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ABSTRACT

Formal Education Versus Learning-by-Doing’

The efficiency of educational choices is studied in a search-matching model where
individuals face a tradeoff: acquiring formal education or learning while on the job. When their
education effort is successful, newcomers directly obtain a high-skill job; otherwise, they
begin with a low-skill job, learn-by-doing and then search while on-the-job for a high-skill job.
Low-skill firms suffer from hold-up behavior by high-skill firms. The low-skill sector is
insufficiently attractive and individuals devote too much effort to formal education. A self-
financing tax and subsidy policy restores market efficiency.
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1 Introduction

Formal education is not the only way to acquire skills that give workers the opportunity
of gaining a good job. Learning-by-doing in a low-skill job and then searching (while on-
the-job) for a high-skill job is another way of reaching the same goal. Do workers choose
the right amount of formal education when faced with this trade-oftf? If not, what kind
of public policy should be implemented?

Although human capital is generally measured by the amount of formal education,
many skills are best learned on-the-job through participating in the production process.
Consequently, training here also determines workers’ productivity. In the absence of
learning-by-doing, workers would always hold a job equivalent to their education level,
without any prospect of improvement.

Using US data, Andersson et al. (2005) find that 15% to 20% of workers with a high
school diploma or less had escaped low-wage employment after nine years. This result
seems to indicate that there is a stepping-stone effect toward better paid jobs (Connolly
and Gotschalk 2001) which is more likely to occur when workers voluntarily change jobs
(Sicherman and Galor 1990, Gotschalk 2001, Holzer 2004), and even more likely when
employment is gained at a higher-wage firm (Andersson et al. 2003). Such a spring-
board effect is demonstrated for Germany by Knabe and Plum (2013) who state that
the rate of transition to a high-paid job conditional on first accepting a low-paid job is
particularly significant for low-skilled workers. Likewise, empirical evidence for France
shows that, since the 1980s, upward professional mobility has improved, especially for
low-skilled workers: 29% of blue collar workers in 1998 had experienced upward mobility
between 1998 and 2003, against 19% between 1980 and 1985. We can think of a secretary
becoming an executive secretary, or an unskilled worker in a routine occupation becoming
skilled in a lower technical occupation in sectors such as manufacturing, industrial crafts,
construction, and warehousing and transport; and then transitioning from lower to inter-
mediate technical occupations, such as technician to foreman or supervisor (Monso 2006).
Most of those occupations could also be entered by obtaining a diploma in the relevant
field of competence. This evidence is consistent with our framework, in which educated
workers gain a well-paid job directly, whereas workers with a lower level of education have
to train themselves on-the-job before gaining a better-paid job.

The fact remains that, during the past few decades, more and more individuals have
chosen to reinforce their effort in formal education (see for instance Machin (1996), Ace-
moglu (2002), Mincer (1994, 2003), and Moscarini and Vella (2008)). Did these private
educational choices lead to an efficient outcome? The purpose of this paper is to shed
some light on this issue. We argue that individuals tend to put too much emphasis on
formal education, compared with training in the workplace. The reason for this does
not involve educational decisions themselves. This distortion originates in the fact that
firms with high-skill jobs underestimate the social cost of filling their vacancies with work-
ers previously employed in low-skill jobs in which they have practised learning-by-doing.
Firms create too many high-skill jobs. In response to this hold-up behavior, job creation is



suboptimal in the low-skill sub-market. As a result, high-skill jobs are too appealing, and
individuals make too great an effort to acquire formal education. This creates a problem
requiring government involvement.

To assess the consistency of our argument we use a two-sector search-matching model
in which workers have a finite life expectancy (Moen and Rosén 2004, Gavrel et al. 2010).
In contrast to these previous papers, our model assumes that workers can become skilled
via formal education. Before entering the labor market, new workers decide on the amount
of effort to devote to formal education. If they succeed in acquiring the required skills,
they directly join the pool of applicants for good jobs. If they fail, they have to search
for a low-skill job, and then begin to learn while on-the-job. When the learning-by-doing
process comes to its end, workers are endowed with the same skills as (formally) educated
workers (following Arrow (1962)). They then can join the pool of applicants for good
jobs.

First, we describe a (decentralized) stationary equilibrium of the labor market and its
efficiency conditions. Assuming that firms internalize the well-known congestion effect
(Hosios 1990, Pissarides 2000), high-skill job creation appears to be too high; whereas
low-skill job creation, as well as individuals’ educational choices, are constrained efficient.
In other words, they are optimal for the equilibrium value of the tightness of the high-
skill sub-market. This means that inefficiency derives entirely from an excessive creation
of high-skill vacancies. Next, we compare the decentralized equilibrium with a social
optimum. The results validate the consistency of our argument: low skill jobs are too few
in number, and individuals put too much emphasis upon formal education.

Second, we show that a Tax and Subsidy Policy (TSP) can decentralize the social
optimum. Taxes must be levied on (filled) good jobs. They ensure that perceived hiring
costs coincide with social costs. However, these taxes distort low-skill job creation as
well as educational choices. In order to restore market efficiency, these taxes must be
dedicated to the funding of two kinds of compensatory transfer. One is allocated to firms
in the low-skill sub-market when they lose workers leaving them for a better job. The
other is a reward that workers receive if their formal education is successfully completed.
Rewarding graduates is necessary since the taxes which have to be levied on high-skill
jobs excessively reduce the surplus for a match with such jobs, hence the returns to formal
education for workers.

Economists have been interested in the efficiency of human capital investment for
a long time. A controversial issue, going back to Pigou (1912), concerns governmental
involvement that seeks to enhance skills. Since firms would not have an interest in in-
vesting in workers’ skills because of the risk that their experienced workers might quit
for external opportunities, government subsidies appear to be a necessary measure for
the improvement of training and of schooling. By contrast, Becker (1964) pointed out
that the solution for human capital inefficiency may be improved loan markets rather
than government regulation and training subsidies. A competitive labor market implies
that workers are the only ones who have an incentive to invest in their general training,
bearing the cost themselves, either directly or by taking a wage cut. Hence, the appro-



priate amount of investment for an efficient market would be undertaken unless workers
are credit-constrained.

More recently, labor theory has re-examined the issue of educational choices in the
presence of market imperfections. Our paper is a contribution to this literature. Ace-
moglu and Pischke (1999) argue that search frictions allow us to account for employer-
provided on-the-job training, since firms are able to recover such investment in human
capital. Moen (1999) studies the efficiency of educational choices. Firms rank their ap-
plicants and hire the best, while workers use formal education to compete for jobs. Here,
the education effort can be too intensive. The same result is presented by Charlot and
Decreuse (2007), in which workers self-select their educational choices (see also Charlot
and Decreuse (2005)). Workers of low ability place too much emphasis on the value of
a higher formal education for gaining a job, even though education can be costly. Such
inefficient behavior leads the authors to suggest that educational subsidies be prohibited.

The paper is organized as follows: Section 2 outlines the analytical framework. We
define a labor market decentralized (stationary) equilibrium in section 3. Section 4 studies
market efficiency and states two main results: a decentralized equilibrium is constrained
efficient in terms of low-skill job creation and educational choices but inefficient in terms
of high-skill job creation; the laissez-faire situation is inefficient. In section 5, we outline a
self-financed fiscal policy which rewards educational success and leads to a social optimum.
In section 6, we calibrate the model with US empirical evidence. Finally, section 7 contains
some concluding comments.

2 Analytical framework

The economy consists of two types of agents: workers and firms. Firms are infinitely-lived
whereas workers have a finite life expectancy of 1/m. Time is continuous and parameter
m measures the workers’ labor market exit rate. Each worker who leaves the market is
replaced with a newcomer. The measure of the total labor force is constant and normalized
to one. All agents are risk-neutral and discount future payoffs at rate r (r > 0).

The labor market is segmented into two interacting sub-markets (sectors arranged into
a hierarchy). Sector 2 offers low-skill jobs, while sector 1 offers high-skill jobs. Workers
decide on their effort in formal education e when entering the economy. If their effort is
successful (which occurs with the probability 7), workers will enter the pool of applicants
for high-skill jobs (high-skill unemployment); whereas workers with unsuccessful effort will
enter the pool of applicants for low-skill jobs (see figure 1). The probability 7 is assumed to
be an increasing and concave function m(e) of the education effort e (7'(.) > 0, 7”(.) < 0).
Workers with low-skill jobs will therefore have to engage in a learning-by-doing process
in order to become skilled enough to be employable in a high-skill firm. The expected
duration of this process is denoted by (1/A). Workers thus acquire the required skills at a
Poisson rate \. When the learning period comes to an end, workers engage in an on-the-
job search process, hoping to get a high-skill job. The incentive to look for a high-skill
job is the wage differential between sectors.



