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Abstract

This paper takes a step towards bridging the theory of internal labor market (ILM) and
external labor market (ELM) by studying an integrative framework with job changes both
inside and across firms. In particular, we consider a dynamic model, whereby firms use
retention and promotion as the personnel policy to positively select the workforce (workers)
concerning utility of working and abilities. The equilibrium captures three sets of empirical
findings in a single setting. That is, (1) standard ILM findings (concerning the pay and
promotion pattern inside firms); (2) standard ELM findings (concerning the pay and mobility
pattern across firms); (3) standard, yet unexplained, findings on the “interaction” of ILM and
ELM (concerning effects of promotion on exit rates and effects of entry routes on career paths
and workforce compositions).
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1 Introduction

It is evident to even casual observers that job-to-job transitions are common in labor markets.
According to the Current Population Survey (CPS), 2.6% of employed persons change employers
each month. This accounts for almost 40% of the new jobs started between 1994 and 2003 (Fallick
and Fleischman, 2004). The Longitudinal Employer Household Dynamics (LEHD) program
suggests that the pace of employer-to-employer flow is high, representing approximately 4% of
employment and 30% of separations each quarter (Bjelland et al., 2011). In fact, external recruits
account for about 15% to 20% of all appointments to top management positions (Denis and
Denis, 1995), while roughly 20% of CEOs of large U.S. firms are outsiders (Agrawal, Knoeber,
and Tsoulouhas, 2006). These facts suggest that workers often change jobs both inside firms
and across firms. Many research questions then arise. For example, (a) how should firms use the
personnel policy—such as hiring, retention, and promotion/demotion—to staff opening positions
and manage the existing workforce? (b) when workers plan careers in advance, how to evaluate
the consequences of various job changes (e.g., maintaining an existing job or starting a new job
at another firm)? (d) economists and management consulting firms want to understand both the
personnel policy of firms and job-change decisions of workers.

Existing theoretical research has generally taken two separate approaches. One approach
focuses on the internal labor market (ILM hereafter), which studies internal operations of or-
ganizations and highlights the importance of internal structure—job ladder or hierarchy—and
various human resource management practices (Doeringer and Piore, 1971; Gibbons and Wald-
man, 1999a; Lazear and Oyer, 2013). However, this literature has mainly focused on job changes
inside firms. The other approach centers on the external labor market (ELM hereafter) with em-
phases on the macroeconomic pattern of job changes across firms (Mortensen, 1986; Mortensen
and Pissarides, 1999; Rogerson and Shimer, 2011).

Due to the dichotomy of existing literature, relatively little is known about the “interaction”
of ILM and ELM. That is, as workers change jobs both inside and across firms, how will various
pathways of entering jobs impact on future pay and career path? Noticeably, there are a number
of empirical studies on the “interaction” of the two markets. Based on a single firm’s personnel
record, Baker, Gibbs, and Holmström (1994a,b) and Bidwell (2011) document a series of findings
concerning the impact of entry routes on employment outcomes and career paths. For instance,
employees recruited from outside are less likely to be later promoted than incumbent employees;
employees become less to exit after being internally promoted. Thanks to the recently devel-
oped longitudinal linked employer-employee data, we see many related, yet more comprehensive,
empirical studies reinforcing the previous findings (Van der Klaauw and Da Silva, 2011; Kauha-
nen and Napari, 2012; Frederiksen, Halliday, and Koch, 2016; DeVaro, Kauhanen, and Valmari,
2019).1

1We will refer to these findings as “interaction” findings of ILM and ELM. Due to the dichotomy of theoretical
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This paper takes a step towards bridging the theory of ILM and ELM. The main idea stems
from the positive selection of workers in the long-term employment relationship. That is, with
repeated interactions, firms gradually identify and make use of valuable workers. Existing labor
studies have mostly focused on worker abilities (productivity), whereby those being found to be
more capable (productive) are deemed as more valuable ones.2 This paper, however, points out
that utility of working—a measure of how much a worker likes a given job—also influences the
long-term employment relationship. In particular, we model utility of working as a firm-specific
matching quality, so a worker needs to work at a firm for certain periods to discover how much she
likes a job. To fix ideas, consider a worker holding a job at a particular firm. Many non-financial
aspects of employment can affect utility of working, e.g., how well she adapts to the organization
environment, how much she likes the corporate culture, how well she gets along with the boss
and coworkers, etc. In fact, we are not the first to consider utility of working in the workplace.3

However, very few studies have paid attention to its role in the long-term employment. To the
best of our knowledge, we are the first to study (dynamic) employer learning concerning utility
of working.

We show that a broad set of empirical findings can be rationalized in a single framework. The
main building blocks of our dynamic model include private information of utility and asymmetric
employer learning of abilities. To study job changes both inside and across firms, we consider a
competitive labor market, whereby all firms offer two jobs, labour and manager, and inherit the
same production technology.

We model retention and promotion as the key personnel policy of firms, whereby the retention
policy weeds out workers with low utility of working and the promotion policy sorts more (resp.
less) able workers into managerial (resp. labour) positions, yet signals worker abilities to the
market. The equilibrium of our model is shown to feature positive selection of workers over time
concerning both utility of working and abilities. That is, firms positively select workers through
retaining high-utility workers and promoting high-ability workers. Most importantly, the equi-
librium of our model, in a single setting, captures three sets of empirical findings documented
in, but not limited to, Baker, Gibbs, and Holmström (1994a,b) and Bidwell (2011). That is, (1)

literature, we are the first to use an integrative approach to offer an explanation to these “interaction” findings.
2There is an extensive literature on employer learning concerning worker abilities (productivity). For instance,

employers could detect abilities (productivity) of existing employees from performances (Jovanovic, 1979; Harris
and Holmström, 1982), job assignments (experimentation) (Gibbons and Waldman, 1999b; Pastorino, 2015, 2019),
training (Chang and Wang, 1996; Acemoglu and Pischke, 1998), and rotation programs (Ortega, 2001; Deb and
Stewart, 2018). The market could infer abilities (productivity) of new hires through educational attainments
(Spence, 1973), job referrals (Montgomery, 1991), and employment records such as promotion (Waldman, 1984a)
and job separations (Greenwald, 1986; Gibbons and Katz, 1991).

3For instance, Rosen (1974) in his hedonic wage theory considers a setting where firms, all else equal, offer
different working conditions and workers hold different preferences for working conditions. It is established that
compensating wage differentials arise in equilibrium to compensate new workers for non-financial characteristics
of the job. In two-period frameworks, Acemoglu and Pischke (1998), Schönberg (2007), and Kahn (2013) show
that utility of working can drive worker turnover in equilibrium, where workers change firms to find a better
match.
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standard ILM findings; (2) standard ELM findings; (3) standard findings on the “interaction” of
ILM and ELM.

Specifically, our model nests standard ILM findings concerning the pay and promotion pattern
inside firms. That is, the promotion policy is biased towards workers with high educational
attainments; moreover, there is a pay gap across jobs and a pay dispersion within jobs. Our
model also nests standard ELM findings concerning the pay and mobility pattern across firms.
For instance, we find that the labor market features an “adverse selection” effect that exit rates
of workers decline with abilities. Moreover, our model matches the macroeconomic pattern of
job changes across firms. That is, exit rates decline with tenure; exit rates decline with seniority
(labor-market experience); many new jobs end early, and long-term employment relationships
are common; workers receive a pay increase for changing jobs across firms.

As to “interaction” findings concerning effects of promotion on exit rates, we find a negative
effect of promotion on exit rates. That is, workers become less likely to exit after being promoted.
We also establish a “fast-track exit” effect that those being promoted sooner generally have higher
exit rates than those being promoted later. As to “interaction” findings concerning effects of
entry routes on career paths, our model predicts that new hires have greater exit rates and fewer
promotion prospects than incumbents. In terms of workforce compositions, we show that new
hires typically receive more education than incumbents.

Overall, we find that asymmetric employer learning of abilities and private information of
utility are two crucial factors in terms of driving the above three broad sets of findings. As existing
models are, however, silent to the “interaction” of the internal and external labor markets, we are
the first to use an integrative approach to offer an explanation to these “interaction” findings.

The remainder of this paper is structured as follows. After a review of the literature in
Section 2, Section 3 presents the model. Section 4 and Section 5 provide the equilibrium analysis.
Section 6 shows that the equilibrium of our model nests standard internal-labor-market findings
and standard external-labor-market findings. Section 7 explores model implications concerning
the interaction of internal and external labor markets, a.k.a., “interaction” findings. Section 8
concludes. Technical details are relegated to the appendix.

2 Related Literature

2.1 Theoretical literature

This paper mainly connects to two strands of theoretical literature. That is, (1) employer-learning
models and integrative models of the labor market from the ILM literature; (2) macro-labor
models from the ELM literature. In what follows, we provide an overview of how this paper
fits into the ILM literature. More details concerning how our approach relates and differs from
specific ILM and ELM models can be found in Section 6.
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As mentioned above, existing models almost exclusively center on employer learning concern-
ing worker abilities. Among them, one set of learning models study the information content of
job separations. For instance, under the hypothesis of asymmetric employer learning, Green-
wald (1986), Gibbons and Katz (1991), and Fan and DeVaro (2015) find that job separations
are perceived as negative signals of abilities since incumbent firms will offer higher wages to
retain more able workers. Another set of learning models explore the information content of
job assignments. In particular, under the hypothesis of asymmetric learning, Waldman (1984a),
Bernhardt (1995), Zábojník and Bernhardt (2001), Golan (2005), and DeVaro and Waldman
(2012) consider promotion, in sorting more able workers to higher-level jobs, serves as positive
signals of abilities to the market.

This paper incorporates the information content of both job separations and assignments.
The main departure from the existing literature is that we also study employer learning con-
cerning utility of working. In this regard, our framework is closest to Acemoglu and Pischke
(1998), Schönberg (2007), and Kahn (2013), where utility of working drives worker turnover in
equilibrium. We extend their analyses in two aspects. First, we consider a dynamic framework
with multiple periods, where firms can infer utility through the mobility decision of workers.
Second, our model features job ladders inside firms so that workers can change jobs both inside
and across firms.

