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Technological Potential of European Economy

Abstract

The subject of the research is a technological npisie of European Economies at
macroeconomic level. The main aim of the articléoigssess relative position and eventual
progress in that sphere obtained by Central Eurogeanomies that joined the European
Union after the year 2004. Additional goal of tlesearch is to verify usefulness of variables
that can be used in measurement of technologicdnpal at macroeconomic level in
European economies with application of multipldesita decision analysis methodology. In
the research the phenomenon of technological patevs treated as a multivariate problem.
Thus, in order to measure it the multiple critediecision analysis approach based on the
Technique for Order of Preference by Similaritydeal Solution (TOPSIS) was applied. The
research was conducted with application of Eurd3ttt and diagnostic variables proposed
for measurement of technological potential at maevel in European members states. It was
done for the years 2008-2012. The applied proceduxerification of information value of
potential diagnostic variables enabled to selecfieal diagnostic variables. The conducted
research enabled to point the European leadershvdain be treated as benchmark countries
and the source of good practices in the proces®rofing policy guidelines aiming at

supporting technological development. The reseanhciwed significant progress obtained by



some new European Union members states, whichromfnodernization process of Central
European economics.

Keywords. technological potential, multiple criteria deoisianalysis, TOPSIF uropean
Union

JEL Classification: C30, C38, 014

1. Introduction

European economy has been quite effective in impgpits technological potential and
keeping its technological edge for almost whole >ntury. However, the global
technological transformation related to informati@chnology revolution from the end of
previous century has seriously threatened thisessc(see Bassaniei al. 2000; Bassaniret
al., 2001; Balcerzak, 2009). The first European ansteethis challenge was the Lisbon
Strategy, which was supposed to change Europeanoeuno into highly competitive
sustainable knowledge-based economgn{set al 2005) The improvement of technological
potential in the context of global knowledge-basednomy is also a fundamental aim of
current long term European development plan givekurope 2020 strategy (see European
Commission, 2010, Balcerzak, 2011, 2015). In theecaf both programs the main
responsibility for obtaining their aims belongsaib national governments. As a result, the
abilities of European countries to improve thethteological potential should be monitored
with application of international perspective, whican be useful in finding the examples of
best practices. Thus, the main scientific aim efdkticle is to assess the relative position and
progress in that field obtained by Central Europeannomies that joined the EU after the
year 2004. Additional, objective of the article identify variables that can be used in

international measurement of technological potéatianacroeconomic level.



The article is a continuation of previous reseatthe author, where the empirical study
of European technological potential was conductét application of Structural Equation
Modeling (Balcerzak & Pietrzak, 2016a). In the caéevery multi-criteria decision analysis
the biggest problem is high sensitivity of finatuéis to changes in methodology of selection
of diagnostic variables. In comparison to the poasiresearch in current paper different
approach to selection of diagnostic variables wseduwhich results in different set of final
diagnostic variables. Thus, the current analysigh yrevious research as a benchmark
(Balcerzak & Pietrzak, 2016a), can be helpful isegsing stability of results. This analysis of
technological potential is a section of researchotkxl to the role of institutional factors
affecting long term growth potential, socio-economustainability and economic welfare in
the case of highly developed economies (Balcer28K)9; Balcerzak & Pietrzak, 2014,
2016b, 2016¢c; 2016d; 2017; Pietrzak & Balcerzakl62) 2016b, 2016c; Balcerzak &

Rogalska, 2016, Balcerzak et al., 2016).

2. The Economic Role and Determinants of Technological Potential in Global

Knowledge-based Economy

Technological potential of economy has been thenrdaterminant of growth and welfare
of societies since the first industrial revolutiohlowever, the emergence of global
knowledge-based economy in recent decades hadicagtly increased its role both in the
case of developed economies and the countriesvinatto close their development gap. The
deindustrialization process experienced by develgmnomies showed that adopting their
technological potential to the new global much melastic economy is the condition for
keeping their high level of welfare. On the othand, in the case of developing countries
quick improvement of technological potential is thdy effective strategy, which can help to

avoid middle income trap. It has been confirmedthry example of all countries that were



able to transfer from underdeveloped economieslynbased on agricultural sector and low

income production to developed technological leadeee: Eichengreest al 2012; 2013).

