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Abstract

Our goal is the estimation of country — level prottion function aimed at understanding the
role of human capital. We analyze the effect ofoadion, especially the effect of the share of
college graduates in prime-age population (betwZ®r 54 years) on the European Union
(EV) countries’ labor productivity. Here, an impant issue is efficiency of tertiary education
institutions. We split the ratio of human capital dbserve it from different aspects. We
compare an effect of lower and upper tertiary ethd;eby specializations and by gender. The
relationship between human capital and labor priddtic was found positive though not
significant or significant only on 10 % confidenlexel. The influence of human capital on
labor productivity was found very low, in some casgen negative. Assuming that one of the
main reasons behind these contra-intuitive ressilise problem of unobserved heterogeneity,
we also run instrumental variable estimation. Wanfb positive and significant on 5 %
confidence level relationship between human capital labor productivity. The influence of
larger share of tertiary educated people on lalvoduyctivity is more evident after some

period of time, in our example after two years.
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Abstrakt

Nasim ci€om je odhad Urovne prodékej funkcie v krajinach zamerané na pochopenieyiloh
ludského kapitalu. Analyzujeme vplyv vzdelania, réajmplyv tercialne vzdelanej populécie
v rozpati 25 az 54 rokov, taktiez nazvané produktivek, na produktivitu v krajinach
Eurépskej Unie (EU). Dolezitou otadzkou je efektisthanstiticii terciarneho vzdelavania.
Neskér sme sledovali podidludského kapitalu z réznychrddisk. Porovnavame efekt
nizSieho a vysSieho terciarneho vzdelania, odlSpécializacie a pdd pohlavia. V#ah
medzi T'udskym kapitalom a produktivitou prace bol najdeako nevyznamny alebo
vyznamny len na 10% uUrovni sfahlivosti. Vplyv 'udského kapitalu na produktivitu prace
bol najdeny ekonomicky nevyrazny, v niektorych pdpch dokonca negativny. Za
predpokladu, Ze jedna z hlavnych ¢pri tychto proti-intuitivnych vysledkov je problém
spbsobeny nepozorovanou heterogenitou, rieSdiai@itne pomocou odhadu inStrumentéalnej
premennej. Zistili sme pozitivny a vyznamny na 5fadme spdahlivosti vplyv rudského
kapitalu na produktivitu prace. Vplyv vysokoSkolskgdelanychl’udi na produktivitu prace

bol zretény po ugitom obdobi, v naSom pripade po dvoch rokoch.
Kracove slova: ludsky kapitél, produktivita prace, Eurdpska Unia, prashéfunkcia
Email autora: s.macorova@gmail.com
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1 Introduction

Our goal is the estimation of country — level protion function aimed at understanding the
role of human capital. We analyze the effect ofoadion, especially the effect of the share of
college graduates in prime-age population (betw#er 54 years) on the European Union
(EU) countries’ labor productivity. We want to firmait whether countries should invest more
to tertiary education. The topic concerning congraribetween people with tertiary education
and unskilled ones and their benefits to econontpidroversial. Here, the important issue is
efficiency. We estimate how strong the link is r@ed in states of EU (27) and we compare
differences across EU. Similar studies have beedenma US, in OECD countries, but our
contribution will be in observing an effect dirgcthcross European members. We observe
tertiary education divided by upper and lower edooal level. In other words, we estimate if
additional years of tertiary education matter, d@hd extent of its influence to economic
productivity. The importance of tertiary educatiand its effect to economic productivity of

countries is much debated.

We want to observe the effect of variables conogrértiary education to labor productivity
and propose policy implications and suggest futamds for decision makers. We compare
our results with proposed and confirmed Lisbon t8gw— Europe 2020. The proposal is to
increase tertiary education to 40 % across EU. hapbd question here is comparison of
quality represented by efficiency and quantity espnted by increasing capacity and easier

access to universities.

In section 1 we describe theoretical base and waexindividual expressions. Then we go
through proposed estimation to set our model ctyre@nd to have a better overview. We

compare opinions which support or contradict to loypothesis. Then we specify a way of



estimation and which effects we should include mtio model. This is included in section 2.
In section 3 is explained methology, we use augeteiolow model. Section 4 describes
used data, variables and goes step by step thraligiegressions. This part consists of
discussion and comments of the results as welltide® is conclusion, followed by

Bibliography in section 6 and Appendix.



1.1 Hypotheses
We decided to write our thesis based on the folgwirimary hypotheses:
1. Labor productivity is influenced also by education
2. Educated labor force represents creative and irivevahinking, best-usage of
technology, higher competitiveness, and demandafoor force from outside, which
directly or indirectly have pattern on labor protivity
3. There is a significant positive relationship betwetertiary educated and labor
productivity
4. They are significant differences in correlationvibegn tertiary education and labor
productivity among EU members
5. The effect of tertiary education is changing overet
6. There is a significant difference between gendersallege graduated. We suppose

that women are less flexible on the labor markat tnen.

1.2 Tertiary education

Tertiary education builds on secondary educatiooyiding learning activities in specialised
fields of education. It aims at learning at a higlel of complexity and specialisation of
particular field. Tertiary education includes what commonly understood as academic
education, but is broader than that, because © aisludes advanced vocational or
professional education. Tertiary education compri$8@CED levels 5 and 6 (UNESCO,

Institute for Statistics, 2011).

1.2.1 Tertiary education across European Union

We will describe the chosen subgroup (the poputatidh tertiary education between 25 and
54 years old) in section 4, but for general ovewend for future policy implications we

would like to describe the actual situation on tharket of tertiary educated people.Total
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number of students enrolled in tertiary educatimiU 27 in 2010 was 19 846 700 (Eurostat,
2010). A median age in EU 27 was 22.1 year. Thepaoison of gender between tertiary
obtained populations between 30 — 34 years old38a5 % of women and 30.8 % of men.
The highest ratio of obtaining tertiary enrolmenaswshown in United Kingdom (UK),
Norway, Ireland and Luxembourg. Almost in all caigg, female to male ratio is relatively
higher. On average, in EU 27, 124 women were esaofbr every 100 men in tertiary
education. The total number of graduates in EU 28 w477 000 students in 2010. But
during the period 2000 — 2009, the rate of tertesiycated people increased about 22% (See
Graph 1, in Appendix). There are approximately 8 Bgher education establishments in

European Union (Key data on education, 2012).

1.3 Human capital

Human capital represents ‘activities that influefdere real income though the imbedding of
resources in people.’” (Becker, 1962). It is the nvaduable asset held by individuals on the

labor market.

1.4 Definition of productivity

Productivity is commonly defined as a ratio of duwoe measure of output to a measure of
input use (OECD, 2001). Then the labor productjvidgscribing the relationship between
production and factors of production, is definedatput per unit of labor input. The driving
forces behind improvements in labour productivitg ¢he accumulation of machinery and
equipment, improvements in organisation as weplasical and institutional infrastructures,
improved health and skills of workers (“human cat and the generation of new
technology (Key indicators of the Labor market, 200Labor productivity reflects the

economic level in the given state. In our case,rtdi® is measured by volume of output,
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which is represented by the gross domestic praduetal terms (GDP) and input is presented
by total population in productive age. We chosaltgiopulation to measure education

variables for the same set of people. Educationlghze providing under reasonable costs as
a fair value of share of total government expemdguand output. The topic if education is

valuable to society and if individuals and wholeisty are receiving back expected benefits
is much debateddere, an important issue is efficiency understosdobtained qualityof

service from the given amount of resources and&finess.

1.5 The level of importance of education and relationship between

technology and tertiary education

We assumed that highly educated people are comh&gte an access to new tehnologies
more than uneducated ones. From the private pbwiew, education increases productivity,
entrepreneurship, specialization in different f&gldnd support a variety of jobs. From the
public point of view, education is connected wititcriease in R&D, governance, safety and
social development issues. All these effects helpdonomic growth of the country through
reducing poverty. But, on the other hand, the diaathges are in increased spending into
education, time dedicated to education, lower &enues, for instance. These both sides

should be at least equal.