Overall, this paper belongs to the growing literature of integrative models (Harris and Holm-
ström, 1982; MacLeod and Malcomson, 1988; Demougin and Siow, 1994; Gibbons and Wald-
man, 1999b, 2006; Ke, Li, and Powell, 2018), which attempts to provide an explanation for
broad patterns of evidence rather than a few stylized facts. In particular, under the hypothesis
of symmetric learning, Gibbons and Waldman (1999b, 2006) provide a dynamic framework to
rationalize a series of documented facts in Baker, Gibbs, and Holmström (1994a,b) concerning
wages and promotion dynamics inside firms. In a follow-up study, Ghosh (2007) shows that
results therein are robust to job changes across firms. This paper, on the other hand, considers
a dynamic framework with asymmetric learning. Furthermore, we focus on a different set of
empirical findings in, but not limited to, Baker, Gibbs, and Holmström (1994a,b).

2.2 Empirical literature

Our model matches standard ILM findings concerning the pay and promotion pattern inside
firms. That is, (i) promotion prospects increase with educational attainments of employees
(Lluis, 2005; Belzil and Bognanno, 2010; DeVaro and Waldman, 2012; Bognanno and Melero,
2016); (ii) there is a pay gap across jobs (Baker, Gibbs, and Holmström, 1994a,b; McCue, 1996)
and a pay dispersion within jobs (Baker, Gibbs, and Holmström, 1994a,b; Dato et al., 2016).

In terms of standard ELM findings, our model echoes the macroeconomic pattern concerning
job changes across firms (Mincer and Jovanovic, 1981; Farber, 1994, 1998, 1999; Fallick and
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Fleischman, 2004). That is, (i) exit rates decline with tenure; (ii) exit rates decline with seniority
(labor-market experience); (iii) many new jobs end early, and long-term employment relationships
are common. Moreover, our model features a “pay more for less” effect for recruiting from outside.
That is, new hires initially under-perform incumbents (Baker, Gibbs, and Holmström, 1994a,b;
Bartel, 1995; Bidwell, 2011; Van der Klaauw and Da Silva, 2011; Kauhanen and Napari, 2012)
and receive a pay increase for changing jobs across firms (Bartel, 1995; Bidwell, 2011; Van der
Klaauw and Da Silva, 2011; Frederiksen, Halliday, and Koch, 2016).

As to “interaction” findings concerning effects of promotion on exit rates, our model matches
the documented negative effect of promotion on exit rates (Carson et al., 1994; Trevor, Gerhart,
and Boudreau, 1997; Saporta and Farjoun, 2003). That is, a worker becomes less likely to exit
after being promoted. Our model also predicts a “fast-track exit” effect that those being pro-
moted sooner generally have higher exit rates than those being promoted later (Baker, Gibbs,
and Holmström, 1994a; Treble et al., 2001; Van der Klaauw and Da Silva, 2011). As to “inter-
action” findings concerning effects of entry routes on career paths, our model is consistent with
stylized facts that new hires have greater exit rates (Baker, Gibbs, and Holmström, 1994a; Treble
et al., 2001; Bidwell, 2011; Van der Klaauw and Da Silva, 2011) and fewer promotion prospects
(Baker, Gibbs, and Holmström, 1994a; Treble et al., 2001; Chan, 2006; Oyer, 2007; Bidwell, 2011;
Kauhanen and Napari, 2012) than incumbents. In terms of workforce compositions, our model
captures the finding that external hires typically receive more education than incumbents (Baker,
Gibbs, and Holmström, 1994a; Bidwell, 2011; Kauhanen and Napari, 2012; DeVaro, Kauhanen,
and Valmari, 2019).

3 The Model

3.1 A dynamic framework integrating ILM and ELM

This section develops a three-period model integrating the internal labor market (ILM) and
external labor market (ELM). Two main building blocks are asymmetric employer learning of
worker abilities and private information of utility of working. To study job changes both inside
and across firms, we consider a competitive labor market, whereby all firms offer two jobs, labour
and manager, and inherit the same production technology.

The labor market

We consider a competitive labor market consisting of a finite number of firms and a continuum
of workers with mass one. Due to free entry, firms will actively compete for worker services
in each period. Each worker’s career lasts for three periods. Upon entering the labor market,
a worker has an innate ability θ ∈ {l, h} (i.e., low or high) and schooling k ∈ [0, k̄], both of
which are fixed over time. It is natural that ability is ex ante unknown, yet positively related to
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schooling, which is publicly observable. In particular, we assume that the monotone likelihood
ratio property (MLRP) holds, i.e., ∂[p(h|k)/p(l|k)]/∂k > 0, and p(h|k = 0) = 0.

Production

Firms possess identical constant-return-to-scale (CRS) production technology. The supply of
labor, as the only input of production, is inelastic and indivisible.4 For a given firm, the period-t
output of a (θ, k)-type hire of period τ ≤ t (i.e., this worker has entered the firm since period τ
and worked for the firm for t− τ periods) on job J is given by

(1 + nt−1 · I{t− τ ≥ 1}) · x(θ; J), (1)

where nt−1 > 0 captures the return to tenure for a worker who has been hired for at least one
period (so the indicator function becomes I{t − τ ≥ 1} = 1). We assume that n2 > n1, so the
return to tenure increases with seniority (labor-market experience). x(θ; J) ≥ 0 characterizes
the output component on job J due to ability θ, which is independent of schooling.

Firms also maintain the same internal structure. That is, each firm offers two jobs, L (labour)
and M (manager), and a worker is promoted (resp. demoted) whenever she is placed from job L
to job M (resp. from job M to job L). Following Sattinger (1975), Rosen (1982), and Waldman
(1984b), we assume that

x(θ;L) = 1 and x(θ;M) = θ̂−1 · θ,

where θ̂ ∈ (0, 1) is a constant. This means that jobs are ranked by the importance of abilities such
that the labor output is not influenced by abilities, whereas the managerial output increases with
abilities. We assume throughout that a worker is promoted when the firm is indifferent between
promoting and not promoting the worker.

To ease expositions, we normalize abilities to l = 0 < 1 = h as in Figure 1. This then suggests
that an h type is more productive on job M and an l type is more productive on job L, i.e.,
x(h;M) = θ̂−1 > 1 = x(h;L) and x(l;L) = 1 > 0 = x(l,M). Moreover, θ̂ can be interpreted as
the threshold ability level, with which a worker is equally productive on job L and job M , i.e.,
x(θ̂;L) = x(θ̂;M).

Utility of working

During every period, each worker experiences some utility of working—sampled from a distribu-
tion G—which captures how much she likes a job. It is natural that utility is private information
of workers. Moreover, utility is an “inspection” good at the incumbent firm and an “experience”

4This means that we abstract away from employment statuses such as being unemployed and being employed
for multiple firms.
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Figure 1: Plot of output component x(θ; J) for a θ-type worker on job J .
There are two abilities, θ ∈ {l, h}, and two jobs, J ∈ {L,M}, where abilities are
normalized to l = 0 < 1 = h and θ̂ ∈ (0, 1) represents the threshold ability level.

good at an outside firm. This means that, a worker, at the beginning of each period, can inspect
utility at the incumbent firm, whereas she must work for one period to experience utility at an
outside firm.

Specifically, consider a worker who has experienced utility ηt during period t. At the beginning
of period t+ 1, she inspects utility ηt+1 at the incumbent firm, which either remains unchanged
(i.e., ηt+1 = ηt) with probability q, or, is resampled (i.e., ηt+1 ∼ G) with probability 1− q, where
q ∈ (0, 1).5 During period t + 1, she can either stay at the incumbent firm to experience the
inspected utility (i.e., ηt+1) or move to an outside firm to experience some resampled utility (i.e.,
ηt+1 ∼ G).

The above specifications suggest that, whenever a worker dislikes a job, she may move to a
new firm to resample utility. It is natural to assume that utility is independently distributed
with abilities and schooling. Without loss of generality, we assume that G is log-concave and
normalize its mean to zero.

3.2 The dynamic game

We assume that employer learning of abilities is asymmetric. That is, after one period of employ-
ment, abilities are revealed to incumbent firms, but not to outside firms. However, outside firms
can infer abilities through employment (job-change) histories—such as turnover and promotion—

5One can enrich our model such that workers being promoted are more likely to resample utility (inside firms)
than workers not being promoted. As long as the difference in probabilities of resampling utility (inside firms) is
not prohibitively large, we conjecture that such extension will not change our results in a substantial way.
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Time Events

Beginning of period t

incumbent firms assign jobs
workers inspect utility at incumbent firms
outside firms make poaching offers
incumbent firms make retention offers
workers select a firm (i.e., “stay” or “move”)

During period t workers conduct production and experience utility
incumbent firms observe abilities

Figure 2: Timing of the game.

which are public information.6,7 To ensure that all outside firms have the same information, we
assume that a worker, once exited from a firm, cannot come back in the future. This is equiv-
alent to assume that, (a) employees cannot immediately recover the return to tenure with past
employers; (b) firms forget abilities of past employees. This strong assumption is made to ease
off-equilibrium analysis and to preclude the possibility that workers switch firms in order to
convey information about their abilities to multiple firms.

Figure 2 depicts timing of the game.8 To close the model, we assume that all players are
rational, risk-neutral, and share a common discount factor δ ∈ (0, 1]. Furthermore, there is no
cost for workers to change firms or for firms to recruit new hires. In each period, a worker’s
payoff equals “wage plus utility”, while a firm’s payoff equals “output minus wage”.

The solution concept we use is Perfect Bayesian Equilibrium (PBE). That is, for any employ-

6Earlier papers that build upon the hypothesis of asymmetric employer learning include Waldman (1984a),
Greenwald (1986), Lazear (1986), Milgrom and Oster (1987), Waldman (1990), Bernhardt and Scoones (1993),
Laing (1994), Bernhardt (1995), Chang and Wang (1996), Acemoglu and Pischke (1998), Zábojník and Bernhardt
(2001), etc. See Carrillo-Tudela and Kaas (2015), Ferreira and Nikolowa (2017), and Friedrich (2019) for more
recent models of such.

7Although early studies such as Farber and Gibbons (1996) and Altonji and Pierret (2001) show that the
hypothesis of symmetric learning is consistent with documented facts concerning wage dynamics inside firms,
a number of papers, including Gibbons and Katz (1991) and Acemoglu and Pischke (1998), develop other pre-
dictions and find supporting evidence for the hypothesis of asymmetric learning. Recently, there is a growing
literature that specially disentangles whether employer learning is symmetric or asymmetric in labor markets.
For instance, Schönberg (2007), Pinkston (2009), and Kahn (2013) consider tests that distinguish between sym-
metric and asymmetric learning. Overall, empirical evidence supports an important role for asymmetric learning.
See Waldman (2013) for a discussion on that.