From the macroeconomic perspective the abilitiesaamtries to keep long term growth
are mostly determined by their international contppeness. The role of technological
potential in this context is undisputable. Glolahsformation of world economy has changed
this factor into the only long term source of comipee advantage. A decrease of
transportation and telecommunication costs, areas® of mobility of traditional economic
resources have led to an increased competitiomancase of standard industrial products,
which must go in hand with a decrease of profitgme available for their suppliers. In this
context only suppliers of technologically advangedds, where knowledge is the main and
difficult to substitute production factor, are alite reach high value added (OECD, 1996;
2001; 2002). It means that macroeconomic techncddgiotential of a country is currently
the main determinant of abilities to take advantafjeternational trade. Current literature
devoted to the influence of international tradegoowth creation confirms that dominant role
in international trade is attributed to the exchangf technologically advanced and
knowledge-based products among the countries tleatclaaracterized by relatively close
technological level. High value added is mostlycresd in intra-industry trade in the case of
technologically advanced economies (Pietrzak & hska, 2015; Lapgiska, 2016; Stefaniak-

Kopoboru & Kuczewska 2016).

The technological potential of a county is a facsignificantly affecting position of
enterprises at microeconomic level. It supporteampers technological possibilities of local
companies, which affects their competitive positio global supply chains. In the case of
bigger companies with international potential ofiaga in technologically advanced
environment high technological potential of a coynncreases their chances to become

multinationals. In the case of smaller firms it ¢gayprove their positions in cooperation with



international partners. Lack of technological adeaforces local firms to operate as suppliers
of standard goods or resources, which are curreityly to replace. On the other hand, high
technological potential in a specific technologicadhe enables even small and medium sized
enterprises to become long term partners for glplkmfers, which can support their growth
potential. It means that the globalized economy lmarthe source of potential benefits even
for small and medium sized enterprises, but onlyearcondition that they are able to provide

knowledge-based process or product §likeet al.,2015; 2014; Wagner, 2011).

In this context the question on the determinantsoohtries technological potential and the
ways to close the development gap in this sphesgtiligshe core of empirical research and
policy discussions. The analysis of political dssions or national and international
strategies in the case of developed economies ftan kead to a simplified conclusion that
the most important factor is just obtaining a givevel of R&D expenditure in an economy.
As an example in the Lisbon Strategy the aim wasatsg% of GDP. In the end it has become
the synonym of the whole plan. When there is a lprabwith obtaining assumed level of
investments, significant role of governments irsthphere is usually pointed. On the other
hand, in the case of developing countries the quesin the reasonability of investments of
scarce national resources into R&D activity is oftesked. The economists reluctant to
national strategies, which could lead to increasmgstments in R&D, often tend to argue
that in the case of countries that are not teclyicdb leaders relatively ineffective national
R&D expenditures can be substituted by adoptingtg technologies and encouraging
foreign direct investments (Balcerzak Zurek, 2011). In that context it is often arguedt tha
the whole process should be left to the market @r@ism. However, current literature
indicates that both points of view must be treatel serious simplifications. High
technological potential cannot be neither build kept by simple reaching a given level of

R&D expenditure or strategies concentrating on iripg existing technologies (Piech, 2007,



Witkowski, 2007; Balcerzak and Pietrzak, 2015agaihnot be simply build or improved just
by direct operational actions of government. Howgeuhe experiences of successful
macroeconomic modernizations also confirm that poseket mechanism is also not effective

in this sphere.

From the macroeconomic perspective high level dielogical potential is the result of
multivariate factors and long term strategies immated at macro, regional and
microeconomic level that increase effectivenessatifonal innovation system of a country.
These factors start with long term institutionalligo increasing entrepreneurship and
competitive intensity, building effective natiomakearch and development sector, supporting
the process of knowledge diffusion among enterpresed encouraging absorption of new
technology and knowledge from abroad (Nelson, RER.), 1993; Chung, 2002; Piech (Ed.)
2007; Atkinson and Correa, 2007; Atkinson and N&fdr4). As a result there is a great need
for international comparative research that canuseful in pointing the leaders and best
practices in that field, which can be useful foilding or evaluating strategies of national

technological modernization.

