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CAREERS IN ONGOING HIERARCHIES
1. _Increducgion

The standard mcdel of human capital accumulation and earnings growch
assumes that intertemporal labour market behaviour is mostly driven by supply
considerations.l Although successful, the model is silent about several
intermitrent career events such as layoffs, promotions, lateral mobility and
mandatory retirement. In this paper, we explain those events by integrating
standard concerns about supply'with the structure of demand in labour
markecs.?

Within a competitive, symmetric information and complete contracting
environment, we focus on the need of ongoing hiararchies to produce new
managers to replace retiring managers. Often, it is efficienc for a fim co
train unskilled workars on the job to become managers. Then the siza of the
firm required by productive efficlency may conflict with the optimal number of
unskilled workers that can simultaneously be trained to bacome managers for
the future. How a firm copes with this tradeoff generates persomnel decisions
that ware previocusly lnexplicable within a compatitive, symmetric information
and complete concracting framework. Our model generates hecerogenous career
profiles for identically endowed workers. Thess include s:ochastié
promocions, dismissals, lateral mebility within the £irm, upward mobility
across firms and vnrinﬁions in earnings across identically skilled workers.

Our model also explains two labour market phencmena, fast track jobs and

! E.g. Becker (1976), Ben Porath (1967), and Mincer (1974).

2 Other models do not deviate from the supply side emphasis of earlier
work but add asymmetric information and incowplete contracting to labour
markets (e.g. Akerlof and Yellan (1986), Hall and Lazear (1984), Kahn and
Huberman (1988), Lazear (1979), Weiss and Wang (1990)).
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up or out rules. MHany hierarchies have fast track jobs. These are encry
level positions in which an occupant remains for a short time. Than he is
elther promoted to more senior positions ahead of the cohort that entersd the
firm with him. Or he is moved to another lareral position i{n the firm and
leses attention from the managesant of the firm. Other hierarchies practice
Up or out rules. In this case, all junior workers are either promoted or
dismissed from the firm afcer soms finite peried.?

Wa explain these pracl:ica's as follows. In a hierarchy, some junior
positions have two functions. First, an occupant in one of thesa positions is
a direct facter in current production. Second, the occupant {3 alss trained
and or screened, or engaged in some other ways r;n the job to become a
productive senior worker. When thess Junior slots dre scarca, the firm nay
dismiss a junior workay from his position, evan {f he is capable, in order to
give his slot to another candidate who is more promising for the senior rank.
If there are other unakilled slots that are not used for developing managers,
an unsuccessful traines can move to such a position and not have te leave the
firm. With lateral mobility, the dual role junfor slots that we have Juse

described resamble fast track slota, In some hlerarchiqn,' wvhen a traines
"fails, lateral mobilicy j_.s not optimal. Then the 'up or out rule applies and
unsuccessful trainses leave the firm. So whether the fast track or up or out
holds depends on the nature of managerial and output preduction of the firm.

In this paper, we describs an envircument where the abave explanaticn

3 These rules are
workers are best suitad
indefinicely.

puzzling because with hetsrogenous workers, soma
for these jobs and should be able to stay in them

—

for the two types of institucions is operative.* In the model, workers live

for two pericds. A firm can choose to train some of its unskilled workers omn

the job to become managers.® Firms that hire managers from the cucsids have
to pay hiring costs.® So if a young trainee is successful, he is promoted to
management ahead of the unskilled workers who entared with him and the firm
savas on hiring cost. If he is not successful, he has to leave the training
slot for an unskilled slot in the firm or elsewhere. No firm would be willing
to train him at the prevailing wage of a young trainees because he has to
ratire after the second period and a firm cannot reduce its future hiring
cost, Whethar he can remain in the firm depends on the availabilicy of

non-training unskilled glots, This availability depends on the difference

bacwesn the optimal number of total unskilled workers employed in productien

and the optimsl number of trainees cum unskilled workers. When the difference

is positiva, the hierarchy has fast track jobs. When the difference is zaro,

the hierarchy practices up or out. Depending on the clrcumstancss, a firm and

or the industry may move from one regime to the other.

In the basic modsl, we assums that £irms make all wage offers. An

*  Rosen (1990), in discussing the careers of sxecutives, wrote: "No
doubt differences in styls and technology make it (up or our rules) a p;;: c
approximacion for many firms, yet lsscnti_al ¢loments remain common to all o
them. Promotions focus an executive's caresr actention on thosa discrate
points when a ‘window of opportunity’ opensa for pessible :dvancantéi .
Typically these windows fit scme predatermined rough ocutline of tha d.am both
organization structure and thera is competition for them from conten rs;:h L]
within and without the firm.” We show when up or out rules apply, when a“
*window of opportunity’ opens, provide an sndogenous organizational structu
of the firm, and characterize the competition for these positioms.

Porath and
! Wa build on on-the-job training models (e.g. Becker, Ben

Mincer fo; non-stochastic models; Cooter and Restrepo (1979), Morrison and
Schmittlein (1981), Sicharman and Galor (1990) for stochastic models).

is investment in
¢ The importance of hiring cosz, a large part of which
specific capicial, Ls documented in Oi (1%962) and Rosen (1968).
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sxtansion of the basic model comes from rediseributing the bargaining power

between the firm and {ca successful trainees., pue to the positive hiring

cost, & successful trainea has some bargaining power versus the firm, Wages

of internally promoted WATMEETS are on average higher than those hired from

the outaide. However, the distribution of bargaining power between the firm

and its successful trainees has no implication for quantities or the value of

the firm. So we have an insidar-outsider modsl of the labour market which,

unlike Lindbeck and Snower (1988}, has no implicacion for market efficiency.

This paper counsels caution in using evidence of wage differentials,

unexplained by sbility differences, to imply labour market inefficiency.

