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Abstract 
This paper considers the optimal hiring strategy of a firm that is unable to observe the 

productive abilities of all its applicants.  Whom the firm considers as hireable, will de-

pend crucially on the extent to which the firm can use its wage setting to mirror produc-

tivity differences.  However, when setting its wages the firm has to consider other fac-

tors as well, e.g. turnover, that may make it optimal not to set wages that fully reflect 

productivity differences.  Instead, it may be optimal to avoid hiring workers that have 

certain characteristics; i.e. to use a discriminatory hiring strategy.  In the paper it is 

shown that discrimination based on employment status is an equilibrium hiring strategy 

even when the firm is free to set different wages for workers with different expected 

productivities.  It is also shown that if all firms use such hiring procedures this will have 

strong implications for the aggregate economy and welfare. 
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1 Introduction 
A firm posting a vacancy typically receives a number of job applications from job seek-

ers.  This means that the firm has to make a decision whom to hire.   Obviously, it wants 

to choose an applicant that can perform the tasks of the job satisfactorily.  This might 

sound easy but the abilities of the applicants are often uncertain.  A firm that chooses 

the wrong applicant will waste money on training the worker and incur costs to hire a 

replacement.1 

 In a situation with imperfect information, the employer is often unable to distin-

guish undesirable applicants from other applicants.  One characteristic of the applicants 

that is easy to observe is their employment status.  If employers believe that those 

workers that are unproductive are concentrated to the pool of unemployed workers, they 

may use the employment status of the applicant as a sorting criterion.  An important 

issue is whether this will imply discrimination against fully able unemployed workers 

who cannot credibly show that they are indeed fully productive.  

 Whom the firm considers as hirable will depend crucially on the extent to which 

wages reflect productivity differences among workers.  Assume, for example, that the 

firm can divide its applicants into two distinct groups each with a different expected 

productivity, net of hiring costs etc.  If the firm can set two different wages, each corre-

sponding to the expected productivity of one of the two groups, a risk neutral firm 

should be indifferent between hiring from the two groups.  But if the firm, for some 

reason, cannot differentiate wages sufficiently, it will instead be optimal to avoid hiring 

from one of the groups; thus discrimination will be an optimal hiring strategy. 

 This paper analyzes the hiring decisions of firms in a situation characterized by 

imperfect information.  The purpose is to show that even in a situation where the firms 

are allowed to set their wages freely it can still be optimal for them to choose a hiring 

strategy that excludes some groups of workers; thus showing that discrimination is an 

equilibrium strategy.  In addition, the aggregate and welfare properties of this equilib-

rium are examined. 

 The model is inspired by the following four key observations about the function-

ing of labor markets.  First, a firm posting a vacancy typically receives a number of job 

                                                 
1 The following newspaper quote illustrates an extreme example of this:  “US Open threatened by sabo-
tage: employee poured acid on the greens. Estimated damage $ 3 million.” (Aftonbladet June 12, 2001). 
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applications from both unemployed and employed applicants.   While the number of job 

seekers applying for a particular job varies with the cycle and the characteristics of the 

job, it is reasonable to assume that employers often have more than one applicant to 

choose from.  For the U.S., Barron et al (1997) report that the average firm posting a 

vacancy receives between 10 and 23 applications per job offered.  Behrentz (2001) re-

ports similar figures for Sweden.  Also there is ample evidence that many of these job 

seekers are employed.  For the UK, Pissarides and Wadsworth (1994) report that around 

five percent of all employed workers do search for another job and Boeri (1999) shows 

that around fifty percent of all workers hired are job-to-job switchers.   

 Second, firms make significant investments in the workers they hire and, there-

fore, they are very concerned about keeping worker-initiated turnover low.  Firms spend 

considerable time and money on the recruitment process.  For the U.S., Barron and 

Bishop (1985) show that the employers in their sample spent more than two hours on 

average evaluating each of the applicants.  In addition, substantial amounts of time and 

money are spent helping the newly hired worker acquire the firm-specific skills needed 

to do the job.  In the paper mentioned above, this amounted to approximately 150 hours 

on average.  There is also ample evidence that employers care about turnover.  Survey 

studies indicate that managers are genuinely concerned about keeping worker-initiated 

turnover low; see Bewley (1999) for the U.S. and Agell and Lundborg (1999) for Swe-

den. 

 Third, it is difficult to determine the productive abilities of applicants before 

hiring.  The productivity of a worker in a particular job depends on a lot of factors.  

Some of these, such as education, are relatively easy to observe whereas others, such as 

motivation, are almost impossible to observe prior to hiring.  Instead, employers might 

use easily observable factors, such as employment status, as indicators of unobservable 

productive abilities, to sort the applicants.  It seems that in many real-world situations, 

the important thing for the employer is to locate a worker who has sufficient skills to 

perform given tasks satisfactorily.  This is especially relevant for jobs that are neither 

very low skill, so that everyone can perform them satisfactorily, or very high skill, so 

that it really is crucial to find an applicant with rare talents.  For such jobs, the main 

concern for employers is to look out for those workers who are inferior, for example by 
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having very low skill levels or by having personal characteristics that might disturb pro-

duction. 

 Fourth, it is more likely that the pool of unemployed applicants contains workers 

with undesirable characteristics than that they are in the pool of employed applicants.  

There are, at least, two reasons for believing this; employers will be more likely to fire 

bad workers and workers may lose skills during unemployment.2   The implication of 

this is that we would expect employers to be more wary of hiring from the pool of un-

employed workers than from the pool of employed job seekers. 

 It might however be argued that, if the wage is sufficiently flexible, it should be 

possible to adjust the wage in such a way as to compensate for expected productivity 

differences between applicants.  If a worker cannot show that he has the necessary abil-

ity, a risk neutral firm should calculate the expected productivity of such a worker by 

taking the expectation of the distribution of productivities and then pay him the corre-

sponding wage.   Moreover, it may be argued that the worker himself could be forced to 

pay all hiring and training costs in the form of a very low first period wage, or even pay 

a fee, or post a bond, to get the job.  However, there are several arguments against this 

line of reasoning.  First, a worker that knows he is fully able but cannot credibly show 

this to his present employer has very strong incentives to start looking for a new job if 

the employer pays him a very low wage.  Second, in most countries the wage level is 

not totally flexible downwards because of factors such as minimum wage legislation, 

unions, fairness considerations etc.  These factors may prevent wages from falling suffi-

ciently.  Third, the use of entrance fees/bonds is problematic on theoretical grounds 

since they would create strong incentives for the firm to cheat on the worker.3   

 In this paper, a model is formulated where workers decide whether or not to 

search on the job based both on wages and a stochastic job dissatisfaction factor.  Firms 

make their hiring decisions in a situation characterized by imperfect information.  The 

applicant pool consists of both on-the-job searchers and unemployed searchers.  All 

workers are identical, except for a small number of unproductive workers that no firm 

wants to employ.  These unproductive workers are found in the unemployment pool.  

                                                 
2 See Gibbons and Katz (1991).  For a model based on skill loss as a result of unemployment see Eriksson 
(2001). 
3 The issue of bonding has been discussed extensively elsewhere.  See for example Dickens et al (1989) 
and McLeod and Malcolmson (1989).  
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Firms cannot always separate these unemployed workers from other applicants but 

firms can identify some of the unemployed applicants as being productive.  Thus, firms 

sort their applicants into two pools: one pool of workers that the firm is certain are pro-

ductive (the certain pool) and one pool of workers that the firm is uncertain about (the 

uncertain pool).  The productivity of workers in the uncertain pool are revealed several 

periods after hiring.  Firms set all wages unilaterally considering that worker-initiated 

turnover is costly since they must pay a hiring and/or training cost for every hired 

worker.  

