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a b s t r a c t

This paper investigates the labor market consequences of incomplete information about workers’ own
job searching process and best occupations fitting to them. A search and learning model is provided in
order to analyze these effects. In the model, search outcomes relay information about workers’ job
finding abilities and appropriate occupations suited to them, and workers use this information to infer
their types. Our theory explains how search outcomes during unemployment can change the beliefs of
workers about their job finding ability and consequently affect their decisions including the occupational
choices. Characterization of the model results in a simple value function with reservation level of prior
belief property that is similar to reservation wage property. Some interesting facts about both micro and
macro data are identified and our model’s explanation of these facts is discussed. Particularly, our
characterization gives rational for why workers with less experience in searching have (1) longer un-
employment duration and (2) higher probability of changing occupation by reemployment, and (3) why
shifts in Beveridge curve may be observed. Theory can also be used to (4) explain the discouraged worker
phenomenon.
© 2020 Central Bank of The Republic of Turkey. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

If workers do not have complete information about their job
search and matching process such as their ability to find a job and
the best occupation suitable for them, search outcomes provides
important guidance. Even the same ability workers may have dif-
ferences in search outcomes initially caused by chance, which bring
differences in their beliefs about their abilities and their best-suited
occupation. Differences in beliefs further affect their future search
decisions, which eventually may have a substantial effect on
occupational choice and unemployment duration.

Consider twoworkers, who are the same age and have the same
skill set, same education etc. One worker has been working at the
same firm and occupation for ten years and never has been sepa-
rated, the other worker had separated and had to search for a job
every year for ten years, possibly trying different occupations. The
secondworker obviously is more experienced in searching for a job,
and therefore has a better understanding of her job finding ability
and about which occupation she can find a jobmore easily. She may
be called as “a bird in the air”. On the other hand, first worker is less
nk of the Republic of Turkey.
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experienced in searching for a job. She may not have a good un-
derstanding of which occupation she can find a job more easily. She
may be called as “a fish out of water”. Unfortunately, to the best of
our knowledge there is not a data source which provides either a
full search history or a belief history of workers for US economy.
Nevertheless, the Current Population Survey’s (CPS) ‘Displaced
Worker, Employee Tenure, and Occupational Mobility Supplement’
(to be called as Displaced worker supplement from now on) in-
cludes data of displaced workers about their previous and current
occupations, job tenures and wage rates. In this paper, previous job
tenure of displaced workers will be used as a proxy in order to
identify these two different group of workers. Displaced workers
with longer previous job tenures is assumed to bemore likely in the
first group, displaced workers with short previous job tenure is
assumed to be more likely in the second group. Our model in this
paper will be a base to state actually that displaced workers with
longer previous job tenure are more likely to be inexperienced
workers in searching compared to same age displaced workers
with shorter previous job tenure.

Displaced worker supplement have the following stark features:
First, compared to displaced workers with shorter previous job
tenures, the displaced workers with longer tenures in previous job
are more likely to have (1) longer unemployment durations, and (2)
different reemployment occupations than previous occupations.
Second, during the current recession, (3) the ratio of displaced
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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workers with longer past tenure to displaced worker with shorter
past tenure has been increased, which results in longer average
unemployment duration.

Aggregate data on the labor market suggests that the current
recession is different from the previous periods. Firstly, there is a (4)
higher number of discouraged workers during the current recession.
The discrepancy between the U4 unemployment rate and the U3
unemployment rate2 has been increased from0.2 (historical average)
to 0.6 percent (average during current recession), which amounts to
around 1.2 million discouraged worker throughout US. Secondly,
during the current recession (5) average unemployment duration
increases significantly. Finally, the (6) Beveridge curve, an empirical
relation between vacancy and unemployment rates, does not appear
toholdduring the current recessionwhereas itwasmorepronounced
inpreviousperiods.After2008,unemployment ratehavebeenhigher
than the Beveridge curve suggests,which canbe considered as a shift.

This paper will attempt to give a possible explanation for these
facts. In our model, workers are heterogeneous in their job finding
ability and their suitability for certain occupations. Because
workers have incomplete information about their types, they do
not precisely know their job finding abilities and their best-suited
occupations. They learn about their types from observing their
search outcomes. Firms, which are subject to free entry condition,
will post vacancies at a cost and commit to pay a wage rate if a
successful match occurs. Characterization of an equilibrium with
these features gives some qualitative explanation in the line with
the facts presented beforehand. Firstly, people with worse priors
about their types (in the sense that their belief is far away from
their actual type) direct their search for a job in a less suitable
occupation. Because job finding probabilities depend on actual type
of a worker and on suitability of occupation for the worker, search
outcomes will give valuable information to the workers to direct
themselves to more suitable occupations. Since this learning pro-
cess takes time, people with less experience in searching stay un-
employed longer and are more likely to change occupation on
average. This learning process through search outcomes gives a
rationale for the facts (1) and (2) from the Displaced worker sup-
plement. Secondly, if the amount of workers with worse priors in
the unemployment pool increases (fact 3), the average unemploy-
ment duration also increases and the observed unemployment-
vacancy relation shifts as seen in the data. This gives a rationale
for some aggregate data facts (3), (5) and (6). Finally, with costly
search extension to the main model, workers whose prior get
worse and worse because of negative search outcomes might
decide not to search any longer but stay out of the labor force
becoming discouraged workers, a rationale for fact (4).

Our model is a directed search model in the spirit of Acemoglu
and Shimer (1999). In Burdett and Vishwanath (1988) and
Bikhchandani and Sharma (1996), workers also learn during the
search process, but workers learn about unknown common dis-
tribution whereas in our paper workers learn about their own
types. In Jovanovic (1979), a matched worker-firm pair draws an
unobservable match quality from a known distribution. Through
noisy signals which is correlated by match quality, both workers
and firms learn about the actual match quality and decide whether
to continue the match. In all these papers, workers are homoge-
neous and learning is about an unobservable draw from a known
distribution. In our paper, workers are heterogeneous in terms of
their ability to find a job and their best suited occupation. Moreover,
2 U3 is the convention unemployment rate whereas the U4 includes the
discouraged workers to calculation. U5 unemployment rate includes marginally
attached workers and U6 unemployment rate includes the workers who work part-
time for economic reasons (NPTFER). Formal definitions stated by Bureau of Labor
Statistics are in Appendices - Definition of Different Unemployment Conventions.
unlike those papers, workers learn about their own type by the
search outcomes.

Model in this paper is closely related to Gonzalez and Shi (2010).
Our model also is a competitive search model with different types
of workers with different job finding probabilities. The productive
technology of search effort are also very similar. However, in
Gonzalez and Shi (2010) the workers do not have any occupational
choice; all the jobs are homogeneous in terms of productivity and
matching probability of same type of workers. Our model will as-
sume that the jobs are differentiated, therefore they can be inter-
preted as different occupations. Hence, different than Gonzalez and
Shi (2010) our value function will have an endogenous reservation
prior belief property. Ourmodel is also relatedwith Falk et al. (2006),
which also uses different types of workers with different job
finding probabilities and giving a motivation for discouraged
worker phenomenon. However, they have homogeneous jobs also;
therefore, they cannot address the occupational choices addressed
in our paper. Moreover, they used a continuous time approach and
random search with Nash bargaining whereas our model is a
discrete time competitive search model.

In Papageorgiou (2014), bothworkers and jobs areheterogeneous.
Jobs are divided among different occupations and workers divided
into different unobservable types as in our paper. Workers also learn
about their types through observing outcomes as in our paper.
However, in Papageorgiou (2014) workers infer about their types
observing noisy signal of their productivity during employment and
decide on attempting to change occupation. Our model focus on in-
formation content of search outcomes rather than information con-
tent of productivity of a worker in certain occupation. Therefore the
learningprocess isdifferent.Moreover, inourmodel searchoutcomes
rather than the match quality convey information to workers.