3. Selection of Potential Diagnostic Variables and Verification of their Information
I mportance
As it has been already stated in the introductlo liggest weakness of every multiple
criteria analysis is relatively high sensitivity fafial results to the changes in the process of
section and verification of final diagnostic valiedd As a result, the selection process should
be always based on two steps: first of all, thdipreary selection of potential diagnostic
variables, which is based on the experience okeareher and literature review of previous

research in the field. This step is mostly influeshdy subjective factors. Then, in the second



step formal objective (quantitative) criteria shibble applied for selection of final diagnostic
variables (Gostkowski, 1972). In current researath lelements were introduced.

The preliminary set of diagnostic variables wassemobased on the availability of data
gathered by Eurostat for measuring of technologacgééntial in the the EU economy, which
was supported by previous research of the authaicéBzak, 2009, 2016; Balcerzak &
Pietrzak, 2017) and literature review of the fagtatetermining the macroeconomic
technological potential in the reality of knowledgased economy (David & Goddard Lopez,
2001; Cichy, 2009; Sachpazidu-Wéjcicka, 2014; Gibeski, 2014; Libertowska, 2014;
Madrak-Grochowska, 2015; Jant®rozdowska & Majewska 2015). The proposed set of
preliminary variables can be characterized as autpeasures of technological potential of
economies (Piech, 2007, p. 29). As a result a setaming seven preliminary variables

suggested by Eurostat was selected for the research

Table 1. Set of preliminary diagnostic variables proposed Byrostat for measuring

technological potential of countries

Variable Description of Variables
X1 Total intramural R&D expenditure (GERD) (euro pérabitant)
X, Share of government budget appropriations or ositlay research and development (% of total general

government expenditure)

X3 High tech export (% of total export)

X4 Human resources in science and technology (%tiveapopulation)

Xs Patent applications to the European patent offi80) by priority year (per 1 million inhabitants)
Xe Turnover from innovation (% of total turnover)

X7 Total R&D personnel (per 1 million inhabitants)

Source: own work.



In the second step a formal verification of varebinformation value was conducted with
application of taxonomic criteria of information Ilva (Zelig (Ed.), 2000, pp. 127-133,
Hellwig, 1972, pp. 69-90). Based on this approachesl assumed that the final diagnostic
variables should fulfill three formal criteria:

a) High level of variation — the diagnostic variab&suld not be similar to each other in the
sense of information on the objects. To evaluageld¢vel of variation the coefficient of
variation is usually used. In that case the vaespbWhich do not fulfill a formal criterion
for example such as< 0,1, should be eliminated.

b) High information value — the variables should redigh values with relatively great
difficulty. To evaluate the information values dietvariables the skewness coefficient is
usually applied. In the case of stimulants the deted distribution of the variable should
be right-skewed. When it left-skewed, it means thatt of the objects relatively easily
reach high values of the measure for a takenrfactd it does not differentiate the objects
significantly. In that case the variable shoulceieluded from the research.

c) Low level of correlation — the diagnostic variabwuld not be highly correlated. High
correlation of the variables results in overlappofginformation. For highly correlated
diagnostic variables a Hellwig’s parametric metheah be used, where the maximum
acceptable value of correlation coefficient foreital variables can be given as 0,8
(Hellwig, 1972, pp. 69-90).

In the case of current research only variablehs not fulfilled the above criteria. As a
result it has been removed from the set of finagdostic variables. For comparison in
previous research with application of SEM methodgldhe variables X and X were
excluded from the final model (see Balcerzak aredrPak, 2016a).

The last step of data preparation process was riaatian of variables. All the final

diagnostic variables were treated as stimulants liilgher value of the variable means that



given factor improves the technological potentiéltloe country). Thus, they were only
standardized with application of classic standatitin procedure. It enables to obtain
variables characterized with mean at the level®wamiance that is equal to 1. It is given with

equation 1.

1=12..n,)=212,...,p,t=12.1 (1)

4. Application of TOPSISfor Multiple Criteria Analysis of Technological Potential

As it was pointed in second section of the artigdehnological potential of economies
analysed form macroeconomic perspective shouldamsidered as complex phenomenon.
Thus, in the case of international comparativeisgid can be measured with application of
multiple criteria analysis methodology (Zielenkiewj 2014, 2015; Mkibrodzka, 2014;
Jurkowska, 2014; Simkova, 2015; Mardani, et al. 202016; Jant®Drozdowska and
Majewska, 2016; tyszczarz, 2016; Balcerzak & Pakr2015b, 2016e; Reiff et al., 2016). In
the article application of Technique for Order Brefice by Similarity to Ideal Solution
(TOPSIS) is proposed for analysis of 24 Europeamtas in the years 2008-2012. The
period of the analysis was mainly restricted byilabdity of data for the whole panel of
countries. Croatia was not included in the ana)yassit entered the European Union in 2013.
Luxemburg, Malta and Cyprus were also excluded ftbenresearch due to small sizes and

very specific factors concerning these economies.



