the hgjtability old worker to job 2 and keeps all the
other old workers in job 1 (as in the previous msgdiere is no turnover in equilibrium). In
other words, in this benchmark analysis the prdimloif promotion rises with a worker’s

schooling level, but this is solely because expmkatality increases with schooling and not
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because of any other advantage associated witlokohé*

We now turn our attention to what happens whemlagris asymmetric rather than
symmetric. With asymmetric learning the promotitacision will not be efficient because
wages for old workers will depend on ability, scliwg, and job assignment, as opposed to just
ability. In order to illustrate the central roleszhooling in inefficient promotion decisions, we
start with the case of a single schooling grouwg, 5=1. This case is analyzed in Proposition 5.
Note, below w(s) again denotes the young worker wage for workesshooling group s, while

Wo,(0i,S) is now the old worker wage for worker i with schiag level $ assigned to job j.

Proposition 5: If S=1, then i) through iii) desaibquilibrium behavior.

)] Each firm hires N young workers in petil and the remaining young workers are self-
employed and remain in self-employmehnén old. Also, w(1) is such that young
workers are indifferent between selfpdsyment and working at a firm, i.e., the expected
payment over a worker’s two-periodtlifee of working at a firm equals z4z

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

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

and the remaining old workers are amsigo job 1.

Proposition 5 has a number of interesting resiftisst, wages are again determined by
the winner’s curse. Specifically, the wage for wlorkers employed at firms equals the

productivity in job 1 of the lowest ability workemhere this is the case both for workers assigned

24 One question concerning this model is whetherdiwiil hire workers of the same schooling levehoe a more
heterogeneous set of workers. Although we do hotvst formally, the answer is that under both syeinic and
asymmetric learning firms have incentives to hieéehogeneous workforces. The reason is that ilmghdra young
worker with high expected ability, i.e., a high soling level, is more valuable to a firm withouhet young
workers with high expected ability because ther isgher probability the worker will be promotedd the
managerial job in period 2. Also, a related argonygelds that young workers with high expectedighbivill
typically prefer to work at firms that employ fewher young workers with high expected ability.
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to job 1 and those assigned to job 2. Secondnsetence of this result is that, evern#@)
the wage for a promoted old worker is the samé&asvage for an old worker assigned to job 1.
This is in contrast to the Proposition 1 resulta@ning the wage for promoted workers given
d;>0 and no slot constraints. There a promoted waeaeived a higher wage because of the
signal associated with promotion. But that doesanise here when S=1 because it is possible
that a promoted worker has an ability level infsimally close to B(1)9r and combining this
with the winner’s curse yields that promoted oldkess and non-promoted old workers are paid
the same wage. Third, both because firms havestoetion concerning the proportion of
workers promoted and because promoted and non-pedmamrkers receive the same wage,
there is no incentive to distort the promotion diexi and the promotion rule is the efficient one.
We now consider equilibrium behavior given multiptshooling groups, i.e., S>1. The
main result is that the promotion wage for old vavekin lower schooling groups exceeds the

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

Proposition 6: 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-

employed and remain in self-employmehnén old.

i) There exists a schooling levé| $<s'<S, such that all young workers in each schooling
group $, s™>s, are employed at firms, all workers in each scimgogroup § s<s, are
self-employed, and some (maybe all) old workergroup $ are employed at firms.

iii) The expected payment over a worker’s{pesiod lifetime of working at a firm for a
worker in schooling group equals z+7 while this expected payment is at least this
amount for a worker in schooling group 35's

iv) In period 2 each old worker employed &t when young stays with the first period
employer and each such old worker i with schooléwg! s assigned to job 1 is paid
Wo,1(0i,5)=C1+d1[B(S;)+0L].

V) In period 2, if ¢=0, then old worker i with schooling levelassigned to job 2 is paid
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Wo 2(6i,5)=Wo 1(8i,5)=C1+d1[B(si)+6.]=c; and in each firm the old worker assigned to job
2 is the one with the highest ability, i.e., promantdecisions are efficient.