Figure 1: Workers’ flows
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When entering the labor market firms choose the sub-market i (i = 1,2) in which they
will operate. They then create a single job in their chosen sub-market. Frictions exist
that prevent the instantaneous matching of jobs with workers. Firms thus have to pay
a cost, ¢, in order to keep their vacancy open. When matched with a worker, jobs yield
output y; in sector 1, g5 in sector 2 when workers are trained, and y, when workers are
novice (with y; > 7o > y2). Wages are negotiated. Workers have a bargaining power of
f and firms have a bargaining power of (1 — ). Sector 1 offers the wage w;; whereas
sector 2 offers the wage wo when workers are untrained, and the wage w, when workers
have learned by doing.

Job creation results from the usual assumption of free entry in both sectors. Market
frictions in sector-i are summarized in a constant-returns matching function that defines
the arrival rate of workers to job vacancies ¢;(6;) with ¢/(6;) < 0. The arrival rate of job
offers to searching workers is p; = 6;q; with p}(6;) > 0 where 6; is the sub-market tightness.

2.1 High-skill jobs

2.1.1 Asset values

In sub-market 1, the lifetime utility of an employed worker, called W7, satisfies:

(r+m)(W1—U1):w1—(T+m)U1 (1)
where U; is the lifetime utility of a high-skilled worker when unemployed. We have:

(r+m)Uy = d+ pi (W, = Uy) (2)

with d being the value of leisure.
Regarding sector-1 firms, the value of a filled job, called .J;, verifies:



(r+m)(J1 = Vi) =y1 —wy — (r+m)V; (3)

where V] is the asset value of a sector-1 firm whose job is vacant. We have:
rVi = —c+ q(Si — W) (4)

2.1.2 Private surplus and market tightness

Firms are unlikely to commit to wages. Following Shimer (2006), we assume that when
an on-the-job seeker meets a firm, she must reject her current job and bargain with the
other employer with no possibility of reverting to her old job. Therefore, the worker’s
threat point is always unemployment rather than the value of her previous job. This
assumption follows Mortensen (2003, p.99) who pointed out that making counteroffers is
not the norm in many labor markets. The outside option of a worker in sector 1 cannot
be the lifetime utility of an employed worker in sector 2 who chooses to keep her low-skill
job, but unemployment in sector 1. When a worker and a firm meet and agree to form a
match, the private surplus S; = [W; — U] + [J; — V4] of this match is shared between the
worker and the firm according to their bargaining power. From equations (1) and (3), we
deduce that the (private) surplus of a match in sub-market 1, satisfies:

(r+m)Sy =y, — (r+m)(U; + V1)

As the wage w; stems from static Nash bargaining, we have:

ﬁsl = [Wl - Ul] (5)

As already mentioned, in both sub-markets job creation results from the assumption of
free-entry (V4 = 0). We thus have:

(r+m+Bp1(61))S1 =y —d (6)

Consequently, by using (4), the market tightness 6; is determined by the following equi-
librium equation:

—c+q(0)(1—B)S =0 (7)

This equilibrium equation is equivalent to the reduced form of the basic matching model
(Pissarides (2000)). Hence, an increase in parameters ¢, 3, d, r and m lowers the market
tightness 61, whereas an increase in the output y; stimulates job creation in this sub-
market.

LOther outside options are nevertheless studied in section 4.4.2



2.2 Low-skill jobs
2.2.1 Asset values

When the training period comes to an end, the output of a worker in a low-skill job rises
from y, to g and the worker begins to search (while on the job) for a high-skill vacancy.
Her outside opportunities are defined by the lifetime utility of an unemployed worker in
sub-market 1 (utility U;). As Nash bargaining is static, the wage jumps from wy to ws.
It means that we first need to define the asset values associated with a match between a
low-skill job and a trained worker (hereafter referred to as an on-the-job seeker). So let
W, be the lifetime utility of such a worker. Using (5), one can show that this asset value
satisfies:

(r+m+p1)(Wg—U1) :’LZ)Q +p1651—(7‘—|—m)Ul (8)

Regarding sector 2 firms, the value of a low-skill job when matched with an on-the-job
seeker, called J,, verifies:

(r4+m+p)(Jo — Vi) = il — by — V5 (9)

where V5 is the value of a sector 2 vacancy.
From equations (8) and (9), we derive the (private) surplus of a match of a sector 2 firm

N

with an on-the-job seeker, S,. Knowing that Sy = [Wg U]+ [jg — V4], the private surplus
So satisfies:

(r+m+p1)Se = i+ p18S1 — (r + m)Us — Vs (10)
Under the assumption of free-entry (V4 = 0), the substitution of (2) into (10) yields:

(r+m +pi(61)S2 = G2 —d (11)

We can now define the asset values associated with a match between a sector 2 firm and
a newcomer.
As Nash bargaining implies that:

WZ - Ul = ﬁ‘§27

we obtain the result that the lifetime utility of an unskilled worker when holding a sector 2
job, W, satisfies:

(r +m+ \)(Wy — Uy) = wy + A\BSy + AUy — (r +m + \)Us (12)

where Us; is the value of unemployment in this sub-market. We have:

(r+m)Us = d+ pa(Wa — Us) (13)

On the firms’ side, the value of a job when held by a newcomer verifies:



rJy = ys — wy — m(J2 - V2) + )‘(j2 - J2) (14)

Under the assumptions of free-entry (Vo = 0) and Nash bargaining, the latter equation
can be rewritten as:

A

(r+m+XN)Jy =ys —wy + N1 — )5, (15)

2.2.2 Private surplus and market tightness

The private surplus of an untrained worker matched with a sector 2 firm is such that
Sy = [Wy — U] + [J2 — V3]. From equations (12) and (15), we deduce S as a function of
SQZ

(r+m+)\)52:y2+)\5'2—|—)\U1—(7"+m—|—)\)U2 (16)

Finally, by using (2) and (13), one can see that equation (16) can be rewritten as follows:

(r+m+ X\ (r+m+ Bp2(6s))
r+m

N A
Sy =ys+ NS —d+ H—mﬂpl(‘gl)sl (17)

According to equation (17), the tightness of sub-market 2 is a function of the tightness of
sub-market 1 via the term Sp;S;. Equilibrium in sector 2 thus depends on the equilibrium
in sector 1. This results from the fact that workers’ asset values in sector 2 depend on
workers’ asset values in sector 1. This one-way interdependence will play a crucial role in
the efficiency study.

As a result, the assumption of free-entry determines the market tightness 65 by the fol-
lowing equilibrium equation:

where the cost of keeping a vacancy open, ¢, is assumed to be the same in both sub-
markets.

2.3 Educational choices

When entering the economy, a new worker decides on the amount of effort to devote to
formal education. Her effort, denoted by e, determines the probability m of becoming a
high-skilled worker. If she succeeds, she enters the pool of applicants for high-skill jobs;
if she fails, she must search for a low-skill job and must begin a learning-by-doing process
after finding one. Remember that the probability 7 is an increasing and concave function
m(e) of effort e such that 7'(.) > 0, 7”(.) < 0.

Education effort is then obtained by maximizing the following objective:

ED = —e+m(e)Uy + (1 — w(e))Us (19)

We obtain the following first order condition:



() (U — Us) — 1 =0 (20)

For obvious reasons, the effort e increases with the difference (U} —Us). From the concavity
of function 7(.) we deduce that the second order condition is satisfied.
Using equations (2) and (13), we can rewrite the optimality condition as follows:

' (e)B(p1Sy — paSa) — (r+m) =0 (21)

Education effort is an increasing function of the private surplus S;, whereas it is a
decreasing function of the private surplus S;. In other words, workers would have an
incentive to increase (reduce) their education effort if the gain from holding a high-skill
(low-skill) job increases.

3 Equilibrium

3.1 Definition

In sum, a labor market equilibrium can be defined as follows:

Definition 1. A labor market equilibrium is a set of values (ST, 07, 5';, S5,03%,e*) which
jointly satisfy equations (6), (7), (11), (17), (18) and (21).

From market tightness and probability 7*, the employment and unemployment levels in
both sub-markets can be deduced by using the conditions for flow-equilibrium.

3.2 Employment and unemployment levels

In a steady state, employment and unemployment levels are deduced from the flow-
equilibrium conditions.

In sub-market 1, high-skill unemployment u; and high-skill employment ¢; are obtained
from the following equations:

mm = (m + p1)uy (22)
mly = py(ur + g2) (23)

where /5 is the number of on-the-job seekers (i.e. the level of high-skill employment in
sub-market 2).