 The paper starts by showing that it is an equilibrium hiring strategy to “discrimi-

nate”, i.e. only hire workers from the certain pool.  This is done by construction of an 

equilibrium where all firms discriminate and showing that no individual firm has an 

incentive to deviate by instead hiring from the uncertain pool.  While it is optimal to pay 

a lower wage to a worker with uncertain productivity, if he is hired, the wage will not be 

sufficiently low to compensate the firm for the extra costs associated with hiring such a 

worker.  The reason for this is that the wage must simultaneously discourage search 

among productive workers in the uncertain pool, cover the costs for replacing unproduc-

tive workers and compensate for the low net productivity of unproductive workers until 

they are discovered.  It is impossible to find a wage that does all this.  Hence, it is ra-

tional for employers to follow a discriminatory hiring strategy, i.e. to avoid hiring 

workers with uncertain productivity. 

 The paper then analyzes the properties of this discriminatory equilibrium by 

deriving the steady state solution if all firms follow their discriminatory hiring strategy.  

It is shown that unemployed job seekers will face a lower expected probability to find a 

job than employed job seekers.  Given the efficiency wage mechanism, this will obvi-

ously raise wages and lead to higher equilibrium unemployment. 

 Finally, the paper analyzes the welfare properties of the discriminatory equilib-

rium.  The social planner maximizes the total sum of utility in the economy given that 

the information constraint cannot be eliminated.  It is shown that the market participants 

do not consider all socially relevant effects.  The analysis also indicates that the market 

solution yields an employment level that is too low.  Different policy interventions to 

improve welfare are also discussed. 
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 The main point of this paper is that, even though firms are allowed to set their 

wages freely, it is not possible to differentiate wages so that firms become indifferent in 

their hiring decisions among different groups of applicants.  Instead, it is optimal to dis-

criminate in hiring.  Two related papers are Gibbons and Katz (1991) and Sattinger 

(1998).4  The paper by Gibbons and Katz is based on the idea that the present employer 

knows more about the productivity of his workers than prospective employers do.  

Other firms, therefore, try to infer the quality of workers from their employment history; 

i.e. whether workers are laid of after a plant closing or for other reasons.  Obviously 

there is an analogy between the certain vs. uncertain pool distinction in my paper and 

laid off workers vs. other workers in their paper.  However, a key difference is that they 

assume that laid off workers suffer by having to accept a lower wage rather than by not 

getting a job.  Thus, in their paper firms do use the wage to make them indifferent 

among different groups of job applicants, and there is no unemployment.  In my model, 

unemployed workers find it hard to get a job.  Sattinger analyzes a situation where it is 

optimal for the firm to use different employment criteria for different groups.  However, 

Sattinger assumes that the wage cannot be differentiated between the groups, thus 

avoiding the issue of why the wage cannot be used to make up for the differences in 

productivity.  My paper thus complements Sattinger’s analysis by showing that dis-

crimination may arise without this exogenously imposed wage inflexibility. 

 Another related paper is Tranæs (2001).   He studies the effects of raiding in 

labor markets in which worker’s abilities differ.  A firm with a vacancy can choose be-

tween hiring an unemployed worker and trying to induce an employee of another firm 

to switch jobs by offering a higher wage.  My paper shares the idea that employers are 

more certain about the abilities of employed than unemployed workers, as well as the 

policy implication that search among the unproductive workers creates an externality 

affecting all other unemployed workers.  However, my model differs in a number of 

                                                 
4 This paper is obviously related to the huge literature on discrimination and information imperfections.  
For a survey of the discrimination literature see Cain (1986).  The literature on information imperfections 
and signaling is surveyed in Riley (2001).  A related paper is Kugler and Saint-Paul (2000).  In their 
model, firms lay off their most unproductive workers, as in Gibbons and Katz (1991), and thus firms find 
it more profitable to hire employed rather than unemployed workers.  However, their model differs from 
mine in several important ways.  First, they assume that the same wage must be set for all workers, mak-
ing it obvious that it is more profitable to hire employed workers rather than unemployed workers.  Sec-
ond, while I focus on a situation where a firm needs to fill a fixed number of jobs and must choose whom 
to hire from a pile of applications, they consider a situation where firms always hire the workers they 
meet if they find it profitable to do so. 
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fundamental ways.   Most importantly, in my model firms worry about the incentives of 

their employees to look for other jobs (as in most traditional efficiency wage models) 

whereas firms in Tranæs’ model worry about the incentives of other firms to raid their 

workers.   

 The rest of the paper is organized as follows.  Section 2 presents the model and 

shows that it is an equilibrium hiring strategy to only hire from the certain pool.  Section 

3 analyzes the aggregate properties of this equilibrium.  Section 4 discusses welfare and 

policy issues.  Section 5 concludes. 

 

 

2 Discrimination as an optimal hiring strategy  
There are many identical firms producing one good with labor as the only input, and 

many workers who can be either employed or unemployed.  The size of the workforce is 

fixed and normalized to one.  

 Employed workers get utility from both wages and a non-pecuniary factor 

measuring their job satisfaction.  Every period workers compare the utility they get if 

they remain with the firm with the utility they would get if they switch jobs.  Workers 

that find that it is beneficial to find a new job, start on-the-job search by submitting an 

application to a randomly chosen firm.  Some of these workers get the jobs they apply 

for and therefore quit from their present employers.  In addition, an exogenous fraction 

of the employed workers quit into unemployment and all unemployed workers submit 

one application to a randomly chosen firm. 

 The firms’ set wages unilaterally taking into account that turnover is costly.  The 

firms are free to set different wages for different workers but to prevent arrangements 

like bonding all firms have to pay all workers an amount at least equal to a minimum 

wage.  Every newly hired worker has to be trained to be able to perform the tasks of the 

job and firms incur all these costs.   
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2.1 Firms’ information about job applicants 
All workers are equally productive in all jobs except for a small number of really unat-

tractive workers, Ω , which we call “unproductive”.  These workers produce zero out-

put; possibly net of the costs they impose on the firms if they are hired.  Firms receive 

the applications and can choose to hire on-the-job searchers or unemployed searchers.  

When choosing whom to hire, firms are not able to determine the abilities of all the ap-

plicants with certainty and thus are careful about whom they hire.  Firms have access to 

the following information.  First, they know the structure of the model and all its pa-

rameters, especially the fraction of unproductive workers in the economy.  Second, they 

know whether or not the applicant is employed or unemployed.  As we will see, no firm 

hires an unproductive worker in equilibrium so firms know that all employed applicants 

are productive.  Third, firms can use other information (references etc.) to classify some 

of the unemployed applicants as productive.  But different employers may reach differ-

ent conclusions about the same worker, because different employers have access to dif-

ferent information. 5  For example, if an applicant includes a reference in his application, 

we would expect different employers to assess the value of such a reference differently.  

Formally, let as assume that the probability that an employer considers an unemployed 

worker as productive with certainty is given by ψ  if he is productive and zero if he is 

unproductive. 

 Based on their information about the applicants, firms divide their applicants 

into two pools; those they are certain are productive (the certain pool) and those they are 

uncertain about (the uncertain pool).  The first group consists of all employed applicants 

and those unemployed applicants the firm knows are productive.  The second group 

consists of all other unemployed applicants including the unproductive workers.  Figure 

1 illustrates the applicant pool of an individual firm. 

