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We develop a simple endogenous growth model featuring individuals’ choices be-
tween general and firm-specific skills, endogenous technological innovation, and a
government subsidy for education. General skills are less productive than are spe-
cific skills, but they enable workers to operate all technologies in the economy. We
show that demand for general skills increases as countries catch up to the world
technology frontier. Further, using aggregated data for 12 European OECD coun-
ties, we calibrate the model and compare the theoretical prediction with the data.
In cross-country comparisons, we find that the returns on general skills and the im-
pact of general education expenditure on GDP are higher in countries with higher
total factor productivity. These findings support our theoretical argument of the
positive relationship between firms’ demand for general skills and countries’ stages
of development.
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1 Introduction

Although human capital theory suggests that higher education has a key role in sus-
tained economic growth, countries differ substantially in terms of their schooling and
educational structures (see Figure 1). For example, many European countries focus on
vocational education that provides highly specialized and job-related “specific skills,”
whereas the United States emphasizes general education that develops basically and
broadly usable “general skills.” As Gary Becker notes, there is a trade-off between the
two types of skills. Becker (1962) pointed out that specific skills have a stronger relation-
ship to performance of the current job, but that they are difficult to apply across jobs.
On the other hand, general skills are less productive than specific skills, but they can
be transferred to other jobs. This productivity—transferability trade-off between general
and specific skills creates mixed support for general and vocational education and, thus,
the differences in the educational structures across countries.

How do these differences in skill composition impact on growth performance of each

country? The literature on economic growth has examined this question, focusing on
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Figure 1: Education type by country

Note: The figure shows the percentage of the tertiary general education graduates among all upper-
secondary and tertiary education graduates. We calculate them using data from Education at a Glance
(2014, OECD), which provides the general and vocational education population share for both secondary
and tertiary education. There are missing data for several countries, including the United States and,
thus, we cannot use the data for these countries.



the obsolescence of specific skills caused by the emergence of new technologies. The
common argument is that new production technologies replace outdated technologies in
innovation processes, and as a result, specific skills become obsolete more quickly than
general skills. Krueger and Kumar (2004a, 2004b), for example, argue that the European
emphasis on vocational education might have harmed European growth performance
relative to that of the United States because specific skills are less able to adapt to
technological development. Thus, the Schumpeterian concept of creative destruction
has developed a deep understanding of the importance of the skill obsolescence effect
underlying long-term economic growth.

However, growth theories have little to say about the difference in skill transferability
between general and specific skills. A smooth transition to new or profitable sectors is
helpful for the growth of the entire economy, but may be costly for individual workers
if their skills are less transferable across jobs. On the other hand, general skills enable
workers to deal effectively with unexpected technological breakthroughs. Hence, in this
discussion, the key determinant of the skill composition of an economy is the extent of
uncertainty about future events, such as changes in industrial structures. Gervais et
al. (2008) show that economies with lower uncertainty tend to have a larger share of
specialized labor, but that they are more vulnerable to economic turbulence, owing to
the inherent difficulty of reallocating workers. Our study also considers the productivity—
transferability trade-off between the two skills, and examines the dynamic changes in
economic uncertainty and the relative importance of productive and transferable skills.
Our main interest is to study how the relative demand for general skills changes in
the catching up process of economic development, and how different education systems
impact countries’ growth performance.

We develop a simple endogenous growth model featuring individuals’ choices be-
tween general and firm-specific skills, endogenous technological innovation by firms, and
government subsidies for general and specific types of education. We assume that firm-
specific skills are more productive, but are useful only in the current firm, whereas
general skills are less but equally productive in all firms. The dynamic structure of this
model is a country’s catching up process to the world technology frontier, based on the
framework of Acemoglu et al. (2006). Under these assumptions, we analyze the econ-

omy’s composition of general and specific skills in terms of both transitional dynamics



and long-run equilibrium. Three key features of this model are worth noting: (i) general
and firm-specific skills are perfectly substitutable; (ii) there is uncertainty in innovation
activities; and (iii) firms invest more in innovation activities as their technologies ap-
proach the world technology frontier. The assumption of perfect substitution between
the two types of skills helps us to identify the market values of productivity and the
transferability of skills. Further, innovation activity is a risker task (than imitating ex-
isting technologies), so the ex post realization of firms’ productivities differ from the ex
ante expected productivities. Hence, firms that succeed in innovation may demand addi-
tional labor for production. This creates demand for workers with general skills because
only general skills can contribute to the ex post labor reallocation across firms. That
is, the uncertainty in innovation is the key factor determining the relative demand for,
and the equilibrium composition of general skills. The third assumption, which is widely
accepted in Schumpeterian growth theory, and is a basic assumption in the distance-to-
frontier model, implies that the intensity of firms’ innovation activity increases as they
approach to the world technology frontier. Therefore, the size of the demand for general
skills varies across countries, depending on their stages of development.

The analysis in this paper is divided into two parts. In the first part, in sections
2 and 3, we begin with a simple model that briefly illustrates households’ skill choices
and no governmental education subsidies. Here, we focus on the change in firms’ labor
demand for general and specific skills in the catching up process of transition economies.
We show that firms’ demand for general skills increases as the country approaches the
world technology frontier. In relatively less developed countries, firms put less effort into
innovation and, thus, place more importance on productivity than on the transferability
of workers. Conversely, in countries that are closer to the technology frontier, more
general skills are demanded because firms extend their innovative activities and face great
uncertainty in production. Additionally, we find that a follower country’s technology
monotonically converges toward a unique stable steady state, which is less than (or
equal to) the world technology frontier. This indicates that, in follower countries with
lower initial productivity levels, the demand for general skills increases over time in the
process of development.

In the second part, we extend the model of the first part by introducing an elas-

tic labor supply and a governmental education subsidy in section 4. The comparative



statistics in the long-run equilibrium show that a higher general education subsidy in-
creases the supply of general skills, enhances firms’ innovation investment, and increases
the level of technology in the economy. Then, in section 5, we calibrate the model to 12
European countries’ and quantitatively analyze the effect of a 1% increase in the general
education subsidy on the total output of each country. In the multi-country comparison,
there is no clear relationship between the population share with a general education and
the impact of the general education subsidy on total output. However, we find that the
impact is larger in countries with higher total factor productivity (TFP), and that the
return on the transferability of general skills is larger in higher TFP countries. These
findings support our theoretical argument of the positive relationship between firms’
demand for general skill and countries’ stages of development. That is, the theoretical
and quantitative results indicate that a country’s distance to the technology frontier is
an important factor in the appropriate composition of general and specific skills.

The present study contributes to the existing theoretical and empirical literature
on the trade-off between general and specific skills. The growing demand for general
(non-specialized) skills and the resulting lack of workers with such skills, especially in
highly developed and industrialized economies, is well documented in the literature. As
argued by Goldin (2001), fundamental changes around the turn of the 20th century
made formal, general, school-based learning important to the emerging economic leader
of the world. Krueger and Kumar (2004a, 2004b) show that general education may
contribute to technology adoption and economic growth, especially during times of rapid
technological change. From a different perspective, Gervais et al. (2008) construct a
model in which economic uncertainty is a key determinant of the skill composition of
an economy. The purpose of our study is similar to these studies, but we focus more on
the effects of a change of the skill composition on the transitional dynamics. That is,
our primary argument is that structural changes in schooling institutions are required
as a country approaches the world technology frontier. This result complements the
empirical finding of Hanushek (2013), who shows that high-performance skills are more
important for growth in developing counties, but that broad basic skills are more relevant

in industrialized countries.