Vi) In period 2, if @>0, then old worker i with schooling leve] $<S, assigned to job 2 is
paid W 2(6i,5)>Wo 1(0i,S)=C1+h[B(s)+6.], while wo o(6i,S)=W6 1(6;,S)=G+d:[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 6 tells us that when there are multggleooling groups there is a similarity
between this model and the model analyzed in Sedtidn particular, in both models
promotion decisions are efficient wheyx@ but there is a promotion distortion wher@ We
start by discussing the casg=@. The first important result in this case isttte wage for an old
worker in each schooling group s is independenmttadther the worker is assigned to job 1 or job
2. The logic is that promoting an old worker seagmsitive signal about the worker’s ability,
but because in this model prospective employersataassign the worker to job 2 they are only
willing to bid what the worker could produce in jab In turn, given ¢=0, the positive signal
about ability has no effect on the market wageroff¢h 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 eacinfis the one with the highest ability. This resul
follows from the first result concerning wages.atIs, since whether or not an old worker is
promoted has no effect on the worker’s wage, tted Wage bill is not a factor in the promotion

decision. This means the promotion decision isrd@ned by the choice that maximizes current

25yi) is written to be consistent with a firm thatshat least a single old worker of each schoobnglls, s>, and
where &S. If these conditions are not satisfied but nbokd workers at the firm have the same schoolengl,
then it is still true that for some realizationswadrker abilities promotion decisions are not éffit. See footnote
24 for a related discussion.
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output and, since high ability is more valuabléhe managerial or job 2 position, the firm
promotes the old worker with the highest abilitgtjlike in the symmetric learning case.

We now consider the casg>@. The first main result in this case is thatdach
schooling group other than the top one, S, the iaga promoted old worker is higher than the
non-promotion wage. This is just the standard mtoon signaling 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 schooliwe [ with ability equal to to B(SPt will be
promoted if the other workers have low enough ghdvels (if the firm employs multiple
workers of schooling level S the worker will havstactly positive probability of promotion
given an ability equal to B(S¥t+e, for anye>0). As a result, due to the winner’s curse, both
promoted and non-promoted old workers of schodkngl S are paidied,[B(S)+0.]. But the
same logic does not hold for old workers of schaplevel § s<S. That is, a worker of
schooling level s s<S, with ability close to B(s+0, has a zero probability of promotion because
a worker from schooling group S has higher abibtysure, so the firm would prefer to promote
the group S worker (see footnote 25). So promatioe group sworker means the worker has a
value for6; strictly aboved, which, in turn, via the winner’s curse means thaption wage
strictly exceeds the non-promotion wage.

The second main result is that whgr@ promotion decisions are not fully efficient,
where the result follows from what we know abougesjust 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 withaihng level S there is no effect on the firm’s
total wage bill since the worker receivesd[B(S)+0,] whether or not the worker is promoted.
But if the firm promotes the worker with schoolileyel s, then the worker receives a higher
wage meaning the firm’s total wage bill increas@ghat this means is that, if the worker with
the higher ability is the worker with schooling &g but abilities are similar, then the worker

with schooling level S will be promoted even thodmghor she is of lower ability.
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Notice that the nature of the promotion distorti@me and the logic for why there is a
distortion is related to the reason for promotioefiiciencies in earlier sections, but there are
some differences. In earlier sections, as in Waltf984a), promotion serves as a signal of
high worker ability which drives up the wage, sfiran only promotes a worker if the worker’s
productivity on the high level job is significantiyore than productivity on the low level job.
The result is that the frequency or probabilitpodmotion is inefficiently low.