In sub-market 2, low-skill unemployment wus, low-skill employment ¢, and high-skill em-
ployment {5 are derived from the following conditions:

m(l —m) = (m+ p2)us (24)
mly + Moy = patio (25)
(m + pl)ég = )\62 (26)



With v; denoting vacant jobs in the labor sub-market ¢, the sub-market tightness of
sector 1 is given by 0 = vy /(u; + gz) and the sub-market tightness of sector 2 is given by
0y = vy/uy. From these flow-equilibrium conditions, we derive the impacts of variables
01, 65 and 7 on all employment and unemployment levels. Table 1 reports these partial
derivatives. The variable 7; (i = 1,2) denotes the elasticity of rate ¢; with respect to
market tightness 6; (in absolute value).

Table 1: Partial derivatives of employment and unemployment levels

U9 fg
01 0 0
0 _ m(1=m)ga(1=n2) | m*(1=m)g2(1—12)
2 (m+p2)? (m+A) (m+p2)?
T __m _ mp2
m-+ps (m4+M\)(m+p2)
ly U 0
9 _ Maqi(1-m) _mrgi(1=m) | (wat+lo)g (1=m)
1 (m+p1)? (m+p1)? m-+p
A0l _ A 0Ol
82 m—+p; 00 0 m(m—|—p1) 004
Tl — Amps m P B 9y
(m4p1) (m+X)(m+p2) m-+p, m-+p, m Or

The tightness in sub-market 1 is independent of that in sub-market 2. However owing
to the interactions between the two sub-markets, high-skill employment depends on the
transition rates in sectors 1 and 2. Therefore high-skill employment depends on job
creation in the low-skill sub-market.

4 Efficiency

We now study the welfare properties of a decentralized equilibrium (Definition 1). As
in Gavrel et al. (2010), firms do not internalize the social cost of hiring a high-skilled
worker coming from the low-skill sector. The creation of high-skill jobs thus appears to
be too high. Due to this hold-up phenomenon, job creation is suboptimal in the low-skill
sub-market. As a consequence, educational choices are inefficient; workers devote too
much effort to formal education.

Similar to Hosios (1990) and Pissarides (2000), let us consider a social planner who is
only subject to search frictions and can redistribute income at no cost. In this case, the
efficiency criterion is the social surplus. For the sake of expositional simplicity, the interest
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rate r is assumed to be equal to zero. This assumption allows us to compare steady states
according to the social surplus per period.
Denoted by X, the social surplus per head and per period is given by:

Y =ly + by + éﬂb + (w1 + u2)d — 01 (uq + ég)c — Gousc — me (27)

Notice that in (27) the last term, me, measures the cost of formal education, per period.
In what follows, for methodological reasons, we will assume that the usual Hosios condition
holds true in both sub-markets, that is:

m=nmny =0

The matching functions are therefore Cobb-Douglas.

4.1 High-skill job creation

Let us first study the efficiency of high-skill job creation. Using Table 1, one can show
that the derivative of the surplus ¥ with respect to 6; has the same sign as:

~

by
HS=(1—-m)q [yl_( 2 gy +

~Y ~
U1+£2 U1+€2

Uy

d)] — (m+mp1)c (28)

Under the Hosios condition and with » = 0, the decentralized equilibrium in sub-market 1
can be rewritten (see equations (6) and (7)):

(I =m)q(yr —d) — (m +mp1)c=0
As 95 > d, we have: R
by
— 1Yo + =
Uy + EQ U + 62

This implies HS < 0 in a decentralized equilibrium. Sector 1 firms thus create too many

Uy

d>d

vacancies. This results means that 07 < 0}, where 67 denotes the social optimum value
of the tightness of sub-market 1.

When the relevant outside option for sector 1 workers (coming from sector 2) is the
asset value of high-skill unemployment, the wage bargaining of on-the-job seekers with
sector 1 firms yields an inefficiency that is not solved by the Hosios rule.

The intuition behind this inefficiency result is that, with static Nash bargaining, sec-
tor 1 firms underestimate the (social) opportunity cost of a match realized with a worker
coming from sector 2. This cost is given by the output g, which is higher than the value
of leisure, d. As a consequence, high-skill job creation is the more inefficient, the larger
the share of on-the-job seekers in the pool of applicants for high-skill jobs. In other words,
sector 2 firms suffer from hold-up behavior from sector 1 firms.

This distortion clearly depends on the manner in which one defines the outside option for
skilled workers. We come back to this issue in section 4.4 where we study the consequences
of alternative threat points.

11



4.2 Low-skill job creation

One can show that the derivative of the social surplus ¥ with respect to the market
tightness 65 has the same sign as (see A):

LS = 1-— —d) —méb
( nQMQm(m—i—pl)[pl(yl ) — mbc]
Myo — d A
+(1 = 172)g2 [yz—d+ (9 )} _ (m A A)m Fmapa) (29)
m + p1 m
We shall state that LS is equal to zero in a decentralized equilibrium (Definition 1).
For r = 0, combining equilibrium equations (11) (17) and (18) gives:
A AMyo — d m—+ A)(m +
(1= B)ga—pBp1S1 + (1 — B)qa {?ﬂ —d+ (52 q ! I BpQ)c =0 (30)
m m + p1 m

Let us consider the first term of the previous equation:

(1- 5)@121527151
m

From the equilibrium equation (7), we deduce:

Bp1S1 = p1S1 — bic

With Nash bargaining, part of the surplus goes to the firms. However, under the assump-
tion of free entry, profits are dedicated to the funding of vacancy costs.
On the other hand, from the definition of private surplus Sy, it follows that:

Bp1S1 = y1 —d —mS,
We then obtain:

P1S1—91c:y1—d—m51 &5 = w
m+ p1
Consequently, the first term of the equilibrium equation for tightness #5 can be rewritten
as:
(1- 5)@21517151 =(1- 5)612;[]01(341 —d) — mb ]
m m(m + py)

Under the Hosios condition, this proves that the derivative of the social surplus with
respect to the sub-market tightness 6, is zero in a decentralized equilibrium (hence for an
inefficient decentralized equilibrium value of 6;).

The decentralized equilibrium value of the tightness of sub-market 2, 5, does not
coincide with its social optimum value, #5. The value of 6 indeed depends on the tightness

12



of sub-market 1, #7. We have shown in the previous section that 07 takes a value which is
higher than its optimal value 6. Thus 65 differs from 05 even if LS = 0 in a decentralized
equilibrium. We compare those two values in section 4.4. LS = 0 can however be read as
a "constrained" efficient result of sub-market 2 in the sense of Moen and Rosén (2004):
job creation is socially optimal in sub-market 2 if the social planner chooses the same
tightness as the one determined in sub-market 1 in a decentralized equilibrium, 67.

At first glance, this (constrained) efficiency result might look surprising as, via on-
the-job search, high-skill employment depends positively on low-skill job creation (see
Table 1). In fact, an increase in high-skill employment raises the output of sector 1 and
it also generates an increase in vacancy costs. What we have shown is that sector 2 firms
correctly evaluate and internalize these consequences through the term Sp,5;. It is worth
noting that this result is driven by the assumption of free entry which ensures that sector 2
firms correctly internalize the vacancy costs generated by the transition of their trained
workers toward high-skill employment.

4.3 Educational choices

One can check that for a nil interest rate, the derivative of the social surplus with respect
to the education effort has the same sign as:

E= [1 _ Ap2 ] |:p1<y1 —d) _ mbc }
a (m+Nm+p)] | m+p m+p
m Do A m+ A m
— —d+ \Ss) — Ooc| — —— 31
m—+ A [m +p2(y2 +A%) m ~+ po 26] m'(e) (31)

Here also we shall state that E is equal to zero in a decentralized equilibrium. In other
words, the education effort appears to be constrained efficient in the same sense as 63 is.
In order to verify the previous statement, let us first consider the quantity 8p;S; (see B
for detailed calculus). From the definition of the private surplus S; (see equation (6)) and
from the equilibrium equation (7), we obtain (for r = 0):

P1 m

—d) —
m—i—pl(yl ) m —+ p1

O1c = Bp15y (32)

Substitution of equation (32) into equation (31) then yields:

E = Bp;S; —

” [ = (33)

N )\ﬁplSl m+ A m
—d+ \S — Oyc| —
m+ A |m+ ps (y2 tA m ) 26}

m -+ p2 7 (e)
Let us now consider the quantity Sp2Sy (see B for detailed calculus). From the definition

of the private surplus Sy (see equation (17)) and by using equation (18), we have (for
r=0):

D2
m —+ P2

- 920 = ﬁpQSQ (34)

m + po m

Y A A
[yg—d—l—)\Sg—i- Bplsl} mr mr
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Substitution of (34) into (33) finally yields:

E = Bp1S1 — Bp2Sa — ,i
(e)

This shows that in a decentralized equilibrium, the derivative of the social surplus with
respect to the education effort is nil (see equilibrium equation (21)). We can write e* =
e® .2 For the same reason given in the previous section, e* does not coincide with the social
optimum e°. It is worth noting that the constrained efficiency of educational choices also
results from the condition of free entry. Because profits go to the funding of job creation,
this condition makes individuals correctly internalize the social return to education.

