A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Balcerzak, Adam P.; Pietrzak, Michal Bernad

Working Paper

TOPSIS Analysis of Changes of Quality of Human Capital in

European Union Countries

Institute of Economic Research Working Papers, No. 7/2016

Provided in Cooperation with:

Institute of Economic Research (IER), Torun (Poland)

Suggested Citation: Balcerzak, Adam P.; Pietrzak, Michal Bernad (2016) : TOPSIS Analysis of Changes
of Quality of Human Capital in European Union Countries, Institute of Economic Research Working
Papers, No. 7/2016, Institute of Economic Research (IER), Torun

This Version is available at:
https://hdl.handle.net/10419/219790

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

.: BY https://creativecommons.org/licenses/by/3.0/

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/219790
https://creativecommons.org/licenses/by/3.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

INSTITUTE
OF ECONOMIC
RESEARCH

I nstitute of Economic Resear ch Working Papers

No. 7/2016

TOPSI S Analysis of Changes of Quality of Human Capital in
European Union Countries

Adam P. Balcerzak, Michat Bernard Pietrzak

An article prepared for:

21 International Scientific Conference, Economics avidnagement 2016 (ICEM 2016)
hosted by Faculty of Business and Management, Bmwersity of Technology, May 19-20,
2016 Brno, Czech Republic

SMART and Efficient Economy: Preparation for the Future Innovative Economy

Suggested Citation:

Balcerzak, A.P. & Pietrzak, M.P. (2016). TOPSIS Analysis of Changes of Quality of
Human Capital in European Union Countries. In |I. Simberova, O. Zizlavsky & F.
Milichovsky (Eds.). ICEM 2016 International Scientific Conference Economics and
Management. Smart and Efficient Economy: Preparation for Future Innovative Economy.
21 International Scientific Conference. Proceedings of Selected Papers. Brno, pp. 80-85
Retrieved form: http://www.badania-gospodar cze.pl/images/chapter §/21.pdf

Torun, Poland 2016

© Copyright: Creative Commons Attribution 3.0 Licen



21% International Scientific Conference, Economics and Management 2016 (ICEM 2016) hosted by Faculty of Business and
Management, Brno University of Technology, May 19-20, 2016 Brno, Czech Republic
SMART and Efficient Economy: Preparation for the Future I nnovative Economy

TOPSIS Analysis of Changes of Quality of Human @dpn
European Union Countries

Adam P. Balcerzék Michat Bernard Pietrzdk

#Nicolaus Copernicus University, ul. Gagarina 13a, 87-100 Torus, Poland
PNicolaus Copernicus University, ul. Gagarina 13a, 87-100 Torus, Poland

Abstract

Purpose of the article In the case of highly developed countries qualithuman capital (QHC) is currently
considered as one of the most important factorsraeghing international competitiveness and growteano-
mies. The fundamental role of the QHC can be see¢he EU policy documents such as Europe 2020eglyat
In this context the main purpose of the articléoigvaluate the QHC in the EU countries at the oemwnomic
level and to make comparison between so called "me@mber states that joined the EU after the y@&42and
the “old” EU countries.

M ethodology/methods QHC is considered as a multidimensional phenomehana result, in the research
Technique for Order Preference by Similarity todid8olution (TOPSIS) was applied. The method ersatde
evaluate the objects in terms of economic phenorttesiahave multidimensional character based orsétef
detailed economic attributes (variables). In the=eech eight diagnostic variables were used. Thihstic index
describing the relative level of QHC in the anatyseonomies was estimated, which enabled to propoatng
of the countries and group them into homogenousetsb

Scientific aim The scientific aim of the article was to evaluie progress obtained by the “new” member states
after joining the EU. As a result, two ratings goowg the EU countries from the once with the highegel of
QHC to the once with its lowest level in the ye@02 and 2012 were determined.

Findings The comparison of the ratings in the year 20042012 shows that most of the “new” member states
have made a significant progress in the analysedge

Conclusions The conducted multidimensional research enablegiémtify QHC in the EU countries in the year
2004 and 2012 with application of multidimensiopatspective. As a result it enabled to evaluatecti@ges
of that phenomenon in the period and to point thentries that are the leaders in the field.