In this section’s model the promotion distortiomdt that the frequency of promotion is
too low since the frequency of promotion is fixed AN in this model. Rather, the distortion is
in terms of who is promoted. The signaling effdgbmmotion on wages varies with the
worker’s schooling level. Specifically, as captline the statement of the proposition and the
above discussion, promotion signaling has no etfaatvages for the highest schooling group but
for lower levels of schooling a promotion causesnanease in the wage. As a result, the
decision concerning who to promote is not fullyjeént. In order to lower its costs, a firm will
sometimes promote a worker of lower ability buighler schooling level because the wage
premium associated with promotion is lower for thizrker26

A final point concerning the argument in this sectis that it can be generalized beyond
the idea that varying education levels can resultefficiencies concerning who is promoted.
The more general point is that, if workers varydbnost any reason in the extent to which
signaling causes wage increases upon promotions fivill have an incentive to distort the
promotion decision in favor of workers for whomalisignaling effect is smaller. For example,
consider two workers who vary in terms of a mowogt associated with switching employers

where this difference between the workers is pijpbibservable. The positive signal associated

26 The result is related to theoretical findings erBhardt (1995) and DeVaro and Waldman (2012). s€éhapers
build on Waldman'’s (1984a) analysis by introducimykers of varying schooling levels. They showt thigher
levels of schooling reduce the wage premium dymdmotion signaling with the result that the ineiint
reduction in the probability of promotion is smalfer workers with high education levels. In omadysis the
wage premium due to promotion signaling similardyigs with education. But instead of having ae&fbn the
severity of the inefficiency concerning the probigpiof promotion, the result is that the wrong \er is
sometimes promoted into the single managerial posit
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with promotion would likely result in a higher wagperease for the worker with the lower
moving cost. So, even if the worker with the lowssving cost had a very low probability of
leaving after a promotion, the worker’'s employemdohave an incentive to favor the worker
with the high moving cost in the promotion decisi@tause of the smaller increase in the firm’s
total wage bill. In other words, just like in di@rmal analysis above, promotion decisions would
not be fully efficient because the firm would iriei@ntly favor the worker for whom the

promotion wage increase due to signaling is smaller

V. DISCUSSION

In Section Il through IV we explored a series afdals characterized by promotion
signaling in order to understand the extent to wipimmotion signaling results in a distortion of
the promotion decision. In each analysis we fotlnad, depending on the parameterization,
promotion decisions can be fully efficient or nétor example, along the lines of Golan (2005),
in the models considered in Sections Il throughthé, promotion decision was fully efficient
when worker ability had no effect on productivitythe low level job. But when productivity on
the low level job increased with worker abilityethin each of those models a promotion
distortion could arise in equilibrium. We also folin Section IV that having multiple education
groups can be important. That is, in that modetehs no promotion distortion when all workers
at a firm have the same education level, but wheretare multiple education groups then a
promotion distortion arises when productivity oe tbw level job increases with worker ability.

Based on the importance of whether or not akdlifgcts productivity in the low level job
for the existence of a promotion distortion inalbur models, one might be tempted to
conclude that the existence of a promotion distartequires ability to positively affect
productivity on the low level job. But this is dbusly incorrect. The promotion signaling
distortion was first identified in Waldman (1984ajd in the models investigated in that paper

ability had no effect on productivity in the lowd job. So assuming that worker ability has no
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effect on productivity in the low level job is nexfficient 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 legtdire required for a promotion signaling
distortion. In the wage determination processfdrworkers in Waldman (1984a), a worker’s
current employer first offered a wage/job assigninpaiir, prospective employers then observed
the job assignment and offered a wage, and thewahieer chose a firm. In the resulting
equilibrium, being promoted to the high level ja@nsed as a signal of high ability which led
prospective employers to offer high wages to pradaetorkers. In turn, the current employer
paired a high wage with promotions to stop workess 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 analysis in Golan (2005) anddati®n Il when ¢=0. The difference
in terms of assumptions is the wage determinatrongss for old workers. In particular, in those
analyses the current employer announces a jobressigf, each prospective employer observes
the job assignment and offers a wage, the curraptayer makes a wage counteroffer, and then
workers choose firms. One result is a winner'sewrhere the old workers do not move and a
worker’'s wage equals the lowest possible produgtati a prospective employer of any worker
with the same labor market history. Further, proams serve as signals of high worker ability
in the sense that prospective employers correeligye that promoted workers are of higher
expected ability than non-promoted workers. Buhimcase g0 this does not translate into a
promotion wage that exceeds the non-promotion wa&gher, the promotion and non-
promotion wages are the same and, because théyeasame, a firm only considers productivity
when deciding who to promote and thus promotionsitats are fully efficient.