Related to human capital theory, an income in awemtis distributed by the level of
education of workers. Individuals can gain more;ause of obtained education. We expect
the better results on the labor market from skibeés Higher ratio of efficiency is expected.
The mentioned microeconomic assumptions are impigedeinto our model as they were
estimated by many authors. For example, benefisdotated people are showed by social
returns to higher education by Acemoglu, AngristO@0 Moretti 2004. The positive

productivity spillovers are proved by Moretti (2004He observed a positive relationship
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between wages and education in cities. Steven Ykraad Randall King (2001) found that
social return of 4-years college degree is 0.09pe¥oyear. They also confirmed the positive

relationship between higher education and labodymctvity.

Barro and Sala-i-Martin (1994) found that increas¢ertiary education of 0.09 years raised
an annual economic growth by 0.5 % per year. Threyqul a positive correlation between
gross domestic product (GDP) and human capitabther words, the higher ratio of human
capital brought higher economic growth. An increas@roductivity is supported by 4-years
college attention, no by additional years of schmplas Schultz (1961) pointed out, the social
return of 4-years college is decreasing over tiffiee research by Stoyanov & Zubanov
(2011) in Danish companies showed that the effégiroductivity spillovers by educated
workers or more skilled workers is positively céated. Moretti (2004) in his paper work
stated that spillovers are all around us. All thesemations are in favour of hypothesis, that
productivity is increased by educational level adrkers. The results of paper ran by Vieira
Elvira, Vazques-Rozas Emilia & Neira Isabel (200&)re in favour of poorer companies,
where the productivity effect had been presentegnger than in richer companies. They
showed that investments in education and R&D areenprofitable in less developed

countries.

Human capital is crucial for successful adoptiontehnology (Acemoglu, and Zilibotti,
2001). Human capital intensity causes an indirdfgce to technology and it improves
the circle of economic output. Countries can remsimilar access to same set of technologies
thanks to process of globalization. But, becauseaofumulation of technology-skill
mismatch, there will be a significant differencen licrease of one unit of R&D expenditures
over GDP can increase the productivity growth BbQnits (Hector Sala, José 1.Silva, 2011).
A strong relationship between producing and acogptiew technology is also discussed in

paper by Schultz (1967) or Nelson and Phelps (196b6¢ presence of the link between
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economic growth and human capital via knowledgdos@rs was found in work of Lucas
(1988). Romer (1990) stated that society with nemhecated workers can achieve better ideas
and can grow faster. An opinion of focusing more inpnovation, exchange of learning
process and learning by doing not on the differenice prices was presented by Daron
Acemoglu & Joshua Angrist (2000). Generally, onrage in G8 members (Canada, France,
Germany, Italy, Japan, Russia, United Kingdom amdtdd States) spending of GDP to
education is between 4 — 7% (OECD, 2006). The gowent spending on tertiary institutions
discusses an adequate quality given to theseumnstis. Here, an important issue is securing
an adequate financing of universities. In 2008,Ekkehas spent 5% of GDP on education in
general and 1.3% of GDP on tertiary education. difege is quiet inconsistent, if we compare
costs of primary and tertiary education which ahmost twice as high (Key data on

education, 2012).

As we mentioned, technology goes hand in hand highly skilled workers. An innovative

country can attract more investors and more caphich leads to an increase in labor
productivity. More skilled human capital is mordrattive to foreign investors. It can be
presented as a circle. Educated people are praglunnovative and creative thinking, which
will secure best-usage of technology and higheo @ftaccumulation of knowledge, followed
by knowledge spillovers with a positive contributtito labor productivity, which can lead to

reducing inefficiency (Couto, Vieria, Tiago and Biab, 2006).

1.6 Lisbon strategy 2020

One of the main principles of EU is to secure & freovement of labor across members. The
assumption behind supports the idea that more fopehliabor force will increase the
economic growth in EU countries simultaneously.bbis strategy for the education and
training 2020 agreed on modernization of the edocaystem. The main aim is focused on
constructing Europe as the most competitive andcushyn knowledge economy in the world,

14



in other words to secure sustainable, smart aridsive growth notably by equipping citizens
with the skills and competences (Luce Pepin, 200he of the medium how to reach these
aims is the increase of the percentage of highetatdd people to 40 %. Actual percentage of
this ratio across EU is showed in Appendix (Tal8¢ Turrently, one of three people holds
diploma between 25 and 34 years old. Here, an itapbrquestion is if this proposed
massification of tertiary education does not go itite conflict with quality of education. On
the one hand, we have an increase of investmenteuhtication to fight unemployment and
poverty. On the other hand, we deal with an inéngasatio of overqualified people and
massification of institutions. There are signifitashare of tertiary students, who are
overqualified for future positions. Currently, mdahan one of fifth students are overqualified
for his position and this rate has been increasinge 2000. The specialization of tertiary
educated is changing in the opposite direction thatesirable. There is a decreasing number
of a student enrolled in sciences, mathematicscantputing studies and increasing number

of students enrolled in business (Key data on dadute2012).

Higher education is limited, in other words it istravailable for all people. The topic if we
should increase the number of college graduatesirammdase a capacity of universities to
make them more available for population or we sthdatus more on quality of education,

increase efficiency and prefer less people higbdacated but more skilled is controversial.
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2 Literature review

This section is dedicated to similar papers andksiatone to observe the methods of
estimation of relationship between human capital labor productivity from different points

of view.

2.1 Demand for tertiary educated

Higher education with adequate quality is considete fulfil two main strategies as
generating additional revenues and increasing todty (Philip Stevens and Martin Weale,
2003). Bassanini (2001) came to conclusion, thatrethis a possible increase in labor

productivity affected by human capital.

Poelhekke (2007) by estimating German metropoliasas pointed out, that aggregate
productivity growth is in the large extent causgdshare of college graduates. Similar studies
done on American MSAs concluded the same resui, the higher share of college
graduates increased aggregate productivity. EdpemaGermany the amount of vocational
training students was in a positive relationshithveiconomic growth. For every 10% increase
in share of college educated workers, the sizénefskill-growth effect for American cities
was 0.8% as recently shown by Shapiro (2006). Byngushe method of instrumental
variables estimation, there were found an evideiagelationship between college graduates
and employment growth. Around 60% of the employnggntvth effect of college graduates
is due to enhanced productivity growth, but theseno evidence between high school
graduates and employment growth. In this paper alss shown that higher education can
support productivity directly as well indirectly snproving quality of life and adding other
positive externalities (Jesse M. Shapiro, 2006)weier, we need to mention, that a larger
percentage of human capital can bring more benafggiality of life rather than in economic

productivity. The externalities can be observedifferent utilities of consumption, less crime
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and less pollution. This effect was observed iresgjtbut it can be a good direction to follow.
We can transform microeconomic level into macroeooic one and include this assumption
into our regression. The size of the city or theesof state member can have a significant
influence and can be correlated with employmentwtiio A larger labor market or
agglomerations are more attractive for skilled veosk A positive productivity shocks attract
higher share of college graduates and the workersaailable to bring more benefits. We
can find a positive correlation between the sizéhefcities and the share of tertiary educated

people and we will discuss it later in section 4.

Here, we deal with the issue, why we consider ¢atiyary education to be significant trough
European members. Basically, primary and seconddugation is expected and obligatory
through members, so we expect that it will not havesignificant correlation to labor
productivity. Anyway to confirm the hypothesis, weclude the ratio of primary and
secondary graduated students into our regresseoikink (1995) by observing data in United
Kingdom compared the index of total factor produtyi and its relationship to different
levels of education. He confirmed that one peroéimcrease in education qualifications will
increase an annual growth by 0.42 units. Bacolddimi& Strange (2007) in their paper work
showed, that cognitive skills, which are supposethé possessed by college graduates, are
more productivity enhancing than motor skills. Thegnfirmed the theory, that the best
indicator of local productivity can be the sharecoflege graduates. Usage of college skills
and share of college graduates in population wstienated by Barbara Gebicka and Anna
Lovasz, 2011. Their results based on worker-leath dn the Czech Republic, Hungary and
Slovakia confirmed the positive influence of themher of skilled workers on the demand for

them (Barbara Gebicka and Anna Lovasz, 2011).