 

 

 

 

                                                 
5 The reason for this assumption is that we otherwise would have a large group of productive workers that 
never has any chance of getting a job since employers cannot verify them as productive workers.  This 
would be unreasonable.  However, we might expect that some productive unemployed workers always 
are unable to credibly demonstrate their abilities. 
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Figure 1: The applicant pool of an individual firm. 

              Unemployed Applicants   Employed Applicants 
 

 

 

Unproductive 

Workers 

 

 

                       Workers with                                Workers with 

                                  Uncertain                         Certain  

                       Productivity                                   Productivity 

 

 A firm in this economy can choose to hire either from both the certain pool and 

the uncertain pool or to just hire from the certain pool.  Thus, there are two possible 

hiring strategies, which we call non-discrimination and discrimination.  In this section, 

it is shown that there exists an equilibrium where firms discriminate; i.e. where firms 

hire only workers with certain productivity.  This is done by constructing a discrimina-

tory equilibrium and showing that it is not profitable for a firm to deviate by hiring in a 

non-discriminatory way. 

 

2.2 The sequence of events 
The model takes place in discrete time and there are an infinite number of periods.  The 

sequence of events is the same in all periods and consists of three stages.  First, firms 

decide which wages to offer its present employees as well as those newly hired.  Sec-

ond, all employed workers remaining employed after exogenous quits into unemploy-

ment decide whether to seek a new job or not given the wage offers, and firms choose 

whom to hire from the pile of applications.  Third, production takes place. 

 We analyze these decisions starting with the search decision made by the em-

ployed workers and then consider the wage and employment decisions made by the 

firms. 
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2.3 The workers’ on-the-job search decision6 

The workers’ utility function is given by the wage divided by a job dissatisfaction fac-

tor.  The dissatisfaction factor, µ , is drawn from a random distribution with cdf func-

tion )(µG , which has mean equal to one.  Workers make new independent draws from 

this distribution every period.7 

 An employed productive worker decides whether or not to search on the job by 

comparing the utility from staying in the present job with the utility from changing jobs.  

Only the present period outcome matters, because the worker is back in the same posi-

tion in the next period whether or not he gets a new job.  The current-period utility from 

staying in the present job is equal to t
i
tw µ̂/ , where i

tw  is the wage offered by the firm 

in period t and tµ̂  is the job dissatisfaction from staying in the present job in period t.  

The current period utility from changing jobs is equal to )/1( µλ Ew , where 1<λ  is 

what remains of the utility from the new job after moving costs and w  is the first period 

wage offered by other firms.  There are no costs of search so workers search if the ex-

pected gain from changing jobs is positive.  This means that the worker will search if 

t
i
twEw µµλ ˆ/)/1( > .  Using the distribution of the job dissatisfaction factor, the frac-

tion of all employed workers that search on the job can be written as: 

 

)(1)(
w

wG
w

wS
i
t

i
t

κκ
−= , (1) 

 

satisfying 0'<S  and 0'' ≥S  and where )/1( µλκ E= . 

 

                                                 
6 It should be noted, that what is important is that the decision whether or not to search on the job is a 
function of the relative wage.  This section tries to sketch a highly simplified micro-foundation for this 
assumption. 
7 This is obviously a simplification of real world behavior but a convenient way of introducing the impor-
tant fact that non-pecuniary factors seem to be as important as wages in the decision of whether or not to 
search for a new job (see Akerlof et al (1988)).  It should be possible to introduce serial correlation in the 
job satisfaction component without changing the basic results.  However, this would severely complicate 
the analysis. 
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2.4 Discriminating firms’ wage and employment decisions 
This section considers the wage setting and employment decisions of a firm, which 

hires only workers who are productive with certainty.  The firm’s objective is to maxi-

mize the present value of all future profits by choosing the optimal wage and employ-

ment levels.  The firm is free to set different wages for different groups of workers but 

is constrained by the fact that it has to pay a minimum wage to all its workers.8  For-

mally, we assume that firms have to pay all their workers a wage that is at least equal to 

w .  Firms incur hiring and training costs, h , for every newly hired worker.9  Then dis-

criminating firms have to set two different wages; the wage for the first period of em-

ployment and the wage for all remaining periods of employment. 

 Let us start by considering the optimal wage to offer the first period.10  Since 

workers are unable to apply for new jobs during the first period, firms do not have an 

incentive to offer a high wage to keep turnover down.  The only factor placing a con-

straint on this wage is that the firms must ensure that there exist workers who are will-

ing to work at this wage.  Here, we simply assume that the firms can get away with set-

ting a wage equal to the minimum wage, w , during this period.  

 Now let us consider the optimal wage for all other periods maintaining the as-

sumption that the firm hires only productive workers.  To solve for this wage, we must 

set up the firm’s profit maximization problem.  However, first we must introduce some 

additional notation.  Let the employment level in firm i be given by i
tn , the production 

function be )( i
tnf  satisfying 0'',0' <> ff , the discount factor be β , the fraction quit-

ting for exogenous reasons be s  and the probability to get a job for an employed job 

                                                 
8 This assumption can be justified by arguing that there exists a minimum wage stated in law or that some 
other factor places a constraint on the wage.  In reality, there are a number of factors that might create a 
wage floor.  One is obviously the existence of unions.  Another is an insider-outsider argument were 
workers already with the firm would feel that their jobs are threatened if the hiring wage gets to low (such 
factors are analyzed in depth in Gottfries and Sjöström (2000)). 
9 It should be noted that it would be easy to incorporate an additional cost for worker-initiated quits.  Such 
a cost could be justified by arguing that such quits disturb production etc. 
10 The wage the first period is not really that important because the existence of such a period is clearly an 
artifact of the discrete time assumption.  In real world labor markets, we would expect a worker who is 
dissatisfied to start searching for a new job immediately after hiring implying that the optimal wage the 
first period would be equal to the optimal wage the second period. 
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seeker be ta .  Let i
tw  be the wage all subsequent periods.  Hiring in period t is given by 

i
tt

i
t

i
t nawSsn 1))(1)(1( −−−− .11  Then the profit maximization problem can be stated as:12 

 

(2)                                                                                                                                

]))(1)(1()))(1)(1()(()([max 11

i
t

i
t

iiiiiii

t

t

n,w

nawSswnawSsnhwnf −−

∞

=

− −−−−−−+−∑ τττττττττ
τ

τβ

 

i.e. the profit every period equals production minus wage and hiring costs for newly 

hired workers minus wage costs for workers remaining employed from the previous 

period.   

 This problem looks like a dynamic optimization problem that requires standard 

dynamic programming techniques to solve.  However, a closer inspection shows that the 

only dynamic part of the problem is the fact that if the firm hires one more worker pe-

riod t this will affect the number of workers it needs to hire period t+1.  Since we are 

primarily interested in an equation for the optimal wage, we can solve the problem quite 

easily by simply using the first order conditions for period t.  These are: 

 

0))(1(1)(')( =−−−+− t
i
tt

i
t

i
t awSa

w
wSwhw

κ
, (3) 

 

0))()(1)(1()()(' 111 =−+−−++− +++
i
tt

i
t

i
t whwawSshwnf β . (4) 

 

Equation (3) implicitly defines the optimal wage as a function of variables which are 

given for the individual firm while equation (4) defines the employment level given the 

optimal wage.  The optimal wage can be written as: 

 

),,(1 hwahwi = . (5) 

 

 

                                                 
11 Note, that we have simplified the notation for the S-function slightly. 
12 It is implicitly assumed that the parameter values are such that this profit level is non-negative. 



