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A Quantitative Theory of Information, Worker Flows,  
and Wage Dispersion†

By Amanda M. Michaud*

Employer learning provides a link between wage and employment 
dynamics. Workers who are selectively terminated when their  low 
productivity is revealed subsequently earn lower wages. If learning is 
asymmetric across employers, randomly separated high-productivity 
workers are treated similarly when hired from unemployment, but 
recover as their next employer learns their type. I provide empirical 
evidence supporting this link, then study whether employer learning 
is an empirically important factor in wage and employment dynam-
ics. In a calibrated structural model, learning accounts for 78 per-
cent of wage losses after unemployment, 24 percent of life-cycle 
wage growth, and 13 percent of cross-sectional dispersion observed 
in data. (JEL D83, E24, J23, J24, J31, J62)

What determines the growth of wages over a worker’s career? A body of liter-
ature has employed structural models to evaluate whether popular microeco-

nomic theories are each likely to contribute to the empirical wage dynamics in an 
important way. The most basic theories posit that wages grow as workers become 
more productive.1 Such productivity growth may be a consequence of broad human 
capital growth either by specific investment or as a side effect of experience.2 Other 
theories associate wage growth with employer changes. While this source of wage 
growth could too reflect higher productivity through better matches, the mere pres-
ence of competition precipitating job changes can also generate wage changes in 
absence of true productivity change.3 In this paper, I study whether an alternative 
theory, that of asymmetric employer learning, is an empirically important factor in 
understanding wage and employment dynamics.

1 Dynamic contracting offers an alternative view in which increasing tenure profiles addresses issues such as 
principal-agent problems (Lazear and Rosen 1981), provides insurance (Harris and Holmstrom 1982), or screens 
against adverse selection (Nickell 1976). 

2 Canonical works in human capital theory include Ben-Porath (1967), Becker (1975), Heckman (1976), and 
Mincer (1974). 

3 Jovanovic (1979) is the classic reference for employer matching, which has recently been extended to job 
or occupation matching based on skills (Guvenen et al. 2015 and Lise and Postel-Vinay 2015, among others). 
Competition generates wage changes in the job-ladder model of Burdett and Mortensen (1998) and the sequential 
auction model of Postel-Vinay and Robin (2002). 
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The motivation for considering the role of employer learning in wage dynamics is 
twofold. First, the mechanism through which employer learning generates life-cycle 
wage growth differs from some of the aforementioned theories. Wage growth or 
decline can occur even if a worker’s productivity does not change. Instead, wage 
changes are generated through changes in employers’ beliefs about a worker’s pro-
ductivity.4 As demonstrated by the theoretical model of Gibbons and Katz (1991), 
this can be particularly important for understanding wage dynamics associated 
with flows through unemployment.5 If low-productivity workers are more likely 
to become unemployed and both low and high-productivity workers are indistin-
guishable at first, then all workers hired from unemployment will receive low wages 
until their types are revealed to new employers.6 Second, the microeconometric 
literature has provided ample evidence in favor of the employer learning theory.7 
This paper complements these literatures by quantifying how employer learning at 
the  micro-level contributes to the empirical wage process, with a unique focus on 
dynamics following an unemployment spell. Additional empirical evidence support-
ing the importance of employer learning is provided by testing empirical predictions 
of a structural model.

I begin by building a structural model of employer learning suitable for quantita-
tive analysis. It features workers who differ in their permanent innate productivity, 
which is initially unobservable. Current employers learn their worker’s productivity 
over the course of the match. If a worker is revealed to be low productivity, the cur-
rent employer will select to terminate the match. All workers also face a risk of an 
exogenous, nonselective separation; for example, if an idiosyncratic shock causes 
their firm shutdown. Outside potential employers learn more slowly than current 
employers. Therefore, they do not know the reason a worker became unemployed: 
whether she was selectively terminated or separated exogenously at no fault of her 
own. As a result, unemployed workers of all types are hired at a low wage reflecting 
the lower average productivity of unemployed workers.8 Overtime, new employers 
learn the productivity of workers they hired from unemployment. Those found to 
be highly productive will eventually experience wage gains. Those found to be low 
productivity will be selectively terminated to unemployment yet again. Thus, the 
theory of employer learning has sharp predictions for subsequent wage and employ-
ment dynamics of workers separated to unemployment. It includes the hallmark of 
imperfect information: while these two paths diverge over time, all workers hired 
from unemployment are initially indistinguishable from one another.

4 This paper will show how learning about fixed productivity contributes to transitory wage dynamics and is not 
absorbed by individual fixed effects. 

5 Gibbons and Katz (1991) consider only the first separation, whereas I study how employer learning provides 
repeat separations for select workers. 

6 The implications of this theory for competition and monopsony rents through direct job-to-job changes will 
be similar to the sequential auction model of Postel-Vinay and Robin (2002), where employer changes precipitate 
wage changes beyond what can be inferred as changes in productivity. 

7 Evidence comes both from empirical tests as in Pinkston (2009) and Kahn (2013), among others, and also 
recently, through experiments as in Pallais (2014). 

8 This is similar in spirit to Lockwood (1991) who shows screening leads employers to avoid the long-term 
unemployed because selection in rehiring (versus firing in this paper) leads the long-term pool to be composed of 
less productive workers. 
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I provide evidence in support of this theory by testing its predictions related to 
wage and employment dynamics of workers separated to unemployment using the 
Panel Study of Income Dynamics (PSID). I consider unemployed workers who report 
they were individually separated to be more likely to have been selectively termi-
nated than those who report they were separated by “Firm Shut Down or Closure.”9 
Consistent with the theory, I find the initial wage losses of individually separated 
workers are statistically indistinguishable from workers separated by firm closure. 
Both groups experience wage losses of approximately 17 percent upon rehire when 
compared to similar continuously employed workers. Yet, workers separated by firm 
closure have insignificant wage losses by year 4, as opposed to individually termi-
nated workers who still earn significantly lower wages 15 years later. The data also 
support predictions for repeat unemployment spells. A worker who is individually 
terminated has more than double the likelihood of experiencing an individual termi-
nation in the following year whereas an observationally equivalent worker separated 
by firm closure has no higher risk.10 This further supports the presence of selective 
termination based on a fixed trait above, which can be explained as a causal impact 
of experiencing unemployment on future employment stability.

Having established support for the structural model, I use it to answer the main 
question: how does employer learning contribute to wage and employment dynam-
ics? I calibrate the model to match separation patterns observed in the PSID for 
a range of learning speeds supported by the microeconometric literature. In the 
median calibration, employer learning on its own accounts for 78 percent of the 
average wage losses following unemployment and replicates divergent paths of indi-
vidually separated (endogenously selected in the model) and those separated by 
firm shutdown (exogenously separated in the model). It also generates 24 percent 
of life-cycle wage growth and 13 percent of wage dispersion observed in the data.11 
I provide comparative statics to understand how the speeds of learning contribute 
to these results. For example, faster current employer learning generally increases 
cross-sectional wage dispersion, but has ambiguous effects on wage losses associ-
ated with unemployment.

These findings indicate that employer learning is an empirically relevant com-
ponent of wage and employment dynamics, particularly so for workers separated 
to unemployment. This is significant because this theory provides an unique inter-
pretation of the permanent “individual fixed effects” and transitory components of 
estimated empirical wage processes. While each worker’s productivity type is fixed, 
information available about an individual worker’s type is not. It is through this 
learning process that fixed productivity types have dynamic impacts on workers’ 
wages over the life cycle that are not controlled for by individual fixed effects in an 
empirical regression.12 The idea that unobservable fixed factors contribute to transi-
tory wage dynamics is meaningful for an array of applications in labor and macro-
economics that must take a stand on what drives wage dynamics. For example, the 

9 This strategy follows Gibbons and Katz (1991). 
10 All of these statements are based on regression analysis that control for differences in observable character-

istics across the two groups, such as industry, education, urban status, etc. (Section III). 
11 Robustness providing a range of values for different learning speeds is provided. 
12 I provide regressions on model generated data that include individual fixed effects to make this point. 
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degree of risk implied by wage scars following unemployment is lessened if unpro-
ductive workers anticipate they will likely be selectively separated. Furthermore, 
productivity loss associated with unemployment is as little as zero according to the 
information theory. This motivates researchers to revisit key questions related to 
unemployment flows under alternative calibrations of individuals’ risks and produc-
tivity dynamics associated with unemployment.13

I. Related Literature

The current paper pursues a goal that is distinct, but complementary to the empir-
ical literature conducting statistical tests of whether employer learning generates 
wage changes.14 It uses a structural approach to derive quantitative implications of 
employer learning for overall life-cycle wage growth and cross-sectional disper-
sion.15 The model extends prior theoretical work to provide a multi-period model 
suitable for quantitative analysis.16 It develops a simplified learning process and 
market structure that generates a tractable Bayesian Nash equilibrium and maintains 
flexibility in learning speed of both current and outside employers over an infinite 
horizon model.17

The mechanism through which employer learning generates employment and 
wage dynamics is similar in spirit to a subset of structural models with completely 
different micro-foundations. As in the job-ladder model of Burdett and Mortensen 
(1998) and the sequential auction model of Postel-Vinay and Robin (2002), mon-
opsony power allows current employers to pay workers less than their (expected) 
marginal products until certain frictions are overcome allowing the worker to 
increase their wage through outside offers. In Burdett and Mortensen (1998) and 
Postel-Vinay and Robin (2002), monopsony power is delivered by search frictions: 
there are outside employers willing to pay the worker more, but the worker and these 
employers cannot find one another. In this paper, monopsony power is delivered by 
information frictions. Outside employers can find workers, but imperfect informa-
tion can prevent a job change resulting in wages that depart from both expected and 
actual marginal product.18

13 Macro applications include everything from studying the welfare costs of business cycles (Krebs 2007) to 
the persistent effects of aggregate employment fluctuations on aggregate output (Ljungqvist and Sargent 1998). 
Particularly relevant policy questions include the evaluation of retraining programs, firing costs, efficient unemploy-
ment benefits, and more. The literatures on these questions are enormous. 