!We use data for Austria, Belgium, Denmark, France, Germany, Hungary, the Netherlands, Slovakia,
Slovenia, Spain, Switzerland, and the United Kingdom.



Outside of the literature on economic growth, numerous studies examine the rela-
tionship between skill composition and economic performance. Gould et al. (2001)
and Violante (2002) examine the effect of technological changes on the depreciation of
specific skills, and show that an increase in the rate of technological progress increases
within- and between-group wage inequality, as occurred in the United States during the
last three decades of the 20th century.? In terms of employment, Wasmer (2006) argues
that stringent job protection legislation induces skill specialization and, therefore, less
turnover.®> Hanushek et al. (2017) use microdata for 11 countries to show that the wage
and employment advantages of vocational as opposed to general education decrease with
age, indicating that specific skills become obsolete too quickly.*®

This study is also related to the rich and growing literature on the role of human
capital in technological progress. According to Nelson and Phelps (1966), a major role
of human capital is to enable workers to cope with innovation, technological progress,
and diffusion. More recently, Galor and Tsiddon (1997), Caselli (1999), Galor and Moav
(2000), and Hassler and Rodriguez Mora (2002) examined the effect of a technological
transition on the return on human capital. Acemoglu et al. (2006), on which the
assumption of technological progress in the present study is based, stressed that as a
country catches up with the technology frontier, growth-maximizing governmental policy
should evolve in order to increase the intensity of firms’ innovation activities and the
selection of highly skilled managers. Vandenbussche et al. (2006) also study on countries’
catching up processes, and argue the importance of a change in skill composition between

basic and higher human capital, according to the stage of development.

2See also Kambourov and Manovskii (2009a, b), who emphasize the central importance of occupation-
specific human capital to explain the increasing wage inequality in the United States, which occurred
simultaneously with an increase in occupational mobility. Dustmann and Meghir (2005) show the sources
of wage growth for German workers by estimating returns on experience, sector-specific tenure, and firm-
specific tenure. See Sanders and Taber (2012) for a review of the literature on firm-specific human capital,
industry- and occupation-specific human capital, and task-specific human capital.

3 Another interesting study along this line is that of Charlot et al. (2005), who assume that schooling
contributes not only to productivity, but also to the adaptability of skills. Then, they show that longer
schooling can reduce the unemployment rate, even frictional labor market. On the other hand, Decreuse
and Granier (2013), by treating investment in adaptability separately from investment in productivity,
model the educational trade-off between general and specific skills.

“Tn addition to the above-mentioned papers, differences in education structures and skill compositions
have played a critical role as interrelated factors in sociopolitical development (Bertocchi and Spagat
2004; Malamud and Pop-Eleches 2010), and international trade and labor migration (Kim and Kim 2000;
Di Maria and Stryszowski 2009; Guren et al. 2015).

®A new insight related to firm-specific human capital is offered by Lazear (2009), who considers that
each job requires a slightly different combination of a multiplicity of general skills. See also Silos and
Smith (2015), who measure the specificity of human capital using data on college credits across subjects.



2 The Model

2.1 Economic Environment

The economy is composed of a continuum of a unit measure of workers, given exogenously
and constant over time. Workers live for one period and spend all of their income on
consumption in this period. All workers are equally endowed with one unit of efficient
labor, which they supply to the intermediate goods sector inelastically. We assume that
labor skills can be of two distinct types: general and sector-specific.

In every period, a unique final good is produced competitively using a continuum
of mass one of intermediate goods and any other fixed factor, such as land or natural
resources, as inputs. The final good is taken as the numeraire, with its price normalized

to 1, and is produced according to the following Cobb—Douglas production function:
_ l l1—a ! Al—a a g
Ye= M, it Yipdi, (1)
0

where A;; is the productivity of firm 4, y;; is the amount of the intermediate good
used in the final good production, M; is the amount of fixed factors, and a € (0,1). A

representative final good producer maximizes the profit
! M
II; =Y; — / DitYipdi — p;~ My,
0

taking the price of the fixed factors p} and the intermediate good prices Dit as given.
We normalize the total supply of the fixed factors to one. Then, using the first-order
condition with respect to y;+, together with M; = 1, the inverse demand function for
intermediate good ¢ is given by:

Alfa a—1

Pit = A4 Yy

)

2.2 Education Choices

At the beginning of their life, workers choose between general and sector-specific skills.
Once a worker makes an education choice, it cannot be changed. General skills are
less productive than specific skills, while they are equally productive in all sectors. In

contrast, skills specific to the i-th sector can only be used in production sector i. We



assume that each intermediate good is produced by a single monopoly firm and, thus,
the sector-specific skills considered here can be rephrased as being firm specific. In the
following analysis, we focus on firms’ demand for general skills in economies at different
stages of development. Thus, to simplify the argument, we assume that skill acquisition
requires no direct expenditure by workers (although we relax this assumption in section
4). Henceforth, we refer to workers with general skills as “G-skill workers” and workers

with skills specific to firm ¢ as “9S;-skill workers.”

2.3 Firms and Technological Progress

Fach intermediate good production is composed of a single monopolistic firm. Further,
we assume that each firm is owned by an entrepreneur who, like workers, lives for one
period and consumes all of her profit.

Following Acemoglu, Aghion, and Zilibotti (2006) and Vandenbussche, Aghion, and
Meghir (2006), henceforth AAZ and VAM, respectively, we assume that the world tech-

nology frontier, A;, grows exogenously at rate A, so that

At = (1 + )\)Atfb

and characterize the technological innovation process of firm ¢ at time ¢ using the fol-
lowing linear function:

Air = A1 + Ay, (2)

where A;_1 is the level of the world technology frontier at time ¢ —1, A;_1 is the country’s
local technology level at time ¢ — 1, x; ; is the level of investment of firm 7 at time ¢, and
¢ € (0,1). Here, p; represents an idiosyncratic shock to the innovation activity of each
firm i, which takes a binary value: p; € {ug,pur}, where ug > pr > 0. We denote by
7 € (0,1) the probability that each firm draws . We suppose that the local technology
frontier at period t — 1 in the country becomes common knowledge in period t. Thus,

the local technology A;_1 in (2) is determined by

At—l = max{Ai,t_l}. (3)



Further, the cost of investment in innovation takes the following form®:

Al—a
_ At 2

c(x) 5o

In addition to the innovation activity, each intermediate firm ¢ acts as a monopolist

and produces intermediate good i, according to the following production function:

Yit = Sit + V9its (4)

where s;; and g¢;; respectively denote the numbers of S;-skill and G-skill workers em-
ployed by firm i at period ¢, and v € (0, 1) represents the relative productivity of general
skills. Note that v < 1 indicates that the firm ¢ specific skill, as compared to general
skills, has a productivity advantage in the production by firm .

Furthermore, we suppose that, before the shock is realized, firms need to sign wage
contracts with workers, which restrict the ability of firms to fire workers or to lower the
wages after the realization of the productivity shock. This is relevant in most European
countries, where workers are protected against firing by employment protection regula-
tions. This assumption enables workers to invest in relationship-specific skills because
it contributes to avoiding the well-known hold-up problem: the returns on firm-specific
skills are lost if a firm terminates the relationship.” Note that employment protection
here plays a key role in guaranteeing the employment and wages of S-skill workers, but is
meaningless for G-skill workers because they can move freely across firms, even after the
idiosyncratic shock. That is, there is no need for both firms and G-skill workers to limit
their ex post reallocation choices by using a contract. Thus, for expositional simplicity,

we assume that firms are required to make contracts only with S-skill workers.