4.4 Social optimum and decentralized equilibrium: comparison
and discussion

We now examine how the decentralized equilibrium is located relative to the social opti-
mum. Next, we provide a discussion of our welfare results by considering alternative the
threat points of trained workers in wage bargaining with high-skill firms.

4.4.1 Market efficiency

A social optimum can be defined as follows:

Definition 2. A social optimum is a set of values (07,05, e5) which jointly satisfy HS =
LS=E=0.

The following proposition summarizes our (constrained) efficiency results:

Proposition 1. A decentralized labor market equilibrium is constrained efficient in terms
of low-skill job creation (05 = 05) and education effort (e* = e“), but inefficient in terms
of high-skill job creation (07 > 07). The decentralized equilibrium does not coincide with
a social optimum.

It is worth noting that the efficiency of the tightness of sub-market 2 only holds for the
(decentralized) equilibrium value of the market tightness 6. One can verify that in the
absence of on-the-job search, a decentralized equilibrium would coincide with a social
optimum (under the Hosios condition).

The constrained efficiency results enable us to explain why the decentralized equilibrium
(Definition 1) is not a social optimum (Definition 2). Let us underline how the decen-
tralized equilibrium is located relative to the social optimum. We already know that job
creation is beyond its optimal level in sub-market 1 (87 < 6%): market tightness 0} is too
high. What can be said about low-skill job creation and the education effort of newcom-
ers? Under the Hosios’ condition (1, = 1y = [3), we state the following proposition:

2Notice that the Hosios condition was not used in stating this point. Furthermore this result remains
true whatever the workers’ bargaining strength 3 is.
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Proposition 2. Relative to a social optimum, low-skill job creation (63) is too low in
a decentralized equilibrium (05 > 03), and individuals’ education effort (e*) is too high

(e < e*).
Proof: See C.

As already shown, low-skill job creation is not optimal as 6] is too high compared to
its social optimum value #7. Since a significant level of high-skill job creation facilitates
transitions of trained workers toward high-skill jobs, sector 2 firms create less jobs than
required at the social optimum: 5(= 6¢) < 3. Similarly, a significant number of sector 1
vacancies encourages newcomers to display a significant education effort (which is higher
than the social optimal level) so that they apply to high-skill jobs directly. We thus have
e*(=eY) > é”.

4.4.2 Discussion

In order to reach a more precise understanding of our welfare analysis, let us consider
a (very) hypothetical market structure in which the decentralized equilibrium would be
efficient. First, similar to Albrecht et al. (2006) as well as Gautier and Wolthoff (2009),
suppose that, in the bargaining with a high-skill firm, the threat point of trained workers,
Uy, is directly deduced from their productivity on a low-skill job.

rU; = Yo — mU,
Expressed in words, when a trained worker initially matched with a low-skill firm encoun-
ters a high-skill firm, the high-skill firm (Bertrand) competes for the same worker with
the low-skill firm. Consequently, the high-skill firm will win and pay a wage beyond the
productivity level of the worker at the low-skill firm. This clearly requires that sector 1
firms can commit to wages.

In this case, the private surplus of a match with a trained worker in sector 1 will obviously
reflect its social costs and benefits. Job creation will be efficient in sector 1. Is this
sufficient to ensure the efficiency of a decentralized equilibrium? Consideration of the
efficiency of job creation in sub-market 2 and of educational choices shows that this is not
the case. The reason for this is that two different levels of wages would prevail in sector 1:
high wages for trained on-the-job seekers having a threat point equal to Uy, and lower
wages for high-skill unemployed having a threat point based on U;. The profitability of
high-skill firms, and high-skill job creation, would therefore depend on the probability
of recruiting one type of worker or the other. Since low-skill firms do not integrate the
existence of lower-wage sector 1 workers, they underestimate the profitability of high-skill
firms. This distortion implies that the gain a trained worker expects from a match with a
high-skill firm no longer reflects the vacancy costs that her transition to sector 1 generates.
As a result, low-skill job creation is too high compared with its social optimal value?.

3See additional information which can be found in an unpublished Appendix available from the au-
thors.
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As shown in D, with this threat point, market efficiency also requires the segmentation
of the high-skill sub-market according to the applicants’ type (educated or trained). In
the high-skill graduate sector, firms only hire workers who have successfully completed
their formal education; whereas in the trainees’ high-skill sector, firms only recruit trained
workers coming from sub-market 2. Similar to Sattinger (2006), segmenting sub-market 1
eliminates this distortion, since each segment of the sub-market is composed of workers
with identical wages!. As a result low-skill firms correctly evaluate the social costs and
benefits of the departure of their trained workers. Segmenting the high-skill sector restores
efficiency, but this market structure is not rational. As Sattinger would put it, the high-
skill sub-market is "irreducible".

On the other hand, in conformity with a scenario sometimes used in the literature
(Cahuc et al. (2006)), the workers’ threat could be deduced from the lifetime utility of a
low-skilled worker (Wg) Under this assumption, high-skill job creation would no longer be
efficient since the wage of trained sector 2 workers is lower than their productivity. High-
skill firms would not internalize the entire loss of low-skill firms whose employees quit.
They would therefore create too many vacancies compared to what is socially efficient.
This scenario is presented in the unpublished Appendix.

Our discussion led us to consider different threat points of trained workers hired in
sector 1. Assuming that a trained worker could bargain over her wage according to the
low-skill firm productivity (g,) or even according to her lifetime utility while employed in a
low-skill job (Wg), she would obtain a higher wage than that of a worker who successfully
completed her formal education. Beyond the argument presented by Shimer (2006) and
Mortensen (2003), this result allows us to justify our choice in terms of a unique threat
point equal to U; for all workers in the high-skill sector. It is indeed not reasonable to
suppose that workers who failed in their formal education would obtain higher wages than
educated workers.

5 Optimal public policy

The laissez-faire situation is not an optimum. What then should a government do? We
now present a self-financed Taxes and Subsidies Policy (TSP) leading to a social optimum.
The same assumptions as above have been adopted. The interest rate is equal to zero
and the Hosios condition holds on both sub-markets.

Which public policy shall be implemented? From the previous analysis of inefficiency
sources, we could think that the decentralized equilibrium would be efficient if firms in
sub-market 1 could offer a direct transfer to firms in sub-market 2 in order to compensate
for the loss high-skill firms impose on low-skill firms when their trained employees leave
for sub-market 1. This relationship between firms, which would have to be imposed by
the social planner, does not however restore market efficiency (the proof is available in

4Note that this distortion does not exist in our model as all high-skilled workers have the same threat
point.
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the unpublished Appendix available from the authors). Such a transfer policy raises a
problem similar to the one we identified when the trained workers’ threat point is deduced
from their productivity on a low-skill job. Job creation becomes excessive in sector 2.

As a direct transfer between firms cannot restore labor market efficiency, the next
section focuses on a more complex public policy.

5.1 Taxing sector 1

As previously highlighted, job creation is too high in sub-market 1. The government can
decentralize the social optimum by implementing an appropriate fiscal policy. We now
prove that in order to restore efficiency, a tax 7 could be levied in sub-market 1. Thus,
the value of a filled job J; (see equation (3)) now depends on 7:

(r+m)(J1 =Vi) =y —7—w; — (r+m)Vj (35)

By comparison between (7) and the optimal condition (28), we obtain the result that
the tax would restore sub-market efficiency if it is equal to:

by . u 12
2Ay2—|— L g g b
u1—|—€2 ul—l-ég €2+U1

Let a be the share, in sub-market 1 employment, of workers coming from sub-market 2:

(G2 —d) >0 (36)

T =

~

ly
o= =
52 + U1l
The tax can therefore be written as:
T = a(fy — d)

and 5] is now given by:

g (age+ (1— a)d)
m + Bp

Therefore, sector-1 equilibrium (7) becomes:

S

1 — (aga + (1 — a)d)
m+ Bp
Equation (37) coincides with the optimality condition in sector 1 (28). With a tax 7,

0=—c+aq(l-7)

(37)

high-skill job creation becomes efficient. In short the Pigovian tax 7 makes sector 1 firms
internalize the real cost of hiring a worker coming from sector 2. However, implementing
this tax does not only restore efficiency in sector 1, it also modifies efficiency results for
sector 2 and for educational choices: job creation in sector 2 is no longer efficient and the
same holds for the education effort.
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These distortions lead to the tax 7 being dedicated to the funding of two compensatory
transfers. The first, denoted by o, is allocated to sector 2 firms when a worker quits her
low-skill job. The transfer o, is given by:

Oq = m (38)

The second transfer, denoted by o, is allocated to (entrant) workers whose education
effort e is successful. The transfer o, is given by:

h
= o
m + p1

Oe

q (39)

Before showing that these transfers offset the distortions created by the tax 7, we need to
verify that the policy is self-financing. As there are mm workers whose effort e is successful
and pify quit, the government’s expenditures are equal to:

~ m ~
mmno. + pi1lao, = <m e + 52) P10y
1

From equations (22), (23), and (38), we deduce that:

mm - -
(m o + Kg) p1og = (ur + bo)prog = mbyog = 04T
As the government’s receipts are given by (¢17) per period, this shows that the govern-

ment’s balanced budget constraint is satisfied for this self-financed TSP.