Many of the issuas discussed hers have besn Previcusly explored in the

literatura. Studias of cirurs in hiersrchies where slots are scarce include

Doeringer and Piore (1971), Rosen (1986), Rosenbaum (1984), Stern (1987),
White (1970) and Tuck (1954).

hierarchical, incompleta concracting and asymmetric informseion environmentcs

(a.g. Carmichgel (1983), Costa (1988), Cremer (1988}, Ferrall (1989), Huberman

and Kahn (1988), MacLeod and Malcomson (1988), Malcomson {1984), Rosen (1990),

Waldman (1990)). Their smphasis on asymmetric information and incomplete

contracting is very different from ours. The literaturs on cohort effects are

related to our work in their concern For the in:aractions batween old akilled

workers cum teachers and new unskilled workers (a.g. Seapleton and Young
(1988) and Valch (1979)). Finally, we consider related {ssues {n 0°’Flaharcy
and Siov (1989, 1990), Demougin and Siow (1991),

Section 2 of the paper sets up the model. The fast track snd up or out

ars discussed in Sections 3 and 4 Tespectively. Market equilibrium is

considered in Section 5. Section 6 has extensions and a conclusion.

Economists have also studied career dynamics in :

2. _The Model

Consider a stationary competitive industry thac sells a homogenocus good,

Oucpuc is supplied by a continuum of f£irms who all have access to identical

technalogy. We normalize the measure of firms to 1. Let aggragate ourput in

the industry in period t be Q. The prica per unit in period t is P, where P,

is determined by the inverse demand schedule, Q°(P.,d.) = Q,, Q°p < 0. 4. is

a non-stochastic demand shifter for the industry. For now, we assume that the
price of output is sufficiently high such that no firm will choose to leave
the industry sand we also restrict entry into the industry.

A firn produces output with a fixed quantity of skilled workers
' (hersafter managers), which we mormalize to 1, and unskilled workars,?
Workers in this economy are active in the '.leour'mkei: for on}y two periods.
Thus a firm has to continuously replenish its work force,

The alternative wage of an unskilled worker in the economy in period ¢
is A, . Let a representative firm at date t hire one manager and n, unskilled
workers. mg of those unskilled workers receive training where m: < ng.
Unskilled workers that do not racelve training will never become skilled; 1f
thay are hired by a firm in periqd t, they will be paid the alternative wage
"Ay . If a trainee ﬁ succassful, he will becoma a managgr in ?he next period
(vhen he is old). His managerial talenc is equslly productive in sny company
in the i.ndustry - howevar, we will assums that when & manager switches firms
within the industry, the hiring firm must pay a hiring cost. In period t, the

1
wage of a manager in the industry is A, + §,. S, is interpretad as the skil

premium which is to be determined by the model. If a trainee fails, he

1ly convenient, many
? While the one manager assumption is analytica '
firms are two level hierarchies with one manager (who may alse ba che owner)
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remains an unskilled worker in his second pertiod, t+l. If he stays in the
industry, he will receive A, or, alternstivaly, he can leave the industry
for A.., elsewhere. Workers have no moving cost when they leave a firm ar
their indusery,

A firm must choose a training inteusity for its m. trainees®, &
training intensity generates for each trainee a probability of success, which
is independent across trainees. Llet 7. denote this probability. A firm
will be able to attracc traim;s as long as they get the same expected income
from undergoing training as otherwise. Lat g denote the common discount
factor of workers and firms. In the firse period of their working life, all
workers are unskilled. Ac date t, there fs an elastic supply of trainess at

the wage W(y.,S¢41) which sacisfies the arbitrage condition:

A+ Aoy = W(ve,800) * Bl1alArq+80) + (1-7)4..,] 2.1)

The left hand side (LHS) of (2.1) is the pressnt value of the income
stream of a young worker who does not receive any training. The vight hand
slde (RHS) 1s the expected discountsd pressnt value of income from being in
the training program. The equation can be rewrittan to yleld the training
" wage offersd by a firm as a function of the alternative wage, the skill

prezium and the likalihood of a success generated by its training program:

V(7. 5.0) = A - A1 85, (2.2)

The term fv,8,,, denotes the wage reduction the firm can obtain hy

® Ve assume that all the trainess are treated equally and receive the
same qualicy and quantity of training.

hiring a traines inscead of a non-crainee. The firm obtains this reduction

because tha expectad future sarning of & trainse is higher than chat of a non-

traines, This also implies chat a second generation unskillad worker will

naver accept a training position.

If & firm is unsuccessful in training a manager from wichin for parioed
€, it can hire a manager trained bff other firms by paying a hiring cost of
P,H. Ve assume hiring cosC ls proportional to the prics of output becauss ic
consists of direct hiring cos:;: as well as the cutput that is lost when the

navwly hired manager is learning how his new firm opsrates. Since a firm may

successfully train more than one manager, the excess managers leave to work in
firms that did not manage to promots from within. Because of the hiring cost,

Pel, firns prefer to promots from within. We inftially assume that firms make

all wage offars.?
We now discuss the cost of training. Let the cost of the training

program per trainee be P C(7.), vhere G(.) satisfies:

C(0) =0 , C'(0) =0 ,c’20 ,C'>pH (2.3

Thus, training cost starts at zero and is convex in .. The restriction

on C" will discussed later., We make the opportunity cost of training depends
on output price, P, bacause wa in:arprét this cost as the foragone output of
the firm vhen a tr.;ainee takes time off from producticn to learn and managers
take time off from production to tsach.

We are now ready to discuss tha optimization problem of a reprasencacive

We assume chat

firm. Let cthe gross production function of the firm be F(ng).