14 Altonji and Pierret (2001) find empirical support for employer learning by comparing specific aptitude 
test scores not observed by employers to wage patterns. Subsequent literature has attempted to measure learning 
speed (Lange 2007) and test for asymmetry in current and outside employers. Kahn (2013) finds it is asymmetric, 
Schönberg (2007) finds it is not. 

15 This contrast is explained in Pinkston (2009). He provides statistical tests of asymmetric employer learning 
in an auction framework including strategic behavior closest to the theory in this paper, but concludes that he “does 
not study the model’s implications for the wage distribution and how it evolves over time or for the probability of 
turnover, how it evolves, and what it implies for wage changes.” 

16 The theory in Gibbons and Katz (1991) that I build on is a three period model. Therefore, they do not examine 
speeds of wage growth and recovery following unemployment as in this paper. 

17 This provides quantitative flexibility in the transmission of employer learning to job mobility and wage 
growth while allowing employers to behave strategically, the crux of the micro theory literature. 

18 I will discuss how superior information of current employers provides monopsony power through a “lemons” 
market failure of the type studied in Akerlof (1970). 
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Finally, this paper relates to the emerging structural literature quantitatively eval-
uating theories of empirically documented “wage scars” following separation. In 
this paper, Jarosch (2014); and Burdett, Carrillo-Tudela, and Coles (2015) monop-
sony rents paid to the firm decrease during a continuous employment spell through 
 competition from outside firms, resulting in wage growth for the worker.19 A restart 
of this process following unemployment provides initial wage scars, but each theory 
requires additional ingredients to make scars persistent. In Jarosch (2014), this is 
provided by job heterogeneity: separated workers select new jobs with high exog-
enous separation rates. In the current paper, long-run divergence is provided by 
worker heterogeneity, which is initially unobservable. Burdett, Carrillo-Tudela, and 
Coles (2015) use both worker and job heterogeneity. They also implement a job-lad-
der model but consider a calibration in which workers are of two fixed types: low 
and high skilled, to generate dispersion in post-unemployment outcomes.

II. Model of Asymmetric Employer Learning

I construct a quantitative model of labor markets where wage and employer 
changes are driven by strategic interactions of workers and employers under asym-
metric learning. I begin with a static version of the game. I use it to intuit the equilib-
rium strategies of players and the qualitative predictions they deliver. I then present 
the infinite horizon model used for quantitative analysis.

A. Static Model

The world is populated by a unit measure of workers who are either currently 
matched or unmatched; and a large mass each of two-types of employers: incum-
bents and poachers. Incumbents are the employers currently matched with a worker. 
Poachers are outside potential employers looking to steal a currently matched 
worker. Unmatched workers are offered wages through Bertrand competition of 
many employers.20

Players.—Workers. Workers are characterized by fixed ability  i ∈ { ℓ, h}  , low or 
high, drawn independently across workers:  i = h  with probability  π ; and  i = ℓ  with 
probability  1 − π . Employers. Employers operate identical production technologies 
each employing a single worker. High-ability workers produce an output of one with 
any employer (  y h   = 1 ) and low-ability workers produce an output of zero (  y ℓ   = 0 ).

Actions.—Each period, incumbent and poaching employers submit a wage offer 
to currently matched workers. Denote poaching employers with a star. Wage offers 

19 This contrasts with theories of lost productivity growth accompanying unemployment, such as in Jung and 
Kuhn (2016), Ljungqvist and Sargent (1998), and Krolikowski (2017). 

20 Bertrand competition of identical outside employers is a modeling tool to restrict the set of equilibria used in 
the asymmetric learning literature in personnel economics. See Lazear and Oyer (2007) and, specifically, Waldman 
(1984). I omit formal proofs that Bertrand competition between identical poachers delivers wages that satisfy a zero 
expected profits condition because this is well known. 
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are subject to a wage floor (   w _   ) higher than each the flow utility of nonemployment 
(zero) and the output of a low-ability worker:21

• Incumbent action: offer a wage  w ∈ [ w _  ,  w ̅  ] .
• Poachers action: offer a wage   w   ∗  ∈ [ w _  ,  w ̅  ] .
• Worker action: quits to a poacher  (Q = 1)  or stays with incumbent  (Q = 0) .

Payoffs.—

• If the worker does not quit: the worker receives payoff  w , and the incumbent 
receives payoff   y i   − w .

• If the worker quits: the worker receives payoff   w   ∗  , and a randomly assigned 
poacher receives payoff   y i   −  w   ∗  .

Information.—A worker’s ability is her private information. The incumbent 
begins the game with a rational prior  p = π : the probability a random worker is 
the high-ability type. At the beginning of the period, a measure  d  of workers are 
randomly separated to unemployment (the match “shuts down”). Next, before wage 
offers are made, the incumbent learns their worker’s ability perfectly with proba-
bility  μ . If the incumbent learns their worker is high ability, they update their prior 
to  p = 1 . If they learn their worker is of low ability, the match is unproductive and 
the worker is separated to unemployment. A poacher’s rational prior about a worker 
is denoted as   p   ∗  . With probability  ν , each poacher is informed of the incumbent’s 
information and adopts the same prior as the incumbent.22 Otherwise, they are 
“uninformed” and only see if the worker is employed or unemployed. Uninformed 

poachers rationally adopt prior   p   ∗  =  p   e  =   (1 − d ) π  ____________  (1 − d ) (1 − μ(1 − π ))    , the probability a 

random employed worker is the high type. Poachers competing for an unemployed 

worker have rational prior   p   ∗  =  p   u  =   dπ _______ 
d + μ(1 − π )    , the proportion of unemployed 

that are the high type. Critically, all poaching employers have the same information 

about a worker, and the incumbent does not observe the action of the poachers or 
whether they are informed. The worker observes all actions, information, and states.

Beliefs and Strategies.—Strategy profiles are a mapping from a player’s state to 
their action, taking the strategies of other players as given.23 I consider pure strate-
gies defined as:24

21 In the dynamic model, the wage floor will prevent employers from offering contracts only the high type 
would accept. If such separating contracts exist (it depends on the parameterization), they would involve a wage 
starting below the flow value of the outside option of employment and increase over tenure. Since low-type work-
ers are more likely to be fired before they achieve wage increases with tenure, they would value the job less than 
high-type workers and could be separated. This is related to the single-crossing property in many applications of 
separating contracts with adverse selection. 

22 Crucially, poachers never have information about the worker that the incumbent does not. 
23 I drop typical notation including the strategy profile of other players as a notational convenience. 
24 Bertrand competition by the poachers yields a unique wage offer given their common information. This 

results in a one-to-one mapping from   p   ∗   to   w   ∗  . The incumbent plays a pure strategy, and so there is also a 
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  Incumbent w( p) ∈ [ w 
¯

  ,  w ̅  ],

 Poachers  w   ∗ (  p   ∗ ) ∈ [ w 
¯

  ,  w ̅  ],

 Worker  Q i   ( p,  p   ∗ ) ∈ { 0, 1} .

An incumbent rationally believes the poachers will play the informed wage offer 
with probability  ν  and the uninformed offer with probability  1 − ν . Informed poach-
ers know the wage the incumbent will offer since we only consider pure strate-
gies. Lastly, uninformed poachers have rational beliefs over the distribution of 
worker-incumbent matches they may meet according to the equilibrium distribution  
{  λ   e  ( p)}  of incumbent priors  p ∈ { π, 1} .25

A worker’s decision to accept a wage offer could potentially reveal information 
about their true type. As such, the employer whose offer the worker accepts updates 
their belief about the worker’s type based on their prior, the wage offer, and the fact 
the worker accepted it. Denote the Bayesian posterior as  B( p, w )  for the incumbent 
if the worker stays and   B   ∗ (  p   ∗ ,  w   ∗ )  for the poaching employer the worker joins if 
she quits.

Timing.—Workers begin life as new entrants matched with an incumbent employer. 
Nature randomly separates a share  d  of the workers to unemployment. If a worker is 
not separated, her incumbent learns her type with probability  μ . Workers revealed to 
be low type are chosen to be separated to unemployment by their employer. Poachers 
become informed of the type of a worker remaining employed with probability  ν .  
Next, incumbents and poachers simultaneously submit wage offers to employed 
workers. Workers choose whether to take a poacher's offer and quit or stay with the 
incumbent. Unemployed workers accept a wage offer from many Bertrand compet-
ing employers. Production takes place, players collect payoffs, and the game ends. 
The timing, actions, and payoffs are shown graphically in Figure 1.