5.2 Subsidizing Sector 2

By restoring efficiency in sector 1 one has reduced job creation in sector 2 in excess of
the efficiency level. The reduction of the value of a sector 1 job does reduce the future
opportunities of sector 2 employees. It thus decreases the value associated with their
low-gkill job. As a consequence, the private surplus associated with a filled sector 2 job is
reduced. In order to restore efficiency in the overall labor market, we propose to subsidize
sector 2 firms whose workers leave for sector 1. With the compensatory transfer o, (see
equation (38)), the private surplus Sy now satisfies (for r = 0):

m+ \)(m + o — d A
( )( sz)52:y2_d+Ayz T .
m m + p1 m+ pi m
On the other hand, using equation (37) one can see that, with the tax, the quantity

(Bp1S1) is now given by:

(y1 —d) —mbic  p
m+px m —+ p1

Bplsl = D TI’LO'q (40)

Combining the two previous equations yields:

A Jo—d A —d) —mb
(At N+ Bpa) g g F2md Ap —d) —mbie
m m+pr m m + pr
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Substituting S, into equation (18) shows that transfer o, enables the restoration of the
efficiency of low-skill vacancy creation (see equation (29) for g = ny).

5.3 Rewarding educational success

With the reward o, defined by equation (39), the private optimality condition (20) has
to be rewritten as follows (for r = 0):

D1
! U —Uy | =1
W(e)( 1+m—|—p10q 2)
or

mp1

T’(e) <ﬂp151 + m +p10'q — BPQSQ) =m

Using equation (40), the previous equation can be rewritten as:

b1 m mpi mp1 m
—d) — Oic — o, + O, — Sy | — =0
(m+p1(yl ) m—+ py ! m+p * m—+p ? Ppz 2) ' (e)

or
m

P1 m

—d) — O1c — BpaSy | — =0
<m+p1 (y1 =) m—+ pi 1¢= Pp2 2) m'(e)

As the efficiency of 6y is restored (despite the tax), 8psSs remains equal to:

A A
m [ P2 <y2—d+A52+ 5p151>—m+ egc]
m+ X |m+ ps m m + p2

Therefore the social optimality condition (33) holds true.

At first glance, the idea of rewarding educational success might look counterintuitive,
since one could point out that, according to Proposition 2, education effort is lower in a
social optimum than in a decentralized equilibrium. The reason for this is that without
subsidies, private educational choices are no longer efficient for the optimum value of sub-
market tightness 6y (computed with the tax 7). In the absence of a reward, the return
to education (the opportunity to get a "good" job) would be too weak, thus leading to a
reduction in formal education below its optimal level. The reward compensates for this
effect.

The following proposition summarizes the above results:

Proposition 3. With the TSP (t;0.;0,) the decentralized equilibrium is a social optimum
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6 Calibration

In this section we verify that the previous TSP restores market efficiency through a
calibration of the model using U.S. labor market evidence. We therefore assume that the
Hosios condition holds and that the discount rate is nil (r = 0). We consider that the
low-skill group is constituted of individuals whose educational attainment is a high-school
diploma with no college attendance, or less. The high-skill group is therefore composed
of individuals with some college or associate degree, plus all college graduates.

6.1 Baseline scenario

The unemployment rates presented in the theoretical model have to be understood as
the unemployment of young workers only, since the model does not compute any job
separation rate. For this reason we match the unemployment rates of the calibration
with that of educated and non-educated young workers aged 16 to 24 years old for 2006,
given by the U.S. Bureau of Labor Statistics (BLS). The rates are computed as the youth
unemployed population divided by the total labor force®. We obtain from the same source
a share of educated workers in the total labor force 7 of about 42%. The probability of
leaving permanently the labor market (dying) is fixed at m = 0.0018 which represents
about 42.7 years in the labor force (Ljungqvist and Sargent 1998). Equations (22) and
(24) can then be used to retrieve the average monthly job finding rates p; and p,. Table
2 gives the fixed values of variables and parameters and table 3 gives the inferred values.

Table 2: Parameters and variables whose value is fixed

Name | Description Value | Source

6] worker’s bargaining power 0.5 | Pissarides (2000)

m elasticity sub-market 1 0.5 | Pissarides (2000)

72 elasticity sub-market 2 0.5 | Pissarides (2000), Hosios (1990)
m permanent exist rate 0.0018 | Ljungqvist and Sargent (1998)
M, matching parameter 1 0.1020 | Hagedorn et al. (2010)

M,y matching parameter 2 0.1640 | Hagedorn et al. (2010)

Y1 high-skill productivity 100 | normalized

Yo low-skill prod. (untrained) 50.39 | Hagedorn et al. (2010)

d non-market output 35.77 | Hall and Milgrom (2008), see text
T share of educated in LF 0.4200 | BLS, year 2006

Uy high-skill youth unemployment | 0.0116623 | BLS, year 2006

Ug low-skill youth unemployment | 0.0162453 | BLS, year 2006

AHL | low/high-skill transition share 0.20 | Andersson et al. (2005)

>That is to say - educated (for u;) or non-educated (for us) - youth unemployment rates times the
share of the youth labor force in overall labor force.
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As a standard feature, bargaining power 5 and the elasticities 1; and 7, are assumed
to be equal to 0.5 (the Hosios condition holds). This choice of calibration will allow us to
observe the impact on the labor market structure of a TSP as proposed in the theoretical
part of this work. High-skill productivity y; is normalized to 100.

We assume the matching functions to be Cobb-Douglas with matching parameters M;
and Ms, so that hy = Myl (u; + 52)1_”1 and hy = Mﬂ)g?ué_"z are the matching function
of respectively the high-skill sub-market and the low-skill sub-market. The matching pa-
rameters values are set according to Hagedorn et al. (2010) who present the calibration of
a search-matching model with the same two subgroups (high-skill and low-skill individu-
als) using data from the CPS between 1979 and 2006. We can then deduce the tightness
of each sub-market ¢; and 6, as well and the probability that a firm fills a job ¢; and g¢s.

Hagedorn et al. (2010) give a marginal product ratio of 1.9846 between skilled and
unskilled workers. We use this ratio to retrieve the value for y;. According to Hall and
Milgrom (2008) non-market activities, which includes the value of leisure, represent a
fraction 0.71 of the average productivity. In order to minimize the presence of potential
unemployment benefits, which are not taken into account in our modeling, we chose to
fix the value of d as a proportion of y,.

Table 3: Parameters and variables whose value is inferred

Name | Description Value | Source

U2 low-skill prod. (trained) 85 | see text

12} high-skill job transition rate 0.06302422 | equation (22)

Do low-skill job transition rate 0.06246457 | equation (24)

0, tightness sector 1 0.38178124 | matching function definition
65 tightness sector 2 0.14507072 | matching function definition
A low-skilled leaving for a high-skill job 0.1160 | see text

Uy low-skill employ. (untrained) 0.44444164 | equations (23), (25), (

0 low-skill employ. (trained) 0.00331301 | equations (23), (25), (

l high-skill employment 0.52433769 | equations (23), (25), (

A training transition rate 0.00048322 | equations (23), (25), (

c vacancy cost sub-market 1 1.591335268E+2 | equation (7)

Co vacancy cost sub-market 2 1.607701929E+-2 | equation (18)

m'(e) | marginal success rate of education 0.000048088 | equation (21)

e education effort 1.206115E+4 | see text

The probability A of upgrading the skills of low-skilled workers is obtained knowing
that the share of overall low-skilled workers in the labor force must be equal to the
following equation:

(1—7T):U2+€2+g2+é1 (41)
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Where /; is the share of low-skilled workers who succeed in obtaining a high-skill job.
According to Andersson et al. (2005) between 15% and 20% of workers with a low level
of education had escaped low wage employment after nine years. We use this proportion
to estimate /; = AHL x (1 — nr) where AHL = 0.2 is the proportion of low-skilled
workers escaping from low-skill jobs. We then deduce the training transition rate A and
the employment levels £,, f5, and ¢; from equations (23), (25), (26), and (41).
Regarding the education technology, we retain the specification 7(e) = ej. Knowing

the baseline value for 7 and 7’(e) enables us to retrieve the parameter ¢ and the value of
education effort e.