7 Seccion 6 shows that the particular bargaining assumption betwesn the
firm and its managers s irrelevant to the firm’'s quancicy choices.
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F satisfies the following restrictions:

FF20 ,F'<0 ,Fle)<p<w (2.4)

Given cthe path of prices, (r,.s,};_c , the gbjective of the firm is to
chooge current and future quanticies of employment, and the size and intensity
of its training program in order to maximize the expected present value of
discounted profits. In this environment, the representative firm faces a

stochastic dynamic programming 'probleu. Let V., denotes the maximum expected

present value of the firm at time t after the hiring decision of a manager has

been taken. Jc is formally defined as;
Vo = Hax B [F(n) - mC(r.)] - (4:+5,) - (n-m)a,
Ty, Te ' (2.5)

= B W(7,Sea1) - AP H(L-7 )™ « gV,

0sy, 51 (2.5.1)

F(ny) - =C{7.) L3 the cutput of the firm after subcracting training

A, + 5, (uc-n,)A, is the

vage bill for unskilled workers who do not receive training. mW(y,,5.4;) 1is

" cost. is the wage paid to the current manager,

che wage bill for trainees. The term JP. H(1-7,)™ is the discounced

expected hiring cost to be paid in t+l for a manager. H(l-7.)* 4ix the
axpected loss of ourpuc in t+l dus to having possibly to hire from the outside
in t+l. V., 1is the maximun expectad present value of profits for the firm

¢t v+l after any hiring cost for t+l has been paid. Note that Vesy 85 We have

deafined it, is independenc of actions taken ar time t.' The consctraints are
consistency requirements. (2.5.1) guarantees that the probability of success
is in the unit interval. (2.5.2) insures that the number of trainees is less
than the total number of unskilled workars hired by the firm. We assume thac
the price of output is sufficiently high such thar every firm will want to
produce positive output in each period.

When demand is stationary, we will show later that there is an
equilibrium where the prices, -P, and 5., are constant for all t. Wa will
discuss this equilibrium here. In this case, from (2.5), the firm will choose
the ssme values for =n,, m,, and ¥, for all t and wa can dispense with tha
time subscript. We also substituts the wage function for trainees, equation

(2.2), to obtain the following definition:

x(n,3,7) = B[F(0) ~ mG(1)] - (A+S) - mA « fusy - pRH(L-m® (29
In any period, x denotes those parts of the profit stream which are
influanced by current decisions. It includes the profit of thac particular

period and the implication for hi-.ring in the following period. We note that a

fiim will aiways hire at least one trainee, indeed:

Yynzo x(n,0,0) = x({n,1,0)
an -
and .‘.ﬁ(n,l,o) A5 + BEH > 0

Thus, as long as 5 > 0, Lt is becter for the firm to have at least one
trainee receive a litrle bit of training than no trainee. This implies that

the lowar constraints on ¥ and m will never be binding. Since V. 1is

& Although correct, our definition of Ve is not standard dynamic
programming notation becauss we include a ¢+l payoff, ﬂ!r_,,_lﬂ(l-vt)“:, in date
t’'s recurm.




indspendent of time t decisions, the problem of the firm at time t c¢an be

reduced to &4 one period Lagrangs maximizacion problam:

Max x(a,m,7) + Ay + v(l-7) + pm + 5(n-0) 2.7
n,m.y
For a choice variable x, let x* danots the optimal valus of x. m* and

7* > Q guarantees that the multipliars X and g are zero. Thus, the first-

ordar condition of the fim's ;'n:obhl simplify to:

(1) PFf(as) - A + g -0
(2).  -PC{y») + fSy+ - SPH(1l-7#)*1n(l-7*} -9 =0
(3).  -PasC’(7s) + fSms + mefBH(L-ye)™t =y =0

(z2.8)

We can still distinguish differsnt cases depending on whether either of
the two other constraints are binding or mot. We first consider the situation
where the cptimal number of trainess is striccly less than the total number of

unskilled workers demandsd by the firm, i.a, the case whers 7 = 0.

‘e

Under the fast track, the firm’s unskilled workforce exceeds the number
of trainees. 5o some if not all unsuccessful trainees may move laterally in
the firm. Whether they move laterally or mot, unsuccessful trainees have to

leave the training slocs. That trainses have to ba young and unsuccessful

contrary. In this case, (2.8.2) and (2.8.3) further simplify. Eliminacing the

term fS, Wwe can solve for v:

v = E[ﬂg‘.)_-c’(l)] < 0 .1

Since C 1is convex, (3.1) 1s a contradiction becausa the lagrange
multiplier must be non-negative. Thus, the convexity of the cost function in
4 guarantees that if the firm does not train all its unskilled worker, it
will naver choose the highest possible training intensity.

Under the fast trae.;k, n = 0 and unskilled employment is determined only
by the real wage L2 A/P, as can be seen in (2.8.1). Morecver, dividing
(2.8.2) and (2.8.3) through by P, ve see that training policies, v+ and m¥,
only tlhpcnd on the real skill i:nmium. s - S/F.

In the appendix, we prove the follow:l.ng resulc.

Propogicfon 1: If chere is a triplet

order conditions of the maximjization problem (2.7) and the constraints, wich g

(n*,m",7") which satisfies the first-

= 0, it {5 the unique solution to the firm's problem. Comparative statics

with respect to nominal prices are:

W en 20 @ LLWER SN

@ . sy <o

dm*
-a-s-(s.?) 2 0

av° .
3 5,F a
(33 'EF(_ )y ‘2 G.2)

(3) 8B (s,p) 20 (6)

o 3_(35"3"_’@,9)50 (8) i%‘ﬁl(s.r)zo

trainees have to leave the training sloc correspond to cur interpretacion of
Rosen's comments on the *"window .of opportunity” in footnote 4. i

Undar the fast track, cthe firm's gross output decision becomes separable l
from ics training resolution. We first show chat 4" < 1. Supposs to the

10

(3.2.8) says that the expsctad numbsr of successful trainees, which is
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both functions depend on P, they are invariant {n the output price becauses §

alse the supply of managers, is increasing in che skill premjum, §. (3,2.4)
and (3.2.6) together say that when S increases, it is cheaper at the margin co
increase the expected pumber of managers by decreasing the probability of
success and increasing the number of trainses, This adjustment is dacermined
by two factors, First, tha marginal cost of fncreasing the number of trainees
1s constant wheraas thac of increasing intensity 1s increasing.' Second, a
marginal increase in the number of trainees lowers the expected hiring cost
mors than a wmarginal increase -in training intensicy.

