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In many professional service firms, new associates work long hours
while competing in up-or-out promotion contests. Our model ex-
plains why.We argue that the productivity of skilled partners in pro-
fessional service firms (e.g., law, consulting, investment banking, and
public accounting) is quite large relative to the productivity of their
peers who are competent and experienced but not well suited to the
partner role. Therefore, these firms adopt personnel policies that fa-
cilitate the identification of new partners. In our model, both heavy
workloads and up-or-out rules serve this purpose.
I. Introduction

Many professional service firms employ two personnel practices that are
uncommon in other labor markets. They ask young professionals to work
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exceptionally long hours, and they require them to compete in up-or-out
promotion contests. We develop a model that explains why.
Our work fills a hole in the existing literature on professional labor mar-

kets. Rat race models and the literature on career concerns provide reasons
that young professionals may work long hours, but these literatures do not
directly address why many professional service firms adopt up-or-out pro-
motion rules. The literature on up-or-out explains how firms can use this
policy to solve commitment problems or to facilitate the identification of tal-
ented professionals who will succeed as partners,1 but these models almost
always ignore worker effort and make no clear predictions about the effort
levels of young professionals relative to those of other young workers.
While heavy workloads and up-or-out rules may serve many purposes,

our results suggest that these two practices are not separate phenomena.
Both practices facilitate the identification of the talented professionals who
can function effectively as partners. Firms are able to learn more quickly
about their new associates when they require them to perform more tasks.
Furthermore, when firms replace experienced associates with new ones,
they gain opportunities to identify talented professionals whowill have long
careers as partners.
Our model contains no hidden actions or private information. Therefore,

to aid exposition we derive our key results by solving and analyzing a plan-
ning problem. We then show how to decentralize the solution to this prob-
lem. Finally, we document several patterns in data on earnings and hours
worked among lawyers that support our contention that professional service
firms require new associates to take on heavy workloads while participating
in up-or-out promotion contests because both practices speed the discovery
of new partners.

II. Literature Review

New associates in elite professional service firms (e.g., leading firms in
law, consulting, public accounting, and investment banking) often work
much longer hours than most white collar workers who have similar levels
1 We use the term “partner” to denote a leader who is responsible for business de-
velopment and resource allocation regardless of the ownership structure of her firm.
Some consulting firms, e.g., Accenture, andmost investment banking firms are no lon-
ger organized as partnerships. Yet young professionals in these firms continue to take
on heavy workloads, and these firms continue to follow up-or-out promotion rules.
Modern investment banks are involved in many lines of business other than profes-
sional services. Our model is most applicable to groups of investment bankers who
provide advice and services related to mergers and acquisitions. In these groups, up-
or-out is the norm.
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of education. Building on the work of Akerlof (1976), Landers, Rebitzer,
and Taylor (1996) offer a possible explanation for this pattern. They treat
lawfirms as teams and assume that while team output is observed, individual
output is not. Partners benefit from hiring associates with low effort costs
because this allows them to sell their equity shares to more productive law-
yers in the future. In the separating equilibrium that Landers, Rebitzer, and
Taylor (1996) describe, a menu of employment contracts specifies hours re-
quirements and compensation for new associates in each law firm. Lawyers
who share the same effort costs select the same contracts and work together
in the samefirms. Ex post, associates in allfirmsworkmore than the efficient
number of hours.2

In Holmstrom (1999), employers do not observe the actions workers
take, andoutput-contingent contracts are notpossible. In this setting,Holm-
strom (1999) shows that young workers may choose more than the efficient
level of effort in order to shape market beliefs about their abilities. In equi-
librium, firms infer workers’ equilibrium effort choices and adjust their in-
ferences about worker ability accordingly. However, as in rat race models,
no individual worker has an incentive to deviate from the inefficient equilib-
rium.
The up-or-out literature contains several variations on two different ap-

proaches, but neither approach addresses workloads for associates. One lit-
erature characterizes up-or-out rules as commitment devices that solve a
double moral hazard problem between workers and firms. In these papers,
workers have private information about their actions. Firmswant to provide
workers with incentives to take efficient actions, but workers know that, ex
post, firms may renege on payments linked to performance signals that are
not verifiable in court. Given up-or-out promotion rules,firms lose valuable
workers whenever they fail to promote those who produce positive output
signals, and these potential losses make promises to reward hidden actions
more credible.
This literature begins with Kahn and Huberman (1988), who argue that

up-or-out allows firms to induce workers to make investments in firm-
specific skills.3 Prendergast (1993), Waldman (1990), and Ghosh andWald-
man (2010) extend the logic ofKahn andHuberman (1988) to settingswhere
various features of the employment relationship point to a specific reason
that up-or-out rules may or may not make contingent promises concerning
raises and promotions more credible.4
2 Furthermore, partners take on workloads that are below efficient levels, since
they share the returns of their efforts with other partners.

3 See Gilson and Mnookin (1989) for an application of the Kahn and Huberman
(1988) model to law firms.

4 Ghosh and Waldman (2010) also model worker effort. However, in contrast to
our model, worker actions are hidden in their model. Also, in their model effort
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In Rebitzer and Taylor (2007), up-or-out rules help enforce a commit-
ment to fix an overall ratio of associates to partners. This maintains partner-
ship stability by raising the cost that any group of partners would face if they
decided to take their clients and form a new firm.
BothO’Flaherty and Siow (1992) and Demougin and Siow (1994) link up-

or-out rules to optimal screening procedures. Demougin and Siow (1994) do
so in a model of hierarchies where firms decide what portion of their new
workers they will train to be potential managers. This training may be inter-
preted as on-the-job learning or as a screening process that determines the
suitability of workers for the management position. When the outside wage
for new workers is high enough, all firms in a given industry choose to train
or screen all newworkers and dismiss all who are not deemedworthy of pro-
motion.
Our results link up-or-out rules to the option value logic found in

O’Flaherty and Siow (1992) and Demougin and Siow (1994), but our results
also differ in two ways. First, we link the number of tasks that young profes-
sionals perform to the information that the market receives about them. Sec-
ond, our comparative static results concerning when up-or-out regimes exist
do not deal with changes in outside options. Rather, we focus on changes in
the relative productivities of experienced professionals who occupy different
roles.
Some scholars argue that up-or-out rules are puzzling, since such rules

likely mandate the dismissal of workers who are performing well in their
current positions, but we argue that there may be no puzzle to explain.
The long hours that associates work are a cost that young professionals
pay to learn whether they are well suited to become partners. If these young
professionals learn that they are not going to become partners, they are no
longer willing to pay this cost—that is, they would not continue doing their
current job even if their firms allowed them to do so. Furthermore, since
they are not suited to the partner role, their best options for future employ-
ment typically lie elsewhere.
Finally, ourmodel provides new insights concerning life-cycle patterns of

changes in hours worked among professionals who follow different career
trajectories. We document that among lawyers with roughly 10 years of ex-
perience in private law firms, those who leave private law or leave the part-
nership trackwithin private law reduce their hours significantly even though
their wage rates often rise. This pattern is difficult to understand in most
models of life-cycle labor supply. However, in our model the heavy work-
loads that young law associates take on are a key component of their audi-
tion for partnership positions.When an associate learns that she is not going
levels among new professionals may be high or low in both up-or-out firms and
firms that follow standard promotion practices.
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to make partner, her audition is over, and she may well reduce her hours
even though her skill set continues to command a high wage rate.

III. Model Setup

Consider an environment with two sectors: a professional sector and an
outside sector. In the outside sector, there is one job, and output does not vary
with worker ability. There are two jobs in the professional sector, associate
and partner, and output does vary with ability. We use these titles for conve-
nience, but there are no productivity interactions between these positions,
and associates do not work under a specific partner. We begin by describing
worker preferences and the production technologies for each job.

A. Preferences and Production

Time is measured in discrete periods, and the time horizon is infinite. Each
period, a unit mass of workers is born and lives 2 periods. Thus, in any period
a mass 2 of workers exists.
Workers are ex ante identical in this model. Thus, we suppress individual

subscripts, as we describe the preferences and production possibilities that
characterize all workers.
Our model contains no information asymmetries or hidden actions. We

do not contend that agents have no private information in these markets,
but we do contend that young professionals begin their careers not knowing
whether they possess the skills required for success in the role of partner.
Our symmetric learning environment allows us to clearly highlight the con-
nections between personnel policies and efficient ways to search for persons
who can succeed as partners.
Because agents learn symmetrically in our model, we find it expedient to

present our model as a planning problem. In Section V, we discuss market
mechanisms that decentralize the solution to our planner’s problem.
Our planner assignsworkers to jobs andworkloads. Theseworkloads are

the number of tasks that the planner assigns to each worker. Workers are
risk neutral with the following utility function:

U 5 m 2 c nð Þ,

where m is expected income, n is the number of tasks performed, and c(n)
is the disutility of performing n tasks. We assume cð0Þ 5 0, c0ð0Þ 5 0. Fur-
thermore, there exists a maximum workload, �n, such that limn→ �nc0ðnÞ 5 ∞,
c00ðnÞ > 0  8 n ∈ ½0, �n�. All workers pay the same utility cost to complete any
task.
Let v denote worker ability, which is either high or low—that is, v ∈

f0, xg, with x > 0. If a worker has high ability, the expected output gener-
ated by each task she completes is greater than the expected output gener-
ated by a low-ability worker who performs the same task. At birth the
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ability of workers is not known, but in each cohort a constant fraction, p, is
high ability, and the rest are low ability. All market participants know the
distribution of ability.
Recall that there are two sectors. In both sectors, nature draws indepen-

dent and identically distributed production shocks, e, that are mean zero
for all workers. In the outside sector, expected output is a linear function
of worker effort, and the mapping between effort and output does not vary
with worker experience or ability. Let wo denote the marginal product of
tasks performed in the outside sector. Outside sector output, yo, is deter-
mined according to the following production function:

yo 5 won 1 e: (1)

Expected output in the professional sector is determined by worker abil-
ity, worker experience, and job assignment. Define yj

s as the output of a
worker assigned to professional job j given s periods of professional experi-
ence, where j ∈ fa, pg for associate and partner and s ∈ f0, 1g for inexperi-
enced and experienced. The production function for new associates is

ya
0 5 1 1 vð Þn 1 e: (2)

The production function for experienced associates is

ya
1 5 za 1 1 vð Þn 1 e: (3)

Here, the parameter za > 1 captures the idea that associates who have ex-
perience are able to perform tasks better. Finally, the production function
for experienced partners is

yp
1 5

zp 1 1 vð Þn 1 e if v 5 x,

2∞  if v 5 0:

(
(4)

The parameter zp, where zp > za > 1, captures the idea that partners per-
form tasks that more fully leverage professional skill. We assume that skill
levels are functions of both experience and talent. Furthermore, we assume
that if low-abilityworkers of any experience level were to act as partners, the
mismatch between their skills and their task assignmentswould create losses.
To facilitate our exposition, we set the value of these losses to2∞. Likewise,
we assume that regardless of their ability, workerswith no experiencewould
also make costly mistakes if they were to act as partners. Thus, we also set
yp
0 5 2∞.
Our plannermust allocateworkers between the professional labormarket

and the outside sector. For now,we cap employment in the professional sec-
tor at q < 1 to capture the idea that only a fraction of highly educated agents
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work in the professional sector. Later, we treat q as an endogenous variable
that is determined by the costs of maintaining professional jobs and the
productivities of positions in the professional sector.
We impose the following restrictions on production parameters:

za < wo < za 1 1 pxð Þ: (5)

The first inequality in expression (5) implies that an experienced associate
who has low ability is more productive in the outside sector than in the pro-
fessional sector. The second inequality implies that the expected productiv-
ity of an experienced associate with unknown ability is greater in the profes-
sional sector than in the outside sector. If this were not true, the planner’s
assignment decisions for experienced professionals with unknown ability
would be trivial.

B. Learning

Themarket observes the output that eachworker produces in each period.
In Barlevy andNeal (2016), we show that given a specific assumption about
the distribution of e, the output signal for any new associate either fully re-
veals her talent or provides no information about her talent. Furthermore,
the likelihood that an output signal is fully revealing increases with n, the
number of tasks an associate performs.
The specific learning technology in Barlevy andNeal (2016) is not essential

for our analysis, but we do require all informative signals to be fully revealing,
that is, the market either infers an associate’s type perfectly or learns nothing
about the associate. Define f(n) as the probability that an associate who per-
forms n tasks produces a signal that fully reveals her type. We assume that
f(n) is an increasing and concave function of n, that is, f0ðnÞ > 0, f00ðnÞ ≤ 0,
and fð�nÞ < 1.5

IV. The Planner’s Problem

The planner seeks to maximize the expected present discounted value of
the sum of present and future differences between per-period output and
effort costs by assigning workers of different types to jobs and workloads.
In this economy, the nature of a worker’s past job experience and the mar-
ket’s information about a worker’s talent define a worker’s type.
Five different types of workers exist. Experienced workers who spent

their first period working as associates may be known to be low ability or
high ability, or their first-period output may not have revealed their type.
Becausework in the outside sector produces no signals aboutworker ability,
the market has a common belief about the ability of all workers who possess
5 See Bonatti and Horner (2017) and Bose and Lang (2017) for other frameworks
where revealing signals arrive at rates determined by worker effort levels.
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1 period of experience in the outside sector. Finally, the market has the same
common belief about the ability of all workers who have no experience.
In each period, the planner must assign a position and a workload to each

of these five worker types. Appendix A demonstrates that all but two of
these choices are immediate given our assumptions; for example, with the
possible exception of the initial period, the planner always dismisses experi-
enced professionals with known low ability and always promotes thosewith
known high ability. The two nontrivial choices are how many tasks, n, to
give to new associates and what fraction, au, of experienced associates with
unknown ability to retain. If the planner retains none of these associates—
that is, âu 5 0—we say that the planner follows an up-or-out rule.
The state space for the planner’s problem can be reduced to two variables:

the stock of experienced professionals with unknown ability, ru, and the
stock of experienced professionals with known high ability, rx.
We use the following notation for the surplus generated by assigning dif-

ferent types of workers to different jobs:

• vo is the surplus generated by an outside worker; and
• vj

s is the surplus generated by a professional worker with s ∈ f0, 1g pe-
riods of experience in position j ∈ fa, pg.

Appendix A establishes that the per-period surplus generated by the
planner’s current choices equals

s n, au, ru, rxð Þ 5 2 2 qð Þvo 1 q 2 auru 2 rxð Þva
0 nð Þ 1 auruva

1 1 rxvp
1: (6)

The first term represents surplus generated in the outside sector. The sec-
ond term captures surplus generated by new associates. The last two terms
capture surplus generated by experienced professionals. We write va

0ðnÞ to
stress that workloads for new associates are one of the two key choices for
the planner. For all other workers, optimal workloads are solutions to sim-
ple static maximization problems.
Note that there can be at most q new associates in any period, and the

planner always learns that a fraction of these new associates have low ability.
Thus, in any period after the initial period, ru 1 rx < q. Here, we discuss the
planner’s optimal choices in this region of the state space.
If we assume that the planner discounts the future using b < 1, we can

write the planner’s problem using the following recursive formulation:

V ru, rxð Þ 5 max
au,n

s n, au, ru, rxð Þ 1 bV ru
1, rx

1ð Þ,

s:t: ru
1 5 q 2 auru 2 rx½ � 1 2 f nð Þ½ �,
rx
1 5 q 2 auru 2 rx½ �pf nð Þ:

(7)
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If the stock of experienced professionalswith unknown ability is positive—
that is, ru > 0—the planner faces a trade-off. Theseworkers aremore produc-
tive than new associates because they have more professional experience.
However, they are not qualified to be partners, and for each one the planner
retains today hewill have one less experienced professional next period,which
means he will have fewer partners next period. Furthermore, the planner’s ef-
fort choice for new associates, n, interacts with these retention decisions be-
cause the probability that the planner observes the actual ability of a new as-
sociate is f(n).
Recall that there are no productivity spillovers among workers in this

model. We therefore expect Vðru, rxÞ to be linear. Appendix A shows that
this is true when 0 ≤ ru 1 rx < q.

CLAIM 1: Vðru, rxÞ 5 K1 1 K2r
u 1 K3r

x  8 ðru, rxÞ such that 0 ≤ ru1
rx < q.