 14

It is straightforward to show that the wage is an increasing function of a  and h .13  Note 

that equation (3) implies that the optimal wage will satisfy 0>−+ iwhw .   

Equation (5) determines the optimal wage when the firm hires only workers 

from the certain pool.  We are now ready to begin the analysis of the whether it is more 

profitable to deviate by hiring from the uncertain pool, possibly at a lower wage.  We do 

this by studying the consequences of hiring just one marginal worker from the uncertain 

pool given that the firm itself, and all other firms, otherwise only hires from the certain 

pool.  However, to facilitate a comparison with the discriminatory case we first look at 

the consequences of always filling a job with workers from the certain pool.  To keep 

the analysis simple, we treat the employment level of the firm as fixed in the rest of this 

section and focus on the optimal wages. 

 

2.5 The profit from one job if the firm discriminates 
In order to compare between the hiring of a worker from the certain pool and the uncer-

tain pool, we consider the profit from recruiting just one worker with marginal product 

θ .14  If the firm hires a worker with certain productivity, it faces the events illustrated in 

Figure 2. 

 

Figure 2: The hiring of a worker with certain productivity.  

                                     w                                 iw                                iw  
          
                                                             Quit/replace            Quit/replace 
 Hire                                                              
                                                             Stay                              Stay 
 
                                
                                Period 1                       Period 2                      Period 3 
 
Let V  be the discounted value of having the job filled with productive workers from 

period four onwards when the wage is set optimally for those periods.  Then we can 

write the total discounted profit from hiring such a worker as: 

 

                                                 
13 For reasonable parameter values it is also an increasing function of w . 
14 We can interpret θ  as the marginal product of the marginal worker given that all other n-1 workers are 
fully productive. 
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For convenience, all time subscripts have been omitted since every period is identical.  

We see that the profit from hiring a worker with certain productivity is the sum of sev-

eral terms; the profit the first period, the profit the second period if the worker remains 

employed with the firm, the profit from hiring a new worker if the worker quits from the 

firm, the corresponding terms the third period and the sum of future profits.  Equation 

(6), therefore, gives us an expression for all future profits, if the firm hires a worker 

with certain productivity today and continues in the future with a strategy of only hiring 

workers with certain productivity. 

 

2.6 The profit from one job if the firm deviates 
Now let us consider the case when the firm deviates from the strategy presented above 

and instead hires a worker from the uncertain pool today, while maintaining the dis-

crimination strategy in the future; i.e. if the worker quits he is replaced by a worker with 

certain productivity.  We assume that the firm discovers whether the worker is a produc-

tive after two full periods of employment.15  The sequence of events is illustrated in 

Figure 3. 

 

Figure 3: The hiring of a worker with uncertain productivity. 

                                     w                                i
Lw                                 iw  

 
                                                             Quit/replace                 Quit/replace 
               H 
                                                             Stay                             Stay 
Hire 
                                                             Quit/replace 
               N                                                                             Fire/replace 
                                                             Stay         
                              Period 1                           Period 2                     Period 3 

                                                 
15 What is crucial is not that the worker’s type is discovered after exactly two periods, but rather that it is 
not discovered before the firm has a chance to use the wage to compensate itself for the fact that the ex-
pected productivity is lower for a worker from the uncertain pool; i.e. discovery cannot be before the end 
of period two. 
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The firm has to pay that worker the same minimum wage the first period, but has the 

possibility to pay a lower wage the second period to compensate for the risk that the 

worker is unproductive.  Let i
Lw  denote the wage offered to such a worker the second 

period.  At the beginning of period three, the type of the worker is revealed and, hence-

forth, it is obviously optimal to fire unproductive workers and pay the remaining work-

ers the wage iw  derived above. 

 Now consider the worker’s decision whether or not to search on the job.  First, 

consider a worker in the uncertain pool that knows he is productive but cannot demon-

strate this to a firm.  The fraction of such workers that will search for a new job in pe-

riod two is given by equation (1) if we replace iw  with i
Lw .   Second, consider a worker 

in the uncertain pool that knows he is unproductive.  Such a worker realizes that he will 

be fired directly after period two.  Therefore, he will have very strong incentives to ap-

ply for a new job irrespective of his level of job satisfaction.  Under reasonable condi-

tions, and this is what we assume, all such workers always use the opportunity to look 

for a new job.16 

We can now write an equation for the profit from filling the job with a worker 

from the uncertain pool, denoted by Lπ .  Letting ϕ  be the fraction of unproductive 

workers in the group of workers with uncertain productivity17, this is given by: 

 

(7)                                                                           .)])()()1((

))()(1)(1))[(1)(1(1())(1)(1(

)])()1(()0)(1)(1[()])()()1((

))()(1)(1)[(1()0())(1(

3

22
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wawSsashwas

hwasswashwawSss
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L
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L
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βθ
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θβϕθ

θϕβϕθϕπ

+−−−+

+−−−−−−+−−−−

+−−−++−−−+−−−+
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The terms in equation (7) are in principle equivalent to the terms in equation (6), but are 

more complicated because we now have to keep track of two types of workers whom 

                                                 
16 That is, we assume that it is not optimal to stay with the firm until the end of the period and then be 
fired into unemployment.   Essentially, what is needed is that it is not too nice to be unemployed. 
17 I.e. the number of unproductive workers divided by the number of workers with uncertain productivity.  
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the employer cannot separate until the beginning of period three; those who are produc-

tive (denoted H in Figure 3) and those who are unproductive (denoted N in Figure 3).  

The terms are the following; the profit the first period if the worker is a H-worker, the 

profit the first period if the worker is a N-worker, the profit the second period if the 

worker is a H-worker and remains with the firm or is replaced by a H-worker, the profit 

the second period if the worker is a N-worker and remains with the firm or is replaced 

by a H-worker, the profit the third period if the worker is a N-worker, remains with the 

firm at the beginning of period 3 and thus is replaced by a H-worker, the profit the third 

period if the N-worker does not remain with the firm and finally all future profits from a 

H-worker. 

 Maximization of equation (7) with respect to the second period wage, i
Lw , yields 

the following first order condition, if we assume that the constraint wwi
L ≥  does not 

bind:18 

 

0)1()](1)('))(1()[1( =−−−+−−−− awhwa
w

wSawS i
L

i
L

i
L ϕ

κ
ϕ . (8) 

 

The similarity between equations (3) and (8) is striking.  The difference is just the last 

term and the fraction )1( ϕ−  in the first term.  Equation (8) implicitly defines the sec-

ond period wage for a worker with uncertain productivity as a function of what the firm 

perceives as parameters.  This can be written as: 

 

) ,, ,(2 hwahwi
L ϕ= . (9) 

 

2.7 Comparison of the wage levels 
Intuitively, it is natural to believe that the wage defined in (9) is lower than the wage 

defined in (5) since the existence of unproductive workers in the case where firms hire 

from the uncertain pool means that the firm might waste money.  If the worker turns out 

to be unproductive, the firm will have wasted money on him in the form of costs for 

                                                 
18 It is reasonable to assume that ϕ  is quite small and, therefore, that i

Lw  is only a bit smaller than iw  so 
that the constraint does not bind.  
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hiring/training and wages as well as costs to replace him.  This intuition turns out to be 

true and the results are summarized in Proposition 1. 