Since n* does not depend on §, § can adjust solely to clear the
managerial market. For the minagerial market to clear, on average each firm
must reproduce its own manager, i.e. y#(S,P)m*(S,P) » 1. For a given P, we
denotes S(P)

the market clearing skill prenium, S(P) is implicitly defined

by the managerial markat clearing equation:
T(S(R), P)m(S(P),P) = 1 3.3

Denota [(P) = Y*(S(P},P) and M(P) = m*(5(P),P). These functions
represant, for a given outputr price, opﬁhnl training policies whan the skill
pramiun has a._cljuu:nd to clear the mesnagerial markst. Although in principle,

adjuses to any change in P to maintain the equilibrium real skill premium that
clears the managerial market.l® Denote P* the output price such thac

0°(5,F*) = M(P*). Since n' is non.decreasing in the output price, the

L]
Costs,

This result jis of course due to our specific assumption about training

10
Training policles depsnd only on the real skil
Denote wich s* the real skil . leazs ‘the memepeetel wat:
“i11 chenge ve bl com::nfcnim which clears the managerial markat. S(P)

12

popasition also implies chat for all P 2 P* the fast track rule appliss.
144

Oshmaryise, up or out rules,

When the number of trainess is equal the number of unskilled labeur

werking within, firms practice the up or out rule. All trainees that are

wnsuccassful pust leavs their firm and the industry. Even if a trainee was
willing to stay on his posiﬁ:ioti at the sames wage as befors, the firm would not
allow him to do so.™ The reason is simply that the firm cannot promote hinm
ﬁof the second pariod because he will retire from the market, Thus, the.
#8xn could not save on hiring cost by promoting & m#nager from within. The
m will keep an unsuccessful traines only if he takes a pay cut. If we justc
emmsider his contemporanecus productivicy in the firm, his dismissal will be a
pun".l'a because he 12 no less productive than in the foregoing period or any
other unskilled worker. 12

Bacause of the market clearing condition for skillied workers, which in

the present case requires -m =~ 1, we assume throughout ths remaining of this

sdction that 7" < 1. This implies that che multiplier » = 0 in (2.8). In

1 No unsuccessful trainees will want to stay becausa thare i3 no moving
o9st. If a worker incurs a moving cost of g when he leaves the firm, thers
by be involuntary layoffs. A firm will pay ome incumbent manager only A+S-u
&% stay since all other managers have to leave and they gst A+S elsewhere and
Bave to incur maving cost. To get trainees, a firm will have co pay W' (7,5) =
A-pys - p). Ifa-p <W(y,85), thers will be involuncary layoffs of
unsuccessful trainees. Positive moving cost will make the firm choose a
larger v+ and smaller m*. :

12 This layoff is related to the issue of age discriminacion and
mandatory retirement. A firm may choose to layoff an older worker or promots
& younger worker, not because the older worker is currently less productive
than his younger colleague, buc bacause the younger worker has mors promise
for the futurs. See also Sterm.
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this casse, there remain only two unknowns, n and 7. Eliminating n from

(2.8), we can simplify the first-order condicion of the firms's problem™

(1) P[F/(ne) - C(y2)] - A + 8Sys - SPH(1-y»)""log(l—ys) = 0 (6.1)
(2} -EnC/(y+) + ASns + nefPH(l—ys)o"-1 -0

Unlike the fast track case, we no longar have separability between the

decisions on unskilled nrpl.oyna.nt and training. Since m* = n*, we know:

-a-(n M%7} = B[F/(n*) =4] = -9 < 0 (4.2)

The concavity of tha preduction function implies that the firm is hiring
#ors unskilled workers than can be justifiad from Just maximizing current
profits, Thus, training consideracions push the optimal span, which is the
Tatio of junior workers to senior workers, of the hierarchy to be larger chan
thac vhich would be predicted by production considerations alcns.

This result is counter to the standard beliefs about caresr mobllity in
hierarchies. Standard models of hierarchies derive the span of che hierarchy
from production considaracions alons (a.g. Benopeulos (1990), Calvo and
Wellisz (1979), Rosen (1982), Valdman (1984)). Given this eXogenous span,
career mobility in hierarchies have a zers sum flavour sinca the firm has less
and less slots as one moves up the hierarchy (e.g, Doazringer and Piore, Rosen
(1986, 1990), Rosenbaum (1984, 1989)).

OQur view is quite diffarenc. Firms

B (4.1.1) and (4.1.2) are just the first-order condirions of the
simplified version of the firum's problem:

5!: B{F(n) - aG(7)] - (A+S) - nA + nfSy - SPR(l-7)®

14
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Ly N.: s more unskilled workers cum trainees than can be justified by
e
m::l.on considerations.

mnm. Our view of the pyramidal structure of the hierarchy is liks thac

Firms are also betcer off if more trainses become

of the schooling system. In schools, not all students move up to the next

L T
e
are batter off if more students, holding effort constant, are abls to move up

Success Ls due to sffort, selection and luck. Schools and che sociscy

im grade. Likewlse, our firms may distort the production dacision in order to

&B more successful promotions,

%) '.\ In the appendix, we praove the following result:
1t

Mﬂ—l In the case where a firm practices the up or out ruls (n° -m*
':3 ). the comparative stacic with respect to the nominal prices are:
~ BAIE D
. * >
, m emn i @ Hew 3o
(4.3)
&) 19"5 P) 30 (& _ag-cs B 20

o 2r=s,pmio (9 LRl o

The resson that n* and y* react in an indeterminate way to a change in
the output prics is becauss changes in P affact the real wage, the real skill
premium, rell.hiring costs and the cost of training in different ways.
Conzider an increase in P. It reduces the real wage and real training costs

which affect employment and training intenaity positively. It also reduces

the real skill premium and expected hiring cost, which lead to lewer

eaployment and training intensity. un* is increasing in 5 because the firm

sarns more from each trainee when S rises and also it allows the firm to

optimally hire more trainees which it wants to do. 7* does not necessarily

tise vhen $ rises becausa there are two opposing effects. Training incensity
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is high relativa to the case whers the optimal number of trainees i{s not
constrained by the number of unskilled workers (See the paragraph below).
Thus an increase in n* allows the firm to lower its optimal intensity. This
effect opposes the increase in y* vhich is due c.o the increased racurn to y*
from & tise in §. As in the f;il: track case, (4.3.6) says that tha expected
number of succegsful traineess is increasing in the skill premium.

