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1. Introduction

One of the least questioned issues in economic literature (e.g.,
Bartel and Sicherman, 1998) is certainly the negative effects of higher
technological progress rates on human capital stock.1

However, this agreement is no longer clear if, in contrast to the
effect of technological progress rate on human capital stock, we focus
on the effect of growth on human capital investment decisions.

Gould (2002), for example, maintained that the highest techno-
logical progress rates seen in recent years created an increase in the
demand for general human capital, due to the greater adaptation of
this type of investment to the constant changes implied by technical
progress; while Murnane et al. (1995) maintained, on the other hand,
that given the high obsolescence levels created by higher growth rates
it would be more advantageous to invest in specific human capital,
rather than in general human capital.

The main objective of this paper is to approach these apparently
contradictory predictions, attempting to answer questions such as:
given higher technological progress rates, what will be the best
investment for the worker? What will be the impact of this decision
on labor market outcomes, among them the unemployment rate?

2. Theoretical models

The two models that we will develop are based on Mortensen and
Pissarides (1998), augmented with training investments, where the
basic difference lies in the form of technological progress: creative
destruction or renovation. We will consider in both models a more
generic formulation for human capital investment, where the worker
can invest in three types of human capital: human capital totally
targeted at the market, without any value for the firm, human capital
totally targeted at the firm, without any value for the remaining firms
in themarket, and human capital with value for themarket and for the
firm, as defended by Kuhn and Sweetman (1999).

2.1. Creative destruction

The economy is formed by a constant population of workers, who
live infinitely, and a great number of firms, which once matched, one
by one, give way to a production activity.

Before production, firms and workers are involved in a search
process to find a partner, where P(t)cmeasures the search cost for the
firm and P(t)=egt represents a common growth factor.
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The amount of job matches formed per period is given by the
function m(v,u), where v represents the vacancy rate and u the
fraction of unemployed workers in the economy. The function m is
non-negative, concave, homogeneous of degree one and increasing in
both arguments.

Let P(τ)x represent the production generated, in each time t, by a
job match formed at moment τ and that, once production has begun,
the worker may later decide whether to invest or not in human
capital, at the cost P(t)z, and the final destination of investment.

The value functions for the firm and the worker2 are given by:

rV tð Þ = −P tð Þc + q θð Þ J t; tð Þ−V tð Þ½ � + V tð Þ
•

; ð1Þ

rU tð Þ = εP tð Þx + θq θð Þ W t; tð Þ−U tð Þ½ � + U tð Þ
•

; ð2Þ

rJ τ; tð Þ = MaxfP τð Þx 1 + δ 1−ψð Þν;s + ατ;tφψτ;t

h i
−w τ; tð Þ−λ J τ; tð Þ−V tð Þ½ �

+ J τ; tð Þ
•

; rV tð Þg;
ð3Þ

rW τ; tð Þ = MaxfMax
α∈ 0;1½ �
ψ∈ 0;1½ �

n
w τ; tð Þ−ατ;tP tð Þz−λ W τ; tð Þ−U tð Þ½ � + W τ; tð Þ

• o
;

rU tð Þ + δε 1−ψð Þν;sP tð Þx + ατ;tδε 1−ψð Þτ;tP tð Þxg:
ð4Þ

The first and the second expressions are the standard asset
equations for the firm, with a job vacancy, and the worker, in the
unemployment position.3

The expression (3) is the asset equation for the firmwith an occupied
job. It tells us that anoccupied jobproduces P(τ)x[1+δ(1−ψ)ν, s+φψτ, t],
if theworker has invested (1−ψ) in training, at the time s of his previous
job, and ψ in training, at the time t of his actual job.

The expression (4) is also standard. The only difference is that once
in unemployment the worker receives the common value of that
position, rU(t), plus the term related with his past and his actual
training investment.4

2.1.1. Wage determination
We assume that the surplus generated by the matching is divided

according to the Generalized Nash Bargaining Solution, where β
represents the worker's bargaining strength, then w(τ,t) satisfies:

β J τ; tð Þ−V tð Þ½ � = 1−βð Þ W τ; tð Þ−U tð Þ½ �: ð5Þ

Using Eqs. (1)–(4) and free entry condition, we have

w τ; tð Þ = β P τð Þx½1 + δ 1−ψð Þv;s + ατ;tψτ;tφ�
n o

+ 1−βð ÞP tð Þ ω θð Þ + ατ;t z + δ 1−ψð Þτ;tεx
h in o

;
ð6Þ

where

ω θð Þ = εx 1 + δ 1−ψð Þv;s
h i

+
βcθ
1−βð Þ :

We can observe from Eq. (6) that if the worker decides to invest in
training (α=1) the greater will be the worker's wage, for a given
2 Our focus in this paper is on the question of the optimal rule of training
investments. We are not interested in questions of efficiency or questions related with
the effect of human capital investments on the transition rate from unemployment to
employment, already extensively covered in the literature (e.g., Acemoglu, 1997;
Moen, 1999).

3 The term εP(t)x is the opportunity cost of the job, whilst θq(θ) and q(θ) give us,
respectively, the rate an employed worker moves to an employed situation and the
rate a job vacancy moves towards a filled position.

4 ατ, t is a variable that represents the decision to invest in human capital, at the
moment t, in a job created at τ. ψ measures the impact of human capital investment
over the ongoing matching.
technological progress rate. Also note that the greater the technolog-
ical progress rate, the higher will be the worker's wage rate.

The following Lemma shows the conditions under which the
worker invests in human capital accumulation.