TOPSIS method allows to assess the ob@c{s that case the European Union countries)
in terms of multidimensional phenomenon based enstt of specific economic diagnostic
variables (Yoon & Hwang, 1995). As a result, ipisssible to calculate a synthetic indexed
SI?, which can be used for ordering and building ragkiof analysed countries.

The synthetic index is calculated as a similawtygositive ideal solutio(nlgj), which can
be defined as maximum value of a given variabled eemoteness from a negative ideal
solution (I;Yj), which is usually defined as minimum value of igeg variable. In order to
conduct dynamic research fixed positive and negatieal solutions for the whole research
period must be applied. This approach enablest@robomparable results in time (Balcerzak
& Pietrzak, 2016d).

In order to obtain synthetic index for every anaty®bjectO; separation measures from
the positive ideal squtioBSf ; and separation measures from negative ideal enldﬁé‘fi are
calculated. The value of synthetic index is obtdidgy combining the proximity to the
positive ideal solution and the remoteness frormiigative ideal solution, which is described

with equation (1) (Balcerzak & Pietrzak, 2016d).

SIf = 2L 1)

P N
Ds,i+Ds,i

The SI? is a normalised measure on the scale of 0-1.id#s ¥alues imply high level of
development of analysed phenomena for a given oljecMore detailed description of
TOPSIS method is available in Balcerzak & PietrgkL6c; 2016d).

The ratings of countries obtained after applicabbthe described procedure are available
in table 2. It presents the values of the synthiatiex for the years 2008-2012 and its average

value in the whole period.



Then, the average value of the obtained index wad or grouping the countries into four

relatively homogenous subsets. For this purposeralabreaks method was applied. In the

case of the method variance for objects from theseh subsets is minimised and variance

between the subsets is maximised (Jenks, 1967eBak & Pietrzak (2016c). The results are

given in Figure 1.

Table 2. Results of TOPSIS analysis of technoldgiogential

No 2008 2009 2010 2011 2012 2008-2012
1 |k 0,7747| FI | 0,7358FI | 0,6944 DK | 0,6771/ DK | 0,6851 Fl 0,6983
2 |DE 0,6828| DE| 0,6814DK | 0,6637/DE | 0,6564 DE | 0,6614 DE 0,6687
3 |DK | 0,6301| DK| 0,6651DE | 0,6613FI | 0,6553 NL | 0,6599 DK 0,6642
4 |SE 0,5944| SE| 0,602BE | 0,6101NL | 0,6257/FI | 0,6315 SE 0,5959
5 |FR 0,5671| FR| 0,563WNL | 0,5854 SE | 0,5890FR | 0,6058 NL 0,5947
6 |NL 0,5462 | NL| 0,556%5AT | 0,5658 FR | 0,5833 UK | 0,5907 FR 0,5756
7 |Ccz 0,5205| AT| 0,5346FR | 0,5587AT | 0,5558 SE | 0,5841AT 0,5481
8 |AT 0,5152| CZ| 0,5088ES | 0,4994UK | 0,5168/ AT | 0,5691 CZ 0,5038
9 |IE 0,5134| ES| 0,501BE | 0,4987EE | 0,5142IE | 0,5100 IE 0,4934
20 |ES 0,4942| IE| 0,4938Z | 0,4921CZ | 0,4979 EE | 0,5049 UK 0,4907,
11 |gj 0,4589| BE| 0,473%EE | 0,4908IE | 0,4951/CZ | 0,5004 ES 0,4802
12 |Hu 0,4542| UK| 0,4541/UK | 0,4548 BE | 0,4851 BE | 0,4934BE 0,4799
13 |pT 0,4500| HU 0,4510IE | 0,4545ES | 0,4719SK | 0,4505 EE 0,4764
14 1BE 0,4489| S| | 0,44555K | 0,4487SK | 0,4657ES | 0,4341SI 0,4288
15 |UK | 0,4369| EE| 0,4397HU | 0,4286 PT | 0,4217PT | 0,4228PT 0,428(
16 |EE 0,4328| PT| 0,4316°T | 0,4140SlI 0,4209S! | 0,4184 HU 0,4215
17 \iIT 0,3591 | SK| 0,4007SI | 0,4010HU | 0,4066 HU | 0,3673 SK 0,4190
18 |LT 0,3482 | IT | 0,3763IT | 0,3917|IT | 0,3670[IT | 0,3456 IT 0,3679
19 sk 0,3292| LT| 0,3178LT | 0,3121/LT | 0,3038 LT | 0,3068|LT 0,3176
20 |BG 0,2916| RO 0,278R0O | 0,2829GR | 0,2782GR| 0,3020 GR 0,2749
21 |RO 0,2884| GR 0,261%GR | 0,2661RO | 0,2157PL | 0,230Q0 RO 0,2367
22 |GR 0,2665| BG 0,253PL | 0,2375PL | 0,2117LV | 0,2200 PL 0,2193
23 |LV 0,2322 | PL| 0,2152BG | 0,2062LV | 0,1956/BG| 0,1377/BG 0,2130
24 |pL 0,2023| LV| 0,2025LV | 0,1927/BG | 0,1763RO| 0,1174 LV 0,2086