 

Proposition 1 

Let the second period wage for a worker with certain productivity, iw , be given by 

equation (5) and the second period wage for a worker with uncertain productivity, i
Lw , 

be given by equation (9).  Then it can be shown that ).1,0(   ∈∀< ϕii
L ww  

Proof: see the Appendix. 

 

2.8 Comparison of the profit levels 
We have seen that if there exist unproductive workers in the economy it is optimal to 

pay workers with uncertain productivity a wage that is lower than the one paid to other 

workers during the second period.  The more important question, though, is if this wage 

is sufficiently low to compensate the firm for all the costs associated with the risk that 

the worker is unproductive.  This question can be rephrased as asking whether the profit 

from filling a job with a worker with certain productivity is bigger or smaller than the 

profit from filling the same job with a worker with uncertain productivity.  We can eas-

ily get an expression for this by subtracting equation (7) from equation (6), if we evalu-

ate all wages at their optimal values.  This after some manipulation yields the equation: 

 

).)()(1)(1()1(
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)()()1()[1(
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The profit-difference expression in (10) essentially compares the pros and cons of devi-

ating from the main strategy.  If the firm deviates, the optimal second period wage is 

lower but the firms’ costs for expected turnover increases and there is a risk that the 

worker hired is unproductive, thus producing zero output and making it necessary to 

replace him at the beginning of the third period. 
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 Intuitively, we might expect that it is not optimal to deviate from the main strat-

egy because it is unlikely that there exists a wage that, at the same time, can compensate 

for all the differences between workers in the certain pool and workers in the uncertain 

pool.  This intuition is confirmed in Proposition 2. 

 

Proposition 2 

Let the second period wage for a worker with certain productivity, iw , be given by 

equation (5) and the second period wage for a worker with uncertain productivity, i
Lw , 

be given by equation (9).  Then it can be shown that )1,0(   0) ,( ∈∀> ϕπ ii
L

Diff ww . 

Proof: see the Appendix. 

 

We can get some intuition for the results in Proposition 2 by considering the derivative 

of Lπ  with respect to ϕ  (note that it is only Lπ  in equation (10) that is a function of 

ϕ ).  Applying the envelope theorem, we obtain: 

 

.0))()(1)(1()1(

)())(1)(1()1)(1(

22 <−+−−−
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 (11) 

 

The first two terms in equation (11) can be interpreted as the expected loss of produc-

tion from hiring a worker with uncertain productivity (unproductive workers produce 

zero output).   The third term can be interpreted as the increase in expected costs of re-

placing workers quitting (productive workers will get increased incentives to search at 

the lower wage).  The fourth term can be interpreted as costs arising from the fact that 

the expected cost for firing and replacing unproductive workers increase (such workers 

will be fired at the beginning of the third period).  

 To summarize the results in this section, we have shown that it is an optimal 

hiring strategy for an individual firm to hire only workers with certain productivity.  It 

is never profitable to deviate from this strategy by hiring workers with uncertain pro-

ductivity even though the firm can use the wage to compensate for the risk that such a 

worker is unproductive.  The reason for this is that even though the optimal second pe-
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riod wage for a worker with uncertain productivity is lower than the corresponding 

wage for other workers, it is not sufficiently low to compensate the firm for costs asso-

ciated with the risk that the worker hired is unproductive (wages and replacement costs) 

and to make sure that those workers who are productive do not get too eager to apply 

for new jobs.  The first consideration tends to push the wage downwards, while the sec-

ond tends to keep it high.  Thus, the existence of the turnover component prevents the 

optimal wage from being low enough to make employers indifferent between appli-

cants.  Instead, the wage will always be so high that it is profitable to abstain from hir-

ing workers with uncertain productivity.   

 It is important to note, that none of these results hinge on the assumption that 

there exists a first period of employment when the minimum wage is paid.  Even if we 

let the length of that period approach zero the results would still hold.  Also, the result 

will hold if we assume that the first period is a training period where workers only train 

and do not produce anything.19  What is important, however, is that workers cannot pay 

up front for the job or post bonds. 

 

2.9 Numerical illustration 
To gain some further intuition for the results, it is illuminating to consider a numerical 

example.  To do that, we need to make some assumptions about the distribution of the 

job satisfaction factor as well as about various parameters.   

 To keep the simulation as simple as possible, let us assume that the job satisfac-

tion component is drawn from a uniform distribution on the interval zero to two.20  This 

means that the fraction searching on-the-job, defined in equation (1), can be written as: 

 

w
w

w
wS

ii

κκ 2
1)( −= , (12) 

 

                                                 
19 In other words, it is not the fact that unproductive workers produce zero output the first period that 
drives the results. 
20 It should be noted, that these effects probably would become even more striking if we assume a distri-
bution for the job satisfaction component that is strictly convex.  In that case, the fraction of employed 
workers seeking new employment would increase much more rapidly if the wage were decreased, making 
it even more difficult to use the wage to compensate for differences among workers. 
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for workers with certain and uncertain productivity respectively.  Using equations (12) 

and (13) in the first-order conditions in equations (3) and (8), we obtain the following 

expressions for the optimal wage levels: 
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Note the similarity between equations (14) and (15), the only difference is the last term 

in (15) which as expected is a function of ϕ . 

 We consider a symmetric equilibrium and choose the following values for the 

parameters: 4.0=a , 3=h  times the wage, 6.0=w  times the wage, 9975.0=β  and 

015.0=s .21  Moreover, the value of κ  is chosen so that 5 percent of the workers per-

ceived by the firm as belonging to the certain pool search.22  Let us also set 2=θ .23  

Figure 4 shows the optimal wage as a function of ϕ . 

 

 

 

 

 

 

                                                 
21 Blau and Robins (1990), find that that employed job seekers change jobs at a rate of 0.13 per week 
implying a value of approximately 0,4 per month, the flow from employment to unemployment is 1,5 
percent per month for the U.S. (Blanchard and Diamond (1990)), the minimum wage is set at a low 60 
percent of the wage, the discount rate is set to 3 percent per year, hiring/training is set to three monthly 
wages. 
22 As was mentioned in the introduction around 5 percent of all employed workers search in the U.K. 
23 This value of θ  is chosen so that the firm makes a small profit every period except the first.  This is 
reasonable since it must recover the investment it has made in hiring/training costs.  This value is only 

used to calculate the curve )0(i
Lw  in Figure 4. 
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Figure 4: The optimal wage level as a function of ϕ . 
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There are several things worth noting in Figure 4.  First, we see that the optimal second 

period wage for a worker with uncertain productivity, i
Lw , is a declining function of ϕ , 

as we would expect from Proposition 1.  Second, we see that it takes a quite extreme 

fraction of unproductive workers in the pool of applicants before the constraint given by 

the minimum wage starts to bind.  This is true even if we set a higher value for the 

minimum wage than 60 percent of the wage.  Third, if we assume the fraction of em-

ployed workers seeking a new job is constant at five percent (irrespective of the wage), 

we can calculate the wage that makes the profit-difference expression in (10) equal to 

zero.  This wage, )0(i
Lw , falls quite rapidly with ϕ .  The firm is not willing to set a 

wage given by )0(i
Lw  since that would mean that turnover would increase rapidly, thus 

generating substantial costs.  Instead, it is optimal to keep the wage higher and this im-

plies that the profit-difference expression is always positive.   
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3 Labor market equilibrium  
We have seen that it is an equilibrium strategy to discriminate and thus only hire from 

the certain pool.  When all firms follow such a hiring strategy, this will obviously have 

strong implications for the aggregate labor market equilibrium.  This section analyzes 

the aggregate properties of our discriminatory equilibrium focusing on the steady state 

effects on unemployed workers. 