Substitute this expression for Vðru, rxÞ into equation (7) and take the de-
rivative with respect to n. This yields the first-order condition that defines
the optimal workload for new associates, n̂:

c0 n̂ð Þ 5 1 1 pxð Þ 1 bf0 n̂ð Þ pK3 2 K2ð Þ:

The marginal cost of new associate effort must equal the sum of two mar-
ginal returns. The first, ð1 1 pxÞ, is the expected marginal product of new
associate effort. The second, bf0ðnÞðpK3 2 K2Þ, is the marginal information
return from worker effort. For the planner, K2 represents the value created
by replacing a new associate with an experienced professional who possesses
uncertain ability, while K3 represents the value created by replacing a new
associate with an experienced professional who has known high ability.
When the planner marginally increases a new associate’s workload, n, the
probability that the associate’s output signal reveals her ability increases
by f0ðnÞ. If the signal is revealing, there is a probability p that the signal will
reveal high ability, and the planner’s value function will increase by K3 in-
stead of K2. Thus, f0ðnÞðpK3 2 K2Þ is the marginal information rent gener-
ated next period by new associate work this period.
We show in appendix A that pK3 is always greater than K2. Thus, the in-

formation rents created by new associate effort are always positive. Given
this result, we prove the following proposition:

PROPOSITION 1: The optimal workload for new associates, n̂, exceeds the
static optimum implied by the expected per-period output of new asso-
ciates.
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New associates take on workloads that are greater than those that would
maximize the current surplus generated by their positions in order to pro-
duce information that improves professional job assignments in the future.
A similar trade-off between current output and future information shapes

the planner’s decision concerning the retention of experienced associates of
uncertain ability. In appendix A, we solve for K2 and K3 and use these solu-
tions to express the first-order condition for au as follows:

PROPOSITION 2: âu 5 0 if va
1 2 va

0ðn̂Þ < bpfðn̂Þðvp
1 2 va

1Þ.

The left-hand side of the inequality in proposition 2 is the current surplus
cost of replacing an experienced associate of unknown ability with a new
associate. The right-hand side gives the expected future returns that these re-
placements create. The probability that new associates become partners next
period is pfðn̂Þ, and the additional surplus generated by partners is vp

1 2 va
1.

Thus, the planner’s decision concerning âu reflects a trade-off between the
current value of worker experience in the associate position and the dis-
counted expected value of identifying more high-ability partners. Up-or-
out rules, âu 5 0, are optimal in environmentswhere the increase in expected
future surplus associated with increasing the number of future partners out-
weighs the loss in current surplus that comes from replacing experienced as-
sociates with new ones.
Because workers live for only 2 periods in our model, all promotions and

sector changes take place at the end of period 1. However, the fact that all
promotions and dismissals take place at a common experience level is not
an essential feature of the up-or-out equilibrium we characterize. Infor-
mative signals are fully revealing in our model. Therefore, if workers in
our model lived for S > 2 periods, the planner would still assign workers
to the outside sector whenever he learned that they possessed low ability,
and the planner would still promote workers to the partner position when-
ever he learned that they possessed high ability. Moreover, as long as S is
finite, the option value of associates with unknown ability declines as they
gain more experience. This implies that the planner may choose to replace
all associates who work ŝ < S periods without producing a signal that re-
veals their true ability. For us, the existence of this time limit, ŝ < S, is a de-
fining feature of an up-or-out regime.6

O’Flaherty and Siow (1992) define up-or-out differently. In their model,
there is no fixed date ŝ that constrains the timing of promotions and dis-
missals. Because workers live forever, the option value of an associate does
6 In our work with the After the JD survey (see app. D), we have learned that
among law associates, departures and promotions occur at many different tenures.
However, only a trivial number of new associates work as associates for more than
12 years in the same firm.
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not decline with experience. Still, because experience produces information,
all workers eventually move up to the partner role or leave their firm.7

A. Comparative Statics

We are interested in how the relative productivities of different types of
workers in different roles within organizations shape optimal personnel pol-
icies. Thus, we want to understand how zp and za shape the value of identi-
fying candidates for promotion to partner and the surplus cost associated
with replacing experienced professionals. Our key comparative static results
spell out how both parameters affect n̂ and âu.

PROPOSITION 3: The optimal workload for new associates, n̂, is increasing
in zp and weakly decreasing in za.

The probability that a new associate’s output signal reveals her true abil-
ity increases with n̂. Thus, if new associates workmore this period, the plan-
ner will be able to identify and promote more partners next period. For pa-
rameter values such that âu 5 1, the additional surplus generated by these
promotions increases with zp and decreases with za Therefore, optimal ef-
fort, n̂, increases with zp and decreases with za. If âu 5 0, za does not enter
these surplus calculations because no oneworks as an experienced associate.
However, n̂ still increases with zp.
We claim that many professional service firms employ both heavy work-

loads for new associates and up-or-out promotion rules as tools that facil-
itate their search for talented partners. Thus, the effects of zp and za on firm
decisions concerning up-or-out should be similar to their effects on work-
loads for new associates.Our second comparative static result confirms this:

PROPOSITION 4: âu is weakly decreasing in zp and weakly increasing in za.

Up-or-out is optimal when the option value associated with a new asso-
ciate exceeds the productivity gains that come from associate experience. The
returns from finding talented professionals and promoting them to partner
are increasing in zp, and za determines the gains from associate experience.
Taken together, propositions 3 and 4 imply that in a region of the param-

eter space, both up-or-out promotion rules and heavy workloads for new
associates are optimal. Given any initial pair ðza, zpÞ, n̂ increases and an up-
or-out rule is either retained or adopted as we increase zp. Furthermore, n̂ de-
creases and an up-or-out rule is either retained or abandoned aswe increase za.
7 The signals in O’Flaherty and Siow (1992) are not fully revealing, so standards
for promotion depend not only on beliefs about the value of associate talent but
also on the precision of these beliefs.
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Several authors point out that strict adherence to up-or-out rules became
less common in law firms during the 1980s and 1990s.8 Gorman (1999) ar-
gues that mergers, changes in information technology, and increases in the
demand for specialized legal services allowed larger law firms to create a
limited number of new nonpartner roles for experienced specialists. Among
lawyers whowere well suited to these new roles, za increased, and it became
optimal to retain these lawyers even if they were not well suited to the part-
ner role.
Growing relative demand for specialists has produced similar movements

away from strict up-or-out policies in public accounting, especially in the
largest accounting firms.9 This development in public accounting is of partic-
ular interest because it parallels a trend toward less demanding work sched-
ules in public accounting. In recent decades, large public accounting firms
have adopted a number of practices that seek to reduce work-related stress.
Many firms have increased paid holidays, the use of job-sharing arrange-
ments, and the use of flexible scheduling.10

It is difficult to investigate the extent towhich ourmodel provides the cor-
rect explanation for the recent creation of more permanent nonpartner roles
for experienced professionals in law and accounting or for the contempora-
neous adoption of policies that promote work-life balance. Propositions 3
and 4 above deal with changes in za or zp holding all else constant, but the
waves of mergers and changes in information technology that affected law
and accounting firms in recent decades likely affected the productivity of
new associates, experienced specialists, and partners simultaneously.
The predictions of our model map more cleanly into long-standing dif-

ferences between the labor market for professional services and other mar-
kets for well-educated workers. The trade literatures on professional labor
markets clearly indicate that most new entrants in professional service firms
continue to compete in up-or-out promotion contests while working more
arduous schedules than their peers in other industries.11Ourmodel suggests
that this is because an entry-level professional in a major manufacturing or
service firm is not really auditioning to be chief executive officer or even a
division president. While the largest professional service firms have thou-
sands of partners, the largest traditional corporations have only handfuls of
people in their highest leadership roles. Furthermore, while professional ser-
vice firms offer a limited number of senior roles for nonpartners, large cor-
8 See Gilson andMnookin (1985), Galanter and Palay (1991), Gorman (1999), and
Galanter and Henderson (2008).

9 See the New York Times, May 17, 1990. See Almer (2004) for more recent data
from the American Institute of Certified Public Accountants.

10 See table 23 in Almer (2004). See also Greenhouse (2011) and Lewison (2006).
11 In addition, Bertrand, Goldin, and Katz (2010) report that recent MBA gradu-

ates who enter investment banking and consulting appear towork longer hours than
their peers who enter corporate jobs.
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porations contain many productive roles for experienced professionals who
do not reach the absolute highest levels of management.
Viewed through the lens of our model, an experienced professional in a

traditionalfirm enjoys a large effective value of za because thefirm can assign
her to the one role, among many potential roles, that suits her best. In con-
trast, professional service firms are horizontal organizations that grow by
adding partners who can attract andmaintain clients. A new entrant in a pro-
fessional service firm is auditioning to be such a partner and expects to leave
the firm if the audition for that one role does not go well. Thus, it makes
sense to expedite the process of determining whether this new entrant is ac-
tually partner material.12

Young workers acquire not only information but also new skills through
work experience. In appendix B, we present a relatedmodel where associates
acquire skills by performing tasks, but they do not know ex ante how fast they
will learn. In thismodel, new associates take onheavyworkloads in an attempt
to reach the skill level required to work as a partner, and if the productivity
of partners is great enough relative to the productivity of those atmedium skill
levels, the planner replaces all experienced associates who do not reach the
high skill levelwithnewassociateswhomaybecome future partners.Whether
new associates are learning about their skill level or learning about their ca-
pacity to acquire skills, our key insights remain.

V. Endogenous Sector Size and Decentralization

So far, we have described solutions to a planner’s problem given the con-
straint that professional employment cannot exceed a binding cap of q.Here,
we explain why our results hold in a more general setting where the planner
also chooses the optimal size of the professional sector. Thenwe explain how
an equilibrium of a decentralized economy implements the solution to this
more general planner’s problem. Appendix C proves these results.

A. Endogenous Sector Size

We do not model interactions among professionals whowork in the same
firm. Therefore, our model does not address optimal firm size or the orga-
nization of work in firms. We characterize only the optimal size of the pro-
fessional sector.
Professionalworkers require office space, support staff, and other resources

that facilitate their capacity to interact efficiently with clients. We assume that
12 A large literature points out that, in models with one position, the option value
associated with a new worker determines the stringency of the rule that governs re-
tentiondecisions.Our assumptions concerning zp, za, and the losses thatwould occur
if low-ability types were to occupy the partner position highlight the fact that our
model is not a one-position model. We model an up-or-out decision, not a stay-
or-go decision.
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the supply curve for effective support services to the professional sector is up-
ward sloping. As the professional sector grows, it must employ support staff
who have better outside options and occupy office space that has more valu-
able alternative uses.
Suppose the per-period cost of supporting the qth professional position

is given by k(q), where k(�) is an increasing continuous function such that
limq→ 0kðqÞ 5 0 and limq→ 1kðqÞ 5 ∞.13 Given our previous assumptions,
these restrictions ensure that the planner assigns some but not all of the
workers in a cohort to begin their careers in the professional sector.
The planner faces a problem similar to the one described in equation (7),

but here hemust also determine q̂, the optimal number of professionalwork-
ers. Letax denote the fraction of experienced professionals with known high
ability that the planner retains. AppendixC shows that, with the possible ex-
ception of the initial period, the planner always retains these workers and
promotes them to partner, just as in thefixed-q problem.14However, explicit
notation for this decision allows us to more clearly formulate our new plan-
ner’s problem:
V ru, rxð Þ 5 max
n,au,ax,q

s n, au, ax, q, ru, rxð Þ

2

ðq

0
k yð Þdy 1 bV ru

1, rx
1ð Þ,

(8)

s:t:

ð1Þ ru
1 5 q 2 auru 2 axrx½ � 1 2 f nð Þ½ �,

ð2Þ rx
1 5 q 2 auru 2 axrx½ �pf nð Þ,

ð3Þ q 2 auru 2 axrx ≥ 0:

(9)

As before, constraints (1) and (2) are the laws of motion for the state var-
iables. Constraint (3) states explicitly that the number of professional posi-
tions the planner creates must weakly exceed the number of experienced
professionals he retains.
Appendix C shows that, with the possible exception of the initial period,

the planner chooses an optimal sector size, q̂, that is constant over time. Ap-
pendixC also shows that if the initial stocks of experienced professionals are
so large that the planner chooses a sector size greater than or equal to q̂ in

(8)
13 k(q) is the cost of supporting a professional position.We could also include sup-
port costs that vary with workloads n as long as total support costs for a given pro-
fessional are separable inq and n. In this case,we can think of variable support costs as
an additional component of c(n) for workers in the professional sector.

14 If the initial stock of skilled professionals, rx
0, is sufficiently large, the planner

may not retain all of them in the professional sector. However, we show in app. C
that, after the initial period, the planner promotes all skilled professionals to partner.
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the initial period, constraint (3) will bind, and the planner will assign all new
workers to the outside sector in the initial period. Taken together, these re-
sults imply that there can be at most q̂ new associates in any period. Hence,
beyond the initial period the stock of experienced workers can be at most q̂,
and some will be known to possess low ability. This implies ru 1 rx < q̂, so
constraint (3) never binds after the initial period.
Since the productivity of a worker in a given position is not influenced by

how other workers are allocated to positions, optimal workloads, retention
rules, and promotion policies are the same whether there are five professional
positions or five million. For this reason, the planner chooses ðn̂, âu, âxÞ us-
ing the same rules he employed in the fixed-q problem, and all of the com-
parative statics results that we derived in Section IV continue to hold.
However, the fact that the mapping between production parameters,

ðza, zpÞ, and optimal personnel policies is independent of sector size does not
imply that changes in ðza, zpÞ have no effect on the planner’s sector size choice,
q̂. Appendix C proves the following proposition:

PROPOSITION 5: The optimal sector size, q̂, is increasing in zp and weakly
increasing in za.

The relative values of za and zp influence personnel policies, but the levels
of za and zp also determine the value of professional sector work.When pro-
fessional work is more valuable, the planner optimally chooses a higher q̂
and allocates fewer workers to the outside sector. Note that q̂ increases only
weakly with za. In the region of the parameter space where up-or-out is op-
timal, no one works as an experienced associate, and za has no impact on
professional sector surplus.

B. Decentralization

Since workers have no private information about their abilities or their
actions, many different market mechanisms could decentralize the solution
to our planner’s problem.AppendixC proves that one particularmechanism
does. We do not explore the details of these proofs here. Rather, we develop
insights concerning how and why this mechanism would work, and we use
these insights to offer specific interpretations of both up-or-out policies and
the heavyworkloads new associates bear while competing in up-or-out pro-
motion contests.
Assume that all workers choosewhether towork in the outside sector at a

fixed wage, wo, or work in the professional sector as independent contrac-
tors.15 Whether these independent professionals choose to work in the as-
15 We treat workers as independent contractors to facilitate exposition. The same
results would hold in a competitive labor market where identical professional service
firms posted a menu of employment contracts that specified optimal workloads, ter-
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sociate or partner role, we assume that each must hire support services at a
cost determined by the equilibrium size of the professional sector.16

Appendix C demonstrates that the market equilibrium in our indepen-
dent contractor scenario implements the planner’s solution to the problem
described by equation (8). Here, we sketch the argument in two steps. First,
we consider how independent contractors chooseworkloads and jobswhen
they believe the sector size is going to equal the planner’s choice q̂. Then we
argue that if all contractors follow these rules, rational entry decisions will
generate a professional sector of size q̂.
Appendix C demonstrates that the optimal sector size, q̂, is the same in all

periods, with the possible exception of the initial period. Thus, in our de-
centralization workers make their hours and job choices assuming that
the size of the professional sector is fixed over time. Define uðn, qÞ as the ex-
pected lifetime utility of a new associate who chooses workload n given a
constant professional sector size q.

u n, qð Þ 5 va
0 nð Þ 2 k qð Þ 1 bpf nð Þ vp

1 2 k qð Þ½ �
1b 1 2 pð Þf nð Þvo 1 b 1 2 f nð Þð Þmax vo, va

1 2 k qð Þ½ �:
(10)

The first two terms are the expected utility of working as an associate.
The next term is the worker’s expected discounted utility from learning that
she has high ability and is therefore suitable for the partner role. The fourth
term is the probability that she learns that she has low ability multiplied by
the discounted value of working in the outside sector in the second period.
The last term is the expected discounted value of being uncertain about her
ability at the end of the first period.
Now consider uðn, q̂Þ and ask what choice of n is optimal for a new asso-

ciate who believes that the size of the professional sector is the planner’s
choice q̂. Since associates who become partners receive the surplus pro-
duced by the partner position, they internalize the information rents pro-
duced by their first-period workload. Thus, it is no surprise that appendix C
shows that n̂ maximizes uðn, q̂Þ.
Next, consider the last term of uðn, qÞ in equation (10). Appendix C also

demonstrates that the planner imposes an up-or-out rule, âu 5 0, if and only
if experienced independent professionals with uncertain ability choose the
outside sector when facing a professional sector size of q̂, that is, vo >
va
1 2 kðq̂Þ. To gain intuition for this result, recall that, without regard to

sector size, the planner chooses âu 5 0 in all environments where new asso-
ciates are more valuable than experienced associates. Furthermore, the plan-
mination rules, and wages equal to expected marginal products for all possible com-
binations of worker types and positions.