This difference is the key feature that explaifether or not there is a promotion
distortion in each of our analyses. That is, when@romotion signaling results in promoted

workers receiving a higher wage than non-promoterkers, then firms have an incentive to
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distort the promotion decision to reduce the cbshis 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 fultffjagent. In Golan (2005) and in Sections Il
and Il when @=0, promotion signaling did not result in a proroatiwvage increase and there was
no distortion. But in Waldman (1984a) and in Sawtill and Il with d>0, promotion signaling
did result in a a promotion wage increase and fipnasnoted an inefficiently small number of
workersz728 Similarly, in Section IV when S=1 and/oj=@, there was no promotion wage
increase due to signaling and promotion decisioam®\ully efficient. But when S>1 and>®,
then signaling did result in a promotion wage iaseeand the promotion decision was biased
towards workers with the highest level of education

In summary, our analysis indicates that promotistortions due to signaling can arise as
long as the signal results in a higher promotiogevaln Sections Il through IV, whether or not
the models analyzed met this condition dependespenific properties of the specifications.
But, in general, the more realistic specificatidres, ability positively affecting productivity on
the low level job and multiple schooling groups #re ones where signaling does have a
positive effect on the promotion wage and thussgiecifications characterized by a promotion

distortions. It also seems from a real world pecspe quite realistic that, if promotion signals

27 The reason that whether or netislstrictly positive is important for a higher protion wage due to signaling
was discussed in Section Il. The basic idea i§ terause of the counteroffer assumption and theex's curse,
the wage paid to each old worker equals the prodtycat a prospective employer of the worst workéth the
same labor market signal. The worst promoted wdgkhigher ability than the worst non-promoted keot
When d>0 this results in a higher wage for promoted woslgnce, independent of the job assignment at a
prospective employer, the worst promoted workendse productive than the worst non-promoted worlgut
when d=0 the worst promoted worker has the same prodtictivjob 1 as the worst non-promoted worker. In
turn, what happens in equilibrium is that the wanstmoted worker is efficiently assigned to joktd lfe precise,
this worker’s productivity is the same in the tvabb$), so promoted workers earn the same amourdras n
promoted workers.

28 One exception is Section II's analysis with hursapital training for parameterizations for whichvias
efficient for all promoted workers to be traineld. that case promotions did result in wage incredse there was
no promotion distortion. The logic was that afabtracting off the training fee the worker’'s netrpensation
was independent of whether or not the worker waspted. So the firm had no incentive to distoet pnomotion
decision in order to avoid the higher wage assediatith promotion.
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higher ability, the result would be a higher waga we believe that our analysis shows that
theory supports the importance of a promotion siggalistortion.
VI. CONCLUSION

Starting with Waldman (1984a), a large literatioas investigated the signaling role of
promotions. Many of the papers in this literatiine that the signal is accompanied by
promotion inefficiencies. But in some of the papttrere is no promotion distortion and it is
argued that inefficiencies are not a general resydtomotion signaling models. In this paper
we investigated the robustness of the promotionadigg distortion to different ways of
modeling the promotion process.

We considered three different models in which asgtnic learning in the labor market
leads to a promotion serving as a signal of highkewoability: i) a two-period model
characterized by counteroffers; ii) an extensionwffirst framework in which firms hire
multiple young workers and the number promotecduisliply observable; and iii) a two-period
model characterized by slot constraints and meltgalucation groups. In each case we found
that in the most realistic specifications promaosi@erved as a signal, signaling led to higher
promotion wages, and the higher promotion wagegigstly led to distortions of the promotion
decision. For example, in each of our first twalgses this was the result when worker ability
had a positive effect on productivity in the lowééjob, while the distortion was not part of
equilibrium behavior given the unrealistic assummptihat this is not the case. Also, in our third
model these properties describe equilibrium behlayiveen multiple education levels, but there
was never a distortion under the unrealistic assiampf a single education level.

