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ABSTRACT

An extensive theoretical literature has develofwd investigates the role of promotions as a
signal of worker ability. There have been no tdstsvever, of the empirical validity of this ideln this
paper we develop the theory in a manner that allssw® generate testable predictions, and then
investigate the validity of these predictions usinigngitudinal data set that contains detailed
information concerning the internal-labor-markedtbiy of a medium-sized firm in the financial-sees
industry. Our results support the notion that aling is both a statistically significant and ecomcally
significant factor in promotion decisions. The eaplso contributes to the extensive literaturg¢hen

role of education as a labor-market signal.



I. INTRODUCTION

An extensive theoretical literature has investiddate idea that promotions serve as a signal of
worker ability! By this we mean that when a worker is promotedeivent is observed by other potential
employers, and these other firms infer the workeafihigh ability. Despite the significant thedcat
attention paid to this idea, however, there has Ibeeempirical investigation of the theory’s reai+d
validity. In this paper we first extend the theamya manner that allows us to develop testable
predictions, and then empirically investigate thédity of these predictions. Our results supploet
idea that promotions serve as a signal of work@ityab

Most of the papers in this literature consideraei similar to the one originally investigated in
Waldman (1984a). That analysis considers a twagenodel in which a firm’s job ladder consists of
two jobs, all young workers are assigned to thellwel job, and after the first period each worker’
first-period employer privately observes the wotkability. Then in the second period each firmstnu
decide whether or not to promote each old workemiployed in the previous period, where this
promotion decision is publicly observed. Therefare main results. First, when a worker is progabt
other potential employers infer the worker is gfthability and thus increase the amount they allingi
to offer the worker. Second, anticipating this débr, the first-period employer offers a large wag
increase with the promotion in order to stop thekeofrom being bid away. Third, because a large
wage increase is necessary, firms promote fewekevsithan is first-best optimal. Fourth, this
distortion decreases with the importance of firreefic human capital.

The first step of our analysis is to enrich ttensgtard theoretical approach to this issue in a
manner that allows us to develop testable impliceti In the standard approach described above, all
workers are observationally equivalent when thegretine labor market. In our theoretical analyisis,
contrast, workers are heterogeneous in a publizbeo/able fashion when they enter the labor market.
In particular, workers vary in terms of their puthyi observed schooling levels. Workers with more

education have higher expected ability than worltis less education, although as in the standard

1 papers in this literature include Waldman (198480}, Ricart i Costa (1987), MacLeod and Malcom&®88),
Bernhardt (1995), Zabojnik and Bernhardt (2001) a@42004), and Golan (2005). See also the rektatysis of
Milgrom and Oster (1987). Other papers that alomasymmetric information of the sort considenedhis
literature but do not consider the possibility odmotions serving as signals include Greenwald §).98azear
(1986), and Chang and Wang (1996).



approach each worker’s actual ability is initialiyobserved by firm3.

In our analysis we first show that the model ekhithe basic signaling results found in the
previous literature. That is, when a worker ismpoted the worker receives a large wage increase in
order to prevent the worker from being bid away turn, because of the large wage increase, firms
distort the promotion decision so that fewer woskare promoted than in the first best. We themvsho
that these basic signaling results vary with a woskschooling level. Because a worker with a bigh
level of schooling is thought of as having highepected ability when he or she enters the laboketar
the signal associated with being promoted impraeiefs about worker ability less for workers with
high education levels. This, in turn, yields tbédwing testable implications. First, becauselzge
associated with not being promoted is higher foséhwith higher levels of education, firms distbe
promotion decision less for these workers. Sectirdywage increase associated with being promoted
decreases with worker education because the sigyeaialler for more highly educated workers. Note
that in terms of testing, the first prediction inesl that, holding performance fixed, the probapitit
promotion is higher for more highly educated woskghis is explained in detail in Section lll).

To more clearly understand the logic for these pwadictions, consider a firm that hires two
workers into the same job, where the workers anilai with the exception being that one worker has
MBA while the other has only an undergraduate degf®ecause employers believe that MBAs are more
productive on average, other firms learn little @tihhe worker from a promotion. The result is that
when a promotion takes place the firm does not afflarge wage increase since there is not a kegtef
on other firms’ wage offers. Further, since a potion is not associated with a large wage increifise,
firm does not distort the promotion decision ingnificant fashion.

In contrast, suppose the firm promotes the workew has only an undergraduate degree.
Because such workers are, on average, not as highight of as those with MBASs, in this case when
the worker is promoted other firms positively updtteir beliefs concerning the worker’s ability doy
significant amount and, in turn, significantly ireise the amount they are willing to pay the workére

result is that the current employer provides adargge increase upon promotion to stop the worker

2 Bernhardt (1995) incorporates heterogeneous eidndatvels into a model characterized by the proomeas-
signal hypothesis. He then derives one of thelteghat we focus on below which is that the inoenfor a firm

to distort the promotion decision is smaller forrmbighly educated workers. More recently, Ishi@04a,2004b)
also incorporates education into models in whidnpstions serve as signals of worker ability, whesefocus is
on the interaction between education as a sigrthpaommotion as a signal. In contrast to our pajhese papers
do not focus on testable implications and also atgpnovide any empirical testing.



from leaving and, because of the large wage ineraasociated with a promotion, the firm only
promotes the worker if the worker is significantipre productive at the higher level job. In other
words, consistent with our two testable predictjahe wage increase due to the promotion is ldager
the less educated worker and the promotion decisiorore biased against this worker.

After establishing these two testable predictiovesjnvestigate the validity of these predictions
using panel data on the personnel records for neai@gvorkers in a single medium-sized firm in the
financial-services industry over a twenty-year tipegiod (this data set was first investigated & th
classic empirical study of internal labor marketsrfd in Baker, Gibbs, and Holmstrom (1994a,b)).oTw
aspects of this data set make it ideal for testiegpredictions just described. First, the persbnn
records contain annual supervisor ratings of eamtkev's job performance. Second, the data set
includes detailed information on the firm's job ded constructed by Baker, Gibbs, and Holmstrom from
the raw data on job titles and typical promotiothga Together, these features of the data set aifoto
test with confidence both how the education le¥fecs the probability of promotion, and how wage
increases received upon promotion are associatédiéd worker’'s education level.

The results of our analysis support the signalwgry of promotions. First, we find that from
the standpoint of both statistical and economiaifitpnce increasing a worker’s education level
increases the probability of promotion, and othentfor high school graduates we similarly finct ttee
wage increase associated with promotion decreagiesvarker education. For example, after
controlling for a variety of worker attributes sua$initial job level, job performance, and firnmtee,
decreasing the education level from masters degrbachelors degree decreases by about twenty
percent the probability a worker is promoted infibléowing year. In terms of the prediction conuieg
the relationship between education and wage gromgHjnd that after controlling for a number of
worker attributes, decreasing the education levoshfmasters degree to bachelors degree increases th
average percentage wage increase due to promatiove seventy percent. We also discuss a possible
explanation for why the wage growth prediction @ strongly supported for high school graduates.

Second, we consider other potential explanationsdr results, both theoretical and empirical,
and find none that match the evidence as well@ptbmotion-as-signal hypothesis. For example, one
alternative explanation for why there is a positigkationship between promotion probability and
education level even after controlling for perfonoa is that the skills acquired during educatian ar

more useful at higher levels of the job laddert &ur investigation finds that this idea does nqilain



our findings. For example, if this were the cotrexplanation, then including predicted post-prdorot
performance as an explanatory variable should feegnitly weaken the positive relationship between
promotion probability and education. But when welude predicted post-promotion performance as an
explanatory variable there is no effect on thiatiehship. We also consider a number of othermiite
explanations, including symmetric rather than asgtnit learning, the possibility that performance
evaluations are a coarse measure of actual wodtésrmance, that the performance ratings themselves
are biased, and that the firm runs biased promatiomaments. Our investigation indicates thatenoi
these ideas matches the evidence as well as thopom-as-signal hypothesis, although we do find
some evidence consistent with one or more of ttesredtives.

This paper contributes to a small but growing eiogl literature on asymmetric learning in
labor markets. The classic paper in this litemiarGibbons and Katz (1991) which focuses ondba i
that being laid off sends a more damaging signalarker ability than being fired in a plant closifig
They develop a number of theoretical predictions thien empirically test the predictions and find
supporting evidence. Doiron (1995) and Grund (12980 find supporting evidence for the Gibbons and
Katz predictions using data for Canada and Germaspectively, while Acemoglu and Pischke (1998)
extend the Gibbons and Katz framework to consideentives for firms to provide their workers with
general human capital and then show supportingeeciel using German data. More recently, Pinkston
(2006) and Schonberg (2007) develop further tesasymmetric learning in labor markets and alsd fin
supporting evidence. For example, Schonberg favildence consistent with asymmetric learning for
university graduates but not for high school graesi@and dropouts. Note that, as was true of the
Gibbons and Katz approach, Pinkston and Schonbergfon implications of asymmetric learning other
than those associated with promotions and signalitgnce, our paper is the first to focus on tdsetab
predictions of the promotion-as-signal hypothésis.

This paper also contributes to the extensiveditee on education as a labor-market signal that

3 The Gibbons and Katz predictions can be intergretther as a layoff serving as a negative sigiah terms of
the adverse-selection theory of labor-market tuendivst put forth in Greenwald (1986).

4 Another related paper is Belzil and Bognanno (2005ey employ an eight-year panel of promotiostdries of
30,000 American executives to test between twoaggilons for fast tracks within firms — a symmeleiarning
explanation for fast tracks developed in Gibborg Afaldman (1999a) and an asymmetric learning/siggal
explanation developed in Bernhardt (1995). AltHotlgeir main result is that fast tracks are mostglained by
the Gibbons and Waldman symmetric learning explanathey also find a result concerning schoolirgffect on
the probability of promotion that they interpretthe signaling role of promotion varying negativeligh
education.



grew out of the seminal work of Spence (1973) @&y (2001) for a survey). Much of the work on
that topic focuses on the return to education sigral in terms of the initial wage the worker riges
when the worker enters the labor market, or howhtgker wage dissipates over the career as firara le
true ability. A major point of our theoretical dysis, however, is that in a world of asymmetriarlgng,
an important part of the return to education aigjiaas is that it improves promotion prospects plolgsi
long after the start of a worker’s career. Furtlo@r empirical analysis shows clear support ferittea

that higher education results in improved promopoospects.

[I. MODEL AND THEORETICAL ANALYSIS
Qur theoretical analysis is related to that of Banalh (1995) in that we consider the promotion-
as-signal hypothesis in a setting characterizechbliple schooling levels. Also, the specific puation
technology we consider is closely related to thaestigated by Gibbons and Waldman (2006) in a

recent study that employs symmetric learning.

A) The Model

There is free entry into production, where alirfirare identical and the only input is labor. A
worker’s career lasts two periods, where in eactogdabor supply is fixed at one unit for each en
We call workers in their first period in the labmarket young and those in their second period old.
Worker i enters the labor market with a schooliexgl, § that can take on any integer value between 1
and N. We assume that there is a positive numbsoikers at each value of S. Note that given much
of our focus will be on the information transmittegla worker's schooling level, a simple interptieta
is that a worker’s schooling level represents tighdst degree earned by the individual.

Letn; denote worker i's “on-the-job human capital” irripe t, where
(1) =0 (Xi).
In equation (1)§; is the worker’s ability to learn on the job andxthe worker’s labor-market
experience prior to period t, i.e=0 for young workers and;x1 for old workers. Also, f(1)>f(0)>B.

We assume that worker i with schooling leveh&s a starting value of on-the-job human capdabéto

5 We assume (0)>0 rather than f(0)=0. One integpi@n is that this model is a simplified versidrao
continuous-time model where production in the firstiod represents production in the early pathefworker’s
career. Since, on average, during this earlyqfatie career the worker has a positive amounalodt-market
experience, it is natural to assume f(0)>0 rathantf(0)=0.