2.4 Timing of Events

The timing of events in each period ¢ is as follows. At the beginning of the period, each
intermediate firm ¢ decides how many S;-skill workers to hire, and makes a contract

with these workers, that guarantees their payment and employment. We assume that

5The assumption that investment cost is proportional to A;~* ensures balanced growth.

A similar specification is made by Gervais et al. (2008), where firms draw noisy signals about future
productivity. Then, after this but before the productivity shock, firms decide how many workers to hire
and sign binding contracts with them.



the contract does not depend on the realization of idiosyncratic shocks to the firms. This
implies that firms bear the overall risk of holding specific skills. The number of S;-skill
workers, s; ¢+, and the wage paid to them, Wii, are determined by the contracts. Because
the total number of S-skill workers is determined, the number of G-skill workers is also
determined at this time. That is, we suppose that worker’s education choices between
general and specific skills are made at the same time. Then, each firm ¢ realizes the
productivity of innovation process p; € {um,pr}. Based on the realized productivity
level, the firm decides on the level of investment z;; and whether to hire additional
G-skill workers. Then, the number of G-skill workers employed in firm 4, g; ;, their wage,

wea

i3, and x;; are determined.
3 K

The important assumption here is that before observing the idiosyncratic shock p;,
the payments and employment of S-skill workers are guaranteed by contracts. A similar
specification of firm specific skills is employed by Gervais et al. (2008). Their specifica-
tion well describes the productivity—transferability trade-off between specific and general
skills. Equation (4) clearly shows that an S;-skill is more productive than a general skill
in the i-th good production and, thus, firms wish to secure a productive labor force.
On the other hand, G-skill workers play a complementary role in the ex post efficiency
of production by moving to high productive sectors. Note that S-skill workers are pro-
tected from outside shocks by long-term contracts. Therefore, it is only firms that face
the trade-off in their hiring decisions.

Before presenting the main analysis, several properties of the equilibrium wages are
now apparent. First, because intermediate goods firms are ex-ante homogeneous, all
firms offer the same wage and hire the same number of S-skill workers, that is, WZSt = Wft
and s;; = sj¢ hold for all i # j € [0, 1]. Second, G-skill workers are hired competitively
by firms who seek additional labor. Because G-skill workers are equally productive
across firms, if firm ¢ and j demand G-skill workers, Wﬁ = Wft must hold in equilibrium.
Finally, because the aggregate state of the economy is not affected by productivity shocks
to each firm, workers can perfectly predict the equilibrium wages, W,;° and W&, when
making their education choices. In order for workers to be indifferent between acquiring
G-skill and S-skill, both skills must be paid the same wage. That is, we have W5 = W,

in equilibrium, with positive numbers of G-skill and S-skill workers.
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3 Equilibrium

In this section, we study how the share of G-skill workers varies with the economy’s
distance to the world technology frontier. As discussed in the previous section, even
though G-skill workers are less productive than S-skill workers are, and are perfectly
substitutable, W = W must hold when firms employ G-skill workers in equilibrium.
The transferability of general skills is a key determinant of the value of general skills
relative to that of firm-specific skills. As we show next, there are two types of equilibrium
outcomes: a fraction of workers acquire general skills, or all workers acquire specific skills.
These two outcomes are distinguished by parameter values (equation (A1) below), but
we focus on the former case. That is, we analyze the equilibrium where both G-skill and
S-skill workers emerge and, hence, W = W/ (= W;) holds.

Further, we find that the ex post realization of firms are either high productivity
firms with pp, or low productivity firms with pr. Hence, they can be distinguished
by ¢ = H, L. For simplicity, we assume that p; = 0 for type-L firms, and denote the

productivity of type-H firms as pg = p > 0.

3.1 Innovation and Demand for General Skills

The firms’ problem is divided into two stages: before and after observing the productivity
shock. In the second stage, based on the values of u; and s; determined in the first stage,

firm ¢ chooses g;+ and x;; to maximize its profit:

R(i,st) = pisyie — Wigir — c(zit)

_ 1
= ATy — Wagis — 514% 3y,
Substituting (4) into the above expression yields
. _ -« S\ o 1 2 Al—oz
R(i,st) = |a;;“(st +79it)" — wigit gTit| At (5)

where w; = Wt/fi%_a and a;; = A;¢/A;. Further, define a; = A;/A; € (0,1] as an

inverse measure of the country’s distance to the world technology frontier. Therefore,

11



the innovation process (2) can be rewritten as

1
it = T (¢ + Mz‘at—liCi,t)- (6)

From (5) and (6), the second-stage problem of firm i can be expressed as follows:

L e 1— 1
gnax (1 + )\> (¢ + piar—1zie) " (st +79i)" — wigip — gzvit.

Assuming interior solutions, the first-order conditions with respect to g;; and z;; are,

1
(6% 11—«
—S¢ + (L) ai,t] (7)

1—a)u, B
Tt = (14_))\%(31% +7Git) ;a1 (8)

respectively,

git =

1
~

and

Substituting (7) into (8), we obtain
1—a)p; a\ T
xi,t = u ('Y) [ (9)

From (9), we have that z;; increases in a;—;. That is, as in AAZ and VAM, the firms
enhance their innovation activities as the country approaches the world technology fron-
tier. On the other hand, type-L firms choose 1 ; = 0 because they gain no benefit from
investing in innovation activity. Therefore, the technology levels of type-H and type-L

firms are

apt =

6+ (1—a)y® (’VO‘) = a?‘ll 7 (10)

1
¢

= . 11
QL 1\ (11)

Clearly, we have that ag¢ > ar ;. In other words, type-H firms can develop and employ
more advanced technology than type-L firms can. Further, from (3), we have that
apt = a¢ holds in period ¢+ 1 because the type-H firms are the local technology frontier
in each period. Thus, the law of motion of the (inverse) measure of the country’s distance

to the frontier, a;, can be derived using (10) (see section 3.4).

12



Even though we focus on the equilibrium in which both general and specific skills
are demanded, type-L firms never hire G-skill workers (see Appendix A for a formal
proof). Intuitively, because type-H firms enjoy higher productivity, they produce more
goods and demand more labor than type-L firms do. Because S-skill workers are more
productive than G-skill workers, firms in the first stage hire sufficient S-skill workers so
that they do not have to hire G-skill workers, even in the case of being type-L. At the
same time, type-H firms seek additional labor and, thus, hire G-skill workers to cope

with the labor shortage in the second stage.® Therefore, we have

1
a\T-a
—St+ <V> aH,t] (12)
wy

1
9gHt = —
Y
and g = 0.

3.2 Demand for Specific Skills

Before the shock is realized, firms in the first stage decide how many S-skill workers to
hire so as to maximize their expected profits. Substituting (12) and gz = 0 into (5),

we derive the revenues of type-H and type-L firms as functions of s, as follows:

Yoyt 1 Lo | 51
R(H,s)= |(1—a) (= “wysp — ~a2, | A
(H.5) [( ) (22) " st Juns - | A

R(L,st) = aj; sy A,
The firms’ problem in their first stage can be written as
max TR(H,s;) + (1 — 7)R(L, s¢) — wysi Ar

St

1

a1l 1
& max 7 {(1 — ) <’y> g+ —wis; — 3:%”} + (1= m)ay s — wyst.
St Wi p)/ 2 ) s

We see from the above maximization problem that the existence of an interior solution
of s; requires that w/y < 1. Alternatively, g = gr+ = 0 is realized. Intuitively, 1/
units of G-skill workers can be replaced with a single unit of S-skill workers. That is, by

hiring an additional single unit of S-skill workers in the first stage, firms can reduce, as

8Note that gr+ = 0 is not derived from the assumption that pr, = 0. As long as pg > pr holds, the
result remains unchanged, even if we allow pr to be strictly positive.