Model in this paper uses the block recursive structure as in
Gonzalez and Shi (2010) and Menzio and Shi (2010). Our model
lacks aggregate productivity shocks, whose effects are analyzed by
Moscarini and Postel-Vinay (2013). Aggregate productivity or
sector specific productivity shocks are other reasons for unem-
ployment as well as occupational choice. However, this paper focus
on information and learning content of search outcomes, therefore
it deliberately lacks aggregate and sector specific productivity
shocks. Model in this paper also lacks negative duration depen-
dence, i.e. adverse effect of longer unemployment duration, as in
Kroft et al. (2013). Negative duration dependence is not crucial for
the results of this paper; nevertheless, addition of it would put a
further channel such that theworkers who are inexperienced in job
search stay unemployed even longer.

The paper is organized as follows. After this introduction, Sec-
tion 2 discusses data motivation. Section 3 presents the model.
Section 4 defines the equilibrium, characterizes it and gives an
extension to model in order to explain discouraged worker notion.
Section 5 concludes.

2. Data motivation

We have used two different data sources. First is Current Pop-
ulation Survey’s (CPS) Displaced worker supplement. Second is
aggregate data obtained from the BLS by CPS and Job Openings and
Labor Turnover Survey (JOLTS).

Displaced worker supplement is conducted every two years in
Januaries, which asks additional questions to the displaced
workers. Displaced workers in this supplement are those who
involuntarily separated from their jobs during the past three years
before survey date by (i) mass layoff, (ii) plant closure or (iii)
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abolishment of their position3 rather than because of individual job
performance. Therefore supplement data has its own limitations:
First, workers are surveyed just once, providing information on one
post-displacement data, rather than about their full history of ex-
periences over time. So it is not possible to obtain panel data from
this survey. Second, it does not include all unemployment pool but
only displaced workers; hence, voluntary quits and fires by case are
not sampled. However, it also has one main advantage; it is a huge
survey of around 150,000 individuals who are weighted to repre-
sent US workforce. We have taken eight supplements4 to obtain
data on displaced workers from 1999 to 2016, including their de-
mographic information, total unemployment duration, previous
and current occupations, previous and current job tenures, and
previous and current wage rates etc.

As stated beforehand, we are trying to identify the workers who
are more experienced in search. If search provides some valuable
information about job finding ability and suitability of their skills to
find a job in certain occupations, then people with more experience
in job search aremore likely to realize their abilities andmore likely
to pick suitable occupation to search for. Because of that, experi-
enced workers in searching would find a job more easily and their
total unemployment duration would be lower compared to inex-
perienced ones. Unfortunately, Displaced worker supplement does
not include full search experience of the workers. Nonetheless, it
includes previous job tenure of displaced workers, and this infor-
mationwill be used as a proxy for total search experience. It will be
assumed that a worker who had to search for a job e.g. one years
ago and now have to search again will be regarded as more expe-
rienced in searching than the same age worker who had to search
for a job ten years ago and now have to search again on average.
Henceworkers with shorter previous tenure is more experienced in
searching than same age workers with longer previous job tenure.
Validity of the data motivation depends on whether this is a good
proxy for overall search experience. Our model will not include
imperfectness in recalling learning experience or unobservable
aggregate/idiosyncratic fluctuations or trends in labor market.
However, if people cannot recall their experience from far past
perfectly or if the conditions of the current labor market has
changed, farther the previous job search experience lesser the in-
formation content of it. Hence a worker who had search experience
one year ago will remember or will be able to ‘use’ his/her expe-
rience from that search much better than a worker who had the
same search experience ten years ago and never searched again. If
this is actually the case, the most current previous job search
3 It means position is abolished and no new employee will take place of him after
his/her separation.

4 Displaced worker supplements 2002, 2004,2006,2008, 2010, 2012, 2014 and
2016.

5 For occupations two digit occupation codes of CPS classification has been
chosen. Change in occupation means that if displaced worker is reemployed, his/
her new occupation is different than his previous occupation in two digit codes.
Long (short) tenure means that the displaced worker has worked for 9 years or
more (8 years or less) in his/her previous job before displacement. Long (short)
unemployment duration means that it takes more (strictly less) than 18 weeks to
find a new job. Arranged displacements are disregarded, i.e. workers who did not
stayed unemployed after displacement but immediately found job are taken as
arranged displacement and were not included in the dataset. These summary
statistics are for displaced workers who are male, white, aged between 35 and 45,
having educational attainment of at least high school, and having same eligibility
for unemployment insurance. There are around 3,100 observations in this group.
Not all the workers have all relevant data like previous and/or current tenure
duration. The table includes observations whenever relevant data exists. We have
also looked at the other group of employees with respect to other demographic and
educational characteristics. The statistics are not changing qualitatively. We have
also done robustness check on the specification of long and short durations and its
cut-off points. Again, the results does not change qualitatively. We tried to control
for industries and occupations but small sample sizes directs us away from that
approach.
process will be more informative and therefore the proxy
mentioned here is actually a good one. Moreover, if anything else is
constant, among the same age displaced workers, workers who
have longer tenures on his previous job have a shorter time span for
experimenting (i.e. off-the-job-searching) compared to displaced
workers who have shorter previous job tenure on average.

Table 1 5 summarizes the main findings in this analysis. We will
present only relevant statistics in this section; detailed datawork can
be seen inAppendix-Data section. Allfigures inTable 1 are in terms of
row percentage, e.g. in first mini-table, 42% implies that forty two
percent of all workers with short previous tenure duration have
changed their occupation upon reemployment and 58% of workers
with short previous tenure duration have not changed occupation
upon reemployment. Following observations from Table 1 worth
noting. First, from first mini-table of Table 1, upon re-employment
new occupation of displaced workers with longer previous job
tenure is more likely to be different than their previous occupation
compared to displaced worker with shorter previous job tenure. 47%
of displaced workers with long previous job tenure change occupa-
tion after re-employment whereas only 42% displaced workers with
short previous job tenure change occupation after re-employment.
Second, from second mini-table of Table 1, displaced workers with
longer tenure in his previous job before displacement have longer
unemployment durations. 47% of displaced workers with long pre-
vious job tenure have long unemployment durations while only 38%
displaced workers with short previous job tenure have long unem-
ployment durations. These two findings appear to be a puzzle if one
considers standard occupation specific human capital approach.
Under that approach, it is assumed that if a personstayed longer inhis
previous occupation, he would obtain more occupation specific hu-
man capital. Therefore, one would expect a displaced worker with
longer previous job tenure to find a job in his previous occupation
once re-employed.Moreover, if everythingelse is the same (including
reservation wage, wealth and other types of human capital), the
personwith higher occupation specific human capital is expected to
findajob in shorter duration.Ourhypothesis gives a rationale to solve
this puzzle between data facts and standard human capital approach.

Current aggregate data on labor market suggests that the cur-
rent recession is different than the previous time periods. Firstly,
there is a higher number of discouraged workers during current
recession. Fig. 1 shows U4 and U3 unemployment rates (see foot-
note 2). The discrepancy between U4 unemployment rate and U3
unemployment rate has been increased from 0.2 percent (historical
average) to 0.6 percent (average during current recession), which
amounts to around 1.2 million discouraged worker throughout US.
Secondly, during the current recession average unemployment
duration increases significantly. Fig. 2 shows that average unem-
ployment duration has increased from around 17 weeks of histor-
ical average to around 28 weeks during recession.

Finally, the empirical relation between vacancy rate and unem-
ployment rate, namely Beveridge curve, does not appear to hold
during current recession whereas it was more pronounced in pre-
vious periods. Fig. 3 shows that there is a shift in this empirical
relation after recession such that correspondingunemployment rate
is higher than the Beveridge curve suggests for each vacancy rate.

In the next chapter we will provide a model which will be used
to account for these facts. This model also will be a candidate to
explain the puzzle between these data facts and standard human
capital approach.