[ei+B(S)]f(0), where B(S)>B(S-1) for S=2,3,...,Np; is a random draw from the probability density
function gfp), where g6)>0 for all p_<p<@y and g)=0 for all ¢ outside of this interval. Also, 16F(S)
denote the expected valuetofor workers with schooling level S. Note thatliis specification
schooling is positively correlated with a workealsility to learn on the job. This can be because
schooling enhances human capital and thus increasesker’s ability to learn on the job, or because
there is a positive relationship between schoddingd innate ability to learn on the job and schaplin
serves as a signal as in Spence (1973). In Se¢tiva discuss these two different ways of
interpreting/extending the model.

A firm consists of two different jobs, denotedrid&. If worker i is assigned to job j in periqd t
then the worker produces
2) W=(1+ke)[di+cma]+G(S),
where gland g are constants known to all labor-market participa@>0 and G<0, and k equals Kk,
k>0, if the worker was employed at the firm in girevious period and zero otherwise (this means all
young workers in any period t are characterize#;59). In this specification G{(Srepresents
productivity due to general-purpose human capitaleulated prior to a worker entering the labor
force, while k represents the importance of firreeific human capital in this economy.

Letn' denote the amount of on-the-job human capitalrdtiva worker is equally productive at
jobs 1 and 2. That ig, solves g+cm'=d,+cn’. We assumeec;>0 and 0<gkd,, i.e., as in Rosen
(1982) and Waldman (1984b) output increases makiguvith ability in the high-level job. Thus,
given full information about worker abilities, tle#ficient assignment rule for period t is to assigsrker
i to job 1 ifng<n’ and to job 2 ify>n.

We assume that each worker’s schooling level isvkntm all labor-market participants when the
worker enters the labor market. In contrast, eeatker’'s value fo®; is not known by either the firms or
the worker, although the density function g(.) #&melfunction B(S) are common knowledge. Learning
about6; takes place at the end of the worker’s first piiothe labor market when the worker’s first-
period employer privately observes the worker'patitevel. In addition to this private informatiome
assume that the job assignment offered to an otllerndry the worker’s first-period employer is publi
information. The result of this last assumptiothiat, as discussed earlier, a promotion at thenhegy
of a worker’s second period in the labor force esras a signal of the worker’s ability.

Workers and firms are risk neutral and have a ea®of discount, while there is no cost to



workers of changing firms or to firms from hiring firing workers. To make the model consistentwit
standard wage determination at most firms, we assuages are determined by spot-market contracting.
In addition, since each worker’s output is privatebserved rather than publicly observed and \ahié,

the wage specified in such a contract consistswedi@e determined prior to production rather than a
wage determined by a piece-rate contract where enggtion depends on the realization of output.

The wage setting process and timing of eventiridas to that found in Zabojnik and Bernhardt
(2001). At the beginning of each period, each fififiers each worker it employed in the previousquer
a job assignment or fires the worker, where thiggien is publicly observed. We assume that fa th
decision a firm does not retain any worker it @ptites leaving with probability one during the wage
determination process. This assumption is congistéh the existence of a small cost of retairéng
worker who then chooses to leave. Following Greddy1986), Lazear (1986), and Milgrom and Oster
(1987), we then assume that the wage determingptimeess is characterized by counteroffers. That is
after the initial stage just described, all firmmmusltaneously offer each worker in the economy geva
for that period and then each firm makes a wagateooffer to each old worker it employed in the
previous period. Each worker then chooses to work at the firm dfifgrs the highest wage. If there are
multiple firms tied at the highest wage, the worgeooses randomly among these firms unless one of
these was the worker’'s employer in the previougopein which case the worker remains with thatfir
This tie-breaking rule is equivalent to assumingrdimitesimally small moving cost. Finally, atetend
of each period each firm privately observes th@uoubf each of its workers.

To reduce the number of cases that need to bédevad, we restrict the analysis to
parameterizations that satisfy the following coiadis. First9=(N)f(0)<n’. This condition states that it
is efficient for all young workers to be assignedadb 1. Secondgph+B(S)]f(1)>n">[e +B(S)]f(1) for all
S. This condition states that for each schoolawgl it is efficient for old workers with high vada for
on-the-job human capital to be on job 2 while igfcient for those with low on-the-job human dapi
to remain on job 1.

Finally, we limit attention to Perfect Bayesianuilipria, where we also impose a Trembling-

6 One exception is that a firm does not make initiafje offers or counteroffers to any worker itdi the
beginning of the period. Also, when a firm makaséfer to an old worker it did not employ in theepious
period, we assume the firm observes whether th&evavas retained or fired and the job assignmettteifworker
was retained. The firm does not observe how méshyorkers the original employer fired, retained assigned to
each job in the current period.



Hand Perfection assumption on counteroffers (séter8€L975) for a discussion of Trembling-Hand
Perfection). Specifically, we assume that in theosid period there is a small probability thatfthss-
period employer mistakenly does not make a coufiegravhen the first-period employer has the smalles
cost of choosing that action. Restricting attamtiothis way means that our analysis is charadrby

a winner's curse result similar to that found ie tklated analysis of Milgrom and Oster (1987), fa

old workers retained by their first-period emplogéhner firms are only willing to offer the worker a
wage equal to the productivity at such a firm @& kbwest productivity worker who has the same labor

market signal (meaning schooling level and jobgassent)’

B) Analysis

We begin with a benchmark analysis which is whaiplems when output is publicly observable
so that all firms learn a worker’s ability to leayn the job after the worker’s first period in taéor
market (but compensation is still spot-market wagksre the wage is determined prior to production).
Given our parameter restricti®h(N)f(0)<n’, every young worker is assigned to job 1. Let(8)
denote the wage for young workers with schoolingl&. We have thatw(S)>d;+¢,05(S)f(0)+G(S)
for all S, i.e., young workers are paid more tHagirtexpected output. This occurs because old everk
are paid less than their expected output — seavbeland the zero-profit condition associated with
competition means that young workers must be paickrthan their expected output.

Now consider old workers. There are three coo#ithat define what happens when workers
become old. First, every old worker remains with same firm that employed the worker when he or
she was young. Second, given that all firms leath worker’s ability to learn on the job and daurst
infer the worker’s current on-the-job human capitdd worker i is assigned to job 1nf<n’ and is
assigned to job 2 ifi>n'.8 Third, let wy*(n;) be the wage paid to old worker i as a functiothef
worker’s current on-the-job human capital, whegg () =max{d;+cn+G(S),d+Coni +G ()}

7 In our model this is not an immediate implicatifirestricting the analysis to Perfect Bayesianilifgyia both
because of the presence of firm-specific humantabwhich Milgrom and Oster did not incorporateanheir
analysis, and because in our model a promoted wislsignaled to have high productivity while iretts a
worker’s productivity becomes public knowledge. t&lthat this equilibrium refinement is similar teetnotion of
a Proper Equilibrium first discussed in Myersonq82 We also assume that, if a worker’s first-pérémployer
makes an off-the-equilibrium path promotion deaisid the beginning of the second period, then dihas infer
the worker’s ability is of the type that makes téxision least costly to the first-period employer

8 To simplify descriptions of behavior, througholié paper we assume that an old worker is assigneth 2 by
the worker’s current employer whenever the firnmidifferent between assignment to jobs 1 and 2.



The logic for these results is as follows. Gitleat output is publicly observable, there is no
asymmetric information in this benchmark case, atany date all firms (and the worker) are equall
informed about a worker's on-the-job human capitaénce, at every date, given the information
available, workers are assigned to jobs in theiefii fashion and switch employers in the efficient
fashion. Given there is firm-specific human cdpitais last condition means that each old worker
remains with the same firm that employed the wovkieen he or she was young. Finally, each old
worker is paid the wage that the market, i.e., ofines, offers the worker which is the worker’s
expected productivity given that he or she switamaployers (note that a worker who switches
employers would have zero firm-specific human apithich explains the expression fog’{m;)).

The main point of the benchmark analysis is tifi@ttput is publicly observable, then job
assignments as well as turnover decisions araesific As we show below, in contrast, once a wdsker
output is privately observed by the worker's emplgyhen job assignments are no longer efficient.
Rather, firms assign too few old workers to thenHigvel job in order to avoid sending the positive
signal about productivity associated with assignnethe high-level job.

Suppose that a worker’s output each period isapely observed by the worker’'s employer. We
start with some preliminary results. Equilibriumhiavior when the worker is young is similar to what
happened in the benchmark case. That is, as inethehmark case, our parameter restricifgN)f(0)
<n' yields that all young workers are assigned tddielevel job. Also similar to what was true ireth
benchmark case, the wage paid to young workey(iS)y is above expected output and is such that a
firm hiring a young worker earns zero expectedigdfom the hire. One difference is that in the
benchmark case the wages paid to young workersedrdeexpected output because of profits earned in
the following period due to the presence of firnedfic human capital. In contrast, now the model
exhibits this feature because of both future psdafite to the presence of firm-specific human chaite
future profits due to the presence of asymmetfizrimation about worker productivity.

We now formally state what happens in this c&elow wo(S ) is the wage paid to an old
worker as a function of the worker’s schooling lesed on-the-job human capital, whilei$ the firm

that individual i works at in period®.All proofs are in the Appendix.

9 We focus on the unique equilibrium characterizgad workers being fired. This is the only equiiilm if the
two jobs are sufficiently similar or k is sufficitylarge. Also, in the description of equilibriubehavior, we
ignore what happens when in the second periodrtstepferiod employer mistakenly fails to make am@uoffer.
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Proposition 1If a worker’s output is privately observed by therker's employer, then there exists a
functionn’(S),n'<n*(SK[e+B(S)]f(1) for all S, such that i) through iii) debe equilibrium behavior in
each period ¥°
i) Each young worker i is assigned to job 1 anpdid w(S)>d,+c,(05(S)f(0))+G(S).
i) If old worker i is such that>n"(S), then the worker is assigned to job 2, remairfgratj;.,
and is paid w(S n)=d+cn " (S)+G(S).
iii) If old worker i is such that;<n*(S), then the worker is assigned to job 1, remairfsratj;.,

and is paid 8(S.ni)=di+ci[o +B(S)If(1)+G(S).

Proposition 1 tells us that, if a worker's outpaiprivately observed by the worker’'s employer,
then for each schooling group there is a critiedlig forn,, n*(S), that determines what happens when
the worker becomes old. 1f; is below the critical value, then the worker i¢ ppomoted and stays with
the initial employer. Otherwise the worker is paied but again stays with the initial employer.
Further, in each case the wage paid to a workealsdlae productivity at another potential employker
the lowest productivity worker with the same lalbaairket signal. For example, the wage paid to a
worker with schooling level 1 who is not promoteglials the productivity at an alternative employer o
an old worker with on-the-job human capital eqodlg +B(1)]f(1). The logic here is that, given our
Trembling-Hand assumption concerning counterofféesie is a winner’'s curse problem similar to that
found in Milgrom and Oster (1987) in which othetgmtial employers are only willing to pay the lowes
possible productivity of a worker with the samedalmarket signal (see Greenwald (1986) and Lazear
(1986) for related analyses). Hence, in ordeetain a worker, this is all an old worker’s presou
employer needs to offer.

In addition to these results concerning the emisteof a critical value foij; for each schooling
group and how wages are determined, another ititegessspect of the proposition is that promotion
decisions are not efficient. That is, sin¢€S)>n’ for all S, fewer workers are assigned to the héayle
job than is efficient given the initial employekaowledge concerning the worker’s on-the-job human
capital. The logic here is the same as that ihitexplored in Waldman (1984a). Because assigaimg

old worker to the high-level job rather than therlevel job sends a signal that the worker has high

10 wWhen no old workers of schooling level S are prtedpwe set*(S) equal to ¢+B(S)]f(1).
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productivity, firms give promoted workers large wdgcreases in order to stop them from being bid
away. Inturn, because of the need to pay a prednebrker a high wage, a worker’s initial employer
will assign the worker to the high-level job onfyhis or her productivity in the high-level job

significantly exceeds productivity in the low-leyeb.

C) Testable Implications

The model’s first testable implication concernsviautput produced when a worker is young
translates into the firm’'s decision concerning vleetor not to promote the worker in the following
period. Below, let {S) denote the minimum output level required fgoang worker with schooling

level S to be promoted when he or she becomes old.