The firm trains its workers more intensely under the up or out rule.
The reson is becauss under up .or out, the firm trains less workers than it
would if it is noc constrained by the aize of the firm.!* In other words, if
production com:l.d.u;?.on dc:el not_constrain the pumber of trainess, the
promotion ral:.will even I;e lover. So a firm practices up or out, not becaus
unskilled workars are eﬁy tn. uo-:ivu:a with the tﬁrean of dismissal, but

becsuss it is so difficult to train managers.?

4. Harket Fouilibrium
Since S is endogenous, we let S*¥ = S{F) to clear the markac for

managers. So we only have to consider equilibrium in the market for output.

Ve use Figura 1 to bring the results of the sections 3 and 4 together. In :hT‘

case where P < P*, the firm behaves according the up or out rula, In this

W In order to obtain the rasult analytically, one can implicitly
differanciace (4.1.2):

dat | G2 | nefPH(L-1+)™lag(1-7s) o
dn* dm* —PneGC’ (T*)-us(ne=-1) PH(1-7#)"""¢

3" Qur sxplanation for up or out is complately differsnt from that of
Kahnt and Huberman, and Waldman (1990), although as pointed out in Q’Flaherty
and Siow (1990), tha two motivaticns can be complimentary in explaining the
data.
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oiodiiiton, 21l the unskilled workers are being trained, M(P) = W(E), and the

e8P baploys more unskilled workers than warranted by production consideration

to- . A
) ™ {(P) < N(F) where F/(n**) = T {5.1)

4pc

As P increases, total employment and the number of trainees, rises.
iLkw s .

A‘_:“:;! axceeds P+,
-mnt is inereasing in the outpuct price,

the fast track applies and N(P) = n""(E) > M(P) .1

but training policies become

i.-v;tllnc to P. The total employment, the number of trainess and the

"&blilit‘y of success jointly determine the aggregate supply.
AR
5.2
s Q*(P) = F(N(E)) - M(R)CCA(R)) - H(L-A(R))X" (3.2)
lint>

Fou
In the appendix, we prove the following result.

Ixovosition 3: If A/((1-§)P) > H, the aggregate supply function is

incressing in the output price evarywhers. For any non-stochastic demand
3 . .

q;um.- d, there exists a matkat clearing price P°,
Lkl

Empirically, the discounted altarnative real wage over the infinite life

W
AR

of the firm, A/((1-§)F), is much larger than the real hiring cost, H. So the

restriction on H in proposition 3 is satisfied for empirically relevant
LT

!’xmter values.

To conclude this section, consider serially uncorrelated demand shifts

decade, after

Y% gany large law firms in North America in the last .
mracadenuzd groswth in profits and size, have switched from purs up or out to
cha fast track. Smaller firms have noc switched. See Galanter and Palay
(1990), Gilson and Mnookin (1989).
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in the output market, If the fast track is operacive, shifts in transitory
demand, dp's, will only affect current output and the prics of current output,

S+l adjusts to keep s*.y= Sy /P, constant to clear the managerial market in

r

ia order to induce y*m* to rise above one. The number of trainees grows and
wug effort falls. With an increase {n s+, by the envelopa theorenm,

fggefics per firm (at the squilibrium price with zero growth) will fall. So P*

t+l. The firm will not changs its training policies. ¥nen the up or ouc m]‘* ﬂn to rise to maintain the zers profit constraint for a potential entrant.

is binding, things are slightly mere complicated. Consider an unaticipated

demand shift out in period t. Firms will noc react before perlod t. The

price of output will rise in period t. According to propesition 3, firms will]

axpand production in period t vhich means that more trainees are also hired.
The real skill premium in the next period sgy)* must fall to maintain
equilibrium in the managerial market in t+1.Y7 Note that changes in S,
have no impacc 6:; :63.i:.'|-.aiona in t+l since all _f:l..m will hire one manager in
each period, , Optimal t:rlining efforc, o*, falls.

Finally, consider the case where the growth rats of demand is initially
We azsume that entry cosg

zero. New firms ste allowed to anter the industry.

is zero sxcept for the hiring cost of a new manager. So the equilibriuvm price
of output adjusts to the level where a potantial entrant is indifferent

betwaen sntaring and staying out (or vhen an existing firm who has to hire a
new manager from the outsifil is earning zero profics), Now cénsider a small
permanent positive growch rate of demand. In order to maintain a stabls price
in the output market, new firms musc enter the industry in each period. This
entry means that each existing firm must produce an average of more than one

manager per period.i' Under the fast track, the real skill premium must rise

Y Tha result can be obtained by substituting [(P) into (A.26.1) in the
appendix and differentiating the resulting expression with respect to s = S/P.

1% This comparacive static is relevant for restaurants. Exiscing
restaurants do not incraesse output enough to sacisfy increases in permanent
demand. Instead new restaurants open.

18

| ;3¥88ch a rise in P¥, the firm will also hire more unskilled labor. So with an
- fsufun in the permznent growth rate of demand, the real skill premium rises,
e price of output rises, firm size grows, output per firm is larger, the
.““nt of trainees grows and érninf.u; effort per trainee falls. Under up or
Epe. the results are less clear. As bafore, in order to maintain a stable
equilibrium 'price- of output, each existing firm has to produce an average of
”:hm ona mhm;ger. per.: pei:jiod. As ‘such, real resources are used up which
"Swpine that the output priea has to risa to maintain the ‘zeru profit constraint
(1 e .s potantial entrant. l The rise in the ot;l:put price will induce more output
wod trainees for each existing firm. But the direction of change in the skill
- dpeemium and training intensity are ambiguous.