13



expected, %wt of payments for G-skill workers. If this is always higher than the marginal
cost from hiring a single unit of S-skill workers, w;, firms never employ G-skill workers.
However, a world with no general skills seems unrealistic and, hence, we assume in the
subsequent analysis that

T <. (Al)

Under assumption (A1), the interior solution of s; is given by:

1

50 = <((1‘”)W> e (13)

Finally, denote by G; and S; the aggregate demand for G-skill and S-skill workers,

respectively. From (12) and (13), we have

Gt = gy

. [(1@) s (W) ] , (1)
S = s

- (e T (15)

Further, from (14) and (15), the relative demand for G-skill workers can be expressed as

G _m|(y—7 ﬁ~_
(=)

where a; = ap/ar+ represents the technology gap between type-H and type-L firms.

Here, (16) shows that the relative demand for G-skill workers increases in the technology
gap, and is the key factor in firms’ demands for general skills. The technology gap a; can
be interpreted as the measure of uncertainty that firms face about future productivity.
That is, firms tend to place more importance on transferable skills than they do on
productive skills as the uncertainty about future technology increases. Therefore, firms
demand more general skills as the technology gap between the success and failure of
innovation increases.

The feature of this model is that the uncertainty a; is determined endogenously. Our

14



next step is to examine how a change in the distance to the frontier affects the technology
gap and the relative demand for general skills.
3.3 Labor Market Equilibrium

In this section, we analyze the equilibrium composition of the labor force between the
two types of skills. Because we suppose that the total labor supply is fixed at 1, labor
market clearing requires G; + S; = 1. Substituting (14) and (15) into the labor market

clearing condition yields the market clearing wage:

1 1 —1
o\ - m —m) (1—7\1-=
(7 > _ [aH,t L= ( ) aL,t] . (17)
Wy 0 Y YT

Combining (17) with (10) and (11), we find that the equilibrium level of a; satisfies the

following equation:

T y—m (1l—m = (1 —a)p?a? 4
T3 - -1 1
et (5 (T+n)egti .

The equilibrium composition of skills is determined by (16) and (18). We see from
(18) that a; increases in a;—1. The positive relation between a; and a;—;1 stems from the
size of the technological spillover from the world technology frontier. As seen from (2),
when a country is a long way from the world technology frontier, the major determinant
of firms’ technologies is the spillover of the frontier technology. That is, firms’ innovation
does not contribute significantly to their technologies in the early stages of development.
However, the closer the economy is to the frontier, the higher is the importance of
innovation as a determinant of firms’ technologies and, thus, the technology gap between
type-H and type-L firms increases.

However, note that an increase in a;—1 does not always expand the demand for
general skills. Equation (16) indicates that we have G, = 0 for small values of a;, that
is, for small values of a;_1. In other words, there exist @ such that the number of G-skill
workers is zero when a;_1 < a. The next lemma shows the existence of the threshold

value, @ € (0,1).
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Lemma 1. Let

=)

(L4 A)eglte /11— g\Ta [[1—7 e ) :
e A (A

and suppose that (A1) and p > [ hold. Then, there exists a € (0,1), such that for all

ai—1 € (a, 1], the number of workers with general skills is strictly positive.

Lemma 1 is proved in Appendix B. It implies that general skills are beneficial for
economies that are closer to the frontier, that is, for more developed countries. As shown
in Appendix B, u > [ guarantees the existence of a € (0,1). From the above discussion,

together with Lemma 1, we have the following proposition.

Proposition 1.  Suppose that (A1) and p > i hold. Further, assume that a < a;—1 <
1. Then, firms’ relative demand for workers with general skills, Gy/S;, is higher when

ai—1 1is higher (i.e., when the economy is closer to the world technology frontier).

Proposition 1 is obtained directly from (16), (18), and Lemma 1. It argues that
the relative importance of general skills increases as the country approaches the world
technology frontier. The driving force behind the growing demand for general skills
is the increase in a;. As discussed above, when the country is closer to the frontier,
firms gain relatively less from the frontier technology, but gain more from the local
technology. Hence, type-H firms increase their investment in innovation. This leads
to large technological uncertainty for firms and, thus, transferable skills become more
important than technical expertise.

The result shown in Proposition 1 complements an emerging body of literature that
emphasizes the importance of basic knowledge through general education, especially
during times of rapid technological progress.” The heart of their critique is that specific
skills become obsolete more quickly with the emergence of new technology and, thus, the
need for general skills grows. Furthermore, from (16) and (18) we have that an increase

in innovation efficiency (u) increases the demand for general skills. However, we focus

9See Krueger and Kumar (2004a, 2004b), Hanushek and Woessman (2012), and Hanushek et al.
(2017).
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not on skill obsolescence, but on the change in firms’ demand for skill transferability. The
relative productivity of specific skills compared to that of general skills (1/+) is fixed and
assumed to be greater than 1. In spite of this, accelerating innovative activities increases
the importance of labor flexibility to unpredictable changes in industrial structure and,

hence, increases the demand for workers with general skills.

3.4 Equilibrium Dynamics

In the comparative statics analysis of the previous subsection, we showed that the number
of G-skill workers increases as the country approaches to the technology frontier. We

now explore the dynamics of a;. Substituting (17), (11), and ap+ = a¢ into (10) yields

o oy—m) (1-m = wag
S () ] e W

We assume that the follower countries do not overtake the frontier; that is, we suppose

I ¢ )
LN (142

a

that the steady-state value a* satisfies a* < 1. In the next proposition, we summarize

some of the properties of the transitional dynamics and the steady state of as.

Proposition 2.  Let

. (1+A)(1+A—¢){W+¢(7—ﬂ <1—w>w} ] |

1—« v oA+ \y—7

and suppose i < 1 < [i holds. Then, the economy with initial state a, € (a, 1] converges
monotonically to the unique stable steady state, where its distance to the world technology

rontier is weakly positive (i.e., a* <1).
Y

As shown in Appendix C, a sufficiently large value of v € (w,1) guarantees the
existence of the non-empty interval [, i]. Here, u < i guarantees a unique and stable
steady state, where the value of a* is weakly less than 1. Figure 2 depicts the equilibrium
dynamics. It follows from Propositions 1 and 2 that if ag € (a,a*), then the economy
starts with a larger stock of specific skills, increases the ratio of workers with general

skills over time, and approaches the world technology frontier.
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Figure 2: Equilibrium dynamics of a;

4 Extensions and Policy Analyses

The analysis so far has established a simple theoretical framework for understanding the
importance of the transferability of labor skills in more developed countries. Contrary
to the theoretical prediction, countries have actually adopted very different schooling
structures, even in the most advanced nations. However, the previous model is not
directly applicable to the analysis of educational policies in each country because we did
not pay much attention to households’ educational choices. To address this problem, we
extend the previous model to a more general setting in which workers with different initial
abilities choose between general and specific types of education. With this extension,
the equilibrium wages are different between education groups, as is consistent with the
widely observed wage premium for general education graduates.' The extension also
allows us to relax the theoretical assumption of v < 1, which indicates that individuals

with a vocational education are more productive than those with a general education.

OFor example, OECD data show that, on average, individuals who have completed a general education
earn 34% more than those with a vocational education do within the group of tertiary graduates. See
Education at a Glance (2012, Table A6.1a).