Corollary - Suppose there is a strictly positive number ohpstions for workers of schooling levelg S

and $, $>S..11 Them*(S)<n"(Sy) and, if k is sufficiently small,’¥S,)<y"(Sy).

Corollary 1 captures our first testable implicatishich is that, if k is sufficiently small, thehet
performance level required to achieve promotiols faith the education level. This is closely rethto
the idea that the incentive to distort the promotecision is decreasing in the schooling level, i.

1" (S)<n"(S) for S>S,. There are two steps to the argument. Firgdjsagissed earlier, a firm promotes
fewer workers than is efficient because of the higige that needs to be paid to promoted worketg. B
since the wage paid to workers who are not promaéted [d+ci(e +B(S))]f(1)+G(S), is increasing in

the schooling level, the incentive to distort tlierpotion decision and avoid paying the higher wage
associated with promotion is smaller for workerghwiigher education. Hence, a firm will distoréth
promotion decision less for workers with more sdimapor, in other words, the critical value fgi(S)

will be closer toy’ for higher values for S.

The second step is to translate this first resuficerning how"(S) varies with S into a
statement concerning hoW($) varies with S. By definition,”{8)=g+dn"(S)+G(S). Thus, there are

two countervailing effects as S rises front&S. First, G(S) rises. Second, as just discuss€8)

111t is possible that the incentive for firms totdis the promotion decision results in no promasidor workers of
specific schooling levels.
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falls. When k is small, the difference betweencadion levels in the incentive to distort the praiow
decision is large, i.e)y (S)"(S,) is large. The basic logic here is that the retarefficiently assigning
a worker is lower the lower is k. As a result, whefalls bothn*(S;) andn’(S;) move further fromy’
and, furthern®(S)'(S,) gets larger. Finally, because when k is smf,)n*(S,) is large, we have
that with small enough k the second effect conogrhiow increasing S affect§($) dominates with the
result that {(S,)<y"(S,).12

The second testable implication concerns how thgevincrease due to a promotion varies with a
worker’s education level. Note that what we mearehs the wage increase when a worker is promoted
minus the wage increase the same worker would teaived if there had been no promotion. Below

let AW"(S) denote the wage increase due to a promotiarfarsction of the education level.

Corollary 2 Suppose there is a strictly positive number ohpstions for workers of schooling levelg S

and S, S>S.. ThenAw™(S,)<AW"(S)).

Corollary 2 captures our second testable implicatihich is that the wage increase due to
promotion is decreasing in the schooling level.e Blasic logic is as follows. As discussed eariies,
wage of a promoted worker is the expected proditigtit an alternative employer of the lowest
productivity worker with the same schooling levedais promoted. Similarly, the wage of a worker
who is not promoted is the expected productivitgraalternative employer of the lowest productivity
worker with the same schooling level who is notrpoted. Combining these ideas with the idea that no
one is fired yields that the wage increase duedmption equals [[grc;n (S)]-[di+ci o +B(S)]1If(2).
Given this, there are two reasons why the wagesases due to promotion is decreasing in the schpolin
level. First, as discussed earligi(S) falls with the education level because theritige to distort the
promotion decision falls. Second, B(S) is incregsh the education level or, in other words, the
expected productivity of the worst overall workises with education.

As a final point, we note that although our tekaimplications are derived from a specific

model of the promotion-as-signal hypothesis, the predictions are in fact robust predictions o§thi

12n a less realistic version of the model that ertiile general human capital term, G(S§Sy)<y"(S,) holds
regardless of the level of k. In this case, howetlree model would yield a prediction that is atdsdvith the
standard finding in the empirical literature thaten after controlling for job assignment and eiqrere, a
worker’s wage is positively related to the workexiucation level.



13

hypothesis, i.e., various alternative models ofptemotion-as-signal hypothesis will yield these
predictions. The reason is that the basic logithefsignaling argument leads to these two resilltss
basic logic is that a promotion serves as a p@&sgignal of worker ability, so firms limit the nuetbof
promotions in order to avoid the higher wage asgediwith a promotion which is necessitated by the
positive signal. Now add to this basic logic wagkesho vary in terms of schooling, where higher
schooling levels are correlated with higher abili§ince workers with higher schooling levels are
already thought of as being of higher ability, signal associated with promotion and thus the wage
increase associated with promotion is smaller éichsvorkers, i.e., our second testable implication.
Further, since the wage increase associated watingtion is smaller for workers with more education,
the incentive to distort the promotion decisiosnsaller for such workers. In turn, this will frezntly
translate into the performance level required tue® promotion being smaller for more highly

educated workers, i.e., our first testable impiaat3

[ll. TESTING THE PREDICTIONS
This section first describes the data and thesgmts our basic testing of the theoretical

predictions of the promotion-as-signal hypothegigalbped in the previous section.

A) Data

Our data consist of the complete set of annualquerel records during the period 1969 to 1988
for all white-male-managerial employees of a medgimed US firm in the financial-services industry.
The data were originally constructed by George BdWéchael Gibbs, and Bengt Holmstrom from the
raw data contained in the firm’s personnel recoads, then analyzed in their classic empirical stofdy
internal labor markets found in Baker, Gibbs, amdinkbtrom (1994a,b) (see the first of these papars f

a detailed description of the data). Their anayssed the full sample of managerial employees,

13 A specific alternative model of interest is theedn which everything is the same as in the modetansider
but there is a stochastic term in the productiorcfion. We have considered this alternative spmtibn and
most of our results are unchanged. First, thecldescription of equilibrium captured in Propositibis
qualitatively unchanged, where cutoff values foitbe-job human capital are defined in terms of eige values
rather than actual values. Second, our seconablesimplication that the wage increase due to ptdn is a
decreasing function of worker education is unchdngghird, our first testable implication that, givk
sufficiently small, the performance level requitecachieve promotion falls with education does hmitl
generally, but does hold as long as the varianagde@production function’s stochastic term is rout targe, i.e., as
long as a worker’s output is sufficiently informatiof the worker’s ability to learn on the job.



14

including females and nonwhite males, for a tofd@i&437 employee-years of data. The sample of
white males that Baker, Gibbs, and Holmstrom shaitidus has 50,556 employee-years. The key
variables for our analysis are promotions, salagdscation, and supervisor subjective performance
ratings measured each year on a five-point scatgevh denotes the highest performance level ahd 5 t
lowest. As control variables we also employ derapgic characteristics, firm tenure, job title, denkl

in the job hierarchy.

All variables are measured on December 31 for eagbloyee in each year and pertain to that
year. We do not observe the exact date of changeb title or pay, so if an individual is promate,
for example, 1979, we do not know whether the piioncoccurred early in the year or late. Thus, the
meaning of the worker’s 1979 performance ratingnislear. If the worker received the promotion earl
in the year, then the rating likely reflects penfi@ance in the post-promotion job. However, if the
promotion occurred late in the year, then the perémce rating likely pertains to the pre-promofjioin.
To avoid this ambiguity, we define pre-promotiomfpemance as performance in the year prior to the
promotion and post-promotion performance as perdoiga in the year after the promotion.

Most of the variables are observed for each eng@dgr each of the sample years in which the
individual worked as a managerial employee at ittme.¥* One exception is that job titles were not
recorded for some new hires in the last yearsefitita set, though other variables were. This sean
that we lose some observations in our tests simcmeglude job title dummies as controls. Another
source of missing observations results from ourafiseibjective performance ratings, since some
workers were not rated in some years. Yet anaberce of missing observations concerns tenure with
the firm, since we do not observe the year in whiokhkers observed in 1969 entered the firm. Salte
of our tests control for tenure with the firm, aibrkers observed in 1969 are dropped.

To define a promotion, we begin with the job laddenstructed by Baker, Gibbs, and
Holmstrom from information on job titles. Therezagight job levels in the firm, where level 8 ig th
highest level job held by the CEO. We define axprtion as a transition to a higher level job, so, f

example, a worker who moves from level 4 to leval & given year is counted as receiving a promotio

14 Since we only observe managerial employees, weoti&now if a new entrant to the sample in a giyear is a
new entrant to the firm or has instead been prodhfsten a clerical to a managerial position. Asgesged in
Baker, Gibbs, and Holmstrom (1994a), however, aromoted workers would likely be treated the sarag as
new hires to the firm, since the promotion entailarge change in job tasks and thus the retirefembst of the
task-specific human capital acquired in the prayprton job. See the end of this section for ateslaliscussion.
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as is a worker who moves from level 4 to levels 8.0ln other words, we do not distinguish between
one-step and multiple-step promotions, and we ddhiiok this is a concern since roughly ninety-¢igh
percent of the promotions in the sample are ongstemotions. Furthermore, non-promoted workers
include a very small number of workers who were dig (less than one percent of the sample).
Salary is measured as the real annual salaryd8a dellars, deflated by the CPI. The salary data
do not include bonuses, since bonus informatiamig available for 1981 to 1988. Baker, Gibbs, and
Holmstrom (1994a) also ignore the bonus data agukathat bonuses change total compensation very
little for most employees in the firm. Using thél fsample (including females and nonwhite maldsy
found that only twenty-five percent of employeesaiged bonuses in the 1981 through 1988 time period
and that these workers were heavily concentratéldeinighest levels of the job ladder. Since our
sample restrictions eliminate workers in levelsd higher, ignoring bonus data should have littfect
on our results. Also, for the few workers at lowarels who receive bonuses, these bonuses acfmunt
a relatively modest fraction of total compensafitre median bonus for workers who receive bonuses i
levels 1, 2, and 3 is less than ten percent ofygaldile this value is less than fifteen percemtworkers
in level 4). Finally, a small number of observatdn the data set concern employees operating in
branches outside of the United States. Sincedh@nal salary data were recorded in local currencie
we follow Baker, Gibbs, and Holmstrom and drop ¢hekservations from our tests that use salary data.
Education is recorded in years in the data setigh in our empirical work we aggregate this
variable into a set of dummy variables designechfature different degrees. Specifically, we carctr
dummy variables for high school graduate (includingie college), bachelors degree, MBA or other
masters degree, and Ph.D. degree. As discussedrindetail in Section V, we believe the most
plausible interpretation of our model is that ahieiglevel of schooling serves as a signal to other
potential employers that the worker belongs toghéii productivity group, and thus it is the receipa
degree that is important rather than the numbgeafs of education. In other words, focusing on
education as a signal, taking five years to corspebachelors degree does not signal higher qulatity
taking four. We thus exploit only the variationdducational attainment that occurs at discreteftsut

defined by years of typical degree completidn.

15We have also run our tests using years of educagither than degree dummy variables to test aorits
predictions. Consistent with the above discusdioggeneral this approach is less consistent withtleeoretical
predictions than the approach of employing degreerdy variables.
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To be precise, a high school graduate is defisea\morker with twelve, thirteen, or fourteen
years of education. A bachelors degree holdegefimeld as a worker with sixteen years of educatian.
MBA or other masters degree holder is defined @srker with eighteen years of education. Finally,
Ph.D. is defined as a worker with twenty-one orenggars of education (although there are no workers
in the data set with exactly twenty-one years afoation). We exclude from the sample workers for
whom years of education was fifteen, seventeemteén, and twenty, since these workers do not fall
clearly into one of our four degree categoriesis Bxclusion sacrifices roughly four percent of our
sample, where about ninety-seven percent of thedaded workers have seventeen years of education.
A worker with seventeen years of education coulddreeone who took five years to complete a
bachelors degree or someone who took three yedrsampleted a two-year masters degree. Given the
importance in our analysis of distinguishing betawamrkers with bachelors degrees from those with
masters degrees, we exclude these workers frorsaoaple.

In the theoretical model of the previous sectiwarkers in any of the N education groups could
be employed in either of two jobs. In the datayéweer, some jobs are never held or almost never hel
by workers with specific education levels. Theme seventeen job titles in the data set, labeled A
through Q6 As seen in Table 1, no Ph.D.s are present itifie@ls A, B, H, |, and J, and no high school
graduates are present in titles J and M. Furtesteral of the other job titles have a negligibbéefion
of workers from one or more education groups. &imer theoretical analysis is based on career paths
that are regularly traversed by workers from all@dion groups, in our main specifications we festr
attention to workers in titles for which the framtiof occupancy is greater than one percent fdn eéc
the four education groups. This selection critemngeans that our main empirical analysis includes |
titles C, D, G, K, and Q which are the job titlaghiighted in italics and boldface in Table 1. \Also
consider alternative samples as sensitivity cheaksur results. First, we estimate the model uaing
less stringent rule for including job titles, allimg any job title for which the occupancy rate dsive
for each educational group, even if only because sihgle worker. This rule includes job titlesOy;,E,
F,G,K,L,N, O, P,and Q. Second, we consillerftll sample (see footnotes 18 and 22).