DEFINITION 1 (Symmetric Perfect Bayesian Equilibrium—Static Model): An 
equilibrium  Φ  is a set of pure strategies: w( p) ∈ [   w 

¯
   ,   w ̅   ] wage offer of incumbent; 

  w   ⁎  (   p   ⁎  ) ∈ [   w 
¯

   ,   w ̅   ] wage offer of poachers;   Q i   ( p,  p   ∗  ) ∈ { 0, 1}  quit strategies of 
workers26; posterior belief functions  B( p,  w ′  ) ∈ [ 0, 1 ]  and   B   ∗ (  p   ∗  ,  w   ∗  ) ; measures 
 {  λ   e  ( p)}  of workers with incumbent prior  p ; and   λ   u   proportion of unemployed that 
are high type such that, given exogenous parameters  Θ :

• Strategies are sequentially rational given  Φ .
• Priors are consistent with equilibrium distributions.
• Posteriors are Bayesian where possible.27

one-to-one  mapping from  p  to  w . Together, this allows the state of the worker to be summarized by the priors  ( p,  
p   ∗  )  , omitting  w  and   w   ∗   as redundant. 

25 Since incumbents are rational, the true distribution of types is correctly summarized by the prior. 
26 The definition of a symmetric equilibrium is that all agents within one type play the same strategy. 
27 I define off-path beliefs to be consistent with the limit of the workers’ forced mixed strategies: 

  lim ϵ→0    Q iϵ   , where   Q iϵ   ∈ [ ϵ, 1 − ϵ ] . However, this equilibrium can be supported by alternative equilibrium 
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• Distributions  {  λ  i  e  ( p)}  and   λ   u   are consistent with parameters and optimal 
strategies.

• The worker stays with the incumbent when she is indifferent.28

Equilibrium Characterization.—Static Game. The equilibrium, to be verified, is 
characterized as:

Incumbent:  w( p) = min  {  p, min {  w   ∗ ( p),  w   ∗ (  p   e   )}};  the incumbent wage equals 
the minimum of the informed and uninformed poacher’s offers up to the worker’s 
expected output.

Poachers:
 • Informed:   w   ∗ ( p) = p ; the informed poachers pay a wage equal to the 

 worker’s expected output.
 • Uninformed:   w   ∗ (  p   e  ) =  min  p∈      { w( p)} ; the uninformed poachers pay the 

lowest incumbent wage offered in the economy.

Workers: For all  i ∈ { ℓ, h} :   Q i   ( p,  p   ∗ ) = 1  if and only if   w   ∗ (  p   ∗ ) > w( p) .  
Workers of each type play the same strategy (pooling): quit if the poachers’ wage is 
higher than the incumbent’s.

I now verify these strategies are an equilibrium. The strategy of the workers is 
obvious. Taking others’ strategies as given, they maximize their payoff by choosing 
the highest offered wage. The strategy of informed poachers is set by Bertrand com-
petition. They offer a wage that leaves them zero expected profits.29

Incumbents know poachers will play one of two wages: informed   w   ∗ ( p)  with prob-
ability  ν  or uninformed   w   ∗ (  p   e  )  with probability  1 − ν . Given the worker’s strategy 
to accept the highest wage offer, the incumbent will keep the worker if they match 
or beat the poachers’ offer. Informed poachers share the incumbent’s information 
and Bertrand compete any potential profits to zero, leaving no opportunity for the 
incumbent to profit. The incumbent only has an opportunity to earn positive profits if 
poachers are uninformed and offer a wage less than the expected output:   w   ∗ (  p   e  ) < p .  
In this case, the incumbent will choose  w( p) =  w   ∗ (  p   e  ) . They offer the worker as 
little as possible to keep the worker from the uninformed poacher and earn profits  
p −  w   ∗ (  p   e  ) > 0  if poachers are uninformed and zero if they are informed.

PROPOSITION 1: The incumbent’s strategy is characterized as matching the mini-
mum poacher offer conditional on it being less than the incumbent’s expectation of 
the worker’s output:

(1)  w( p) =  min  
 
 
 
   {  p,  min  

 
 
 
   {  w   ∗ ( p) ,  w   ∗ (  p   e  )}} .

 refinements including Cho-Kreps Intuitive Criterion, Sequential Equilbrium as Kreps and Wilson, and is the limit 
of Control Cost equilibria as Selton. 

28 To prevent equivalent wage paths' dynamics with superfluous turnover. 
29 Bertrand competition follows from the assumption that there are many identical poachers, all sharing the 

same information and production technologies. 
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PROOF:
The incumbent’s expectation of the worker’s productivity is  p . Informed poach-

ers play   w   ∗ ( p) = p . Then any  w >  w   ∗ ( p)  cannot be optimal; the incumbent will 
earn negative profits. If   w   ∗ ( p) >  w   ∗ (  p   e  )  , the incumbent will keep the worker if the 
poachers are uninformed (probability  1 − ν ) if they pay any  w ∈ [ w   ∗ (  p   e ),  w   ∗ ( p)] . 
This yields an expected profit   max  w∈[ w   ∗ (  p   e ),  w   ∗ ( p)]       (1 − ν)[ p − w] . Clearly, the maxi-
mizing solution is  w( p) =  w   ∗ (  p   e ).  ∎

When uninformed poachers Bertrand compete, they offer a wage that yields zero 
expected profits conditional on the type of worker who accepts it. Given the strat-
egy of workers, they will only successfully poach a worker if they offer a wage 
higher than the incumbent. The superior information of the incumbent leads to a 
classic “lemons” problem. The incumbent’s optimal strategy is to match offers up 
to the worker’s expected output. Therefore, if poachers offer a higher wage than the 
incumbent, they will get the worker at a price greater than her expected output. In 
equilibrium here, as well as in the dynamic game, the uninformed poachers offer the 
lowest incumbent wage offered in the entire economy and never poach any workers 
to avoid overpaying; a typical “lemons market failure.”30

30 See the seminal paper Akerlof (1970). 
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Figure 1. Possible Outcomes for Low- and High-Ability Types

Notes: Workers have full information about the node that defines them and chose whether to quit or stay. Equilibrium 
wage outcomes (verified below) are shown. If the incumbent has imperfect information (top branch), each type is 
treated identically, but if the incumbent learns (middle branch), outcomes of the two types differ. Inferior infor-
mation of outside employers provides identical outcomes to exogenously separated high types as those low types 
selectively separated when their past employer learned. However, in the repeated game of the next section, high-
type workers can recover to high wages as their next incumbent employer and poachers learn their type, whereas 
this path is not available to low types who will be selectively separated when their next employer learns their type 
(Figure 3).



VOL. 10 NO. 2 163MICHAUD: INFORMATION, WORKER FLOWS, AND WAGE DISPERSION

PROPOSITION 2: The uninformed poachers’ strategy is to match the lowest 
incumbent wage offer in the economy, given the equilibrium distribution of incum-
bent-worker matches ( {  λ   e  ( p)} ):

(2)   w   ∗ (  p   e  ) =  min  
p∈

  
 
   w( p). 

PROOF:
Incumbents can be of two types:  p ∈ { π, 1}  , those who learned the worker is the 

high type (  p = 1 ) and those who have not (  p = π ). The theorem states the opti-
mal strategy of uninformed poachers is to offer   w   ∗ (  p   e ) = π . Suppose not. Consider 
 1 >  w   ∗ (  p   e ) > π . Given the incumbent’s strategy  w( p) = min {  w   ∗ (  p   e ), p}  , the unin-
formed poacher will only poach from incumbents who have not yet learned their 
worker’s type (  p = π ). This delivers negative expected profits:  π −  w   ∗ (  p   e ) < 0 . 
Similarly, if   w   ∗ (  p   e ) > 1 > π  , the uninformed poachers poach all workers at neg-
ative expected profits:  (π(1 − μ) + μ −  w   ∗ (  p   e )) < 1 −  w   ∗ (  p   e ) < 0 . These strate-
gies are dominated by   w   ∗ (  p   e ) = π  , earning zero profits.31 ∎

Employers Bertrand compete for unemployed workers. They offer a wage equal 
to the expected output of a worker hired from unemployment:  w(  p   u ) =   dπ _______ 

d + μ(1 − π )   .  
This expectation is rational:  dπ  is the flow of high-ability workers to unemploy-
ment through exogenous shutdowns, and the denominator,  d + μ(1 − π) , is total 
flows  d  of all workers to unemployment through shutdowns plus an additional flow  
μ(1 − π)  of low-type workers whose employer learns their type and fires them.

To establish the uniqueness of the equilibrium, we finally need to rule out signal-
ling strategies by showing each type of workers plays the same strategy conditional 
on the state  p,  p   ∗  .

PROPOSITION 3: Workers of each type play the same strategy ( pooling):

(3)   Q h   ( p,  p   ∗ ) =  Q ℓ   ( p,  p   ∗ ) ∀ p ∈  ×     ∗ . 