3. Model

3.1. Environment

Model environment is similar to Gonzalez and Shi (2010), but



Table 1
Basic facts from micro data: the displaced workers with longer tenures in previous job are more likely to have (1) longer unemployment durations, and (2) different
reemployment occupations.

1 Change of Occupation 2 Unemployment Duration

Prev. tenure Change No Change Prev. tenure Short (<18 w) Long (� 18 w)
Short (� 8 y) 42% 58% Short (� 8 y) 62% 38%
Long (> 8 y) 47% 53% Long (> 8 y) 53% 47%

Fig. 1. Different definitions of UE and Role of Discouraged Workers.
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unlike their setup there are different occupations, and unemployed
workers direct their search to different occupations according to
their beliefs. There is a unit measure of infinitely-living workers
which is divided to employed and unemployed (and out-of-labor
force with the model extension discussed in Section 4.6). Mea-
sure of firms in each occupation will be determined endogenously
by free entry. All the agents are risk neutral and discount the future
at a rate r>0. Employed workers produces an amount of homo-
geneous goods according to their occupation until a separation or
exit shock hits the worker. Unemployed worker searches for a job
and receives a utility of b>0 in each period which constitutes lei-
sure benefit of being unemployed and/or unemployment benefit.

As in Gonzalez and Shi (2010), each worker has an unknown
permanent ability of i, which is either high h or low l; and has an
associated productivity parameter sh and sl respectively, where sh
,sl2ð0;1Þ and sh � sl . Each new worker in the market has ability i
withprobabilitypi2ð0;1Þ, where ph ¼ 1� pl. There are twodifferent
occupations j, either good g or bad b, and associated productivity
parameters mg and mb respectively, where mg ;mb2ð0;1Þ, mb ¼ 1� mg
and mg >mb. We will see that productivity of employed workers will
not differ according to type ofworkers. On the other hand occupation
g has better prospects for type h unemployedworkers and occupation
b has better prospects for type l unemployed workers in terms of
finding a job. Ability and occupation determines a worker’s search
productivity as follows. First, a worker picks either occupation g or b
and firms decide to open a vacancy position. Second, standard ran-
domized matching occurs between unemployed workers and va-
cancy positions. So far, everything is very conventional as in directed
search and matching model. Then following unconventional pro-
ductivity assignment makes finding a job in distinct occupations



Fig. 2. Average and median unemployment duration.

6 Tightness, l, could have been used as argument instead x. In fact, in literature
use of l is more common than x. But, in this paper x is more convenient for
derivations.
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different fordistinct typesofunemployedworkers.Nature (whichcan
see the type of the worker and assigns productivities accordingly)
moves and assignaproductivity to amatchedworker according tohis
type and the occupation he chooses. If a worker is applying for
occupation g; productivity of worker of type h will be yg > 0 with
probability shmg and y’<0 with probability 1� shmg (otherwise);
productivity of worker of type lwill be yg >0 with probability slð1 �
mgÞand y’<0 otherwise. In market for occupation b, a worker with
type h will have a productivity of yb >0 with probability shmb and
otherwise; a worker of type l will have a productivity of yb > 0 with
probability slð1�mbÞ and y’<0 otherwise. That is productivity of an
employedworker is occupation specific and it does not depend on the
type of the worker, whereas probability of matching with positive
productivity depend on type of theworker aswell as the occupation.
Worker meets randomly drawn firmwhich offers a job in that occu-
pation. Bothfirmandworker can see theproductivitybutnot the type
of the worker. Similar to Gonzalez and Shi (2010) we will call sm
components as productive units. High ability workers are more likely
to beproductive thana low-abilityworker inoccupationh. Obviously,
a firm will hire the worker only if worker has positive productivity.
Note that every employed worker in occupation g has a productivity
yg , and every employed worker in occupation l has a productivity yl.
Wealsoassumedifferent separation shocks fordifferentoccupations:
an employed worker in occupation g has a probability dg > 0 to
separate and join unemployed pool and an employed worker in
occupation bhas a probability db >0 to separate. Hence occupations g
and b are differentiated by their prospects of job finding probability
fordifferent types of unemployedworkers, by total product produced
by each worker and by their separation probability. Note that by
construction, in this setup, every employed worker, regardless of her
type, produces same amount of product in a certain occupation. In
this way, we focus on learning aspects of search outcomes of unem-
ployed workers rather than the job productivity signal of employed
workers. Hence, we have clearly separated informativeness of search
outcomes from informativeness of on-the jobproductivity. This study
will only focus on informativeness of search outcomes and should be
seen as a complementary research rather than a substitute to the
studies (e.g. Jovanovic, 1979) about informativeness of on-the-job
productivity. Nevertheless, please note that we have used similar
concepts in different context, therefore there remains a possibility of
confusing these concepts if one is more familiar with studies about
informativeness of on-the-job productivity.

As mentioned in Gonzalez and Shi (2010), this formulation of
worker’s ability to find a job can be interpreted in the context of
worker and firm specific skill bundle of Lazear (2009). In that
context, different firms or different occupations require different
skill bundles and workers are heterogeneous in terms of their skill
bundles. A firm reviews the worker in order to understand whether
his/her skill bundle would fit the firm. In our study, we assume that
high type workers have a higher probability to fit the firm which
offer a job with occupation g compared to low type workers. Likely,
low types have a higher probability to fit a firm offering occupation
b than to fit a firm offering an occupation g.

Learning will take place once an unemployed worker searches
for a job. Since after a long history the worker would be able to
learn his/her actual ability, we will assume an exit shock hits him.
Therefore, in each period, there is a probability of j2ð0;1Þ that a
person dies, regardless of her employment status.

We will use the search and matching approach as follows: The
number of matches is given by a matching function F : R2/R. We
will use the index6 x, rate of a match occurs, as the argument of all
the following functions. vðxÞ denotes total measure of vacancies
created in the economy, whereas uðxÞ denotes total measure of
unemployed workers, just the sum of the measure of unemploy-
ment workers of each type. Domain of x is. X ¼ ½0;1 =ðshmgÞ�

A function FðuðxÞ; vðxÞÞ gives the number of matches in the
economy. Therefore matching rate index x is

x¼ FðuðxÞ; vðxÞÞ
uðxÞ

Using matching function, ordinary definitions in competitive
search model follows: the matching probability of a vacancy in
economy is F=v ¼ x=lðxÞ, where lðxÞ≡vðxÞ=uðxÞ is the tightness in
the labor market. As in Gonzalez and Shi (2010), wewill assume the
following standard assumptions for the matching function:

Assumption I. (Regularity conditions of matching function) Func-
tion F is such that (i) strictly increasing, strictly concave, and twice
differentiable in each argument; (ii) F is linearly homogeneous; (iii)
Fð1;0Þ ¼ 0Fð1;∞Þ � 1=ðshmgÞ, and x=lðxÞ � 1 for all x � 1=ðshmgÞ.