16 Competition for staff workers implies that all professionals must pay their staff
the outside option of the marginal staff worker.
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ner’s choice of q̂ and therefore kðq̂Þ equates the value of a new associate and
an outside worker. If outside workers are just as valuable as new associates
and new associates are more valuable than experienced associates, we expect
an experienced professional who is not partner material tofind outside work
more attractive than the experienced associate position.
We have shown that our independent contractors choose the planner’s

workloads and follow the planner’s job assignment rules if they face sup-
port costs kðq̂Þ. To complete the decentralization argument, we now show
that if all workers correctly assume that independent professionals are fol-
lowing the planner’s personnel policies, free entry generates a professional
sector of size q̂.
Assume that all contractors follow the planner’s personnel policies and that

q is a time-invariant equilibrium sector size. These assumptions imply that
vðn̂, qÞ 5 voð1 1 bÞ. Otherwise, all new workers would have a strict prefer-
ence for either the professional sector or the outside sector, and this cannot be
true in equilibrium. Given our assumptions concerning k(�), uðn, qÞ declines
continuously and monotonically with q, and there can be at most one q such
that uðn̂, qÞ 5 voð1 1 bÞ. AppendixCproves that uðn̂, q̂Þ 5 voð1 1 bÞ,which
we expect since the planner chooses q̂ to equate the value of associate posi-
tions and outside work.
Since the planner’s solution, ðn̂, âu, q̂Þ, is an equilibrium of our indepen-

dent contractor equilibrium, the comparative statics results we present in
propositions 1–5 hold in our independent contractor economy as well.
However, several features of this equilibrium point to new ways to interpret
these results.
The indifference condition uðn̂, q̂Þ 5 voð1 1 bÞ always holds in our con-

tractor equilibrium, and it implies that the market price for support staff,
kðq̂Þ, always equals the maximum amount that new associates are willing
to pay to work in the professional sector. Given this observation, consider
our comparative static results concerning how changes in za and zp affect the
use of up-or-out. In an up-or-out equilibrium of our contractor economy,
new associates are willing to paymore towork in the professional sector than
experienced professionals who remain uncertain about their talent. Thus, new
associate demands for support staff price these experienced professionals out
of the professional sector. From this starting point, if we increase za enough
tomake these experienced professionals willing to pay asmuch ormore than
new associates are willing to pay for support staff, we can get them to stay
and work as experienced associates.
On the other hand, if we start at an equilibrium without up-or-out and

increase zp, we increase the option value inherent in new associate positions
while holding the value of working as an experienced associate constant. This
increase in option value increases the amount that new associates are will-
ing to pay in support costs to enter the professional sector, and since the de-
mands of new associates determine the market price of support staff, we can
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always price experienced, nonpartner professionals out of the market by
making zp sufficiently large.
Our model treats new associate work as an audition for the partner role,

and in our contractor economy the price of support staff clears this market
for auditions. However, kðq̂Þ is not the only audition cost that new associ-
ates pay. New associates also choose to take on heavy workloads, and as a
result they enjoy lower first-period utility than outside workers.17

This insight may help explain why young professionals often report low
job satisfaction and, in particular, why they report that theywould bewilling
to accept lower earnings in exchange for less demanding work schedules.18

Suppose that young professionals who respond to such surveys are report-
ing that they arewilling to accept lower earnings in exchange for less demand-
ing workloads, holding all else constant, including their future prospects for
promotion. If so, new associates in our model would express a willingness to
exchange current salary for reduced workloads. The problem is that there is
no way to make such an exchange while holding all else constant. If new as-
sociates did perform fewer tasks, themarket would learn less about them, and
they would be less likely to become partners.
Landers, Rebitzer, and Taylor (1996) stress that young lawyers are less

willing to report that they want to reduce their hours if they are informed
that their peers do notwant to reduce their hours. This pattern is clearly con-
sistent with the coordination role that norms play in rat-race models. How-
ever, once an enumerator has informed a young professional that her peers
chose not to reduce their hours, manymechanisms that link work effort and
promotion probabilities may become more salient for the respondent.
Some scholars have argued that up-or-out policies are puzzling because

surely some experienced associates who are notwell suited to the partner role
are nonetheless competent professionals. Why would firms refuse to negoti-
ate a retention package for these associates?19 Our interpretation of associate
jobs as auditions for partnerships provides an answer. In our framework,
young professionals in up-or-out markets pay a utility cost to acquire infor-
mation aboutwhether they arewell suited to lucrative partner positions. Thus,
when a young professional learns that she is not partner material, she is not
willing topay this cost any longer. Furthermore, although shewould bemore
productive, in expectation, than the new associate who replaces her, her firm
17 This follows directly from uðn̂Þ 5 v0ð1 1 bÞ and, in part, reflects the fact that n̂
is greater than the workload that maximizes static surplus.

18 See Landers, Rebitzer, and Taylor (1996) for survey responses from young
lawyers.

19 See Kahn and Huberman (1988). Gilson and Mnookin (1989) discuss this puz-
zle in the context of experienced legal associates. Batchelor (2011) discusses how
leading consulting firms often place those who fail to make partner in prestigious
jobs in large companies that are clients of the firm.
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cannot profitablymake a retention offer that shewould accept because it can
no longer offer her the opportunity to learn about her fitness for the part-
ner role.

VI. Empirical Patterns concerning Hours and Promotions

Next, we explore data that describe career outcomes among young law-
yers. Before we describe our results, wemust discuss several issues that arise
concerning the mapping between the positions in our model and the job ti-
tles we observe in our data. In our model, there are only two positions, as-
sociate and partner. For much of the twentieth century most private law
firms created only these two positions, but in recent decades many firms
have created additional positions. Many firms now have nonequity partner
positions, and a smaller number have “of counsel” or counsel positions.
We proceed under the assumption that persons who are promoted from

associate to nonequity partner early in their careers are likely persons who
are still trying to earn promotions to full partner, but we assume that per-
sonswho transition from associate to counsel positions early in their careers
are no longer under consideration for promotion to partner.20 Nonequity
partner appears to be a stepping stone to partner, but in many firms where
up-or-out is the rule, counsel positions appear to exist as exceptions to the
rule. According to Flom and Scharf (2011), most law firms report that their
counsel attorneys are not eligible for promotion to partner. Furthermore,
data that we describemore fully in appendixD suggest that young attorneys
who accept counsel positions rarely return to partner-track positions. Both
the academic literature and the trade literature suggest that persons who oc-
cupy counsel positions often do not possess the business development skills
that partners need but do possess special expertise that allows them to be
exceptionally productive in a nonpartner role.21

Table 1 describes data from the Survey of Law Firm Economics (SLFE),
which is conducted annually byALMLegal Intelligence.The data come from
eight annual surveys taken during the period 2007–14. Some firms appear in
more than one annual survey, but these are not observations fromapanel data
set. Rather, the data come from eight repeated cross-sectional surveys.22

Table 1 describes outcomes for lawyers who are between 8 and 12 years
into their careers. We chose this experience interval because law firms now
20 Among more experienced lawyers, some counsels and nonequity partners are
former partners in their firms or otherfirmswho voluntarily or involuntarily left their
partnership positions because they were unwilling or unable to meet the expectations
of other partners. See Richmond (2010).

21 In the terms of our model, these are persons with an effective za that is greater
than the standard level.

22 Some lawyersmay appear in twodifferent cross sections, butwe cannot link these
records.
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make many crucial retention and promotion decisions in this interval. The
table presents results for associates, equity partners, nonequity partners,
and counsel attorneys. Because these counsel attorneys are less than 12 years
into their careers, it seems reasonable to assume that most of them are attor-
neyswho recently left an associate position in their current or previousfirms
and now occupy a senior role off the partnership track. Thus, it is interest-
ing to note that, comparedwith the other three groups, counsel attorneys bill
fewer hours but charge clients higher rates for their time. For example, coun-
sels bill their time at rates 17% greater than associates yet bill 24% fewer
hours.
Whywould associates bill somanymore hours than their peerswhowork

as counsels?Ourmodel suggests that thishoursgap reflects the fact that coun-
sel attorneys are no longer auditioning for partnerships. Their past work ex-
perience has revealed their type, and they are no longer producing signals
about their suitability for the partner position.23

Partners and nonequity partners also work more than counsel attorneys,
but this pattern is easy to understand. The implied hourly wage rate for new
partners may be much greater than the implied wage rate for counsels, and
many nonequity partners are still auditioning for full partnerships, receiv-
ing performance-based profit sharing, or both.
The SLFE is a cross-sectional survey, so we cannot know with certainty

that the counsel attorneys in our SLFE sample recently left associate posi-
tions. Tables 2 and 3 present results froma second data set that providesmuch
smaller samples but does allow us to track individual lawyers over time.
Table 1
Hours Billing, Billing Rates, and Total Compensation By Position

Partner Nonequity Partner Associate Counsel

Average hours billed 1,646 1,612 1,493 1,128
(416) (538) (592) (633)

N 2,982 3,135 7,144 558
Average hourly rate 290 299 259 304

(77) (97) (85) (105)
N 2,990 3,131 6,931 543
Average compensation 233,970 197,471 143,409 144,305

(110,968) (78,307) (53,157) (67,458)
N 3,053 3,188 7,283 574
23 Gender is missing fo
of respondents who repo
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The After the JD (AJD) study conducted three rounds of interviews with
a cohort of lawyers who passed the bar around 2000. Wave 1 interviews
took place between May 2002 and March 2003. Wave 2 interviews began
in May 2007 and ran through early 2008. Wave 3 interviews took place be-
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Table 2
After the JD (AJD) Survey Full Sample: Hours Worked and Compensation
by Wave 3 Position

Partner
Nonequity
Partner Associate Counsel Other

Average hours wave 1 51.7 51.8 49.5 49.7 49.9
(12.7) (9.4) (12.4) (11.2) (13.1)

N 161 103 75 31 343
Average salary wave 1 116,243 122,125 92,157 141,578 131,753

(48,985) (48,303) (39,828) (47,452) (70,311)
N 165 107 74 32 360
Average hours wave 3 51.2 54.3 51.9 46.2 47.0

(12.8) (12.2) (10.7) (12.2) (12.8)
N 171 109 77 32 365
Average compensationwave 3 240,154 225,653 134,187 215,975 190,566

(220,199) (110,588) (75,675) (136,151) (197,826)
N 121 90 72 26 316
NOTE.—This table reports job characteristics for lawyers included in the AJD survey, which was spon-
sored by the American Bar Association. This panel survey involved three rounds of data collection that
began in 2002, 2007, and 2012. Shown for each characteristic are the sample mean, the standard deviation
(in parentheses), and the sample size (N). The sample for this table includes only attorneys who passed the
bar in 1998 or later and were associates at private law firms in the first wave of the survey. The columns
group respondents by their wave 3 employment status. The first four columns contain persons who are
employed in private law firms in wave 3. We eliminate five respondents who report working in staff or con-
tract positions. The “other” category includes solo practitioners and persons employed by an organization
that is not a private lawfirm. “Average hourswave 1” and “Average hourswave 3” are average hoursworked
by attorneys in the weeks before completing thefirst and third surveys, respectively. “Average salarywave 1”
is defined as the salary including bonus. “Average compensation wave 3” is the average sum of salary, bonus,
profit sharing, and other income received by respondents in the third wave. Sample sizes differ by cell be-
cause of different frequencies of item nonresponse.
Table 3
Regressions of Changes in Hours (Wave 3 – Wave 1) on an Indicator
for Leaving the Partnership Track

Full Males Females

Firm Size ≥150

Males Females

Off-track wave 3 23.70 23.25 24.26 27.43 25.01
(1.15) (1.53) (1.78) (2.76) (2.92)

N 708 425 279 178 114
NOTE.—See the note to table 2 for a description of the After the JD sample. Once again, we restrict ou
samples to persons who report in wave 1 that they are associates in private law firms, and we eliminate five
respondents who report working in staff or contract positions in wave 3. Those who are equity partners
nonequity partners, or associates in a private law firm are on-track. Those who are solo practitioners, coun
sels in a private law firm, or employees of an organization that is not a private law firm are off-track. The
entries here are regression coefficients on a dummy variable indicating that, in wave 3, a lawyer is off-track
All regressions are bivariate regressions of changes in hours worked per week (i.e., wave 3 hours minus wave
1 hours) on the off-track indicator. Standard errors are in parentheses. N denotes sample size. Y 5 Dhour
(wave 3 2 wave 1). X 5 1 if off-track in wave 3 (counsel, other).
o.edu/t-and-c).
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tweenMay 2012 andDecember 2012.We chose the subsample of these law-
yers who participated in both the wave 1 and thewave 3 interviews andwho
reported in wave 1 that they worked as an associate in a private law firm. By
wave 3, most of these lawyers should have had 11 or 12 years of experience
as lawyers. Thus, they are slightly more experienced than the average law-
yer in our table 1 sample.
Each column in table 2 describes outcomes for lawyers who were associ-

ates in wave 1 and occupy a specific position in wave 3. As in table 1, we pre-
sent results for equity partners, nonequity partners, associates, and counsels,
but we also present an “other” category. This category contains almost half
of our sample and includes lawyers who have left private law practice or are
self-employed.
All of the lawyers in this sample were working as associates in private law

firms in wave 1. The first row of table 2 shows that young associates who
are going tomake partner or nonequity partner appear towork slightly lon-
ger hours in wave 1. Since the wave 1 interviews took place in year 2 or 3
of these young lawyers’ careers, these small differences in wave 1 hours may
indicate that partners give more work to second- and third-year associates
who, based on the quality of their early work, appear more likely to make
partner.24

In wave 3, those who took counsel positions and the much larger sample
who are no longer in private law firms work about 3 hours less per week
than they worked as new associates. In contrast, those who are still trying
to become equity partners work more than they worked in wave 1. Those
who are partners inwave 3work 30minutes less per week than theyworked
in wave 1.
Thewave 3 contrast between associates and lawyers in our other category

is striking. Between waves 1 and 3 annual earnings grew for both groups by
about 45%, but in wave 3 those who remain in associate positions work
roughly 5 hours per week more than those who have left private law.
Table 3 reports the results from a series of bivariate regressions of hours

worked in wave 3 minus hours worked in wave 1 on a dummy variable in-
dicating whether a lawyer is off the partnership track in wave 3. Lawyers
who leave the partnership track reduce their hours by roughly 3–7 hours
per week relative to lawyers who remain on the partnership track. There
is no evidence that this result is driven by women seeking to reduce their
hours in order to spend more time at home.
The empirical results in tables 1–3 are only suggestive. The AJD surveys

have response rates far below 1, and the SLFE documentation does not re-
24 Wilkins andGulati (1998) discuss differences in work assignments among asso-
ciates. Gicheva (2013) analyzes the link between hours choices and future promo-
tion prospects.
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port response rates. Nonetheless, our results do suggest that many lawyers
who abandon the partnership track in private law firms reduce their work
hours even though their wage rates are constant or rising. Our model can
easily generate this pattern. Furthermore, our claim that associates are audi-
tioning for partnerships that leverage the skills of particularly gifted people
squares well with two other features of theAJD data. Promotion rates are low
in these markets,25 and lawyers do not cut back significantly on their hours
after they become partners.

VII. Conclusion

Most young professionals in elite professional service firms take on heavy
workloads that speed the rate at which both they and their employers learn
whether they should be new partners. Those who discover that they are not
going to become partners are no longer willing to bear these workloads, and
it is efficient for firms to replace them with new associates who are eager to
discover whether they can become partners.
Some large law and public accounting firms no longer adhere strictly to

up-or-out rules, and some, particularly in public accounting, have adopted
policies that promote work-life balance. Future research should examine
potential connections between these developments and the growth of large
law and accounting firms. These large firms may have found ways to create
new and highly productive roles for skilled experts who are not well suited
to the partner role.