PROOF:
Both types meet the uninformed poachers, but if only one type quits, the unin-

formed poachers will perfectly know which type of worker they are getting. Case 1: 
suppose only low-ability types quit to the uninformed poachers. This is not optimal 
because it reveals their type, resulting in being fired and earning the lowest wage 
in the economy  ( w   ∗ (  p   u ) ). Case 2: suppose only high-ability types quit to the unin-
formed poachers. This changes the posterior of the uninformed poachers to know 
the worker they get is high type with certainty. Since they Bertrand compete, the 
uninformed poacher wage becomes   w   ∗ (  p   e ) = 1 . However, at this wage, they will 

31 The alternative,   w   ∗  < π , fails the equilibrium refinement for off-path outcomes. 
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poach low-type workers as well. This contradicts the uninformed posterior that only 
high types accept their offer, and   w   ∗ (  p   e ) = 1  no longer satisfies zero expected prof-
its, a contradiction. ∎

Discussion.—The equilibrium displays two properties key to tractability in the 
quantitative model. First, it is a pooling equilibrium: workers of each ability type  
i ∈ { ℓ, h}  play the same strategy. Pooling rules out strategic behavior of employers 
to only attract one type. Second, due to a classic “lemons market failure,” unin-
formed poachers never successfully poach a worker from an incumbent. Together, 
these properties imply employers do not receive new information from workers’ 
actions, i.e., their Bayesian posterior equals their prior.

B. Dynamic Quantitative Model

The dynamic model is essentially a repetition of the static game as a Markov 
game.32 The timing of the sequence of exogenous events and endogenous decisions 
within each period is depicted in Figure 2. Information is carried perfectly from 
one period to the next, summarized in a Markovian fashion by the incumbent’s 
belief  p  and poachers’ belief   p   ∗   , each a probability the worker is the high type.33 
The dynamic model crucially maintains a tractable information structure with a 
finite set of beliefs in equilibrium. This is provided by the following assumptions 
and results. During each period of employment: the incumbent employer learns 
the worker’s type with probability  μ , and outside potential poaching employers 
become informed of the current employers’ information with probability  ν . The 
Poisson structure implies the speed of employer learning is independent of the 
worker’s tenure. This assumption will provide pooling over ability in workers’ 
strategies. The assumption that many poachers share weakly less information than 
incumbents will imply no strategic learning in equilibrium.34 Given these assump-
tions, the inconsequence of uninformed poachers is maintained and the Bayesian 
posterior of the employer who wins a worker equals their prior.

The model is modified to be appropriate for quantitative analysis. Flexibility in 
the productivity of each type is assumed:   y h   >  y ℓ   = 1 . Second, employers’ wage 
offers are restricted downward ridged wages, i.e., an incumbent cannot cut the wage 
of their employee in subsequent periods. This assumption is chosen purely to pre-
vent superfluous transitions to poaching employers that raise a worker’s wage for 
one period then reduce it.35

The three relevant state variables are: current incumbent and poachers’ priors 
 ( p,  p   ∗ ) ∈  ×     ∗    and the standing wage w ∈ [   w 

¯
   ,   w –   ] (if the worker is employed).

32 See the extended online Appendix for the full formal definition of the game. 
33 One could also imagine additional variables in the information set including age and tenure. Incorporating 

these features, particularly tenure is nontrivial. Workers may try to manipulate their tenure to signal their type. We 
are no longer assured of a pooling equilibrium. 

34 As opposed to a world where poachers learn through independent signals that may contain different informa-
tion than the current employer. 

35 Firings do not occur because of downward rigid wages. They occur because it is assumed there is a minimum 
wage sufficiently high such that that low-ability unskilled workers deliver negative expected profits. 
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Workers have time-separable linear utility over wages, and employers maximize 
expected future profits. Workers and employers share discount factor  ρ = 1 − d − δ .  
Payoffs are

  Workers  E i    [ ∑ 
t=0

  
∞

     ρ   t   w it   ] ,

 Employers E ∑ 
t=0

  
∞

     ρ   t  [ y i   −  w it  ]  .

Workers begin life as new entrants with their ability as their private information. 
Employers simultaneously offer new entrants wage contracts. During their career, 
the static game repeats each period the worker is employed, unless the worker dies 
with probability  δ  in which case she is replaced next period by a new entrant. Wages 
are paid and profits collected at the end of each period. The explicit timing is:

 (i) Employer Learning

  •  Incumbent learning: probability  μ  incumbent learns the worker’s type.
  •  Poacher learning: probability  ν  poachers informed of incumbent’s 

information.
  •  Selective separation: low-ability workers are fired if incumbent learned 

type.

 (ii) Wage Offers and Quits

  •  Incumbent wage offers: choose   w ′  ( p, w) ≥ w .
  •  Poachers’ wage offers:   w   ∗ (  p   ∗ )  determined by Bertrand competition.
  •  Employer-to-employer quits: employed workers choose whether to quit to 

poachers.
  •  Bertrand competition for new entrants and unemployed workers.

 (iii) Production 

  • Wages paid and profits collected.

 (iv) Nature

  •  Exogenous separation (shutdown): match ends randomly with probability  
d .

  •  Worker death, birth: measure  δ  die, replaced by new entrants.

DEFINITION 2 (Symmetric Perfect Bayesian Equilibrium—Dynamic Model): An 
equilibrium  Φ  is a set of pure strategies:   w ′  ( p, w) ∈ [w,  w ̅  ]  wage offer of incumbent;   
w   ⁎  (   p   ⁎  ) ∈ [   w 

¯
   ,   w –   ] wage offer of poachers;   Q i   ( p, w,  p   ∗ ) ∈ { 0, 1}  quit strategy of work-

ers; posterior belief functions  B( p, w) ∈ [ 0, 1 ]  and   B   ∗ (  p   ∗ ,  w   ∗ ) ∈ [0, 1 ]  each defined 
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over finite sets  p ∈   ,   p   ∗  ∈     ∗   , and their cross products as appropriate; stationary 
measures  {  λ  i  e  ( p, w)}  of employed workers of type  i  with incumbent prior  p  and 
wage  w  with support  Ψ ; and stationary distribution  { λ  i  u }  of workers of type  i  flowing 
through unemployment each period; such that, given exogenous parameters  Θ :

• Strategies are sequentially rational given  Φ .
• Priors are consistent with equilibrium distributions   λ  i  e  ( p, w ) ,  λ  i  u  .
• Posteriors are Bayesian where possible.36

• Workers stay with the incumbent when indifferent.
• Stationary distributions   {  λ  i  e  ( p, w) ,  λ  i  u  ( p)} i∈{ℓ, h}    are consistent with strategies, 

and the measure of unemployed is  u =  λ  ℓ  u  +  λ  h  u  .

Equilibrium Characterization.—Dynamic Game. Denote  Ω( p, w)  as the value to 
an employer with a worker with an interior prior  p ∈ (0, 1)  (i.e., has not yet learned 
the worker’s type) and standing wage  w  and   Ω ̅  ( p, w)  as the value to an employer 
who knows their worker type with certainty (i.e.:  p ∈ { 0, 1} ). Also, denote   p   u   as the 
proportion of workers in unemployment that are the high type. The equilibrium is 
characterized by the following strategies:

• Incumbent: w′( p, w) = min{y( p), max{w,   w   ⁎  (   p   e  )}}; the incumbent pays the 
worker as little as possible to keep her if poachers are uninformed, conditional 
on this value not exceeding the expected output given the incumbent’s prior.

• Informed poachers:   w   ∗ ( p)  is such that  Ω( p,  w   ∗ ( p)) = 0  if  p ∈ (0, 1)  and 
  Ω ̅  ( p,  w   ∗ ( p)) = 0  if  p ∈ { 0, 1} ; informed poachers’ offer satisfies zero expected 
profits.

• Uninformed poachers:   w   ∗ (  p   e ) =  min  p∈      { w( p)} ; uninformed poachers offer 
the minimum incumbent wage offer to employed workers.

• Workers:   Q i   ( p, w,  p   ∗ ) = 1  if and only if   w   ∗ (  p   ∗ ) >  w ′  ( p, w) ; quit to poachers 
if their offered wage is higher than the incumbent.

36 I define off-equilibrium path beliefs as the limit of the workers’ forced mixed strategies. However, this equi-
librium can be supported by many off-equilibrium path beliefs and satisfies other equilibrium refinements including 
Cho-Kreps Intuitive Criterion, Sequential Equilibrium as Kreps and Wilson, and is the limit of Control Cost equi-
libria as Selton. 

