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ABSTRACT

Higher education has become an increasingly knowledge-based sector of the present-day economy. The state
faces the issues of financing higher education and assessing the effects of investment in the sector of higher
education. The aim of this article is to determine the impact of investment expenditure on higher education
(including the resources from the EU funds) on Poland’s economic growth as measured by the GDP growth
rate. The research hypothesis of the article is that the economic growth that is caused by investment in higher
education with the contribution of the EU funds results in a higher GDP growth than in the case when there is
no access to such resources. The results of the research indicate that increased investment in higher education,
which was the result of the availability of the EU structural funds, influenced the increase in human capital
in Poland and raised its impact on the GDP growth rate.
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INTRODUCTION

Higher education generates knowledge which is a unique resource that contributes to economic growth. Numer-
ous economists emphasize the role of education in the development of human capital and its significance in
economic processes [Schultz 1961, Barro-Castro et al. 2001]. Contemporary research on economic growth and
its factors also indicate that there is a correlation between the level of human capital that is generated by higher
education and the rate of economic growth of a country [Gyimah-Brempong et al. 2006].

The higher education sector functions in the economy as a source of knowledge that is necessary to manage
technologically advanced production processes. In the course of training at university level, highly specialized
abilities and scientific theories are transferred that can subsequently be applied to generate innovations in pro-
duction processes. This process can be understood in at least two ways: either as the introduction of new products
(product innovation) or the introduction of new methods of manufacturing, or — possibly — the implementation
of goods that so far did not exist in the economy [Gomutka 1990]. However, although they are indispensable,
neither students nor entities that run schools of higher education can afford such investments in development.
Thus, it seems interesting to take into consideration the impact of investment in higher education through EU
funds. The European Union funds for higher education typically constitute investment in financial, tangible and
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intangible, as well as untouchable!, assets of schools of higher education. In models of economic growth, invest-
ments that are defined in this way constitute a component of an economic growth factor, which facilitates the
investigation of their impact on the GDP growth. The objective of the article is to investigate the implementation
of EU funds in the Polish higher education sector by determining the impact of investment expenditure (includ-
ing the EU funds) on economic growth measured by the GDP growth rate. The research hypothesis is that the
economic growth that is caused by investment in higher education with the contribution of the EU funds results
in a higher GDP growth than in the case when there is no access to such resources.

MATERIAL AND METHODS

In order to verify the hypothesis, the article provides a proposal for a decomposition of a model of economic
growth with regard to the investment expenditure on higher education with the contribution of the EU funds.
The decomposition of GDP growth was conducted for the period of 1995-2013, which was determined by the
availability of quantitative data that were necessary to conduct appropriate computations.

In investigations that aim at the analysis of the impact of particular factors on GDP the Solow model, or deriv-
ative models [Romer 2000, Bukowski and Zawistkowska 2006, Kokociniska 2006] are applied most frequently.

In the traditional approach, the Solow model has the form of a three-factor production function. These fac-
tors are: capital (K), labour force (L) and technological progress (4). The Authors propose a development of the
classical Solow production function to a four-factor function, where — apart from technological progress (4), real
capital (K) and labour force (L) — the impact of human capital (H) on GDP growth is taken into consideration.
When analyzing the impact of higher education with the consideration of its financing structure (including the
EU funds) on economic growth, a modified MRW model, which includes the human capital component, was
applied. The analysis assumed the application of a production function derived from the Solow model and an at-
tempt at decomposition was made; for further considerations, the canonical form of the production function was
taken (the Cobb—Douglas function), which presents the dependence of output on capital, work force and human
capital [D’Auria et al. 2010]. Thus, the production function is given by:

Y=A K- [ -H *F (h

where: Y — GDP;

K — physical capital (gross expenditure on real capital);

H— human capital, perceived as expenditure on higher education in relation to the state’s budget ex-
penditure on higher education per one student and the share of university graduates in the work-
force; this ratio is calculated as the value of investment expenditure in schools of higher education
divided by the state’s budget expenditure on schools of higher education per one student; then the
result obtained is multiplied by the number of university graduates in the workforce, i.e. people
who are in employment directly in the economy;

L — work load (workforce, i.e. the number of people in employment in the economy);

A — the model’s residual component, perceived as technological progress (7FP);

a, B, (1 —a — p) — flexibilities of K, L and H.