In summary, we omit observations of workers irefgn plants, of workers who were already at

the firm in 1969, for which the subjective perfomuoa rating is missing, for which job title data are

16 As in the original papers by Baker, Gibbs, andriitom, the actual job titles are disguised togubthe
anonymity of the firm.
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missing, for which years of schooling equals fiftegeventeen, nineteen, or twenty, and in our main
specifications for which the job title is other th@, D, G, K, and Q. Table 2 displays descriptive
statistics for the main variables in our analysisig the sample selection rules just describedte Nt

our sample restrictions eliminate workers in levkl$, 6, 7, and 8.

B) The Basic Tests

We begin our empirical analysis with the testairkediction captured in Corollary 1, i.e., given k
sufficiently small, the threshold level of outpetiuired to achieve promotiorf,(§), is a decreasing
function of the education level. Because the B@H £xhibits significant turnover at all job levels
rather than being characterized by ports of emteybelieve the evidence supports the firm havitaypa
level of firm-specific human capital. Hence, fbetBGH firm, we interpret Corollary 1 as statingtth
the threshold level of output required to achiesamtion should be a decreasing function of the
education level!

Since the threshold level of output required thiege promotion is unobserved by the
econometrician, we develop an empirical speciftzathat allows us to test our first prediction gsihe
observed data on promotions, schooling levels,pamfbrmance ratings. Letting the subscript i index
workers and t index years, in what follows PROMON|Qs a dummy variable that equals one if worker
i is promoted in year t and zero otherwisg, B the performance rating of worker i in year while
HS:.1, MAi.1, and PHIR, are dummy variables each of whose value equal# amneate t-1 worker i's
number of years of schooling is consistent with #tdooling level being the highest level of ediare!
attainment (as defined earlier) and zero otherwise.

Similar to the theoretical model, Igtyyand 37’“_1 denote, respectively, worker i’'s output in t-1
and the minimum output in t-1 required for workéo be promoted in t, where by definition this mean
PROMOTION; =1 if yn.l-ypn.lzo and PROMOTION=0 if yit_l—ypit_1<0. Since both of these variables are
unobserved by the econometrician, we specify thetatent index variables.

3) ¥a=h(Pr1)+€1
(4) P =WotwiH S HyoMA i +ysPHD G+ X T+

17In a private correspondence, Michael Gibbs hais#ted to us that, based on his knowledge of theahc
identity of the firm, he also believes that the B is characterized by little firm-specific humaapital.
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In this specification h(-) is a monotonically deasimg function, while e and v are stochastic
disturbances. Note that h(-) is a decreasing fumttecause of the way the performance rating is
defined, i.e., 1 is the highest rating and 5 theelst. The vector of controlX;, ;, includes age, age
squared, tenure at the firm, tenure at the joblJewal dummies for job level, job titles, and yeakote
that Corollary 1 impliegz<y,<0<y; since the minimum output level required to achier@mnotion is a
decreasing function of schooling, where the exalustghooling group is the college educated.

Substituting (3) and (4) into the expressionsFROMOTION, given above yields (5a) and (5b).
(5a) PROMOTION1 if h(R.1)-wowiHSt1-ywoMA i 1-ywzPHDy 1- Xt 1T>Vie 1-€11
(5b) PROMOTIONO if h(P.1)-yo-y1HSe1-W2MA i1-ysPHD1-Xir1T<Vi1-€1
Assuming h(-) is a linear function of f (5a) and (5b) can be rewritten as (6a) and (8bgrep.1=Vi.1-
8t1, Bo=-Wo, B1=-y1, Bo=-y2, Pa=-y3, 6=-1, and&<0.

(6a) PROMOTIONT if pit1<Bo+P1HSi1+B2MA i1 +BsPHD1+X1.18+EP¢
(6b) PROMOTIONO if pis>Bo+BiHSe1+BMA i1 +BsPHD+Xi18+EPy

Assuming thaty.; has the standard normal distribution, the pronmotide is described by the
following probit model.

(7) Prob(PROMOTIQAL)=®(Bo+B1HSe.1+B2MA i1 +BsPHD1+ Xt 10+EPr1)
Sincef;=-y; for j=1,2, and 3, the predictiop<y,<0<y, translates int@,<0<B,<Ps. In other words,
controlling for worker performance and the additiboontrol variables iiX, the probability that a
worker is promoted in any year t should be an iasireg function of the worker’s education level.

We report results from our probit estimation ofiation (7) for the basic sample in the first
column of Table 3, where for ease of interpretati@report marginal effects rather than the probit
coefficients themselves. As can be seen the seex#ictly match the theoretical prediction and thus
provide clear support for our first testable prédit. Other things equal, and in particular hotdin
constant current performance, the probability ahpotion is 5.9 percentage points lower for highosth
graduates than for bachelors degree holders, 5c2mage points higher for masters degree holters t
for bachelors degree holders, and 15.7 percent@igesghigher for Ph.D.s than for bachelors degree
holders. As discussed earlier, we also estimaentbdel using a less stringent rule for includioly |
titles, allowing any job title for which the occupzy rate is positive for each educational grougne¥

only because of a single worker. As shown in #mad column of Table 3, the predicted results also
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hold given this less stringent rule for includimdp jtitles, with all three marginal effects strongly
statistically significant8

A potential concern is that the performance ratimgear t-1 might not fully capture worker
performance in the pre-promotion job. SpecificalBlevant pre-promotion performance might span
multiple years rather than being the performantiagdor the most recent year. To investigate this
issue, we estimated a specification that includefopmance in years t-1 and t-2. These results are
reported for the basic sample in the third colurhfiable 3. As can be seen, the marginal effeciado
in this alternative specification are qualitativedgntical and similar in magnitude to those foimthe
first column.

We now turn to the second testable implicatiorivéerin the previous section which is that the
wage increase due to promotion is decreasing iediieation level. Let In wdenote the natural log of
worker i's real annual salary as measured on ttedi@y of year t. We consider the following regres
specificationt®
(8a) In W= In Wei=yo+y1HS+HyaMA i1 +7sPHD+Y ad o P ey if PROMOTION=1
(8b) ago1HS 1 +0MA i1 +03PHD 1 +Z 11 p+pPia Hoie if PROMOTION=0
The prediction that the wage increase due to priemds decreasing in the education level refethéo
wage increase relative to what the worker woulcehaeeived in the absence of a promotion. In terms
of our regressions, this wage premium due to pramstis given by (8a) minus (8b). The theoretical
prediction to be tested is therefagens<y,-0,<0<y;-a;. In regression (8aY;:.1 is the same vector of
controls included in our promotion probability tgsten in equation (7) except for the substitutidiob
title transition dummy variables for the job tidlammies. These job title transition dummies arthef

form dy indicating a transition from job title j in yeaftto job title k when the worker is promoted in

18 n both tests the difference between the margiffatts for masters degree holders and Ph.D.giisttally
significant at the five percent level. Also, oaskc test yields a probability of promotion of G62@r bachelors
degree holders and 0.260 for masters degree hold#is is the source for the “about twenty pertstdtement in
the Introduction for the decrease in promotion phulity when the education level is decreased froasters
degree to bachelors degree. Note that we havecatmtucted this test on the full sample and theaxs mo change
in the qualitative nature of the results.

19 One discrepancy between the theory and the eraptdsting is that in the theory the promotion pesis
deterministic. In other words, in contrast to empirical testing, if a worker is promoted in edprilum, there is
no similar worker with whom to compare the promotetker with who is not promoted in equilibrium.u©
empirical methodology relies on such comparisddewever, although we do not formally show it hetés
possible to introduce “slot constraints” into oliedretical framework with the result that littlecisanged except
that equilibrium behavior would allow for such coanisons.
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year t. This is important because the job titlevtich a worker is promoted is likely to affect tivage
change from promotion. In regression (8h), differs fromY ., in two respects. First, it includes job
titte dummy variables instead of job title tramzitidummies. Second, it includes individual-specifi
fixed effects which we necessarily omit from eqoat{8a) since educational attainment is in most£as
time invariant during a worker’s tenure with thenfi and we are interested in the relationship betwe
education and wage grow#h.

The first two columns of Table 4 display the estiion results for equations (8a) and (8b) for the
basic sample. As seen in the lower panel of thietdéhe results support the theoretical predictidhat
is, we findys-03<y»>-0,<0<y;-a3, though our estimate ¢f-a, is statistically insignificant. The point
estimates suggest that, other things equal, the wegmium from promotion is 2.3 percentage points
lower for masters degree holders than bacheloneddwlders, 4.1 percentage points lower for Ph.D.s
than for bachelors degree holders, and 0.4 pergemtaints higher for high school graduates than for
bachelors degree holde¥s.The estimate ofs-0; is significant at the ten percent level, and tstineate
of y,-0, is significant at the one percent level.

To test the robustness of the findings concernimgsecond theoretical prediction to changes in
the sample selection criteria, we also estimatedwige-growth regression using the less stringent
selection rule concerning job titles. The resuitisich are reported in the third and fourth colurahs
Table 4, are qualitatively similar to those for ooain test. The estimated values+ot , y.-0,, andys-
az, respectively, are 0.493, -1.723, and -3.363wAs true for our main test, the estimateed; is
statistically insignificant, whereas the estimatg.u, is significant at the one percent level, and the

estimate ofs-03 is significant at the ten percent level. We astimated the model on our basic

20 Another way to understand this test is as follo@sie can construct for each observation of a ptechaorker
a wage increase due to the promotion using theviitg three-step procedure. First, estimate ragsag8b) for
the subsample of observations of workers who wetg@romoted in year t. Second, for each obsermaiia
worker who was promoted, use the parameter estinfiaim the first step to derive a predicted wageease that
the worker would have received in the absence@ptibomotion. Third, subtract this predicted waggéase from
the worker's actual wage increase. After this tamtsion, one can use this “wage increase from jptom”
variable as the dependent variable in a regresbitrhas the same independent variables as in (8.
coefficients on the education dummy variables ia thgression would be identical to the estimateg-0., y,-a,,
andys-az found in Table 4. Note that including individusgecific fixed effects in (8b) is sensible becailse
allows us to more accurately estimate the “predistage increases.”

21 |n this analysis the difference between mastegsedeholders and Ph.D.s, although it has the dosigu, is not
statistically significant (Z=0.782). Also, thissteyields an average percentage wage increasedwernotion of
0.053 for bachelors degree holders and 0.031 fetensdegree holders. This is the source for dler‘seventy
percent” statement in the Introduction for the @ase in the average percentage wage increase grantotion
when the education level is decreased from madegeee to bachelors degree.
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subsample controlling for performance in yearsand t-2. As reported in the fifth and sixth colugmd
Table 4, these results are also qualitatively simi those found in the first two columns. One
difference worth mentioning is that the estimate,ad;, which was positive and insignificant in our
main analysis, becomes negative and insignifiaatiié specification that includes performancein t-
and t-222

One possible explanation for the weak empiricapbsut among high school graduates for our
second theoretical prediction is related to thé tiaat our data set only contains the white cgit of
the labor force (see footnote 14). Many of théhlighool graduates that we observe in our data set
likely started their careers at the firm in a bbadlar job and were promoted into a white colldr {ave
think this is likely much less frequent for the etleducation groups). Although we control as magis
feasible for the nature of the job by including tors for job level and job title transition, it jgssible
that workers being promoted into managerial pas&iout of the blue collar part of the firm are on

systematically different career tracks for whicbmptions are associated with smaller wage increases

IV. ALTERNATIVE EXPLANATIONS
In this section we investigate a number of potdatiternative explanations for the results found
in the previous section. We consider five altemt i) education provides higher level skill3; ii
symmetric learning; iii) coarse information; ivialsied performance ratings; and v) biased promotion
contests. We find none that matches the evidemeeet as the promotion-as-signal hypothesis,

although we do find some evidence consistent wiilh @ more of the alternatives.

