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QUALITY OF HUMAN CAPITAL AND TOTAL FACTOR
PRODUCTIVITY IN NEW EUROPEAN UNION MEMBER
STATES

Michat Bernard Pietrzak — Adam P. Balcerzak

Abstract

Closing development gap and avoiding middle incarap are currently considered as the
main challenges for the new EU member states. Tairoboth those aims the countries must
implement policies that support total factor praduty (TFP) growth. The main scientific
purpose of the article is to examine the influeatquality of human capital (QHC) on TFP
in Central European countries in the years 200@2@l the EU countries must be able
compete internationally in reality of global knodtgee economy. Thus, the QHC was
analysed from the perspective of the knowledgedhaseonomy. As the QHC is a
multidimensional phenomenon in order to measurand obtain time series for further
econometric research, TOPSIS method was applieckevatuate TFP the parameters of the
Cobb-Douglas production function for the new EU rbens were estimated. Finally, it was
possible to identify the relationship between thdé@and the level of TFP with application of
dynamic panel model. The analysis was conductethiogears 2000-2010 based on Eurostat
data. It confirmed a significant influence of thédQ on the level of TFP in the new EU

members states.

Key words: multiple-criteria decision analysis (MCDAYOPSIS method, panel model,

TFP, human capital, new EU members

JEL Code: C23, C38, 047

Introduction

After two decades of transformation and reachinghdong term objectives as obtaining a
significant role in the European and global supphain (Pietrzak & tapgiska, 2015),
improving quality of institutions and modernisingoaomic structure (Balcerzak, 2009a;
Wilk et al, 2013, Pietrzalet al, 2014, Balcerzak, 2015, Balcerzak & Pietrzak, 4201
2014b), most of Central European economies st fa fundamental challenges of closing

development gap and avoiding middle income trap.otder to reach these purposes

2



The 10" International Days of Statistics and Economics, Rague, September 8-10, 2016

governments of the new EU members must find andct¥iely implement policies that
increase total factor productivity (TFP) growth time long term. Based on some models
belonging to endogenous growth theory, it is assuthat investments in quality of human
capital (QHC) can be an important growth factoreesly in the case of developed
economies or the once that are closing the devedapgap. As a result the main scientific
aim of the paper is to examine the influence of @dC on TFP in Central European
countries in the years 2000-2010. The following dtipesis was the base of the analysis:
There is a positive influence of the QHC on TFRhi@ case of new EU member countries in
the years 2000-2010.

Macroeconomic perspective is taken in the propossédarch. In order to measure the
QHC at macroeconomic level multiple-criteria anaysith TOPSIS method is applied, as
the QHC is considered as multivariate phenomenorordler to assess TFP in the new EU
members states parameters of the Cobb-Douglas gifoduunction were estimated. The
relationship between the QHC and the level of TRER analysed with application of dynamic
panel modelling. The research was based on Eurdatat It is a continuation of previous
studies of the authors (Balcerzak & Pietrzak, 2016a

1 Assessment of TFP in the New EU Member States
TFP is understood as a measure of organizational tmthnological progress at
macroeconomic level, which is also commonly defirrexdresidual of Solow model. The
empirical investigations on the determinants ofaoigational and technological progress
concentrate on finding explanations on the soumfegshanges in TFP. In that context
econometric models are usually proposed, wherei§BRlependent variable.

In the literature one can find many approachessgessing TFP (Gehringet al,
2015, Severgnini & Burda, 2010, Aimar & Dalgaar@®032). The analysed countries can be
considered as relatively homogenous in relatiostiectural and institutional factors affecting
productivity (Balcerzak & Pierzak 2016b, PietrzalB&lcerzak, 2016). As a result, the Cobb-
Douglas production function for assessing proditgtifor 10 new EU members could be
applied. Eurostat data on total employment (anavalages in person<), real gross value
added (million euro, reference year 200GVA) and gross fixed capital formation (million
euro, reference year 200GFCF) were used for the estimation.

The Cobb-Douglas production function function aftaking the logarithm of both

sides of equation was given as follow:
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INGVA, =5, +aInGFCF, + 1-a)InE, +gt+g, (2)
where: GVA; — vector of real gross value added in the countagd the period, GFCF; —
vector of gross fixed capital formation in the coyni and the period, E; — vector of

employment in the countiyand the period, n, — vector of values of individual effects, in the

periodt, t — time trend,a — elasticity of labour productivity to the capijt@ — rate of

technological progress in the sense of Higks; a vector of disturbances.

The level of labour productivity relative to thepd@ial to labour ratio is obtained after
subtracting the expression )(from both sides of equation (1), which is giverhmequation
2.

INGVA/E, =#, +aInGFCF/E, +gt+g,, (2)
where: GVA/E — vector of value GVA/E — labour prativity, GFCF/E — vector of the

capital to labour ratio, and the remaining varialdee the same as in the case of equation 1.

Estimation of parameters of panel model FE for &qon& enables to assess the value

of TFP, . To do so the estimated value of parametsrused, which is given with equation 3.