 

3.1 The probability to get a job 
It is important to keep in mind how firms perceive employed and unemployed workers 

in a discriminatory equilibrium.  A rational firm knows that what is rational for the firm 

itself is also rational for all other firms.  Since no firm will ever employ a worker with 

uncertain productivity, all unproductive workers will be in the pool of unemployed 

workers, and all employed applicants will be productive.  Hence, firms will perceive 

employed job seekers as highly attractive to hire compared with unemployed job seek-

ers.  

 Consider first the probability to get a job for an employed job seeker.  This prob-

ability is defined as the number of vacant jobs divided by the number of workers con-

sidered as worth hiring by the firms to which they have applied in the period under con-

sideration.  Let tn  denote aggregate employment and tu  denote aggregate unemploy-

ment.  Noting that the number of unemployed workers that are considered as hirable by 

discriminating firms is given by )( 11 Ω−+ −− tt snuψ  we can write this probability as:24  
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Solving equation (16) for ta  we get: 
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24 The number of firms in the economy is assumed to be fixed.  Aggregate employment, therefore, is just 
equal to the sum of the employees in those firms. 
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An unemployed, but productive worker, has a lower chance to get a job.  With probabil-

ity ψ−1  the firm will be uncertain about his productivity and then he will not be hired.  

With probability ψ  the firm will realize that he is productive and then he will compete 

with employed job applicants on equal terms.  Then his chance to get a job is taψ  

which is obviously lower than ta .   

 

3.2 Aggregate employment: the general case 
The aggregate economy consists of a large number of identical firms.  The number of 

firms is fixed.25  Since all firms are identical, they solve the same optimization problem 

and choose the same wage level.  Then it must also be true that the first order conditions 

derived above for the individual firms also hold in equilibrium.  This means that we can 

use those relations to find the aggregate employment level.  To simplify the analysis, let 

us assume that the minimum wage is linked to the average wage.  Formally, bww =  

where 1<b .  This assumption is reasonable since in reality we would expect the mini-

mum wage to rise over time with the wage level. 

In equilibrium, the aggregate employment level is then given by the following 

equations (where the discount factor is set equal to 1 and where the notation for the S-

function is simplified to )/()/1( bwwSbSS κκ == ): 

 

0)1)(1)(1())1)(1(1()(' =−−−−−−−−− wbSasbwSashnf , (18) 

 

0)1(1'))1(( =−−−−− Saa
bw

Swbh
κ

, (19) 

  

where in a steady state the probability to get a new job for an employed searcher (equa-

tion (17)) can be written as:26 

 

                                                 
25 This can for example be due to the fact that entry into the market requires a fixed set-up cost that is so 
high that no new firms enter the market. 
26 It should be noted that equation (20) can be derived from the requirement that the outflow from em-
ployment to unemployment must equal the corresponding inflow; i.e. ))1(1( Ω−−−= nsasn ψ . 
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Figure 5 illustrates how equations (18) and (19) determine equilibrium employment and 

wages. 

 

Figure 5: The market equilibrium.27 

    w 

 

             Eq. (18)                             Eq. (19) 
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                      n*     n 

The wage setting curve (equation (19)) is upward sloping because higher employment is 

associated with a higher probability to get a job for an employed searcher and this 

makes it optimal for firms to set a higher wage.  The labor demand curve (equation 

(18)) is downward sloping. 

 In principle, it is possible to perform a comparative statics analysis using equa-

tions (18) and (19).  However, this is analytically difficult and the same intuition can be 

grasped by looking at the special case where the training cost is linked to the wage. 

 

3.3 Aggregate employment: a special case 
If we assume that kwh = , where 1>k , the equation system in equations (18) and (19) 

becomes recursive.  Equation (19) determines equilibrium employment while equation 

(19) determines the equilibrium wage.  This special case implies that the wage-setting 

curve in Figure 5 becomes vertical, while the labor demand curve remains downward 

sloping.  We can then solve for steady state employment explicitly and get: 

                                                 
27 It can be shown that the expression in (19) defines an increasing and convex function while the expres-
sion in (18) defines a decreasing function that is concave for some parameter values. 
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The comparative statics of the aggregate employment level is summarized in Proposi-

tion 3. 

 

Proposition 3 

If the aggregate employment level in steady state is given by equation (21) it can be 

shown that: 
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Proof: see the Appendix. 

 

Let us consider these results briefly.  First, if more of the unemployed workers are un-

productive this makes it easier for employed job seekers to get jobs, wages increase and 

employment falls.  Second, if the probability that an unemployed worker can convince 

an employer that he is a productive worker increases this obviously has the opposite 

effect.   Third, if hiring/training costs increase firms become anxious to reduce turnover, 

wages rise and employment falls.  Fourth, if the fraction of employed workers looking 

for a new job increases (for given values of b  and κ ) firms respond by setting a higher 

wage, thereby, causing equilibrium employment to fall.  Finally, if the sensitiveness of 

the S-function with respect to wages (for given values of b  and κ ) increases this leads 

to higher wages and lower employment. 

 

 

4 Welfare and policy issues 
From the analysis so far we have seen that a combination of efficiency wage considera-

tions and information imperfections causes unemployment, and that it is an equilibrium 

hiring strategy for firms to sort workers according to their employment status.  This 

means that unemployed workers will have a hard time finding a job.   
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 A natural question to ask is whether the market solution is efficient or not.  This 

question is important because it is only meaningful to discuss policy if we can show that 

there are efficiency gains to be made by changing the market outcome.28  To answer this 

question, this section focuses on three issues.  First, we clarify exactly who is unem-

ployed in this model.  Second, we ask whether the market solution yields too low em-

ployment by comparing it to the socially optimal solution, given that the information 

constraints cannot be eliminated.  Third, we ask how policy can be used to improve wel-

fare. 

 

4.1 The composition of unemployment 
The reason why we have unemployment is clearly that wages are higher than what is 

consistent with market clearing.  The efficiency wage constraint makes it optimal for 

firms to keep wages high and this obviously makes it impossible for an unemployed 

worker to offer to work at a lower wage.  No firm would be willing to accept such an 

offer.29  In addition, we have the minimum wage that prevents firms from forcing their 

employees to accept a very low wage the first period of employment.   This means that 

all unemployment in the model must be considered as involuntarily. 

Now consider the composition of unemployment.  We can divide all workers 

remaining unemployed after hiring has taken place in a given period into three distinct 

groups.  First, we have a group of unemployed workers who are truly unproductive.  

Second, we have a group of fully productive workers that have been rejected by a firm 

because they could not be distinguished from the unproductive workers.  Third, we have 

a group of fully productive workers who were recognized by a firm as productive but, 

since there were more applicants than jobs, could not find work.  One difference be-

tween these three groups is that, after all job searchers have submitted their applications, 

only those unemployed workers whom an employer considered as belonging to the cer-

tain pool had a chance to get a job.  This means that unemployed workers belonging to 

the first two groups really did not have any chance of finding a job during the period, 

while the last group had the same chance as employed applicants. 