Lemma 1. Given the share of firm-specific human capital, ψ, if:

a) βψφP(τ)x+(1–β)P(t)δ(1−ψ)εx≥βP(t)z, the worker invests in
human capital;

b) βψφP(τ)x+(1−β)P(t)δ(1−ψ)εxbβP(t)z, the worker does not
invest in human capital.5

Notice that if we consider that the advantages of investing in
human capital totally targeted at the firm are greater than the
advantages of investing in human capital totally targeted at the
market (ψ=1), then we will have the worker investing in human
capital whenever φP(τ)x≥P(t)z. In this way, the greater the
technological progress rate, the lower will be the probability that
the worker invests in human capital targeted at the firm.

In turn, if we consider that the advantages of investing in human
capital totally focused on the firm are less than the advantages of
investing in human capital totally focused on the market (ψ=0), then
the condition for investment is (1−β)P(t)δεx≥βP(t)z. Note, in this
last case, that technological progress does not affect the probability of
investment in human capital totally targeted at the market.

The following Lemma assumes that it is optimal to invest in human
capital (α=1) and derives the optimal destination of this investment.

Lemma 2. Given the worker invests in human capital, α=1, if:

a) βφP(τ)xNβδP(τ)x+2 (1−β)δP(t)εx, the worker invests in human
capital totally targeted at the firm;

b) βφP(τ)xbβδP(τ)x+2 (1−β)δP(t)εx, the worker invests in human
capital totally targeted at the market;

c) βφP(τ)x=βδP(τ)x+2 (1−β)δP(t)εx, the worker invests in per-
fect general human capital.6

For a worker to invest in human capital totally targeted at the firm,
it is necessary that the benefits he receives at moment t be greater
than the sum of the benefits he receives with the investment in
human capital totally targeted at the market, at the same moment t,
and those related to the investment in human capital targeted at the
market at moment s.

2.1.2. Job creation and Job destruction dynamics
From Eqs (3) to (6) we have

J = 1−βð Þ∫
T

0

x 1 + δ 1−ψð Þ + αψφ½ �−egt ω θð Þ + αz + αδ 1−ψð Þεx½ �
n o

e− r + λð Þt
:dt;

ð7Þ

J =
c

q θð Þ ; ð8Þ

x 1 + δ 1−ψð Þ + αψφ½ � = egT ω θð Þ + αz + αδ 1� ψð Þεx½ �; ð9Þ

characterizing the optimal life of a job, T, in terms of market tightness
and human capital investment decisions, and the optimum job
creation rule in a stationary setting.7
5 We assume, in a stationary setting, that if the costs of human capital investments
are equal to benefits, the worker decides to invest in human capital. To show the
previous lemma we need only to substitute Eq. (6) in Eq. (4) and differentiate it with
respect to α.

6 We assume, in a stationary setting, that the worker invests in perfect general
human capital, that is ψ=(1−ψ), if indifferent between investing totally in the firm
or totally in the market. As before, we only need to substitute (6) in (4) and
differentiate it in terms of ψ.

7 Given the optimal human capital investment decisions, expressions (7)–(9)
uniquely determine the steady state equilibrium in T–θ space.
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Proposition 1. Assume that ε=0, the human capital investment
costs (z) are low, so that the worker always invests in training, and the
benefits received are such that the investment is in perfect general
human capital. In this way, if there is a change in the relative benefits
received by the investment, in a manner that ψ varies to:

a) ψ=1, then the effects of human capital investment are an increase
in the job destruction and job creation dynamics;

b) ψ=0, then the effects of human capital investment are a reduction
in the job destruction and job creation dynamics.

Proof. We need only to differentiate Eqs. (7) and (9) in terms of ψ,
consider Eq. (8) and Lemma 2 to demonstrate that the job creation
increases while the job destruction decreases with ψ=1. Substituting
Eq. (9) in Eq. (7), considering the Implicit Function Theorem and
Leibniz Rule, we can demonstrate that as ψ increases, T also increases,
due to the increase in θ. □

The idea behind the previous proposition is that when there is
human capital investment, the worker's wage rate will be greater, and
this induces a greater obsolescence rate, without necessarily bringing
about an increase in the job matching productivity. In this way, if
investment starts to be totally directed at the firm, the worker's
investment decision leads to an increase in the job destruction and job
creation flows, as the effect of the increase in the wage rate is greater
than the effect of a higher job matching productivity generated by the
investment. In turn, if the investment starts to be totally directed at
the market, we will have the opposite effect.

2.1.3. Unemployment
Now, because in the steady state the job creation (JC) flow equals

the job destruction (JD) flow, we have

JC = θq θð Þu = λ 1−uð Þ + e−λT JC = JD: ð10Þ

In this way, we have

u =
λ

λ + θq θð Þ 1−e−λT
� � ; ð11Þ

representing the equilibrium unemployment rate.
Note from this expression that the entire effect of human capital
investments over the unemployment rate occurs via θ and T. Therefore,
the lower is θ or T, the higher will be the unemployment rate.

2.2. Renovation

Themodel in this section is similar to the previous one, except that
if the worker decides to invest in human capital totally targeted at the
firm, his actual job matching jumps to the technological boundary.8

Using the same steps as before, which we will not repeat for the
sake of brevity, we can observe some basic characteristics behind the
renovation model, namely:

– the higher the technological progress rate, the greater is the
probability of the worker investing in human capital totally targeted
at the firm;

– themore the investment is directed at themarket the greater is the
job destruction and job creation flow.
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