Another interesting point is that younger skilledrieers can be more productive than the

older ones. It is derived from changing technologynger can adapt more rapidly and are
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more familiar with concept of new technologies. &splly information technologies are
connected with new methods used in organization lzetter access to new technologies
which are in favour of younger ones (Bresnahan,npifsson, Hitt, 2002). High—years
educated can better secure catch-up because cpraetite technology. The attraction
between college graduates and advanced technolgyeeper. We will consider this

assumption in our estimations and we observe a&tteifough European Union in section 4.

2.2 Contradiction to our hypothesis

We assumed that there is a positive relationshipvden tertiary educated and labor
productivity. Productivity is significantly condithal on education. Here, we would like to
mention an opposite opinions to our hypothesis. fBsearch by Barro in 1997 showed that
one extra year of education for men can raise draate by 1.2% per year. But from his
studies we can conclude that growth of educatiooorsditionally given by initial level of
output of country. Those with lower incomes trycedch up those with higher incomes. In his
results, an increase in education will end up ndaster growth, but in higher output. In long-
term it can reduce the return of education. Studnesle by Krueger & Lindahl (2001)
showed, that a positive and significant relatiopsivias proved only in countries with the
lowest level of education. They estimated the ma@ship between years of education and
economic growth. Higher levels of education wergulght a decreasing rate of growth as was
pointed by Barro. Edwards Terence Huw showed tiairicrease in technological spillovers
or the rise of educational productivity can be fdubut not both. Studies made by Jean—Luc
De Meulemeester & Denis Rochat in 1995 supported itkea of importance of higher
education, but it was not sufficient for growth.eljhfound a strong positive relationship in
US, Japan, UK, France and Sweden, but not in Aisstaad Italy. Another contradiction to
our hypothesis was found in Fortin (2006) and Bo(2@D4) through estimation in US states.

They found the positive correlation between ecomogrowth and high-school educated
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workers variable not for college graduates. Hdre,main problem was a significant influence

of migration.

2.4 Empirical research - how to estimate the effect of human capital

Sheepskin effect or credential effect, introducgdpence (1974) is defined as the wage gap
between credential and non- credential workers itiondl on years of schooling. It raised the
issue of signalling theory. In other words, perbofding degree should be more productive
on the labor market. It specifies a relationshiptiod increase in labor market earnings
associated with the completion with diploma or @eggained in high school or university.
Skills vary through different fields of studies. Tadentify a sheepskin effect properly as
authors argued, we should include in regressioh,bggars of schooling and degree status,
because these two measures can obtain differantseshe regression showed an important
difference in skill between individuals holding tlsame degree status (Alfonso Flores-
Lagunes, Audrey Light, 2007). Many studies expldirtbat only years of study can be
relevant to measure for human capital. In estimatone by Mincer (1974) was shown a
positive correlation between human capital andviddial earnings. Estimation was done
between years of schooling and outcome on the latayket, earnings. In this model only
years of education mattered, not the degree stBtiigthe main limitations behind model are
just a little relevance for policy makers, becatiselack of interpretation. On the other hand,
pure credentials theory believed, that only diplomatters, and years of schooling have no
impact to economic growth. This theory thinks ofjide as an independent variable of return
of investing to education. Alternatively we can ebv& years of schooling with degree status,
which is directly an observation of sheepskin dffé@&ut in our estimation we will focus

mostly on degree status.

More ways to estimate education were proposed Bn8002). These are direct pricing

output, which means a direct collection of datadetailed services (Sergueev,1998), direct
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measurement of output, borrowed price parities @ggr, which means an adoption of price
parities for market and non market services, lgimaductivity indicator, which means an

output ratio by adjusting labor inputs, wage equatipproach, where outputs are followed by
estimation of wages, the compensation weights agronvhich means a labor compensation

of output ratios (OECD).

Lucas (1988) described human capital as a fraatfophysical capital determined by total
factor productivity. Human and physical capitalassumed to increase the returns of scale.
Output can grow without limit, because in this mlodl@lepends only on production factors
(Philip Stevens, Martin Weale, 2003). Here, we as=ii human capital as a share of worker
time devoted to market production, time devotedethucation and saving rate to be
endogenous. Given our goal to explain cross-coutiffgrences in human capital formation,

this method cannot be used because of the macromioicharacteristics of our data.

The lack of education is one of the reasons, whynttees cannot get advantage of available
technologies, followed by mismanagement of econdfmeller and Stevens (2002) tried to

solve this problem by using stochastic frontierlgsia. They set output as a main variable
and capital stock, labor input (hours worked peekyehuman capital, random disturbances

and economic inefficiency were on the right sidéhef equation.
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3 Methodology

In this section we will go through augmented Solowdel, which is used as a theoretical
base for our hypothesis and estimation. Then weaxplain the fixed effects model — the

estimation method applied in our analysis.

3.1 The augmented Solow model including Human capital and R&D

Solow model or exogenous growth model explainsng lun economic growth, considering
the following factors: labor productivity, capitafock, population growth and technological
progress. This model exhibits diminishing returmsabor and capital separately and constant
returns to both factors jointly (Todaro & Smith,0&). The growth rate of capital and labor
are weighted by respective income share. Sincehisei@gdd up to one output will grow by
one unit, if both, capital and labor grow by anraxtne unit, which is the definition of
constant returns to scale (CRS). The main probléi@abow model is that it considers all
production factors to be exogenous, in other worad)e independent of economic growth.
But if we follow our hypothesis, there is a two-wagrrelation between education and
economic growth. Mankiw, Romer and Weil (1992tficame with the statement, that not
only capital and labor cause economic growth, sd human capital. Mankiw (1992) uses a
secondary school enrolment as a proxy for humartatagmd assumes that it influences labor
productivity. With his approach he finds a beft#ing of data than in Solow model, because
he observes an income convergence by adding s@mwolment into regression. While in
endogenous growth model steady-state is drivenepyoducible factors of production, an
educational attainment can lead to permanent diffegs in steady-state growth in output per

worker (Steven Yamarik and Randall King (2001).

Education is viewed as a reproducible factor odpmion at the macroeconomic level. The
aggregate production function shows a relationbeigveen inputs, i.e. production factors and

output. We will follow the direction of the aboveentioned economists when formulating the
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aggregate production function. The variable reprisg output is gross domestic product
(GDP). Among the factors of production we will noclude enrolment rates, but total
number of graduated people with tertiary educatmmwmbserve human capital and its effect
more precisely. We will also add a variable R, whis the stock of know-how created by
R&D in year t (Ben S. Bernanke, Refet S. Gurkayr2002). So we set our basic model as

follows:

Y = Af (K,H,L,R) (3.1)

WhereY stands for aggregate output (GDP). By input wemuagpital stock, human capital

intensityH, laborL, R&D stocksR and technology paramet&r The parameter A represents
the level of technology or multifactor productivi#n increase in technology level will cause
an increase in output for any given level of inplyg transforming the equation (3.1) into

Cobb-Douglas production function, we receive tHeWwing relationship:

Y; = KtaHtBRty(AtLt)6 (3-2)
a+pf+y<l1 (3.3)

Wherea stands for the portion of capital incongeis a share of human capital in outputs

a share of R&D in outputy + 8 + y <1 shows a hypothesis of decreasing returns of scale
for investments into labor productivity addis the portion of labor income (Solow, 1956).
Under the assumption of the constant returns tte seith respect to all factors, we can
deduce another relationship;+ 5+ y+ § =1. We will test this hypothesis in the
empirical part. Dividing both sides of this equatiby L, we will derive the model in per

capita terms. Under the assumption of constantnetio scale it looks as follows:

1= QA (3.4)
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If we define output, stock of capital, human cdpiiéensity and R&D stock as quantities per
effective unit of labor, they = Y/L, k=K/L, h=H/Landr=R/L. There is no L on the right-side

aslonga®g =1—a— f—v.

Then we substitute the equation (3.4) and we toainsit into the logarithmic form. As the

result we receive the equation for a steady se@ategpita income:
Iny;; = alnk;; + flnh;; +yilnr,,+5InA;, (3.5)

This equation is different from Solow’s model asdme per capita depends on labor and
accumulation of physical and human capital as welR&D stock expressed in per capita

terms.