-Incumbents learn (probability �)
-Poachers informed (probability ν)

-Incumbents and poachers offer wages
-Bertrand competition in wage offers for
 entrants and unemployed
-Workers choose a wage offer

Endogenous choices

Exogenous events

-Worker dies (probability δ)
-Exogenous separation to
unemployment (probability d)

-Production takes place
-Wages and pro�ts are
 collected

-Selective separation of low types
 (if incumbent learned type)

Figure 2. Sequence of Events in One Period of the Dynamic Game

Notes: Endogenous choices are listed below timeline. Exogenous events are listed above timeline.
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The crucial component is that the pooling equilibrium in workers’ strategies is 
maintained. The intuition for this result is that it is costless for low types to mimic 
high types. This is because the only type-dependent payoff for the low type occurs 
when the incumbent learns the worker’s type. Poisson learning provides that this 
payoff is independent of her past actions, particularly her current tenure with the 
incumbent. This can be seen formally in the workers’ value functions, taken other 
strategies as given. Denote    V ̅   i   (w,  p   ∗ )  as the value for a worker whose incumbent has 
learned her type and   V i   ( p, w,  p   ∗ )  as the value for a worker whose incumbent has not 
learned her type:

     
_

 V   i    (w,   p   ∗  ) =   

⎧

 
⎪

 ⎨ 
⎪

 

⎩

 
(ρ − d)   

w + ρν    y h   ____ 1 − ρ  
  ___________  

1 − ρ(1 − ν)   + d   
 θ i    V i  (  p   u ,  w   ⁎ (  p   u ),  p   ⁎ )  ______________  

1 − ρ(1 −  θ i  )
  

  
if i = h

      

0 +    θ i    V i  (  p   u ,  w   ⁎ (  p   u ),  p   ⁎ )  ______________  
1 − ρ(1 −  θ i  )

  

  

if i = ℓ, worker will be fired

    ,

where the first term is the present value of the current match (zero for low types 
who will be selected for separation), and the second term is the present value of 
unemployment:

   V i   ( p, w,  p   ∗ )  =   

⎧

 
⎪

 ⎨ 
⎪

 

⎩

 
(ρ − d  ) w + ρμ  V ̅   h  (w′(1, w),  p   ⁎ )  _____________  

1 − ρ(1 − μ)   + d 
 θ i    V i  (  p   u ,  w   ⁎ (  p   u ),  p   ⁎ )  ____________  

1 − ρ(1 −  θ i  )
  

  
if i = h

      

(ρ − d  ) w + ρμ  V ̅   ℓ  (w′(0, w),  p   ⁎ )  __________________  
1 − ρ(1 − μ)   + d 

 θ i    V i  (  p   u ,  w   ⁎ (  p   u ),  p   ⁎ )  ____________  
1 − ρ(1 −  θ i  )

  
  

if i = ℓ
     .

Observe that incumbent belief  p  has no differential impact on the value of a match 
to each type of worker   V i   ( p, w,  p   ∗  ). As   V i   ( p, w,  p   ∗  ) is clearly increasing in  w , the 
argument of Proposition 3 applies.

PROPOSITION 4: Workers’ quit strategies exhibit pooling over types: 
  Q h   ( p, w,  p   ∗ ) =  Q ℓ   ( p, w,  p   ∗  )  for any w ∈ [   w 

¯
   ,   w –   ] and all  ( p,  p   ∗ ) ∈  ×     ∗  .

PROOF:
Application of Proposition 3. ∎

Given the worker’s strategy to quit only to informed poachers, regardless of type, 
the remaining value functions are straightforward. Working backwards from the 
value to an employer who has learned his worker’s type:

(4)    Ω ̅  ( p, w) =  
{

 
   y h   − w _______ 
1 − ρ(1 − ν )     if p = 1

   
0                 if i = ℓ, worker will be selectively separated

   .

In the first case, the worker is the high type, and the value is the present dis-
counted profits until the match ends when poachers become informed. In the second 
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case, the incumbent learns that the worker is low ability and selects to end the match 
that period and earn zero profits. Given   Ω ̅  ( p, w )  , the values before learning are

(5)  Ω( p, w) =   y( p)  − w + ρμ [ p Ω ̅  (1,  w ′  (1, w)) ]   ________________________  
1 − ρ(1 − μ )   .

Joint-worker turnover and wage paths are shown in Figure 3. The mechanisms 
in the static model repeat causing the high types to recover over time, and the low 
types will be repeatedly separated. All else is the same: unskilled, low-ability work-
ers still are fired to unemployment when the incumbent learns; exogenous shutdown 
provides additional flows to unemployment of all types of workers; all workers hired 
from unemployment earn identical wages equal to the lowest in the economy; and 
direct employer-to-employer changes occur jointly with a wage increase when out-
side poachers become informed of the incumbent’s information.

The Cases of Purely Private or Symmetric Public Learning.— If learning is 
purely private ( ν = 0 ), current employers always have an informational advantage 
over outside, potential employers. This shuts down poaching (“lemons market fail-
ure”) and gives current employers full monopsony power. Information rents exist 

Figure 3. Typical Paths of Individually Selectively Separated and Exogenously Separated Workers

Notes: These are example wage and belief paths of a low- and high-ability new entrant who experiences each type 
of separation. The share of high types in the economy and in unemployment are 0.8 and 0.4, respectively. Wage lev-
els are not from a specific calibration. Observed low types never recover after they are separated (for whatever rea-
son, selective or not): low wages persist accompanied by repeat future selective separations. On the contrary, high 
types who are exogenously separated maintain stable employment and eventually recover to high wages as their 
subsequent employers learn their type.
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and will be paid to the incumbent in their entirety. Alternatively, if learning is public 
( ν = 1 ), there are no information rents.37 The current employer will immediately 
lose the worker at the standing wage.38 The implications of these results are as fol-
lows. Public learning implies no workers revealed to be low type will ever be hired 
again. This means the pool of unemployed will actually be better than the popula-
tion of new entrants through attrition of low types throughout the life course. We 
would expect to see wage gains following unemployment. However, purely private 
learning  ν = 0  delivers no wage increases for employed workers. This means that 
all workers hired from unemployment will be paid  w(  p   u )  for the rest of their career. 
There will be no recovery for exogenously separated workers. They will be identical 
to the endogenously selectively separated.

III. Empirical Evidence

The model provides sharp predictions for the paths of workers selectively sep-
arated to unemployment and those separated exogenously at no fault of their own. 
In this section, I analyze PSID data to test the model’s predictions for both wages 
and the likelihood of subsequent separations following each type of initial separa-
tion.39 First, I map each type of separation in the model to the PSID data following 
Gibbons and Katz (1991). I consider only separations that the respondent reports as 
“involuntary.”  40 I further restrict this group to individuals who report that their prior 
job ended by one of the following categorized reasons: “company folded/changed 
hands/moved out of town;”  “employer died/went out of business”; or “laid off/ 
fired.”  41 The former group is labeled as “shutdown” workers, and the later group is 
labelled as “individually separated” workers. The former/latter are empirical coun-
terparts to the exogenous/selectively separated in the model.42

I begin by testing the model’s implications for wage dynamics: the impact of a 
separation on wages should initially be the same regardless of reason for separa-
tion; individually separated workers should never recover to the reference group of 
never separated workers, in contrast to those separated by shutdown who should; 
long-run outcomes of individually separated workers should differ from those sep-
arated by shutdown on account of selection in the former group. I use the event 
study  framework of Jacobson, LaLonde, and Sullivan (1993) to estimate the effect 

37 One can see these results in equation (4). At  ν = 0 , the continuation value at the standing wage is the present 
discounted value until the match ends exogenously ( ρ ):     y h   − w ____ 1 − ρ   >  y h   − w . At  ν = 1  , the continuation value at the 
standing wage is   y h   − w ; the worker will be poached before the next period. 

38 Or they can increase the wage to equal her expected output   y h    to keep her and earn the same continuation 
value: zero. 

39 Full details on sample statistics, construction of variables, and full regression results are available in the 
extended online Appendix. 

40 An involuntary separation is identified as follows. First, the individual must either be unemployed (report 
they are looking for work) or have less than one year tenure on their current job. This is double checked by verifying 
the individual has less than 52 weeks of employment in the reference year. Second, the individual must report that 
their prior job ended by one of the following categorized reasons: (i) “Company folded/changed hands/moved out 
of town; employer died/went out of business”; (ii) “Laid off; fired.” 

41 These categories represent less than a third of the responses to “what happened to your prior job.” Other 
answers span “strike, lockout,” “quit,” “first full-time job,” “was self-employed before.” 

42 They need not all be truly selectively separated, but they must have a greater share of workers selectively 
separated than the second group of “shutdown” workers. 
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of a separation at time  t − n  on current wages   w t    of individual  i  according to this 
regression:

  ln ( w it   ) = γ  X it   +  γ 1    exp it   +  γ 2    exp  it  2  +   ∑ 
n=−1

  
14

     β n    D nit   +  δ t   +  α i   +  ϵ it   .

The dependent variable is the natural logarithm of hourly earnings. The indepen-
dent variables included in the PSID regression that are also included in the model 
data regression are: a quadratic of experience,   D  it  n   a dummy variable that captures 
a separation in year  t − n  , and individual fixed effects   α i   .43 The separation dummy 
variable   D  it  n   includes dummies for one year prior to, the year of, and each of the first 
through fifteenth years following the separation (i.e.,  n ∈ {−1, 0, 1, 2, … , 15} ).44 
Additional variables include time fixed effects   δ t    , a quadratic in experience   exp it    , 
and additional controls   X it    following the employer learning literature (specifically, 
Pinkston 2009).45

The estimated effects of a separation on wages, stratified by reason for sepa-
ration, are shown in Figure 4.46 Wald tests on the coefficients verify the model’s 
 predictions. First, the typical separated worker receives a wage loss on her next job, 
and the magnitude of this loss is not impacted by the type of separation. The test of 
the null hypothesis that regression coefficients for each type of separation are identi-
cal in period  t + 1  has a p-value  =  0.6470. Second, the duration of these losses vary 
by reason for unemployment. The test of the null hypothesis that the coefficients 
on each type of separation is the same first fails at the 5 percent level in year 3. 
Wages of shutdown workers recover to the control group of continuously employed 
workers in the seventh year following their unemployment spell. The test of the null 
hypothesis that the coefficient equals zero cannot be rejected at the 5 percent level 
( p-value  =  0.0975). Wages of individually separated workers never recover. The 
null hypothesis that the coefficient after an individual separation is 0 even 14 years 
later is rejected at the 1 percent level ( p-value  =  0.005).