18



Further, we examine the impact of a change in the education policy, which is captured
by the change in the relative subsidies for general and specific types of education. In th
following analysis, we focus on the steady-state equilibrium of the model economies.
We first introduce workers’ preferences, following the work of Krueger and Kumar
(2004b). There is a utility cost, C() = 1/6, of obtaining a general education, which
depends on a worker’s innate ability 6 € [0,1]. We assume that 6 is uniformly distributed
across the population, and that the the ability is irrelevant to workers’ productivity.
The heterogeneity of workers’ ability yields the wage differentials between education
groups; that is, W does not coincide with W§ in equilibrium. We suppose that workers’

preferences are represented by the utility
U9 =logW{ — log% +logvS,
when the worker chooses general skills. On the other hand,
U® =log W + log Sk,

when the worker chooses specific skills. Here, S; and S, represent the government
subsidies for general and specific types of education, respectively, and v > 0 denotes the
relative efficiency of the education subsidy for general education.!! Then, we identify
the worker, #, who is indifferent between acquiring general and specific skills, as follows

w; S

o
vwy Sy

0=

All workers indexed by 6 € [0,0] receive a specific education, while workers with (6, 1]

receive a general education. Denoting as g the total supply of G-skill workers, the above

11We assume, for simplicity, that the subsidy yields utility directly. One justification for this specifica-
tion is that it is the reduced form of the simple educational choice model. Suppose that a policy-maker
sets educational standards E4 and E, and individuals choose their effort in response to these standards.
Individuals are endowed with a unit of time and need to spend a fraction e of their time on education,
and the rest on labor. Then, the budget constraint is given by C' = W3(1 — e). We assume that educa-
tional attainment is determined by the function (0Sy)/(1—e) for a general education and Ss/(1—e) for a
specific education. Then, to meet the standards, individuals must exert effort e = 1 — S,/ FE4 to achieve
a general type education, and e = 1 — Ss/E; to achieve a specific education. Finally, the assumption
of logarithmic utility, log C, together with Ey = 1/v and Es = 1, yields the above specifications of the
utility function.
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expression can be rewritten as follows:

wiSs

o
vwy Sy

1-g= (20)

We continue our analysis on the equilibrium, where there are strictly positive num-
bers of G-skill and S-skill workers, as in the previous section. However, note that the
equilibrium wages in the present model must satisfy

g
ws < el (21)
gl

indicating that the wage per unit of labor is higher for G-skill workers than it is for
S-skill workers. Rewriting (21) yields v < wp (= w{/w{). This means that the wage
premium for general skills, wp, is higher than the relative productivity of general skills,
v, because the G-skill wage includes payment for their skill transferability. Because the
transferability wage premium is strictly positive, v < wp must be satisfied in equilibrium
with a positive number of G-skill workers. Further, using this relation, we can estimate
the size of the transferability wage premium from the gap between wp and . We return
to this issue in section 5. A further important point is that + in the present model does
not have to be lower than 1. Even if general skills are more productive than specific
skills, S-skills remain valuable to firms as long as (21) holds.

We relegate the technical derivation of the firms’ profit maximizing decisions to
Appendix D, because they are much the same as the previous derivation. As shown in
Appendix D, the total demand for G-skill workers in the steady state can be represented
by

g = % [—s + (W)Lx a*} , (22)

w9

and the total demand for S-skill workers is

g 0 ((1—wwa>12_ 3)

14X \yws — mwd

Because we analyze a stationary equilibrium, we drop the time subscript from all vari-
ables. The labor market clearing conditions are g = G for G-skill workers, and 1—g =S

for S-skill workers. Let us denote by g* the steady-state equilibrium value of the number
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of G-skill workers. Dividing both sides of (22) by (23), and using these market-clearing

conditions yields

1

U RO S 2 i ki B (24)
1—gc v ) 1—m '

Moreover, by substituting w®/w? of (20) into (24), we have

1
* 1+ S(1—g*) — e
1—g* ¥ 10} 1—m

where S = Sy/Ss. Finally, the dynamic equation (33) in Appendix D, evaluated at the

steady state, is represented by

o = 1iA [¢+ (ll_fi“z (Z{;‘)l (a*)z} . (26)

Further, substituting w9 of (22), together with G = ¢* and s = 1 — ¢*, into (26), we

obtain

—a)u? -7 A\
(I+XNa"—o¢= (11 n i,u <1 +7 - g*) (a*)?7. (27)

Here, ¢* and a* in the steady-state equilibrium are determined from (25) and (27).
Appendix E shows that the dynamic structure of a; is much the same as that in the
previous section. The results of the comparative statics with respect to the relative

education subsidies, S , are summarized in the following proposition.

Proposition 3.  The number of workers with general skills, g*, and the level of tech-

nology, a*, increase in S(= Sg/Ss)-

The formal proof of Proposition 3 is given in Appendix E. The first key finding
in this proposition is that, although it may be obvious, the number of G-skill workers
increases as the subsidy for general education increases. This is because a higher general
education subsidy makes workers more willing to supply general skills for a lower wage
premium and, thus, makes the threshold ability § lower. On the other hand, the positive

relation between a* and S is non-trivial. It indicates that an increase in the general
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education subsidy improves the steady-state level of technology. Therefore, the present
model shows that an increase in the supply of G-skill workers enhances the innovation
activities of firms, and thus, improves the technology level.

Although there is no fundamental change in the dynamic system from that described
in section 3, we cannot rule out the possibility of the existence of multiple steady states in
our analytical work. In the numerical study in the next section, however, we confirm the
uniqueness of the stable steady state using the data for the sample countries.'?> Thus, in

the following analysis, we suppose that economies are located at the stable steady state.

5 Quantitative Analysis

In this section, we explore how the total output of the economies are affected by the
education subsidy on general education. Although Proposition 3 shows that a* increases
in S , we cannot conclude that a higher general education subsidy always increases the
gross domestic product of the economy. This is because if general skills are less produc-
tive than specific skill, an increase in G-skill workers decreases the total labor supply
of the economy. Thus, it is meaningful to explore whether and how an emphasis on a
general education subsidy contributes to countries’ GDP. Our final goal is to estimate
the effect of the marginal increase in S on GDP.

The system of (20), (24), and (27) contains 11 variables. Using the available data
set for 12 European countries, namely, Austria, Belgium, Denmark, France, Germany,
Hungary, the Netherlands, Slovakia, Slovenia, Spain, Switzerland, and the United King-
dom!3, we first determine the values of (g*, ws/wy, S, a*) for each country. The param-
eters describing the production technology, (A, ¢, «, 7), are chosen to satisfy broadly
observable empirical evidence. The remaining three parameters, (v, v, u), which are

model-specific parameters, are derived from the three equations, (20), (24), and (27),

12Under the parameter values estimated in section 5, there are two steady-state points, where that
with a lower value is stable and the other is unstable, as is the case of the dynamics of a: in section 3
(see Appendix C). Thus, we should expect economies to locate at the lower value. However, we cannot
rule out the possibility of more complex structures of the dynamic system of a; in our analytical work.

13We initially attempted to use all available EU countries from the OECD data set (22 countries),
but we exclude 10 countries for the following two reasons. First, we need data on attainment and per
student expenditure per education type (general/specific), but these data are missing for nine countries
(Czech Republic, Estonia, Greece, Ireland, Italy, Luxembourg, Poland, Portugal, and Sweden). Second,
because we regard the United States as the frontier country, we cannot use data for countries whose
total factor productivity is higher than the United States. For this reason, we exclude Norway.
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Table 1: Four key observations from the data

AUT BEL DNK FRA DEU HUN NLD SVL SVN ESP CHE GBR

wp 129 123 111 134 125 164 108 139 132 147 117 1.26
S 109 131 194 138 163 201 145 166 122 137 144 147
g* 017 027 038 026 022 027 045 019 0.17 042 032 040

¢ 082 08 091 095 093 057 096 066 060 081 096 0.72

Note: wp = w9/w® and S = Sg/Ss. The country codes are AUT=Austria, BEL=DBelgium,
DNK=Denmark, FRA=France, DEU=Germany, HUN=Hungary, NLD=Netherlands,
SVK=Slovakia, SVN=Slovenia, ESP=Spain , CHE=Switzerland, GBR=United Kingdom.

and the eight predetermined variables. Then, we estimate the impact of a 1% increase

in S on the GDP of each country.