Considering that there are diminishing returns tales i.e. if 1 <a+ g+ y + 6, the
equation looks as follows:

Iny;, = 6In4;; + alnk;y + flnh;; +yInr;, + AlnL;, (3.6)
We will estimate both equations in section 4 to pame the influence of human capital

intensity to labor productivity.

3.2. Estimation methods

We will estimate our model using fixed effects (Fs}imation method. We assumed that FE
model is more appropriate for our regressions tiarple OLS, because it can help us to
solve the issue of endogeneity of human capitatdoystructing dummy variable. The base

equation for the model is:
Yie = a4+ XiB+ Xqw D+ vy (3.7)

Where u; is assumed as fixed parameters to be estimatediodks as an appropriate

specification if we focus on specific set of N mduals or countries or firms, etc.D; is a
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dummy variable for theth country. There is a restriction to avoid dunwayiable trap given
ony; by YN . u; = 0. Thev;, is the reminder of disturbance term that variesr éndividual
countries and time. All are classical idiosyncraimclependent distributed (iid) random
variables with 0 mean and variange OLS estimation of equation 3.5 is supposed to be
BLUE, but in the case when we estimate N+K paramsethe first problem is the loss of
degrees of freedom. The second one is that largenbar of dummies can lead to
multicollinearity and we will have a large’ X matrix to invert (Baltagi, 2008). We propose
to use the FE approach, because we assume to betieln results. Fixed effects model
controls for, or partials out, the effects of tinmevariant variables with time-invariant effects
(Allison, 2009). It can help us with the problemesfdogeneity of human capital. We cannot
confirm this assumption, because there is insefficinumber of degree of freedom to

estimate random effects.
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4 Empirical part

In this section, we describe data, methods of edgttm and regressions. We compare
different techniques of estimation to make an appate conclusion. We make comments

and analysis of results. This part is concludeghuyrt discussion.

4.1 Data, Description of variables

Our dataset is composed of data between year 1892@10. All variables are observed for
27 European Union state members. Data has beeactsul from Eurostat, UNESCO,
WORLDBANK and OECB. For the purpose of estimation we used statistiofiivare Stata.
Firstly, we changed the structure of our datasetnfrcross-country data into panel data,
because we want to estimate the effect of tertehycation over time for many individual
countries. It was important to organize them w@therwise it would have a significant effect
to our results. We have 27 cross-sectional unitslghtime — periods. The panel used is not
balanced, because of missing values, especialgssideveloped countries across EU and in
earlier periods, which is followed with problem o$ing OLS. OLS is still unbiased and
consistent, but its standard errors are biased.siéfeed with the estimation of one panel

model, and with simple OLS estimation to confirnststatement.

In table 1 we can see summary statistics of ouicbamiables. Detailed description of all

variables with exact source is shown in Appendirt,pable 1.1 and 1.2.

! http://www.oecd.org/, http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/,

http://www.worldbank.org/, http://www.unesco.org/new/en/
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Table 1. Summary statistics

7753660 158494 36284700 9635890
285501 4608 5275910 867349
419895 3666 8208920 1207870
778.66 12.05 3412.23 831.32

0.23 0.06 0.46 0.09

For better overview we describe a situation on Bhot market from descriptive statistics
mentioned in table 1. Where y represents laborumtdty, in other words output per capita,
its minimum value between period 1995 and 2010UnnkEembers is 4608 Eur and maximum
value is 5 275 910 Eur. It means that maximum vau#l45 times higher than minimum
value. We need to state, that we divided all véemlby total population between age 25 and
54, not all population is included. That explainstsa high numbers. Total population (L) of
productive age (25-54 years) oscillates betweenegll58 494 and 36 284 700. Here, the
difference is 229 times. Minimum value of capitidck expressed in per capita terms (k) is
3666 Eur, which is 2239 times lower than maximuriu@aR&D expenditures per capita (r)
oscillates between 12 Eur and 3412 Eur. Minimunrestwd tertiary graduated students in
productive age (h) expressed in per capita is bigh is 7.5 times lower than maximum
value. As we can see, differences across EU are.hlliys can cause quite high standard
errors in our estimation. The other thing is, that can not apply same rules and policy
implications for all members as it states in Liststrategy 2020. But this discussion leads to

another topic.

4.2. Regressions, results and analysis

Our challenge is an estimation of country-levelduation function aimed at understanding

the role of human capital in GDP formation. Themravsuggested a lot of different methods
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how to estimate human capital as pupils hours &etjuor quality (Eurostat, 2001), number
of pupils hours (Konijn and Gallais, 2006), houfsapil attendance (Lequiller, 2006), real
earnings growth (Atkinson, 2005) or student’'s yeafseducation (Fraumeni, 2008). We
measure human capital as the total number of pesiptetertiary education in productive
age. This subgroup is already active on the markétich allows us to observe the
relationship between labor productivity and humapital better. Firstly, we consider the
share of tertiary graduated as a whole to see dlgeegate effect of tertiary education on
income. Then we split the ratio into specific grewgs lower and upper tertiary education, by
different fields of study and by gender. Departingm the theoretical base of augmented

Solow model, we set the empirical model as follows:

Iny;; = §Ind;; + alnk; + flnh;y +yIlnr, + AlnL;s + &, 4.1

Where y represents labor productivity in countgnd year t, which is output measured by
GDP in real terms produced in country divided bialtgpopulation between 25 — 54 years,
also called productive age (L). Including total ptgtion in labor productivity relationship
will secure having the education variable for taene set of people. As we need to measure
human capital for the same set of people and tgrgeaduated people can be productive
mostly after finishing their tertiary institutiome assumed this part of population as the most
appropriate variable. The constant term (A) isl#®r augmenting Solow residual expressed
in country i and year Human capital intensity (h) in country i and ye& measured by total
number of tertiary educated people in productive digided by total population in productive
age. Using the share of college graduates in ptipolas a proxy for human capital stock
increases the possibility of reverse causalityptimer words higher GDP per capita leads to
higher participation in college education and emsha&gty in general has to be considered.

This argument concludes, that regression coefficienOLS will be biased and not an
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appropriate method to our regression. We will dsscthis problem more in the next section.
Capital stock (k) in country i and year t, exaathpital deepening, which means a real net
capital stock divided by total population in protiue age. The last one to be observed is r
variable, exactly expenditures on research andldeweent (R&D) in country i and year t
divided by total population in productive age. Magiable r should theoretically represent the
R&D stocks as it is claimed in section 3, but thegpeical counterparts of this variable is hard
to measure or obtain across European countriesrieiores on research and development
are used widely as a measure of innovation inpdtae good indicators of country’s level
investment into new knowledge, so we consider there a good empirical proxy for the
estimation.g;, is an error component, which represents randottur@nces of the model.
This part is very important, because there are rfemt®rs which influence output, as minor
or major economic or political shocks. All variablare measured relative to total population
in productive age to express them in per capitagdo solve the problem of different size of
European members. Moreover, all variables are esprk in logarithmic form to avoid
heteroscedasticity, easier interpretation of refethip between variables and to obtain
symmetric distribution. The estimated coefficientdl correspond to elasticity between

variables.

4.2.1 Problems of panel data, limitations and assumptions behind the model

As in every model, in our case there are some ifepigons as well. Firstly we assumed
perfectly immobile market. Glaeser (2002) and Singb®98) by estimating labor mobility
concluded that perfectly immobile labor would leladincrease of wages and disconnect
productivity from employment growth. They estimatagman capital as a single variable as
an average of share of workers with college degfeesecure perfect labor mobility, we

should have at least similar wages across countg®erwise it can cause migration of more
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educated population to places, where they will &gl ppetter. High concentration of skilled
workers in one region can affect neighbouring mesib&hen, as we confirmed a huge
difference across European Union members, it cam fign of problem with endogeneity, in
other words, the presence of correlation betwe@taeatory variables and disturbances term.
We can deal with this topic by using different e&ttion methods such as GMM techniques
or dynamic panel model data. Including more vadahhto our regressions can improve
model as well, but it can reduce effect of somdamnatory variables. Especially, we assume a
correlation between human capital intensity and Ré&fpenditures. This problem can be
solved by using instrumental variable, uncorrelateth disturbance term, but highly
correlated with the problematic explanatory vamabThis method is called instrumental

variable estimation (IV).