8There are three comments concerning job offers in our model. (i) Worker receive job offers prior to
production. Thus, we consider offers in the form of spot contracts, as opposed to piece-rate contracts and
dynamic contracts. In addition, workers are price takers. See Ricart-I-Costa (1988) and Golan (2009) for related
models where employees can offer contracts to firms or bargain wages with firms. (ii) There is no distinction
between layoffs and quits since incumbent firms can use retention offers to counter-offer against poaching offers.
The counter-offer assumption can be found in early papers such as Greenwald (1986) and Milgrom and Oster
(1987) and, under the hypothesis of asymmetric employer learning, leads to a winner’s curse type result, i.e.,
a worker’s wage equals the productivity at an outside firm of the worst worker with the same labor market
signal. See Barron, Berger, and Black (2006) for empirical evidence on the common use of counter-offers in labor
markets. (iii) Following promotional signaling models such as Golan (2005) and DeVaro and Waldman (2012),
poaching offers consist of both jobs and wages, whereas counter-offers only include wages. This is because, if
counter-offers also specify jobs, incumbent firms will choose to promote workers only in the counter-offer stage,
so promotional signaling (which elicits information to the market) will be delayed by one period.
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ment history, given correct beliefs about strategies of outside firms and workers, every incumbent
firm assigns jobs and makes retention offers to maximize its profits; each worker chooses a firm
to work for (she chooses to stay at the incumbent firm whenever the payoff to stay is no less
than the payoff to move); all players update beliefs according to the Bayes’ rule.

Parametric restrictions

Throughout this paper, we will assume that,

Assumption 1. The sampling distribution of utility, G, has a sufficiently large support.

First, this assumption guarantees that the cutoff utility (defined below) are characterized
by first-order conditions in equilibrium. Second, this assumption suggests that incumbent firms
will earn some rents due to under-bidding. Intuitively, when utility (i.e., non-financial aspects of
working) plays a big role in determining worker payoffs, retention wages (i.e., financial aspects
of working) will not largely affect the separation probability of workers, so incumbent firms can
under-bid the market by offering existing workers some retention wages below poaching wages.
Moreover, as utility becomes more disperse valued, firms will earn more rents due to under-
bidding.9

4 Preliminaries

We have at hand a large and complex game, which features dynamic employer learning of both
worker abilities and utility of working. That is, incumbent firms infer utility of existing workers
through their mobility decisions, while job assignments—reflecting incumbent firms’ advanta-
geous information—signal abilities to the market.

To make progress, this section modifies the game in Figure 2 to a simplified version. That is,
we now consider the game in Figure 3, where we assume that a worker, during each period, either
stays at the incumbent firm or moves to a new firm to obtain some payoff to exit. For instance,
denote the mobility decision of “stay” and “move” respectively as “s” and “m”, a period-1 hire
faces e2 as the payoff to exit in period 2 and produces ys2 if she stays in period 2. Likewise, a
period-2 hire (i.e., a mover in period 2) faces em3 as the payoff to exit in period 3 and produces
ym,s3 if she stays in period 3, while a period-1 hire (i.e., a stayer in period 2) faces es3 as the
payoff to exit in period 3 and produces ys,s3 if she stays in period 3. By taking both outputs and
payoffs to exit as given, we can study the mobility decision of workers and the retention strategy
of firms.10

9In the equilibrium analysis, we will use Assumption 1 to rule out (uninteresting) cases where the promotion
policy in period 2 is completely efficient. That is, firms place all h types as managers and all l types as labours
in period 2 and consequently there will be no promotion in period 3. See the appendix for more details.

10Note, however, that in equilibrium both outputs and payoffs to exit will be determined by job assignments
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Time Events

Beginning of period t
workers inspect utility at incumbent firms
incumbent firms make retention offers
workers select a firm (i.e., “stay” or “move”)

During period t workers conduct production and experience utility

Figure 3: Timing of the simplified game.
The simplified game abstracts away from events in italic in Figure 2, i.e., job assign-
ments and employer learning, by assuming that workers, upon moving to new firms,
can derive some payoffs to “exit”.

The mobility decision and retention strategy

Let us first consider the mobility decision of workers. During each period, a worker will move to
a new firm whenever the payoff to exit exceeds the payoff to stay, where the latter incorporates
both the retention wage and utility of working. This suggests a basic principle that the turnover
rate—probability of “move”—increases with the payoff to exit and decreases with the retention
wage. Since utility is private information of workers, the retention strategy of firms will take a
simple cutoff form whereby a worker with utility above a cutoff level will be retained.

We will study the retention strategy—cutoff(s)—for each cohort, given outputs and payoffs
to exit. That is, (i) for a period-2 hire, we derive the cutoff for period 3, η̂m3 , given the output
and payoff to exit, (ym,s3 , em3 ); (ii) for a period-1 hire, we derive the cutoffs for period 2 and period
3, η̂2 and η̂s3, respectively, given the (lifetime) outputs and payoffs to exit, {(ys2, e2), (ys,s3 , es3)}.
Formally, we solve two screening problems. That is,

R1 : {(ys2, e2), (ys,s3 , es3)}
(w2,ws3)7−→ (η̂2, η̂

s
3)︸ ︷︷ ︸

(dynamic) screening for a period-1 hire

and R2 : (ym,s3 , em3 )
wm37−→ η̂m3︸ ︷︷ ︸

(static) screening for a period-2 hire

,

The (dynamic) screening problem for a period-1 hire will capture the dynamics of employer
learning concerning utility.11,12

and employer learning. Specifically, the output specification in (1) suggests that outputs will depend on job
placement and, due to asymmetric employer learning, payoffs to exit (i.e., expected payoffs to moving to new
firms) will incorporate poaching offers, which depend on job assignments as signals of abilities.

11One can interpretR1 andR2 as direct mechanisms, where the “price” is the retention wage and the “allocation
rule” is the cutoff. Note, however, that we solve for the PBE rather than the dynamic mechanism. This means
that, as mobility decisions in the past reveal information concerning utility, a job stayer may receive a different
wage than a job mover, i.e., ws3 6= wm3 . See the online appendix for how our analysis relates to behavior-based
price discrimination (BBPD) (Fudenberg and Villas-Boas, 2006) and dynamic mechanism design (Tirole, 2016).

12In the full model, wages will be contingent on the history of both job separations and assignments. See
Bernhardt (1995) for a related model (without worker turnover), where wages only depend on the history of job
assignments.
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The retention strategy in equilibrium

In what follows, we provide an overview of the preliminary results—formally verified in the
appendix—concerning the retention strategy of firms in equilibrium.

For a period-2 hire, the equilibrium cutoff, η̂m3 , trades-off the output and payoff to exit in
period 3. We show that firms will increase the cutoff for period 3, η̂m3 = Φ−1(ym,s3 − em3 ),
whenever “output less payoff to exit” in period 3, ym,s3 − em3 , decreases.13 This is an intuitive
result since firms will retain a larger proportion of workers—implement a lower cutoff via raising
the retention wage—given a higher output or a lower payoff to exit.

For a period-1 hire, there are two possible regimes, one with intensive screening and the other
with non-intensive screening. Relative to non-intensive screening, intensive screening features a
lower retention wage (i.e., wage savings from retained workers), yet entails a higher cutoff (i.e.,
output losses from separated workers who could otherwise be retained) in both period 2 and
period 3. In other words, the regime with intensive screening is more intensive in weeding out
low-utility workers than the regime with non-intensive screening. We show that the equilibrium
cutoffs, η̂2 and η̂s3, trade-off wage savings and output losses. That is, intensive screening is the
equilibrium regime whenever the effective “output less payoff to exit” of period 3 outweighs that
of period 2.

The detailed arguments are as follows. Imagine that utility is always resampled at the
beginning of each period. Similar to a period-2 hire (i.e., a mover), the cutoff in period 3 for a
period-1 hire (i.e., a stayer) is simply given by η̂s3 = Φ−1 (ys,s3 − es3), which is referred to as the
benchmark cutoff. Note, however, in our model that utility remains unchanged with probability
q > 0, so a stayer’s utility distribution will be truncated from below if his or her utility is not
resampled in period 3, i.e., η3 = η2 ≥ η̂2. This then suggests that, when stayers are positively
selected in the sense of having already sampled high utility in period 2, firms can exploit some
informational rents in period 3. In particular, firms can first lower the retention wage in period
2 to weed out the workers with low utility and later lower the retention wage in period 3 to the
stayed workers with high utility.14

Specifically, there are two possible cases (regimes). That is, either η̂2 ≤ Φ−1(ys,s3 −es3) (regime
with non-intensive screening) or η̂2 > Φ−1(ys,s3 − es3) (regime with intensive screening). If stayers
are sufficient positively selected (in terms of utility), the cutoff for period 3 will be above the
benchmark cutoff, i.e., η̂2 > Φ−1(ys,s3 −es3)⇒ η̂s3 > Φ−1(ys,s3 −es3); otherwise, the cutoff for period
3 will coincide with the benchmark cutoff, i.e., η̂2 ≤ Φ−1(ys,s3 − es3)⇒ η̂s3 = Φ−1(ys,s3 − es3).

13In the appendix, we formally derive the cutoff from the first-order condition, i.e., Φ(η̂) = r where η̂ is the
cutoff utility and r is the value of “output less payoff to exit”. Since Φ is monotone, we can define η̂ = Φ−1(r) as
the cutoff, which decreases with r.