The remaining parameters are the cost of a vacancy, and the trained workers’ pro-
ductivity g». In order to ensure an equilibrium in each sub-market, we assume from now
on the existence of two different vacancy costs depending on the sub-market, so that ¢;
is the cost of vacancy in sector i. Finally, we arbitrarily fix a value for productivity s
of 0.85 times the high-skill output (sensitivity test could be performed on the basis of
this parameter but such a test goes beyond the scope of this work). This choice ensures
a progressiveness in the workers’ productivity (y2 < 92 < y1). A trained worker from
sub-market 2 will indeed search on-the-job for a high-skill job rather than choosing high-
skill unemployment (this implies g, < d), and low-skill wages will remain below high-skill
wages even for trained workers (this implies ¢» < ;). Using the preceding values in
equations (7) and (18) gives the values for ¢;.

6.2 The Tax and Subsidy Policy (TSP)

The TSP requires the imposition of a tax 7 on the output of high-skill firms, a subsidy o,
to low-skill firms whose workers quit for a high-skill job, and a reward o, for educational
success. Table 4 synthesizes the values of variables at the baseline and after the TSP has
been implemented.

As expected, the decentralized equilibrium is not a social optimum since HS < 0.
The tax imposed on high-skill firms that is required to restore a social optimum creates a
distortion which is restored by the implementation of a subsidy to low-skill firms, whose
workers quit for high-skill jobs, in addition with a reward for educational success.

The calibration of the policy that would restore the social optimum gives us the oppor-
tunity of studying the consequences of such a policy for different variables in the economy.
We can appraise the importance of the tax and the subsidies required to restore the effi-
ciency based on US empirical evidence. The tax that should be implemented represents
about 10.9% of high-skill firms’ output, and provokes a reduction in the surplus (S;) of
about 9.1%. The reason why such a tax is necessary to lower the over-creation of high-skill
vacancies and to restore efficiency in sub-market 1 lies in the strong differential between
d (35.77) and g (85) in our baseline scenario.

Since the product of the tax is split among a small number of agents, the subsidies
distributed are important. This creates a strong increase in the surplus of low-skill firms
whose employees are trained (Sg) The increase of this surplus is almost compensated by
the reduction of the high-skill surplus (small rise of S5), hence job creation rises only in
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Table 4: Impact of the TSP

Variable | Description Baseline TSP value
P1 high-skill job transition rate 0.06302422 0.05727193
D2 low-skill job transition rate 0.06246457 0.06249696
¢ high-skill job filling rate 0.16507940 0.18165966
G2 low-skill job filling rate 0.43058012 0.43035694
0, tightness sub-market 1 0.38178124 0.31527051
0y tightness sub-market 2 0.14507072 0.14522122
Uy vacancy sub-market 1 0.00571730 0.00517869
Vg vacancy sub-market 2 0.00235672 0.00235923
e education effort 1.206115E+4 1.205476E+4
T share of educated in LF 0.42000000 0.41969280
Uy high-skill youth unemployment 0.01166231 0.01278860
Us low-skill youth unemployment 0.01624534 0.01624576
Uy low-skill employment (untrained) 0.44444164 0.44468365
l low-skill employment (trained) 0.00331301 0.00363760
‘0 high-skill employment (trained) 0.11600000 0.11574020
0y high-skill employment (educated) 0.52433769 0.52264440
Sa match surplus sub-market 2 (untrained) | 7.46760879E+2 | 7.471481339E+-2
S, match surplus sub-market 2 (trained) 7.59354001E+2 1.301303E+4
S1 match surplus sub-market 1 1.927963E+3 1.751996E+3
)y social surplus 53.1095346 53.1170959
HS efficiency high-skill -0.8988586 0
LS efficiency low-skill 0 0
E efficiency education effort 0 0
T tax on sector 1 firms - 10.9008278
o subsidy to firms whose workers quit - 6.056015E+-3
O reward to educational success - 5.871481E+3

the low-skill sub-market. In the same way, the impact of the large size of the subsidy

allocated to individuals as a reward for educational success is offset by the reduction of
the attractiveness of the high-skill sub-market. The education effort (e), too high with
regard to the social optimum in the baseline scenario, lowers slightly after the TSP is

implemented. The share of high-skill newcomers (7) follows the same path.

Despite a reduction in the number of high-skilled workers, the decline of high-skill

job creation leads to a reduction in high-skill tightness, as well as to a small increase in

unemployment. All in all, the unemployment level of young workers increases slightly after
the imposition of the TSP. We also observe a reduction of 0.32% in the most productive

jobs in the economy, together with a limited rise in low-skill employment (+9.8% for
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trained workers and +0.05% for untrained workers). Those observations should count
against the improvement of the efficiency of the labor market. However, the rise in the
total surplus of the economy (social surplus) is made possible through the reduction of
the social cost of high-skill vacancies (6;(u; + fg)cl and Oyuscy) together with a reduction
in the social cost of education (me).

7 Conclusion

In many countries governments subsidize formal education and/or training through differ-
ent channels. For example, the first Clinton administration made skill upgrading a major
priority. Are these subsidies justified?

We set up a model in which workers face a tradeoff between acquiring formal education
(thus having the opportunity to obtain a good job directly) and learning-by-doing in a
low-skill job, then searching (while on-the-job) for a high-skill job.

We have stated that workers do not choose the appropriate amount of formal education
when faced with this tradeoff. Even if the decentralized equilibrium is constrained efficient
in terms of low-skill job creation and educational choices, it is inefficient in terms of
high-skill job creation. Because high-skill job creation is too high and induces hold-up
behavior which penalizes low-skill jobs, a tax must be levied on high-skill firms. Therefore,
educational choices and low-skill job creation will no longer be constrained efficient. A
self-financing Tax and Subsidy Policy restores market efficiency. The tax should finance
two compensatory transfers: a subsidy to low-skill jobs (whose workers quit), and a reward
aiming at encouraging education effort. In a decentralized equilibrium, workers tend to
put too much stress on formal education. However, according to our results, subsidies to
education make sense, even without credit constraint, since the tax levied on high-skill
firms leads to an inefficient amount of effort devoted to formal education.

We assessed the impacts of such a theoretical scenario through a calibration of the
model with US empirical evidence. From a practical viewpoint, our results have to be
treated with caution, as one could object that this tax/transfer policy would be difficult to
implement when the government does not have perfect knowledge of each firm’s output.

It is worth noting that, empirically, the path along which low-skilled workers advance
to high-skill jobs differs between sectors in the economy. Even if most low-skill transitions
require a movement from one firm to another in sectors such as in manufacturing, indus-
trial crafts, construction, and warehousing, internal promotions is more usual in some
sectors or occupations. This is for instance the case for the French transport industry
(Alonzo and Chardon 2006). Such a case cannot be taken into account in our framework
since each firm owns only one job.

It could be objected that the nature of the job could shift from low-skill characteristics
to high-skill ones when the worker becomes trained. This argument would however deny
the existence of reorganization costs faced by the firm during this shift. If these costs are
too high, such a job transformation becomes unthinkable, hence nullifying the objection.
In addition, high-skill firms would not internalize the fact that opening additional vacan-
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cies in sector 1 forces low-skill firms to bear reorganization costs. As a consequence, job
creation in the high-skill sub-market is likely to remain excessive.

One could also argue that in the presence of a reward allocated to graduates, the
educational system could be prompted to award more diplomas in exchange for an increase
in the level of tuition given. This phenomenon would affect the skill level of graduates.

To conclude, we would like to emphasize an unexpected result of our study. Economists
usually believe that the share of educated workers would not be sufficiently significant
when there are search-frictions. Search-frictions create rents, which implies that a part of
the return to education goes to firms. Therefore the incentive for workers to invest in their
formal education would be too low. We have shown that this widespread view may be
incorrect. Without on-the-job search, educational choices are perfectly efficient, despite
search-frictions. The reason for this is that firms have to pay for the cost of creating jobs
that educated workers will hold. As already mentioned, in our setting the inefficiency of
the education effort in the laissez-faire situation does not come from private educational
choices, but from the presence of the hold-up phenomenon.
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A Optimality condition for low-skill jobs

The derivative of the social surplus (equation (27)) with respect to the tightness of sub-
market 2 can be written as:

8_2 _ _ Ap1 m?(1 — ) m
3 = 0 e G
A m2(1 — ) B m(1l — ) .