Next, I test the model’s predictions for repeat separation patterns stratified by the 
reason for initial separation.47 The three key predictions for the impact of a separa-
tion in year  t − 1  on the likelihood of a separation in  t  are: an individual selective 
separation in  t − 1  should increase the probability of separation in  t ; a nonselective 
exogenous separation in  t − 1  should have no impact on the likelihood of  selective 

43 Wage growth from experience is provided by employer learning in the model. Individual fixed effects are 
provided by heterogenous ability types. 

44 While firm fixed effects are not available in the PSID, the leading dummy (one period before a separation) 
captures some of the impact of heterogeneity in firms likely to close. 

45 They include dummies for each: old age (greater than 55 years old), blue collar job occupation, union status, 
manufacturing industry, marital status, highest education is a high school degree, highest education is a college 
degree, residence in city of population greater than 100,000, and residence in city of population less than 25,000. 

46 The plots depict the coefficients on the separation dummies from this regression. I list the values of the regres-
sion coefficients from this specification and from a specification where both groups, shutdown and individually 
separated, are pooled into all involuntary separators. 

47 Stevens (1997) first showed repeat separations accompanied the wage losses of separated workers. I build on 
her work by documenting differences between shutdown and individually fired workers and providing a theoretical 
model to account for these differences. 
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separation in  t ; neither type of separation should affect the likelihood of a nonselec-
tive exogenous separation (shutdown) in  t .

I estimate the impact of a separation on the likelihood for a given type of separa-
tion in the following year according to a logit specification:

   D  t  r  = γ  X it   +  γ 1   ag e it   +  γ 2   ag e  it  2  +  β  −1  SD    D  t−1, i  SD   +  β  −1  F    D  t−1, i  F   +  δ t   +  α i   +  ϵ it   .

The independent variables are identical to the wage regression with the exception 
that only a one-period lag in the indicator variable for an individual separation 
(  D  t−1, i  F   ) or one by firm closure (  D  t−1, i  SD   ) are used, and there are no fixed effects. The 
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Figure 4. Wage Dynamics of Separated Workers
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two outcome variables are dummies for the incidence of an individual separation   
D  t  F   or a separation due to shut down   D  t  SD   in year  t . Table 1 presents the marginal 
impact of each type of separation in period  t − 1  on these outcomes. The impact of 
an individual separation in  t − 1  has a large and significant impact on the likelihood 
of an individual separation in  t  (the hypothesis of no effect is rejected at 1 percent), 
but an exogenous shutdown is precisely estimated to be zero. Further, the odds ratio 
of this likelihood is 1.92 (SE 0.1160; p-value 0.000) if an individual separation was 
experienced in  t − 1  versus a shutdown. The evidence is less strong for the third 
prediction. We fail to reject that either type of separation affects the likelihood of a 
separation due to shutdown in the following year.48 These results bolster the claim 
that workers separated through these two channels differ permanently in a funda-
mental way beyond that which can be attributed to a causal effect of unemployment 
on future separations.

Comparison to Prior Empirical Studies.—The sample selection follows the 
employer learning literature. It contrasts with the sample selection common in the 
worker “displacement” literature.49 For example, Jacobson, LaLonde, and Sullivan 
(1993) and follow-ups including Couch and Placzek (2010) restrict their sample to 
prime-age high-tenured male workers with high labor-force attachment. The defini-
tion of “displacement” also differs from “separation.” It is restricted to large employ-
ers (greater than 50) that terminated more than 30 percent of their workforce at the 
establishment. With such restrictions, they are able to find persistent losses for this 
select group of displaced workers. However, within the “ displacement”  literature, 

48 This is a curious finding that the theory in this paper is silent on. However, we do fail to reject that the impact 
of each separation is the same at the 5 percent level as the theory suggests, although the same cannot be said at the 
10 percent level. 

49 The sample chosen is appropriate for the question at hand. It is more inclusive and relevant for understanding 
aggregate worker flows and wage dispersion because these individuals account for a larger share of the workforce. 
The inclusion of young workers at the start of their career is also important for disciplining a learning theory as 
information is the most scarce at the point of labor-force entry. 

Table 1—Logistic Regression on Separation Hazards: Marginal Effects and 
Hypothesis Tests

Marginal effects
Independent variables Marginal effect (SE)

Individual  t  Shutdown  t  
(1) (2) 

Individual separation  t − 1  (  β  t−1  F   ) 0.0362 (0.0025) 0.0086 (0.002)
Shutdown (exogenous) separation  t − 1  (  β  t−1  SD   ) −0.0001 (0.985) 0.0146 (0.002)

Hypothesis testing
  H 0     χ   2   (1) ( p-value)

Individual  t  Shutdown  t  
(1) (2) 

  β  t−1  F   = 0  274.56 (0.00) 30.25 (0.00)
  β  t−1  SD   = 0  0.00 (0.985) 63.16 (0.00)
  β  t−1  F   =  β  t−1  SD    22.31 (0.00) 6.62 (0.01)
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Flaaen, Shapiro, and Sorkin (2013) show workers separated from distressed firms 
recover more quickly than those separated for other reasons. This is a similar result 
to the “individual separation” versus “shutdown” distinction. Additionally, Sorensen 
(2016) shows workers separated according to a tenure-based rule system have lower 
earnings losses than those separated in less-restrictive manners. This is consistent 
with the employer learning theory because the presence of a “rule” works to elimi-
nate selection based on individual fixed factors, and so we would expect these work-
ers to fare better.

IV. Quantitative Analysis of Employer Learning

A. Calibration

The model predicts that observable wage dynamics following a separation to 
unemployment are informative about the unobservable process of employer learning. 
Accordingly, I calibrate parameter values to replicate the frequency of separations to 
unemployment, their serial correlation, and initial wage losses following unemploy-
ment. Nontargeted statistics include differences between selectively (endogenously) 
separated workers and those separated nonselectively (exogenously); as well as 
life-cycle wage growth and dispersion. The former set of statistics evaluates whether 
employer learning is quantitatively important for understanding wage dynamics after 
unemployment. The latter set asks the same question for the overall wage process. I 
calibrate the model several times for a range of employer learning parameters— the 
speeds of incumbent learning and outside potential employer learning. In doing so, 
I provide a range of quantitative implications for employer learning speeds most 
supported by the microeconometric employer learning literature.

The model period is one year.50 I normalize the output of the low-type worker   
y ℓ   = 1 . I choose a worker death rate of  0.025  to give an average working life of 
40 years. I consider three speeds of incumbent learning ( μ ):  0.4, 0.5, and 0.7 . The 
middle value,  0.5,  provides a best fit to the wage scar following unemployment 
and serves as the benchmark. The other two bounds provide a reasonable range of 
employer learning speeds found in the micro literature.51 I consider two speeds of 
information diffusion to outside employers ( ν ):  0.33  and  0.67 . It is more  difficult 
to align this parameter with microeconometric evidence because there is debate 
over whether employer learning is asymmetric. For this reason, I choose the lower 
value to be in line with Kahn (2013), who finds outside employers reduce their ini-
tial expectation errors by roughly a third of the incumbents’ reduction. The second 
higher value is in acknowledgment of studies that find outside employers learn at 
roughly the same rate (e.g., Schönberg 2007).52

50 Since there are no search frictions and potential employers immediately Bertrand compete for unemployed 
workers, the duration of unemployment is zero. Therefore, the assumption of a one-year duration is innocuous. 

51 For example, Lange (2007) estimates a public information model (no monopsony—wages equal expected 
productivity) and finds learning errors decline by 50 percent in 3 years. Mansour (2012) implements the same 
empirical strategy and finds learning can be as slow as ten years for some occupations. 

52 In the limiting case of symmetric learning  ν = 1  , there would be no wage scars of unemployment in this 
model because the low types would never be rehired. 
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I maintain the PSID categories of “shutdown” and “individually” separated work-
ers defined in Section III. I consider the former category to map accurately into a 
nonselective displacement in the model. However, it is reasonable to expect the latter 
category may include individuals separated individually, but not as a consequence 
of their own low productivity.53 Instead, I use the weaker assumption that the “indi-
vidually separated” group contains more low-ability workers than the “shutdown” 
group. For this, I introduce a new parameter in the estimation:   d ̂    , the probability 
a worker is separated “exogenously,” but reports an “individual” separation in the 
PSID.

I rely on repeat displacement patterns predicted by the model to identify the share 
of individually separated workers in the PSID who were selectively terminated based 
on permanent low ability. Assuming low-ability workers are more likely to report 
being “individually separated,” the proportion of individually separated workers sep-
arated again within the following year ( FF  ) contains information about how many 
low-ability workers there are in the economy. For example, if the number experienc-
ing individual separations two years in a row were close to the learning probability  
μ  , we would expect all separations were a consequence of employer learning. If this 
probability approached the total separation rate  EU  , we would expect all separations 
were exogenous, i.e., independently and identically distributed across individuals. 
The final requirement is that the total separation rate must be consistent with the 
total empirical separation rate ( EU  ). For a given  μ  , the proportion of high types  π  
and exogenous separation hazard   d ̂    are calibrated to uniquely solve the following 
system of equations:54

  EU = SD +  d ̂   + μ(1 − π ),

 FF =     d ̂     2  + ( d ̂   + μ  )   2  (1 − π )  ________________  
 d ̂   + μ(1 − π )

   .