Alternative 1: Education Provides Higher Level Bkil

One potential explanation for why education mattempromotion decisions even after
controlling for performance is that higher levelseducation are associated with skills that areemor
useful at higher levels of the firm’s job laddétor example, consider two workers who are equally
productive at job level 1, where one worker haaehklors degree and the other an MBA. Suppose

further that having an MBA relative to a bacheldegree provides a worker with skills that are only

22\We have also conducted our basic test using thedmple. There were two qualitative differenbesween this
test and the test on the basic sample reportedlimns 1 and 2. First, as in the fifth and sixduenns of Table 4,
in this testy;-a4 is negative and insignificant. Second, in thi& fe-0s, although it does have the correct sign, is
greater than rather than less tha,, and further it is not statistically significarttstandard significance levels.
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useful on jobs at level 2 or higher. Then, eventfh performance on level 1 is the same, the fiitin w
have a greater incentive to promote the MBA bec#iser her expected performance on level 2 is
higher.

The first problem with this alternative explanaticoncerns our second main empirical finding.
That is, although the idea that higher educatigelteprovide higher level skills could potentiadlyplain
our promotion probability findings, it is not coatnt with our finding that, except for high school
graduates, the wage increase upon promotion isr@asng function of the worker’s education leviél.
the role of education in the promotion process& education provides higher level skills, wage
increases upon promotion would be positively, regatively, related to the education level. Theoea
is that, because in that explanation more highlycated workers have skills that are only valuethore
highly valued at high-level jobs, such workers dbaet particularly large wage increases upon
promotion since promotion for these workers is aisged with particularly large increases in
productivity.

Furthermore, one way to address this alternatipéa@ation is to include predicted post-
promotion performance as an explanatory variabinpromotion-probability tests. That is, suppose
we estimate how workers with various educationlkeaee expected to perform after promotion and
include these predictions as an explanatory vagiabbur probit analysis. Then, if the alternative
explanation is correct, education level should bezoanimportant or at least less important in the
promotion decision since it matters only becausaitslates into higher expected post-promotion
performance.

To pursue this idea, we first constructed a mesastipredicted performance in the post-
promotion job as a function of the education lesradl controls. To do this we considered the subkamp
of promotions in each year t and estimated an eddprobit in which performance in year t+1 was the
dependent variable and the independent variables thhe same right hand side variables as in thigitpro
in equation (7). Then for each observation (inicigdboth promotions and non-promotions) we used the
resulting estimates to compute predicted prob#slifior each of the five possible performance aues
in year t+1. Denoting these predicted probabditis p, p, ..., 3, our estimate of predicted post-

promotion performance conditional on the informatio year t-1 isZizl kpc. We then included this

measure of predicted performance as an additiardta in the probit equation for promotion in year
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and the results were very similar to our main rssinl Table 3. That is, as reported in the latiroo of
Table 3, the marginal effect for the HS dummy Malgavas -0.063 (Z=4.77), for the MA dummy
variable 0.049 (Z=3.51), and for the Ph.D. dummyalde 0.160 (Z=3.82). This leads us to againateje
the alternative explanation for our promotion phaibty results that higher education gives workers

skills more useful at higher level jobs.

Alternative 2: Symmetric Learning

We now discuss the possibility of symmetric leagni As will be discussed in more detail in the
next section, symmetric learning refers to a situeith which, rather than a worker’s current emgloy
learning more about the worker’s ability than dbestpotential employers as in the model analyzed in
Section Il, learning comes from publicly availabiéormation so at any date all firms have the same
information and beliefs about each worker’s abiliys an example, the benchmark analysis of Sedition
is a symmetric learning model since in each peeimch worker’s output realization is publicly obsstv
rather than privately observed by the worker’s entremployer.

Symmetric learning can potentially explain ourrmpation probability findings and, in contrast to
the first alternative explanation discussed abiiven also potentially explain our wage growttdfirgs.
To see the former, suppose output is stochastiésamablicly rather than privately observed. Tlaen
worker’s final performance rating will not contafi the relevant information concerning what the
worker’s true ability actually is, but rather bgttevious performance ratings and the worker’s efiluca
level (to the extent a more highly educated worgelrawn from a higher ability group on average) wi
also contain relevant information. Hence, one is&xplanation for why our probit analysis of
promotion probabilities produces a positive relagitip between education and probability of promotio
is that, even after controlling for current perfamae, higher education translates into higher eaoe
the expected underlying ability level.

The idea that symmetric learning can explain cagevgrowth findings follows from an

argument related to one found in Gibbons and Watd{h@99a). That paper showed that symmetric

23 Note that we also looked to see whether educégioel predicts post-promotion performance aftetidng all
of our standard controls including pre-promotionfpenance. We investigated this using both OLS amtred
probit. The answer is that, except for high sclgratuates, education is positively related to-posimotion
performance. But as discussed above, controlbnghfis generally positive relationship in our pmtion probit
analysis does not reduce the positive relationsbtpreen education and promotion probability.
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learning can explain large wage increases upon@iombecause, on average, we would expect
promoted workers to be those for whom there wegelamprovements in beliefs concerning the
worker's underlying abilities. Now consider a syatnic learning world where workers vary in terms of
their education levels and higher education traeslan average into higher underlying abilitywdétuld

be natural in such a setting for promoted workesmflower education groups to experience larger
improvements, on average, in beliefs concerninguhikers’ underlying abilities. In turn, thesedar
improvements in beliefs should translate into lafgemotion wage increases for these lower educatio
groups.

One test of this alternative explanation for asgults concerns incorporating multiple
performance measures into our promotion probakdlitglysis. That is, if the reason that educatwell
and promotion probability are positively relatecbur probit analysis is that a worker’s educatievel
provides valuable incremental information aboutaeker’s true ability, then the magnitudes of the
coefficients on the education variables shouldifalibsolute value as more performance measures are
added to the probit analysis (see Altonji and Rief2001) for a related discussion and analysikjte,
this is true as long as the performance measueessitlves are only moderately positively correlased,
that adding more performance measures adds impantzremental information. In Table 5 we provide
a bivariate correlation matrix for performance aripd t and three lagged values for performancet N
surprisingly there is positive serial correlationperformance ratings, but the correlations aréciefitly
below one that adding performance measures torobitganalysis must clearly add important
incremental information.

Table 6 reports results from probit analyses ithdtide the performance ratings in period t-1, the
performance ratings in periods t-1 and t-2, thégoerance ratings in periods t-1, t-2, and t-3, trel
performance ratings in periods t-1, t-2, t-3, addhote that the first two of these probit anatyatso
appear in Table 3). As reported in Table 6, th&tpe relationship between education and promotion
probability is still strongly statistically signdant even when four years of performance ratings ar
included in the probit analysis. More importantlye results in Table 6 are not consisistent with t
absolute magnitudes of the education coefficieating as more performance measures are added. For
example, although the absolute value of the cdeffioon the high school variable is lower in coludnn

than in column 1, the absolute value of the MA fioieint is basically unchanged and the Ph.D.
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coefficient is actually higher in column 4 thancimlumn 1. These findings do not support symmetric
learning serving as the correct explanation forgromotion probability finding34

A further test along this same line is to incladperedicted post-promotion performance variable
into a probit analysis that includes multiple pemfiance ratings. The symmetric learning argument
would suggest that including predicted post-prooroperformance should eliminate or at least
significantly reduce the effect of education onmpotion probability. In the last column of Tableve
add the predicted post-promotion performance viitbm above into the probit analysis that employs
four performance measuré&s.The coefficients on the education variables afitmue to have the
predicted sign and two of the three education ogieffts continue to be strongly statistically sfggant.

As before, the results do not support symmetrimieg being the correct explanation for our finding

Alternative 3: Coarse Information

Another potential explanation for our findings ceming the effect of education level on
promotion probability is that performance ratings eoarse measures of true performance. Remember
that the performance rating is an integer valuevbeh 1 and 5. Saying that the performance rasirg i
coarse measure of true performance simply mean$ithacategories do not capture fine gradations of
performance. To see why coarse measurement cantadly explain our promotion probability results,
consider two workers who both receive a one — thledst rating — but one of the workers actually had
higher true performance so this worker’s probabit promotion is in fact higher. If, as seemstgui
plausible, considering all such worker pairs thekeos with higher true performance on average have
higher education levels, then in our probit analgsiucation may serve as a proxy for the unmeasured
higher true performance. In turn, given higheetperformance positively affects the probability of
promotion, this is an explanation for the positigiationship in our probit analysis between educati

and probability of promotion even though we confoolthe performance rating.

24 \We have also conducted this test restricting émepe for each regression to the 1796 data paamte/fiich
performance in years t-1 through t-4 are all aldda There was no change in the qualitative natfitbe results.
25\We attempted to construct a measure of post-piomgerformance that used the ordered probit tegreni
described above, but which employed performancesurea in periods t-1, t-2, t-3, and t-4 rather thest t-1 as
above. However, in this case the probit estimafiaied to converge.
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One problem with this argument concerns our wage/tp findings. If the only reason that
education is positively related to promotion prabghis that higher education is proxying for
unmeasured higher true performance, then we woyddat that education would be positively related to
the “gross” wage increase associated with promdtgrgross wage increase we mean the wage increase
that does not net out what the worker would haceiwed in the absence of promotion). But Table 4
indicates that the gross wage increase due to girmmig, except for the high school group, decregsi
not increasing with the education level. Note,ghediction for the net wage increase due to pramet
which is what we focused on in Section lll, is wanl The reason is that, according to the coarse
information argument, higher education (which meamswerage higher true performance) should
increase both the wage increase upon promotionhengage increase in the absence of promotion.

Another approach for investigating the coarserimftion argument involves including
performance measures from multiple periods in tlebdipanalysis. If a single period’s performance
rating is a coarse measure of true performanca,weewould expect that in aggregate performance
ratings from multiple periods would more accuratedpture true performance. In turn, this meansitha
the reason there is a positive relationship betveglrcation and promotion probability is that a kng
period’'s performance rating is a coarse measuteiefperformance, then including measures from
multiple periods should significantly reduce thesitige relationship between education level and
promotion probability. As already discussed, Tdbleports promotion probability results when
multiple performance ratings are included. Givemtiable shows that the absolute value of the
coefficient on the HS variable becomes smaller asemerformance measurements are added, there is
some evidence consistent with coarse informatiotteriag for the high school group. But given this
relationship does not hold for the other educagimups, given the coefficients of interest ard stil
statistically significant even when four performanatings are included, and given our point in the
above paragraph that this explanation does notmmtcwage growth findings, we do not believe that

coarse information explains our empirical results.

Alternative 4: Biased Performance Ratings
Gibbons and Waldman (1999a) discuss the ideg#rédrmance ratings may not be an unbiased
measure of true performance, but rather measuferpence relative to the average expected

performance of the relevant group. So, for exangigorker in a new job who does not perform well
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from an absolute standpoint may get an averagenpeahce rating if his or her performance is egoal t
the average performance of all new workers atjtitat They go on to argue that this idea serves as
potential explanation for the puzzling findings ceming the relationship between pay and performanc
ratings found in the well known studies of MedafidaAbraham (1980,198%§.

Biased performance ratings of the sort just dbedrialso serve as a potential explanation for our
promotion probability findings. The logic heresdis follows. Suppose that each worker’s performance
rating is measured relative to workers with the s#ewel of education and that, on average, highezl$
of education translate into higher average or ebqoklevels of performance. Now consider two wosker
with the same performance rating but different lewé education. Given that each worker is evadat
relative to the average true performance for warkdth the same education level, the worker with
higher education must have higher true performamckthus, as we find, should also have a higher
probability of promotion.

The problem with this argument is the same asobiee problems discussed above concerning
the possibility of performance ratings being coansasures of true performance. That is, if theora
that education is positively related to promotisal@bility even after controlling for the perforntan
rating is that higher education captures unmeashigder true performance, then we would expect the
wage increase upon promotion not netting out thgewacrease in the absence of promotion to be
increasing with rising education. Since, othentfa the high school group, we find a negative
relationship rather than the predicted positivatiehship, we believe our results are not due agéai

performance ratings.