! Untouchable assets are generated in the course of the development of non-infrastructure projects (soft projects) and are
not accounted for on the entity’s balance sheet, as Polish balance sheet law does not provide for such an asset category.
Untouchable assets are the result of a project team’s creative work, e.g. regarding the development of a new programme
curriculum or a unique curriculum of a field of study or the research and publication of its results. Such project products are
not accounted for in the balance sheet as intangible assets and the financial effects of the creation of such assets are shown
in the profit and loss account through the revenue cost settlement of the grant.
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In such an approach, H — as a factor of economic growth — includes investment expenditure on higher educa-
tion (including the EU funds), which makes it possible to present the contribution of the investment to the GDP
growth. The Authors’ proposal of the presentation of H is given by formula

N
H = -% .4 2
B @)
where: N — investment expenditure of schools of higher education;

— state’s budget expenditure on higher education;
S — number of students;
A — number of graduates in employment.

bp

In order to investigate the influence of factors 4, K, H, L on the value of the production function Y, the time
factor (¢)? should be taken into account. Consequently, the function is given by:

Y(1) = A() - Kt - Lty - H(t)' -~ 3)
Having differentiated the production function by time, one obtains:

Y Y 94 Y JK Y oL Y O0H
- = .= 4 . = = (4)
ot 04 ot oK ot oL ot 0H ot

After dividing both sides of the equation by Y (GDP), the following form of the production function is ob-
tained:

aY o4 LS JL oH
ot _ ot .ot .ot — g — B). Ot
% A+a K+,B L+(1 ) o (5

It can be assumed for a discrete time variable that the time derivative of every variable equals approximately its
growth and consequently:

_=7+a.—+/3-—+(1—a—ﬁ)~— (6)

Such notation implies that it is possible to investigate the direct impact of the growth factors (including H)
on variable Y.

The Authors also made an attempt to estimate on their own the production function flexibility parameters.
The procedure began with the estimation of the parameter [Snowdon et al. 1994]:

a=r = )

where: r — average annual percentage rate assumed for the economy in the period under investigation;
K — average level of real capital;
Y — GDP.

2 In further steps for the purpose of simplification, the productin function is given by formula (1)
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For the estimation of parameter S, the following equation was taken:

B=w- (8)

~ |~

where: w — average salary in the national economy in a given period;
L — volume of workforce in the economy;
Y — GDP.

In line with the assumption of the production function, the value of the exponential parameter H equals the
difference: 1 —a — §.

In the growth model presented, higher education is accounted for in factor A and it is identified with expendi-
ture on higher education, including the European funds as a component of public expenditure on the sector.

RESEARCH RESULTS

The research concerned the impact on economic growth of the European funds invested in higher education.
The first stage of the research consisted in the analysis of the GDP in Poland in 1995-2013, which — with
regard to the decomposition when applying the MRW model of economic growth — required an analysis of the
nominal and real GDP flows in the period under investigation. Figure 1 presents nominal and real GDP flows in
1995-2013; this constitutes the first stage of the GDP decomposition. The next stage was to calculate the values
of particular economic growth factors (K, L, H, A) and to estimate their growth rate.

Apart from the determination of factors K and L, the GDP growth rate decomposition requires the estima-
tion of the human capital factor (H). It is indispensable to study the relation between the expenditure on higher
education and the number of graduates and the share of employees with higher education in the total volume of
workforce in the economy. A further stage of the decomposition was to estimate factor H for Poland on the basis
of formula 8.