Target values for the flow equation system are listed in Table 3. The total  separation 
rate  EU = 0.051  and the proportion of individually separated who are individually 
separated again within a year is  0.177 .55

This leaves two parameters to be determined:   y h   , the productivity of the high type; 
and  ρ  , the discount rate. I choose  ρ  to equal one minus the probability of exogenous 
match destruction: the sum of exogenous separation hazard and the worker death 
rate.56 I choose   y h    to match the estimated initial wage loss of separated workers 
upon reemployment. Specifically, I minimize the distance between the coefficient 

53 For example, their position within the firm could be eliminated because of the nature of the job, not the 
worker in it. 

54 Where the solution is unique by selecting only the positive root. 
55 The proportion of workers individually separated a year after an exogenous shutdown are not targeted, yet the 

model predictions are close to the data. Results for each calibration are shown in Table 4. 
56 This is the discounting from the firm’s perspective: the probability the match ends exogenously, which is 

equivalent to a firm’s death in this environment. It is the relevant discount rate for firms’ wage offers. The present 
discounted value of wage losses to the worker presented in Table 4 is from the worker’s perspective. A lower dis-
count rate is used in accordance with the fact that worker’s careers are longer than individual firm matches. 
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on a separation dummy for  t − 1  in two Mincer regressions, one run on simulated 
data and the other on a PSID sample used in the prior section. Crucially, both the 
model regression and the PSID regression include individual fixed effects, a qua-
dratic in experience, and a full set of displacement dummies for 14 years following 
the event.57 Therefore, I am using truly comparable quantities as emphasized in 
Barnette and Michaud (2016).

B. Results

The complete list of parameters values and targets are shown in Tables 2 and 
3. The model was primarily calibrated to target separations to unemployment and 
the initial wage loss upon reemployment. In this section, I discuss the quantitative 
implications of the theory for nontargeted statistics. The numeric value of nontar-
geted moments are shown in Table 4 and the percent value of model moments com-
pared to data are shown in Table 5.

The first nontargeted aspect of the model that I evaluate is the ability to generate 
large, persistent wage losses of workers experiencing unemployment as well as the 
differences between workers separated for each reason. Graphical depictions are 
shown in Figure 5. The model replicates the divergence in paths across shutdown 
and individually separated workers: the shutdown workers recover and the individu-
ally separated workers do not. This is one success of the model because the calibra-
tion does not target the dynamics of shutdown workers and fired workers separately. 
These results were driven entirely by the theory that some individually fired workers 
are selected because of low, permanent ability. Quantitatively, the baseline calibra-
tion accounts for 77 percent of the present discounted value of the wage losses of 

57 The PSID regression contains additional controls (urban area, industry, education, etc.) as detailed in the 
extended online Appendix. Obviously, these are not in the model regression. 

Table 2—Baseline and Alternative Calibrations: Parameter Values

Incumbent learning speed  μ  0.4 0.5 0.7 0.4 0.5 0.7

Poacher learning speed  ν  0.33 0.67

Exogenous separation hazard  d +  d ̂    0.009 0.010 0.015 0.009 0.010 0.015
High types  π  0.939 0.942 0.949 0.939 0.942 0.949
High-type output   y   H   2.00  2.03 2.01 2.02 2.03 2.04
Discount rate  ρ  0.992 0.990 0.985 0.991 0.990 0.985

Note: Baseline calibration in bold (learning speeds:  μ = 0.5, ν = 0.33 ). 

Table 3—Flow Equation System: PSID Targets and Model Fit

Statistic Target Model value (for all calibrations)

Annual proportion fired or shut down 0.051 0.051
Proportion fired year after a firing 0.177 0.177
Proportion fired year after shutdown (nontargeted) 0.044 see Table 4

Note: In all versions, parameter values are exactly identified by a system of flow equations. 
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individually separated workers and 126 percent of the wage losses of shutdown 
workers.58 While the former (latter) is slightly understated (overstated), the fact 
that the paths of each type of worker diverge based on reason for unemployment is 
unique to the theory developed in this paper.

The third set of statistics deals with life-cycle wage growth and cross-sectional 
dispersion. The calibrations range from generating 16–42 percent of life-cycle 
wage growth and 8.9–20 percent of the standard deviation of residual wages after 
25 years of experience.59 The baseline calibration generates values of 24 percent 
and 13 percent, respectively. These values are modest, but not unreasonable given 
the model does not have any changes in actual worker productivity over the life 
cycle.

58 I use a discount of  β = 0.95  just as Davis and von Wachter (2011) and calculate the ratio of the sum of the 
coefficients on the 14 displacement dummies in the model regression divided by the same sum in the data regres-
sion. For comparability, the empirical estimates of wage losses from unemployment in their sample is 1.4–2.8 years 
of earnings over 20 years. The estimates from my sample are 1.53 years of earnings over 14 years, but do not include 
periods of zero earnings. 

59 Calculated as the ratio of the equally weighted sum of a rolling 5 year window of median log wages (or stan-
dard deviations of residuals) over age 30–55 in the model divided by the same statistic in the data. 

Table 4—Baseline and Alternative Calibrations: Model Implications (nontargeted)

Statistic PSID Model

Incumbent learning speed  μ  0.4 0.5 0.7 0.4 0.5 0.7

Poacher learning speed  ν  0.33 0.67

Coefficient year after select separation −0.17 −0.19 −0.17 −0.12 −0.28 −0.26 −0.19
pdv wage loss after select separation −1.57 −1.19 −0.95 −0.45 −1.68 −1.30 −0.55
Coefficient year after exogenous separation −0.12 −0.14 −0.10 −0.03 −0.21 −0.15 −0.04
pdv wage loss after exogenous separation −0.64 −0.98 −0.78 −0.37 −1.28 −1.01 −0.43
Percent select separation year after
 exogenous separation

0.044 0.027 0.032 0.044 0.027 0.032 0.044

Percent of separations that are selective N/A 84.0 80.4 71.6 84.0 80.4 71.6
20 year wage growth (average) 1.74 1.19 1.18 1.12 1.31 1.28 1.20
20 year wage dispersion (SD) 0.45 0.07 0.06 0.04 0.09 0.09 0.05

Notes: Baseline calibration in bold (learning speeds:  μ = 0.5, ν = 0.33 ). Model recalibrated for additional  values 
of  μ  and  ν  for robustness. 

Table 5—Baseline and Alternative Calibrations: Accounting for PSID Facts

Statistic PSID Model

Incumbent learning speed  μ  0.4 0.5 0.7 0.4 0.5 0.7

Poacher learning speed  ν  0.33 0.67

Short-term loss: select separation −0.17 112 100 71 165 153 112
pdv wage loss after select separation −1.57 76 61 29 107 83 35
Short-term loss: exogenous separation −0.12 117  83 25 175 125 33
pdv wage loss after exogenous separation −0.64 153 122 58 200 158 67
20 year wage growth (average) 1.74 26 24 16 42 38 27
20 year wage dispersion (SD) 0.45 16 13 8.9 20 17 11

Notes: Percentage of PSID statistic accounted for by employer learning. Numbers greater than 100 percent mean 
the model overstates the statistic. Short-term loss is measured as the average coefficient in years 0–2. 
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C. Comparative Statics on Learning Speeds

A distinction of this work is that it is flexible in the speed of employer learning 
and the speed of diffusion of information to outside potential employers.60 In this 
section, I provide comparative statics on learning speeds and other key parameters 
of the model to better understand what mechanisms deliver the quantitative implica-
tions of employer learning and their robustness. I begin with analytic propositions 

60 Two period models implicitly assume employers learn after one period,  μ = 1  in my model. Models of pri-
vate learning assume poachers receive no information  ν = 0 , and public learning models assume poachers receive 
all information  ν = 1 . 

PSID PSID 95% (0.4;0.3) (0.5;0.3) (0.7;0.3) (0.4;0.7) (0.5;0.7) (0.7;0.7)

PSID PSID 95% (0.4;0.3) (0.5;0.3) (0.7;0.3) (0.4;0.7) (0.5;0.7) (0.7;0.7)
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Figure 5. Regression Coefficients of Model and PSID Data

Note: Model versions listed as pairs  (μ, ν) ; the speeds of current employer learning and of outside potential 
employer learning.
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on the channels through which parameters affect outcomes and then present quanti-
tative comparative statics on the baseline calibrated model.