Alternative 5: Biased Promotion Contests

Meyer (1991) investigates a T-period tournamend@ha which there are two workers and a
promotion decision at the end of the T periodsr Ihéesic point is that, if one focuses on the pentonce
in the last period, T, then the firm should biasdécision rule so that the worker who has beeremor
productive in the first T-1 periods is promotedceafperiod T even if in period T the worker’s outit

somewhat (but not too much) below the output ofatier worker. The logic is that in a world where

26 An alternative explanation for the Medoff and Afen findings is put forth in Bernhardt (1995). Tha
explanation relies on the same ideas of asymmleiiming and promotions serving as signals invateig here.
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output is stochastic, each period’s output is imfative of worker ability so promotions are more
efficient when outputs across many periods areidensd rather than being determined solely by a
single period’s output. Note that this argumenus a variant of the symmetric-learning explaoati
discussed above. Hence, consistent with that séon, we believe the results in Table 6 indichss t
this argument is unlikely to be the correct exptenmafor our findings.

Meyer (1992) puts forth an alternative argumentiased promotion tournaments. In that
analysis there is a sequence of two contests,tamoptimal for the firm to bias the second proimot
contest in favor of the winner of the first. Theason is that a small bias causes a second-orcierade
in effort levels in the second contest but a fingter increase in effort levels in the first comteEhis
could potentially explain our promotion probabilftgdings. The idea here is that for promotions fo
workers starting at higher levels of the job ladelducation may serve as a proxy for having been a
“bigger” winner earlier on.

One problem with this explanation is that, givéirttee controls we include in our analysis, it is
not clear how plausible this explanation is. Néweless, ignoring this problem with the explanatitiis
argument does not hold for promotions out of jokeld since there are no earlier promotion contests
which education could be serving as a proxy. |bl@& we reproduce our promotion probability texd a
show that our results hold even when the samplesisicted only to workers in job level 1. We

therefore again reject biased promotion contesssmasxplanation for our results.

V. DISCUSSION
This section discusses two issues. In the firssaction we discuss the literature on learning in
labor markets and our view concerning what thesditure, including our paper, tells us about thenea
of this learning. The second subsection consitterselated issue of how our analysis contributebé

extensive literature concerning the role of edwteds a labor-market signal.

A) Symmetric Versus Asymmetric Learning

From a theoretical perspective, there are twockegproaches for thinking about learning in
labor markets. One approach investigated in papens as Harris and Holmstrom (1982) and Gibbons
and Waldman (1999a) is that learning is symmefficis means that any information revealed about a

worker’s ability during the worker’s career is pigdtnowledge. The other main approach first
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investigated in Waldman (1984a) and Greenwald (188tat learning is asymmetric. This means that
information about a worker’s ability is only dirgctevealed to the worker’s current employer, while
other firms observe the current employer’s actsunsh as promotion decisions and firing decisions in
making inferences about the worker’s ability.

A substantial empirical literature investigates tiature of learning in labor markets. A number
of studies such as Gibbons and Katz (1992), FanhbeGibbons (1996), and Altonji and Pierret (2001)
develop testable implications of the symmetric#é@y approach, while Gibbons and Katz (1991) and
our own study focus on asymmetric learning. Thentr papers find evidence consistent with symmetric
learning, while the latter find evidence consist@ith asymmetric learning. Schonberg (2007) ddés
the literature because it has paid insufficiergrgton to developing testable implications thabwalthe
researcher to distinguish between the two typdsashing. She derives such implications in thetexin
of a specific model of labor-market turnover anentipresents empirical evidence consistent with
university graduates being characterized by asynieretrning and high school graduates and dropouts
being characterized by symmetric learnfrig.

Although we find the Schonberg analysis quiteregéng, we disagree with her emphasis on the
idea that for any group learning in the labor maikgrimarily either symmetric or asymmetric. We
think that when one views the evidence in its etfithe answer is that even within groups leariigng
somewhere between the pure symmetric and pure astyioroases. For example, as argued in Gibbons
and Waldman (1999a), a pure asymmetric learningetmhnot easily explain the empirical findings of
Baker, Gibbs, and Holmstrom (1994a,b). In particuBaker, Gibbs, and Holmstrom find that on
average workers receive wage increases even iodsein which they are not promoted and these wage
increases vary across workers. This is difficolteconcile with a pure asymmetric learning mobet,

is easily captured in a model characterized by ssymametric learning. On the other hand, as weeatgu

27 To be more precise, Schonberg develops two testatglications for asymmetric learning. The fingtich she
finds clear evidence for among university graduédhle result originally due to Greenwald that kess who
turnover should be drawn from the low end of thiditglistribution. The second is that in a wodflasymmetric
learning the return to ability should be positivedyated to tenure at the firm. For this predictéhe finds
evidence among university graduates that is quitedn However, although the second testable imafibo is
predicted by the specific model of asymmetric l@ggrihat she considers, we do not believe it istast
prediction of asymmetric learning models. So aalihg is that Schonberg’s findings overall aresistent with
asymmetric learning being important for univergjtpduates.
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in previous sections, other aspects of the Bakihs; and Holmstrom data set suggest that asynunetri
learning is also important.

Just to make clear what we have in mind, consfdeexample, the manager of a large division
of a Fortune 500 firm. To the extent that everyocae observe the overall success of the division’s
products, some of the learning about the managéilgy is of a symmetric or public nature. Bueth
CEO of the firm has access to much more informatiam the success of the division’s products in
judging the ability of the division head. The CE&n look at the details of the division’s accougtin
numbers which would typically not be available idetailed way to individuals outside of the firfihe
CEO can also judge better than other potential epept the extent to which the success or failuthef
division is due to the division head and how muxbther factors.

Note that, although we do not show it formally, emild incorporate an element of symmetric
learning into the model analyzed in Section I, #mere would be no change in terms of the two bésta
implications derived. For example, suppose thaiddition to a worker’s current employer obsening
worker’s output, there was a publicly observableri@ncement” of the worker’s ability. Further,
suppose this announcement could only take on theséigh and low, where the probability the
announcement was high was an increasing functidhneofvorker’s true ability. Making this change
would clearly change the equilibrium outcome, huglgatively our two testable implications would be
unchanged. First, holding performance fixed anemia low value for firm-specific human capitak th
probability of promotion would be an increasingdtian of the education level. Second, the wage
increase due to promotion would still be a decrepginction of worker education (and now we would
get the additional result that this wage increasal#valso be a decreasing function of earlier \alfe
this announcement).

As a final point concerning the general issuesyofimetric and asymmetric learning, consistent
with the discussion in this section we believe @irainteresting direction for future research wdudo
consider analyses that do not focus solely on yoe ¢f learning or the other. That is, we feeVatuld
be interesting to look at analyses characterized tmyx of symmetric and asymmetric learning andoth
intermediate cases between the two polar casesiniglo this direction would be realistic and quite
likely yield insights not captured by current arsay. A specific direction along this line thatfeel
holds particular promise is to pursue researchgaibe lines suggested by Granovetter (1973,1995) wh

focuses on how hires frequently occur through pebkoonnections. This suggests that much of the



31
learning in the labor market is neither symmetac asymmetric, but rather something intermediate
between the two where some information about aegifip worker leaks out from the worker’s current

employer but only in a limited waap.

B) Education as a Labor-Market Signal

There is an extensive literature, both theoretical empirical, that explores the role of education
as a labor-market signal (see Riley (2001) forraesy). In this subsection we discuss how our aialy
contributes to this literature. We start with theoretical literature. From a theoretical standpahe
seminal paper in this literature is, of course,gpe(1973). That paper looks at a world in which
education does not add to productivity directlytigh human-capital accumulation, but rather workers
with higher ability have a lower cost of acquiriaducation. Note that, since education does netty
contribute to productivity in that analysis, theistly optimal level of education in the economyéso.
Spence shows, however, that there are equilibifiafact, many equilibria — characterized by positiv
levels of education.

Much of the theory that followed that paper foausa the definition of equilibrium and
Spence’s finding of multiple equilibria. Spencd dt consider his model as a formal game, buerath
focused on outcomes in which actions lead to séfiffing beliefs. Cho and Kreps (1987), for exdep
showed that all of the equilibria focused on byr&meare Bayesian-Nash equilibria when the model is
analyzed as a formal game, and then derived conditi.e., Cho and Kreps’ intuitive criterion, that
result in a unigque equilibrium. Another importaontribution is Riley (1979a). That paper shows ho
the idea of education as a labor-market signalnelet¢o the case in which worker types are contiauou

From our perspective the more interesting thecabéixtension is to add realism by considering
what happens when a worker’s career lasts moreatsamgle period. This is considered in Riley

(1979b). Riley shows that, as a worker’s careegmesses and firms learn about true ability, then t

28 See Montgomery (1991) for a theoretical analykisgthis line, and more recently Pinkston (200&)aucts a
theoretical and empirical exercise that allowstoth symmetric and asymmetric learning. AlthoughkBton
finds evidence for both types of learning, his evide more strongly supports the presence of asyriertedrning.
Also, DeVaro (2007) estimates a structural modedraployer recruitment choice in which hires ocdtiner via
personal connections or via formal methods suddasrtising. The focus in that analysis is onrtile of
recruitment strategies as information-generatinga#s in the labor market and, although the modekchot try to
distinguish between the cases of symmetric and m&tnt learning, that is one direction in which #realytical
framework might be extended.
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importance of the initial education signal as adadetermining compensation should decrease. Note
that the results in Altonji and Pierret’'s (2001 ab#sis of symmetric learning mentioned in the poergi
subsection are similar. They argue that, as camegress and firms observe output realizations,
education becomes less important and true abilitserimportant as factors determining compensation
(see also Lange (2007)).

Although our analysis does not formally treat edion as a signal since education levels are
given exogenously rather than being a choice virifa the worker, it would be easy to extend our
analysis in this way. Such an extension would rtoate to the theoretical literature on educatisraa
labor-market signal in two way8. First, in contrast to Riley’s analysis and thbAtionji and Pierret,
because of asymmetric rather than symmetric legrafiter workers enter the labor market, the
importance of education in determining compensationld not necessarily be a monotonically
decreasing function of labor-market experienceat$, because as in our analysis education would
increase the probability of promotions during akeois career, education could be an important facto
in compensation even late in careers becauseitysthe old workers with high ability and high
education who earn promotions to the top rungsofsf job ladders.

Second, there is the related point of why indigidunvest in the signal in the first place. Ie th
standard Spence-type model the return to sign#tirayigh educational investments is the higher wage
the worker receives in the labor market, while g that consider multiple-period careers gergrali
this result to the higher compensation the workeeives early in the career prior to the firmsrdesy
true ability. One of our points is that, if théseasymmetric learning after workers enter the tabo
market, then the return to the signal is not jughér wages early on but also higher promotion
probabilities and thus higher wages later in care®Ye think the idea that individuals focus on
improved long-term promotion prospects in choosidgcational investments, even if education is ypartl
or even purely a signal, is a very realistic pectipe.

Now let us turn to the empirical evidence. Thisran extensive empirical literature on this
topic, but much of it is subject to the criticishat the testable implications considered are also

consistent with a world in which education simpéy\&s to enhance human-capital accumulation. For

29 Note that the discussion that follows is relatdeicent analyses that appear in Ishida (2004arimerning the
promotion-as-signal hypothesis. See also Haber(28i26) for a related analysis that does not inoc@afe the
promotion-as-signal hypothesis.
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example, Layard and Psacharopoulos (1974), Hungksiod Solon (1987), and Heywood (1994) all
investigate whether earning an educational degrbarees compensation as the signaling story would
suggest, where the first paper finds no evidencéh®hypothesis while the latter two find suppugti
evidence. But even supporting evidence here ikwe@mence for the education-as-signal hypothesis.
Consider a pure human-capital-accumulation worldliich individuals who drop out before earning a
degree do so because they realize the educatian foviding valuable human capital for them. iThe
the attainment of a degree will be correlated Witther compensation even though the degree itself i
not serving as a signal.