The average value of H for Poland (without the EU funds) amounted to 0.0133, while the average value of
H with the EU funds was 0.0665.
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Fig. 1. Gross domestic product dynamics in Poland in 1995-2013 (1995 = 100) (%)
Source: Authors’ research based on the GUS (Central Statistical Office of Poland) Yearbooks for 1995-2013.
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Figure 2 presents the development of factor H in a graphical form, which facilitates the interpretation that
was conducted in two periods: for 1995-2003 the graph shows factor H before the accession of Poland to the
EU and after that accession, i.e. the period when EU money was invested in higher education. The square
markers on Figure 2 represents the hypothetical course of variable H in the case of the lack of the EU funding
in 2004-2013.
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Fig. 2. Factor H in Poland in 1995-2013

Source: Authors’ research.

The verification of the impact of the investment of schools of higher education on the GDP growth required
an investigation of a two-variant financial flow. Its estimation was possible with the application of the data from
Table 1. On the basis of the economic growth measurement in Poland an empirical simulation of the economic
growth with and without the contribution of the EU funds in higher education investment is presented syntheti-
cally in Tables 2 and 3 where the GDP growth rates are given together with the changes in the investment in
factors (4, K, L, H). The tables also present the share of particular factors in economic growth, which facilitated
the assessment of their impact on GDP in the period under investigation. Table 4 presents the results of the de-
composition and their synthesis.

The division of the research period into two sub-periods was due to Poland’s accession to the EU in 2004
which was a qualitative factor. It resulted in the reorientation of the Polish economy because of the total elimina-
tion of tax duties and the introduction of the free flow of capital and workforce.

The results of the research and analysis made it possible to decompose the annual GDP growth rates in Po-
land by such factors as capital — K, workforce (i.e. the number of people in employment) — L, human capital — H,
and TFP — A. Moreover, apart from the estimation of the change in investment in particular economic growth
factors, their share in GDP was also estimated.
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The analysis of Poland’s economic growth in 19962013 resulted in the following conclusions:

1. In the full period investigated the growth rate of real GDP was positive and its average value for the period
was 4.01%; in 19962003 and after 2004 (i.e. in the sub-period after the accession to the EU) the average
values were 4.15 and 3.75%, respectively.

2. On the average, human capital (/) in the period under investigation caused the increase of the GDP growth
by 0.19%; Tables 2, 3 and 4 include an economic experiment that consisted in estimating a hypothetical factor
H, i.e. without the contribution of the EU funds for 2004-2013. The GDP growth rate was only 0.11% due
to the value of the H growth rate, i.e. it was lower by 0.08 p.p. than the average value for 1996-2013 with
the consideration of the EU funds flow. The H-hypothetical for 2005-2015 resulted in GDP growth by only
0.09% and the contribution of this factor to the GDP would be 3.85%. Human capital (H) that was estimated
for 2005-2013 with the consideration of the EU grants to the investments of schools of higher education
caused an average increase of the GDP growth by 0.25% and its contribution to the GDP growth was 13.47%.
Thus, the contribution of H-hypothetical to growth is lower than the contribution of realized H by almost
11 pp, which implies that the EU grants contributed significantly to the increased contribution of actual A to
the GDP growth rate.

3. The role of traditionally conceived capital (K) is becoming increasingly less significant in present-day econo-
mies as regards its function as a GDP growth rate factor. The contribution of K to the GDP growth rate in the
period under investigation (H without the EU funding) was negative while there was a growing contribution
of workforce, human capital and 7FP. The average contribution of K in the period in question (H without
the EU funding) was negative and amounted to —43%, and when analyzing the GDP measurement with the
application of factor H that considered the EU fund flow, the contribution of K to growth increased to —24%
(2005-2013). The impact of the number of people in employment on GDP growth fluctuated; in the whole
period under investigation the impact of workforce on the GDP growth was 0.07% and the contribution of
this factor to the GDP growth was negative and amounted to —1.44%, in 19962006 the impact was —0.44%
and the contribution —26.13%, while in 2005-2013 it was 0.47 and 20.50%, respectively.