Here, different techniques of estimation will beeggnted to compare the performance of
parameters. We already mentioned that OLS regressiefficients will be probably biased
because of endogeneity and correlation betweemahias. But we would like to show it and

confirm our hypothesis, equation 4.1. is estimég®LS to obtain the following results:
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Table 2.: OLS estimation

Dependent Variable: log y (real value added/L)

1995-2010
European Union (27)
Obs. 372
Constant - 1.6687
(0.4845)***
|k 0.9945
EE G
L 0.0393
E o
| h -0.4115
E oo
; -0.0138
R oo
R? 0.7991
360 9128+

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

As we can see, these results are inconsistenttiatitheoretical part. We expected a positive
correlation between labor productivity and humaipited, thus the strong and negative
relationship is contra intuitive. Before we go thghb explanation, is necessary to run test the
model and run White’s test for heteroscedastidtjth p — value = 7.1786e-008, we can
reject the null hypothesis, which means that het®dasticity is presented and OLS is not
BLUE anymore. It means that there exists anotherenefficient estimator, the robust one.
Heteroscedasticity is not the only reason to exel@S, the main reasons are potential
endogeneity of human resource variable and biatsmtdard errors as we mentioned in
previous part. So we exclude OLS as an appropestiemator for our data. To deal with this
problem we can use two alternative approachexead &ffects model or instrumental variable

estimation. We focus on fixed effects model estiomaand set an equation as follows:

Iny;; = o+ alnk;; + flInh;; +ylnr;; + AlnL;; + 6; + & (4.2)
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The variabled; represents country fixed effects in our model gndare random disturbances
of the model. Firstly, the model is estimated withn-constant returns to scale, in other
words, population is included in the per-capitadoition function. Adding log (L) to the
right-hand-side of this equation is just a test thbe this conditonS =1— a— f—y

holds.

Dependent Variable: log y (real value added/L)
1995-2010

European Union (27)
372

Constant 14.8241
(3.4150)***
0.2937
(0.0346)***
-0.5265
(0.2211)***
0.0921
(0.0469)*
0.1522
(0.0317)***
0.8686

F — statistics 134.60***

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

There is a positive, but statistically significaomly on 10 % confidence level correlation
between human capital and labor productivity. lamsethat 1 % increase in human capital
will cause a 0.1% increase in labor productivityhietr is not an economically significant

influence. The positive and significant relatioqsiietween variable r and y confirmed our
assumptions of influence of technology on labordpivity. A 1 % increase in R&D

expenditure expressed in per capita terms will eau.15% increase in labor productivity.
Capital stock is affecting labor productivity pos#ly; the 1 % increase in capital stock will

cause a 0.29 % increase in labor productivity. Tiniedel explained around 86.86% of
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variation in labor productivity. We clustered stardl errors by member’'s states and we
received much lower value of F-statistics than ur@leS, which is a good sign.

Then, we provide the estimation results for thestamt returns to scale model, population is
not included in per-capita production function irder to clarify possible differences in

significance of human capital and as a robustniesskc The model and results are follows:

Iny;; = o+ alnk;; + flnh;; +ylnr;, + 6, + &, K

And results are follows:

Dependent Variable: log y (real value added/L)
1995-2010

European Union (27)
372

Constant 6.7237
(0.3197)***
0.3065

(0.0385)***

| h 0.0483
(0.0468)

0.1361
(0.0373)***
0.8471

F — statistics 185.14***

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

The similar results as in table 3 we can obsem flable 4. The relationship between tertiary
educated and labor productivity stayed non sigaific The reasons behind these contra
intuitive results will be discussed in the lasttpaf this section. The influence of other
variables to main variable stayed similar as intdide 3. What we can see from table 3, that
parameter L, which represents total populationrodpctive age, is negative, which means
that there are decreasing returns to scale. Welatbdo include L into our regressions,
followed by assumption, that removing L from thedabwill bring biased results.
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Then, we run the instrumental variable estimatio¥) to check the problem of inside
correlation. We use 2-years lagged |_h as an im&nt for current |_h, which means that we

will lose two years of observations for each cowritihe results as follows:

Dependent Variable: log y (real value added/L)
1995-2010,
Instrumented: |_h

Instruments: |_ L1 k1 rl lag2h

European Union (27)
345

Constant 15.9496
(1.7806)***
0. 2943

(0. 0202)***
-0. 5744

(0. 1010)***
0. 1890

(0. 0947)**
0. 1120

(0. 0324)***
0.8499

F — statistics 2281.40***

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

The results from table 5 are more in favour with bypothesis as in previous cases (table 3
or table 4). We found positive and significant of%65confidence level correlation between
human capital and labor productivity. In other wgyrthe influence of tertiary educated people
to labor productivity is more evident after somange in our example after two years. A1 %
increase in human capital will cause a 0.19% irggea labor productivity. The influence of
other parameters stayed similar as in previous lmpttes model explained around 84.99% of

variation in labor productivity.
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4.2.2 The influence of human capital intensity to labor productivity over time

From the previous model (4.2) we observe a weakelaiion between tertiary educated
population and labor productivity. Here, we wantsee if this correlation is persistent, in
other words, if it is stable over time. We compdtre influence of human capital stock in
periods between 1995 - 1997, 2000 - 2002 and 28O separately to test if the effect of

human capital differs over time. We run the nextlais:

Iny;1995-1997 = Bo + @Ink; 19951997 + AINL; 19951997 + BINh; 19951997 +

YInt;1995-1997 + 0; + €;1995-1997 (4.4)

In Yi,2000-2002 = fo+ aln ki,zooo—zooz + Aln Li 2000-2002 + £ In hi,zooo—zooz +

YInti000-2002 + 0i + € 2000-2002 (4.5)

Iny;2008-2010 = Bo + @Ink;z008-2010 + AINL;2008-2010 + B INh;2008-2010 T+

YIntiz008-2010 + 0i + €i2008-2010 (4.6)

Results are in Table 6:
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Table 6 - Comparison between periods 1995-1997 a@008-2010, fixed effects

Dependent Variable: log y (real value added/L)

Sample Model (4.4) — 1995 - 1997 Model (4.5) — 2000- Model (4.6) — 2008 -
Obs. 44 73 78
Constant 3.4473 10.9517 17.9884
(8.1941) (3.8430)*** (10.2012)
| k 0.2313 0.2567 0.1704
- (0.1443) (0.0689)*** (0.0199)***
| L 0.2334 -0.2405 -0. 6598
- (0. 5829) (0.2537) (0. 6706)
| h -0. 0186 -0.0004 -0. 1858
- (0. 0726) (0.0223) (0. 1075)
| r 0.1999 0.1135 0.1270
- (0. 0882)** (0.0330)*** (0. 0281)***
_ 0.7807 0.7850 0.7162
22.85%** 39.23% 45,25+

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

We can see the similar results in the both periodsn problem are missing data during the
period 1995 and 1997. This was the main reasonwéhgecided to include one more period
(2000 and 2002) to observe the relationship betwaeables over time. Correlation between

human capital and labor productivity in all periaiayed non significant and even negative.