Remark 1: Since Fð1; lÞ ¼ x this assumption implies that

vlðxÞ
vx

>
lðxÞ
x

>0;
v2lðxÞ
vx2

>0 for all x2X (1)

moreover, x
lðxÞ is strictly decreasing in. x:

By these specifications labor market is characterized by a wage
level, Wðx; jÞ, and a tightness, lðxÞ. Every agent in the market takes
Wð$Þ and lð $Þ as given, which will be determined in equilibrium. In
each period, an unemployed worker chooses in which occupation j
to search for a job. A firm set the wage menu
fðwðx; jÞ; lðxÞÞ : j2fg; bgg taken the equilibrium wage menu,
fðWðx; jÞ; lðxÞÞ : j2fg; bg; x2Xg as given and commit to pay wage
rate wðx; jÞ if a productive match on occupation j occurs.
3.2. Value function of firms and free entry

Any firm can post a vacancy in economy after incurring a cost
c2ð0;ybÞ. If an occupation j is filled at a wage rate w, value of that
filled occupation j to the firm discounted to the end of previous
period is

ð1þ rÞJjf ðwÞ¼ yj �wþ ð1�jÞ�1� dj
�
Jjf ðwÞ (2)

Match probability is x
lðxÞ and continuation value of the match is

ð1 � jÞJjf ðWðx; jÞÞ. Therefore solving Jjf from the equation above,

value of opening vacancy is
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JvðxÞ¼ � cþ x
lðxÞ

yj �Wðx; jÞ
Aj

(3)

where Aj≡
rþj
1�j þ dj is a constant for j2fg;bg. Note that left hand side

does not depend on j, since there should not be any arbitrage for the
firm to open a vacancy in occupation g or occupation b due to free
entry. Precisely, JvðxÞ and the number of vacancies,vðxÞ satisfy
JvðxÞ � 0 and vðxÞ � 0 by condition of free entry, where the two
inequalities hold with complementary slackness. Thus, if vðxÞ> 0,
the wage rate is

Wðx; jÞ¼ yj � cAjlðxÞ
.
x (4)

for j2fg;bg. By Remark 1, wage function has following properties:
1)W 0ðx; jÞ<0 2) xWðx; jÞ is strictly concave for j2 fg;bg.
3.3. Learning from search outcomes

Workers learn about their types by observing their search out-
comes using Bayesian updating. We will denote a worker’s prior
expectation of being a high type7 as Ph and call it worker’s prior
belief. New born workers entering the market will have a belief of
Ph ¼ ph, where ph2ð0;1Þ is a scalar and common knowledge to
every agent in the market.

Lets say that Ph is the prior belief about being a high type.
Workers uses Bayesian updating over search outcomes. Updating
will depend on inwhich particular occupation they try to find a job
and on his/her search outcomes. Let o ¼ 1 indicates that he has
been productive in his current search (find the job) and o ¼ 0 in-
dicates that he has not been productive (fails to find the job). If a
productive match occurs (worker finds a job) then posterior belief
of being high type conditional onworker is searching in occupation
j where the match rate in labor market is x is

Pðhjx; j; o ¼ 1Þ ¼ Pðo ¼ 1jx; j; shÞPh
Pðo ¼ 1jx; j; hÞPh þ Pðo ¼ 1jx; j; lÞPl

¼ shmjxPh
shmjxPh þ sl

�
1� mj

�
xPl

¼ 1

1þ sl
�
1� mj

�
shmj

Pl
Ph
(5)

Posterior belief of being high type conditional on worker is
searching in occupation j and has not been productive is

Pðhjx; j; o ¼ 0Þ ¼ Pðo ¼ 0jx; j; shÞPh
Pðo ¼ 0jx; j; shÞPh þ Pðo ¼ 0jx; j;slÞPl

¼
�
1� shmjx

�
Ph�

1� shmjxPh
�þ �1� sl

�
1� mj

�
x
�
Pl

¼ 1

1þ 1� sl
�
1� mj

�
x

1� shmjx
Pl
Ph

(6)

It is informative to compare posterior beliefs Pðhj:Þ with prior
beliefs Ph. For that purpose, the multiplier at the dominator just

before Pl
Ph
is useful. If that multiplier is smaller than 1 than posterior

is higher than prior and vice versa. Note that if search occurs in
occupation j ¼ h and match is successful o ¼ 1, then posterior of

being high type is higher then prior (Pðhj:Þ> Ph) since
slð1�mhÞ
shmh

< 1. If
7 Prior probability of being low type Pl could have been used as belief structure
without loss of generality.
search occurs in occupation j ¼ g with match rate x and match is
not successful o ¼ 0, then posterior of being high type is smaller

then its prior (Pðhj:Þ< Ph) since
1�slð1�mhÞx
1�shmhx

>1. Moreover, increase on

the belief of being high type with productive match does not
depend on the rate x, whereas the decrease in beliefs with a non-
productive match is higher for higher x’s. Because, x does not
affect the likelihood ratio of a successful match between the two
types, while the fail in matching with a higher rate of job offers in
occupation h give a stronger signal of being type l.

If the search has occurred for occupation j ¼ b, then amatchwill
decrease, increase or not-change the belief of being high type

depending on whether slð1�mbÞ
shmb

>1, slð1�mbÞ
shmb

<1 or slð1�mbÞ
shmb

¼ 1,

respectively. Again, fail in finding a job will decrease, increase or
not-change the belief of being high type depending on whether
slð1�mbÞx
shmbx

<1 , slð1�mbÞx
shmbx

>1 or slð1�mbÞx
shmbx

¼ 1, respectively. Among this

alternatives assuming either slð1�mbÞ
shmb

>1 or slð1�mbÞ
shmb

¼ 1 is meaningful

in the sense that new information (i.e. being accepted by occupa-
tion b) does not take posterior away from correct type of worker on
average. This observation is summarized in Assumption II below.
Moreover, as a special case we will keep no information content
case on the search outcome in occupation b. The reason is that it
may be more enlightening to characterize equilibrium with two
different occupations; one with information content and one
without the information content with respect to search outcomes.
In such a characterization, the workers’ behavior towards infor-
mation content of occupation, as well as interaction between in-
formation content of search and other labor market variables such
as wage rate, unemployment rate and unemployment duration can
be more informative.

Assumption II. (Search outcome gives information about true
type)sh � sl;mg >mb and slð1 � mbÞ � shmb.
3.4. Value function of workers

Consider first a worker with belief Ph of being high type who is
employed at wage w in occupation j in any period. Denote the
worker’s value function, discounted to the end of the previous
period, as JeðPh;w; jÞ:After producing and obtaining the wage w, the
separation shock forces the worker into unemployment with
probability dj depending on occupation and then, independently,
the exit shock forces the worker out of the market with probability
j. If the worker remains employed after these two shocks, the
continuation value is JeðPh;w; jÞ. If the worker is separated from the
job but remains in the market, the continuation value is denoted
VðPhÞ. If the worker is out of the market, the continuation value is 0.
Thus Bellman equation for Je

ð1þ rÞJeðPh;w; jÞ ¼ wþ ð1� jÞ�ð1� dÞJeðPh;wÞ þ djVðPhÞ
�

This yields

JeðPh;w; jÞ ¼ 1
Aj

h w
1� j

þ djVðPhÞ
i

(7)

where Aj≡
rþj
1�j þ dj is a constant for j2fg;bg.

Now consider an unemployed worker who enters a period with
belief Ph. If he chooses occupation j, expected probability of finding
a job is PðPh; j; xÞ where



T. Büyükbaşaran / Central Bank Review 20 (2020) 85e97 91
PðPh; j; xÞ ¼ x
�
Phshmj þ ð1� PhÞsl

�
1� mj

� �
¼ x
�
CjPh þ Dj

� (8)

where Cj ¼ ðsh þslÞmj � sl and Dj ¼ slð1�mjÞ are occupation spe-
cific positive constants for j2fg;bg.