Papers that are not subject to this criticismudelRiley (1979b), Lang and Kropp (1986), and
Altonji and Pierret (2001). Riley develops pretios based on the idea that some sectors rely on
education as signals and some do not, and findsostipg evidence using tf@urrent Population
Survey But Riley’s predictions depend on average ahilitt varying between the sectors and it is
unclear how reasonable this assumption is. Ladg<aapp develop predictions concerning how an
increase in educational levels at the bottom ofathiéty distribution affects educational attainrhahthe
top through the operation of incentive compatipitionstraints. They find evidence consistent with
these predictions using changes in mandatory mimimeducation levels as the exogenous change
affecting educational attainment at the bottorrhefdistribution. Finally, Altonji and Pierret find
evidence consistent with the earlier theoreticatd$sion that the importance of education as arfatt
compensation should decline as workers age.

Although not initially described as a test of #dication-as-signal hypothesis, we believe that
our empirical work does add to the existing evigeimcfavor of education having a signaling roléeheT
theoretical extension we describe above would yasld testable implication that, as we find in our
empirical work, given low firm-specific human calieducation improves promotion prospects even
holding as fixed both the worker’s current perfonoa on the low-level job and his or her expected
performance on the high-level job. Further, asaige find, the theory would predict that it is mdine
attainment of a degree rather than simply yeaeslatation that increases the probability of prooroti
(see footnote 15). Hence, as indicated, our eogdiresults are consistent with a world in which

education has a signaling réfe.

30 One could also construct a model yielding similadictions that is characterized by uncertainty eoning the
innate abilities of workers, but in which educatitself serves a purely human-capital-enhancingtion. Note,



34

VI. CONCLUSION

An extensive theoretical literature has arguetidha of the roles of promotions is that they
serve as signals of worker ability. However, poegly there have been no empirical tests of théa.id
In this paper we first extended the theoreticatditure on this topic by incorporating educaticio i
standard model of asymmetric learning in labor retrland then derived two testable implicationsef t
promotion-as-signal hypothesis. Our tests arecdbandhe intuitively plausible idea that the signal
associated with a promotion is more important tveelr the worker’'s education level. After develagpin
these predictions, we then tested for their valid#ing a data set covering the internal-labor-mark
history of a single medium-sized firm in the fin@ieservices industry over a twenty-year periodur O
empirical investigation strongly supports the tlwedretical predictions. First, holding performance
fixed, the probability of promotion increases wathivorker’'s education level. Second, except fohhig
school graduates, there is clear evidence thav#lge increase due to promotion falls with education
attainment.

One interesting implication of our analysis comsethe correct way to model labor-market
tournaments or, in other words, the incentives@ased with promotions. The traditional approaad,
first explored in the seminal analysis of Lazeat Rwsen (1981), is that the firm commits to a pfare
promoted workers that is independent of who isaltypromoted. In contrast, we find that the wage
premium associated with being promoted is not iedéeent of the characteristics of the promoted
worker, but rather is a decreasing function of veorkducation as suggested by the promotion-asisigna
hypothesis. This suggests that the correct waiyadel labor-market tournaments may be by having the
signal endogenously determine the size of the @gzexplored in Zabojnik and Bernhardt (2001) (see
also Gibbs (1995)). In their approach, firms dbecwmmit to a wage structure in advance. Rather,

workers provide effort or invest in human capitabrder to increase the probability of being prosdot

however, that for education not to serve as a sigihianate ability given there is uncertainty centing such
abilities, there would need to be no correlatiotwleen innate abilities and education levels. Aligjito
theoretically possible by, for example, having hegeneous schooling levels arise solely from défifees across
individuals in their access to capital markets,bebeve such a model would not be a plausible dasen of the
real world. In the real world innate ability, apwith other factors such as family wealth and asde capital
markets, is clearly an important determinant ofaadional attainment. In other words, our resufes@nsistent
with education having a signaling role, and weddithere is no plausible alternative in which edion does not
have a signaling role.



35

and earn the higher wage associated with the negudignal. If this is the correct approach fordaling
promotion tournaments, one implication of our fimgh is that, restricting the analysis to workerhwi
bachelors degrees or more, promotions may serm@es effective incentive devices for those witlsles
education since those are the workers who recbhe/éatgest wage premia upon promot#én.

There are a number of directions in which the ysislin this paper could be extended. From a
theoretical perspective, we could incorporate éffboice or human-capital investment as just meetio
and see whether this enrichment yields any addititastable implications. There are also a nurober
empirical extensions. In this paper we have fodusethe validity of our theoretical predictions fhe
internal-labor-market operation of a single medisiged firm in the financial-services industry. One
extension would be to consider the validity of theoretical predictions for the internal-labor-metrk
operation of other firms for which detailed data available. In fact, it might be worthwhile adgliour
empirical tests to the extensive list of standasis of internal-labor-market operation found iblgins
(1997). Another extension would be to investidgedes our theoretical predictions hold up in a cross
section of firms and industries. For example, gnedictions concerning the importance of educadion
the probability of promotion and the wage premiwssagiated with promotion rely on the presence of
asymmetric information. Thus, in industries susfaeademia where asymmetric information is less
important because publication records serve asghylbbservable measures of performance, our
prediction is that these two effects of educatioousd be less important than is the case for aor fin
the financial-services industpy.

A final extension that would have both theoretiadl empirical components would be to enrich
our model so that there is turnover and then ingats whether the additional predictions that reard
consistent with the empirical evidence. Although lvave not done this formally, based on the adverse

selection analyses in Greenwald (1986) and GibbhadsKatz (1991), a prediction from such an

31 This prediction is potentially testable using thee of data found in van Herpen, Cools, and vaa§(2006).
32 The specific prediction is that, holding fixed theblication record, the quality of the Ph.D. gragtinstitution
should have a relatively small effect on the likebhid of promotion and the wage premium associatéd w
promotion. This should be easily testable usimgtsipe of data found in Coupe, Smeets, and WarzyA6k6).
Note, although Coupe, Smeets, and Warzynski deoraduct this test, they conclude that there ielésymmetric
learning in academia based on how the probabififyromotion varies during careers. Another praditilong
the same line is that, based on results in Waldfh884a) and Corollary 1 of Section Il, the effewtsare focusing
on concerning the role of education should be latige smaller the level of firm-specific human d¢api Thus, to
the extent the magnitude of firm-specific humanitzdpn an industry can be measured, there aralsst
implications concerning how our education effe¢tsidd vary with measured firm-specific human cdpmtahe
industry level.
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enrichment is likely to be that individuals who aggte from the firm will on average be individuals
whose productivity is below the average produgtivit individuals who look observationally equivaien
but do not separate. Although the results arerpirehry, we have conducted tests of this predictind
found that in our data set this is indeed the cd%®t is, we find that after controlling for van®
observables such as education, job level, tenuteedtrm, etc., a worker’s probability of turnovier
higher the worse the worker’s performance ratiAthough there are alternative explanations fos thi

result, it is consistent with asymmetric learnimgl otentially warrants further investigatiéh.

APPENDIX

Proof of Proposition :1As indicated in footnote 9, our focus is the wa&epquilibrium in which no

workers are fired. We start with what happens wherorker is old. Consider wages. Because the
initial employer can make counteroffers and becaluisee is a small probability the initial employsitl
mistakenly not make a counteroffer when the ingialployer has the smallest cost of committing that
mistake, other firms are willing to offer a worlassigned to job j the worker’s minimum possiblepotit
at one of these other firms which is based on viledritial employer assigns to job j in equilibrium
Now consider job assignments. Since output orRjabes faster with on-the-job human capital
than output on job 1, for each schooling groupedaimust be a valug(S) such that old worker i in
schooling group S is assigned to job 1 (job 2)#(>)n"(S) (see footnote 8). In turn, given the above
discussion concerning wages, the wage paid to kewan schooling group S assigned to job 1 (jois2)
given by d+ci[p +B(S)If(1)+G(S) (max{d+cin’(S)+G(S),d+cn"(S)+G(S))).
Now consider’(S) for a specific value S. Supposg{B(S)]f(1)<n’(S)<[ex+B(S)]f(1). Then
N (S) is the value fon; such that a firm is indifferent between assigrangpld worker to jobs 1 and 2.
In this case)’(S) satisfies (A1).
(A1) (1+K)[d+cm’(S)]-[di+cu(eu+B(S))f(1)]=(1+K)[dh+con"(S)]-max{ch+cm (S), dh+con " (S)}
Suppose*(S)=n". Then (A1) reduces to#c; (¢ +B(S))f(1)=d+cm (S), which contradictg*(S)=n".
Suppose’(S)<n’. Then (A1) reduces to (A2).
(A2) (1+K)[gkcan " (S)I-(1+K)[di+em " (S)]=[di+em ' (S)]-[di+cu(o +B(S))f(L)]

33 This result could alternatively be explained, demmple, by Jovanovic’s (1979) job-search modelfiich
worker-firm matches are an experience good, i.eQker only learns about his match with any spe@mployer
by working at the firm.
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But if n"(S)<n’, then the left-hand side of this expression igtgrnegative while the right-hand side is
positive so we have a contradiction. Thuseif{B(S)If(1)<n"(S)[en+B(S)]f(1) for all S, them™(S)>n’
for all S and this, in turn, means maxfd;n’(S),+cn’(S)}=d,+cn ' (S) for all S.

Now suppos@*(S)=[¢.+B(S)]f(1). Consider the return to promoting a kerwhose value for
ni=[e.+B(S)]f(1)+y, y small. The extra productivity associated withteagromotion equals feic,[(¢.
+B(S))f(1)+y]]-[d 1+ci[ (o +B(S))f(1)+]] which is strictly negative foy close to zero. Starting from a
situation in whichy"(S)=[p_+B(S)]f(1), when the off-the-equilibrium path eveafta worker not being
promoted is observed by the market the inferenteaisthe worker’s on-the-job human capital is
[e.+B(S)]f(1) (this follows from our assumption coniirg off-the-equilibrium path actions — see
footnote 7). The extra cost of promoting such akewois therefore zero. Thus, since the extra
productivity of promoting such a worker is lessrthihe extra cost, the firm will not want to promtite
worker so we have a contradiction. Heng€S)>' for all S.

Now consider young workers. Given that from abaeeknow that a firm earns positive
expected profits from an old worker it employed wlyeung, competition across firms means that the
wage for young workers must exceed expected pradglyct We also know that, given our assumption
05(N)f(0)<n’, all young workers are assigned to job 1. Conmgjtthis with young workers being paid
more than expected productivity yields(8)>d,+c,(05(S)f(0))+G(S) for all S.

Proof of Corollary 1From the proof of Proposition 1, we know givepréhis a positive number of

promotions for workers of schooling level that (A3) must be satisfied.

(A3) (1+K)[erem (Sl da+Cueu+B(S))f(1)]=(1+K)[do+cn (S)]-[d 2+ " (Sy)]
Rearranging yields (A4).
(A4) (L+K)[(g+con”(Sw))~(di+em (S)-[(d+en(S)-(dit+ea(o +B(S))f(1))]=0

Holding S fixed and taking the derivative of thé-leand side of (A4) with respect tg yields (1+k)(¢-
¢;)-C;. Given this, supposg (S))=n'. Then the left-hand side of (A4) is strictly ntiga so consistent
with Proposition 1 we havg'(S;)#n'. But we also know from Proposition 1 thg{S;)>n’ so there must
be a higher value at which (A4) is satisfied. @itlee derivative of the left-hand side of (A4) with
respect tay" equals (1+k)(£c;)-C,, we now have that (1+k)c;)-c,>0.

Now consider § Given there is a positive number of promotiamswWorkers of schooling level

S, (A5) must be satisfied.
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(A5) (A+K)[(gCon"(S))-(di+em ' (S2))]H(d2+Can ' (S2))-(dut e +B(S)f(1))]=0
Suppose|’(S)=n"(S,). Given B($)>B(S,), a comparison of (A4) and (A5) yields that thit-lend side
of (A5) is positive. In turn, given (1+k){c;)-c,>0, we now have thaf'(S,)<n’(S,).