4.2.3 Division of human capital

In this part, we will observe the human capitalfediéntly. Firstly, we include two more
variables into model as total number of graduatedlents of primary and secondary
education. We mentioned that share of primary ocoséary educated students will not have a
significant effect on labor productivity. This hythesis needs to be confirmed, also on the
one hand, it is not informative to include all |sv@f graduated, because everybody who
plans to go to college has to go through primarg secondary school first. On the other

hand, someone, whose highest completed educatiehitesecondary school, has not gone to
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college. Output is explained by six indicators d@ieation L, k, r, rates of primary, secondary
and tertiary graduated, measured as fractionstaf pmpulation in productive age. Later on,
as we can see in table 6, we divided tertiary e@acpeople into three groups: level 5A, level
5B and level 6. Level 5A covers more generally infation, more theoretically — based
programs. Basically it represents a step behindll@vLevel 6 represents advanced research
gualifications and professions with high skills wegments. Level 5B is dedicated to
occupationally specific programs, which provide elevant qualification or are more
practically oriented. In other words, level 5 isliated do Master’s degree and level 6 is for

PhD. studies (OECD). Firstly we set a model aood:

Iny;; =po+ alnk+AInL;; + ylnr,, + p1Pri;,+ B, Sec; +B3TER +0; + ¢,

(4.7)

Variable |_Pri is a logarithm of a total numberpsé-primary, primary and lower secondary
educated (levels 0-2) of population in productige &5 - 54), | _Sec is a log of total number
of upper secondary and post-secondary non-tergdocated (levels 3 and 4) of the same

group and |_TER is a log of total number of upp®t bower tertiary educated (levels 5 and 6)

of the same group.
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Table 7.: (4.7) model, Fixed effect:

Dependent Variable: log y (real value added/L)

1995-2010
European Union (27)
Obs. 372
Constant -5.1927
(0.6935)**
| k 0.2723
| L -0.5177
E -
i 0.1528
R oo
|_Pri -0.2380
S -
|_Sec -0.1480
T oo
| TER -0.0667
e
150,177

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level.
Standard error in parenthesis

Human capital intensity was divided into three gouas total number of graduates of
primary, secondary and tertiary students in pradecage. We assumed that primary and
secondary education is obligatory in EU 27, so wpeeted positive and not significant
correlation. But as we can see from the table Tetli® a strong and negative correlation
between primary educated and labor productivity,ireorease of 1% of ratio of primary
educated people will cause a decrease of 0.24%anfi wariable. Also negative, but less
significant (on 5% confidence level) correlatioroisserved between secondary educated and
labor productivity. A 1% of increase of secondaducated people will cause a decrease of
0.15% of y. The influence of tertiary educated gapon on labor productivity stayed non

significant. We decided to include primary and selmy educated people into our
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regressions to specify the relationship betweenadmucapital and labor productivity more
precisely. Here, we deal with a negative although significant correlation between labor
productivity and tertiary educated, which can lgadproblem of massification and over
education. These are current problems in Europeantges. As we mentioned, there is a
significant share of tertiary students, who arerqualified for future positions. Currently,
more than one of five students is overqualified #nd rate has been increasing from 2000
(Key data on education, 2012). In other words,sih@re of educated people is increasing, but
also the share of unemployment of the same grogpirgy up. Another question is to find a
boundary of balance between education’s input aotpub and its impact on labor

productivity.

In the next model is included the primary and seéeoy educated, also three levels of tertiary

educated 5A, 5B and 6:

Iny;; = fo+ alnk;; +AlnL;;+ ylnr;, +
+ Py Pri;s + B, Sec;  + P3In5A;  + B4 In5B; + Psln6; . + 6; + &
(4.8)
Variable |_5A is a logarithm form of total number graduates of the first stage of tertiary
education, programmes that are theoretically besseirch preparatory or giving access to
professions with high skills requirements, | _5Bag of total number of graduates of the first
stage of tertiary education, programmes which aeetjgzally oriented and occupationally
specific enrolment and |_6 is log of total numbégrmaduates of the second stage of tertiary
education leading to an advanced research quaildicaAll variables explaining tertiary
education are in per capita terms, it means dividedariable L.

The results are follows:
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Table 8. (4.8) model, Fixed effects

Dependent Variable: log y (real value added/L), 1982010
Sample All European countries together (27)
Obs. 285
Constant 19.7944
(1.7401)***
0.2494
(0.0157)***
-0.8334
(0.1240)***
|_Pri -0.1414
(0.0508)*
|_Sec -0.1041
(0.0888)
0.1439
(0.0251)***
|_5A 0.0226
(0.0241)
0.0055
(0.0066)
0.0144
(0.0173)
0.9038

F — statistics 87.22***

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

|~ I—
III_ x

-

Research done in Canada proved that workers witrersty education earn 54% more than
high school graduates. Regression showed thatithdils with bachelor diploma degree,
which in our case is represented by 5A, had 20%ase in wages in Canada compared with
those who did not obtain a diploma. Master degres \tery little or not significant effect in
that paper. These results depend on field of stadge jobs are almost impossible to do
without degree as medicine or professions in texirields. But, for example the bachelor in
business can have a significant difference (Felrea, Ridell W.Craig, 2001). In our case

(Table 8), all variables explaining education ave significant to labor productivity. We split

w
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the tertiary education into three levels and wefiomed the persistent non significant

correlation between human capital stocks and tha waaiable.

4.2.4 Different fields of study across European Union

In this part, we do not give importance only maimteg the tertiary education or not, we
would like to focus on specialization and differdields in this sector. The topic of which
combination of skills is beneficial and if is mgeeoductive to be specializing in one field or
is preferred to have complex of skills across siatntroversial. Heterogeneity, on the one
hand will have a positive impact for policy makebgcause they can focus on particular
subgroups, on the other hand it will affect theividhal’s choice of education. Arcidiacono
(2004) found that a large difference in earningsndividuals depends on the field of study,
for example they are larger earning in natural reme or business rather than in social
sciences. His paper, investigating the employménictire of the EU regions and its
evolution over time showed that productive struetis related to convergence in per-capita
incomes. There were proved greater differenceslensf country than between countries. He
also discussed the importance of specializatiocoohtry to reach higher economic growth.
But, these differences can be changed only in teng period, which is why the disparities
across EU regions are persistent. Otherwise, ditgil@aan increase competitiveness and
flexibility on the labor market through EU. Differe fields of study can bring faster
adaptability of graduated workers on the markets sacture free movement of human capital

as pointed Enrico Marelli in 2004.

The situation on the European market is descriled otal number of people in productive
age with completed tertiary education in EU 27 v88F 986 900 (Eurostat, 2010). The
proportion of students in 2010 was divided as fefipin field of education was 11.56% of
student graduates, in humanities and arts was 9.89%ocial sciences, business and law it
was 35.10%, in science, mathematics and computingas 8.35%, in agriculture and
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veterinary field it was 2.02%, in health and wedfat was 14.11%, in engineering,
manufacturing and construction was 13.41% and s was 5.02% of student graduates.
Data have been collected from World Bank and peacgnwas calculated as an average

across members.

Here, we want to observe the effect of differeetd$ of study, different specializations of
tertiary educated people and its influence on tlanmariable, aggregate output. We found

the ratio of different fields of study of tertiagyaduated people and transformed it into model:

Iny; s =
Bo +
alnk;; +AlnL;; + yIlnr+ p;Pri;, + B, Sec;y + B3 InEDU;; + B, InHUM;, + B5InSOC;; +
BeInScien; s + B;InIN;, + BgInAGR;: + BglnHealth;, + B1oInService;; + 6; + &;;

(4.9)
Where |_EDU is logarithm of total number of terjiaeducated students (ISCED 5-6)
graduated in education field, | HUM is logarithmstfidents graduated in humanities and art
field, |_SOC is log of students graduated in sos@énce, business and law field, |_Scien is
log of students graduated in science, mathematidscamputing field, |_IN is log of students
graduated in engineering, manufacturing and cocstmu field, |_AGR is log of students
graduated in agriculture and veterinary field, lale is log of students graduated in health
and welfare field and |_Service is log of studagtsduated in services field. We did not find
the exact share of specializations of graduatedestis in productive age, because of the
unavailability of data, but the share of graduasadients in each field is a good proxy of

situation on the market.