His belief will be updated by Pðhjx; j; o¼ 1Þ via equation (5) if he
finds a job and by Pðhjx; j; o¼ 0Þ via equation (6) if he/she fails. If she
finds a job, her value functionwill be maxfJeðPðhjx;j;o ¼ 1Þ;Wðx;jÞÞ;
VðPðhjx;j;o ¼ 1ÞÞg; if he fails to find a job, the value function will be
VðPðhjx; j; o¼ 0ÞÞ: His expected return to apply occupation j
excluding the unemployment benefit, is ð1 � jÞRðPh; j; xÞ, where

RðPh;j;xÞ¼PðPh;j;xÞmaxfJeðPðhjx;j;o¼1Þ;Wðx;jÞÞ;VðPðhjx;j;o¼1ÞÞg
þð1�PðPh;x;jÞÞVðPðhjx;j;o¼0ÞÞ

Since we discounted value functions to the end of previous
period, then

ð1þ rÞVðPhÞ¼ bþ ð1�jÞ max
j2fg;bg

RðPh; j; xÞ (9)

As in Gonzalez and Shi (2010), we assume that the workers al-
ways accept the job offer in any occupation. In other words,

JeðPðhjx; j; o ¼ 1Þ;Wðx; jÞ; jÞ>VðPðhjx; j; o ¼ 1ÞÞ
for all Ph2½0;1� and j2fg; bg

(10)

Using definition of Je from equation (7), this condition is
equivalent to

Wðx; jÞ > ðrþjÞVðPðhjx; j; o¼1ÞÞ
for all Ph2½0;1�; x2X and j2fg; bg (11)

This condition is equivalent to condition (12) below. As X is
bounded, this condition can be satisfied for sufficiently high pro-
ductivity yj and sufficiently small unemployment benefit b and cost
of opening vacancy c. This is reasonable since equilibriumwage rate
depends positively on productivity yj which in turn make contin-
uation value of employment higher whereas unemployment
benefit b increases continuation value of staying unemployed.

Assumption III. (Reservation wage always met) Assume that
productivity in the market j2fg;bg satisfy that

yj � b
c

>
�
Aj þ shx

�
for all x2X (12)

There are two reasons for this assumption. First, it is already
well known that the workers will prolong their unemployment
duration if their reservation wage has not been met. However, in
this paper, the focus is on the unemployment caused by learning
process of workers. Best way to isolate this type of unemployment
is closing the reservation wage channel. Second reason is a tech-
nical one: with the use of this assumption the value functionwill be
identified further by Theorem 3.

Under Assumption II and Assumption III, we can rewrite ex-
pected return function using definition of Je from equation (7)

RðPh; j; xÞ ¼ x
�
CjPh þ Dj

�"1
Aj

Wðx; jÞ
1� j

þ dj
Aj

V
�
Pðhjx; j; o ¼ 1Þ

�#

þ�1� CjPhx� Djx
�
V
�
Pðhjx; j; o ¼ 0Þ

�
(13)

Finally, under Assumption II and III value function is
ð1þ rÞVðPhÞ ¼ bþ ð1� jÞ

max
j2fg;bg

(
x
�
CjPh þ Dj

�"1
Aj

Wðx; jÞ
1� j

þ dj
Aj

V
�
Pðhjx; j; o ¼ 1Þ

�#

þ�1� CjPhx� Djx
�
V
�
Pðhjx; j; o ¼ 0Þ

�)

(14)

We use equation (14) to characterize equilibrium.

4. Definition and characterization of equilibrium

4.1. Definition of equilibrium

Definition 1. The stationary symmetric equilibria with learning
consists of value functions (Je; V ; Jf ; Jv), worker choices (j), a wage
function Wðx; jÞ and a sequence of beliefs such that

(a) The value functions (Je;V ; Jf ; Jv) satisfies ð7Þð9Þ; ð2Þð3Þ,
respectively

(b) Given the wage function, all workers with same belief Ph use
same optimal strategy (j) j ¼ gðPhÞ2GjðPhÞ which solves. ð9Þ

(c) Bayesian Update: A worker with belief Ph and optimal strategy
ðjÞ as in (b) update his belief with Pðhjx; j; o¼ 1Þ as in (5) if he/
she finds a job and with Pðhjx; j; o¼ 0Þ as in (6) if he/she fails to
find a job.

(d) Free entry: Wage function Wðx; jÞ satisfies (4).
(e) Consistency: For every labor market, the measure of all va-

cancies divided by the measure of unemployed workers is equal
to lðxÞ. ▪

After this general definition of the equilibrium, we will char-
acterize equilibrium under Assumption I, II and III.

4.2. Some characterization of the equilibrium

Theorem 2. (Existence Of Equilibrium) Under Assumptions I and III,
there exists an equilibrium where all matches are accepted.

Proof. Existence of value functions Jf and Jv are very standard
and will be omitted here. One can check e.g. Rogerson et al. (2005)
for the arguments. Existence of Je depends on existence of V. For
existence of V ; it is almost immediate to check that the right-hand
side of (9) satisfies the Blackwell sufficiency conditions. Using
standard arguments in Stokey et al. (1989), one can show that a
unique V exists, which is positive, bounded and continuous on M.
Moreover, the correspondence of maximizers Gj is non-empty,
closed and upper hemicontinuous. Sufficiency of Assumption III
for all matches accepted is little detailed and will be addressed at
the appendix. ▪

Although the existence result does not depend on Assumption II,
it will help us to characterize the value function with a reservation
prior property.

Theorem 3. (Reservation Belief Property). Under Assumptions I, II
and III, there exists P*2ð0;1Þ such that all unemployed workers with a
belief Ph < P* choses to search in occupation b and all unemployed
workers with a belief Ph > P* choses to search in occupation g. Value
function VðPhÞ is (weakly) convex and strictly increasing on ½0;1�.

Proof. Under Assumption II and III, value function is represented
by (14). Since V is unique, first argument in max operator at the
right hand side is strictly decreasing on [0,1] whereas second
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argument is strictly increasing. I will just show that second argu-
ment is strictly increasing on [0,1] (proof of the other argument is
very similar):

Let V be a weakly increasing function, Pha > Phb where Pha; Phb2
½0;1� and gi ¼ gðPhiÞ2GðPhiÞ be particular optimum choices where
i2fa;bg. Then

RðPha; gaÞ � RðPhb; gbÞ
� RðPha; gbÞ � RðPhb; gbÞ

� gb
�
Dj þ CjPha

� 1
Ah

�
Wðgb; hÞ
1� j

þ dhVðPðPha; g;1ÞÞ
	

þ�1� gb
�
Dj þ CjPha

��
VðPðPha; g;0ÞÞ

�


gb
�
Dj þ CjPhb

� 1
Ah

�
Wðgb;hÞ
1� j

þ dhVðPðPhb; g;1ÞÞ
	

þ�1� gb
�
Dj þ CjPhb

��
VðPðPhb; gb;0ÞÞ

�

¼ gbDjðPha � PhbÞ
1
Ah

Wðgb; hÞ
1� j

þgb
�
Dj þ CjPha

� 1
Ah

dhVðPðPha; gÞ

�gb
�
Dj þ CjPhb

� 1
A
dhVðPðPhb; g;1ÞÞ

þ�1� gb
�
Dj þ CjPha

��
VðPðPha; g;0ÞÞ

��1� gb
�
Dj þ CjPhb

��
VðHðPhb; gb;0ÞÞ

� gbDjðPha � PhbÞ
1
Ah

Wðgb; hÞ
1� j

þgb
�
Dj þ CjPha

� 1
Ah

dhVðPðPhb; g;1Þ

�gb
�
Dj þ CjPhb

� 1
Ah

dhVðPðPhb; g;1ÞÞ

þ�1� gb
�
Dj þ CjPha

��
VðPðPb; g;0ÞÞ

��1� gb
�
Dj þ CjPhb

��
VðPðPhb; gb;0ÞÞ

¼ gbCðPha � PhbÞ
�
Wðgb; hÞ
Ahð1� jÞ þ

dh
Ah

VðPðPhb; g;1Þ

�VðPðPhb; g;0ÞÞ
	

> gbCðPha � PhbÞ½VðPðPhb; g;1ÞÞ � VðPðPhb; g;0ÞÞ�
� 0
First inequality uses the fact that ga is the maximizer for Pha:
Second inequality uses VðPðPha; gÞÞ � VðPðPhb; g;1ÞÞ and VðPðPha; gb;
0ÞÞ � VðPðPhb; gb; *ÞÞ: Strict inequlaity uses Assumption III which is
equivalent to Wðx;mmÞ> ðrþjÞVð4ðP;mmÞÞ:Last inequality uses the
fact that PðPhb; g; o¼ 1Þ> PðPhb; g; o¼ 0Þ and V is weakly increasing
function.