We also identified the key property necessarafpromotion signaling model to exhibit
a promotion distortion. We found that when thenalmg role of promotion results in a wage
increase upon promotion, then there is typically@notion distortion because in making
promotion decisions firms have an incentive to dwbe wage increase due to signaling. In
contrast, when signaling does not result in proamtage increases, then firms focus solely on

productivity in making promotion decisions with thesult that promotion decisions are fully
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efficient. This perspective explains when we sado not see promotion distortions in all the
analyses in this paper and also explains the &xigter non-existence of promotion distortions
in earlier papers such as Waldman (1984a) and GaRob).

In terms of future research, one topic that wédeserves more attention is investigating
competitive responses to promotion distortionghéflabor market is competitive, then contracts
between workers and firms should minimize ineffiies which from the standpoint of the
analyses here means minimize promotion distortiluesto signaling. A few papers have
investigated this idea. For example, in Waldm#&h384a) original paper on promotion
signaling he considered the extent to which commitis to future promotion and non-
promotion wages can reduce promotion distortiorsleamore recently Mukherjee and
Vasconelos (2013) investigate the extent to whiglak-up fees can be used to reduce the
distortion. We believe, however, that these asétjyo possibilities among many and that more

attention to competitive responses to promotionaligg distortions is warranted.

APPENDIX

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

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

Now consider period 2 job assignments. Sinceudutpes faster with ability on job 2
than on job 1, there must be a valissuch that a worker’s initial employer assignswiueker to
job 2 if6;>0" and assigns the worker to job Di0" (if the worker is assigned to job 1 with
probability one we will sa§™=6y while 67=0, refers to the case where the worker is assigned to

job 2 with probability one).
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Suppos®*=0,. Consider the return to promoting the worker wief,_+y, y small. The
extra productivity associated with such a promogqnals [e+d,(0,+y)]-[c1+d1(6.+y)] which is
strictly negative foy close to zero. Starting from a situation in whééhe,, when the off-the-
equilibrium path action of the worker not beingmated is observed by the market, the
inference is that the worker’s abilitybs (this follows from our assumption that beliefs
concerning off-the-equilibrium path actions aresistent with each such action being taken by
the type with the smallest cost of choosing thébay. The extra cost of promoting the worker
is therefore zero. Thus, since the extra costaipting the worker exceeds the extra
productivity, the firm will not promote the workeo we have a contradiction. Hen@&0,.

Supposé, <0'<0y. Thend™ is the value fob; such that the firm is indifferent between
assigning the worker to jobs 1 and 2. In this ¢asatisfies (A1).

(A1) [6-d10°]-[c1+d10 ]=[c2+do0"]-max{ci+dh0", c+d.0"}

Suppose ¢#0. Then the left hand side of (Al) is strictlysgitve while the right hand side is
weakly negative. So, if;g0, 0" is not in the intervalf(, 64). Given our earlier result, we have
that in this cas@"=6y, i.e., no one is promoted. This proves iii).

Suppose g=0. Then the left hand side of (Al) equals zerdenine right hand side
equals zero for any value forf that satisfie®™>0". So there are multiple equilibria where the
equilibria differ in terms of the value féf. Focusing on equilibria that minimize inefficiees
yields0™=0". The reason is that this outcome is charactetigatb inefficiencies in job
assignments. This proves i).

Now consider job assignments and wages in perio@iten that from above we know
that each employer in period 1 earns positive ebggigprofits in period 2, competition means that
wy must exceed expected productivity in period 1. al¢e know that, givemed,E(0)>c;
+bE(0), in period 1 all workers are assigned to joiChmbining this result with the previous

result yields w>c;+d;E(0). This proves i).
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Proof of Proposition 2: i) follows using the sarmgit as in the proof of Proposition 1. Given

this, consider period 2 and the cage(d As argued in the proof of Proposition 1, giem
focus is on equilibria that minimize inefficiencjéjob assignments and training decisions
being made optimally is an equilibrium, then alligigria must satisfy the condition. Suppose
each firm that hired workers in the first periodmotes (does not promote) a worker when
0;>(<)0", trains (does not train) the worker whin(<)0*, the training fee always equals zero,
outside firms offer cto every worker, the initial employer respondffering G to every
worker, and the worker always stays.