14Although both arise in equilibrium due to utility of working, informational rents are fundamentally different
from rents due to under-bidding (as described in the discussion following Assumption 1) because dynamic screening
(learning) is necessary for incumbent firms to exploit informational rents from job stayers.
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t
job assignment poaching offer: wage and job retention offer: wage
(incumbent firm) (outsider firm) (incumbent firm)

1 all firms offer wage v1(k) and job J̃1(k)

2 J2(θ; k) v2 (k, J2) and J̃2 (k, J2) w2 (θ; k, J2)

3 Js3 (θ; k, J2) vs3 (k, J2, J
s
3) and J̃s3 (k, J2, J

s
3) ws3 (θ; k, J2, J

s
3)

Jm3 (θ; k, J2) vm3 (k, J2, J
m
3 ) and J̃m3 (k, J2, J

m
3 ) wm3 (θ; k, J2, J

m
3 )

Table 1: A complete description of strategies for a (θ, k) type.
For period 3, the top row describes the strategies for a period-1 hire (i.e., a stayer) and
the bottom row demonstrates the strategies for a period-2 hire (i.e., a mover). Note
that job assignments by new employers, e.g., J̃1(k), J̃2 (k, J2), J̃s3 (k, J2, J

s
3), and

J̃m3 (k, J2, J
m
3 ), will not influence the market belief concerning abilities. This is be-

cause these jobs are assigned before new employers actually observe abilities, so they
will only influence poaching wages in equilibrium, e.g., v1(k), v2 (k, J2), vs3 (k, J2, J

s
3),

and vm3 (k, J2, J
m
3 ).

Take-away messages

The preliminary analysis delivers two main messages. First, we derive the condition for equilib-
rium regime. That is, firms will adopt the retention policy with intensive screening whenever
the effective “output less payoff to exit” in period 3 outweighs that in period 2. Second, we can
just focus on “output less poaching wage” to study the promotion policy (i.e., job assignment)
in the game in Figure 2. Specifically, the preliminary analysis indicates that, in both regimes,
the promotion policy in period 3 effectively maximizes “output less poaching wage” of period
3, while the promotion policy in period 2 effectively maximizes “output less poaching wage” of
period 2 plus something in terms of “output less poaching wage” of period 3. This is because,
with promotional signaling and asymmetric employer learning, the promotion policy will influ-
ence both outputs and poaching wages in equilibrium, while the retention policy will then be
entirely governed by the condition for equilibrium regime.

5 The Equilibrium Analysis

With the preliminary analysis in hand, we now study the game in Figure 2, whereby the promo-
tion policy signals abilities to the market.

5.1 Perfect Bayesian equilibrium

The equilibrium characterization

Table 1 displays a complete description of strategies for a worker of (θ, k) type. The equilibrium
characterization is as follows. To ease expositions, as mentioned in Table 1, we will suppress job
assignments by new employers. Also, we will suppress mobility decisions of workers (i.e., cutoff
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utility) since incumbent firms, as described in Section 4, will use the retention strategy (i.e.,
retention wages) accordingly to maximize expected profits.

In period 1, as no firm detects worker abilities, the worker will be placed as a labour if
p(h|k) < θ̂—the posterior is below the threshold—and as a manager otherwise. Due to free
entry, all firms offer the wage, v1(k), to earn an expected profit of zero.

In period 2, the incumbent firm places the worker to job, J2(θ; k). Due to free entry, outside
firms update believes and offer the poaching wage, v2(k, J2), to earn an expected profit of zero.
The incumbent firm then offers the ability-contingent retention wage, w2(θ; k, J2), to maximize
the expected profit.

In period 3, given the history of job assignments and mobility, the incumbent firm places
a period-2 hire (i.e., a mover) to job Jm3 (θ; k, J2) and a period-1 hire (i.e., a stayer) to job
Js3(θ; k, J2). Due to free entry, outside firms update believes and offer the poaching wage,
vm3 (k, J2, J

m
3 ) to a mover and vs3(k, J2, J

s
3) to a stayer, to earn an expected profit of zero. The

incumbent firm then offers the ability-contingent retention wage, wm3 (θ; k, J2, J
m
3 ) to a mover

and ws3(θ; k, J2, Js3) to a stayer, to maximize the expected profit.

Multiple equilibria and equilibrium selection

As mentioned above, in equilibrium the promotion policy will determines a worker’s output
and—as signals of abilities—will also influences the market belief and hence the poaching wage.
From the preliminary analysis, to study the promotion policy we will confine to the changes in
outputs and poaching wages for promoting a worker.

Note that the output specification in (1) (as depicted in Figure 1) indicates that output will
increase for promoting an h type and will drop for promoting an l type. This suggests that, fixing
the schooling level, the net gain from promoting an h type always exceeds that from promoting an
l type, regardless of the poaching wage (i.e., the market belief concerning the promotion policy).
Thus, an l type is promoted only if every h type is promoted in equilibrium and—depending
on the market belief—there will be multiple equilibria of the game. We will use the intuitive
criterion (Cho and Kreps, 1987) to select the most efficient equilibrium. Consequently,

Claim 1. No l type will ever be placed as a manager.

Then, it suffices to consider the promotion policy concerning an h type.

5.2 The personnel policy in equilibrium

In what follows, we present the equilibrium results with a focus on the personnel policy (i.e.,
promotion and retention) of firms.

First, we show that the promotion policy is efficient in period 3. From the preliminary
analysis, the promotion policy in period 3 effectively maximizes “output less poaching wage” of
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Figure 4: Poaching wages in equilibrium.

period 3. When promoting an h type, output will increase and, due to promotional signaling,
poaching wages will also increase.15 We show that every h type will be promoted since output
gains, (1 + n2)(θ̂

−1− 1), always outweigh increases in poaching wages, θ̂−1− 1, where θ̂−1 is the
poaching wage to a manager and 1 is the poaching wage to a labour.

Claim 2. Every h type will be promoted in period 3.

The efficient promotion suggests that mobility history in the past and schooling will not affect
the market belief. For instance, conditional on being placed on the same job in period 3, a stayer
will receive the same poaching wage as a mover (even if they differ in the job placement in period
2 and schooling). As depicted in Figure 4, poaching wages will only depend on job assignments
in period 3, where a manager receives a higher poaching wage than a labour.

Second, we show that the promotion policy is inefficient in period 2. From the preliminary
analysis, given the efficient promotion policy in period 3, the promotion policy in period 2
effectively maximizes “output less poaching wage” of period 2. When promoting an h type,
Assumption 1 indicates rents due to under-bidding are so large that increases in poaching wages,
θ̂−1 + δφ(n2θ̂

−1)− [1 + δφ(n2)]—where θ̂−1 + δφ(n2θ̂
−1) is the poaching wage to a manager and

1 + δφ(n2) is the poaching wage to a labour—outweigh output gains, (1 + n2)(θ̂
−1 − 1).16 As a

consequence, all l types are placed as labours, while not all h types are placed as managers, since
15Analogous to promotional signaling models (Waldman, 1984a; Bernhardt, 1995; Zábojník and Bernhardt,

2001; Golan, 2005; DeVaro and Waldman, 2012), we can interpret increases in poaching wages as informational
losses since promotion, as signals of abilities, (partially) reveals worker abilities to the market.

16Define r as the value of “output less poaching wage”, φ(r) captures rents due to under-bidding earned by
incumbent firms. That is, with dispersed value of utility (of working), incumbent firms will under-bid the market
in making retention offers to existing workers. Due to free entry, outside firms will need to concede all future
rents to new hires, so poaching wages in period 2 will consist of the outputs in period 2 and rents in period 3.
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an efficient promotion policy will entail increases in poaching wages greater than output gains.

Claim 3. Not every h type will be promoted in period 2.

As there are only two jobs, we can describe the promotion policy in period 2 as f2(θ; k) ∈
[0, 1]—the probability that a (θ, k) type will be placed as a manager—with f2(h; k) ∈ [0, 1) and
f2(l; k) = 0. Note that f2(h; k) ∈ (0, 1) suggests that the promotion policy is in mixed strategies,
so the incumbent firm must be indifferent between promoting and not promoting a (θ, k) type.
Thus, a (θ, k) type is possibly (resp. never) promoted if the associated increases in poaching
wages just equal (resp. outweigh) output gains.17

Third, we show that a threshold schooling level k̂ exists such that an h type is promoted
only if her schooling level is at least k̂, i.e., f2(h; k) ∈ (0, 1) if k ≥ k̂ and f2(h; k) = 0 otherwise.
For workers with schooling above the threshold, as no l type is ever promoted, the market will
perceive anyone being promoted as an h type. Thus, as depicted in Figure 4, the poaching wage
for a manager is invariant to schooling. This then suggests that, as increases in poaching wages
just equal output gains, the poaching wage for a labor is also invariant to schooling. For workers
with schooling below the threshold, the poaching wage increases with schooling since, with no
prospect of being promoted, schooling will positively signal abilities to the market.

Claim 4. A threshold schooling level, k̂, exists such that an h type is promoted in period 2 only
if his or her schooling level is at least k̂, i.e., f2(h; k) ∈ (0, 1) if k ≥ k̂ and f2(h; k) = 0 otherwise.

For h types with non-zero prospect of being promoted (i.e., with schooling k ≥ k̂), Figure 4
also reflects the countervailing role of “promoted” and “schooling” as signals of abilities. Specifi-
cally, the poaching wage in period 2 to a labour with schooling k ≥ k̂ is invariant to schooling.
This suggests that the negative signal of “not being promoted” should exactly offset the positive
signal of “high schooling”. Thus, as a worker becomes more educated, the likelihood of “being
promoted” must increase (to balance the negative signal of “not being promoted” and the posi-
tive signal of “high schooling”). Put it differently, the promotion policy is biased towards more
educated workers.

Claim 5. For an h type with schooling above the threshold, his or her promotion prospect
increases in schooling, i.e., f2(h; k) increases in k for k ≥ k̂.

Finally, we show that firms will choose the retention policy with intensive screening. This is
mainly because, due to free entry, outside firms need to concede all future rents to recruit a new
hire. This leads to a high payoff to “exit” (i.e., moving to a new firm) in period 2, so the effective
“output less payoff to exit” in period 3 will outweigh that in period 2. As a consequence, firms
will use intensive screening to only retain workers with high utility.

17This stands in contrast to promotional signaling models with a continuum of abilities (Waldman, 1984a;
Bernhardt, 1995; Zábojník and Bernhardt, 2001; Golan, 2005; DeVaro and Waldman, 2012), where only employees
with abilities above a threshold level receive promotion in equilibrium. See Owan (2004) for a related model with
binary abilities, where firms also adopt a similar promotion policy in mixed strategies.
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Claim 6. For any worker, the retention policy conforms to the regime with intensive screening.

The next result summarizes the above findings concerning the personnel policy in equilibrium.

Proposition 1. In equilibrium, the personnel policy of firms features that,

(i) The promotion policy is efficient in period 3, whereby all l types are placed as labours and
all h types are placed as managers.