Keywords: Quality of Human Capital, macroecononmgcgpective, TOPSIS method, European Union countries

JEL Classification: C38, E24

Introduction

Quality of human capital (QHC) makes currently ofighe most important factor influencing growthtire-
case of developed economies. It is treated as émmllars of knowledge-based economy (KBE) (Madrak-
Grochowska, 2015; World Bank, 2007). Effectiveiséition of potential of the KBE is considered asaditio
sine qua non for quick and sustainable growth in the case ofilyigleveloped economies and countries that want
to avoid middle income trap (Wronowska, 2015; Beda& et al., 2016). In this context, the role of QHC has
been also stressed by European Commission in the Bueopean Union long term policy guidelines sash
Europe 2020 strategy (Balcerzak, 2015; Balezehtib., 2011; European Commission, 2010; Hobza & Mourre,
2010). As a result, the aim of the research israduate the QHC in the EU countries at the macnoeecuc lev-
el. The additional purpose of the paper is to n@kaparison between “new” member states that joiiddfter
the year 2004 and the “old” EU economies, and @luate the progress obtained by the “new” memlmest
after joining the EU.

* Corresponding author. Tel.: +48 793 370 619
E-mail address: adam.balcerzak@umk.pl.



The QHC is usually treated as a multivariate phesman regardless of whether it is examined from ondor
macro perspective (Balcerzak, 2016, Jasilvozdowska & Majewska, 2015; Stankiewicz and Mdska, 2015;
Bieszk-Stolorz and Markowicz, 2015; Dominiak al. 2015; Richert-Kamierska, 2015; Wimniak-Xchorek,
2015). Thus, in the case of quantitative reseatadhould be analysed with application of multizde analysis
and taxonomic tools (see Balcerzak and Pietrzal6202016b, 2016c, 2016d). In the current reseaf@RI1S
method was applied. The research was conducteatidgrears 2004 and 2012 based on Eurostat data.

1 Short outline of TOPSIS method as a tool of multiple-criteria analysis

Technique for Order Preference by Similarity todid8olution (TOPSIS) is a method commonly useduin ¢
rent economic research (Yoon and Hwang, 1995).rimbst often application of the method relates toudtipie
criteria decision making problems (MADM). Howevélr,can be also used for evaluation and descriptibn
complex multivariate economic objects. It enabhastisetic quantification of multidimensional econangihe-
nomena with a taxonomic measure of development (T.Ntbthat case TMD is described as a similaritghte
ideal solution, which is obtained by estimatingraximity of a given phenomenon to a positive idsallution
and its distance from a negative ideal solution.

The measurement of the objects in terms of compleltivariate economic phenomenon is based on afset
detailed economic attributes (variables) that cascdbe singe feature of complex phenomenon. Ohdkes of
the used variables after evaluation of separatieasure from the positive ideal solution and sefaraheasure
from negative ideal solution a TMD is calculatedhere separation measure form negative ideal saligiali-
vided by the sum of separation measures from tisgip® and negative ideal solutions. Thus, TMD &k#o
account all the determinants of analysed phenomenon

2 Application of TOPSIS method to measuring quality of human capital in Europe

The current analysis was done for 24 European Uo@mtries in the years 2004 and 2012. Luxemburg,
Malta and Cyprus were eliminated from the resedrghto unavailability of data. The Croatia was taéen into
consideration as it has been a member of UE onlyes?013. Quality of human capital at macroecondeviel
was analysed here from the perspective of condittbat must be fulfiled by given economies to léeao
compete effectively in global knowledge-based ecaon¢KBE) (Balcerzak, 2009; Balcerzak & Pietrzak,186,
Pietrzak & Balcerzak 2016). A set of eight diagimsariables related to QHC, which are crucial éaploiting
the potential of KBE, is given in Table 1. The dighriables were used for calculation of TMD.