Appendix A

Planner’s Problem and Proofs

In this appendix, we describe the planner’s problem in detail and charac-
terize its solution.
We first argue that many of the planner’s choices are trivial. Table A1 lists

the five different types of workers the planner faces. The planner must choose
a job assignment and an effort level for each of these types.We first argue that
the optimal job assignment for three of these types is immediate. We then
argue that the optimal effort levels for four of these five types solve standard
static optimization problems and can also be easily characterized. We then
rigorously analyze the two assignment decisions and one effort choice that
remain.
25 The vast majority of wave 1 associates in the AJD leave their wave 1 firm before
wave 3, and less than 1 in 10 make partner in their wave 1 firm by wave 3.
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Table A1
Optimal Assignment for Worker Types

History

Ability

v 5 0 v 5 x Pr(v 5 x) 5 p

New NA NA Associate/outside
Experienced outside NA NA Outside
Experienced professional Outside Partner ?
This content downloade
ll use subject to University of Chicago
d from 128.135.003.1
 Press Terms and Co
57 on January 09, 2
nditions (http://ww
NOTE.—The rows delineate three types of workers: new, experienced in the outside sector, and experi-
enced in the professional sector. The columns spell out the three possible information states about worker
ability. NA 5 not applicable.

The rows of table A1 correspond to the three types of work experience
possible for a worker. Since workers live 2 periods and can work only in
one sector per period, a workermay have no experience in either sector, 1 pe-
riod of experience in the outside sector, or 1 period of experience in the pro-
fessional sector. The columns of table 1 correspond to the three types of in-
formation that may be available for a worker. A worker may be known to
have low ability (v 5 0), high ability (v 5 x), or uncertain ability (where
v 5 x with probability p and v 5 0 with probability 1 2 p).
The combination of the three experience types and three information sets

yield the nine cells in table 1. The first two columns of the first two rows are
marked as not applicable since by assumption the ability of workers with no
professional experience is uncertain. Only the remaining five cells corre-
spond to types the planner actually faces.
Of these five types, three can be assigned trivially. First, new workers

with no prior experience have uncertain ability and will never be asked to
work as partners given yp

0 5 2∞. Given that production technologies are
linear, the planner either assigns all of them to the outside sector or assigns
some fraction of them to work as associates in the professional sector up to
the point where all q positions in the professional sector are staffed.
Second, the planner should assign workers with experience in the outside

sector to remain in the outside sector. Clearly, the planner would never as-
sign them to work as partners, given the risk they might be low types. But
the planner should also not assign them to work as associates, since they are
dominated by inexperienced newworkers; the latter have the same expected
productivity working as associates, but they also have the prospect of being
promoted to partner next period. Since professional employment is capped
at q < 1, there will always be newworkers the planner could draw on to re-
place experienced workers from the outside sector.
Third, the planner should assign workers revealed to be low ability to the

outside sector. Theseworkers aremore productive in the outside sector given
za < w0, and there is nothing to gain from leaving them in the professional
sector.
This leaves the two assignment decisions for experienced professionals

whose ability is either uncertain or known to be high. Below, we show that
019 12:53:00 PM
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after at most 1 period, the planner would assign all experienced workers
known to be high ability to the partner job. This leaves the question of where
to assign experiencedworkerswith uncertain ability: should the planner leave
them in the professional sector or assign them to the outside sector? We will
refer to the latter case as up-or-out, since if that is the optimal assignment, all
new professional workers expect that after enough time has transpired they
will either be promoted up to partner or sent to the outside sector.
Finally, the planner must assign workloads to each of the five worker

types. Experienced workers will be asked to put in the effort level that max-
imizes the surplus they create in the last period of life.Newworkers assigned
to the outside sector will also be asked to put in that level of effort, since they
will remain in the outside sector and there is no gain from distorting their
effort. The only nontrivial decision is theworkload of newworkers employed
as associates in the professional sector. For these workers, heavier workloads
generate more output andmore information about ability. Because this infor-
mation guides assignment decisions in the next period, the optimal workload
for new associates will reflect the fact that effort today affects assignments and
workloads in the future.
Given these results, we can state the planner’s objective function. We as-

sume that za and zp are large enough to ensure that the planner would want
to fill all q positions in the professional sector. Thus, he will employ 2 2 q
workers in the outside sector, each of whom will produce a surplus of

vo ; max
n

 won 2 c nð Þ:

In the professional sector, there are rx experienced workers known to be
high ability, and the planner chooses the fraction ax of such workers to re-
tain. The planner can use them to produce a surplus of

vp
1 ; max

n
 zp 1 1 vð Þn 2 c nð Þ:

There are also ru experienced workers with unknown ability, and the plan-
ner chooses the fraction au of such workers to retain. The planner can use
them to produce a surplus of

va
1 ; max

n
 za 1 1 pvð Þn 2 c nð Þ:

Finally, the remaining q 2 auru 2 axrx workers are inexperienced workers
who will be assigned to work as associates. The surplus they produce when
young is given by

va
0 ; 1 1 pvð Þn 2 c nð Þ,
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where n is the effort they put in. Hence, the flow surplus the planner creates
given his choices of au, ax, and n is given by

s au, ax, nð Þ ; 2 2 qð Þvo 1 qva
0 nð Þ 1 axrx vp

1 2 va
0 nð Þð Þ

1auru va
1 2 va

0 nð Þð Þ,
and the value function Vðru, rxÞ satisfies the Bellman equation

V ru, rxð Þ 5 max
ax,au,n

 s au, ax, nð Þ 1 bV ru
11, rx

11ð Þ, (A1)

where

ru
11 5 q 2 ruau 2 rxaxð Þ 1 2 f nð Þð Þ,
rx
11 5 q 2 ruau 2 rxaxð Þpf nð Þ,

as well as the constraint

q 2 ruau 2 rxax ≥ 0: (A2)

This constraint states that the planner cannot retain more experienced pro-
fessional workers than there are slots for them in the professional sector.
Note that in the text, we express the surplus s(⋅) as a function of the state
variables and substitute in ax 5 1.We prove that, at least in a certain region,
ax 5 1 will indeed be optimal.
We now proceed to characterize the optimal path for the planner. We be-

ginwith some preliminary results and then prove the key propositions stated
in the text.

CLAIM 1: Vðru, rxÞ 5 K1 1 K2r
u 1 K3r

x for all ðru, rxÞ such that 0 ≤
ru 1 rx < q. Moreover, the optimal plan ensures 0 ≤ ru

t 1 rx
t < q for all

t ≥ 1 starting from any initial condition ðru
0 , rx

0Þ.

Proof: Since au and ax are at most 1, constraint (A2) will be satisfied
whenever ru 1 rx < q, that is, whenever the total number of experienced
workers is less than the number of jobs in the professional sector. We
first restrict attention to this case and then argue that the optimal plan en-
sures 0 ≤ ru

t 1 rx
t < q for all t ≥ 1 starting at any initial condition ðru

0 , rx
0Þ.

The Bellman equation (A1) can be written as a functional equation

V 5 T Vð Þ,
where T is an operator defined over the space of bounded functions V
that map the domain fðru, rxÞ : 0 ≤ ru 1 rx ≤ 1g into R.
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First, we argue thatT is a contraction, that is, for any two functionsV1

andV2 that map fðru, rxÞ : 0 ≤ ru 1 rx ≤ 1g intoR, k TðV1Þ 2 TðV2Þ k <
kV1 2 V2 k, where the distance between functions is defined as

kV2 2 V1 k 5 sup
ru,rxð Þ : 0≤ru1rx≤1f g

  V2 ru, rxð Þ 2 V1 ru, rxð Þj j:

To verify thatT is a contraction, it suffices to verify Blackwell’s sufficient
conditions. In stating these, we adopt the convention that a functionV1 ≤
V2 if V1ðru, rxÞ ≤ V2ðru, rxÞ for all fðru, rxÞ : 0 ≤ ru 1 rx ≤ 1g.

1. Monotonicity: If V1 ≤ V2, then TðV1Þ ≤ TðV2Þ.
2. Discounting: there exists some b ∈ ð0, 1Þ such that TðVðru, rxÞ1

aÞ ≤ TðVðru, rxÞÞ 1 ba for all a ≥ 0 for all ðru, rxÞ.
Both of these are straightforward to verify. Define

�T V; au, ax, nð Þ 5 vo 1 va
0 nð Þ 1 auru va

1 2 va
0 nð Þð Þ

1axrx vp
1 2 va

0 nð Þð Þ
1bV q 2 ruau 2 rxaxð Þ 1 2 f nð Þð Þ,ð

q 2 ruau 2 rxaxð Þpf nð ÞÞ,
that is, �TðVÞ evaluates V for a fixed vector ðau, ax, nÞ rather than for the
vector thatmaximizes the right-hand side of equation (A1) subject to con-
straints. Let ðâu, âx, n̂Þ be the values that solve the right-hand side of
equation (A1) when V 5 V1, which are functions of ðru, rxÞ. If V2 ≥ V1,
then we then have

T V2ð Þ ≥ �T V2; âu, âx, n̂ð Þ
≥ �T V1; âu, âx, n̂ð Þ
5 T V1ð Þ:

This establishes monotonicity. For discounting, observe that replacingV
withV 1 awill leave the argmax on the right-hand side of equation (A1)
unchanged. Hence,

T V1 1 að Þ 5 T V1ð Þ 1 ba,

where b is the discount rate and thus less than 1. It follows thatT is a con-
traction. Hence, there exists a unique fixed pointV in the set of bounded
functions such that V 5 TðVÞ.

Next, we argue thatV is linear in ru and rx over the set of all ðru, rxÞ for
which 0 ≤ ru 1 rx < q. To prove this, it will be enough to show that ifV
is linear over this region, thenT(V) must be linear over this region aswell.
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In that case, the contraction mapping theorem tells us there exists a fixed
point within the set of functions V that are linear over this region, ensur-
ing that V is linear in this region.

Consider a functionVðru, rxÞ that is linear over the set of all ðru, rxÞ
for which 0 ≤ ru 1 rx < q, that is, for functions that have the form

V ru, rxð Þ 5 K1 1 K2r
u 1 K3r

x (A3)

when 0 ≤ ru 1 rx < q. Since va
0ðnÞ and f(n) are both concave in n, the

right-hand side of equation (A1) is concave in nwhen Vðru, rxÞ is linear.
Hence, for any value of ax and au, the necessary and sufficient condition
for n̂ to be optimal is

q 2 ruau 2 rxaxð Þdv
a
0

dn

����
n5n̂

1 q 2 ruau 2 rxaxð Þbf0 nð Þ pK3 2 K2ð Þ 5 0:

Since ru 1 rx < q, we have q 2 ruau 2 rxax > 0, so we can divide the
equation above by (q 2 ruau 2 rxax). This leaves us with the first-order
condition

1 1 pxð Þ 2 c0 n̂ð Þ 1 bf0 nð Þ pK3 2 K2ð Þ 5 0:

It follows that the optimal n̂ thatmaximizes equation (A1) is independent
of ru and rxwhenever 0 ≤ ru 1 rx < q, although it will depend on the co-
efficients K2 and K3. Next, since the objective function above is linear in
au and ax, we can deduce that the following scheme is optimal:

âu 5
1  if va

1 2 va
0 2 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � ≥ 0,

0  if va
1 2 va

0 2 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � < 0,

(
(A4)

âx 5
1  if vp

1 2 va
0 2 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � ≥ 0,

0  if vp
1 2 va

0 2 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � < 0,

(
(A5)

Note that when the right-hand side of the equations above is exactly
equal to 0, any value of au or ax yields the same value for the objective
function.We adopt the convention of setting âu and âx equal to 1 in these
cases only for notational convenience. Since n̂ and va

0 are independent of
ru and rx when 0 ≤ ru 1 rx < q, it follows that the optimal âu and âx are
independent of ðru, rxÞ in this region as well. As a result, the fact thatV is
linear over a given region implies that T(V) is linear over the same region
as well, that is,

T Vð Þ 5 �K1 1 �K2r
u 1 �K3r

x

for 0 ≤ ru 1 rx < q, where
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�K1 5 vo 1 va
0 1 bq pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ � 1 bK1,

�K2 5 âu va
1 2 va

0ð Þ 2 bâu pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ �,
�K3 5 âx vp

1 2 va
0ð Þ 2 bâx pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ �:

Note that the coefficients �K1, �K2, and �K3 that define T(V ) are not simple
linear expressions ofK1,K2, andK3, since �K1, �K2, and �K3 depend on n̂, âu,
and âx and these are all nonlinear functions of K1 and K2.

Finally, observe that if we add up the laws of motion for ru
t and rx

t ,
we obtain

ru
t11 1 rx

t11 5 q 2 ru
t â

u 2 rx
t â

xð Þ 1 2 1 2 pð Þf n̂ð Þð Þ: (A6)

Note that both expressions on the right-hand side of equation (A6) are
nonnegative. The first expression is nonnegative from constraint (A2),
while the second is positive given our assumptions that themaximal effort
level �n is such that fð�nÞ < 1. It follows that ru

t11 1 rx
t11 ≥ 0. For a given

ðru
t , rx

t Þ, we consider two possible cases. First, suppose ru
t â

u 1 rx
t â

x > 0.
In this case, the first term on the right-hand side of equation (A6) will be
less than q, while the second term on the right-hand side of equation (A6)
will be at most 1. Hence, ru

t11 1 rx
t11 < q. Next, suppose ru

t â
u 1 rx

t â
x 5 0.

In this case, young associates will be employed at date t and asked to
put in a positive amount of effort, in which case the optimal effort of
young workers will satisfy n̂t > 0. In this case, the first term on the right-
hand side of equation (A6) will be at most q, while the second term in
equation (A6) will be strictly less than 1. In that case, wewould once again
have ru

t11 1 rx
t11 < q. By induction, we can conclude that regardless of

the initial condition ðru
0, rx

0Þ, the optimal path will imply ru
t 1 rx

t < q for
all t ≥ 1. QED

CLAIM 2: The optimal value âx 5 1 for any pair ðru, rxÞ such that
0 ≤ ru 1 rx < q.

Proof: Using claim 1, we can writeVðru, rxÞwhenever 0 ≤ ru 1 rx < q as

V ru, rxð Þ 5 K1 1 K2r
u 1 K3r

x:

Matching coefficients K1, K2, and K3 must satisfy the following for the
Bellman equation to be satisfied for values of ðru, rxÞ such that 0 ≤ ru 1
rx < q:

K1 5 2 2 qð Þvo 1 qva
0 1 bq pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ � 1 bK1, (A7)

K2 5 âu va
1 2 va

0ð Þ 2 bâu pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2ð Þ, (A8)

K3 5 âx vp
1 2 va

0ð Þ 2 bâx pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2ð Þ: (A9)
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Using equations (A8) and (A9) to solve for K2 and K3 yields

K2 5
âu va

1 2 va
0ð Þ 2 bâuâxpf n̂ð Þ vp

1 2 va
1ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bâxpf n̂ð Þ , (A10)

K3 5
âx vp

1 2 va
0ð Þ 1 bâuâx 1 2 f n̂ð Þð Þ vp

1 2 va
1ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bâxpf n̂ð Þ : (A11)

Note that both K2 and K3 are nonnegative. The first-order condition for
âx, in line with equation (A5), implies âx 5 1 whenever

vp
1 2 va

0 ≥ b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2ð Þ:

Since b < 1, it will suffice to show that K2 and K3 are bounded above by
vp
1 2 va

0, since this would imply

b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2ð Þ ≤ b vp
1 2 va

0ð Þ < vp
1 2 va

0:

Begin with K2. Observe that

vp
1 ; max

n
  1 1 xð Þzpn 2 c nð Þ

≥ max
n

  1 1 pxð Þzan 2 c nð Þ ; va
1:

Since vp
1 2 va

1 ≥ 0, we have

K2 5
âu va

1 2 va
0ð Þ 2 bâuâxpf n̂ð Þ vp

1 2 va
1ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bâxpf n̂ð Þ

≤
âu va

1 2 va
0ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bâxpf n̂ð Þ
≤ va

1 2 va
0

≤ vp
1 2 va

0:

Next, consider K3. Observe that

va
1 ; max

n
  1 1 pxð Þzan 2 c nð Þ

≥ max
n

  1 1 pxð Þn 2 c nð Þ ≥ va
0:
This content downloaded from 128.135.003.157 on January 09, 2019 12:53:00 PM
se subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Allocating Effort and Talent in Professional Labor Markets 217

All u
This implies vp
1 2 va

0 ≥ vp
1 2 va

1, and so

K3 5
âx vp

1 2 va
0ð Þ 1 bâuâx 1 2 f n̂ð Þð Þ vp

1 2 va
1ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 baxpf n̂ð Þ

≤
1 1 bâu 1 2 f n̂ð Þð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bâxpf n̂ð Þ â
x vp

1 2 va
0ð Þ

≤ vp
1 2 va

0:

It follows that âx 5 1 for these values of ðru, rxÞ. QED

LEMMA 1: pK3 > K2, where K2 and K3 are the coefficients of the value
function for ðru, rxÞ such that 0 ≤ ru 1 rx < q.