We now consider the relationship betwegf8y and y(S,). Subtracting (A5) from (A4) and
rearranging yields (A6).
(AB) N'(S)-n"(S)=ciB(S)f(1)-B(SHf(L)/[(1+K)(Cz-Cr)-Co]
Let k* be the value for k such that'[S)n"(S)]f(1)/c:f(0)=G(S)-G(S). (A6) tells us that for any k<k*
such that (1+k)(ec,)-c;>0, " (S)-n"(S)If(1)/c:f(0)>G(S)-G(S). By definition y(S)=d+
[cm"(S)F(0)/f(1)]+G(S). Given'(S)n"(S)If(1)/c.f(0)>G(S)-G(S) for all k<k* such that (1+k)(ecy)-

>0, we now have thaf'§5,)<y"(S)) if k is sufficiently small.

Proof of Corollary 2 From Proposition 1, the wage increase due te@mgtion as a function of the

worker’s schooling level is given by (A7).

(A7) AW(S)=[cb+cn"(S)-W(S)]-[d+Ca(@ +B(S)IF(1)-w (S)]
This can be rewritten as (A8).
(A8) AW (S)=(d-dy)+cn"(S)-clo +B(S)If(1)

We now have thaaw?(S) is decreasing in S for schooling groups wititratly positive probability of

promotion because by assumption B(S) is increasigyand, from Corollary Iy°(S) is decreasing in S.
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TABLE 1: Distribution of Job Titlesfor Each Educational Group

Hi gh School Col | ege M A Ph. D.
Job Title A 9.22 4,48 1.32 0. 00
Job Title B 0.35 1.02 0. 45 0. 00
Job Title C 16. 08 14.98 11.08 6. 54
Job Title D 6. 84 10. 66 10. 07 8. 60
Job Title E 15. 49 6. 83 4,26 0.93
Job Title F 0. 84 1.03 0. 25 1.12
Job Title G 26.78 23. 26 24. 06 17. 48
Job Title H 0.18 0. 80 0.67 0. 00
Job Title | 5. 76 2. 49 1.43 0. 00
Job Title J 0. 00 0.11 0. 00 0. 00
Job Title K 1.57 1.66 1.70 2.52
Job Title L 0.22 0. 64 0. 75 0. 47
Job Title M 0. 00 0.01 0. 07 0. 47
Job Title N 0.69 1.71 0.59 3.83
Job Title O 0. 60 3. 37 3.66 8.32
Job Title P 0.81 1.16 0. 47 3.36
Job Title Q 14.57 25.78 39.17 46. 36
TOTAL 100% 100% 100% 100%

TABLE 2: Descriptive Statistics
Mean Std. Deviation

Promotion 0.131 0.337
HS Graduate+ 0.370 0.483
College Graduate 0.376 0.484
MA 0.223 0.416
PhD 0.031 0.173
Performance 1.901 0.770
Age 42.168 9.371
Years at Company 6.123 3.793
Years at Title 3.847 2.836
Years at Level 3.855 2.837
Job Level 1 0.137 0.343
Job Level 2 0.146 0.353
Job Level 3 0.360 0.480
Job Level 4 0.357 0.479

Notes: Computed on subsample that: i) includeg jobltitles C, D, G,
K, and Q; ii) omits workers with years of educatéemualing 15, 17, 19,
or 20; iii) omits observations with missing perf@nce data; iv) omits
observations for which the history of job titlesrisomplete over the
worker’s career at the firm.
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TABLE 3: Probit Marginal Effectsfor Probability of Promotion in Year t

(1) 2 (©) (4)
Basic Sample' Less Stringent Basic Sample' | Basic Sample'
Samplée’
HS Graduate+ -0.059 -0.036 -0.053 -0.063
(5.09)*** (4.78)*** (3‘89)*** (4.77)***
MA 0.052 0.040 0.031 0.049
(3.96)** (4.36)**= (1.98)** (3.51)**=
PhD 0.157 0.093 0.154 0.160
(4.05)*** (3.64)*** (3.17)*** (3.82)***
Performance (t-1) -0.052 -0.044 -0.040 -0.046
(7.30)*** (9.44)*** (4.11)*** (3.07)***
Performance (t-2) . . -0.035 .
(3.81)***
Age (t-1) -0.038 -0.017 -0.032 -0.038
(7.96)*** (5.39)*** (5‘36)*** (6.40)***
Age squared (t-1) 0.0003 0.0001 0.0003 0.0003
(5.69)*** (2.94)*** (3‘73)*** (4.80)***
Years at Company (t-1) -0.006 -0.010 -0.009 -0.007
(1.99)** (4.92)** (2.47)* (2.21)*
Years at Title (t-1) -0.013 -0.002 -0.002 -0.011
(1.05) (0.36) (0.16) (0.86)
Years at Level (t-1) 0.044 0.028 0.031 0.045
(3.50)*** (4.27)%*= (2.00)** (3.54)**
Expected Performance (t+1) . . . -0.028
(0.50)
Job Level Dummies (t-1) YES YES YES YES
Job Title Dummies (t-1) YES YES YES YES
Year Dummies YES YES YES YES
Sample Size N = 6514 N=11,170 N = 4400 N = 6346
Pseudo R 0.14 0.19 0.14 0.14

Y Includes only job titles C, D, G, K, and Q.

2| ess stringent sample uses job titles C, D, E, &G, N, O, P, and Q.

Notes: Z-statistics in parentheses below eacmag#i. Statistical significance at the 10%, 5%,
and 1% levels denoted by *, **, and ***. All effezare evaluated at the means for all covariates.

Marginal effects displayed for continuous covamat&or dummy covariates, cell entries are
the differences in predicted probabilities whendbenmy equals 1 and when it equals 0.
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TABLE 4: OL S Estimates of Changein Annual L og-Wage

1) 2 3 4 5 (6)
Basic Sample' L ess Stringent Samplée? Basic Sample'
Promotions No Prom. Promotions No Prom| Promotions No Prom.
High School -0.404 -0.807 -0.275 -0.769 -0.339 0.848
Graduate+ (0.91) (1.06) (0.91) (1.20) (0.68) (0.87)
MA -1.210 1.047 -0.948 0.775 -0.515 1.147
(3.14)*** (1.63) (3.10)*** (1.39) (1.13) (1.56)
PhD -1.310 2.836 -0.891 2.472 -0.864 5.485
(1.47) (1.31) (1.23) (1.32) (0.81) (2.52)**
Performance -0.397 -0.347 -0.367 -0.297 -0.267 -0.408
(t-1) (1.63) (3.23)*** (2.02)** (3.32)*** (0.083) (3.23)***
Performance . . . . 0.594 0.265
(t-2) (1.98)** (2.36)**
Age (t-1) -1.012 . -0.916 . -0.760 .
(6‘10)*** (7‘27)*** (3‘67)***
Age squared 0.010 0.001 0.009 0.001 0.007 0.0003
(t-1) (4.92)*** (0.75) (5.87)*** (0.51) (2.89)*** (0.19)
Years at 0.207 0.008 0.185 0.036 0.117 0.039
Company (t-1) (L.71)* (0.05) (1.98)** (0.28) (0.90) (0.20)
Years at Title -0.315 0.244 -0.131 0.100 -0.258 0.254
(t-1) (0.84) (0.67) (0.47) (0.50) (0.51) (0.60)
Years at Level 0.656 -0.664 -0.672 -0.473 -0.655 -0.637
(t-1) (1.69)* (1.85)* (2.30)** (2.35)** (1.27) (1.53)
Constant 47.704 7.216 32.211 9.355 32.56 5.661
(11.15)*** (3.54)*** (9.95)*** (5.13)*** (6.46)*** (2.63)***
Job Level YES YES YES YES YES YES
Controls (t-1)
Job Title YES YES YES YES YES YES
Controls (t-1)
Year Dummies YES YES YES YES YES YES
Differencesin Coefficients
High School 0.403 0.493 -1.187
Graduate+ (0.46) (0.70) (1.09)
MA -2.257 -1.723 -1.66
(3.01)*** (2.70)*** (1.92)*
PhD -4.146 -3.363 -6.345
(1.78)* (1.67)* (2.62)***
Sample Size N = 1302 N =7442 N =203 N =9158 = 829 N = 5295

! Uses only job titles C, D, G, K, and Q.
?|ess stringent sample uses job titles C, D, E, &G, N, O, P, and Q.

Notes: All coefficients are multiplied by 100. a8stical significance at the 10%, 5%, and 1%
levels denoted by *, ** and ***. Specification @sncludes interactions of the promotion
dummy with all other covariates in addition to #ducation interactions. Age variable is
dropped in the “no promotions” models due to cadrities in the presence of individual

fixed effects.
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TABLE 5: Corrdation Matrix for Performance Ratings over Time

Performance| Performancg | Performance | Performancg
Performance | 1.000
Performance | 0.581 1.000
Performance | 0.394 0.590 1.000
Performance; | 0.249 0.398 0.610 1.000

Note:™ indicates correlation is statistically significndifferent from zero at the 1% level.

Correlations computed using “stringent sample”. {pé titles C,D,G,K,Q).
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TABLE 6: Probit Marginal Effects for Probability of Promation in Year t
Controlling for Various L ags of Performance

1) 2 (©)] (4 ©)
Performance Performance Performance Performance Performance
in inYearst-1 in Yearst-1, t- in Yearst-1,t- inYearst-1,t-
Year t-1 and t-2 2,and t-3 2t-3,and t-4 2t-3,and t-4
HS Graduate+ -0.059 -0.053 -0.046 -0.041 -0.027
(5.09)*** (3.89)*** (2.82)*** (2.04)** (1.19)
MA 0.052 0.031 0.055 0.051 0.061
(3.96)** (1.98)** (2.85)*** (2.11)* (2.37)**
PhD 0.157 0.154 0.129 0.191 0.194
(4.05)**=* (3.17)*** (2.08)** (2.11)* (2.00)**
Performance (t-1) -0.052 -0.040 -0.034 -0.021 -0.051
(7.30)**=* (4.11)*** (2.78)*** (1.29) (1.99)**
Performance (t-2) . -0.035 -0.040 -0.029 -0.033
(3.81)*** (3.29)*** (1.82)* (2.01)**
Performance (t-3) . . -0.018 -0.025 -0.028
(1.75)* (1.71)* (1.91)*
Performance (t-4) . . . -0.007 -0.006
(0.57) (0.48)
Expected Performance (t+1) . . . . 0.126
(1.55)
Sample Size N = 6514 N = 4400 N = 2932 N =1819 86
Pseudo R 0.14 0.14 0.15 0.13 0.13

Notes: Each specification is estimated on theamipde of job titles C, D, G, K, and Q. Apart frahe

the number of lagged performance measures, théfispéion is identical to our main specification @olumn 1 of
Table 3. Z-statistics in parentheses below eatimate. Statistical significance at the 10%, 5% 4% levels
denoted by *, **, and ***. All effects are evaluad at the means for all covariates. Marginal ¢$felésplayed for
continuous covariates. For dummy covariates,argfies are the differences in predicted probaeditvhen the

dummy equals 1 and when it equals O.




TABLE 7:
Probit Marginal Effects, Levels1and 2
Basic Sample
HS Graduate+ -0.084
(3.94)***
MA 0.084
(2.99)***
PhD 0.192
(1.84)*
Performance (t-1) -0.023
(1.72)*
Age (t-1) -0.055
(6.97)***
Age squared (t-1) 0.001
(5.41)***
Years at Company (t-1) -0.069
(1.18)
Years at Title (t-1) -0.034
(0.57)
Job Title Dummies (t-1) YES
Year Dummies YES
Sample Size N = 2085
Pseudo R 0.16

Notes: Includes only job titles C, D, G, K, and Q,
and the promotions to Level 2 of workers who
entered the firm at Level 1. Z-statistics in paheses
below each estimate. Statistical significancéat t
10%, 5%, and 1% levels denoted by *, **, and ***,
All effects are evaluated at the means for all ciaves.
Marginal effects displayed for continuous covaate
For dummy covariates, cell entries are the diffeesn
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in predicted probabilities when the dummy equals 1

and when it equals 0.
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