Table 1 Diagnostic variables used for evaluation of gyadit human capital in EU countries

M acr oeconomic and labour mar ket effectiveness

x! — Labour productivity (percentage of EU28 totaséion PPS per employed person)

%! — Employment rate (20 to 65) (percentage of totgulation)

Quality of education

Xf — Lifelong learning - participation rate in edtioa and training (last 4 weeks) (% of populati@h to 64)

X3 — Science and technology graduates (tertiarghgrs in science and technology per 1 000 inhabita
aged 20-29 years)

National innovation system

%} — Exports of high technology products as a shatetal exports

% — Total intramural R&D expenditure (GERD) (perceyataf GDP)

Health and social cohesion

X — People at risk of poverty or social exclusipartentage of total population)

X5 — Material deprivation rate (percentage of tptgbulation)

Source: own work.
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In the first stage last two diagnostic variab¥fsand X3 , which were dis-stimulant were transferred into
stimulants. Then, all eight variables were nornaalizvith classic standardization formula. In thetr&age a
positive ideal solution and negative ideal solutrgith maximum and minimum values respectively ftbivaria-
bles for the years 2004 and 2012 were pointed. ,Tdawsnstant ideal solutions for both years wefeutated,
which enabled to make comparisons between the2@ and 2012. With application of the Euclidearrive
distance from positive and negative ideal solutifomsall diagnostic variables were obtained. Fipathe value
of TMD for all the variables was obtained by conibgn the proximity to the positive ideal solutiondathe re-
moteness from the negative ideal solution, whepaursgion measures from negative ideal solutionvigled by
the sum of separation measures from the positidenagative ideal solutions. Two rankings of cowsffior the
year 2004 and 2012 were obtained. In the last staaged on the ranking a natural breaks methodused to
group the countries into four homogenous sub-stefere fourth class was grouping countries charizeis
with the highest level of quality of human capaald first class was grouping countries with itséstievel. The
results are given in Table 2.

Table 2 Results of TOPSIS analysis of quality of human eafor the years 2004 and 2012

2004 2012

Country TMD Ranking Class| Country TMD Ranking Class
Sweden 0,69 1 4 Sweden 0,72 1 4
Finland 0,69 2 4 | Denmark 0,63 2 4
Denmark 0,67 3 4 Finland 0,63 3 4
United Kingdom 0,61 4 4 | Netherlands 0,57 4 4
Netherlands 0,60 5 4 Austria 0,55 5 3
Ireland 0,58 6 3 | France 0,55 6 3
France 0,56 7 3 Germany 0,52 7 3
Austria 0,53 8 3 | United Kingdom 0,50 8 3
Germany 0,49 9 3 Ireland 0,49 9 3
Belgium 0,45 10 3 | Czech Republic 0,47 10 3
Slovenia 0,43 11 3 Slovenia 0,44 11 3
Spain 0,38 12 2 | Belgium 0,42 12 3
Czech Republic 0,37 13 2| Estonia 0,40 13 2
Italy 0,35 14 2 Lithuania 0,35 14 2
Portugal 0,33 15 2| Portugal 0,35 15 2
Estonia 0,33 16 2 Slovakia 0,33 16 2
Lithuania 0,33 17 2 | Spain 0,33 17 2
Hungary 0,28 18 2 Poland 0,29 18 2
Greece 0,27 19 2| ltaly 0,29 19 2
Latvia 0,24 20 1 Hungary 0,26 20 1
Slovakia 0,22 21 1| Romania 0,24 21 1
Romania 0,18 22 1 Latvia 0,24 22 1
Poland 0,17 23 1| Greece 0,20 23 1
Bulgaria 0,12 24 1 Bulgaria 0,14 24 1

Source: own estimation based on Eurostat data.

The results show that the EU countries can be dividto two heterogonous groups in terms of thelle¥
the QHC. The “old” EU member states, with the exicepof the southern countries, can be categorazethe
economies with high level of the QHC. The southeumopean countries and the “new” member states form
sub-set with relatively lower level of the QHC fothe perspective of requirements of knowledge-basedo-
my. The economies from the first group were assigoethe fourth and third class. The economies Vaitter
level of the QHC are found in the second and &lzs$s.



In the year 2004, in the fourth class with the legtHevel of the QHC one could find Scandinavianntdes,
Netherlands and United Kingdom. In the years 20t 2012 the group of leaders was quite stable. Oniyed
Kingdom was classified in the third class in thst lgear of the research. In the third class in hathrs one
could find Germany, Belgium, France, Austria areldnd. Except Ireland these countries can be ctexized
with many institutional similarities and quite ckomacroeconomic conditions. In the year 2004 is ghoup one
could also find Slovenia and additionally Czech Wiz in the year 2012. It means that these twav'nmem-
bers states were able to join the group of Eurogeanomies that are characterised with high lefrguality of
human capital from the perspective of knowledgeetdaconomy.