Proof: Consider the expression for K1 as defined in equation (A7). This
corresponds to the present discounted surplus the planner can expect
to generate starting with no experienced workers, that is, ru 5 rx 5 0.
Since the planner always assigns 2 2 q workers to the outside sector
and they each produce a surplus of vo, the present discounted value of
surplus produced in the outside sector is just ð1 2 bÞ21ð2 2 qÞvo. Hence,
the difference K1 2 ð1 2 bÞ21ð2 2 qÞvo is equal to the net surplus the
planner expects to generate in the professional sector when ru5 rx5 0,
that is, it is equal to the value of staffing all q positions in the professional
sector with young workers, observing their output, and then staffing
these positions optimally thereafter. Since information on worker types
can be used to set their hours optimally, it follows that this value must be
strictly larger than the surplus generated in the professional sector from
staffing all q positions in the professional sector with young workers, ig-
noring any information that may be revealed about their quality and treat-
ing all suchworkers as if their abilitywas uncertain but acting optimally in
using information thereafter. The latter yields a value of

qva
0 1 b K1 2 1 2 bð Þ21 2 2 qð Þvo 1 qK2

� �
:

In particular,K1 2 ð1 2 bÞ21ð2 2 qÞvo represents the value of staffing all
professional jobs with young workers, and qK2 represents the incremen-
tal value of having a mass q of experienced workers of uncertain ability
that can be employed in the professional sector. Since using the informa-
tion is more valuable, we have

K1 2 1 2 bð Þ21 2 2 qð Þvo > qva
0 1 b K1 2 1 2 bð Þ21 2 2 qð Þvo 1 qK2

� �
,
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which after rearranging yields

1 2 bð ÞK1 > 2 2 qð Þvo 1 qva
0 1 bqK2: (A12)

From equation (A7) we know that K1 satisfies

1 2 bð ÞK1 5 2 2 qð Þvo 1 qva
0 1 bqpf n̂ð ÞK3 1 bq 1 2 f n̂ð Þð ÞK2:

Rearranging this equation implies

bf n̂ð Þ pK3 2 K2ð Þ 5 1 2 bð ÞK1 2 2 2 qð Þvo 2 qva
0 2 bqK2: (A13)

The right-hand side of equation (A13) is strictly positive given inequality
(A12). Since it will always be optimal to have inexperienced workers put
in some effort, fðn̂Þ > 0. Hence, bfðn̂ÞðpK3 2 K2Þ > 0. It follows that
pK3 2 K2 > 0. QED

PROPOSITION 1: The optimal workload for new associates, n̂, for pairs
ðru, rxÞ such that 0 ≤ ru 1 rx < q exceeds the static optimum implied
by the expected per-period output of new associates.

Proof: The first-order condition for n̂ when 0 ≤ ru 1 rx < q is given by

c0 n̂ð Þ 5 1 1 pxð Þ 1 bf0 n̂ð Þ pK3 2 K2ð Þ: (A14)

From lemma 1, pK3 2 K2 > 0. Hence,

c0 n̂ð Þ > 1 1 px,

while the static optimum solves c0ðnÞ 5 1 1 px. Since c is strictly convex,
it follows that n̂ exceeds the static optimum. QED

PROPOSITION 2: When 0 ≤ ru 1 rx < q, we have âu 5 0 if va
1 2 va

0ðn̂Þ <
bpfðn̂Þðvp

1 2 va
1Þ.

Proof: The first-order condition for âu when 0 ≤ ru 1 rx < q is given by

âu 5

1  if va
1 2 va

0 2 b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ � > 0,

0, 1½ �  if va
1 2 va

0 2 b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ � 5 0,

0  if va
1 2 va

0 2 b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ � < 0:

8>>><
>>>:

(A15)
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Substituting in for K2 and K3 from the proof of claim 2, we have

pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2 5
pf n̂ð Þ vp

1 2 va
0ð Þ 1 âu 1 2 f n̂ð Þð Þ va

1 2 va
0ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bpf n̂ð Þ ,

(A16)

and so âu 5 1 whenever

va
1 2 va

0 ≥ b
pf n̂ð Þ vp

1 2 va
0ð Þ 1 âu 1 2 f n̂ð Þð Þ va

1 2 va
0ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bpf n̂ð Þ ,

which implies

1 1 bpf n̂ð Þð Þ va
1 2 va

0ð Þ ≥ bpf n̂ð Þ vp
1 2 va

0ð Þ,
va
1 2 va

0ð Þ ≥ bpf n̂ð Þ vp
1 2 va

1ð Þ:
(A17)

The optimal âu is therefore given by

âu 5

1  if va
0 nð Þ < va

1 2 bpf n̂ð Þ vp
1 2 va

1ð Þ,
0, 1½ �  if va

0 nð Þ 5 va
1 2 bpf n̂ð Þ vp

1 2 va
1ð Þ,

0  if va
0 nð Þ > va

1 2 bpf n̂ð Þ vp
1 2 va

1ð Þ,

8>>><
>>>:

(A18)

which proves the result. QED

PROPOSITION 3: The optimal workload n̂ for new associates for pairs
ðru, rxÞ such that 0 ≤ ru 1 rx < q is increasing in zp and weakly decreas-
ing in za.

Proof: Consider a constrained planner’s problem inwhichau is given and
the planner can only choose effort n, that is,

V ru, rx; auð Þ 5 max
n

 s n, au, 1ð Þ 1 bV ru
11, rx

11; auð Þ,
where

ru
11 5 q 2 ruau 2 rxð Þ 1 2 f nð Þð Þ,

rx
11 5 q 2 ruau 2 rxð Þpf nð Þ:

Using the same argument as in the proof of claim 1, we can show that
Vðru, rx; auÞ is linear over the set of all points ðru, rxÞ for which 0 ≤
ru 1 rx < q, that is, Vðru, rx; auÞ 5 K*

1 1 K*
2 r

u 1 K*
3 r

x for some con-
stants K*

1 , K*
2 , and K*

3 . This implies the optimal effort level n is indepen-
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dent of ru and rx over this region. Let n*ðauÞ denote the optimal effort
level in this constrained problem. Note that n̂, the effort level that solves
the unconstrained planner’s problem, is equal to n*ðauÞ when au 5 âu,
that is, the constrained optimal effort level when the retention decision
is set optimally.

Since the same n*ðauÞ maximizes the value function Vðru, rx; auÞ for
all ðru, rxÞ for which 0 ≤ ru 1 rx < q, it must also maximize the value
function at ð0, 0Þ. But Vð0, 0; auÞ 5 K*

1 , where K*
1 is defined by the sys-

tem of equations

K*
1 5 2 2 qð Þvo 1 qva

0 1 bq pf n* auð Þð ÞK*
3 1 1 2 f n* auð Þð Þð ÞK*

2

� �
1 bK*

1 ,

K*
2 5 au va

1 2 va
0ð Þ 2 bau pf n* auð Þð ÞK*

3 1 1 2 f n* auð Þð Þð ÞK*
2

� �
,

K*
3 5 vp

1 2 va
0ð Þ 2 b pf n* auð Þð ÞK*

3 1 1 2 f n* auð Þð Þð ÞK*
2

� �
:

Hence, n*ðauÞmust satisfy the first- and second-order necessary condi-
tions

∂K*
1

∂n
5 0, (A19)

∂2K*
1

∂n2 < 0: (A20)

To see how n* varies with zp, we can look at how it varies with vp
1, given

that the latter is monotonically increasing in zp. Totally differentiate
equation (A19) to obtain

dn*

dvp
1

5 2
∂2K*

1 =∂v
p
1∂n

∂2K*
1 =∂n2

:

Using the expressions for K*
2 and K*

3 from Vðru, rx; auÞ, one can show26

that

∂2K*
1

∂vp
1∂n

5
qbp 1 1 aubð Þf0 n*ð Þ

1 1 bau 1 2 f n*ð Þð Þ 1 bpf n*ð Þð Þ2 :

The expression for ∂2K1=∂n2 is given by

∂2K*
1

∂n2 5
qz n*ð Þ

1 1 bau 1 2 f n*ð Þð Þ 1 bpf n*ð Þð Þ2 ,
6 We verify this using Mathematica. Code is available on request.
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where

z n*ð Þ 5 2c00 n*ð Þ 1 1 bau 1 2 f n*ð Þð Þ 1 bpf n*ð Þð Þ
1bf00 n*ð Þ p vp

1 2 va
0ð Þ 2 au va

1 2 va
0ð Þ 1 pbau vp

1 2 va
1ð Þ½ �:

(A21)

Since the necessary second-order condition implies ð∂2K*
1 =∂n2Þ < 0, we

know that z < 0. Taking the ratio of the two expressions reveals that

dn*

dvp
1

5 2
bp 1 1 aubð Þf0 n*ð Þ

z n*ð Þ > 0:

In other words, increasing vp
1 will induce the planner to choose a higher

n* for a given value of au.
By an analogous argument,

dn*

∂va
1
5 2

∂2K*
1 =∂va

1∂n
∂2K1=∂n2 :

Using the expressions for K2 and K3 from Vðru, rx; auÞ we have

∂2K*
1

∂va
1∂n

5 2
qaub 1 1 pbð Þf0 n*ð Þ

1 1 bau 1 2 f n*ð Þð Þ 1 bpf n*ð Þð Þ2 ,

and using the expression for ∂2K*
1 =∂n2 from above we have

dn*

dva
1
5

aub 1 1 pbð Þf0 n*ð Þ
z nð Þ ≤ 0:

This expression is strictly negative if au > 0 and 0 otherwise.
Finally, we know from (A18) that for any value of vp

1, the optimal âu is
either uniquely equal to 0, uniquely equal to 1, or else any value between
0 and 1 is optimal. When any value of au between 0 and 1 is optimal, the
objective function in the unconstrained planner’s problem is indepen-
dent of au. Hence, the value of n we chose to maximize K1 will be the
same whether we set âu 5 0 or âu 5 1. This implies that the value of
n* that maximizes K*

1 when âu 5 0 is the same that maximizes K*
1 when

âu 5 1, that is, n*ð0Þ 5 n*ð1Þwhenever all values in ½0, 1� are optimal for
au.

Although the optimal âu in equation (A18) is a correspondence if vp
1

that can take on multiple values for some realizations of vp
1, let us define

a function ~auðvp
1Þ that is equal to the optimal âu for any value of vp

1 where
the âuðvp

1Þ is unique. For any vp
1 such that âu contains the entire interval
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½0, 1�, we set ~auðvp
1Þ 5 1. Now consider the function n*ð~auðvp

1ÞÞ. This
function assigns each value of vp

1 to the optimal value of n that solves
the constrained planner’s problem that chooses n for a given au, where
the value of au corresponds to ~auðvp

1Þ. As we already noted above, the un-
constrained optimal effort level n̂ is equal to n*ðâuÞ. Hence, n̂ðvp

1Þ 5
n*ð~auðvp

1ÞÞ. That is, we can express the optimal effort level n̂ for each vp
1

using the optimal effort from the constrained effort level n*ðauÞ by setting
au 5 ~auðvp

1Þ. Our construction of ~auðvp
1Þ implies that we can partition the

set of all vp
1 into a set of closed intervals (which can include single points)

over which ~auðvp
1Þ 5 1 and a set of open intervals over which ~auðvp

1Þ 5 0.
The function n*ð~auðvp

1ÞÞ is increasing in each of these intervals and is con-
tinuous for all vp

1 given our previous observation that n*ð0Þ 5 n*ð1Þ
whenever both 0 and 1 are optimal. This implies that n̂ is increasing
in vp

1. By a similar logic, we can define ~auðva
1Þ to argue that n̂ðvp

1Þ 5
n*ð~auðva

1ÞÞ and use this argument to show that n̂ðva
1Þ is nonincreasing in

va
1. QED

PROPOSITION 4: The optimal âu for pairs ðru, rxÞ such that 0 ≤ ru 1 rx < q
is weakly decreasing in zp and weakly increasing in za.

Proof: Once again, we can conduct comparative statics with respect to vp

and va, since these aremonotonically increasing in zp and za, respectively.
Let âuðvp

1Þ denote the solution to the planner’s problem as a function of
vp

1. Since the planner’s objective function is continuous, âuðvp
1Þ must be

an upper hemicontinuous correspondence in vp
1. This means that if there

exists some value �v such that limvp
1 → �v2 âuðvp

1Þ ≠ limvp
1 → �v1 âuðvp

1Þ, then both
the values limvp

1 → �v2 âuðvp
1Þ and limvp

1 → �v1âuðvp
1Þ belong to the set of values

âuðvp
1Þ evaluated at vp

1 5 �v. In other words, if the optimal value for au

changes between 0 and 1 as we vary vp
1, then at any value of vp

1 in which
the optimal value of au switches between 0 and 1, the planner would be
optimizing by setting au to either 0 or 1. Thus, at any such value, both 0
and 1 are optimal choices. In what follows, we will argue that there exists
at most one value of vp

1 at which both 0 and 1 can simultaneously be op-
timal values for au. This implies that as we vary vp

1, the optimal âu will
change values at most once. The same logic applies to varying va

1 holding
all other parameters fixed. By appealing to boundary conditions, we can
then say whether as we increase either vp

1 or va
1, the optimal âu must rise

or fall in vp
1 and va

1, respectively.
In the proof of proposition 3, we argued that whenever both au 5 0

and au 5 1 are optimal, wemust have n*ð0Þ 5 n*ð1Þ.We now argue that
all elsefixed, there exists atmost one value of vp

1 forwhich n*ð0Þ 5 n*ð1Þ.
With only one such value for vp

1, we can conclude that there exists atmost
one value of vp

1 for which both 0 and 1 are optimal values forau. A similar
argument follows for va

1.
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To establish this, recall from the proof of proposition 3 that

dn*

dvp
1

5 2
bp 1 1 aubð Þf0 n*ð Þ

z n*ð Þ ,

dn*

dva
1
5

bau 1 1 pbð Þf0 n*ð Þ
z n*ð Þ :

That is, the optimal value of n* holding au fixed varies in a particular way
with vp

1 and va
1. With respect to va

1, it is immediate that there can be at
most one value of va

1 for which n*ð0Þ 5 n*ð1Þ, since n*(0) does not vary
with va

1 while n*(1) is decreasing with va
1. Hence, the optimal âu includes

both 0 and 1 at most once. In the case of vp
1, note that from proposition 2

whenever n*ð0Þ 5 n*ð1Þ, we must have

va
1 2 va

0 5 bpf nð Þ vp
1 2 va

1ð Þ:

Substituting this into z(n) in equation (A21) implies that

z nð Þ 5 1 1 bpf nð Þ 1 bau 1 2 f nð Þð Þð Þ 2c00 nð Þ 1 bpf00 nð Þ vp
1 2 va

1ð Þ½ �,

and so for any value of vp
1 for which n*ð0Þ 5 n*ð1Þ, we have

dn*

dvp
1

5
bp 1 1 bauð Þf0 nð Þ > 0

1 1 bpf nð Þ 1 bau 1 2 f nð Þð Þð Þ c00 nð Þ 2 bpf00 nð Þ vp
1 2 va

1ð Þ½ � :

Differentiating this with respect to au yields

∂2n*

∂au∂vp
1

5
pb2 1 1 pbð Þf nð Þf0 nð Þ

1 1 bau 1 2 mð Þ 1 bpmð Þ2 c00 n*ð Þ 2 pf00 nð Þ vp
1 2 va

1ð Þ½ � > 0:

Hence, whenever n*ð1; vp
1Þ 5 n*ð0; vp

1Þ, the derivative of n*ð1; vp
1Þ 2

n*ð0; vp
1Þ with respect to vp

1 is positive. This implies there can be at most
one value of vp

1 for which n*ð1; vp
1Þ 2 n*ð0; vp

1Þ 5 0. Hence, the optimal
âu will change values between 0 and 1 at most once.