41



Table 9. (4.9)model, Fixed effectz

Dependent Variable: log y (real value added/L), 1982010

All European countries together (27)
Obs. 256
Constant - 7.2085

(1.5141)*
| k 0.2245

T -
I L 10.8931

E -
n; 0.1723

- s
|_Pri -0.1679

E o
| Sec -0.0909

O oo
= 0.0216

S o
| HUM -0.0126

S e
| soc 0.0585

EE -
| SCIEN -0.0372

I o
L IN -0.0515

(0.0240)*
|_AGR -0.0056

S e
| HEALTH 0.0248

e
| SERVICE -0.0118

e

1o7.7

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

The overall explanatory power of the model measbnethe coefficient of the determination
is 92.02%. The share of population graduated inab@ciences, business and law has a
significant (on 5% confidence level) and positibeit not really strong influence to labor
productivity. A 1% increase in this variable willawse an increase 0.06% in labor

productivity. Also positive, but not significant relation was found between people
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graduated in education, health and welfare fieldl labor productivity. A share of population
graduated from sciences, mathematics, computing laamegative and significant (on 5 %
confidence level) correlation with labor produdyviwith an influence of 0.04%. Negative
and strong significant correlation was also showetwken graduated in engineering,
manufacturing and construction field and labor piaivity. A 1% increase in variable IN
will cause a decrease 0.05% in labor productivAtynon significant relationship was shown
between independent variables as graduated in htiesararts, agriculture, veterinary field
and services and dependent variable aggregatetoMfeufound only three of eight variables
explaining education to be significant, but twatledm even with negative influence on labor
productivity. We cannot conclude that only sonmedd$ of tertiary education can increase
labor productivity of states members. But we shoted specialization of tertiary education
also matters and has the significant influenceator productivity. These results can indicate
a necessary need of specific fields and overwhgramount of people graduated in different
ones. It can also lead to further estimation aséarch of overeducation and massification of

specific universities in European Union.

4.2.5 Gender differences and its effect to labor productivity

The next challenge was to estimate gender diffeeand gender inequality and its effect on
labor productivity of EU countries. We divided tofpulation in productive age and total
number of graduated in tertiary education by gemdestimate if the ratio varies across EU.
We assumed different outputs from both gender, usscghe proportion of specialization of
gender on the labor market is also different.

In appendix, in graph 2, we can see that womenifsigntly overwhelmed men in social
sciences, business, law, health and welfare andatéida. There is an interesting point, if we
consider results from previous regression (4.Peeially between population graduated in

social sciences, business and law and labor prvdétyatvas proved a significant and positive
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correlation. On the other hand, there are moregméage of men graduated in scientific fields
and engineering, where have been shown a negativelation with labor productivity. The
model is set as follows:

Iny;, =

Bo +

alnk;, +

AInLW; + ApInLM; + ylInry, + By Pri; + B, Sec; ¢ + B3 InWTER; + By In MTER;, + 6; +

Eit (4.10)
Independent variables | LW and |_LM are total numbkpopulation in productive age of
women and men on the labor market. The female 'stiata comes from Eurostat, the rest of
numbers are own calculations. Variables | WTER BMTER stand for total number of
women and men graduated in tertiary education odyctive age expressed in per capita
terms.

The results are follows:
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Table 10. (4.10)model, Fixed effects

Dependent Variable: log y (real value added/L), 1982010
Sample All European countries together (27)
Obs. 366
Constant 6.8500
(0.3421)***
0.2461
(0.0215)***
0.1620
(0.0761)**
0.3894
(0.1484)**
0.1618

(0. 0290)***
|_Pri -0.2081
(0.0560)***
|_Sec -0.2564
(0.0767)***
|_WTer 0.0292
(0.0805)
|_MTer -0.1423
(0.0742)*
0.8947

F — statistics 129.22***

Note: * denotes significance at the 10%level, *tte 5% level, and *** at the 1% level
Standard error in parenthesis.

We estimated the influence of gender differencethéolabor productivity on the European
states’ market. We can see from graph 3 (Appentiiad almost in all countries of EU, the
ratio of female with tertiary education to malerisible higher. This ratio is visible increasing
from 1995 on average it was 115% female to maleiar&D10, it reached 139%. Here, it is
also important to show a proportion of share between and women on the labor market.
From graph 4 (Appendix) we can observe, that theeenot big differences between men and
women. On average in EU 27, there is 55.8 % shfafentale to male. Coming back to our
results, there is a negative but significant ontyl®% confidence level correlation between
tertiary educated man and labor productivity. Aorégase 1 % in independent variable will

cause a decrease of 0.14% in dependent variableotAignificant correlation was found



between women with tertiary education and labodpativity. Model (4.10) explains 89.47%

of original variation.

4.3 Discussion

Our estimated results came to contradiction withhipothesis and described theoretical part.
We mostly confirmed not significant relationship tbeeen human capital and labor
productivity. In table 3, in the basic model, tle¢ationship between mentioned variables was
found very low and significant only on 10 % confide level. By dividing human capital
intensity into different subgroups, we lost thendfigance of the correlation between human
capital and labor productivity. It could be caudmdfew observations, why when adding
many explanatory variables is followed by loosimgngicance of the model. We found only
primary and secondary education to be significarthé aggregate production function, while
tertiary education is not. We assumed that theore&s explain not significant and in some
cases even negative coefficient associated with ahuroapital in augmented Solow
regressions can be as mentioned not too many aigers, low variability of human capital,

measurement error or unobserved heterogeneity @ause

To solve the problem of unobserved heterogeneityrwe IV. We found positive and
significant on 5 % confidence level relationshiptvieen human capital and labor
productivity. The influence of tertiary educatecbpke on labor productivity is more evident

after some years, in our example after two years.

The research done by Arcandy and d’Hombres in 2@Xved, that measurement in the
human capital, additional source of unobservedrbgémeity stemming from country-specific
rates of labor-augmenting technological change thredlack of variability in the human

capital can result in non significant relationshiggtween human capital and labor

productivity. Unobserved country — specific hetenogity and data containing the
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measurement error are problems connected with astimof human capital in production
function. As Benhabib and Spiegel (1994) or Isld®96) pointed out that the coefficient of
human capital is neither statistically insignifitaror indistinguishable from zero. Angel and
Domeénech (2000) faced to the same problem. Poa daality in relationship between
human capital and labor productivity caused theosjip direction in growth regression as
have been expected. Existing data on educatiotzhatent contain a considerable amount of
noise.

The low variability of human capital intensity iurocase is not the problem as we can see
from graph 5 and 6 (Appendix). The values oscillagéveen 0.1 and 0.35 across European
members in 2000 and these values are increasifdl®and 0.4 in 2010. We can see that

there are high cross-country differences, but witttuntries we observe uniform growth.

Logarithmic form of the same variable is reachimgative values and oscillates between -2

and -1 in 2010.
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5 Conclusion

We estimate the macroeconomic production functibrEd countries modified so as to
account for the role of human capit@he relationship between human capital and labor
productivity almost in all cases was proved to bé significant. The coefficient of human
capital intensity oscillated between low positivedanegative values in all regressions. The
main reasons behind these contra-intuitive resanés measurement error, low number of
observations and unobserved heterogeneity. To dblee problems we run instrumental
variable estimation and we confirm positive andngigant on 5 % confidence level
correlation between human capital and labor praodtygt The influence of human capital is
more evident after some period of time. We alsontbithe evidence of the correlation
between primary and secondary education and latmatuptivity. We showed that different
fields of tertiary education have different relasbips with labor productivity. In other

words, also specialization of tertiary educatioriters.
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7 Appendix

Graph 1 - The rate of tertiary educated in 2000 and 20:
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Table 11-Definition of variables

Table 1. Definition of variables

Variable
y

L

Pri

Sec

Ter

5A

Definition Source
Labor productivity = Gross Eurostat
domestic product in real terms/L

Total population in productive ag Eurostat
between 25 — 54 years

Capital stock (capital deepening Zurostat
real net capital stock/ L)

R&D expenditures/L Eurostat
First and second stage of tertiarfurostat
education (levels 5 and 6) in
productive age (25-54 years)/L

Total number of pre-primary Eurostat
primary and lower secondar
education (levels 0-2) in productiv

age (25-54 years) / L

Total number of upper secondaryurostat
and post-secondary non-tertiary
education (levels 3 and 4) ) in
productive age (25-54 years) / L

Total number of upper and lowe Eurostat
tertiary education (levels 5 and |

in productive age (25-54 years) / |

Total number of graduated of first Eurostat
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5B