In spite of the fact that southern European ecoasmsiich as Spain, Italy, Portugal and Greece jame=&U
before the year 2004, they are still characterizigl relatively low level of the QHC from the maemnomic
perspective. Additionally, in the year 2012 Greees classified in the first class that groups tenemies with
the lowest level of the QHC, which indicates a rtiegadirection of changes in the country.

Such “new” member states as Estonia, Lithuaniacl®®epublic, and Hungary were grouped in the second
class in the year 2004. In the year 2012 also Egleined this sub-set. Latvia, Romania and Bulgarge as-
signed to the first class in both years. This groap be characterized with relatively lowest lesvfethe QHC at
macroeconomic level.

In the last stage of the analysis a percentagegelsaof the values of TMD for the QHC in the yead®4£
2012 were calculated. Based on the results, alsbisncase the countries were grouped into fourdgenous
sub-sets with application of natural breaks metfda results are presented in table 3.

Table 3 Percentage difference of values of TMD for quatifyhuman capital in the years 2004-2012

2004-2012
Countries F(;grcentage Ranking Class| Countries Pgrcentage Ranking Class
ifference difference
Poland 73,02% 1 4| Latvia -0,83% 13 2
Slovakia 50,82% 2 4| France -1,34% 14 2
Romania 33,43% 3 4| Netherlands -5,58% 15 2
Czech Republic 26,32% 4 3| Denmark -5,84% 16 2
Estonia 21,29% 5 3| Belgium -7,17% 17 2
Bulgaria 16,71% 6 3| Finland -7,61% 18 2
Lithuania 8,38% 7 3| Hungary -9,32% 19 2
Germany 5,87% 8 3| Spain -12,47% 20 2
Portugal 3,96% 9 2| Ireland -15,42% 21 2
Sweden 3,93% 10 2| Italy -17,60% 22 2
United

Austria 3,48% 11 2| Kingdom -18,06% 23 1
Slovenia 1,84% 12 2| Greece -26,57% 24 1

Source: own estimation based on Eurostat data.

By analogy, in regard to assessment of dynamitiseoimeasure of the QHC all analysed countries baea
assigned to four classes. Countries assigned tthfand third classes are characterized by relgtivigh posi-
tive growth rates of value of the QHC in the arediperiod. The largest improvement in that fields whtained
by Poland and Slovakia with positive change of nitwen 70 and 50% respectively in regard to the evalfi
measure of the QHC. Additionally, the increase airenthan 20% was obtained by Romania, Czech Republi
and Estonia. In the third class with positive dyi@mf the value of the measure one could also Botbaria,
Lithuania and Germany.

However, what is especially important from the pergive of contribution of this research, basedhanob-
tained results it can be seen that the positivengés obtained by the “new” member states canndtdated
only as the consequence of low starting point angble abilities to take advantage of the “convergrpro-
cess. Relatively bad results obtained by “soutléath EU member states, which to some extent wese mflu-
enced by the severe consequences of the last dinbatial crisis, show that the changes in the GHE€influ-
enced by many institutional and policy factors. Sédactors should be the subject of special interekall
policy makers. Thus, they should be also the stilpfegrofound research.
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Conclusion

The article concentrated on the problem of measenerof QHC at macroeconomic level in European Union
countries. The additional purpose of the articles weaconduct comparison between “new” and “old” rbemof
the EU and to assess the progress obtained byéwe’ ‘member states. Due to multivariate charadi¢heana-
lysed phenomenon the research was done with afipticaf TOPSIS method. The method enabled to make
rankings of the countries and to verify their ref@atprogress in the analysed period. The conduesearch con-
firmed a meaning progress obtained by Central Eaanpconomies.

The divergence between the “new” member states'southern” European countries in relation to the@H
shows that the dynamics of changes of the levéh@fQHC at macroeconomic level is not only the ltesiu
simple “caching up” process, but it is influencedrbany determinants, which can be modified by goremt’'s

policy.
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