Since first component of max operator is decreasing and second
operator is strictly increasing we have a reservation prior property
(Note that we did not restrict P* to be interior of ½0;1�. For that a
relevant bound on yg � yb is sufficient).

Finally, proof of convexity of Value function is similar to proof in
Nyarko (1994). ▪

4.3. Steady state distributions

Denote ejiðPhÞ as measure of type-i workers employed in
occupation-j with belief Ph and uiðPhÞ as measure of unemployed
type-i workers before labor market opens in a period for i2fh; lg
and occupation j2fg;bg. Probability of new borns to be type i is pi.
New workers enter with belief p0 ¼ ph. Let Tðp0Þ be tree of equi-
librium beliefs generated from p0. Then stationary distributions of

workers over beliefs is fðejiðpÞ;uiðpÞÞ
j2fg;bg
i2fh;lg : p2Tðp0Þg Unem-

ployed workers are in 3 groups: Newborns, UE was E in previous
period, UE was UE in previous period:

1. Newborns: Outflow and inflow from this group is jpi. Therefore
this group is always stationary

uhi ðp0Þ ¼ jpi p2Tðp0Þ i2fh; lg (15)
2. Unemployed - was employed in previous period.
� Outflow: All workers move out from this group.
� Inflow: Separated from jobs and survive
� Occupation j: Belief is 4ðpÞ for some p2Tðp0Þ

uið4ðpÞ Þ ¼
X
j

ð1� jÞdjejið4ðpÞ Þ; p2Tðp0Þ i2fh; lg (16)
3. Unemployed - was unemployed in previous period
� Occupation j: Belief is nðpÞ ¼ Pðp; x; j; o¼ 0Þ for some p2Tðp0Þ.
Everybody outflow. Inflow is who survives and fails to find a
job

ujHðnðpÞÞ¼ ð1�jÞ�1� shmhxJðpÞ
�
uHðpÞ; p2Tðp0Þ (17)

ujLðnðpÞÞ¼ ð1�jÞ�1� sLð1�mhÞxJðpÞ
�
uLðpÞ; p2Tðp0Þ (18)

Employed workers are just in one group. For Occupation j, belief
is p2Tðp0Þ. Outflow is worker who dies or separated. Inflow is
worker who find a job among searchers:

�
jþð1�jÞdj

�
ejHð4ðpÞÞ¼

�ð1�jÞsHmjxJðpÞ
�
uHðpÞ; p2Tðp0Þ

(19)

�
jþð1�jÞdj


ejLð4ðpÞÞ¼

�ð1�jÞsL
�
1�mj

�
xJðpÞ

�
uLðpÞ; p2Tðp0Þ

(20)

The stationary distribution is determined by (15)e(20) and with
the requirement that the total measure of workers is one. Because
the equilibrium is block recursive, optimal choices are independent
of the distribution, and so (15)e(20) are linear equations of the
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measures of workers. It is straightforward to solve for these equa-
tions by going through the nodes of the tree, starting at the root, p0.
Given the equilibrium tree of beliefs, Tðp0Þ, the stationary distri-
bution of workers over such beliefs is unique.

In this unique stationary distribution we will call depth of any
node as age since it takes a newborn that many ‘time periods’ to
come to that node. Moreover, for an employed worker, we will call
tenure as the difference between his age and depth of the node he is
unemployed for the first time in the path from the node to the root
since he was working for that many ‘time periods’ for his current
job.
4.4. Further characterization of the equilibrium

Next two theorems will further characterize the equilibrium of
the model as longer tenured workers need longer time (on average)
to find the job and they have higher probability to change occu-
pations. However, we need a couple of propositions and corollaries
in order to make the setup for the theorems and break down the
proof of the final theoremsmuch tractable. Next proposition simply
states that search is informative. If you search, you learn better
about your true type.

Proposition 4. (Search provide information to workers about their
types) Let t be any node on the tree T. In t, those workers who search
for the job got beliefs no worse (in the sense that on average their
beliefs are not farther away from their true types) than the workers
who did not search and stay employed. In fact, if that node is a node of
employment workers who search for the job (who got hit by external
displacement shock d) have strictly better beliefs (in the sense that on
average their beliefs are not farther away from their true types) than
the workers who stayed employed on average.

Proof. Let any node t at depth S on the tree T be given. Note that
by external die probability j infinite life is probability zero event
therefore depth is finite and it has a positive measure of workers.
Law of large numbers hold at any node therefore it will not be
referred on the rest of the proof.

By construction every worker on t has the same belief, say Ph of
being high type. If this node is a node of unemployment, then
everybody will search for a job, therefore proposition vacuously
hold.

Now, lets assume that that node is a node of employment in
occupation j. By law of large numbers, there exist positive measure
of workers of both types. Let y is the fraction of high type workers.
Hence 1� y is the fraction of workers low type. I will just provide
the proof that high types of workers who hit displacement shock
and search for a job have strictly better beliefs on average than the
workers who stayed employed. For the low types proof is very
similar and will be omitted here. Note that the workers who stayed
employed does not change their beliefs of being high type, Ph. On
the other hand a measure of ydj high type workers hit by

displacement shock dj . Lets assume that Ph > P*. For the case Ph � P*

proof is very similar and will be omitted here. Idea of the proof is
simple: average improvement of posterior beliefs of high types who
search for a job in the occupation g and find a job is bigger than the
average deterioration of posterior beliefs of high types who search
for a job in the occupation g and could not find a job. A fraction of
ydx*gmgsH will find a job and their beliefs will be updated as

Pðshjx; g; o¼1Þ¼ shmgx
*
gPh

shmgx*gPh þ sl
�
1� mg

�
x*gPl

(21)

Therefore on average posterior is
yd
shmgx

*
gPh

Ph þ
 

slð1�mgÞx*g
shmgx

*
g

!
Pl

(22)

A fraction of ydð1�x*gmgsHÞ will not find a job and their beliefs
will be updated as

P
�
sh
��xg; g; o¼0

�¼
�
1� shmgx

*
g

�
Ph�

1� shmgx*g
�
Ph þ

�
1� sl

�
1� mg

�
x*g
�
Pl

On average their posterior is

yd

�
1� shmgx

*
g

�
Ph

Ph þ ð1�slð1�mgÞx*gÞ
ð1�shmgx*gÞ Pl

Obviously, posterior on average is in the open set ðPh;1Þ since

sl
�
1� mg

�
shmg

<1 <

�
1� sl

�
1� mg

�
x*g
�

�
1� shmgx*g

�
by Assumption II. Therefore workers that are separated and

searched for a job have strictly better beliefs in the sense that their
posterior belief is closer to their true type on average.

Corollary 5. Take two same type workers at age nþ k which have
the same history up until stage n, where n and k are positive integers.
The worker who have longer unemployment spell during stage nþ 1
to nþ k has weakly better belief on average.

Idea of the proof of the corollary is simple. Please note that by
construction of themodel, employment spells do not change beliefs
of the type. Corollary simply follows from the fact that only change
of the beliefs occurs by search and the previous proposition states
that search on average improve the beliefs.

Corollary 6. Take two same type workers at age nþ k which have
the same history up until stage n, where n and k are positive integers.
The worker who have longer unemployment spell during stage nþ 1
to nþ k is weakly more probable to be on the correct side of the
threshold P* (side of the threshold which is closer to his true type) than
the worker who have shorter unemployment spell.

This corollary follows immediately from the previous corollary
and stated just for the Theorem 12 below.

Corollary 7. Take two same type workers at the stage nþ k which
have the same history up until stage n, where n and k are positive
integers. Assume worker 1 has a tenure of k period and the other
worker has a tenure strictly shorter than k period. Worker with the
shorter tenure has weakly better belief on average.