(ii) The promotion policy is inefficient in period 2, whereby all l types are placed as labours
and an h type is placed as managers only if his or her schooling is above the threshold level;
moreover, the promotion policy favors an h type with more schooling.

(iii) For any worker, the retention policy conforms to the regime with intensive screening,
whereby the cutoff for period 2 is strictly above the cutoff for period 3.

6 Nesting ILM and ELM Findings

In this section, we show that the equilibrium nests standard ILM findings (concerning the pay
and promotion pattern inside firms) and standard ELM findings (concerning the pay and mobility
pattern across firms). We also discuss the difference between our model and related models from
the ILM/ELM literature. The next section establishes standard, yet unexplained, findings on
the “interaction” of ILM and ELM (concerning effects of promotion on exit rates and effects of
entry routes on career paths).

6.1 Standard ILM findings

From the biased promotion policy in period 2 as described in Proposition 1, the equilibrium of
our model echoes empirical findings that highly educated workers are favored in the promotion
process (Lluis, 2005; Belzil and Bognanno, 2010; DeVaro and Waldman, 2012; Bognanno and
Melero, 2016).

Corollary 1. (Promotion inside firms.) Controlling for seniority and tenure, the promotion
prospect of a worker increases with his or her schooling.

As the promotion policy is efficient in period 3, our model further predicts that this promo-
tional favoritism towards more educated workers is most salient among junior/mid-aged workers
since, with adequate history of job separations and assignments, schooling will no longer serve
as signals of abilities among senior workers.

In addition, the equilibrium of our model captures two observations concerning the pay
structure inside firms. That is: (a) there is a pay gap across jobs (Baker, Gibbs, and Holmström,
1994a,b; McCue, 1996); (b) there is a pay dispersion within jobs (Baker, Gibbs, and Holmström,
1994a,b; Dato et al., 2016).
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Corollary 2. (Pay inside firms.) Controlling for seniority, tenure, and schooling,

(i) wages increase for workers being promoted, i.e., a pay gap across jobs;

(ii) wages vary among workers holding identical jobs, i.e., a pay dispersion within jobs.

Both results are driven by the hypothesis of asymmetric employer learning concerning abil-
ities. Specifically, due to promotional signaling, poaching wages will increase for workers being
promoted, which forces incumbent firms to also raise retention wages in equilibrium. Thus, there
is a pay gap across jobs. In addition, retention wages will be ability-contingent such that h types
will receive higher retention wages than l types. As not every h type is promoted in period 2,
the labour position will consist of both h types and l types. This then indicates a pay dispersion
within the labour position.18

Relation to existing ILM models

The logic above is analogous to standard promotional signaling models (Waldman, 1984a; Bern-
hardt, 1995; Zábojník and Bernhardt, 2001; Golan, 2005; DeVaro and Waldman, 2012). Note,
however, that there are two notable differences. First, our model predicts that some workers
change jobs across firms in equilibrium. This stands in sharp contrast to standard promotional
signaling models where the equilibrium features no worker turnover. Second, our model predicts
that some workers holding identical jobs will receive differential wages in equilibrium, whereas
wages are attached to jobs, and hence identical within jobs, in standard promotional signaling
models.

Specifically, in standard promotional signaling models incumbent firms can match (counter-
offer) poaching wages, so outsiders can raid a worker only when the poaching wage exceeds the
retention wage. This then leads to a winner’s curse type result that outsiders will offer a pay
equals the productivity at an outside firm of the worst worker with the same labor market signal.
Due to the return to tenure, incumbent firms will always out-bid outside firms by simply matching
poaching wages. Consequently, there will be no job separation in equilibrium. Moreover, wages
are attached to jobs, so there will be a pay gap across jobs, yet the pay is equal within jobs.

In contrast, our model predicts that some workers, in order to resample utility of working, will
separate from incumbent firms even though retention wages under-bid poaching wages. Thus,
by considering utility of working, our model enriches standard promotional signaling models in
two important aspects. That is, the equilibrium of our model not only captures a pay gap across
jobs but also features the coexistence of worker turnover and a wage dispersion within jobs.

18There are many models, yet with a different explanation, which also feature a wage dispersion within jobs.
For instance, Ricart-I-Costa (1988) and Golan (2009) consider settings where workers can offer contracts to firms
or bargain wages with firms, so firms will offer higher wages to more productive workers as failing to retain such
workers is more costly. With a different timing assumption that incumbent firms and outsider firms make offers
simultaneously, Li (2013) shows that turnover and a wage dispersion within jobs can coexist whenever outsider
firms randomize offers.
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6.2 Standard ELM findings

The hypothesis of asymmetric employer learning also indicates an “adverse selection” effect in
the labor market (Greenwald, 1986; Gibbons and Katz, 1991; Fan and DeVaro, 2015; Dato et al.,
2016) that low-ability workers are more likely to exit than high-ability workers.

Corollary 3. (The “adverse selection” effect.) Controlling for schooling and jobs, exit rates of
period 2 decline with abilities.

From the promotion policy in Proposition 1, the equilibrium of our model features reducing
information asymmetry over time. This is because the promotion policy becomes efficient in
period 3, so effectively there is no asymmetric information in period 3 since outsiders can perfectly
infer worker abilities through the promotion policy. The promotional policy in period 2 is,
however, inefficient. Consider an h type and an l type who are observationally equivalent to
outside firms—they hold identical jobs and schooling—and will receive equal poaching wages.
However, the h type will receive a higher retention wage and hence is less likely to exit than the
l type in period 2.

From the retention policy in Proposition 1, we can also derive the dynamics of job changes
across firms in equilibrium, which match stylized facts concerning the macroeconomic mobility
pattern of workers (Mincer and Jovanovic, 1981; Farber, 1994, 1998, 1999; Fallick and Fleischman,
2004). That is, (a) exit rates decline with tenure; (b) exit rates decline with seniority; (c) many
new jobs end early, and long-term employment relationships are common.

Corollary 4. (The mobility pattern across firms.) Controlling for schooling and jobs,

(i) incumbents are less likely to change jobs across firms than new hires in period 3;

(ii) some workers stay at the same firm in both period 2 and period 3;

(iii) workers are more likely to change jobs across firms in period 2 than in period 3.

For result (i) and (ii), incumbents are positively selected (concerning utility) and—even if
they may resample utility in period 3—are, on average, less mobile than new hires; in particular,
some will stay in both period 2 and period 3 if they do not resample utility in period 3. Result
(iii) holds since workers hold a higher cutoff for period 2 and hence are more mobile than workers
in period 3.

We also establish a “pay more for less” effect, with strong support in the empirical literature,
for recruiting from outside. That is, new hires receive a pay increase for changing firms across
firms (Bartel and Borjas, 1981; Mincer, 1986; Topel andWard, 1992; Keith and McWilliams, 1999;
Buchinsky et al., 2010), although their initial performances are poorer than incumbents (Baker,
Gibbs, and Holmström, 1994a; Bidwell, 2011; Van der Klaauw and Da Silva, 2011; Kauhanen
and Napari, 2012; Frederiksen, Halliday, and Koch, 2016).

18



Corollary 5. (The “pay more for less” effect.) Controlling for seniority, schooling, and jobs,
new hires initially produce lower outputs than incumbents, yet receive a pay increase for changing
jobs across firms.

Our model provides two explanations for under-performing new hires. First, some l-type new
hires, who have not received promotion at incumbent firms, may be misplaced as managers at
new firms in period 2—since new firms place new hires based upon the market belief—and hence
will under-perform incumbents. Second, even new firms make correct placement of new hires,
incumbents will still out-perform new hires due to the return to tenure.

The wage increase for changing jobs across firms is driven by both intensive screening and
under-bidding. On one hand, intensive screening indicates that incumbent firms lower retention
wages in period 2 to weed out the workers with low utility and lower retention wages in period 3
to exploit information rents from the workers with high utility. On the other hand, with disperse
values of utility, how much a worker likes a job (i.e., non-financial aspects of working) becomes
more important relative to the pay (i.e., financial aspects of working) in the mobility decision.
As a consequence, incumbent firms will under-bid outside firms by offering retention wages below
poaching wages.

Relation to existing ELM models

The analysis of job changes across firms is remarkably fruitful in macro-labor models such as
job search (Mortensen, 1986; Mortensen and Pissarides, 1999; Rogerson and Shimer, 2011) and
job matching (Jovanovic, 1979). In particular, standard job-search models consider jobs as
“inspection” goods, where workers sequentially sample wage offers from a given distribution. In
contrast, standard job-matching model consider jobs as “experience” goods, where workers sample
productivity-related match qualities and firms gradually detect match qualities of workers from
their output performances.

Overall, macro-labor models can nicely capture the macroeconomic pattern concerning job
changes across firms in Corollary 4. Our model differs from standard macro-labor models in two
aspects. First, utility of working is an “experience” good at an outside firm and an “inspection”
good at the incumbent firm. Second, utility of working is privately experienced by workers,
so firms use dynamic screening to infer the match quality of utility. As a consequence, the
sharing rule between firms and workers—the retention policy in equilibrium—is endogenous and
non-fixed over time. In this regard, our model enriches standard macro-labor models, whereby
job-search models abstract away from the retention policy and job-matching models presume
some fixed sharing rules.19

19In a survey paper, Lazear and Oyer (2013) point out that the personnel policy of firms is often treated as a
black box in standard macro-labor models.
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The logic behind Corollary 4 is also closely related to the switching-cost approach (Blumen,
Kogan, and McCarthy, 1955; Farber, 1994), whereby employees each endows some idiosyncratic
cost for changing jobs across firms. As new hires are over-represented by those with relatively low
switching costs, employees who have repeatedly changed firms will have a greater propensity to
quit again in the future. In contrast, our model considers retention wages as dynamic screening
mechanisms to weed out workers with low utility of working. Furthermore, utility of working
is a firm-specific match quality, as opposed to an individual-specific parameter concerning the
switching cost.

As to Corollary 5, the impact of job mobility on earnings growth is the subject of many
macro-labor models. For instance, in Postel-Vinay and Robin (2002) and Bagger et al. (2014)
firms could renegotiate piece-rate wages with employees who obtain more attractive poaching
offers. Since more productive firms end with retaining existing workers or poaching new workers,
employees will capture a wage growth in equilibrium for changing jobs across firms. In contrast,
the pay increase for changing jobs across firms in our model does not hinge upon heterogeneity
of production technology across firms. Rather, even with completely homogeneous firms, the
retention strategy of incumbent firms—intensive screening and under-bidding—can rationalize
the earning growth for job movers.