A
+(m +p1) (m+N)(m +p2)2y2 (m + pa)? (m+p1) (m+ X)(m + p2)?
m(l — ) }_m(l—w)

~

(m+p2)? "] (m+ )
G TA()I(T; jTr)pa)z {%(1 —m) (ﬁyl MR et i (m+2X),
- j\_p bre+ T >‘920> B C(m +p22rfm + A)}
. m2(1 — ’/T) - B - i L
_(m+MW+mVF“ W(W At = d) =
Alp1yr — iem)| m 4\
m(m + p1) ) — clm +1ps) }

As the first term is always positive, the sign of the optimality condition 3—922 is given by:

Ay — d) n A
m+ pp m(m + p1

m+ A

LS = qa(l — o) <y Cd+ T —a) - elcm1) ~ c(m + 1op)

B "Constrained" efficiency of educational choices

We show that the optimality condition for educational choices (31) is equal to zero in a
decentralized equilibrium.

Let us consider the quantity Sp;S;. From equation (6), we deduce (for r = 0):

4!
Bp1Si m+ p1 (y1 ) m+ p (y1 ) 1
By using equilibrium equation (7), we obtain:
Ty~ d) —mS (1-8)S 0
—_ —m = — —_ = — C
m+ pr Y1 1 m—}—plpl 1 ™+ pr 1
The result is: » "
1
—d) — Oic = S
m+pl(y1 ) e Bp1Sy

Substitution of the previous equation into equation (31) then yields:

_ Opc| —
m m + pa m'(e)

m p2 ~
E = Sy — —d+ \S
Bp1S1 TSN [m+p2 (yz + Ady +
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Let us consider the quantity Sp2Ss. From equation (17), we deduce (for r = 0):

+ A s ABpLS
A Sy = o — d+ Ay + 2P — (m + \)S,
m m

The latter equation can be rewritten as follows:

+ A 5 MBS

m BpySy = P2 {yg—d+>\5'2+ Bp1 1]
m m + po m
A ABpLS
{yz—d+A52+ op, 1] — (m+ A\)S,
m + Po m
By using equilibrium equation (18), we obtain:
m N ABp1ST m—+ A
—d+ A%+ =] = (m+ NS = + Bp2)Sy — (m + \)S
m + pa {yz 2 m } (m )Sa m—l—pg(m Bp2)Sa — (m )Sa
m—+ A m+ A
= — 1—p8)5 =— )
m+p2p2( ) Sa m+ ps 2C
We thus have:
s ABpLS + A + A
P2 {yQ—d+)\52+ P 1} T e = 8,8,
m + P2 m m —+ pa

Substitution of the previous equation into (33) finally yields:

E = Bp1S1 — Bp2Sz — ,i
m(e)

The optimality condition (31) coincides with the decentralized equilibrium (21).

C Proof of proposition 2

First part of proposition 2

Proof. We first prove that tightness €5 is too low relative to the social optimum. Let us
consider the system composed of the following two equations in (64, 65):

(I =n)alyr —d —a(g2 — d)] = (m +np1)c =0 (42)
m -+ A
q2(1 = n)(y2 — d) — cnps — (m+X)e=0
A D1 m R m
+go(1 — )= —d)+ —d) - o 43
g 77)m m+p1(y1 ) m+p1(y2 ) . 1c (43)

This system is parameterized with the scalar a which takes its values in the interval
[0,a?]. The limit a“ is the value of ratio ul@—jez Equation (43) is obtained by equalizing
LS (defined by (29)) to zero, which is the (necessary) efficiency condition for tightness 65.
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Let us consider (42). This equation (implicitly) determines tightness 0; as a function
in parameter a, denoted by 6;(a). For a = 0, this equation describes the decentralized
equilibrium. The social optimum is obtained for a = a°.

As ¢i(61) < 0 and p{(f;) > 0, parameter a has a negative impact on tightness 6,
(A1 (a) < 0). In accordance with proposition 1, we find that the decentralized equilibrium
value of tightness 67 is greater than its optimal value: 6, (a%)(= 07) < 6,(0)(= 05).

The system composed of equations (42) and (43) also determines tightness #5 as an
implicit function in a, 65(a). Let us consider equation (43). Its left hand side, LS, can be
written as:

LS(.) = L5(01(a),0,)

In order to deduce the impact of parameter a on tightness #,, we must sign the partial
derivative of LS(.) with respect to 6, and 6,. Let us note H(6;) the term of equation (43)
between brackets. The derivative of H(6;) with respect to 6; has the same sign as:

—(1=n)(1 = a)(g2 —d)

As the function LS(.) is bounded by the social optimum ratio ufi 7 we know that a < 1.
We therefore have H'(6;) < 0. The partial derivative of LS(.) with respect to #; is thus

negative.

Let us consider the impact of 65 on LS(.). One must first determine the sign of H(6,),
where H(f;) can be rewritten as:

1
H = —d) +m(iy — d) —mb
— [p1(y1 — d) +m(Go — d) — mbc]
1 Y —d —a(fp — d) ) .
— 0 + — + (m+ —d
———— { 1 ((m np1) G meprp— me | + (m + ap1) (g2 — d)

Knowing that (42) is equivalent to:

y1—d—a(3?2—d)

me =m(l —n)g

m—+ np1
We obtain by substitution:
1 y1 —d—a(g. — d) .
H = m + +(m+a —d)| >0
———— n(m+p)p = — - ( p1) (g2 — d)

H(6:) > 0 and ¢4(62) < 0, therefore the partial derivative of LS(.) with respect to 65 is
(strictly) negative (see equation (43)).

The impact of parameter a on 6, is obtained by equalizing to zero the differential of
LS(.):
_OLS oLS

dfy, =0
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where

do, Gt
— 38LS
da S

The derivative of the implicit function 65(a) is thus (strictly) positive. As a consequence
the optimal value of 63 is higher than its decentralized equilibrium value (65(a%)(= 05) >
02(0)(= 60%)). This proves the first part of proposition 2. O

Second part of proposition 2

Proof. We now show that the education effort e* is too high relative to the social optimum
e%. The necessary optimality condition for effort e (equation (31)) can be written as:

E:pl(yl_d)_melc_ m l b2 <y2—d+iH>—m+/\92€1—i—
m+ py m-+A|m+ps m m + po 7' (e)
44)

where p; and 6; (for ¢ = 1,2), as well as H(#,), are deduced from equations (42) and (43).
Taking (42) and (43) into account, equation (44) determines e as an implicit function

e(a) of parameter a. The decentralized equilibrium value of e is given by e(0) and its
optimal value by e(a”). We must sign the derivative of e(a). The left side term, E, of
(44) can be written as:

E(.) = E(01(a),0(a),e)

For a given H, the derivative of E(.) with respect to #; has the same sign as:

(1 =n)q(yr —d) — (m +np1)c

We deduce from equation (42) that the previous equation is (strictly) positive for a > 0.
As the term H is a decreasing function of 0, we thus deduce that the derivative of E(.)
with respect to 6 is (strictly) positive.

The derivative of E(.) with respect to 05 has the same sign as:

A m+ A
—q2(1 =) (y2 —d+ —H) + (m + np2)c
m m

We deduce from equation (43) that the previous equation is nil. The derivative of E(.)
with respect to 6y is therefore nil.

The impact of parameter a on education effort e(a) is obtained by equalizing the
differential E(.) to zero:

0E OFE m
dE(.) = 8—019’1(a)da + a—QQQQ(a)da + 7T,(6)27r (e)de =0
where .
de ()
da #ﬂ” (e)
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The function 7(.) being concave, the derivative of the implicit function e(a) is thus
(strictly) negative. As a consequence, the optimal value of education effort e° is lower
than its decentralized equilibrium value (e(a?)(= €°) < e(0)(= e*)). This proves the
second part of proposition 2. O

D Efficient outcome: high-skill segmentation with low-
skill productivity as a threat point for high-skilled
trainees

In order to identify and compare the sources of inefficiency presented in our model, we
present a situation which would be efficient, even if in many respects unrealistic.

A segmented high-skill sub-market

In a segmented high-skill sub-market, some firms open vacancies only to workers who have
succeeded in their formal education process, while the other high-skill firms open vacancies
only to workers who learned "by doing" in sub-market 2. For the sake of simplicity we
will refer to the sectors respectively as the graduates’ and the trainees’ high-skill sectors,
to distinguish between these two high-skill sub-markets. The productivity is assumed to
be identical for all high-skill firms.