                                                 
28 Obviously, it can still be interesting to discuss distributional issues.  However, such issues are not dis-
cussed in this paper. 
29 This assumes that it is not possible for workers to commit to some kind of contract that prevents the 
worker from switching jobs.  However, such contracts are hardly feasible in reality. 
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4.2 The social vs. the market solution 
Consider a social planner who maximizes the sum of all individual utilities.  One impor-

tant issue that faces the social planner is to determine which employment level that is 

socially optimal.30  To formulate the welfare function, we need to use the utility func-

tions of workers derived in Section 2.  We can divide the workers into four distinct 

groups and derive a measure of utility for each of these groups.31 

 

• First, we have a group of workers whose job satisfaction is so high that they do 

not find it worthwhile to search for new jobs.  The number of such workers is 

equal to nSs )1)(1( −−  and their average utility level is equal to 
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• Second, we have a group of workers whose job dissatisfaction factor is high 

enough to make it worthwhile to search for jobs but that do not get any jobs.  

The number of such workers is equal to naSs )1()1( −−  and they each get a util-

ity level equal to 2
/1/1
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• Third, we have a group of workers that either search on the job or are unem-

ployed, and that do get a new job.  The number of such workers is equal to 

                                                 
30 Another issue that might face the planner is to determine the optimal wage.  In this paper, we focus on 
employment.  This can be justified by arguing that the most important function of the wage is to distribute 
the surplus between workers and firms.  To avoid discussing distributional issues, we therefore assume 
that the wage is given by what the market generates. 
31 Assume that the job dissatisfaction factor can take on all values between m and M , where 0<m<M. 
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snSans +− )1(  and they each get a utility level equal to32 
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• Fourth, we have a group of workers that are unemployed and do not get a new 

job.  For simplicity, we let these workers get a utility level of zero.33 

 

Let us assume that the economy, in addition to the workers, includes a group of risk 

neutral capitalists who do not work but that receive all profits.34  Their utility is set 

equal to their income.  The total welfare, W , in the economy is then given by:35 
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Let us briefly consider each of the components of the welfare function.  The first three 

terms consist of the utility of workers belonging to each of the groups identified above.  

The next three terms consist of the utility received by capitalists; i.e. profits.  Given that 

the information constraint cannot be eliminated, the probability to get a job for an on-

the-job searcher is given by equation (20). 

 There are two things worth noting about the way we have formulated the welfare 

function that will help us understand the results later.  First, the non-pecuniary gains 

from switching jobs have an important impact on the way total welfare is calculated.  If 

job switching did not imply a gain in the non-pecuniary component of utility, all terms 
                                                 
32 For simplicity, it is assumed that unemployed workers who do find a job also incur the moving cost. 
33 Nothing changes if we assume that unemployed workers receive positive utility. 
34 Remember that firms in this economy can yield positive profits.  The assumption that there exist capi-
talists that do not work are similar to what is used in Fredriksson and Holmlund (2001). 
35 We assume that the parameters/functions are chosen so that W has a well-defined unique maximum. 
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involving wages would cancel out in the welfare function and only two terms would 

remain; production minus hiring/training costs.36  Second, the average value of the non-

pecuniary factor after job switching has taken place will differ from the average of the 

distribution of the non-pecuniary factor.  Only workers with a bad draw will search and 

since everyone who receives a new job gets the average value, all such workers will 

gain in utility.  Thus, the average job dissatisfaction after job switching will be lower 

than the average of the distribution of the non-pecuniary factor. 

 The issue we are interested in is whether the employment level generated by the 

market is too low or not.  One way to answer this question is to look at the derivative 

nW ∂∂ /  evaluated at the market solution.  Given that W  is single-peaked, the socially 

optimal employment level is higher than the market solution if this derivative is posi-

tive.   The derivative evaluated at the market solution is given by: 
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where a  is defined by equation (20), where na ∂∂ /  is the partial derivative of a  with 

respect to n , which is always positive, and where the wage and employment levels are 

evaluated at the values from the market solution.  

 Let us consider the terms in equation (23).  The first three terms reflect the fact 

that workers who are employed receive higher utility (in terms of wages and job satis-

faction) than unemployed workers.  These terms imply that a higher employment level 

is desirable.  The last two terms reflect the fact that higher employment results in more 

turnover.  If employment increases, this will increase the probability that on-the-job 

searchers get the jobs they apply for, since a  is an increasing function of n , and this 

increase in turnover will have two effects.37  It will increase the utility of the workers 

                                                 
36 This would correspond to the case often analyzed in the matching literature, e.g. Pissarides (2000), 
where the sole function of wages is to divide the surplus between workers and firms.  Thus, in that case 
wages would not enter the welfare analysis. 
37 It can be shown that 0))1(1( 2 >−−∆− bκ .  The effects of a marginal increase in turnover can be interpreted 
as follows.  On-the-job searchers that find a new job, on average, get a utility gain of 2∆−wbwκ , which is 
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since more job switching creates utility gains for workers; i.e. higher job satisfaction.  

This implies that higher employment is desirable.  However, it will also divert more 

resources towards covering hiring/training costs.  This term implies that lower employ-

ment is desirable. 

 From this discussion it is apparent that it is impossible to determine the sign of 

equation (23) analytically.  However, it is intuitively reasonable to expect higher em-

ployment to be optimal, since the utility gains unemployed workers get if they find em-

ployment should outweigh the negative effects of an increase in turnover, unless the 

hiring cost is very high and the difference in utility between being employed and unem-

ployed is very small.  One way to test this intuition is to perform numerical simulations.  

This means that we must choose a distribution for the job dissatisfaction factor and set 

values for the parameters.  It is natural to use similar assumptions as we used in the 

simulation in Section 2; i.e. a uniform distribution on the interval zero to two for the 

dissatisfaction component, a Cobb-Douglas production function, h =3, w =0.6 times the 

wage, 015.0=s , 05.0=S , ψ =0.5 and 01.0=Ω .  Using these assumptions it can be 

shown that the expression in equation (23) is positive and that the socially optimal em-

ployment level is significantly higher than what the market generates.  For these figures, 

the market yields an unemployment rate of around 13 percent while the socially optimal 

unemployment rate is around 5 percent. 

 

4.3 Can welfare be improved with policy interventions? 
Given that the socially optimal employment level is higher than what the market gener-

ates, the social planner should order all firms in the economy to increase employment.38  

However, in a real world economy there exists no social planner that can force firms to 

hire more workers.  Instead, what is needed is some kind of scheme that persuades firms 

that it is in their best interest to increase employment.  The key to achieving higher em-

                                                 
always positive because otherwise they would not search.  Capitalists that lose an employee meanwhile 
face a profit decrease of wbwh −+ .  
38 It should be noted that the welfare analysis has been performed under the assumption that it is possible 
to increase employment without having to force firms to employ workers from the uncertain pool.  For-
mally, this can be achieved as long as SSSSSSSSPlanner snsnunn −Ω−+<− )(ψ ; i.e. if the difference be-
tween the socially optimal employment level and the market equilibrium is not too big.  If the socially 
optimal employment level requires hiring from the uncertain pool, the best policy option is to try to lessen 
the information constraint. 



 32

ployment is to induce firms to view turnover a bit less unfavorably.  One way of achiev-

ing this is a subsidy that covers some part of the hiring/training cost.  Such a policy 

would induce firms to set a lower wage, thus in equilibrium, generating higher employ-

ment.  To succeed with such a policy, the planner should calculate the optimal size of 

this subsidy using equations (18) and (23).  A policy involving subsidies would proba-

bly increase employment but it is important to keep in mind that it also might create 

incentives for firms to try to cheat the system and that the financing of the subsidies 

might create other distortions. 