Since we know that âu switches at most once, we need to determine
whether there is a switch as we increase va

1 and v
p
1 and whether the switch

will be from 0 to 1 or from 1 to 0. To do this, we only need to determine
what happens at extreme cases, taking into account the restrictionswe im-
pose on parameters. On the one hand, we can always let vp

1 →∞, since we
do not impose any upper bound on zp. Since a partner generates arbi-
trarily large amounts of surplus, it will eventually be optimal to set au 5 0
and focus on identifying people who can be promoted to partner. Hence,
if there is a transition as vp

1 increases, it must be from au 5 1 to au 5 0.
With regard to va

1, although we impose a restriction that za < w0 <
This content downloaded from 128.135.003.157 on January 09, 2019 12:53:00 PM
se subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



224 Barlevy/Neal

All u
zað1 1 pxÞ, the second inequality was imposed only because without it
there is no reason to retain an uncertain worker, making retention trivial.
However, if we drop the requirement that zað1 1 pxÞ > w0, the planner’s
problem would remain unchanged. Hence, we can take the limit as
za → 1 to obtain a boundary condition for âu. In the limit as za → 1, it is
optimal to set au 5 0 and employ a young worker who has some option
value than an experienced worker who does not. This is true even if 11
px < w0, as long as the production parameters are such that the planner al-
ways wants to employ some new workers in the professional sector, with
the possible exception of the initial period. It follows that as we increase
au, if there is a transition, it must be from au 5 0 to au 5 1. QED
Appendix B

Learning about Learning

In this appendix, we present a model of learning by doing given uncertain
learning efficiency. We analyze the model and compare the results it pro-
duces to the results we derive for the screening model in appendix A.

B1. Environment

We structure ourmodel to replicate our screeningmodel described above
as much as possible. Once again, time is infinite, and workers live for 2 pe-
riods. There are also two sectors: professional and outside. The marginal
product of tasks performed in the outside sector is a constant, wo > 1, that
does not vary with worker skill or experience.
In the professional sector, total output is determined by the number of

tasks performed and by howwell workers of different skill levels sort to dif-
ferent tasks. We assume there are three types of tasks that can be performed
in the professional sector: tasks 1, 2, and 3. Furthermore, we assume that
workers may possess one of three skill levels: high, medium, or low.
In this model, there are no shocks to output. Each type of task produces a

constant marginal product as long as the worker assigned to the task meets
the skill requirements for the task. If a worker attempts to perform a task
that she is not qualified to perform, she produces negative output. For sim-
plicity, we set this negative output level to 2∞.
Workers of all skill levels are qualified to perform task 1, and this task

yields a marginal product of 1 regardless of the skill level of the worker
who performs it. Task 2 yields amarginal product za > wo > 1 if the worker
has a medium or high skill level, but low-skilled workers are unable to per-
form this task. Task 3 yields amarginal product of zp > za if theworker has a
high skill level, but a worker at the medium or low skill level is not qualified
to perform this task.
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Each worker begins with a low skill level, which we define as a type l
worker. If the worker enters the outside sector, she remains type l, but
if the worker enters the professional sector, she learns by doing. She learns
l skills per task she performs, where l is a random variable drawn in-
dependently for each worker according to the distribution F(⋅), that is,
Prðl ≤ xÞ 5 FðxÞ. Workers know that their own l values are drawn from
F(⋅), but no individual worker has private information about her own learn-
ing efficiency, and nomarket participants possess private information about
the learning efficiency of any new worker.
If a new associate with learning efficiency l performs n tasks, she acquires

s skills, where s 5 ln. If s exceeds a cutoff level�s, the worker has reached the
high skill level and is able to perform any of the three tasks in the profes-
sional sector. We refer to such a worker as a high type, or type h. If s is less
than or equal to �s but still greater than some lower cutoff s < �s, the worker
has achieved the medium skill level and is able to perform tasks 1 and 2 but
not task 3. This worker is a medium type, or typem. Finally, if s is less than
or equal to s, the worker remains at the low skill level—that is, type l—and
given our assumption wo > 1, her second-period productivity is greatest in
the outside sector.
Given our structure, the probabilities that a new associate who performs

n tasks reaches the low, medium, or high skill level are given by

fl nð Þ ; Pr ln ≤ sð Þ 5 F
s
n

� �
,

fm nð Þ ; Pr ln ∈ s,�sð �ð Þ 5 F
�s
n

� �
2 F

s 
n

� �
,

fh nð Þ ; Pr ln > �sð Þ 5 1 2 F
�s
n

� �
:

We maintain our assumptions about c(n) from the screening model, in
particular that there is a maximal level of effort �nworkers can put in. Given
our assumptions thus far, f0

hðnÞ ≥ 0 and f0
lðnÞ ≤ 0. Below, we impose a

stronger condition that the derivative f0
hðnÞ is strictly positive for n between

the level of effort that maximizes first-period surplus, c021ð1Þ, and the max-
imal level of effort, �n. In the analyses presented below, we also assume that
f00

hðnÞ ≤ 0. Finally, we assume flð�nÞ > 0, so that even at the maximal effort
level there will be some workers who fail to learn enough skills to perform
any tasks beyond task 1. Note that any assumptions on the probabilities fj

for j ∈ fl,m, hg correspond to assumptions on the distribution of l.
To create a structure that parallels our screening model, we refer to task 3

as the partner task, task 2 as the senior associate task, and task 1 as the new
associate task. We define the surplus associated with these positions, vp

1, va
1,

and va
0ðnÞ, as before. That is,
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va
0 nð Þ 5 n 2 c nð Þ,
va
1 5 max

n
za
mn 2 c nð Þ,

vp
1 5 max

n
zp
hn 2 c nð Þ:

Finally, the surplus on the outside sector is again defined as vo 5 maxnwon2
cðnÞ.
Let rh and rm denote the fraction of experienced workers who are high

and medium types, respectively. The planner’s problem for our learning-
by-doing model is given by

V rm, rh
� �

5 max
ah,am,n

  2 2 qð Þvo 1 qva
0 nð Þ 1 ahrh vp

1 2 va
0 nð Þð Þ

1 amrm va
1 2 va

0 nð Þð Þ 1 bV rm
11, rh

11

� �
,

(B1)

where

rm
11 5 q 2 rmam 2 rhah

� �
fm nð Þ, (B2)

rh
11 5 q 2 rmam 2 rhah

� �
fh nð Þ, (B3)

and the constraint

q 2 amrm 2 ahrh ≥ 0: (B4)

The state variables rm and rh are analogous to ru and rx in the original screen-
ing model. The only features that do not have exact parallels in our screen-
ing model are in the laws of motion (B2) and (B3). In particular, in the
screening model the analogs to fh(n) and fm(n) were required to satisfy
fhðnÞ 5 pð1 2 fmðnÞÞ, whereas now there is no analogous restriction. The
counterpart to the restriction that f0ðnÞ > 0 is that now f0

hðnÞ > 0. In the
screening model, this would have implied f0

mðnÞ < 0, but this need not be
the case in the presentmodel, where the sign off0

mðnÞ is generally ambiguous.
In what follows, we show that if f0

mðnÞ ≤ 0, our learning-by-doing model
yields results that are parallel to all of the results from our screening model.
We also analyze the case where f0

mðnÞ > 0. In this case, we can quickly estab-
lish some results that parallel those from our screening model, but we need
to impose an additional assumption to establish results that parallel all of
the findings in Sections IV and V.
We begin by deriving results that are analogous to propositions 1 and 2 in

the screening model. We start here because we can establish these results
without placing any restrictions on the sign of f0

mðnÞ.
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B2. Results That Are Independent of the Sign of f0
m

Applying the same arguments as in the proof of claim 1, we can confirm
that the Bellman equation for the planner’s problem is once again linear in
rm and rh whenever 0 ≤ rm 1 rh < q, that is,

V rm, rh
� �

5 K1 1 Kmr
m 1 Khr

h:

Using hats to denote optimal values, the coefficients K1, Km, and Kh satisfy
the system of equations

K1 5 2 2 qð Þvo 1 va
0 n̂ð Þ 1 qb fm n̂ð ÞKm 1 fh n̂ð ÞKh½ � 1 bK1,

Km 5 âm va
1 2 va

0ð Þ 2 bâm fm n̂ð ÞKm 1 fh n̂ð ÞKh½ �,
Kh 5 âh vp

1 2 va
0ð Þ 2 bâh fm n̂ð ÞKm 1 fh n̂ð ÞKh½ �:

Solving this system yields

Km 5
âm va

1 2 va
0ð Þ 2 bâmâhfh n̂ð Þ vp

1 2 va
1ð Þ

1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� � , (B5)

Kh 5
âh vp

1 2 va
0ð Þ 1 bâhâmfm n̂ð Þ vp

1 2 va
1ð Þ

1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� � : (B6)

Note that the fact that f00
h ≤ 0, which is analogous to our previous assump-

tion that f00 ≤ 0, is no longer sufficient to ensure that the planner’s problem
is concave in n. For that, we now need

f00
h nð ÞKh 1 f00

m nð ÞKm 2 c00 nð Þ < 0:

The first-order necessary condition for the optimal n̂ is now given by

c0 n̂ð Þ 5 1 1 b f0
h n̂ð ÞKh 1 f0

m n̂ð ÞKmð Þ:
Since the value function is linear in am and ah, the optimal choice for these
control variables when 0 ≤ rm 1 rh < q is still given by

âm 5
1  if va

1 2 va
0 2 b fm n̂ð ÞKm 1 fh n̂ð ÞKh½ � ≥ 0,

0  if va
1 2 va

0 2 b fm n̂ð ÞKm 1 fh n̂ð ÞKh½ � < 0,

(

âh 5
1  if vp

1 2 va
0 2 b fm n̂ð ÞKm 1 fh n̂ð ÞKh½ � ≥ 0,

0  if vp
1 2 va

0 2 b fm n̂ð ÞKm 1 fh n̂ð ÞKh½ � < 0:

(

As in the previous case, the fact that employment in the professional sector
is equal to q means that there will be at most q inexperienced associates at
any period t ≥ 1. Since some of them will fail to master enough skills to per-
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form new jobs, it follows that rm
t11 1 rh

t11 < q. Once again, then, con-
straint (B4) will not bind beyond the initial period.
We can now establish the analog of claim 2 that when 0 ≤ rm 1 rh < q,

it will be optimal to set âh 5 1. From the first-order condition described
above, this requires

vp
1 2 va

0 ≥ b fm n̂ð ÞKm 1 fh n̂ð ÞKh½ �:

It will suffice to show that Km ≤ vp
1 2 va

0 and Kh ≤ vp
1 2 va

0. Observe that

vp
1 ; max

n
 zp

hn 2 c nð Þ

> max
n

 za
mn 2 c nð Þ

; va
1:

Since vp
1 2 va

1 > 0, we have

Km 5
âm va

1 2 va
0ð Þ 2 bâmâhfh n̂ð Þ vp

1 2 va
1ð Þ

1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� �
≤

âm va
1 2 va

0ð Þ
1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� �

≤ va
1 2 va

0

≤ vp
1 2 va

0:

Next, consider Kh. Observe that

va
1 ; max

n
 za

mn 2 c nð Þ

≥ max
n

 n 2 c nð Þ
≥ va

0:

This implies vp
1 2 va

0 ≥ vp
1 2 va

1, and so

Kh 5
âh vp

1 2 va
0ð Þ 1 bâhâmfm n̂ð Þ vp

1 2 va
1ð Þ

1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� �
≤

1 1 bâmfm n̂ð Þ
1 1 b âmfm n̂ð Þ 1 âhfh n̂ð Þ� � âh vp

1 2 va
0ð Þ

≤ vp
1 2 va

0:

It follows that âh 5 1 is optimal for 0 ≤ rm 1 rh < q.
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Next, we establish the analog of proposition 1. When 0 ≤ rm 1 rh < q, a
necessary condition for the optimal n̂ is

c0 n̂ð Þ 5 1 1 b f0
m n̂ð ÞKm 1 f0

h n̂ð ÞKhð Þ:

Establishing our result requires a condition that is the analog of lemma 1.
Specifically, we need to show that

f0
m n̂ð ÞKm 1 f0

h n̂ð ÞKh > 0:

Substituting in âh 5 1 yields

Km 5
âm va

1 2 va
0ð Þ 2 bâmfh n̂ð Þ vp

1 2 va
1ð Þ

1 1 b âmfm n̂ð Þ 1 fh n̂ð Þ½ � ,

Kh 5
vp
1 2 va

0ð Þ 1 bâmfm n̂ð Þ vp
1 2 va

1ð Þ
1 1 b âmfm n̂ð Þ 1 fh n̂ð Þ½ � :

Since vp
1 > va

1, then Kh > Km. Hence,

f0
m n̂ð ÞKm 1 f0

h n̂ð ÞKh > f0
m n̂ð ÞKm 1 f0

h n̂ð ÞKm

5 f0
m n̂ð Þ 1 f0

h n̂ð Þð ÞKm

≥ 0,

where the first inequality uses the fact that f0
h > 0 and the last inequality

uses the fact that f0
m 1 f0

h 5 2f0
l ≥ 0.

We can likewise establish the analog of proposition 2. Setting âh 5 1,
we get

fm n̂ð ÞKm 1 fh n̂ð ÞKh 5
fh n̂ð Þ vp

1 2 va
0ð Þ 1 âmfm n̂ð Þ va

1 2 va
0ð Þ

1 1 b fh n̂ð Þ 1 âmfm n̂ð Þð Þ :

Hence, âm 5 1 whenever

va
1 2 va

0 ≥ b
fh n̂ð Þ vp

1 2 va
0ð Þ 1 âmfm n̂ð Þ va

1 2 va
0ð Þ

1 1 b fh n̂ð Þ 1 amfm n̂ð Þð Þ ,

which implies

1 1 bfh n̂ð Þð Þ va
1 2 va

0ð Þ ≥ bfh n̂ð Þ vp
1 2 va

0ð Þ,
va
1 2 va

0 ≥ bfh n̂ð Þ vp
1 2 va

1ð Þ,

as desired.
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B3. Results for the Case Where f0
m ≤ 0

We begin with the analog to proposition 3. As we did in the screening
model, let n*(am) denote the level of effort that solves the planner’s problem
for a given value of am. It must satisfy the first-order necessary condition

∂K*
1

∂n
5 0 (B7)

as well as the second-order necessary condition

∂2K*
1

∂n2 < 0: (B8)

Totally differentiating the first-order condition yields

dn*

dvp
1

5 2
∂2K*

1 =∂v
p
1∂n

∂2K*
1 =∂n2

:

With a little algebra (simplified via Mathematica), we have

∂2K*
1

∂vp
1∂n

5 qb
f0

h 1 bam f0
hfm 2 f0

mfhð Þ
1 1 bfh 1 bamfmð Þ2 :

When f0
m ≤ 0, this expression is positive. Next, we have

∂2K*
1

∂n2 5
qz nð Þ

1 1 bfh 1 bamfmð Þ2 ,

where

z ; bf00
h v

p
1 2 va

0 1 bamfm vp
1 2 va

1ð Þ½ �
1bf00

m va
1 2 va

0 2 bfh vp
1 2 va

1ð Þ½ �
2 c00 nð Þ 1 1 bfh 1 bamfmð Þ:

Since ð1 1 bfh 1 bamfmÞ2 > 0, the second-order necessary condition for
n to maximize K1 implies z < 0. Taking the ratio of the two expressions re-
veals that

dn*

dvp
1

5 2b
f0

h 1 bam f0
hfm 2 f0

mfh½ �
z

:

Since z < 0 at the optimum, it follows from the second-order condition that
ðdn*=dvp

1Þ > 0. Analogously, we have

∂2K*
1

∂va
1∂n

5 qbam f0
m 1 b f0

mfh 2 f0
hfm½ �

1 1 bfh 1 bamfmð Þ2 :
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If f0
m ≤ 0, this derivative will be negative, in which case

dn*

dva
1
5 2

∂2K*
1 =∂va

1∂n
∂2K*

1 =∂n2

5 2bam f0
m 1 b f0

mfh 2 f0
hfm½ �

z
≤ 0:

Again, as in the proof of proposition 3, we can use the fact that n̂ðvp
1Þ 5

n*ðâmÞ to establish that n̂ðvp
1Þ is a continuous increasing function and that

n̂ðva
1Þ is a continuous nonincreasing function. It follows that proposition 3

extends to the current setting.
To establish the analog of proposition 4, we argue as before that there is at

most one value of vp
1 and one value of va

1, respectively, for which n*ð0Þ 5
n*ð1Þ. In the case of va

1, this is once again immediate: n*(0) does not
vary with va

1 while n*(1) is decreasing with va
1, so they can equal at most

once. In the case of vp
1, once again we argue that whenever n*ð1; vp

1Þ2
n*ð0; vp

1Þ 5 0, the derivative of n*ð1Þ 2 n*ð0Þ with respect to vp
1 is nega-

tive whenever n*ð1Þ 5 n*ð0Þ. Recall that n*ð1Þ 5 n*ð0Þ if and only if

va
1 2 va

0 5 bfh vp
1 2 va

1ð Þ:
Hence, whenever n*ð1Þ 5 n*ð0Þ, the expression z reduces to

z 5 b 1 1 bfh 1 bamfmð Þ bf00
h vp

1 2 va
1ð Þ 2 c00 nð Þð Þ,

and so

dn*

dvp
1

5
bf0

h 1 b2am f0
hfm 2 f0

mfh½ �
c00 nð Þ 2 bf00

h vp
1 2 va

1ð Þð Þ 1 1 bfh 1 bamfmð Þ :

Differentiating with respect to am yields

∂2n*

∂am∂vp
1

5
b2fh b f0

hfm 2 f0
mfhð Þ 2 f0

mð Þ
c00 nð Þ 2 bf00e

h vp
1 2 va

1ð Þð Þ 1 1 bfh 1 bamfmð Þ2 :

When f00
h ≤ 0, the expression above must be positive when f0

m < 0, and the
analysis follows as in the screening case.