7 “Interaction” Findings

We have seen that the equilibrium of our model nests standard ILM and ELM findings. In this
section, we further explore how the equilibrium of our model speakers to two sets of “interaction”
findings with strong support in the empirical literature. One concerns effects of promotion on exit
rates, and the other is about effects of entry routes on career paths and workforce compositions.

Effects of promotion on exit rates

To begin with, we examine effects of promotion on exit rates.

We find a negative relationship between promotion and exit rates (Carson et al., 1994; Trevor,
Gerhart, and Boudreau, 1997; Saporta and Farjoun, 2003).

Corollary 6. (Effect of promotion on exit rates.) Controlling for tenure, seniority, and school-
ing, workers becomes less likely to exit after being promoted.

This result directly follows from the “adverse selection” effect in Corollary 3. That is, workers
being promoted are purely h types, who will be less mobile relative to those not being promoted.
As depicted in Figure 5, the efficient promotion policy in period 3 suggests that all h types are
placed as managers in period 3, and thus will be less mobile than all l types being placed as
labours. Figure 5 also indicates that l types are more mobile than h types in period 2. Thus,
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Figure 5: Exit rates in equilibrium.

despite the inefficient promotion policy in period 2, labours—consisting of both h types and l

types—will be on average more mobile than managers.

We also establish a “fast-track exit” effect (Baker, Gibbs, and Holmström, 1994a; Treble
et al., 2001; Van der Klaauw and Da Silva, 2011). That is, those being promoted sooner are
more mobile than those being promoted later.20

Corollary 7. (The “fast-track exit” effect.) Controlling for schooling, a worker being promoted
in period 2 is more likely to exit than a worker being promoted in period 3.

This result is driven by intensive screening, where the cutoff for period 2 is higher than that
for period 3. Specifically, Figure 5 suggests that—as a consequence of the promotion policy in
mixed strategies as described in Proposition 1—the exit rate of an h-type manager equals that of
an h-type labour in period 2. As exit rates decline with seniority (due to intensive screening as
described in Corollary 4), an h type being promoted in period 3 will be less inclined to changes
jobs across firms than an h type being promoted in period 2.

Effects of entry routes on career paths and workforce compositions

We then examine effects of entry routes on career paths.

20It is worth noting that Baker, Gibbs, and Holmström (1994a,b) also document a “fast-track promotion”
effect that workers being promoted early are more likely to be promoted later. One can extend our model to
consider three job levels (e.g., labour, mid manager, top manager). Although we have not formally proved it,
we conjecture that such extension can generate the “fast-track promotion” effect due to the positive selection (in
terms of abilities) of workers over time.
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Corollary 8. (Effects of entry routes on career paths.) Controlling for seniority, schooling, and
jobs,

(i) new hires are subsequently more likely to exit than incumbents;

(ii) new hires are subsequently less likely to be promoted than incumbents.

Result (i) reiterates the mobility pattern across firms in Corollary 4, where new hires are
(subsequently) more likely to exit than incumbents. This finding also matches the documented
positive serial correlation in job-separation rates (Baker, Gibbs, and Holmström, 1994a; Treble
et al., 2001; Bidwell, 2011; Van der Klaauw and Da Silva, 2011).

Result (ii) is due to the “adverse selection” effect in Corollary 3. Specifically, among workers
not being promoted in period 2, new hires have a lower promotion prospect in period 3 than
incumbents (Baker, Gibbs, and Holmström, 1994a; Treble et al., 2001; Chan, 2006; Oyer, 2007;
Bidwell, 2011; Kauhanen and Napari, 2012) because the former is more represented by l types
than the latter.

Note that our model does not address the recruitment choice between external candidates
and incumbents, which is the main focus of many ILM studies. For instance, Malcomson (1984)
and Chan (1996) consider models where—because opening up a position to external candidates
weakens the promotion prospect and hence the motives of incumbents—employers handicap
external hiring so that insiders are favored for promotion.21 In contrast, our model abstracts
away from the motivational role of promotion. Rather, due to the “adverse selection” effect, job
movers consist of more l types than job stayers, so from an efficient-sorting (selection) perspective,
more job stayers will receive promotion than job movers.

Finally, we establish that new hires are in general observationally stronger (e.g., being more
educated) than incumbents (Baker, Gibbs, and Holmström, 1994a; Bidwell, 2011; Kauhanen and
Napari, 2012; DeVaro, Kauhanen, and Valmari, 2019).

Corollary 9. (Effects of entry routes on workforce composition.) Controlling for seniority and
jobs, new hires are more educated than incumbents.

This result can be viewed from exit rates as depicted in Figure 5. That is, controlling
for jobs and abilities, exit rates of period 3 are invariant to schooling, whereas exit rates of
period 2 (weakly) increase with schooling. Specifically, the efficient promotion policy in period
3 indicates that schooling will no longer signal abilities. Thus, regardless of schooling, workers
holding identical jobs will receive the same poaching wage and hence are equally likely to exit in
period 3. By contrast, due to the inefficient promotion policy in period 2, schooling will signal

21In the same spirit, DeVaro and Morita (2013) and Ke, Li, and Powell (2018) show that both firm sizes and
spans of control can impact on the recruitment choice between new hires and incumbents and the extent of insider
bias for promotion. Waldman (2003) points out that the dual role of promotion—incentives for lower-level workers
versus sorting of high-ability workers to high-level jobs—poses a time-inconsistent problem, which can rationalize
firms’ commitment to internal promotion.
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abilities of workers not being promoted (i.e., labours). Thus, labours who are more educated will
receive higher poaching wages and hence are more likely to exit in period 2.

The observation that exit rates of period 2 (weakly) increase with schooling then suggest
that new hires will be more educated than incumbents in period 2. Despite of the observation
that exit rates of period 3 are invariant to schooling, new hires will still be more educated than
incumbents in period 3. This is because, in period 2, job stayers are already over-represented by
less educated workers than job movers. Then, in period 3, we know from the mobility pattern
in Corollary 4 that many job stayers will also stay in period 3, which drags down the overall
education attainments among incumbents.

Key messages

In short, we find that promotional signaling and intensive screening—which arise in equilibrium
due to asymmetric employer learning of abilities and private information of utility—are crucial
in driving the above two sets of “interaction” findings. As existing models are, however, silent to
the “interaction” of the internal and external labor markets, we are the first to use an integrative
approach to offer an explanation to these “interaction” findings.

Most importantly, our model can capture three broad sets of empirical findings in a single
setting. That is, (1) standard ILM findings (concerning the pay and promotion pattern inside
firms); (2) standard ELM findings (concerning the pay and mobility pattern across firms); (3)
standard, yet unexplained, findings on the “interaction” of ILM and ELM (concerning effects
of promotion on exit rates and effects of entry routes on future career paths and workforce
compositions). In this regard, our model offers a micro-foundation for how the personnel policy
of firms—promotion and retention—shapes worker careers with job changes both inside and
across firms.

8 Conclusion

This paper takes a step towards bridging the theory of internal labor market (ILM) and external
labor market (ELM) by studying an integrative framework with job changes both inside and
across firms. In particular, we consider a dynamic model, whereby firms use retention and
promotion as the personnel policy to positively select the workforce (workers) concerning both
utility of working and abilities. The equilibrium captures three sets of empirical findings in a
single setting. That is, (1) standard ILM findings (concerning the pay and promotion pattern
inside firms); (2) standard ELM findings (concerning the pay and mobility pattern across firms);
(3) standard, yet unexplained, findings on the “interaction” of ILM and ELM (concerning effects
of promotion on exit rates and effects of entry routes on career paths and workforce compositions).

We hope to have shown how a partnership of utility of working and worker abilities can be
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used to obtain a deeper understanding of the personnel policy and labor market phenomena.
Hopefully, more works will pursue this two-way interaction. There are several interesting direc-
tions for future research. First and foremost, we consider utility of working as how much a worker
likes his or her job, which changes over time according to some exogenous stochastic process.
That is, utility either remains unchanged with probability q or resamples with probability 1− q.
One can develop more sophisticated models whereby the stochastic process will depend on the
internal structure of firms and/or workforce compositions. Second, our analysis has confined to
the simplest possible case where firms are completely homogeneous. One can enrich our model to
allow heterogeneous spans of control and production technology. A promising direction is to en-
rich the market-based tournament (Zábojník and Bernhardt, 2001)—where firms use promotion
to incentivize employees and the prize spread for promotion is market determined—with utility
of working. Third, we only consider job changes along the job ladder inside single-divisional
firms. One can adapt our model to also examine lateral moves inside firms, where employees
may resample utility of working upon moving to a new division inside multi-divisional firms.
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A Technical Details for the Simplified Game

A.1 The retention strategy

We first state an auxiliary result. Consider an optimization problem, φ(r) = maxη[1−G(η)](r+

η), where r is some constant. Denote the FOC as Φ(η̂) ≡ 1−G(η̂)
g(η̂) −η̂ = r. Note from d g(η)

1−G(η)/dη ≥
0 (since G is log-concave) that the FOC is strictly decreasing, so η̂ = Φ−1(r) is unique. The
Inverse Function Theorem then suggests that dη̂/dr = dΦ−1(r)/dr = [dΦ (η̂) /dη̂]−1 < 0.

Lemma A1. η̂ = Φ−1(r) is unique and decreases in r.

In what follows, we formally study the retention strategy for a period-2 hire and a period-1
hire.

A.1.1 The retention strategy for a period-2 hire

For a period-2 hire, the retention strategy is as follows. In period 3, a period-2 hire is retained
whenever her payoff to stay exceeds the payoff to exit, i.e., wm3 + η3 ≥ em3 , so the cutoff is
η̂m3 = em3 − wm3 for period 3. Note that, regardless of whether utility is resampled or not, utility
distribution for a period-2 hire is G in period 3. That is, the probability of “move” is given by
Pr{η3 ≤ em3 − wm3 } = qPr{η3 = η2 ≤ η̂m3 } + (1 − q) Pr{η3 ≤ η̂m3 } = G(η̂m3 ). The firm offers a
retention wage wm3 to maximize the expected profit

πm3 = max
wm3

Pr{η3 ≥ em3 − wm3 }(ym,s3 − wm3 ) = max
η̂m3

[1−G(η̂m3 )][ym,s3 − (em3 − η̂m3 )],

so the cutoff and expected profit are, respectively, η̂m3 = Φ−1(ym,s3 − em3 ) and πm3 = φ(ym,s3 − em3 ).