Source: own estimation based on Eurostat data.



Figure 2. Grouping of countries based on averagigevaf synthetic index for the year 2008-

2012 with application of natural breaks method

Synthetic index
for technological potential

I Very High
B High
Average
[ | Low

Source: own work.

The results presented in table 2 and on figure Higb extant correspond to the outcomes
of research applying multi criteria analysis tofas classification of countries based on their
abilities to use potential of knowledge-based ecoynonhich is related to their technological
potential Zelazny, 2015; Duttat al., 2015; Hollanderst al, 2015; Balcerzak, 2015; 2016;
Balcerzak and Pietrzak, 2016a; Skrodzka, 2016; Bla@rochowska, 20167elazny and
Pietrucha, 2017).

It can be seen that Scandinavian countries withm@ey, Netherlands and France can be
considered as technological European leaders. ®hertan find old member countries of the

European Union. The ranking is closed with the nesmber states.



When one concentrates on the results obtained tay members states good positions
obtained by Czech Republic and Estonia should peogslly stressed. These two economies
can be found in the same group as Austria, Irelamdl United Kingdom. The results can
suggest that these two economies can compete tedmrally with developed European
countries, which is the condition for escaping neddcome trap.

In the context of discussion on the role of ingitnal factors influencing speed of
technological modernisation form second sectionhdd article, it is also worth to refer to
good results of Estonia and Czech Republic in tteegss of reforming their institutional
systems for global knowledge-based economy. Mutea analysis of quality of institutions
in the European Union countries in the context tdbgl knowledge-based economy
confirmed that Estonia is unquestionable leader mgmoew member states and Czech
Republic was pointed as an example of good ingiitat reforms in the years 2000-2013
(Balcerzak and Pietrzak, 2016c).

Finally, the dynamics of the synthetic measureha years 2008-2012 was calculated,

which is presented on figure 2.

Figure 2. Dynamics of synthetic index of technobtadjipotential for EU countries in the years

2008-2012
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Source: own estimation.

In relation to the improvement of the synthetic swea of technological potential in the
years 2008-2012 among the leaders one can finda&vEstonia, Poland and Greece. These
countries cannot be considered as technologicabfean leaders. As a result, they can
relatively easily improve their relative positiorsy transferring effective technological
solutions from highly developed economies. Howewnong the countries that improved
their results in the analysed years one can atsb duch economies like: United Kingdom,
Netherlands, Belgium, Denmark and France, whichlmaplaced at European technological
frontier. On the other hand, such countries likegBria or Romania recorded negative
dynamics of the measure of technological potentiaheans that the speed of their eventual
improvements is lower than the one implemented hy test of analysed economies.
Therefore, the noticeable increase of the meastireahnological potential in Slovakia,
Estonia, Poland cannot be only treated as an effetw statistical base. The conducted
research confirms that the changes of technologictEntial can be significantly affected by
policy and institutional factors, which is consi#tevith the theoretical discussion in second
section of the article. The specific determinaritsuzcess in that sphere should be considered

as an important area of continuation of this staig future research in the field.