B4. Results for the Case Where f0
m > 0

We now turn to the case where f0
m > 0. The optimal assignment in this

case depends on how the ratio fh=fm varies with n. Note that

d fh=fmð Þ
dn

5
f0

hfm 2 f0
mfh

f0
mð Þ2 :
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Whether fh=fm increases or decreases with n depends on the sign of the ex-
pression f0

hfm 2 f0
mfh. When f0

m ≤ 0, as we considered in the previous sec-
tion, the ratio fh=fm is strictly increasing in n.
As a benchmark, consider the case where fh=fm does not vary with n,

that is, where f0
hfm 2 f0

mfh 5 0. In this case, we have

dn*

dvp
1

5 2
bf0

h

z
> 0,

dn*

dva
1
5 2

bamf0
m

z
≥ 0:

In this case, first-period effort is still strictly increasing in vp
1, as in proposi-

tion 3, but is weakly increasing in va
1, the opposite ofwhatwe found in prop-

osition 3.
As for proposition 4, we can again show that âm will switch values at most

once as we vary either vp
1 or va

1. As in appendixA, this result is immediate for
va
1. For v

p
1, the result follows because

∂2n*

∂am∂vp
1

5
2b2fhf

0
m

c00 nð Þ 2 bf00
h vp

1 2 va
1ð Þð Þ 1 1 bfh 1 bamfmð Þ2 < 0

as long as f00
h ≤ 0, which is the counterpart to the argument used in the proof

of proposition 4 given above. Hence, âm is weakly monotonic in vp
1, and the

analog of proposition 4 continues to hold.
Once we allow fh=fm to vary with n, the analysis becomes more compli-

cated. Consider first the case where fh=fm is increasing in n for all n, mean-
ing f0

hfm 2 f0
mfh > 0. In this case,

dn*

dvp
1

5 2b
f0

h 1 bam f0
hfm 2 f0

mfh½ �
z

> 0,

so dn*=dvp
1 > 0 just as before. But the sign of dn*=dva

1 is now ambiguous,
since

dn*

dva
1
5 2bam f0

m 2 b f0
hfm 2 f0

mfh½ �
z

,

which given f0
m > 0 and f0

hfm 2 f0
mfh > 0 can be either positive or negative

when âm 5 1. Intuitively, f0
m > 0 implies that as za rises, the direct returns

to effort from new associates also rises; putting in more effort increases the
odds of becoming a worker just skilled enough to perform the associate
task, and that task becomes more productive when za rises. However, the
gain associated with becoming a high type h rather than a medium type
m is decreasing in za, and if increasing n shifts the relative odds for workers
toward becoming high types rather than medium types, a worker may have
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less incentive to put in effort as za rises, since a higher n means he is less
likely to end up with medium skill if he remains in the professional sector.
Although the sign of dn*ð1Þ=dva

1 is ambiguous, as long as f0
h and f0

m

are continuous—which will be true if the distribution of learning abili-
ties F(⋅) has no mass points—the sign of the derivative dn*ð1Þ=dva

1 will
not switch as we vary va

1. This is because by continuity, the sign of this
derivative can switch only if there exists a value for n* at which f0

m 2
b½f0

hfm 2 f0
mfh� 5 0. However, at any such point dn*=dva

1 5 0. Since va
1

affects dn*=dva
1 5 0 only through n*, the existence of a value of va

1 at which
dn*=dva

1 5 0 implies that dn*=dva
1 5 0 for all values of va

1. This implies that
f0

m 2 b½f0
hfm 2 f0

mfh� cannot change signs as we vary va
1.

Sincewe know that dn*=dva
1 will have the same sign for all va

1, we can con-
clude that if the ratio fh=fm increased sufficiently with n—specifically, if
f0

hfm 2 f0
mfh > f0

m=b—then proposition 3 would continue to hold. If the
ratio fh=fm were instead only modestly increasing in n, then just as in the
case where fh=fm is invariant to n, first-period effort would still strictly
be increasing in vp

1 as in proposition 3 but would be weakly increasing in
va
1, in contrast to proposition 3.
As for the analog of proposition 4, the result that âm can switch at most

once as we vary va
1 continues to hold, since dn*ð0Þ=dva

1 5 0 while
dn*ð1Þ=dva

1 is monotonic, although we cannot say whether n*(1) is increas-
ing or decreasing in va

1. It follows that âm is weakly increasing in za, as in
proposition 4. With regard to how âm varies with zp, note that the sign of
∂2n*=∂am∂vp

1 is equal to the sign of b½f0
hfm 2 f0

mfh� 2 f0
m. If this sign were

either positive for all zp or negative for all zp, then it would follow that âm

can switch at most once as we vary vp
1. Hence, if the ratio fh=fm increased

sufficiently with n, the result of proposition 4 would hold. Otherwise, we
could not rule out the possibility that âm is nonmonotonic in zp.
Finally, consider the case where fh=fm is decreasing in n, that is, f0

hfm 2
f0

mfh < 0. In this case,

dn*

dvp
1

5 2b
f0

h 1 bam f0
hfm 2 f0

mfh½ �
z

,

which can be either positive or negative, while

dn*

dva
1
5 2bam f0

m 2 b f0
hfm 2 f0

mfh½ �
z

≥ 0:

Intuitively, an increase in vp
1 would tend to lead to more hours in order to

train more workers to be partners. However, if this disproportionately in-
creases the fraction of middle types, it might be preferable to cut back on
training, increase surplus, and leave more slots for identifying talent.
Since f0

h > 0, we know dn*ð0Þ=dvp
1 > 0. By the same logic as before, we

know that as long as f0
h and f0

m are continuous, the sign of dn*ð1Þ=dvp
1 will
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not switch as we vary vp
1. If dn*ð1Þ=dvp

1 ≥ 0, meaning that fh=fm was only
modestly decreasing inn, then n̂ðvp

1Þwould be a continuous increasing func-
tion, confirming the first part of proposition 3, while the second part of
proposition 3 would flip since n̂ would be weakly increasing in va

1. Other-
wise, even though the sign of dn*ð1Þ=dvp

1 will not switch as we vary vp
1,

the function n̂ðvp
1Þ would be nonmonotonic, so neither parts of proposi-

tion 3 would hold.
As for the analog of proposition 4, it will no longer be the case that âm

must be weakly increasing in za as in proposition 4, since n*(1) can be non-
monotonic in vp

1 even if n*(0) is constant. However, since the sign of
∂2n*=∂am∂vp

1 is equal to the sign of b½f0
hfm 2 f0

mfh� 2 f0
m, which we know

is negative, we can establish that âm must be weakly decreasing in zp.
Appendix C

Endogenous Sector Size and Decentralization

In this appendix, we consider the case where the size of the sector q is en-
dogenous.We first solve the planner’s problem and then show that it can be
achieved as the decentralized equilibrium of a market economy.

C1. Planner’s Problem with Endogenous Sector Size

When the number of jobs q is endogenous, the planner’s problem is given
by

V ru, rxð Þ 5 max
q,ax,au,n

s q, ax, au, nð Þ 2
ðq

0
 k xð Þdx 1 bV ru

11, rx
11ð Þ

subject to

ru
11 5 q 2 ruau 2 rxaxð Þ 1 2 f nð Þð Þ,
rx
11 5 q 2 ruau 2 rxaxð Þpf nð Þ,

as well as the constraint

q 2 ru
t a

u 2 rx
ta

x ≥ 0: (C1)

The problem described above is similar to our original planning problem
except that rather than treating q as given, the planner now chooses q in ad-
dition to ax, au, and nu

0 and incurs a cost
Ð q
0 kðxÞdx that depends on the num-

ber of jobs created in the professional sector.
We begin by ignoring constraint (C1) and analyzing an unconstrained

planning problem that does not involve this constraint. We can then verify
whether the solution to the unconstrained problem satisfies this constraint.
Let yx

0 denote the multiplier on the constraint that ax ≥ 0 and yx
1 denote the

multiplier on the constraint that ax ≤ 1. Likewise, let yu
0 denote the multi-
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plier on the constraint that au ≥ 0 and yu
1 denote the multiplier on the con-

straint that au ≤ 1. The first-order conditions of the maximization problem
above with respect to n, ax, au, and q are given by

n : 1 1 pxð Þ 2 c0 nð Þ 2 bf0 nð Þ p
∂V
∂rx 2

∂V
∂ru

	 

5 0, (C2)

ax : rx vp
1 2 va

0ð Þ 2 b pf nð Þ ∂V
∂rx 2 1 2 f nð Þð Þ ∂V

∂ru

� �	 

5 yx

1 2 yx
0, (C3)

au : ru va
1 2 va

0ð Þ 2 b pf nð Þ ∂V
∂rx 2 1 2 f nð Þð Þ ∂V

∂ru

� �	 

5 yu

1 2 yu
0 , (C4)

q :2vo 1 va
0 2 k qð Þ 1 b pf nð Þ ∂V

∂rx 1 1 2 f nð Þð Þ ∂V
∂ru

	 

5 0: (C5)

Define U as the set of values ðru, rxÞ for which the optimal solution to the
unconstrained problem implies q̂ 2 ru

t â
u 2 rx

t â
x > 0. At such values, con-

straint (C1) will not be binding, so within this set the optimal plan to the
constrained planner’s problem coincides with the unconstrained problem.
As in the case where qwas fixed, we first argue that the function V is lin-

ear in ðru, rxÞ over the set U. This is because the operator T implied by the
Bellman equation described above maps functions V that are linear over
the set U into functions T(V) that are linear over the set U. To see this, let
us once again denote the optimal values with a hat. Equation (C2) implies
that the optimal n̂will not varywith ðru, rxÞ in the setU given thatV is linear
over this set, meaning that ∂V=∂rx

t and ∂V=∂ru
t are constant. Note here that

the argument relies on the optimal solution satisfying the condition that
q̂ 2 ru

t â
u 2 rx

t â
x > 0. From equations (C3) and (C4), we can then conclude

that the optimal âu and âx do not varywith ðru, rxÞ in the setU. In particular,
when Vðru, rxÞ is linear and the derivatives in equation (C3) and (C4) are
independent of ðru, rxÞ, the derivative with respect to ax and au will either
be positive, zero, or negative for all ðru, rxÞ ∈ U, in which case the optimal
âu and âx will be the same regardless of the value of the multipliers yx

1, yu
1, yx

0,
and yu

0. Finally, from equation (C5) we can say that the optimal q̂ does not
vary with ðru, rxÞ in the set U. Given that the optimal vector ðâx, âu, n̂, q̂Þ is
constant overU, the functionT(V) must be linear in ðru, rxÞ over the setU as
well. Since the Bellman equation V is the unique fixed point that solves
V 5 TðVÞ, it follows that the Bellman equation is linear in ðru, rxÞ over
the set U, that is,

V ru
t , rx

tð Þ 5 K1 1 K2r
u
t 1 K3r

x
t

for ðru
t , rx

t Þ ∈ U. Solving for K2 and K3 in the same way as we did when we
assumed that qwas exogenous shows that these values are unchanged, and it
is only the expression for K1 that depends on the optimal choice q̂.
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Since the optimal q̂ does not vary with ðru, rxÞ in the setU, we can denote
this common value by q*. From equation (C5), we know that q* solves

k q*ð Þ 5 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � 2 vo 1 va
0:

Recall that K2 and K3 are defined independently of q, so the above yields a
closed-form expression for q*. We can now argue that the set U is non-
empty. Consider the set Q ; fðru, rxÞ ∈ R2

1 : ru 1 rx < q*g. Since q* > 0,
the set Q is nonempty. Moreover, since ax and au are at most 1, it follows
that Q ⊂ U, ensuring that the latter is nonempty. That is, ignoring con-
straint (C1) yields a unique optimal sector size q* the planner would prefer,
and as long as the total number of experienced workers is below q*, con-
straint (C1) will not bind.
Finally, we argue that under the optimal plan, ðru

t , rx
t Þ ∈ U for all t ≥ 1,

that is, constraint (C1) will cease to bind after at most 1 period. At date 0,
we can have ðru

0 , rx
0Þ ∈ U or ðru

0, rx
0Þ ∉ U. If ðru

0, rx
0Þ ∈ U, then the planner

will choose q 5 q*. In this case, we know from the law of motion that

ru
t11 1 rx

t11 5 q* 2 ru
ta

u 2 rx
ta

xð Þ 1 2 1 2 pð Þf nð Þð Þ:

For t 5 0, the first term is at most q*, while the second term is strictly less
than 1 since the optimal n when ðru

0 , rx
0Þ ∈ U is positive. Hence,

ru
t11 1 rx

t11 < q*:

Since âx and âu are both between 0 and 1, this implies

âuru
t11 1 âxrx

t11 ≤ ru
t11 1 rx

t11 < q*:

That is, if ðru
t , rx

t Þ ∈ U, then ðru
t11, rx

t11Þ ∈ U. This leaves us with the case
ðru

0, rx
0Þ ∉ U. In this case, constraint (C1) is strictly binding, meaning

q0 2 ru
0a

u
0 2 rx

0a
x
0 5 0:

It then follows that ru
1 5 rx

1 5 0, in which case

ru
1 1 rx

1 5 0 < q*,

that is, ðru
1, rx

1Þ ∈ U. But since we just argued that ðru
t , rx

t Þ ∈ U implies
ðru

t11, rx
t11Þ ∈ U, this means that the optimal path will ensure ðru

t , rx
t Þ ∈ U for

all t ≥ 1.
Finally, we establish the following comparative static result:

PROPOSITION 5: The optimal size of the professional sector q̂ for dates
t ≥ 1 is increasing in zp and weakly increasing in za.
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All u
Proof: From the first-order condition for the planner’s problem, we have

k q̂ð Þ 5 va
0 2 vo 1 b pf n̂ð Þ ∂V

∂rx 1 1 2 f n̂ð Þð Þ ∂V
∂ru

	 


5 va
0 2 vo 1 b pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2½ �:

(C6)

From proposition 4, we know that âu is nondecreasing in vp
1, and there

exists a single value of vp
1 for which all values ½0, 1� are optimal. Hence,

without loss of generality we can treat the optimal âu as fixed when we
increase vp

1 by a small amount. If we fix n̂, the expression

pf n̂ð ÞK3 1 1 2 f n̂ð Þð ÞK2 5
pf n̂ð Þ vp

1 2 va
0ð Þ 1 âu 1 2 f n̂ð Þð Þ va

1 2 va
0ð Þ

1 1 bâu 1 2 f n̂ð Þð Þ 1 bpf n̂ð Þ

is strictly increasing in vp
1 and weakly increasing in va

1 (and strictly in-
creasing in va

1 if âu 5 1). But since n̂ must maximize K*
1 evaluated at

the optimal âu, it follows that

d
dn

va
0 n̂ð Þ 1 b pf n̂ð ÞK3 1 b 1 2 f n̂ð Þð ÞK2ð Þ½ � 5 0,

where we have replaced K*
2 and K*

3 with K2 and K3, the value for K*
2 and

K*
3 when we set au to the optimal value, âu. Hence, at the optimum,

changing n̂ will have no effect on the right-hand side of equation (C6).
Thus, at the optimal allocation, the right-hand side of equation (C6)must
be increasing in vp

1 and weakly increasing in va
1. Since k(q) is assumed to

be increasing in q, the optimal q̂ will be higher. QED
C2. Decentralization

We now consider a market economy in which workers choose where to
work and how many tasks, n, to perform. Those who work in the profes-
sional sector must hire resources as input, for example, office space, tech
support, paralegals, and so on. For simplicity, we will refer to these inputs
as support staff and assume these workers are separate from the mass 2 of
workers who choose between the professional and outside sector. Denote
the price of support staff by p. An equilibrium is a rule that dictates what
each worker type (i.e., past work experience and information about ability
v) chooses as her job and howmuchwork eachworker performs in each job,
such that, given a price of support staff ~p, worker choices produce a quantity
~q of professional workers (and support staff) such that (1) the sector and
workload choices of all workers are optimal and (2) the market for support
staff clears.
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Define ~ax as a variable equal to 1 if an experienced worker known to be
the high type chooses towork as a professional in equilibrium and 0 if such a
worker chooses to work in the outside sector. Likewise, define ~au as a var-
iable equal to 1 if an experienced worker whose v is unknown chooses to
work as a professional and 0 if the worker chooses to work in the outside
sector. Finally, let ~n denote the effort choice of an inexperienced worker
whoworks in the professional sector.Wewant to confirm that the planner’s
optimal allocation ðq̂, âx, âu, n̂Þ constitutes an equilibrium, together with
the remaining occupation and effort choices in table 1.
First, if q̂ people are employed in the professional sector, q̂ support staff

must be hired and the equilibrium price ~p must equal kðq̂Þ, since this is the
only price at which the supply of support staff is equal to q̂. A worker who
chooses to work in the professional sector in the current period will thus
earn

max
n,j

 E zj
i

� �
n 2 c nð Þ 2 k q̂ð Þ,

where zj
i denotes the productivity in job j of worker of type i.