Investigation of best responses yields this is@uilibrium. First, if the market offers c
and the initial employer responds by offeringtben by assumption the worker stays. Second,
given the promotion and training rules specifiédheé market offers¢ it is always a best
response for the initial employer to respond witince ¢ is the minimum wage offer required
for the worker to stay and the worker’s producyiwt the initial employer is always at least
equal to ¢ Third, given the promotion and training ruleeafied, the worst worker either not
promoted, promoted and not trained, or promotedtided has a productivity in an outside
firm equal to ¢ so the market wage offer is always &ourth, given the market wage offer is
always g, the initial employer always matches, and the worlever leaves, the firm will choose
to promote and train efficiently and the trainieg for workers who are trained must equal zero
since training does not increase the wage a wodosives. Finally, one can also show using
related arguments that there is no equilibrium lmclv promotion and training decisions are
made efficiently that does not satisfy the spedi&ategies. This proves ii).

Now consider period 2 and the case@ The argument used in the proof of Proposition
1 to show that there are no promotions whegtrOdow yields that there cannot be workers
promoted who are not trained. We also know thatestraining is costly and does not increase
productivity in job 1, no workers will be traineddthen not promoted.

Let 0" now denote the lowest ability worker trained anghpoted. Using arguments

similar to the ones used to show th&t0, in Proposition 1, we can show that hére0*<6y.
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Given this, the winner’s curse yields that the readffers max{g+d.0*, c,+d.0"} to promoted
and trained workers, the first period employer as; and the worker stays. But anticipating
this the firm sets the training fee equal to max{6*, c+d.0"}-(c1+dk6,), so the net payment
made by the firm equalsdi0.. The firm’s choice 06™ therefore satisfies (5). Comparing (3)
and (5) yields thad™=0" when0*<0’, but comparing (5) to the definition &f yields6™>0" when

0*>0'. This proves iii).

Proof of Proposition 3: i) follows using the samgit as in the proof of Proposition 1. Now

consider period 2 and the case@ The basic argument here is the same as iprtoé of
Proposition 2. Given our focus is on equilibriattminimize inefficiencies, any equilibrium
must be fully efficient if there exists an equilion that is fully efficient. As in the proof of
Proposition 2, an examination of best responsewshizat such an equilibrium exists. What is
different here is the training fee. If a workepr®@moted and trained, then the wage equals
co+d20*+ A(6*) while a worker either not promoted or promoted aot trained is paid,c So in
period 2 first period employers have an incentoetract all potential period 2 surplus by
offering a training fee equal toxc;)+d.0*+A(6*) to all workers for whom promotion and
training is efficient. Finally, as is the case iipiof Proposition 2, one can also show using
related arguments that there is no equilibrium lviclw promotion and training decision are made
efficiently that does not satisfy the specifiechttgies. This proves ii).

Now consider period 2 and the case@ As was true in the proof of Proposition 2, the
argument used in the proof of Proposition 1 to skiat there are no promotions wher@ now
yields that there cannot be workers promoted wkaat trained. We also know that since
training is costly and does not increase produgtivi job 1, no workers will be trained and then
not promoted.

Let®" now denote the lowest ability worker trained anghpoted. Using arguments
similar to the one used to show th&#0, in the proof of Proposition 1 we can show heré tha

0.<0"<0y. Given this, the winner's curse yields that tharket offers max{g+di0*, c+d.0"
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+A(0")} to promoted and trained workers, the first pdreamployer matches, and the worker
stays. But anticipating this, the firm sets traérting fee equal to max{ed.0*, c+d.0"+A(6")}-
(c1+d10L), so the net payment made by the firm equatgi®.. The firm’s choice 06" therefore
satisfies (5). Comparing (3) and (5) yields a0 when0*<0’, but comparing (5) to the

definition of0” yields6™>0" when0*>0'. This proves iii).