Wages offered to new entrants and the unemployed each satisfy Bertrand com-
petition and are affected by the learning speeds through expected future profits. As 
shown in equation (5) and equation (4), the expected profits depend on three fac-
tors. The first is the expected output of the current worker  y( p) . For new entrants, 
this depends on the proportion of high types in the economy. For workers hired 
from unemployment, this depends on the proportion of unemployed that are high 

type:    dπ _______ 
d + μ(1 − π )   . By inspection, this proportion is increasing in exogenous flows to 

unemployment  d  and the proportion of high types in the economy  π . It is decreasing 
in the current employer learning speed  μ  , which increases the selective separation 
hazard for low types. The second factor is how long it takes to terminate a match 
with a low type. The faster the speed of current employer learning  μ  , the faster  low 
types will be terminated and the higher expected profits will be. The final factor is 
the duration an employer gets to keep a high-ability worker after learning their type. 
In this situation, the employer earns positive ex post profits because they need not 
raise the worker’s wage until potential employers learn her type. Thus, expected 
profits are decreasing in both the speed of outside potential employer learning ( ν  is 
small) and the exogenous separation rate  δ .

Proposition 5 states the effect of parameters on the share of high types   p   u   in the 
stationary distribution of the unemployed.61 Proposition 6 formalizes the effect of 
the latter two channels on wages, holding the first channel (composition of unem-
ployed) fixed. In some cases, these channels move wages in opposite directions 
leading to ambiguous results. A quantitative analysis on a calibrated model follows.

PROPOSITION 5: The proportion of unemployed that are high types is increasing 
in  π —the proportion of high types in the economy; decreasing in  μ —the Poisson 
arrival of incumbent learning; unaffected by  ν —the Poisson arrival of informed 
poachers; and increasing in  d —the exogenous separation rate:

    d p   u  ___ 
dπ   > 0;   d p   u  ___ 

dμ   < 0;   d p   u  ___ 
dν   = 0;   d p   u  ___ 

dd
   > 0 .

PROOF:
By inspection on   p   u  =   dπ _______ 

d + μ(1 − π )   . ∎

PROPOSITION 6: Holding fixed rational priors  p  , wage offers to new entrants and 
the unemployed are each: increasing in  μ —the Poisson arrival of incumbent learn-
ing; decreasing in  ν —the Poisson arrival of informed poachers; and decreasing in  
d —the exogenous separation rate:

    d w   ∗ ( p) _______ 
dμ   > 0;   d  w   ∗ ( p) _______ 

dν   < 0;   d  w   ∗ ( p) _______ 
dd

   < 0 .

61 The wage offered to an unemployed worker is trivially increasing in   p   u   by Bertrand competition. 
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PROOF:
By inspection on equations (5) and (4). ∎

An interesting corollary is that the wage paid to each new entrant and those 
hired from unemployment is strictly larger than the expected per-period output of a 
worker from each pool, so long as  ν < 1 . This is because Bertrand competition is 
forward looking. Low types will yield a negative profit each period, but they will be 
terminated sooner than high types who yield a positive profit each period.62

COROLLARY 1: Wage offers to new entrants and the unemployed are higher than 
their expected per-period output:

   w   ∗ (  p   ne  ) > y(  p   ne  ) and  w   ∗ (  p   u  ) > y(  p   u  ) .

PROOF:
Omitted. 

Comparing Propositions 5 and 6, one can see that some parameters such as  ν  
have unambiguous effects on wages paid to new entrants and the unemployed while 
other parameters such as  μ  and  d  have ambiguous effects: the impact on the com-
position of the pool of unemployed works in the opposite direction as the impact of 
these parameters on the expected match duration of high types relative to low. I now 
provide comparative statics on the baseline calibration to measure the quantitative 
outcome of these competing mechanisms. The baseline calibration is for  μ = 0.5  
and  ν = 0.33 . I fix parameters calibrated under these values (  d ̂  , ρ, π,  y   h   ) and con-
sider six unilateral departures from the baseline for each of:  μ = { 0.2, 0.4, 0.8}  and  
ν = { 0.2, 0.6, 0.8} . For each departure, I calculate model predictions for wage scars, 
life-cycle wage growth, and cross-sectional dispersion. Results are provided graph-
ically in Figure 6 and Table 6.

Speed of Incumbent Employer Learning ( μ ).—The upper left panel of Figure 6 
shows that slower current employer learning provides greater life-cycle wage growth. 
This is because a slower speed of employer learning lowers the initial wage offered 
to new entrants by increasing the time it takes for an employer to discover and termi-
nate a low-ability type (Proposition 5).63 For similar reasons, a slower speed of cur-
rent employer learning increases cross-sectional wage dispersion over the life cycle. 
Workers experiencing  unemployment have even larger wage losses when learning is 
slow because the negative effect of the longer time to discover a low-ability type on 
expected profits (Proposition 5) outweighs the positive effect of fewer low-ability 
workers in the unemployment pool (Proposition 6) as shown in Table 6.

62 This is a departure from empirical models that assume wages are equal to the expected marginal product of 
a worker. 

63 I normalize all starting wages to equal the PSID log wage value in this figure. 
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Speed of Diffusion of Information to Potential Poaching Employers ( ν ).—Faster 
outside learning unambiguously decreases the wages offered to both new entrants 
and the unemployed (Proposition 6) and increases the speed of wage growth for 
high-ability types. It takes less time for poachers to learn a worker’s type and offer 
her the full match surplus. These effects work together to provide larger life-cycle 
wage growth and cross-sectional wage dispersion as outside potential employer 
learning becomes faster. Wage scars are increased for the same reason: faster out-
side learning increases the wages of the reference group to which separated workers 
are compared.

Other Parameters.—A greater proportion of high-ability types in the economy 
( π ) raises each the new entrant wage and the wage of a worker hired from unem-
ployment. The impact on wage scars and overall wage growth is non-monotone. At 
both  π = 0  and  π = 1  , wage growth is zero and wage scars in unemployment are 

Table 6—Comparative Statics on Baseline Calibration

Statistic Baseline Comparative statics

Incumbent learning speed  μ  0.5 0.2 0.6 0.8 0.5
Poacher learning speed  ν  0.33 0.33 0.2 0.6 0.8
pdv wage loss after select separation −0.95 −2.38 −1.73 −0.86 −0.68 −2.31 −2.81
pdv wage loss after exogenous separation −0.78 −2.25 −1.54 −0.74 −0.43 −1.51 −1.74
20 year wage growth (average) 1.18 1.68 1.16 1.12 1.12 1.28 1.30
20 year wage dispersion (SD) 0.06 0.49 0.05 0.03 0.03 0.21 0.30

Notes: Baseline calibration is for  μ = 0.5, ν = 0.33 . This table shows the impact of single parameter changes. 

PSID µ = 0.2 µ = 0.5 (baseline) µ = 0.6 µ = 0.8

PSID ν = 0.2 ν = 0.3 (baseline) ν = 0.6 ν = 0.8

Panel A. Speed of current employer learning

Panel B. Speed of outside potential employer learning
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zero. A greater exogenous separation ( d ) rate lowers the wage paid to new entrants 
and has an ambiguous affect on the wage paid to a worker hired from unemploy-
ment. The reasoning is similar to the discussion of  μ . A higher exogenous separation 
rate increases wages offered to the unemployed through Proposition 5, but decreases 
it through 6. Intuition is found in the extremes. At an exogenous separation rate 
approaching one, unemployed workers are treated identically to new entrants and 
there are no wage scars. At an exogenous separation rate approaching zero, the wage 
scars are the largest because the composition of the unemployed becomes entirely 
selectively separated low types.

V. Conclusion

This paper evaluated the role of employer learning in the process coupling wage 
dynamics with employment transitions. I have shown this theory predicts diverging 
wage and employment patterns of separated and never separated workers, as well 
as key differences within the latter group by the reason for their separation. I verify 
these predictions in the PSID. I find large and persistent wage losses coupled with 
repeat unemployment for selectively separated workers alongside the recovery of 
workers separated at no fault of their own. I then evaluate whether employer learn-
ing is an empirically significant part of wage dynamics and employment flows. In 
the baseline calibrated model, I find employer learning accounts for 78 percent of 
average wage losses following unemployment and generates double the wage losses 
for selectively separated workers. The theory of employer learning also accounts for 
24 percent of life-cycle wage growth and 13 percent of cross-sectional dispersion.

The results in this paper suggest employer learning is an important factor in 
understanding worker turnover and wage dynamics, particularly for workers mov-
ing through unemployment. This is interesting because the employer learning mech-
anism generates wage changes without any change in productivity. Most striking is 
the stigma effect of unemployment that delivers wage losses for highly-productive 
separated workers that persist until their reputation is recovered. This motivates a 
desire to revisit research questions dealing with the productivity and welfare impli-
cations of unemployment, as well as policy prescriptions based on these analy-
ses. The model I have constructed is useful for this end: to study the quantitative 
implications of employer learning related to both positive and normative questions. 
Firm’s profits, wages, and worker turnover are all endogenously linked in a tractable 
dynamic model. This opens the opportunity for job creation and equilibrium unem-
ployment to be endogenized in a search framework.

A caveat is that the assumptions implemented in this paper may amplify the impor-
tance of employer learning. For example, potential employers do not observe work-
ers’ job tenure or unemployment duration. The Poisson learning structure of this 
model can accommodate these elements while maintaining tractability. However, 
incorporating match specific or employer heterogeneity remains a nontrivial exten-
sion left as a challenge for future research.64

64 There are many features common to labor market models that are omitted from the analysis. Including addi-
tional features complicates the Bayesian posteriors of employers (beliefs about the worker conditional on the fact 
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