Lo

fe. Extensions

We first consider a change in the bargaining power between the £irm and
its worksrs., In the second extension, we show that on-the-Job screening is a
spaclal cases of the model that we have already studied.
. In the basic model, the firm has all the bargaining power and make all
wage offers. We now assume that workers make wage offers and firms sither
accept or reject the offers. Managers promoted from within have some
bargaining power becauss & firm can save on hiring cost if it can hire a
manager from within. If a firm {s unable to promote any trzinee from within,

it will have to pay A+S+PH to hire a manager from the ocutside. The
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probability of this event occurring is (l-v)a_

Consider the case in which only one trainee out of m is successfully
trained. Then he can demand a wage of A+S+PH becauss a2 firm would have to
spend that much to replace him. The probability that he will be the only
successful traines is y(1-7)®-l, wWith n trainees, the probabllity that a fi_*
has exactly one successful traines is my(l-1)®-1,

Now suppose the firm has mors than one successful trainees. With
successful trainees (mnagers)' competing with each other to work for the firﬁ
the unique Nash Equilibrium wage offer by all these managers is a+5.1* The
probability of this case occurring 15 1 - (1-7)™ . my(l-y)-1,

From the point of view of a potential trainee, he is now indifferent
between working in this firm or elsevhers If:

A+PAeW(,S) + AL Al MS + (-BLIPH | + (1 -7a )  (6.1)

Rearrange (6.1) to gac:

W(1.8) = A - py(S + (L-y)%lmm) (6.2

The traines cares about how many othar trainees there are in the firm
because his bargaining power depends on how many successful trainees there
are. The wage he is willing to accept in (6.2) reflects that concern,??

" Now consider the value of the firmrwh-o has an incumbent manager as a
cost of A+S,

V! = Max P(F(n) - mC{7)) - (A + 8) - {n - m)A (6.3
(n,m,7)

- W (7,8) - FBH({1l - B + my(1-1)% 1) + gy

¥ The managers play a Bertrand game in wages.

¥ This concern is similar to the tournament literature whers
centestants worry about how many of them there are (e.g. Rosen (1990)),
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@ne  Upon substituting (6.2) inte (6.3) we see that the definicion of V' is

b same as that of V in (2.5). This equivalence shows that the valus of the
ﬁg:., is exactly the sama as when the firm makes all the wage offers. The firm
‘gire cptimally choosas the same quantities as before. Thus changing the
Vﬁ;;mns power between workers and firms does not change the valus of the

.fiym. Howsver the earnings profiles of trainees are nov different. Their

7
Whieting wage W' (y,5) is lower than before. More importantly, their wages if
.

Wy ars successfully f.rai.nelmy differ across managers. The manager who is
M only ons to be successful in his firm will get & higher wage.
L The above result can be extended to the case whers a lone successful

Wh{nes gets w share of the rents, FH. So we have a model that generates wage

“”“mm:iuls across identical workers. In particular, equally productive

Smmagers that are promoted from within may get differenc wages. This resulc
. e

#ovides a cautionary note to concluding that wage differencials across
m:ical workers implies inefficienc labour markets.?’ Unlike Lindbeck and
Mr (1988), we have an insider-outsider model of the labour markest that
doas not imply any lasbour market insfficiency.

Our nesutrality result stems from two sources. Flrscly, we assume that
vgl‘hrs and firms both know that they are playing a dynamic game .‘ Vorkers
bacome insidars andr acquire ba.rgsininé power over time in the firm. They pay
for thac gdvantage in the competitive unskilled labour market. Secondly, we
assume thac the successful trainees kmow how many of them there are and that

-

thers i3 no cellusion among them, If these assumptions fail, neutralicy may

2 There is a large litarature debating whether unsxplained wage
differences in earnings regressions reflect unobserved ability differences or
other factors (e.g. Dickens and Katz (1987), Kreuger and Summers (1988),
Murphy and Topel (1987), Gibbons and Katz (1989)).
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fail. We believe that these assumptions are reasonabla. Forward locking
workers and firms, as well as a compstitive market for unskilled labour are
uncontroversial. Successful trainess, who are in the same cchort ac the firm,
should recognize how many of them thers are. Collt:u!!.on seems difficult te
sustain because it requires the manager that is retained to pay off the
others. An important point Is that the neutrality resuit is not dus to our
assumption of ons manager per firm. Demougin and Siow (1991) shows that the
neutrality result genmeralizes to the case of a .stn.ndard concave production
finetion in skilled and unskilled workers.

Now we show tlu_u: on-the-job screening is a special case of our model.
Lat there be two types of workers in the economy, B and D. Both types of
workers are eq.uauy' productive in the unskilled job. Type D’s are capable
managsrs and type B's are not. The proportion of type D’s in the population
is v. A firm wants to hire a typs D to be a manager. However initially, the
type of any worker is unknown to both the firm and the worker. The firm can
spend soms effort and elfcif the type of an unskilled worker on the jeb

without error.?* So firms hire unskilled workars, screens soms of them, and

1f it fs able to find a type D, the firm will promote him in the next period

"to be a manager. If the firm is unsble to ‘find any type D's within the firm,

it hiras from the .oi'.ttsid-. Let the cosc of screening an unskilled worker in
pericd ¢ be P.C. The wage that an unskilled worker is willing cto accept is
W(7.Sg+1). If the firm scresna m; unskilled workers, the only change for the
problem of the firm is to replace m.C{y) in (2.4) with =:C. The conditions

for equilibrium in the managsrial and output market remain the same. The

24 o'Flaherty and Siow (1989, 1990) studiss the cise of imperfect
sequantial screening.
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‘1‘.1
X

gis of this new problem is simpler than before because 7 is no longer a

w varisble. No new issue arises.®

Finally, the predictiom thac unsuccessful trainees leave the training
*g' under the fast track or up or out, is nat specific to workers having two
3&404 1ives. As long as workers are finite lived, firma hava wora co gain by
‘v{_gj.n‘ youngar workers rather than older workers because of hiring cost.
*i. unskilled workers are also willing to accept a lower wage t§ recelve
%.Ius.ng than older unsuccessful trainees. If unskilled workers improve in
'h&.u:t:i.vity as they gain market experience, the firm i{s faced with finding an
q-ét!ll layoff date by trading off the gain in unskilled worker productivity
* the opportunity cost of the training slot as an unsuccessful traines ages.
*l extsnsion is beyond the scope of this paper.
7 : ' va econclusion, we presented & model of career profiles in hisrarchies.
in .comn with Demougin and Siow (1991) and O'Flaherty and Siow (1989,1990),
.ﬁ(i!.l model adds demand constraints at the firm level on the supply of on-the-
job training or screening. This addition generates carser profiles and labour

market institutions that were previcusly inexplicable within a competitive,

symmetric information and complete contracting framework.