Lemma A2. For a period-2 hire, the cutoff for period 3 is η̂m3 = Φ−1(ym,s3 − em3 ).

A.1.2 The retention strategy for a period-1 hire

For a period-1 hire, the retention strategy is as follows. Since the utility distribution for a stayer
in period 2 is left truncated, there are two possible cases (regimes)—η̂2 ≤ Φ−1(ys,s3 − es3) or
η̂2 > Φ−1(ys,s3 − es3) where Φ−1(ys,s3 − es3) is the benchmark cutoff—as depicted in the Figure
below. Notice that the regime with intensive screening features a higher cutoff in both period 2
and period 3 than the regime with non-intensive screening.
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utility

move in period 2

stay in period 2 and
move in period 3 (if

utility is not resampled)

stay in period 2 and
stay in period 3 (if

utility is not resampled)

η η̂2 η̂s
3 η̄

Case with η̂2 ≤ Φ−1(ys,s3 − es3) (regime with non-intensive screening)

utility

move in period 2

stay in period 2 and
stay in period 3 (if

utility is not resampled)

η η̂s
3 η̂2 η̄

Case with η̂2 > Φ−1(ys,s3 − es3) (regime with intensive screening)

Case with η̂2 ≤ Φ−1(ys,s3 − es3).

Solving the game backward, we first consider retention in period 3. The payoff to stay is ws3 + η3

and the payoff to exit is es3, so the cutoff is η̂s3 = es3−ws3 for period 3. The firm offers a retention
wage ws3 to maximize the expected profit

πs3 = max
ws3

q ·
Pr{η3=η2≥es3−ws3|η2≥η̂2}=

1−G(η̂s3)

1−G(η̂2)︷ ︸︸ ︷
Prob. of "stay" in period 3
if utility is not resampled

+(1− q) ·

Pr{η3≥es3−ws3}=1−G(η̂s3)︷ ︸︸ ︷
Prob. of "stay" in period 3

if utility is resampled

 (ys,s3 −ws3)

= max
η̂s3

[
q

1−G(η̂2)
+ (1− q)

]
[1−G(η̂s3)][ys,s3 − (es3 − η̂s3)].

Thus, the firm will implement a cutoff coincidences with the benchmark cutoff in period 3, i.e.,
η̂s3 = Φ−1(ys,s3 − es3), and the expected profit is πs3 =

[
q

1−G(η̂2)
+ (1− q)

]
φ(ys,s3 − es3).

We then consider retention in period 2. Consider a worker with cutoff utility, η̂2, in period
2. If utility is not resampled, she will exit in period 3 since her utility is below the cutoff, i.e.,
η3 = η̂2 ≤ η̂s3 = Φ−1(ys,s3 − es3), so her period-3 payoff is given by es3; if utility is resampled,
she will stay in period 3 whenever her resampled utility is above the cutoff, i.e., η3 ≥ η̂s3, so her
period-3 payoff is given by

ws3 +

∫
η≥η̂s3

ηdG(η) = ws3 + η̂s3 +

∫
η≥η̂s3

η − η̂s3dG(η) = es3 + ϕ(η̂s3).
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Thus, the expected payoff to stay is

w2+η2︷ ︸︸ ︷
Period-2 payoff+δ

q ·
es3︷ ︸︸ ︷

Period-3 payoff if utility
is not resampled

+(1− q) ·

es3+ϕ(η̂
s
3)︷ ︸︸ ︷

Period-3 payoff if utility
is resampled

 ,

and the payoff to exit is e2, so the cutoff is given by η̂2 = e2 − [w2 + δes3 + δ(1 − q)ϕ(η̂s3)] for
period 2. The firm offers a retention wage w2 to maximize the expected profit

π2 = max
w2

Pr{η2 ≥ η̂2}(ys2 − w2 + δπs3)

= max
η̂2

[1−G(η̂2)]

ys2 − [e2 − δes3 − δ(1− q)ϕ(η̂s3)− η̂2]︸ ︷︷ ︸
=w2

+δ(1− q)φ(ys,s3 − es3)

+δqφ(ys,s3 −es3),

so the cutoff and expected profit are, respectively,

η̂2 = Φ−1 (ys2 − e2 + δes3 + δ(1− q)[ϕ(η̂s3) + φ(ys,s3 − es3)]) ,
π2 = φ (ys2 − e2 + δes3 + δ(1− q)[ϕ(η̂s3) + φ(ys,s3 − es3)]) + δqφ(ys,s3 − es3).

Since η̂2 ≤ Φ−1(ys,s3 −es3), it must hold that ys2−e2+δes3+δ(1−q)[ϕ(η̂s3)+φ(ys,s3 −es3)] ≥ ys,s3 −es3.

Case with η̂2 > Φ−1(ys,s3 − es3).

The analysis is analogous to above case. In period 3, the firm offers a retention wage ws3 to
maximize the expected profit

πs3 = max
ws3

q ·
Pr{η3=η2≥es3−ws3|η2≥η̂2}=1︷ ︸︸ ︷

Prob. of "stay" in period 3
if utility is not resampled

+(1− q) ·

Pr{η3≥es3−ws3}=1−G(η̂s3)︷ ︸︸ ︷
Prob. of "stay" in period 3

if utility is resampled

 (ys,s3 −ws3)

= max
η̂s3

[1− (1− q)G(η̂s3)][ys,s3 − (es3 − η̂s3)].

As the stayers of period 2 are positively selected (in terms of utility), the firm will implement
a slightly higher cutoff than the benchmark cutoff in period 3, i.e., η̂s3 = Φ−1q (ys,s3 − es3) >

Φ−1(ys,s3 − es3) and the expected profit is πs3 = φq(y
s,s
3 − es3).

We then consider retention in period 2. Consider a worker with cutoff utility, η̂2, in period
2. If utility is not resampled, she will stay in period 3 since her utility is above the cutoff, i.e.,
η3 = η̂2 > η̂s3 = Φ−1q (ys,s3 − es3), so her period-3 payoff is given by ws3 + η2 = es3− η̂s3 + η2; if utility
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is resampled, she will stay in period 3 whenever her resampled utility is above the cutoff, i.e.,
η3 ≥ η̂s3, so her period-3 payoff is given by es3 + ϕ(η̂s3). Thus, the expected payoff to stay is

w2+η2︷ ︸︸ ︷
Period-2 payoff+δ

q ·
es3−η̂s3+η2︷ ︸︸ ︷

Period-3 payoff if utility
is not resampled

+(1− q) ·

es3+ϕ(η̂
s
3)︷ ︸︸ ︷

Period-3 payoff if utility
is resampled

 ,

and the payoff to exit is e2, so the cutoff is given by (1+δq)η̂2 = e2−{w2+δ[es3−qη̂s3+(1−q)ϕ(η̂s3)]}
for period 2. The firm offers a retention wage w2 to maximize the expected profit

π2 = max
w2

Pr{η2 ≥ η̂2}(ys2 − w2 + δπs3)

= max
η̂2

[1−G(η̂2)]

ys2 − [e2 − δes3 + δqη̂s3 − δ(1− q)ϕ(η̂s3)− (1 + δq)η̂2]︸ ︷︷ ︸
=w2

+δφq(y
s,s
3 − es3)

 ,

so the cutoff and expected profit are, respectively,

η̂2 = Φ−1
(
(1 + δq)−1 [ys2 − e2 + δes3 − δqη̂s3 + δ(1− q)ϕ(η̂s3) + δφq(y

s,s
3 − es3)]

)
,

π2 = (1 + δq)φ
(
(1 + δq)−1 [ys2 − e2 + δes3 − δqη̂s3 + δ(1− q)ϕ(η̂s3) + δφq(y

s,s
3 − es3)]

)
.

Since η̂2 > Φ−1(ys,s3 − es3), it must hold that (1 + δq)−1[ys2 − e2 + δes3 − δqη̂s3 + δ(1 − q)ϕ(η̂s3) +

δφq(y
s,s
3 −es3)] < ys,s3 −es3 or ys2−e2+δes3+δ(1−q)ϕ(η̂s3)+δ[φq(y

s,s
3 −es3)−q(ys,s3 −es3+η̂s3)] < ys,s3 −es3,

which reduces to ys2 − e2 + δes3 + δ(1− q)[ϕ(η̂s3) + φ(ys,s3 − es3)] < ys,s3 − es3 since

φq(y
s,s
3 − es3)− q(ys,s3 − es3 + η̂s3) = [1− (1− q)G(η̂s3)](ys,s3 − es3 + η̂s3)− q(ys,s3 − es3 + η̂s3)

= (1− q)[1−G(η̂s3)](ys,s3 − es3 + η̂s3) < (1− q)φ(ys,s3 − es3).

The result below summarizes the retention strategy for a period-1 hire.

Lemma A3. For a period-1 hire, there are two regimes. That is, if

ys2 + δ(1− q)φ(ys,s3 − es3)︸ ︷︷ ︸
effective output in period 2

− {e2 − δ[es3 + (1− q)ϕ(η̂s3)}︸ ︷︷ ︸
effective payoff to exit in period 2

≥ ys,s3 − es3, (2)

cutoffs for period 2 and period 3 are, respectively,

η̂2 = Φ−1

(
ys2 + δ(1− q)φ(ys,s3 − es3)− e2

+δ[es3 + (1− q)ϕ(η̂s3)]

)
≤ Φ−1(ys,s3 − es3) = η̂s3; (non-intensive screening)
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otherwise, cutoffs for period 2 and period 3 are, respectively,

η̂2 = Φ−1

(
(1 + δq)−1

[
ys2 + δφq(y

s,s
3 − es3) + e2

+δ[es3 + (1− q)ϕ(η̂s3)− qη̂s3]

])
> Φ−1q (ys,s3 − es3) = η̂s3.