 Another way to increase welfare is to find ways to lessen the information con-

straints.  In the model, all unemployed workers seek employment by submitting job 

applications to a randomly chosen firm.  This means that even those workers who know 

they are unproductive apply for jobs.  Employers respond to this fact by avoiding hiring 

all unemployed workers whom they are not sure are productive.  Therefore, those work-

ers who are unproductive impose an externality on all other unemployed workers who 

risk being rejected by employers because they cannot credibly be distinguished from 

unproductive workers.  The severity of the problem depends on how difficult it is for 

employers to identify a worker as productive.  There are two methods that can be used 

to mitigate this externality; to remove unproductive workers from active search (to de-

crease Ω ), or to enable fully productive unemployed workers to credibly demonstrate 

their abilities (to increase ψ ). 

Starting with the first alternative, it should be noted that the economy does not 

lose anything in terms of welfare from removing the unproductive workers from active 

search.  In the model, the only reason these workers do apply for jobs is that they are 

forced to do so.  In reality, we expect unproductive workers to search because they are 

required to search to receive unemployment benefits.  However, given the potentially 

strong negative externalities these workers create, it can be argued that it would be wel-

fare improving if such workers were identified, removed from active job search and, if 

possible, rehabilitated in some way.  The success of this method depends crucially on 

the ability of public agencies to identify unproductive workers.  An important implica-

tion of this discussion is that it is beneficial for society to remove some job searchers 

from the applicant pool.  This contradicts the conventional wisdom that it is always 

beneficial to keep up the search intensity of all unemployed workers. 
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The second alternative might be a more feasible way to improve welfare.  If so-

ciety in some way can help unemployed workers to showcase their abilities, this would 

improve welfare.  The key is to provide employers with credible information about the 

people who apply for jobs.  This can be achieved either by enabling employers to share 

information about their previous employees more effectively or by devising some 

scheme where public agencies certify the skills of workers.  The usefulness of this ap-

proach hinges on the requirement that employers must perceive the information as 

credible.  One way to achieve this would be if the agency could give the firm some kind 

of guarantee that it would pay all costs incurred by a firm if a worker turns out to be 

unproductive; i.e. use some sort of trial employment scheme. 

 

 

5 Conclusions 
This paper has considered hiring in a situation characterized by imperfect information.  

Firms make significant investment in their employees at the time of hiring and this 

makes them very concerned with keeping worker-initiated turnover low.  There exist a 

small number of unproductive workers in the economy that firms cannot detect.  In-

stead, firms use all information they have available prior to hiring to sort their appli-

cants into two groups; one group consisting of workers the firm is certain are productive 

and one group the firm is uncertain about. 

 It is shown that it is an equilibrium hiring strategy to only hire from the certain 

pool even though wages can be used to compensate the firm for the differences between 

the groups.  The optimal wage is lower for workers in the uncertain pool than for work-

ers in the certain pool but not low enough to make firms indifferent in their hiring deci-

sions.  This is because the wage at the same time must prevent search among those 

workers who really are productive and compensate the firm for the possibility that the 

searcher is unproductive.   

 If all firms follow their equilibrium strategies, all unproductive workers will end 

up in the unemployment pool and firms will treat all employed applicants as fully pro-

ductive.  This means that firms will consider employment status as an important signal 

for productivity.  As a consequence, the expected probability to find a job is higher for 
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employed job seekers than for unemployed job seekers.  Due to the efficiency wage 

considerations in wage setting this gives rise to higher unemployment.39   

 The welfare analysis shows that the firms in the economy do not consider all 

socially relevant effects in their wage setting decisions.  Thus, the private solution 

seems to yield a too low employment level leaving room for policy to improve welfare.   

 The main contribution of this paper is that it shows that flexible wages do not 

necessarily prevent discrimination against groups of workers.  This means that we can-

not simply assume that flexible wages always will make a firm indifferent between dif-

ferent groups of applicants unless we are willing to allow for implausible arrangements 

like job fees etc.  Instead, it is possible that the wage that the firm considers as optimal 

for a particular group, taking into account factors like turnover consequences, is so high 

that it is less profitable to hire from that group than from some other group of appli-

cants. 

 

                                                 
39 This result is similar to the results in Eriksson and Gottfries (2000).   
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 Appendix: Proofs of propositions 1-3  
 

Proof of proposition 1 

We divide this proof into two parts.  First, we show that ii
L ww =  when 0=ϕ .  Second, 

we show that  ),0(  0/ ϕϕϕ ∈∀<∂∂ i
Lw where ϕ  is the value where the constraint starts 

to bind. 

 

First, consider the case when 0=ϕ .  Then the first order conditions in equations (3) 

and (8) become identical and this obviously implies that i
L

i ww = . 

 
ii

L ww =   Q  if 0=ϕ . 

 

Second, let us consider the case when ϕ >0.  Implicit differentiation of (8) with respect 

to ϕ  yields us: 
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Equation (A1) can be rewritten as: 
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Now consider the numerator in (A2).  This expression is negative if: 

 

0)1()(1)('))(1( <−−−++− awhwa
w

wSawS i
L

i
L

i
L κ

. (A3) 



 38

If we multiply with )1( ϕ−− , (A3) can be rewritten as: 
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But from equation (8) we now that: 
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Then since )1( a−  is clearly positive we can conclude that equation (A4) is satisfied.  

Now consider the denominator in (A2).  Since we have assumed that the S-function is 

decreasing and convex this expression is clearly positive. 
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Now consider the case when the minimum wage constraint does bind.  Then it must be 

that wwi
L =  irrespectively of the value of ϕ .  The result still holds as long as the con-

straint does not bind when 0=ϕ , but that case is hardly relevant since the constraint 

would then bind for all workers. 

 

Combining these two results we see that )1,0(   ∈∀< ϕii
L ww . 

QED.  

 

Proof of proposition 2 

We divide this proof into two parts.  First, we show that 0=Diffπ  when 0=ϕ .  Sec-

ond, we show that )1,0(   0/ ∈∀>∂∂ ϕϕπDiff . 
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First consider the case when 0=ϕ .  From the proof of Proposition 1 it follows that 
ii

L ww = .  Using these two facts in equation (10) we immediately see that 0=Diffπ . 

 

0   Diff =πQ  if .0=ϕ  

 

Second, consider the case when 0>ϕ .  Implicit differentiation of equation (10) with 

respect to ϕ  yields: 
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If we compare the terms within the brackets in A6 with the first order condition in (8), 

we see that they are identical (the envelope theorem).  This means that it must be that: 
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Looking at (A7) we see that it clearly is positive since it follows from the first order 

conditions in (3) and (8) that 0>−+ iwhw and 0>−+ i
Lwhw . 

 

Now consider the unlikely case when the wage constraint does bind.  Then we have that 

wwi
L = .  The result above hold since the derivative then would be given by: 

 



 40

),)()(1)(1()1(

))(1)(1())1)(1(1(

22 ii

Diff

whwawSas

ahwSsas

−+−−−

+−−+−−+=
∂

∂

β

βθβ
ϕ

π

 (A8)  

  

which is also clearly positive. 
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Combining these two results we see that )1,0(   0 ∈∀> ϕπ Diff . 

QED. 

 

Proof of proposition 3 

Differentiation of equation (21) with respect to the parameters yields: 
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QED. 
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