5.1 Data

Our primary data source is the Education at a Glance series: OECD indicators, which
provides a rich description of education indicators per education type (general/vocational).
Education at a Glance (2014) provides the relative earnings of workers aged 25-64 (nor-
malizing the income of adults with upper secondary education to 100). These are given
for university and non-university tertiary categories'* and, thus, we regard the former as
the general type of education and the latter as the specific (vocational) type of education.
Although the OECD also classifies secondary education into the same two categories for
some data, we cannot obtain the wage gap between secondary general and vocational
education graduates. Thus, we use the tertiary wage gap as a proxy for wy/ws. As
such, we obtain a general education wage premium wp = w,/ws = 185/143 ~ 1.29 for
Austria, for example.

The data for the relative education subsidy S for each country is also extracted from
Education at a Glance (2014), which provides the annual expenditure per student by

educational institution. Although it makes sense to use data on tertiary education to

MThe OECD discriminates university-level education from non-university tertiary education; the
OECD calls the former “tertiary-type A” and the latter “tertiary type B.” The general pattern of
tertiary type A education is to offer programs that are broader and more general in orientation. Tertiary
type A institutions are known as universities in most countries. On the other hand, tertiary type B
education offers shorter vocational programs and do not lead to the baccalaureate. Tertiary type B
institutions are known as further education colleges in the United Kingdom, community or two-year
colleges in the United States and vocational education and training institutions in Australia.
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ensure consistency with the wage data, some countries have no data on tertiary education
expenditure by general /vocational category. Thus, following Kruger and Kumar (2004b),
we use governmental expenditure on all secondary education as a proxy for S, and
expenditure on all tertiary education as a proxy for Sg.15 Then, the relative subsidy for
Austria, for example, is calculated as S = 14895/13607 ~ 1.09.

Education at a Glance (2014) also provides data on the educational attainment of the
labor force for OECD countries. It provides information on the share of the population
aged 2564 having completed general or vocational education, at both the secondary
and the tertiary levels. However, in addition to tertiary type B graduates, we regard all
upper secondary graduates as S-skill workers. Then, for example, 60.0% of population
in Austria are regarded as having specific skills, and 12.7% have general skills. Thus,
we obtain the number of G-skill workers as ¢* = 12.7/72.7 ~ 0.17 for Austria, and g* of
the other countries are determined in the same way.

Finally, a proxy for the inverse measure of the distance to the frontier, a*, is defined
as the total factor productivity (TFP) of each country divided by the TFP of the United
States. We use the Penn World Table (PWT) 9.0 data set, which gives the TFP levels
in 2014 for several countries at current purchasing power parity relative to the United

States. The values of (g*, wp, S , a*) for 12 countries are summarized in Table 1.

5.2 Predetermined Parameters

Next, we choose the values of the technological parameters, (A, ¢, v, 7). The majority of
studies employing the distance-to-frontier model take the United States as the frontier
country and, thus, we regard A as the US TFP growth rate. Let us suppose that one
model period corresponds to 15 years. The Penn World Table 9.0 data set shows that
the average US TFP growth rate (at constant national prices, 2011 = 1) is 0.763% per
year for the period 2000-2014. Thus, the growth rate of the frontier economy is set to
A= (1+0.00763)1° — 1 ~ 0.1208.

The share parameter « in the production function is set to 0.7. Because « represents
the labor share of the final product (the sum of workers’ income and entrepreneurs’

profits) and, thus, a choice of & = 0.7 seems reasonable, as is commonly used. In the

15Seven countries, Austria, France, Germany Hungary, the Netherlands, Spain, and Switzerland, have
data on annual expenditure per student for both Tertiary type A (mainly university) and type B (non-
university); the other five countries do not.
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Table 2: Parameters assumed to be common across countries

Parameter A Q 10} T

value 0.12 0.70 0.64 0.78

latter part of this section, we examine the sensitivity of our results to different values of
.

The values of the spillover parameter ¢ and the share of type-H firms 7 are deter-
mined simultaneously from (2). We see from the expression that, in the frontier economy,

the TFP of the type-L sector, flL,t, grows at rate ¢; that is,

Lt — g, (28)

On the other hand, the growth of the frontier economy is driven by innovation activities

of the type-H sector in the frontier economy. Hence, we have

AHt At
it LA =14+ A\ 29
A A ( )

For information on the US industries’” TFP performance, we use the Bureau of Labor
Statistics data set (US Department of Labor), which provides US output per employee
data for 157 four-digit manufacturing and non-manufacturing industries. We calculate
the average TFP growth rate for the period 2000-2014 for each sector, and then rank
them based on the growth rate. Here, we regard the top 7 ratio of industries as the type-
H sector, and define the lowest value as AH,t /A;_1. Similarly, we define the lowest TFP
growth rate among the bottom 1 — 7w industries as flLt / A,_1. To ensure consistency
with (29), the lowest value of the top 7 ratio of industry groups must be consistent
with 1 + A. The closest value is obtained by setting the top 122 industries as type-H.
Then, we have Ay ;/A;—1 = 1.1222 (the actual value of 1 + X is 1.1208). Thus, we set
m = 122/157. Then, the lowest TFP growth rate of the bottom 35 industries is obtained

as 0.6384, which is used as the value of ¢, according to (28).
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Table 3: Estimation results

AUT BEL DNK FRA DEU HUN NLD SVL SVN ESP CHE GBR

v 124 118 107 129 120 163 106 135 129 145 113 1.25
v 08 084 074 073 063 041 115 053 0.7 0.8 087 0.89
" 3.06 305 306 305 310 265 3.06 290 284 284 3.08 288

WP 43% 37% 31% 42% 4.6% 05% 26% 2.8% 2.5% 1.0% 3.9% 1.0%

wp

5.3 Calibration

Now, we calibrate the set of parameters (v, v, u) by matching the above key statistics
from the data to the steady-state characteristic of the model in section 4. The estimates
of v, 7, and p are derived from (20), (24), and (27), respectively. The estimation results
are listed in Table 3.

As expected, the estimated values of « are strictly greater than one for all countries.
They range from 1.06 for Netherlands to 1.63 for Hungary. That is, the estimates
show that general education graduates are more productive than vocational education
graduates. The superiority of general skills is well discussed in the literature on the
argument that specific skills become obsolete over time.'® However, the estimates of v in
Table 3 may be overestimated, because we set wp using the wage differentials of tertiary
graduates, which will higher than that of upper-secondary or secondary graduates.