(intensive screening)

To understand the above result, consider the regime with non-intensive screening. For a
worker with cutoff utility, η̂2, in period 2, she will stay in period 3 if her resampled utility
is above the cutoff, η̂s3, and she will move otherwise. Thus, the effective output in period 2 is
ys2+δ(1−q)φ(ys,s3 −es3), where (1−q)φ(ys,s3 −es3) reflects the expected profit in period 3. Likewise,
the effective payoff to exit in period 2 is e2−δ[es3+(1−q)ϕ(η̂s3)], where es3+(1−q)ϕ(η̂s3) captures
the expected payoff in period 3 that the worker will forgo if she moves in period 2. Then, the
condition in (2) suggests that the equilibrium regime features non-intensive screening if and only
if the effective “output less payoff to exit” of period 2 outweighs that of period 3.

A.2 The equilibrium regime: intensive screening vs. non-intensive screening

Finally, we embed the above analysis in a labor market, where multiple firms—all being identical—
compete for worker services. As a consequence, the effective payoff to exit is given by the expected
payoff to “working at a new firm”. Specifically, the effective payoff to exit in period 3 is es3 = vs3

for a period-1 hire (i.e., a stayer) and em3 = vm3 for a period-2 hire (i.e., a mover), while the effec-
tive payoff to exit in period 2 is e2 = v2 + δ[vm3 + ϕ(η̂m3 )] for a period-1 hire, where vm3 + ϕ(η̂m3 )

captures the expected payoff in period 3 that the worker will obtain if she moves in period 2. As
in Lemma A2 and Lemma A3, the result below summarizes the retention strategy in equilibrium.

Lemma A4. For a period-2 hire, the cutoff is η̂m3 = Φ−1(ym,s3 −vm3 ) for period 3. For a period-1
hire, there are two regimes. That is, if

ys2 + δ(1− q)φ(ys,s3 − vs3)− {v2 + δ[vm3 + ϕ(η̂m3 )]− δ[vs3 + (1− q)ϕ(η̂s3)]} ≥ ys,s3 − vs3, (3)

cutoffs for period 2 and period 3 are, respectively,

η̂2 = Φ−1

(
ys2 + δ(1− q)φ(ys,s3 − vs3)− {v2 + δ[vm3 + ϕ(η̂m3 )]}

+δ[vs3 + δ(1− q)ϕ(η̂s3)]

)
≤ Φ−1(ys,s3 − vs3) = η̂s3;

otherwise, cutoffs for period 2 and period 3 are, respectively,

η̂2 = Φ−1

(
(1 + δq)−1

[
ys2 + δφq(y

s,s
3 − vs3)− {v2 + δ[vm3 + ϕ(η̂m3 )]}

+δ[vs3 + (1− q)ϕ(η̂s3)− qη̂s3]

])
> Φ−1q (ys,s3 − vs3) = η̂s3.

By inspection of both regimes, we find that cutoffs will be determined by “output less poaching
wage” in equilibrium. That is, η̂2, η̂s3, and η̂m3 are just functions of ys2−v2, ys,s3 −vs3, and ym,s3 −vm3 .
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B Technical Details for the (Full) Game

B.1 The parametric restriction

Define r as the value of “output less poaching wage”, φ(r) will capture the rents to incumbent
firms due to under-bidding. Assumption 1 then amounts to

n1(θ̂
−1 − 1) < δ[φ(n2θ̂

−1)− φ(n2)] < n2(θ̂
−1 − 1),

where the first inequality holds whenever G has a large support (and δ is not prohibitively
small) and the second inequality always holds (since the Envelope Theorem indicates that d[r−
δφ(r)]/dr = 1− δ[1−G(Φ−1(r))] > 0).

B.2 Proof of Proposition 1

From the claims in the main text, we can just focus on the promotion policy in period 2 concerning
an h type since no l type will ever be promoted and the promotion policy in period 3 is efficient.

We first establish the relationships of promotion policy, turnover rates, and market believes
in period 2. Since no l type will ever be promoted (i.e., f2(l; k) = 0), the market belief is updated
such that the expected ability of a new hire, with schooling k, who has been placed on job J2 is

λ2(k, J2) =


p(h|k)f2(h;k)M2(h;k,M)

p(h|k)f2(h;k)M2(h;k,M)+p(l|k)f2(l;k)M2(l;k,M) = 1 if J2 = M,

p(h|k)[1−f2(h;k)]M2(h;k,L)
p(h|k)[1−f2(h;k)]M2(h;k,L)+p(l|k)[1−f2(l;k)]M2(l;k,L)

= p(h|k)[1−f2(h;k)]M2(h;k,L)
p(h|k)[1−f2(h;k)]M2(h;k,L)+p(l|k)M2(l;k,L)

< 1 if J2 = L,

(4)

where M2(θ; k, J2) denotes the exit rate of this worker if his or her ability is θ.
This then suggests that a new hire, who has been placed as a manager (i.e., J2 = M), is

perceived as an h type since λ2(k, J2 = M) = 1, so the new firm will also place her as a manager
(i.e., J̃2(k,M) = M). Due to free entry, the poaching wage to a manager is given by

v2(k,M) = θ̂−1 + δφ(n2θ̂
−1), (5)

i.e., the sum of expected output in period 2 and expected rents in period 3. Likewise, a new
hire, who has been placed as a labour (i.e., J2 = L), is perceived as an h type with probability
λ2(k, L) < 1, so the new firm will place her as a manager (i.e., J̃2(k, L) = M) if λ2(k, L) ≥ θ̂

and as a labour (i.e., J̃2(k, L) = L) otherwise. Due to free entry, the poaching wage to a labour
is given by

v2(k, L) =

λ2(k, L)θ̂−1 + δ{φ(n2) + λ2(k, L)[φ(n2θ̂
−1)− φ(n2)]} if λ2(k, L) ≥ θ̂,

1 + δ{φ(n2) + λ2(k, L)[φ(n2θ̂
−1)− φ(n2)]} otherwise,

(6)
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i.e., the sum of expected output in period 2 and expected rents in period 3.

We can then use (4), (5), and (6) to analyze the promotion policy. Consider an (h, k) type
with non-zero probability of being promoted, i.e., f2(h; k) ∈ (0, 1). Since the promotion policy is
in mixed strategies, incumbent firms must be indifferent between placing an h type as a manager
and as a labour. This then indicates that output gains must equal increases in poaching wages,
i.e., (1 + n1)[x(h;M)− x(h;L)] = v2(k,M)− v2(k, L), so the poaching wage to a labour is given
by

v2(k, L) = v2(k,M)− (1 + n1)(θ̂
−1 − 1). (7)

Note from (5) and (7) that poaching wages, v2(k, L) and v2(k,M), are both invariant to schooling,
so exit rates,M2(l; k, L),M2(h; k, L), andM2(h; k,M) must be invariant to schooling (as depicted
in Figure 5). Moreover, the ratio of exit rates, M2(l;k,L)

M2(h;k,L)
, must be a constant.

By inspection of (6), the poaching wage to a labour, v2(k, L), is continuous in the belief,
λ2(k, L). Since v2(k, L) is invariant to schooling, λ2(k, L) must also be invariant to schooling.
That is λ2(k′, L) = λ2(k

′′, L) for ∀k′′ > k′ or

p(l|k′′)
p(h|k′′)

M2(l; k
′′, L)

M2(h; k′′, L)

1

1− f2(h; k′′)
=
p(l|k′)
p(h|k′)

M2(l; k
′, L)

M2(h; k′, L)

1

1− f2(h; k′)
,

which rewrites to

1− f2(h; k′′)

1− f2(h; k′)

M2(l; k
′, L)/M2(h; k′, L)

M2(l; k′′, L)/M2(h; k′′, L)︸ ︷︷ ︸
=1

=
p(l|k′′)/p(h|k′′)
p(l|k′)/p(h|k′)︸ ︷︷ ︸
<1 (due to MLRP)

⇒ 1− f2(h; k′′)

1− f2(h; k′)
< 1.

Consequently, the promotion policy is biased toward more educated h types, i.e., f2(h; k′′) >

f2(h; k′) > 0 for ∀k′′ > k′. Furthermore, the MLRP (i.e., d[p(h|k)/p(l|k)]/dk > 0) and p(h|k =

0) = 0 suggest that there exists a threshold schooling level, k̂, such that f2(h; k) > 0 if ∀k ≥ k̂

and f2(h; k) = 0 otherwise, i.e., the probability of being promoted is non-zero for an h type if
and only if his or her schooling level is at least k̂.

Finally, we verify that intensive screening is the retention policy in equilibrium. For the
simplified game in Figure 3, the equilibrium regime features intensive screening whenever the
condition in (3) holds, i.e.,

ys,s3 − vs3 > ys2 + δ(1− q)φ(ys,s3 − vs3)− {v2 + δ[vm3 + ϕ(η̂m3 )]− δ[vs3 + (1− q)ϕ(η̂s3)]}
= ys2 + δ(1− q)φ(ys,s3 − vs3)− {v2 + δ[vm3 − vs3 + ϕ(η̂m3 )− (1− q)ϕ(η̂s3)]}.

Note that the efficient promotion policy in period 3 indicates that vm3 = vs3, i.e., job movers
will receive equal poaching wages as job stayers since outside firms can perfectly infer abilities
through the efficient promotion policy in period 3. Moreover intensive screening (as described in
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Lemma A4) suggests that the cutoff for job stayers is greater than that for job movers, η̂s3 > η̂m3 ,
so it holds that ϕ(η̂s3) < ϕ(η̂m3 )⇒ (1− q)ϕ(η̂s3) < ϕ(η̂m3 ), i.e., the option value of “move” exceeds
the option value of “stay”. Thus, it suffices to verify that ys,s3 −vs3 > ys2−v2 + δ(1− q)φ(ys,s3 −vs3)

holds for every worker type in equilibrium.
Due to free entry, poaching wages are given by v2 = ym2 + δφ(ym,s3 − vm3 ), vs3 = ys,m3 , and

vm3 = ym,m3 , so the condition, ys,s3 − vs3 > ys2 − v2 + δ(1− q)φ(ys,s3 − vs3), is equivalent to

ys,s3 − ys,m3 > ys2 − ym2 − δφ(ym,s3 − ym,m3 ) + δ(1− q)φ(ys,s3 − ys,m3 ).

Note that ys,s3 − ys,m3 > ys2 − ym2 since outputs will increase over time whenever h types are
promoted and the return to tenure increases with seniority, while ym,s3 − ym,m3 = ys,s3 − ys,m3

suggests that φ(ym,s3 − ym,m3 ) > (1 − q)φ(ys,s3 − ys,m3 ). Thus, the above condition for intensive
screening will hold in equilibrium for every worker type.
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