TRR = S ®3)
(GFCF/E,)

The results of estimation of parameters of panaleh&E with individual effects for
equation 2 are given in table 1. Individual effeftisall countries and parameters g were
statistically significant. The value of estimatdédlee parameten indicates that flexibility of
labour productivity to capital to labour ratio iqual to 0,176. The value of estimate of the
parameteg at the level 0,032 indicates that the economiesharacterized with 3,2% rate of
technological progress in the sense of Hidkaus, when one assumes that capital investments
and the employment are kept constant, the coun#iiescharacterized with rate 3,2% of
production growth.
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Tab. 1: The results of estimation of parameters ofpanel model FE for labour

productivity
Parameter Estimate t-student statistics
a 0,176 ~0,00
g 0,032 ~0,00
Coefficient of determination 0,991

Source: own estimation based on Eurostat data

The value of parameter enables to estimafeFP;, which was done according to the
equation 3. TFP for the first and last year of thgearch and the percentage change of its
value in the whole period are given in table 2.Thantries ware ordered from the one with
the highest value of TFP to the one with its lowestie. Then, the countries were grouped

with application of natural breaks method into hgemous three subsets (Jenks, 1967).

Tab. 2: Total factor productivity in the new UE member states

2000 2010 2000-2010
0,

Country TFP Subsets| Country | TFP | Subsety Country % chan(?feT(I):fPthe value Subsets
Slovenia | 15,052 1 Slovenia 18,989 1 Romahia 56,06% 1

Czech | gg75 | o | CZ8CN |15 666] 2 | Lithuania 54,65% 1
Republic Republic

Poland 9,528 2 Poland| 11,981 2 Latvia 51,72% L
Hungary 9,085 2 Hungary 11,303 2 Slovakia 40,35% D
Estonia 7,733 2 Lithuania 10,891 2 Estonja 32,44% o
Slovakia | 7,687| 2 | Slovakia 10,788 2| 2N 30,92% 2

Republic

Lithuania | 7,042 2 Latvia | 10,364 2 Bulgaria 26,98% 3

Latvia 6,831 2 Estonia| 10,241 2 Slovenia 26,15% B
Bulgaria 4,429 3 Bulgarid 5,624 3 Poland 25,75% 3
Romania 3,573 3 Romanip 5,576 3 Hungary 24,41% 3

Source: own estimation

The grouping of the countries to three subsetsatds differentiation of the Central
European economies in terms of TFP. The classibicaif countries was the same in both the
first and last year of the research. In the firsiugp one could only find Slovenia. Then, in the
second the biggest subset there were all the remgagountries that joined EU in the year
2004: Czech Republic, Poland, Hungary, Estoniayiaatithuania and Slovakia. In the last
group characterised with the lowest level of TF&r¢hare Bulgaria and Romania that joined

EU in the year 2007.
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In the years 2000-2010 all the economies were cheniaed with the significant
improvement of TFP. For all the countries its glowé&nges from 24,42 to 56,06%, which
confirms the effectiveness of modernisation proee$3entral Europe. In the first group with
the highest dynamics of TFP one can find: Romahihuania and Latvia. They obtained
improvement of TFP above 50%. In the second grbwpetare: Czech Republic, Slovakia
and Estonia, where the improvement of TFP rangaa 80,92 to 40,35%. In the third group
there were Bulgaria, Slovenia, Poland and Hundaryhis group TFP improved form 24,42
to 26,98%.

2 Assessment of Influence of Quality of Human Capad on TFP

All the EU economies compete internationally in litgaof global knowledge economy
(Madrak-Grochowska, 2015; Balcerzak, 2015, 2009bjc&zak, 2009 (Ed.)). This is
especially important in the case of Central Europaauntries, if these societies want to avoid
middle income trap. Thus, in the research the QHG analysed from the perspective of the
knowledge-based economy, which determined the ehoicdiagnostic variables for the
macroeconomic analysis and its international commpas. The diagnostic variables were
classified to one of the three aspects cruciahereality of knowledge-based economy. The

variables are given in table 3

Tab. 3: Diagnostic variables used for obtaining sythetic measure of the QHC

Aspect 1 (A1) - macroeconomic and labour market effectiveness

— Effectiveness of Labour force (percentage of &td2al based on PPS per employed person)

— Employment rate (in the group of people in the 20 to 65)

Aspect 2 (A) - quality of education

— Lifelong learning - participation rate in edtioa and training (last 4 weeks)
(% of population 25 to 64)

— Science and technology graduates

(tertiary graduates in science and technofmgyl 000 inhabitants aged 20-29 years)

Aspect 3 (4;) - national innovation system

— Exports of high technology products as a shatetal exports
— (GERD) Total intramural R&D expenditure (perceg@af GDP)

Source: onw work.
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The QHC at macroeconomic level is a multidimendigaeenomenon. As a result in
order to measure it an approach typical for mudtipliteria decision analysis (MCDA) with
application of TOPSIS method was applied (Zavadstaal., 2014, Jant®-Drozdowska &
Majewska, 2015, Balcerzak, 2016, 2011; BalcerzakPitrzak, 2014a, 2014b). In the
research an assumption of constant ideal solutivalf the period was made. The assumption
was a necessary condition for obtaining the dynaoumparability of the results and
receiving the time series for the dynamic econoimetsearch. The application of TOPSIS
method enabled to assess a value of syntheticatadiéor the QHC for every country in the
years 2000-2010

Table 4 presents the results of the QHC assesdmetite first and last year of the
research. It also provides dynamics of the QHCcatdr for the whole period of the research.
As previously in the case of TFP the countries vgeoeiped to three homogenous subsets with

application of natural breaks method.