Corollary 8. Take two same type workers at the stage nþk which
have the same history up until stage n, where n and k are positive
integers. Assume worker 1 has a tenure of k period and the other
worker has a tenure strictly shorter than k period. Worker with the
shorter tenure is weakly more probable to be on the correct side of the
threshold P* (side of the threshold which is closer to his true type) than
the worker who have shorter unemployment spell.

Corollaries 7 and 8 follows immediately from Corollaries 5 and 6
respectively, and stated just for the Theorem 12 below.

Next proposition states for the same type of workers the farther
away aworkers belief is from his true type, the longer hewill search
for a job on average.

Proposition 9. (Farther away the belief, longer the ue duration)



Table 2
After 2008, more long tenured workers are displaced than historical average.

Previous tenure

Time Period Short (� 8 yrs) Long (� 9 yrs)
Before 2008 81% 19%
After 2008 78% 22%
During 2001 crisis 81.3% 18.7%
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Compare two high [low] type unemployed workers such that worker 1
has better belief P1 than worker 2 with belief P2, i.e. P1 > P2 [i.e. P1 <
P2, respectively for low types]. Expected time to find a job is weakly
longer for worker 2.

Proof. I will prove here the case of two high typeworkers. Other
case is very similar. If they had always searched for a job in the same
occupation, their expected time to find a job would have been the
same since these workers are same type. The problem is their belief
of being high type might turned out to be so low such that PH < P*

and they began to search in the less suitable occupation, occupation
b. By construction it is obvious that if high type searches job in
occupation b it takes longer for her to find a job because of
matching probabilities. The case of P1 > P* > P2 is trivial and will be
omitted here. I will prove here the case P1 > P2 > P*, the case P* >
P1 > P2 is very similar. For the case P1 > P2 > P*, by induction I will
show that for the same history Worker 1 is never the one whose
beliefs drop below the P* first. As the first step of induction it is
obvious that if both workers have not find the job on occupation g,
their belief has relation

1

1þ 1�slð1�mjÞx
1�shmjx

Pl
P1

>
1

1þ 1�slð1�mjÞx
1�shmjx

Pl
P2

(23)

Assume that they could not find the job for k step in occupation
g and the prior beliefs are P1k > P2k. Now the posteriors, i.e. prior
beliefs for the step kþ 1 are

1

1þ 1�slð1�mjÞx
1�shmjx

Pl
P1k

>
1

1þ 1�slð1�mjÞx
1�shmjx

Pl
P2k

: (24)

Therefore, the first worker is never the one whose beliefs to
drop below the threshold first.

Proposition 9 together with Corollary 7 proves the following
theorem which states exactly the first fact stated in the abstract
among the same age workers 1)longer tenured workers on their
previous job stays unemployed longer.

Theorem 10. Take two same type workers at the stage n þ k which
have the same history up until stage n, where n and k are positive
integers. Assume worker 1 has a tenure of k period and worker 2 has a
tenure strictly shorter than k period. If both workers are separated
from their current job at stage n þ k, worker with the shorter tenure
stays unemployed weakly shorter on average.

Proposition 11. Take two same type workers with symmetric beliefs
to the threshold, i.e. there is a g2ð0;minP*;1�P*Þ where worker 1
has belief of being high type of P* þ g whereas worker 2 has belief of
being high type of P* � g. Worker with priors on the other side of
threshold than his true type changes occupations they apply more
often on average than the worker with priors on the side of the
threshold which is closer to his true type.

The idea of the proof of this proposition is simple and helpful to
understand the mechanism in the model. If a worker’s belief is on
the side which is closer to his true type, hewill matchedmore often
because by construction of thematching rates. On the other hand, if
the belief is on the wrong side of threshold, more often he will not
get a productive match and he will update beliefs towards to cor-
rect side of the threshold. After a while on average, worker with the
worse beliefs will understand they are looking for the wrong
occupation and change the occupation they apply for.

Now with Corollary 8 and Proposition 11 we can state the
following theoremwhich is in terms with the second fact stated in
the abstract among the same age workers 2)longer tenured
workers on their previous job changes occupation more often.
Theorem 12. Take two same type workers at the stage n þ k which
have the same history up until stage n, where n and k are positive
integers. Assume worker 1 has a tenure of k period and worker 2 has a
tenure strictly shorter than k period. If both workers are separated
from their current job at stage nþ k, worker with the longer tenure on
his previous job changes occupation more often.
4.5. Mismatch and shifts in the Beveridge Curve

In this setup, it is easy to understand when a shift in Beveridge
curve occur. Assume that for some reason separation shocks hits
longer tenured workers and shorter tenured workers asymmetri-
cally such that there is a higher fraction of unemployed workers
with longer tenure on their previous job in unemployed pool. From
Theorem 10 we know that expected time of being unemployed will
increase. This will happen endogenously in our setup without any
change in matching process because now ‘inexperienced in
searching’ or ‘fish out of water’ workers are looking for a job and it
will take them longer to ‘learn’ labor market. In fact, the following
table suggests that 2008 recession is such a process where a higher
fraction of longer tenuredworkers are displaced, which was not the
case for e.g. 2001 recession.

As can be seen in Table 2, after 2008 there is an increase of 3
percentage point of fraction of longer perivious tenure workers in
the total pool of displaced worker. During the previous recession of
2001, on the other hand, this fraction is very close to historical
average. Table 2 is suggesting that ‘inexperienced in search’
workers might be a reason for the shift in the Beveridge Curve and
gives one possible explanation for the fact 3) stated in the abstract.
4.6. Discouraged workers

In the current setup there is no cost for search; therefore
workers always search. However, if we add utility cost of searching
to analysis, then some of the workers with very low beliefs may
chose not to search but stay out of labor force. In the literature those
type of workers are called as discouraged workers. Our setup with
Assumption II is convenient for understanding this phenomena. Let
k be the cost of search in terms of utility for the worker if he/she
choose to search. Then a separated worker with belief Ph will have
three choices in terms of occupational selection: not search, search
in occupation b and search in occupation g.

His new value function will be

ð1þ rÞVðPhÞ ¼ max

(
b; b� kþ ð1� jÞ

max
j2fg;bg

(
x

 
CjPh þ Dj

!"
1
Aj

Wðx; jÞ
1� j
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Aj

V
�
Pðhjx; j; o ¼ 1Þ

�#

þ�1� CjPhx� Djx
�
V
�
P
�
h
��x; j; o ¼ 0

��)

(25)

Therefore in equilibrium if cost of search k is sufficiently high
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and/or productivity of ocupation b, yb and/or prior belief of being a
high type Ph is sufficiently low such that in equilibrium

k>ð1�jÞ
�
xðCbPhþDbÞ

1
Ab

yb�cAblb=x
1�j

þ
�
1�xðCbPhþDbÞþ

db
Ab

�
b
	

(26)

Workers will choose no-searching at all rather than searching
for a job in occupation b. Occupation b will be latent in the sense
that discouraged workers will not search for job in occupation b.
Sufficiency of condition (26) will be discussed in appendix.

Note that workers, who fail enough successive number of pe-
riods, will update their beliefs so low that it might not be beneficial
for them to search for a job any longer and become a discouraged
worker.
5. Conclusion

In this paper, we have used a competitive search model with
learning through search to analyze equilibrium effects of
workers’ incomplete information on their types. Workers are
heterogeneous in their abilities and occupations are differenti-
ated in terms of their match rates for certain types. Character-
ization under certain assumptions resulted in a value function
with reservation prior property. Once a worker’s belief about his/
her abilities are below a certain level he/she always search for an
occupation with a lower productivity. However, if the worker’s
belief about his ability is higher than a certain level, he/she tries
his chances by searching for a job with a higher productivity-
higher wage rate occupation. It is discussed that our model can
qualitatively explain certain peculiarities in the both micro and
macro data.