EDU

HUM

SOC

SCIEN

AGR

HEALTH

SERVICE

LW

LM

WTER

stage of tertiary education,
programmes that are theoretically
based/research  preparatory  or

giving access to professions with

high skills requirements — level 5A

/L

Total number of graduated of fir: Eurostat
stage of tertiary educatior
programmes which are practical

oriented and occupationall

specific-5B

Total number of graduated ofEurostat
second stage of tertiary education

leading to an advanced research
qualification-level 6 /L

Total number of tertiary educate World Bank
(ISCED 5-6) graduated i

education field / L

Total number of tertiary educatedVorld Bank
graduated in humanities and art

field / L

Total number of tertiary educate World Bank
graduated in social scienc

business and law field / L

Total number of tertiary educatedVorld Bank
graduated in science, mathematics

and computing field / L

Total number of tertiary educate World Bank

graduated in engineering
manufacturing and constructic
field / L

Total number of tertiary educatedWorld Bank
graduated in agriculture and

veterinary field / L

Total number of tertiary educate World Bank
graduated in health and welfa

field/ L

Total number of tertiary educatedVorld Bank
graduated in services field / L

Total number of women fron Eurostat
population in productive age (25

54 years) / L

Total number of men from Eurostat
population in productive age (25 -

54 years) / L

Total number of women of uppe Eurostat
and lower tertiary education (leve

5 and 6) in productive age (25-%

years) / L
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MTER Total number of women of upperEurostat
and lower tertiary education (levels
5 and 6) in productive age (25-54
years) / L

Table 12 — Summary statistics

Varlable mw Minimum | Maximum

7753660,0C 3668930,0( 158494,0C 36284700,00

LW 0,58 0,58 0,25 0,98
LM 0,44 0,44 0,33 0,60

y 285501,00 53062,30 4607,63 5275910,00

k 419895,00 89828,80 3666,02 8208920,00

r 778,66 423,97 12,05 3412,23

PRI 0,27 0,23 0,06 0,82
SEC 0,48 0,47 0,11 0,79
5A 0,01 0,01 0,00 0,04
5B 0,00 0,00 0,00 0,02
6 0,00 0,00 0,00 0,00
h 0,23 0,23 0,06 0,46
WTER 0,12 0,12 0,02 0,27
MTER 0,11 0,11 0,04 0,19
EDU 0,03 0,03 0,00 0,08
HUM 0,03 0,02 0,01 0,09
SOC 0,08 0,08 0,03 0,19
SCIEN 0,02 0,02 0,00 0,08
IN 0,03 0,03 0,01 0,10
AGR 0,00 0,00 0,00 0,02
HEALTH 0,04 0,03 0,00 0,09
SERVICE 0,01 0,01 0,00 0,07

Variable Std. Dev. C.vV. Skewness Ex. kurtosis
L 9635890,0( 1,24 1,53 1,11
LW 0,15 0,26 0,14 -0,51
LM 0,05 0,12 0,50 0,42
Y 867349,00 3,04 4,57 20,46

k 1207870,0C 2,88 4,56 21,44
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r 831,32 1,07 1,23 0,80
PRI 0,17 0,63 1,30 1,14
SEC 0,17 0,35 -0,26 -0,56
5A 0,01 0,52 0,99 1,19
5B 0,00 0,86 0,85 -0,11
6 0,00 0,61 0,79 0,45
h 0,09 0,37 0,15 -0,87
WTER 0,05 0,41 0,37 -0,59
MTER 0,04 0,36 0,05 -1,15
EDU 0,01 0,48 0,36 0,08
HUM 0,01 0,56 1,18 1,62
SOC 0,03 0,39 0,39 -0,21
SCIEN 0,01 0,58 1,01 1,56
IN 0,02 0,49 1,35 2,32
AGR 0,00 0,50 1,41 5,52
HEALTH 0,02 0,63 0,72 -0,73
SERVICE 0,01 0,82 2,86 11,80
Graph 2 Comparison of gender in different fields of tertary education
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Graph 3 — The ration of female to male tertiary graluated across EU
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Graph 4 — The proportion of share between men and @men on the labor market in EU
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Table 13 — Lisborstrategy’s targets

1
Europe 2020 targets
Encrgy
Mi Emnployment RED in % of 0 amissian Renawabla — raduction of Early school Tle"b"f Rm"”“mlﬂmf
rate {in %) GoP redustion targets? cnergy energy leaving in % . S
targets: o in in% exclusion in number of persons
Mtoce
(=1] . =A% AU increase In
hoadiing 759 £ {camp 205 ST 0% v 0,000,000
ot to T2 equaling
Jevels) 46 Mioe
Esti . £ Fesult cannot be calculated because of
imated TIT0T4% 205-272% RIS 20% 200.8 Mixe 10.30-10.50% ITE0380% ik i kil
Elk fo 1280 =
Jevelc) WENODCQ
AT TT-T8% 1T 0% 4% 710 % 3% 230,000
oc 7aZ% 3.0% 12% 8.00 .5% 47% 00,000
BG T8% 1.5% 16% M 1% 3% 280,000
oY 76 7% 0 2% 048 0% 184 27000
Maintaining the number of
- persons at sk of povery o
e 0% i " % na. % an 003l exiusion 3t the level o
" {pubilie: serdrer nnly) 2UUE {12.75% o total population)
with exforts to recisce it by 20,000
DE ™ 3% - 18% 8.3 0% 4% ’ mweﬂrﬁ”m )
oK 80% % 2% A 083 <10% At beast 40% 22,000
i i i N i {household with low work inbensity)
. . Reduce the atrisk of rate (after social
EE e = 1 2 o o o transfers) to 15% (fom 7.5% in 2010
EL 0% [P T—— 12 270 0T e 450,000
F8 742, oA e AL 2570 152 T ]‘:‘U"I'J%
4%
2] 7RE 2 1A%, AR FEs o (e ol G
definition)

An wnt y Bhaomboes Eissien i Ges Hisinal Fodissm Rroguasmus in Ageil 3011

*The marioral sssissions reduciion ngeis defined in Dackskon JO0WS0NES for “Efert Shieing Deciskon”) cocarns e smisakens nofcovand by S Emissions Tiedieg Sysiom. The enisslons coveed by ihe Eméssions Trading System will be veduced by 215 compared io 208 vsls.
s

TN CRATERERAITG LV S SR m A -2 USSR B |0

=ABE o BN W

Europe 2020 targets

ERdFERA
FUMER T

SeiE Employment RED in % of O emission Renewable — reduction of Early schoal ek B NP e [
e rate (in %) GDP reduction targets leaving in % el = e
targets. energy el:'ierml = g in% exclusion in number of persons
Mtoe
Reduction of the
anchored at risk of poverty rate by
FR 5% 3% -H% 3400 8.5% 0% one thid for the period
2007-20M2 or by
1,800 D00 pecple
HU Ti% 18% 10% 2.95 10% A.3% 430,000
o approx. 2% ~ 3
IE GB8-T1% [2.5% GNF) 20% 16% 275 B% 60% 186,000 by 2018
m 67-69% 153% -13% 1T% 2700 15-16% 2,200,000
LT T2E8% 18% 23% 1.14 <% 170,000
Lu 3% 2326% -20% 1% 0.20 <10% No target
v 3% 1.5% 4% 087 134% 121,000
MT 628% 0ET% ki 0% 0.24 0% 3% 8,580
=40%
NL 80% 25% -18% 14% na A% 45% 100,000
expected in 2020
PL 1% 14% 15.48% 14.00 4.5% 45% 1,500,000
PT T5% 2733% 1% 6.00 0% 400 200,000
RO 0% s 0% 10,00 1.3% 26.7% 580,000
Reduction of the % of women and
men who are not in the labour force
Well over . . . . - {except full-ime students), the
SE - % 7% 40% 280 «10% A045% song-term unempioyed or those on
long-term sick leave to well under
14% by 2020
sl 7% % 4% 285% na 5% 40°% 40,000
SK 2% 1% 13% 4% 185 B% 400 170,000
Mo target in . . - Ne target in Mo target in Existing numerical
UK NRP Notamek in NP 1% 15% na NRP NRP of tre 2010 Child Poverty Act




Graph 5 — Variability in human capital intensity in 27 European state members.
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Graph 6 — Variability in logarithm of human capital intensity in 27 European state
members.
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