Importantly, our estimates satisfy v < wp; that is, the wage gap between G- and
S-skill workers is greater than their productivity gap. In other words, a positive trans-
ferability premium on the wage of general skills is observed for all countries. The final
row of Table 3 gives the transferability premium’s share of the wage differentials, which
is highest in Germany (4.6%) and lowest in Hungary (0.5%). Further, as shown in Fig-
ure 3, we find a positive relation between (wp — v)/wp and a*. This observation leads
to the hypothesis that in countries closer to the frontier, the supply of general skills is
insufficient to meet firms’ needs for a transferable labor force. We test the hypothesis

by examining the impact of an increase in the supply of general skills on GDP in the

18For instance, Hanushek et al. (2017) show using the German Microcensus data set that general-
education individuals earn less at a younger age, but at an older age, earn more than vocational-education
individuals. Although we use earning data on employed individuals aged 25-64, our data show that the
general/specific wage differential is lower in cohorts aged 25-34, but is higher in cohorts aged 55-64.
Thus, the skill obsolescence of vocational-education individuals is also observed in our data.
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Figure 3: Distance to frontier and transferability premium
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next subsection.

5.4 Impacts of an Education Subsidy on GDP

Now, we examine impact of an educational policy on the economy. Our primary interest
here is to examine how an increase in transferable skills contributes to GDP. Note,
however, that the above estimates of v > 1 mean that G-skill workers have a higher
productive skill than that of S-skill workers. That is, an increase in the number of
G-skill workers increases the GDP, not only by improving transferability, but also by
reinforcing the total labor input in the economy. Here, we focus on the former effect and,
hence, we use the output per effective unit of labor ), = Y;/(s* + vg¢*) as an objective
measure in our analysis of the impact of a general education subsidy. Rewriting the

definition of final good production in (1), together with s* =1 — g*, yields,

1— 1—
Y, = lMl—aAifa may “yy + (1 —map "y

o 1+ (y—1)g*

(30)

Four steady-state variables in (30), ¢*, ay, yg, and yr, are affected by the increase in
S: the former three variables increase in S , while y; decreases in S.

We calculate the changes in ¢g* and ) caused by a 1% increase in S. The results are
summarized in Table 4. As shown theoretically in Proposition 3, the results in Table
4 show positive impacts of S on g*. Furthermore, we find that the change rate of g*
is negatively related to g* in Table 1. The result in Table 4 also shows that a 1%

increase in S increases ) in all countries in our sample. Surprisingly, we cannot find
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Table 4: Change rates of ¢g* and ); by 1% increase in S

AUT BEL DNK FRA DEU HUN
Change rate of g* 4.59% 2.67% 1.60% 2.87% 3.60% 2.55%
Change rate of V; 0.68% 0.62% 0.52% 0.85% 0.80% 0.34%
NLD SVL SVN ESP CHE GBR
Change rate of g* 1.19% 4.05% 4.46% 1.35% 2.09% 1.43%
Change rate of V; 0.49% 0.50% 0.47% 0.43% 0.68% 0.37%

Figure 4: Transferability premium and change rate of )}
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clear relations between the values of g* or the change rate of ¢g* and the change rate of
YVi. Hungary, Slovakia, and Slovenia have a relatively small share of general education
graduates. Thus, a marginal increase in a general education subsidy increases the general
education share in these countries significantly. However, despite the higher change rates
of g*, the general education subsidy has less impact on )} in these countries. On the
other hand, as shown in Figure 4, there is a strong and positive relation between the
change rate of ), and the transferability premium ((wp — 7)/wp). These observations
indicate that a key determinant of the effect of the general education subsidy on ) is
not the absolute size of the general education share, but rather the size of firms’ relative
demand for general skills.

In addition, Figure 5 shows that change rate of ) is higher in countries that are closer

to the frontier (i.e., countries with higher a*). The reasoning behind this observation is
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Figure 5: Distance to frontier and change rate of )
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given in Figure 3. The figure suggests the possibility of a short supply of general skills
in relatively high TFP countries, such as Germany, France, and Switzerland. In fact, a
relative increase in the general education subsidy has a significant impact on the change
of )y in these countries. Conversely, in relatively low TFP country, such as Hungary, the
demand for general skills is not as large and, hence, the subsidy for general education

has less impact on Y.

5.5 Sensitivity Analysis

In section 5.2, we set @ = 0.7 as a benchmark by considering that a represents the labor
share of the final product. The rationale behind this assumption is that the revenue of
each intermediate firm is divided between workers and the entrepreneurs and, thus, «
is equal to the labor share of total output. However, the final good production function
is defined as the relation between the quantity of inputs of intermediate goods, y;, the
fixed factor, M, and the quantity of outputs, Y;. Thus, the value of the share parameter
a will vary according to what M represents (however, note that the results in Table 4
are not affected by the value of M). Rather than defining M, we check the sensitivity
of the results to other values of a.

In Table 5 and Table 6, we report the results of the sensitivity analysis for a« = 0.6
and o = 0.8, respectively. The tables show that our argument, thus far, does not depend
on the value of o. That is, even at a = 0.6 and o = 0.8, we still observe positive impacts

of a general education subsidy on GDP for all countries, and find especially large values
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for countries with a higher transferability premium and that are closer to the frontier.

Table 5: Results for o« = 0.6

AUT BEL DNK FRA DEU HUN

“”zu ; i 5.51% 4.87% 4.06% 5.42% 5.96% 0.66%
Change rate of g* 4.68% 2.76% 1.66% 3.86% 4.14% 2.49%
Change rate of V; 0.84% 0.85% 0.76% 3.01% 1.75% 0.29%
NLD SVL SVN ESP CHE GBR

“’1; ; it 3.42% 3.64% 3.27% 1.20% 5.07% 1.31%
Change rate of g* 1.29% 4.00% 4.39% 1.38% 2.60% 1.42%
Change rate of ), 0.99% 0.49% 0.43% 0.57% 2.14% 0.38%

Table 6: Results for o« = 0.8

AUT BEL DNK FRA DEU HUN

“’7; ; il 2.92% 2.55% 2.09% 2.86% 3.18% 0.32%
Change rate of g* 4.59% 2.66% 1.61% 2.79% 3.54% 2.60%
Change rate of V; 0.63% 0.56% 0.47% 0.63% 0.65% 0.38%
NLD SVL SVN ESP CHE GBR

wl; ; 7 1.75% 1.88% 1.68% 0.64% 2.66% 0.65%
Change rate of g* 1.19% 4.10% 4.54% 1.36% 2.06% 1.45%
Change rate of V; 0.42% 0.53% 0.52% 0.39% 0.55% 0.38%
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6 Conclusion

In this paper, we have proposed a growth model where the composition of general and
specific skills changes during a country’s catching up process to the world technology
frontier. The key element underlying the growing importance of general skills in the de-
velopment process is the increasing uncertainty about private sector productivity. Given
the assumption that firms’ innovation activities are riskier than copying and adopting
existing technology, more developed countries, which have to put greater effort into in-
novation, face a higher productivity risk. This results in firms’ precautionary demand for
transferable workers who are adaptable to the unexpected sectoral changes. Thus, the
proposed model predicts that firms place more importance on transferability than they
do on productivity for labor skills, and that their demand for general skills increases as
the country approaches the world technology frontier.

However, contrary to the models’ prediction, many of most developed and industri-
alized countries in Europe have a small share of general education. A number of studies
have examined the European educational composition and, in some cases, find a need for
an expansion of general education. To the best of our knowledge, this study serves first
attempt to examine the relationship between the educational composition and growth
performance of the economy by focusing on the productivity—transferability trade-off
between general and specific types of education. Our numerical analysis shows that a
marginal increase in general education expenditure increases the steady-state GDP for
all 12 European countries in our data. Interestingly, the cross-country comparison does
not show a clear relationship between countries’ initial share of the general education
population and the impact of general education expenditure on GDP. On the other
hand, the results show that the demand relative to the supply of general skills is larger
in higher TFP countries, and that the impact of general education expenditure is posi-
tively related to countries’” TFP levels. These findings suggest that the distance to the
world technology frontier is relevant to the debate on secondary and tertiary schooling
structures. The results also indicate the possibility of an over-specialization in skills in
countries at higher stages of development.