Graduates high-skill sector
In this sub-sub-market, the tightness is equal to ¢; = ;. The arrival rate of job offers

to unemployed graduates is p; = pi(;), and the arrival rate of workers to vacancies is
¢1 = q1(01). The asset values of a firm whose job is vacant or filled, the lifetime utility of
a high-skilled unemployed graduate, and that of a graduate employee are given by:

rVi=—c+aqi

(r+m)(Ji =Vi) =y —wi —7Vi
(r+m)Uy =d+p(Wh —Uy)
(r+m)(Wy —Uy) =wy — (r+m)U;

The static Nash bargaining (W; — U;) = (51, and the assumption of free-entry V; = 0,
gives the following surplus:

(r+m)Si=y1—(r+m)Ui & (r+m+Bp)Si =y —d
The tightness 607 is thus determined by the following equilibrium equation:

c= Ch(l - 5)51

Trainees high-skill sector
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In this sub-sub-market, the tightness is equal to 6, = Z—; The arrival rate of sector 1 job

offers to trainees is p; = ﬁl(él), and the arrival rate of workers to vacancies is §; = ql(él).
The asset values of a firm whose job is vacant or filled are the following:

7”‘71 = —c+ dljl

(r+m)(J; = Vi) =y — iy — W}

When a trained sector 2 employee meet a sector 1 firm, her current sector 2 employer tries
to retain her, and so prevent a zero asset value, by offering her the highest possible wage.
This proposed wage is thus equal to the employee’s productivity 7. The threat point of
the worker in Nash bargaining with the sector 1 firm will therefore be her sector 2 lifetime
utility determined by such a wage:

rWa = i +p1(W1 — W) — mW,
With free-entry Vi = 0, the surplus is then given by:
(r+m+ Bp1)St = y1 — i

and the job creation equation which determines éf is:

~

c=q(l—-p)5

The low-skill sector

As usual, the lifetime utility of unemployed and employed untrained low-skilled workers
can be written as:

(7‘ + m)U2 =d +p2(W2 — Ug)
(T + m)W2 = Wy + )\(WQ — Wg)
With Nash bargaining, we have:

(7” + m)U2 =d +p2ﬁ52

At the end of the learning-by-doing process, the worker can apply to a trainee high-skill
job. She therefore negotiates her wage with her current sector 2 employer on the basis of
her productivity, 7», but taking into account her ability to apply for a high-skill job. Her
threat point is therefore the lifetime utility of an unemployed worker in sector 1, denoted
by U,.

(r+m)Uy = d+ Bp,S:

where S; is the surplus obtained by the hiring of an unemployed in a high-skill job. We
have:

(r+m+ Bp)S =y —d
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This lifetime utility and this surplus are only potential since there is no sector 1 unem-
ployment in the trainees’ high-skill sector. We can nevertheless write:

(r+m+ Wy = wy + AWy — U)) + AU,

where (Wg — [71) is the surplus of a trained sector 2 worker. We have:
(Wz - [?1) = B35,
The lifetime utility of a low-skilled worker holding a sector 2 job satisfies:
(r+m+ N Wy —Uy) = wy + AXWo — U1) + AUy — (r +m + Ny

And the asset value of a filled job is given by:

rJy =y — wy — m(Jo — Vi) + AJy — J)

S (r+m+NJy =1y —ws+ A1 —5)S,
The surplus of a sector 2 job filled with a newcomer can be written as:

(r+m+A)Sy =y + ASs + AUy — (r +m + \)Us

- (r4+m 4+ X)(r +m + Bp2(62))
r+m
At the end of the learning-by-doing process, the value of a low-skill firm becomes:

) A
So =y2 + NSy —d + ——Fp15)
r+m

rJy = iy — o — (m‘i‘ﬁl)(jz —Va)
& (r+m+p)(Jo— Vo) = g — o — V5
While for the worker who still has no contact with a high-skill firm, we have:
TWQ = ’LDQ —f—ﬁl(Wl — Wg) — mWQ
= (7" +m +]§1)(W2 — Ul) == 'lZJQ +]31(W1 — Wg) +]51(W2 — ﬁl) — (7“ + m)Ul
The surplus becomes:

(r+m+p)Sy = o —d+p(Wy — W) + — ) — Bp1Si
—Th) — Bp1 S

(W
Sr+m+p)Sy = o —d+pi(Wi — Wa) + pr (W
S (r+m +ﬁ1)‘§2 = p—d+ »3]3131 —|—p1(W2 — (71) - 525151
As (7’ + m)(Wg - [?1) = gz - d+ ﬁﬁl(gl - gl), we have:
(7“+m+151)(7’+m)g2 = (92 —d)(r+m)+(r—|—m)ﬁﬁ1(5‘1 —51)+ﬁ1(?32—d+ﬁﬁ1(§1 —51»

& (r+m)S = (2 — d) + Bpr (S - 5)
Knowing that (r 4+ m + 8p1)(S; — S1) = — (42 — d), we can write:

(r +m)(r +m+ Bp1)Se = (r +m+ Bp1) (2 — d) — Bpi (g — d)
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& (r+m+Bpr)Sy = (Jo — d) & Sy = —(S1 — 51)

And finally:
r+m4+\)(r+m+ Bpa(0 : Ao
( It Bpa ”)SQZgD-—d4—AS2+ Bp151
r+m r+m
(r+m+ X)(r+m-+ Bpa(6s)) (G2 — d) A . (1 — d)
& Sy =yo—d+A +
r+m 2= (r+m+pp1) r+m pl(r+m+5ﬁ1>

The sector 2 job creation equation which determines 6; is then given by:

‘/2:()@0:(1—5)(]282

Efficiency

Due to the high-skill sector segmentation, the social surplus per capita and per period
has to be rewritten as:

Y = €1y1 + élyl + £2y2 + gQZA/Q + (u1 + UQ)d — 911616 — élégc — 92“26 — me

Replacing each labor market employment state by its equation gives:

Yo D v+ Apapi (1 — ) " mps(1 — ) Yo
(m + p1) (m 4+ X)(m + p2)(m + p1) (m + X)(m + p2)
mApe(1 — ) . mm m(1 — )
- + d
(m+)\)(m+p2)(m+p1)y2 ((m+p1) m + pa )
e mr__ 4 mApa(1 — ) .y Cm(l —7) e

(mtp) " m+Nmtp)m+p) mtp

Graduates high-skill sector

One can show that the derivative of ¥ with respect to #; has the same sign as:

HS = (1 —m)pi(y1 — d) — bric(m + mp1)
Knowing that the equilibrium equation for graduates’ high-skill job creation is given by:

y1 —d

P )

and under the Hosios condition (5 = 1), with r assumed to be equal to zero, we have:
HS =0
Job creation is thus efficient in the graduates’ high-skill sector (67 = 67).

Trainees high-skill sector

One can show that the derivative of ¥ with respect to 6, has the same sign as:
HS = (1 =71)p1(yr — 92) — élc(m + Mip1)
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Knowing that the equilibrium equation for trainees’ high-skill job creation is given by:

A Y1 — Y2
c=q(1—p0)————
N
And under the Hosios condition (8 = 7;), with r assumed to be equal to zero, we have:
HS =0

Job creation is also efficient in the trainees’ high-skill sector (67 = 65).

Low-skill sector

One can show that the derivative of ¥ with respect to 65 has the same sign as:

Ap1 (v — 92) A2 myo A mA\ }
LS = (1- —d—90
(1=m2)p> M+ Nm+p)  mEN  mtN Y+ N (m + pr)
—cly(m + nap2)

Knowing that sector 2 equilibrium equation is given by:

(92 — d) A (y1 —d) ]

r+m [ n 8
(r+m—+ A (r+m+ Bps) 2 (r+m+pp1) r+m pl(r+m+ﬁj§1)

And taking into account the equilibrium equation for trainees’ high-skill job creation, LS

c= q(1-p5)

satisfies:
_ D1 (v — 2) A Y2
LS = (1—mn2)ps [ (m+ \)(m+ py) (m+/\)+(771+>\) d
N Y1 — Y2 mA
—0,4,(1 —
1G1( ﬁ)(r+m+5ﬁ1) (m+)\)(m+]51>}

 baga(1 — B)(m + mapo) (r + m) B8p
(r+m+ N (r+m+ Bps) (rtm+Bpy)  r+m D+ m e+ B

We can simplify the terms in (y, — d). After some manipulation, the expression can be

[yQ_dJr)\ (92 — d) A (y1 —d) ]

rewritten as:

_ Ap1(vr — U2) My —d) 5 . Y1 — Y2 mA
@ L8 =(mmin [ T 00— s )
r+m (U2 — d) A (1 — Yo+ 92— d)
_92QZ(1_5>(r+m+A){ Crmt B T rrm P T G ]

One can show that the terms in (y; — ¢2) and the terms in (g2 — d) are both equal to
Zero.
Under the Hosios condition (8 = 72) and r assumed to be equal to zero, we therefore
have:
LS =0

Job creation is efficient in the low-skill sector (65 = 605).

We can also demonstrate, in the same way as in paragraph 4.3, that educational choices
are efficient (E = 0) (for r = 0). The scenario described in this Appendix is thus such
that the decentralized equilibrium is efficient (simultaneously HS = 0, HS = 0, LS =0,
and £ = 0 which means 0} = 6 | éf = 9f , et = e 03 = 05) without involving any
economic policy.
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