Tab. 4: Quality of human capital in the new EU membr states

2000 2010 2000-2010

Country | TFP | Subsets Country TFP |Subset] Country % chan(%eT(I):fPthe valug Subsets
Slovenia | 0,652 1 R(é;igl}c 0,663 1 Bulgaria 36,28% 1
Rigﬁ;ﬂc 0583 1 | Slovenia| 0651 1 Romania 15,77% 1
Estonia | 0,549 1 Estonia 0,543 1  Czech Republic 13,62% 1
Lithuania | 0,521 1 Slovakia| 0,458 2 Slovakia 9,35% P
Hungary | 0,424 2 Lithuanig 0,456 2 Poland 2,05% P
Slovakia | 0,419 2 Hungary| 0,415 2 Slovenial -0,15% P

Latvia 0,403 2 Poland 0,395 2 Estonia -1,03% P

Poland 0,387 2 Romania 0,355 2 Hungary -2,27% 2
Romania| 0,307 2 Latvia 0,293 3 Lithuanial -12,61% 3
Bulgaria | 0,167 3 Bulgaria| 0,22B 3 Latvia -27,34% 3

Source: own estimation.

In the year 2000 in the first subset grouping tbantries with the highest value of
synthetic indicator for the QHC one could find S#oia, Czech Republic, Estonia and
Lithuania. In the second group there were Hundg@algyakia, Latvia, Poland and Romania. In

the third group with the lowest level of the valokindicator there was only one country

! The detailed description of the procedure appiecevaluation of the QHC with TOPSIS method isikde
in Balcerzak & Pietrzak (2016c, 2014a, 2014b).
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Bulgaria. In the last year of the research in ih& Subset there were only three countries
Czech Republic, Estonia and Slovenia. In the segrvodp there were Slovakia, Lithuania,
Hungary, Poland and Romania. In the last subsetconkl find Latvia, which was seriously
negatively influenced by the global financial isind Bulgaria.

In the years 2000-2010 in the group with the higlgaamics of the indicator for the
QHC there were Bulgaria, Romania and Czech RepuBlidgaria in spite of the highest
dynamics due to the low starting position in thary2000 was still classified as the country
with the lowest value of the indicator in the y@&1.0. On the other hand, high dynamics of
Czech Republic enabled the country to reach tisé piosition in the ranking in the year 2010.
The second subsets grouped such countries as &pvR&land, Slovenia, Estonia and
Hungary, where the first two countries reached tp@sidynamics, whereas the remaining
once were characterised with the decrease of thee wd the indicator. Lithuania and Latvia
were characterised with the highest negative dyosrof the indicator, which can confirm
strong negative influence of the global financiasis in the case of these economies.

The comparison of the results presented in taben@ 4 justify the econometric
analysis of the relationships between TFP and tHE @ the new EU member states in the
years 2000-2010. To do so the parameters of a dgnaamel model given with equation 4

were estimated.
INTFR, =n, + BINTFR,_, +aTMD, + gt++¢,, (4)

where the dependent variable was defined as tteitog of TFP, independent variable was
the measure of TMD for the QH@, 8 were the structural parameters of the moglelwas a

vector of individual effects of panel model, angdwas a vector of disturbances.

Tab. 5: The results of estimation of parameters gbanel model for determinants of TFP
for new UE member states in the years 2000-2010

Parameter Estimate t-student statistics
p 0,744 ~0,00
g 0,005 0,087
o 0,351 ~0,00
Sargan Test Statistics of the test p-value
7,932 0,991

Source: own estimation.
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The results of the estimation of the parameterdyofimic panel model are presented
in table 5. The statistically significant and pot estimation of parametar confirms
positive influence of the QHC on TFP. The resultaide to verify the hypothesis of the
research. The econometric analysis confirms theitapce of policies and programs that are
aimed at improving the QHC, which can be the sowftdirect and indirect benefits for

middle and long term growth in the case of new Eththers.

Conclusion
The main empirical aim of the article was to inigetie the determinants of changes of TFP
as a measure of organizational and technologiaagrpss in the case of new UE member
states in the years 2000-2010. The hypothesisositiye influence of the QHC on TFP was
given. The Cobb-Douglass production function wasdutr evaluating TFP. The QHC at
macroeconomic level was analysed with the appboatif multiple-criteria decision analysis
methodology (TOPSIS method with constant ideal solution). Hinathe application of
dynamic panel model enabled to confirm the positieience of the QHC on TFP in Central
European economies.

The research confirms the organizational and tdognmal modernization of
economies of the new EU members and proves thaeotration on the improvements of the

QHC can be a important factor for solving the peoflof middle income trap.
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