Proof of Proposition 4: 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 shdvesd there are no promotions when
N=1 yields that a single worker cannot be prometedn N>1. Given this, suppose that in
equilibrium there is a strictly positive probabyld firm promotes n workers, 1<N. There must
be a lowest ability level corresponding to the fpneamoting n workers. Call this ability level
0,". The winner’s curse yields that when n workees@omoted the market will offer each
worker max{g+di0,", c+d0,'}, the initial employer will match this wage, arttetn workers
will all stay.

For a firm to promote n workers in equilibriunmust earn higher profits from this
action than promoting no one. If promoting no @an on-the-equilibrium path action, then
since the worst worker to promote i8,avorker it must be the case that some realizatiéns o
abilities in which no one is promoted has at lesst worker be &_ worker. So the winner’s
curse means that when no one is promoted the madgs is ¢+d;0,, 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-theddayium 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 wherd," is the lowest ability
worker promoted it must be the case that (A3) hoNste, belowd,.i" is the average ability
level of the n-1 other workers.
(A3) (e+h0n")+(n-1)(r+do0n.1")-nmax{ci+0h6n”, C+0n"}

>(C+0h0n ) +(N-1)(G+hOn.1")-n(Crtch6))
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For any fixed value fof,", 0,"<0,.1", if 0,.4"=0', then the left hand side of (A3) is strictly less
than the right hand side. In turn, sittge” cannot exceeéh, both sides of (A3) are
continuously increasing ify..1", and d>d; so the left hand side increases faster @t} there
exists a smallest value fég, holding all other parameters fixed, such that)(é&not be
satisfied for any feasiblé@(’, 6,1") pair givenfy is strictly less than this value. There is such a
value for every n,2n<N. Call the smallest of these valukg. We now have that, #4<64*,

then in equilibrium a firm cannot promote &N workers, so the winner’s curse means each
worker is assigned to job 1, is offereg ;0. by both the market and the initial employer, and
the worker stays with the initial employer. Thieyes iv).

Now suppose 0, N>1, and>04*. We first show there are equilibria that satigfg
description in iv). Suppose each firm hires n ypwmorkers in period 1, while in period 2 no one
is promoted, the market offergtci;0, to all workers, initial employers always matchel adl
workers stay at their initial employers. Furthtee off-the-equilibrium path action of a worker
being promoted would be followed by the market fig c,+d.04 which is consistent with our
assumption concerning beliefs following off-the-gitpuium path actions. Based on these
market wage offers a first period employer wouldargoromote a worker in period 2, so the
situation described in iv) is an equilibrium.

Finally, based on the definition 8f* above, if0,>0*, there exist values for n artg”
such that (A3) is valid for certain realizationsatility so there will be equilibria characterized
by a positive frequency of promotions. Since @mauk is equilibria that minimize inefficiencies,
we now have that the outcome is characterizedgmsdive frequency of promotions. But note
that we know from earlier that a single worker aatrie promoted in one of these equilibria.
Since it is possible that all workers at a firm boe are characterized B0’ while the single
worker is characterized >0, it is possible that efficiency requires the proimo of a single
worker. Since this cannot happen in equilibriuone of these equilibria are fully efficient.

This proves v).
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Proof of Proposition 5: The pair of assumptiong graduction 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 ahdre such that a worker who starts in self-employmemains

in self-employment when he or she is old, while keiclearing requires thatyfd) is such that
the expected compensation of working at firm ovemosker’s two-period lifetime equals z+z
This proves i).

Because gbd; and a firm takes market wage offers as giverrna ill always have an
incentive to promote the highest ability old workdihis proves iii).

Since in period 2 a firm assigns the N-1 old woskeith 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 asB0, there is a strictly positive probability théitthe old
workers have ability less th&p+e. So the winner’s curse yields that the marked aféers
c1+di[B(1)+6, ] to the promoted worker, the initial employer ntegs, and the worker remains

with the initial employer. This proves ii).