23 yith data on hirings, promotions and layoffs, an economist may be
unable to tell the differsnt betwsen on-the-job screening and on-the-job
training. If workers live longer than cwa periods, and the firm uses
sequential screening or training stracegies, then the two models can be
distinguished (See 0'Flaherty and Siow (1999)).
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APEENDIX

; The problem {s complicated because «x{n,m,¥) is noc
We denote (n',m",7'} & solucion of (2.7). Implicitly, we

PF"(U.") - A =0 (A.l)

tonsider the first-order condiction (2.8). From {2.8.1), since n 2 0,
jencavity of F guarantees that n' 2 n™. In particular, 1if n" > n*

>0, If n =0, thenn™ = n’, Consider figure 1. In order to keep
« simple, we suppress y. Supposs thers is a triplec (n®*,m®",y*")
satisfies the system of first order conditions (2.8).

(n®",0%°,9°") 1is the u.uique solution of (2.7)

First wa show that any point which satisfies (2.8) i{s a strict local
g Then we will.show that .this maximum is unique.
The Hessian matrix corresponding te (2.8) is:
PE/7 0 0
H e | O -fPHQ-7"log(l-1)]*  mAPH(l-7)*log(1l-7) (&.2)
0 mPPH(l-7)*'leg{l-v)} -PmC//-m{m-1)FFH(l-7)*2
This macrix is negative definite. To see this, note that the elements
alemg che dlagonal are all negative (the last term in the third element along

ohe diagonal is negative because m > 1). The second subdeterminant is non-
m,civo. The only difficulty is to show that det(H) < 0.

- dec(H) = (APH(l-y)"{log(l-y)}*(PaC’/+Pm(m-1)pH(1-7)*?
; -m‘ﬁ’-P"H’-(1-7)"‘“[10;(1—1) ]2) pr!! (A, k)]

' . ’ = mEEH(1-v)*{log(l-7) 12{C’/ -gH(1-7)™*}EF¥/

) Assumption (2.3), C" > fH, guarantees that det(H) is negative. So we
‘hava shown that {n° ,m*",7*') is a local maximum.

To show uniqueness, suppose thers is & point (n°",m® ),
sorresponding to B in Figure 1, which yields a higher profic te the f£irm than
s8%° ¥%") where m® » m!® € n**, Since (n*",m*",7°") is a local maxfmum the-
must go through a saddle pofnt in (m,y) between the two points. But this
Impossible because any point which satisfles the first order conditions
(2.8.2) and (2.8.3) also satisfles scrict concavity,

Suppose there exist another local maximum, {(n®*,m?" 4?') which correspond
to D in Figure 1 and where m** > n**. In tha proof of proposition 2, we also
show chat for any such point which satisfies the appropriate first-order
conditions, the objactive function is striccly locally concave. Thus if the
firm’'s objective function takes a local maximum ac (n®",m**,¥*') the objective
function must also take a saddle polnc sither in (m,7) between A and € or in




(m=n,y) betwesn C and D. Either case lead to a contradiction.

Step 2: Comparative scatic

In che case of an interior optioum, employment is determined from
(2.8.1) by the real wage. Thus

an* F{n") an°®
§,B) = - - .
Sp (5B TTo) 20 and S (S5,B) =0 (a.4)

Using the implicit function propesition on (2.8.2) and (2.8.3) yialds:

TE (8B = = e (-Pac” (-1 RAH(L-1)" D)y
- (RFPH(1-7)*'1og(1-7))fm) (A.5)
" Zarruy RV -BH(L-1)*D)
+ BEPH(L-7)™ 2 [7+ (1) 1og(l-1)}) = ©
8D & - g ((-mBPH(L-7)*Log(1-1)) (A7)

- (BPH(1-7)"(Log(l-7) %) (fm)} (A.6)

BA*PH(1-y)*log(l-7) [y+ (1) log(l-1)] .
ECE Y] T

The sign follows becauss the square bracket in the last expression is

non negative. In order to sas this, define g(7) = [y+(1l-7}log(l-7)], then,
g(0) = 0 and for all 4 in the unic interval g'(y) 2 0.
The derivatives with respect to P follow from {(A.5) and (A.6)

because differsntiating the first.order conditions (2.8.2) and (2.8.3) with
respact to 3 yields Sy and fa respectively, whersas differentiating the
same aquations with respect to¢ P yields Svy(-5/P) and pm(-$/F). Thus

Y Ldu a8 A.
SpB «Sps,Bfg) <0 (A.7)

ay 2y P A8
s ~Fre.nfglzo (A.8)

ning derivatives are important becauss ym Is ths average
led workers producad by firms, snd since on averages firms ausc
ir own managers m = L is che equilibrium condition for the
pitket. Therefors, the sign of the derivative of (y*m*) with
the skill pramium deternines whacher or not tha market for skilled

1:_&1-. Using (A.5) and (A.6) yields:

. : .
B 1 WCR SR AR LR - A LR
1 . - 1 1" _ym-2 (A.9)
o + mRBEM(L-1)"2[y+(1-7)1og(1-1)]* = O
a(y'm*) . . .dm*
_._}P__(S.P) ..a.F(S.P)II + 7 —a'P-cs'P) (5‘10)

e m]F) s

= B'.’s'.(s,?)m'

a

po on 2: We First prove that the second-order conditions of
zation problem are sacisfied. In principal, wa should use a bordsr
matrix. This apptoach is quite cumbersome though, because the border
n {s a 4¥4 matrix. Instead, we examine the second.order condition of

Hax P{F(n) - nC(y)] - (A+5) - na + nfSy - JEH(1-1)° (A.11)

T.n

The first-order condicions of (A.1l) are (4.1.1) and (6.1.2). For
poinc which satisfy the first.order conditions, the Hessian macrix is:

o

The element along the diagonal are negative.

nAPH(1-7)}""Log(1-7)
-PnC’! -u{n-1)APH(L-7)=-?

PF// -gRH(1-7)*{log(1-1)1?