As a policy implication, our research suggests that the workers
who are inexperienced in searching should be guided more effec-
tively. Unemployment agencies, as CareerOneStop from U.S.
Department of Labor, can guide the worker including the occupa-
tional opportunities in order to provide experience in searching
and to decrease the unemployment spells.
Appendices

Data analysis

Displaced worker supplement is conducted every two years in
Januaries, which asks additional questions to the displaced
workers. Technical documentation and related data can be found in

http://www.census.gov/data/datasets/time-series/demo/cps/
cps-supp_cps-repwgt/cps-displaced-workers.2008.html.

Displaced workers in this supplement are those who involun-
tarily separated from their jobs during the past three years before
survey date by (i) mass layoff, (ii) plant closure or (iii) abolishment
of their position rather than because of individual job performance.
Therefore supplement data has its own limitations: First, workers
are surveyed just once, providing information on one post-
displacement data, rather than about their full history of experi-
ences over time. So it is not possible to obtain panel data from this
survey. Second, it does not include all unemployment pool but only
displaced workers; hence, voluntary quits and fires by case are not
sampled. Third, not the Displaced worker supplement but CPS
March supplement data is criticized by Kambourov and Manovskii
(2013) for the followings:

1. Coding error of coder
2. Imputing system of CPS
3. It measures mobility not in a year but for shorter period.

Most of these criticism by Kambourov and Manovskii (2013) is
relevant to March CPS supplement and if you use panel and try to
impute transitions from different groups of employment and un-
employment pools. This study is using January supplement and it
does not try to impute transitions or panel data. Kambourov and
Manovskii (2013) critique is not directly related to this study.
Nevertheless, it has been taken as a cautionary note.

Displaced worker supplement also has onemain advantage; it is
a huge survey of around 150,000 individuals who are weighted to
represent US workforce. Moreover, it takes a specific group ‘dis-
placed workers’ from the unemployment pool. At first this may
appear as a disadvantage. However, note that self-selection bias
problem of the data is less pronounced among displaced workers.
Among the whole unemployment pool there would be workers
who self-select their tenure structure and unemployment states.
On the other hand, workers in Displaced worker supplement are
those who involuntarily separated from their jobs. Therefore, we
believe using this supplement decreases the self-selection issues.

We have taken eight supplements to obtain data on displaced
workers from 1999 to 2016, including their demographic infor-
mation, total unemployment duration, previous and current occu-
pations, previous and current job tenures, and previous and current
wage rates etc. For occupations following two digit occupation
codes of CPS classification has been chosen:

1. Management occupations
2. Business and financial operations occupations
3. Computer and mathematical science occupations
4. Architecture and engineering occupations
5. Life, physical, and social science occupations 6 Community

and social service occupations
6. Legal occupations
7. Education, training, and library occupations
8. Arts, design, entertainment, sports, and media occupations
9. Healthcare practitioner and technical occupations

10. Healthcare support occupations
11. Protective service occupations
12. Food preparation and serving related occupations
13. Building and grounds cleaning andmaintenance occupations
14. Personal care and service occupations
15. Sales and related occupations
16. Office and administrative support occupations
17. Farming, fishing, and forestry occupations
18. Construction and extraction occupations
19 . Installation, maintenance, and repair occupations
20. Production occupations
21 . Transportation and material moving occupations
22 . Armed Forces

Change in occupation means that if displaced worker is reem-
ployed, his/her new occupation is different than his/her previous
occupation in two digit codes. Long tenure means that the dis-
placed worker has worked for 8 years or more in his/her previous
job before displacement. Short tenure means that he has worked 7

http://www.census.gov/data/datasets/time-series/demo/cps/cps-supp_cps-repwgt/cps-displaced-workers.2008.html
http://www.census.gov/data/datasets/time-series/demo/cps/cps-supp_cps-repwgt/cps-displaced-workers.2008.html
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years or less in his/her previous job before displacement. Long
(short) unemployment duration means that it takes more (strictly
less) than 18 weeks to find a new job. Arranged displacements are
disregarded, i.e. workers who did not stayed unemployed after
displacement but immediately found job are taken as arranged
displacement and did not included in the dataset. Summary sta-
tistics in Table 1 are for displaced workers who are male, white,
aged between 35 and 40, having educational attainment of at least
high school, and having same eligibility for unemployment insur-
ance. There are around 3,100 observations in this group. Not all the
workers have all relevant data like previous and/or current wage
rates. The table includes observations whenever relevant data ex-
ists. We have also looked at the other group of employees with
respect to other demographic and educational characteristics. The
statistics are not changing qualitatively. We have also done
robustness check on the specification of long and short durations of
tenures and its cut-off points. Results only change qualitatively if
the cut-off points decreases to 1 year but there is small sample size
(157 among 3100) under 1 year of tenure groups. We have also
done robustness check on the specification of long and short du-
rations of unemployment and its cut-off points. Again, the results
do not change qualitatively. We tried to control for industries and
occupations but small sample sizes directs us away from that
approach.
Fig. 4. Two same age displaced workers with different previous job tenure.

Some proofs and derivation of conditions

Assumption III states that parameters of the model are such that
reservation wage of the workers are always met. In other words,
workers will apply for the jobs only if they will accept the job offer
if a match occurs. This assumptionmainly done becausewewant to
focus on unemployment process caused by learning process of the
workers rather than thewell known issue of unemployment caused
by not meeting reservation wage of workers. On the other hand, it
also drops one particular channel in learning models: apply for a
job just for the sake of experimentation. In other words workers
apply for a job knowing that they will not accept the job if a match
occurs but apply anyway to use the information content of whether
a match occurs or not. This is more relevant for learning in other
context, it may be less relevant for labor market as stated in
Gonzalez and Shi (2010). For example, in practice it is unlikely that
workers who target a management job apply for a job in e.g. a
barber’s shop for experimentation to understand whether they
would get a management job or not. Condition in Assumption III
can be derived by

JeðPðhjx; j; o ¼ 1Þ;Wðx; jÞ; jÞ>VðPðhjx; j; o ¼ 1ÞÞ
for all Ph2½0;1� and j2fg; bg (27)

Using definition of Je from equation (7), this condition is
equivalent to

Wðx; jÞ > ðrþjÞVðPðhjx; j; o¼1Þ
� Þ for all Ph2½0;1�; x2X and j2fg; bg (28)

Since equilibrium wage is

Wðx; jÞ¼ yj � cAjlðxÞ
.
x (29)

and VðPðhjx; g; o ¼ 1Þ� VðPðhjx; b; o ¼ 1Þ, after some algebra
condition in Assumption III follows.

Condition in 26 is obtained by a similar method. In order to
occupation b to be latent, note that from value function stated in
equation (25), second argument for occupation b which is
b� kþ ð1� jÞðCbxþ DbÞ
�
1
Ab

Wðx; jÞ
1� j

þ dj
Ab

V
�
Pðhjx; b; o ¼ 1Þ

� 	
þdj
Aj

VðPhjx; b; o ¼ 1Þ (30)

Should be lower than pure unemployment benefit b. Using
similar algebra as in Assumption III condition, this is equivalent to
condition stated in (26).

Idea of the proof of Corollary 7 and 11.
As in Fig. 4, the displaced worker with longer tenure on his
previous job has shorter time period in his lifespan in order to
search on average compared to the displaced worker with shorter
tenure on his previous job. Therefore he is less experienced in
searching and therefore has worse belief on average. This makes
him more probable to search for a job for longer period and change
occupation he is looking for a job more often, on average.

Definition of Different Unemployment Conventions

Footnote 2 refer to different unemployment conventions, whose
definitions are:

U3 ¼ num of unemployed ðNUEÞ
Labor forceðLFÞ ;

U4 ¼ NUE þ num of discouraged
LF þ num of discouraged

U5 ¼ NUEþ num of marginally attached
LFþ num of marginally attachedðNMAÞ;

U6 ¼ NUE þ NMAþ NPTFER
LF þ NMA
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