It is easy to verify that some of the choices workers will make are identical
to what the planner chooses in table 1. For example, experienced workers
known to be the high type will work as partners if they stay in the profes-
sional sector, while experienced workers whose type is unknownwill work
as associates if they stay in the professional sector. Experienced workers
known to be low types will prefer to work in the outside sector, where they
are more productive. Experienced workers who choose to work in the pro-
fessional sector choose the static level of effort that solves c0ðnÞ 5 maxj E½zj

i�,
and experienced workers in the outside sector will choose the effort level
that solves

no 5 arg max
n

won 2 c nð Þ:

Hence, the utility of an experienced worker known to be the high type who
opts to work in the professional sector is vp

1 2 kðq̂Þ, and the utility of an ex-
perienced worker of unknown ability who opts to work in the professional
sector is va

1 2 kðq̂Þ.
We now verify that the optimal allocation ðq̂, âx, âu, n̂Þ is indeed an equi-

librium and that workers who work in the outside sector when young pre-
fer to work in the outside sector when old.
We first verify that experiencedworkers who know they are the high type

prefer to work as partners than work in the outside sector, that is, ~ax 5 1.
This requires

vp
1 2 k q̂ð Þ ≥ max

n
won 2 c nð Þ:
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But from the first-order condition (C5), we have

vo 5 va
0 1 b pf nð ÞK3 1 1 2 f nð Þð ÞK2½ � 2 k q̂ð Þ:

Substituting in for K2 and K3 from the planner’s problem reveals that

vo 5
va
0 1 bpf n̂ð Þvp

1 1 bâu 1 2 f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bâu 1 2 f n̂ð Þð Þ 2 k q̂ð Þ

< vp
1 2 k q̂ð Þ,

where the last inequality uses the fact that vp
1 > va

0 and vp
1 > va

1. It follows
that vp

1 2 kðq̂Þ > vo, and so if ~q 5 q̂, then ~ax 5 1 5 âx.
Next, we verify that experienced workers whose type is uncertain work

in the professional sector if and only if the planner would assign suchwork-
ers to the professional sector, that is, if and only if âu 5 1. Again, usingfirst-
order condition (C5), we know that

vo 5
va
0 1 bpf n̂ð Þvp

1 1 bâu 1 2 f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bâu 1 2 f n̂ð Þð Þ 2 k q̂ð Þ:

If it is optimal to let such workers go, meaning âu 5 0 is optimal, this ex-
pression would reduce to

vo 5
va
0 1 bpf n̂ð Þvp

1

1 1 bpf n̂ð Þ 2 k q̂ð Þ:

Moreover, we know from proposition 2 that âu 5 0 if and only if

va
1 ≤ va

0 1 bpf n̂ð Þ vp
1 2 va

1ð Þ:
Rearranging this inequality implies

va
1 ≤

va
0 1 bpf n̂ð Þvp

1

1 1 bpf n̂ð Þ ,

and so

va
1 2 k q̂ð Þ ≤ va

0 1 bpf n̂ð Þvp
1

1 1 bpf n̂ð Þ 2 k q̂ð Þ 5 vo:

Conversely, if âu 5 1 is optimal, then va
1 ≥ va

0 1 bpðn̂Þðvp
1 2 va

1Þ. This im-
plies

1 1 bp n̂ð Þð Þva
1 ≥ va

0 1 bp n̂ð Þvp
1:
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Substituting this into our expression for vo when âu 5 1 implies

vo 5
va
0 1 bpf n̂ð Þvp

1 1 bau 1 2 f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bau 1 2 f n̂ð Þð Þ 2 k q̂ð Þ

≤
1 1 bpf n̂ð Þð Þva

1 1 bau 1 2 f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bau 1 2 f n̂ð Þð Þ 2 k q̂ð Þ

5 va
1 2 k q̂ð Þ:

Thus, if ~q 5 q̂, then ~au 5 1 5 âu, and experienced workers with uncertain
ability work as associates in the professional sector only when the planner
assigns them to work as associates.
Next, a new worker who starts in the professional sector will choose ~n to

maximize

va
0 ~nð Þ 2 k q̂ð Þ 1 bpf ~nð Þ vp

1 2 k q̂ð Þð Þ 1 b 1 2 pð Þf ~nð Þvo

1b 1 2 f ~nð Þð Þ 1 2 auð Þvo 1 b 1 2 f ~nð Þð Þ~au va
1 2 k q̂ð Þð Þ:

This is a well-defined concave problem with a first-order condition given
by

c0 ~nð Þ 5 1 1 px 1 bf0 ~nð Þ pvp
1 2 ~auva

1 1 ~au 2 pð Þ vo 1 k q̂ð Þð Þ½ �: (C7)

From the planner’s first-order condition (C5), substituting in for K2 and K3

and the fact that ~au 5 âu, we can rewrite the first-order condition (C7) as

c0 ~nð Þ 5 1 1 px 1 bf0 ~nð Þ
	
pvp

1 2 âuva
1

1 âu 2 pð Þ v
a
0 1 bpf n̂ð Þvp

1 1 bâu 12f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bâu 1 2 f n̂ð Þð Þ



5 1 1 px 1 bf0 ~nð Þ p 1 1 bâuð Þvp
1 2 âu 1 1 pbð Þva

1 1 âu 2 pð Þva
0

1 1 bpf n̂ð Þ 1 bâu 1 2 f n̂ð Þð Þ
	 


5 1 1 px 1 bf0 ~nð Þ pK3 2 K2½ �,
which confirms that ~n 5 n̂, since n̂ is the unique solution to c0ðnÞ 5
1 1 px 1 bf0ðnÞ½pK3 2 K2� for given constants K2 and K3.
Next, we verify that newworkers are indifferent between the two sectors

when ~q 5 q̂. This indifference is required because new workers must enter
both the professional sector and the outside sector. Since young workers
will choose to put in the optimal level of effort n̂, indifference requires that

1 1 bð Þvo 5 va
0 2 k q̂ð Þ 1 bpf n̂ð Þ vp

1 2 k q̂ð Þð Þ 1 b 1 2 pð Þf n̂ð Þvo

1b 1 2 f n̂ð Þð Þ 1 2 auð Þvo 1 b 1 2 f n̂ð Þð Þau va
1 2 k q̂ð Þð Þ,
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which on rearranging implies

vo 5
va
0 1 bpf n̂ð Þvp

1 1 bau 1 2 f n̂ð Þð Þva
1

1 1 bpf n̂ð Þ 1 bau 1 2 f n̂ð Þð Þ 2 k q̂ð Þ,

but this is precisely the first-order condition for the optimal q̂. Hence, with
q̂ workers in the professional sector, young workers with no experience
will be indifferent between going to the professional sector and the outside
sector.
Finally, since youngworkers are just indifferent between the two sectors,

older workers who worked in the outside sector when young will strictly
prefer to work in the outside sector. That is, we can rewrite the indifference
condition for young workers as

vo 5 va
0 2 k q̂ð Þ 1 bpf n̂ð Þ vp

1 2 vo 2 k q̂ð Þð Þ
1b 1 2 f n̂ð Þð Þau va

1 2 vo 2 k q̂ð Þð Þ:
Since n̂ is optimal, we know that the right-hand side above is higher at n̂ than
at the static optimum and the value at the static optimum, which in turn ex-
ceeds the value of working in the professional sector at the static optimal
level for only 1 period. This further implies that workers who start in the
professional sector are strictly worse off in their first period than workers
who start in the outside sector, a result we refer to in the text.

Appendix D

Data

This appendix describes the data sets that we employ in Section VI of the
paper. We describe two data sources and our procedures for selecting and
cleaning the samples we draw from these sources.

D1. Survey of Law Firm Economics (SLFE)

Table 1 uses data from the SLFE. This survey is conducted annually by
ALM Legal Intelligence. We obtained electronic versions of the data for
the eight surveys conducted between 2007 and 2014.
ALMgenerates its sample fromdirectories of law firms, and it relies heavily

on its own client lists from previous years. Law firms purchase data from
ALM to help them benchmark their performance against other law firms.
We received two data sets fromALM.One contains records that describe

individual lawyers. The other contains records that describe firms. The
records for lawyers contain information on the experience, compensation,
and work habits of individual lawyers. The firm records contain informa-
tion on the employee composition of differentfirms. Some individual lawyers
appear in more than one annual survey because some firms are surveyed in
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multiple years. However, ALM did not provide identifiers that allow us to
link these records over time.
Table 1 contains data on three lawyer-level variables: hours billed, hourly

billing rate, and total compensation. We define total compensation as the
sum of three measures collected by ALM: salary, bonus, and benefits. We
express all monetary variables in 2011 dollars using the consumer price in-
dex for all urban consumers (CPI-U) as our inflation measure. This facili-
tates comparisons with the After the JD data in tables 2 and 3.
ALM collects data on five categories of lawyers: equity partners, non-

equity partners, associates, counsel (of counsel) attorneys, and staff attorneys.
Equity partners have ownership rights and control. Nonequity partners are
lawyers that thefirmpresents to the public as partners even though these law-
yers do not share the same capital contribution requirements, voting rights,
or profit shares that full equity partners enjoy. Associates are under consid-
eration for partner status. Counsels are not explicitly under consideration for
a partnership, but they do tend to bill more than 800 hours per year. Staff at-
torneys are explicitly not being considered for a partnership. Our reading in-
dicates that these attorneys are least likely to work full time and enjoy the
least employment security.
The firm-level data report totals for each type of lawyer employed in each

firm. We sum these totals to create our firm size variable. Our measure of
firm size is the sum of full-time equivalent lawyers in each firm.
We adopted several rules for cleaning the data. We corrected several ob-

vious coding errors in the year-barred variable.27When calculating compen-
sation variables, we treat total compensation as missing if a lawyer (a) re-
ports a salary below $10,000 or above $5,000,000, (b) reports a bonus greater
than $5,000,000, (c) reports a benefit amount less than $0 or greater than
$100,000, or (d) reports less than 0 ormore than 3,000 billable hours.We also
code billing rates greater than $1,200 per hour as missing.
We calculate the experience of each attorney as the difference between the

survey year and the year the attorney passed the bar. The ALM does ask
lawyers to report their gender. We make little use of this variable, since
50.70% of the lawyers in our data did not respond to this item.

D2. After the JD (AJD) Survey

Tables 2 and 3 use data from theAJD survey, conducted by the American
Bar Association (ABA) in three waves from 2002 to 2012. This longitudinal
survey followed a stratified random sample of lawyers who were first ad-
mitted to the bar around 2000. Thefirst stage of the two-stage sampling pro-
27 The full list of changes is as follows: 205 became 2005, 208 became 2008, 1190
became 1990, and 1194 and 1794 became 1994. Additionally, any year less than 100
became that year plus 1900. There were no entries between 0 and 15, so it was ap-
propriate to add 1900 in all cases rather than 2000.
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cess divided the country into 18 strata based on the number of new lawyers
in each area. In the second stage, researchers chose one primary sampling
unit from each strata. These sampling units are local markets for legal ser-
vices. The largest are the four “major” legal markets: Chicago, New York,
Los Angeles, andWashington, DC. These markets contain more than 2,000
new lawyers. Small states make up some of the smaller sampling units.
Within each primary sampling unit, researchers drew a random sample

of individuals. They also drew an oversample of 1,465 new lawyers frommi-
nority groups. The final sample included 9,192 new lawyers. In wave 1, con-
ducted from May 2002 to March 2003, 3,905 individuals from the national
survey and633 from theminorityoversample responded, for a total of 4,538 re-
spondents. Both are included in our sample. Inwave 2, conducted fromMay
2007 through early 2008, researchers again reached out to the entire sam-
ple of lawyers, including those who had not responded in wave 1. In total,
4,160 respondents completed surveys in this wave. We do not use this wave
in our analysis. In wave 3, conducted fromMay 2012 toDecember 2012, the
ABA team surveyed those lawyers who had responded to wave 1, wave 2,
or both. The wave 3 response rate was 53%, which created a sample of
2,862 total respondents. Of these respondents, 425 were from the minority
oversample.
We restrict the samples used in tables 2 and 3 to respondents who (1) re-

sponded to both the wave 1 survey and the wave 3 survey and (2) passed the
bar in or after 1998. We divide our sample of lawyers into five categories
based on the position that they reported in wave 3. Our categories include
four positions in private law firms that are not run by solo practitioners.
These positions are partner, nonequity partner, associate, and of counsel
(counsel). We group all other lawyers in an “other” category. This category
contains persons who no longer work in a private law firm, solo practition-
ers, and a small number of contract or staff attorneys.
The ALM survey gave descriptions of different law firm positions in the

survey instrument. The AJD does not provide definitions of the four posi-
tions we highlight. We argue in Section VI that most nonequity partners,
especially those who have roughly 10 years of experience, are still trying
to earn promotion to full equity partner and in some cases already function
as partners in their interactions with clients. The AJD data provide support
for this claim. All respondents to wave 3, not just the ones we select for our
samples in tables 2 and 3, provide a retrospective employment history. In
wave 3, 1,472 lawyers report that they began their careers as associates in
private law firms.28 Only 92 of these lawyers report making partner in their
original firm, and 18 of these lawyers report that they made partner after
working as a nonequity partner in their original firm. Another 77 were pro-
28 The data for tables 2 and 3 come from lawyerswho responded to both thewave 1
survey and thewave 3 survey. This accounts for the significantly smaller sample sizes.
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moted to nonequity partner in their original firm but had not made partner
in the firm by wave 3. Of these, 22 left the firm before wave 3, and 55 re-
mained.
The AJD data also support our contention that the transition from asso-

ciate to counsel is not only less common but also often signals that the at-
torney in question is moving off the partnership track. In wave 3, only 40
the 1,472 lawyers who report beginning their careers as associates report
employment as counsels in private lawfirms, and only 26worked in counsel
positions in their initial firms. Of these 26, only three moved back to the
partnership track in their initial firms. One made partner and remained in
the firm at wave 3. One made nonequity partner and later left. One made
nonequity partner and stayed. Of the remaining 23, 11 left their initial firms
and 12 remained in counsel positions at their initial firms in wave 3.
We define our key variables as follows. In wave 1, we use responses to the

question “Howmany hours did you actually work last week, even if it was
atypical?” to calculate average hours, and we use responses to the question
“What is your total annual salary (before taxes) including estimated bonus,
if applicable, at your current job?” to calculate average salary. In wave 3, we
use reports concerning the number of hours respondents are “Working at
the office or firm (including being at court, clients’ office, etc.) on week-
days,” “Working from home on weekdays,” “Working on the weekend,”
and “Attending networking functions” to calculate average hours. Our
wave 3 compensation variable is the sum of reported values for “Salary,”
“Bonus,” “Profit sharing/equitydistribution,” “Stockoptions (present value),”
and “Other.”
We treat reported salaries of less than $10,000 as missing data. Wave 3

asks about compensation for calendar year 2011. We express all compensa-
tion measures from both waves in 2011 dollars using the CPI-U.
TheAJDdoes not provideweights that adjust for differential attrition be-

tweenwaves 1 and 3.We did create versions of tables 2 and 3 using thewave 1
samplingweights and found patterns that are quite similar to those in our un-
weighted analyses.
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