The arguments on cross-country comparisons in this study can be extended to cross-

industry comparisons. Although the present model ignores sectoral differences in the
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distance to the frontier, the cross-industry variance of sectoral TFP levels within a
country might be not small. Thus, there may exist large differences in the demand for
general skills between industries, in which case, general skills will be more required in

well-developed and/or highly innovative industries.

Appendix

Appendix A: Proof of g+ = 0

In this appendix, we prove that gr; = 0 holds for any equilibrium. Conversely, we
assume that gg; > 0 and gr; > 0. Then, firms’ demand for general skilled workers is

obtained as follows:

1
1 o\ t-e
gt = — | =St + aHt| ,
Y Wy
1
1 /ya 11—«
gLt = — |—St+ ar.t
Y Wy

Using these expressions, the firms’ problem in the first stage can be expressed as follows:

Yo a 1 1,
1— il - _ =
ms?x [71’ {( a) (wt> ap; + thst 2xH7t
’}/Oé 1304 1
+(1-m<(1l—-a) art + —wisg p — WiSt | -
Wy Y

The maximization problem is linear in s; and, hence, the non-negative constraint gz, ; > 0

has to be binding. Thus, we have g ; = 0.

Appendix B: Proofs of Lemma 1 and Proposition 1

From (16), we have that G;/S; > 0 requires that

1
_ [(1-7m\T=
at>< F) . (31)
YT

Combining (31) and (18), we have that a;—1 must satisfy the following inequality:

1—a\T5 (/1—7x\T= ) (1 - a)pla}
<'v—7r> <7—7T) T T U aegte
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Solving the above inequality with respect to a;—1 yields

R ()

Further, in order to guarantee the existence of general skills, @ < 1 must hold. Rear-

Qt—1 >

ranging the condition yields

(L+ N1 ogtte (1-x\Te [ (1-m\TE i
l-a <7—7r> (7—%) - -

Appendix C: Proof of Proposition 2

o>

From (19), we have that the dynamics of a; satisfy da;/da;—1 > 0, d*a;/da? | > 0, and
that a; = 1%\ > 0 when a;—; = 0. That is, a; is increasing and convex in a;—1, and has
a positive intercept. Thus, the dynamics of a; have at most two steady-state points. As
shown in the figure below, if two steady-state points exist, the one with a lower value
is stable and the larger one is unstable. A condition for the existence of a unique and
stable steady state in the interval (0,1] is that a;—1 > 1 at a; = 1. Substituting this

condition into (19), and rearranging, yields

(HA)(HA_@{MW_W)(14)11&}&]2 p

11—«

45°

unstable

stable
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Finally, because p must satisfy u € (j, 1), we have to check whether i < f holds.

Substituting i and f into g < fi, and rewriting, yields

¢1+a{(ﬁ)ﬂ_l} <(1+A)a(1+A—¢){Z (z::)ll‘ﬂr(M}a

The left-hand side of the above inequality decreases in v and is equal to 0 when v — 1.
On the other hand, the right-hand side increases in v and is equal to 0 when v — 7.
That is, v has to be large enough to ensure that i < f. From the above discussion,

there exists 7 € (m, 1), such that © < g holds for v € (7, 1).

Appendix D

First, we return to the second-stage problem of firms, and resolve gp; and x;;. The

second-stage problem of type-H firms is as follows:

1 11—« 1 1
max <1_|_)\> (¢ + Mat—ll’z‘,t) “(st+ Y9r,.)" — wigH: — ix?t

9H t T4t

The first-order conditions with respect to gy ; and xp; are, respectively,

1
1 a\ -«
gHp = — | =S¢ + (79> amy (32)
v Wy
and
(1 —a)p _
Tt = Hi/\(st + ’YgH7t)aaH?£at_1.

Using the above two first-order conditions, we obtain

(1-a)u (1o =
Tip = ——>t [ — ap_1.
Wt 1+ A wf =1

Then, we have the technology level of type-H firms as

1—a)u? a
o HO‘;“ (Zg) a?_ll. (33)

1
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Next, the first-stage problem of firms can be written as

11—« 1 1
max {(1 —a) (Zg) apt + ;wtgst - 2$12q¢} +(1-— F)ai}asg — Wy 8.
t

Note that mw{ /vy < wj is required for the existence of an interior solution, that is, for
the existence of G-skill workers. Combining this condition with (21), we have
g
wy 7
< —= < = 34
T < (34)
We focus on the equilibrium that satisfies the condition given in (34), in which both
G-skill and S-skill workers exist. Section 5 showed that all estimates obtained from our

calibration satisfy (34). Finally, the first-order condition of this problem yields

st — (“_W‘> = ars. (35)

s g
Ywi — Twy

Rearranging (32) and (35) by evaluating at the steady state and substituting ar; =
/(14 ) yields (22) and (23).

Appendix E: Proof of Proposition 3

In this appendix, we examine the steady-state characteristics using the system given in
(25) and (27). We first show that the steady-state values, g* and a*, increase in S. Let
us denote as g(g, a*) the solution of (25) with respect to g*, as a function of a* and S.
From (25), we have that g(S, a*) increases in both S and a*. Substituting ¢* = ¢(S, a*)

into (27) yields

—a)p? -7~ ¢
(a0 = Lo (1 25050 ) (@

Here, a* is determined from the above expression. The left-hand side (LHS) of the above
expression is increasing and is a linear function of a* with a negative intercept. At the
same time, the right-hand side (RHS) increases in a*, and passes through the origin.
However, we cannot examine the number of intersections between the LHS and RHS
curves because very little is known about the shape of the RHS function. However, we

have that if the LHS and the RHS curves have one or more intersections, the value of
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the smallest steady-state increases in S. This means that the smallest steady-state point
of a increases in S and, thus, it becomes clear that ¢g* = g(§ ,a*) increases in S. The

steady-state point is described in the figure below.

LHS

RHS

the smallest
solution of a*

Next, we investigate the stability of the steady state corresponding to the smallest
solution of a*. Let us denote as g; the total number of G-skill workers in equilibrium,
but not in the steady state. Then, substituting 7gr: = g+, st = 1 — g4, and ap = a;

into (32) and (33) yields

a="1 [(1 ~a+(25) - ] , (52)

and
_ 1
D)

agt

1— a)u? =
¢+(1+0‘;“ <Zujg‘> afll. (33)

Moreover, using (20) together with s; =1 — ¢, and ar; = H%[at_l + (1 — ar—1)], (35)

can be rewritten as

B . 1—-m ﬁ o ﬁ ) /
(1 gt)—<wg(1_gt)_ﬂ> (wtg) Y (35')

The three endogenous variables, g, at, and w{, are determined by (32'), (33'), and (35').

These equations show da;/da;_1 > 0 for a;_1 € [0, 1], and that a; > 0 when a;_1 = 0.17

"By eliminating a; and w{ from (32'), (33'), and (35’), we can see the positive relation between g;
and a;—1. From this observation, we have from (33’) and (35) that a; increases in a¢_1.
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Therefore, the steady state determined by the first intersection of the dynamic equation

of a; and the 45-degree line is stable, indicating that the dynamics are much the same as

those described in section 3 and in the figure in Appendix C. In the subsequent discussion,

we continued the analysis by supposing that economies are on this stable steady state,

although we did not prove its uniqueness. Instead of deriving the parameter conditions

for the existence and uniqueness of the stable steady state, we confirmed them in the

quantitative analysis in section 5.
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