] (4.12)
nAPH(1-7)"log(l-1)

We now show that the




determinant of the Hessian matrix {s indeed non-negative.

det(H) = - {PF//-gPH(1-7)*[log(1-7)}3}(BnC’/ +n{n-1) FEH(1-)""?}
- {ngPH(1-7)*Llog(l-7)1%
2 C''ofpt(l-7)*[log(1l-7}]2
+ n(n-1) AP ML -7) 222 log(1-7) ]2
- n2g2P2RE(1-7)22[log(l-7) ]2

= nAPM(1-7)"[log(1l-7)13(C’/-pH{1-7)""*) 2 O

Using the implicit function theorem on (4.1.1) and (4.1.2) ylelds:

%“gf(s.r) .- ﬁElm.':(-pnc"-n(n-L)rﬁa(l--;)"*).ﬂ-r

- (ngPHR{L-7)*1log(1l-7))An)
- azfl(“{upr-r(c“-ﬁﬂ(l-'r)"’)
+ n2gPH(1-)*2{y+(1-7) log(l-1)]} 2 O

éagm,p) -- a._clm).((-upPH(l-v)"‘los(l_-r))(ﬂ'r)
+ (BF/ -pPH(1-7)2(log(1~7}1%) (n}}

-- mlm.trr”pn -
ngPH(L-7) % Log(1-7) (7+{1-7) log(l-1)1) 3 ©

058y e Lo ((-Prc” -n(a-L)BER(L-n=t) (5-55) o

-l ‘Jec(Hy
(ngPH(1-7) % 'log{l-y)) (#Sn))

- .mlmuuc" sn(a-1)H(L-7)")A -

0AS{7{C" ~FH(L-7)%2] sngH(L-1)**{v+(1-7) Log(l-7) 1)) 5 O

This also concludes
the argument in step 1 of proposition 1, because this shows that for any poing
which satisfies the first-order conditions of tha firm's optimizacion problem
when n and m are restricted to be equal, tha objective functicn of the )
firm 1s locally concavs and thus, the point cannot be a local ainimum.

ar ! - oy A_BSY
2Y(S.B) = - gy (COAPRCLTY OB (L) (5T ¢

Asn F/f—gPH(1-7)® 1- 2
S5 (PF//-pPH(1-7)"{ Log( 1) 1%} (A1)

- BEFL(HT{ {nfH(1-7)""1log{L-7)A+ASaF'/) -

(4.13) pSa(AH(L-1)="og(1-7) [¥+(1-1) log(l-11}1 § O
darivative guarantess that the marksc for skilled labour is stable.
(A.16) and (A.17)7 yleld:
LICh TR RN MR RS 1ty
be - 1 " a2 (A.18)
e mll’nﬂﬁ(c FH(1-71)
+ n2BFH(1-7)22[y+(1-T)log(l-1}]1* & 0
(A.14) :
2y s, - Asma « TIpER § 0 (4.19)
o
et Propos on 4: We first show that the aggregate supply function ia
pasing in the outpuc price P. We distinguish batween the fast track case,
* 15') v and the up or out cass, P < P*. -
'« c: In this case T(P) and M(P)} ars constant. The argument follows
B ths market clearing requirement for the nanagerial market:
A
7(S(B) B)as(S(R), B) = 1 (a.20)
B, using (A.7) and (A.B):
a . dm* 5 P
(4.16) & py . _'B'F(S'P)m (s,B} + -“-(5.1’)7( JB) . P (A.21)
i I (5. (s,2) + Jr (5. By (s.P)




dar . 91 ds
3!(?) "HF(S(?)'P)HF(P) * W(S(P) P)

P Eden) (- fen o

-F/! ' 1_ . 1’;-: . .
(A.22) - o vAC/ (1) (DT (Ce(1-T) Log(1-D))

F- log(1-T) ot
opBLT) T 2OBGD) (e (1-D) Log(1-T) [ +AH(1-D) T Log(1-T) (A.27)

1
1, =1
‘ - Elrre-ma-n T AADT (raaniegamiz 2 0
Since [{P) is comatant, (A.20) implies that M{P) 1is also constant. r r
Diffarentiacting the aupply function with respect to P yields:

the up or out cass N(P) = M(F) = I'(P)~', the aggregats supply

Lm - raenItem.n 2o (4.23) can be revricten:
QU(B) = F(I(B)™) - I(BYIGT(RY) - H(L-T(R))T ™ (a.28)
Up or Qut: This case applies when P < P*., It iz more complicated bscause
I'(P) and M(P)} = N(F) are not constant. Aggregate supply, smployment and
training are jointly detarmined by the.following set of squarions:
1
(1’) - - _}!%(P)(F"d‘c’-c-ﬁ(l-r)" 1'[I‘c-(l.-[‘)].og(l-t')1l
(1) P[F/(n) - C(7)] - A + 8Sy - APH(1-v)"log(l-1) = 0 (A.20) T (A.29)
o= * 1,
(2) -EuC’(7) + BSn + ngPH{1-y)=-1 =0 - _J.I%PP(PN% - (1-HH(L-T) T l[‘l."+(1-[')log(l-l.")]] >0
(). m =1 r

oud equality follows by substicution for (A.25). Note that all the
8 in the last term in the curled bracket, except H, are less than 1.

The first two squations are just the first-order conditions of tha
A > PH guarantees that the slopes of the supply function is peosicive,

firm's optimization probles.  The third equstion 1s the market clearing
requiresant for skilled workers. Eliminacing pS and substitucing n = 1l/¥ E . :
yields the implicic definition of I'(P): We have seen that the supply function is increasing in all cases. In
to concluda the proof, wa just note that Q%(0)-0 and as P goes to
ity the supply grows without bound. Thus, thera exists a price which
-y )-c(r(l')) B the market. a
.

T (15 (A.25)

I‘(P)C'(I‘(P))-ﬁﬂ(l-l‘(?))"m [I'(P)*(l-l‘(l’))los(l-l'(i‘))] - A

Applying the implicit function thaorem yialds:

r . . Asp? A.26
d“(f) = £ 0 ( )

where




M(P). N(P)

N(P) = M(P)
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