As regards a detailed analysis of the research results, it should be pointed out that the contribution of human
capital to economic growth, both with and without the consideration of EU funds, fluctuates relatively insignifi-
cantly (in comparison to other factors). The average contribution of H to growth (H measured without the EU
fund flow) was on the level of 4.24%.

When the EU funds were considered in the investment expenditure of the schools of higher education (H
with the implementation of the EU funds), the contribution of A in the GDP growth was 8.97% (in 1996-2013);
however, in this case two periods should be distinguished:

* 1996-2003, that is, the pre-accession period when the average contribution of H in the growth was 4.72%;
* 2004-2013, that is, the period when the investment expenditure on higher education was increased by the

value of the EU funds; the average contribution of H in the growth was then 13.47%.

CONCLUSIONS

The research on the impact of particular factors on the economic growth indicated that the contribution of the

EU funds to the investment expenditure in the schools of higher education caused a bigger impact of the factor

on the GDP growth than in the cases when there was no the EU funding (the difference was 4.73 p.p.). Thus, in

the view of the coming limitation of the EU funds, the following recommendations concerning the development

of higher education can be presented:

1. Budget transfers to higher education should be treated as investments; the return on these investments should
be reflected by: an increase in the investment expenditure change in line with the GDP growth rate or an
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increase (or at least the maintenance) of the contribution of human capital to the economic growth on the
present level.

2. The investment effectiveness of budget transfers to schools of higher education should be assessed by the
employment rate among people with higher education which is understood as the ratio of people with higher
education in employment to the whole population with higher education. This is important, as such a relation
gives the answer to the question about the contribution of graduates to the production of goods and services,
i.e. to GDP growth.

3. In the view of the coming limitation of the EU funding as a significant source of investment in schools of
higher education it is important to ensure a constant relation of budget transfers for higher education to GDP
at the minimum level of 1%; that will facilitate the maintenance of the investment level and will influence
the level of human capital as a significant economic growth factor, especially considering a further transfor-
mation of the Polish and European economies. This process, i.a. constant GDP growth is to be maintained,
requires the supply of a highly qualified workforce. Poland’s experience, particularly in 2004-2013, indicates
that both the structure of professional activity of people with higher education and their share in the total level
of employment met the requirements of the economy and supported the increase of the significance of human
capital in the economic growth (the average H for the period is 13.74%).
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INWESTYCJE W SZKOLNICTWO WYZSZE A WZROST GOSPODARCZY - PROPOZYCJA
DEKOMPOZYCJI MODELU MRW DLA POLSKI

STRESZCZENIE

Szkolnictwo wyzsze stato si¢ jednym z sektorow wspotczesnej gospodarki, ktora w coraz wigkszym stop-
niu jest oparta na wiedzy. Jednym z dylematéw panstwa staje si¢ finansowanie szkolnictwa wyzszego
oraz proba oceny skutkow inwestycji czynionych w sektorze szkolnictwa wyzszego. Celem artykutu jest
okreslenie wptywu naktadow inwestycyjnych w szkolnictwie wyzszym (w tym pochodzacych z funduszy
unijnych) na wzrost gospodarczy Polski mierzony tempem PKB. Hipoteza badawcza pracy zaklada, ze
wzrost gospodarczy wskutek poniesienia naktadow inwestycyjnych przez szkolnictwo wyzsze, z udzia-
tem funduszy unijnych, powoduje wickszy wzrost PKB niz w sytuacji braku dostepu do tych funduszy.
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Wyniki otrzymanych badan dowodza, iz zwickszone naklady inwestycyjne szk6t wyzszych, spowodowane
dostepnoscig funduszy strukturalnych Unii Europejskiej wptynety na wzrost poziomu kapitatu ludzkiego
w Polsce 1 zwickszylo jego oddzialywanie na tempo PKB.

Stowa kluczowe: inwestycje, szkolnictwo wyzsze, wzrost gospodarczy, fundusze UE, model MRW
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