Proof of Proposition 6: The pair of assumptiong graduction 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 aricaze such that a worker who starts in self-employmemains in
self-employment when he or she is old. This yiélds

Our assumption that self-employment productivitgsl not depend on schooling and/or
worker ability while expected productivity at anfirises with a worker’s schooling level means
that the NF young workers with the highest schaplavels are employed at firms. There is thus
a critical schooling level such that young workatréirms with less schooling are self-employed,
those with more schooling work at firms, while sooneall of the workers with this critical value

for schooling work at firms. This yields ii).
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Market clearing requires that a worker with scimaplevel $ must be indifferent between
working and not working. Given workers are riskitnal and no discounting, this requires that a
young worker with schooling level who works at a firm has an expected aggregate
compensation over t and t+1 equal to’zzurther, expected lifetime compensation for veosk
with schooling level s, s3anust be at least this amount since otherwisevtirker would prefer
self-employment. This proves iii).

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,edy[B(s;)+0,] 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 offef#d;[B(s))+0.], the first period employer matches, and the worke
stays with the first period employer.

Now consider v). If g¢=0 and given that an old worker who switches emgi®gan only
be assigned to job 1, independent of the workeheasling level, a prospective employer is only
willing to offer ¢ to a worker assigned to job 2. In turn, by assionghe firm matches and the
worker stays. Further, we now have that a firrataltwage bill in period 2 is independent of
which old worker is assigned to job 2. Furthevegi d>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 higjtebility. This proves v).

Now consider vi). Consider firm j that employedperiod 1 at least one young worker
from each schooling group s>s' (see footnote 25). Suppose ¥0i,5)=C1+dh[B(s)+0.] for all
S, §>S. Then the firm’s period 2 wage bill for old workevould be independent of its
promotion decision, so it would promote the wonkéh the highest ability. But then a worker
with schooling level ‘'scould only be promoted if the worker’s ability watsleast equal to
B(S)+9.>B(s)+6.. But this is inconsistent with the promotion wdgea worker with schooling
level S being equal to;6-ch[B(s')+0.]. So it is not the case thabw(6;,5)=c1+di[B(s;)+6,.] for all

S, §=S.
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Suppose wo(6;,5)>ci+di[B(s)+0.] for all s, s>S. For any set of wages that satisfy this
condition, there will be realizations of worker lgi®s for the young workers employed by firm j
in period 1 such that each worker’s productivityah 1 is less than the wage. Since one of the
workers would have to be promoted, this worker'g@evould exceed the worker’s productivity
in job 1 in which case the wages proposed are gistant with how the winner’s curse
determines wages in this model. Combining thiiwhe previous result and that the winner’s
curse means thatam(0;,5)>c1+di[B(si))+0.], we have that wo(6;,5)=C1+di[B(s;)+6.] for some of
the relevantjswvhile wo %0;,5)>ci+di[B(s;)+6, ] for other of the relevant.s

Suppose w2(0;,S)=a+d1[B(S)+0], wheref™>0,. Suppos®;=0"-¢ and the realizations
for all thefs for the other old workers at the firm are clas@. t If ¢ is sufficiently small, then
the firm would promote the worker with schoolingdéS. This contradicts how the winner’s
curse determines promotion wages, so@,S)=¢+d;[B(S)+0.]. But given this and
Wo A0i,5)>C1+dh[B(s))+0.] for all relevant s the firm would never promote a worker of schoglin
level s, s<S, if0; is sufficiently close t®,.. So w A0;,5)>Ci+dh[B(s)+6,.] for all relevant s
S<S.

Now supposeg-dy[B(si)+6i]=C.+do[B(S)H0g]+¢, whered; is the realization db for the $
worker ands is the realization o for the S worker (and that managerial abilitydach of the
other old workers in the firm in period 2 is bel®{5)+9s). Promoting the S worker does not
increase the period 2 old worker wage bill sineeghomotion and non-promotion wages for
schooling group S are the same, while promotingsth@rker would increase the old worker
wage bill given earlier results. So tosufficiently small the firm would have an incemito
promote the worker from schooling group S even giomnanagerial productivity would be

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