5. Conclusions
The objective of the research was to conduct iatesnal comparative analysis of
technological potential in the European Union caest The technological potential was
treated here as multivariate phenomenon. Theretbeemultiple criteria decision analysis,
specifically TOPSIS method, was applied here. Tlanmaim of the paper was to assess the

situation in Central European economies. Additinahe article enabled to verify usefulness



of variables suggested by Eurostat for measurenwnttechnological potential at
macroeconomic level.

In the case of new member states one can pointhGepublic and Estonia as the leaders
in the field. The specific actions and modernizatiprograms implemented by the
governments of these countries should be the subjespecial interests for other countries in
the region. The conducted research confirms thatwvidriables provided by Eurostat for
comparative international analysis can be effettiused for measurement of technological
potential at macroeconomic level.

The empirical research indicates that improvinghtetogical potential of economies,
especially in the case of the countries that shaldde their technological gap, cannot be
easily explained by the low base statistical eff#as influenced by both effective policy and

institutional factors.

References:
Atkinson, R. D., & Correa D. K. (2007), The 200'at®tNew Economy Index. Benchmarking
Economic Transformation in the States, Kauffman rdation, The Information

Technology and Innovation Foundation, Washington.

Atkinson, R. D. & Nager, A. B. (2014), The 2014 t8tdlew Economy Index. Benchmarking
Economic Transformation in the States, The InforamatTechnology and Innovation
Foundation (ITIF), Washington.

Balcerzak, A. P. (2009), “Effectiveness of the ilgitonal System Related to the Potential of
the Knowledge Based Economy”, Ekonomista, No 6,74{-739.

Balcerzak, A. P. (2011), “Pozycja Polski w korfigk planu Europa 2020: analiza z
wykorzystaniem metod pagdkowania liniowego”, Studia Ekonomiczne. Zeszyty

Naukowe Uniwersytetu Ekonomicznego w Katowicach, 8l pp. 31-41



Balcerzak, A. P. (2015), “Europe 2020 Strategy &mdictural Diversity Between Old and
New Member States. Application of Zero Unitarizatidlethod for Dynamic Analysis in
the Years 2004-2013", Economics & Sociolpgyl. 8 No 2, pp. 190-210.
Balcerzak A. P. (2016), “Multiple-criteria Evaluati of Quality of Human Capital in the
European Union Countries”, Economics & Sociologypl.V9, No 2, 11-26. DOI:
10.14254/2071-789X.2016/9-2/1.
Balcerzak, A.P. &, Pietrzak, M. B (2014). “Are Ne&lJ Member States Improving Their
Institutional Effectiveness for Global Knowledgesbd Economy? TOPSIS Analysis for
the Years 2000-2010". Institute of Economic Rededkorking Papers, No. 16/2014.

Balcerzak, A. P. & Pietrzak, M. B. (2015a). “Res#nand Development and Quality of Life
in European Union Countries”, Ekonomia i Prawo. famoics and Law, Vol. 14, No. 3,
pp. 285-302. DOI: http://dx.doi.org/10.12775/EiP.2M18.

Balcerzak, A. P. & Pietrzak, M. B. (2015b), ,Quuliof institutional systems for global
knowledge-based economy and convergence procdhg iBuropean Union”, Ekonomia.
Rynek, Gospodarka, Spotedstwo, 42, pp. 93-106, DOI:

http://dx.doi.orq/10.17451/eko/42/2015/173

Balcerzak, A.P. & Pietrzak, M. B. (2016a), “StruauEquation Modeling in Evaluation of
Technological Potential of European Union Countiethe years 2008-2012", in Papje
M. & Smiech, S. (Eds.), The ToProfessor Aleksander Zelias International Confeeen
on Modelling and Forecasting of Socio-Economic Rimeena. Conference Proceedings,
Foundation of the Cracow University of Economicsacow, pp. 9-18. Retrieved from:

http://econpapers.repec.org/bookchap/pesecchapfiO.h

Balcerzak, A. P. & Pietrzak, M. B. (2016b), “Qugldf Human Capital in European Union in

the Years 2004-2013. Application of Structural BpraModeling”, inProceedings of the



International Scientific Conference Quantitative thteds in Economics Multiple Criteria
Decision Making XVIllVratna: Letra Interactive, pp. 7-12.

Balcerzak, A. P. & Pietrzak, M. B. (2016c), “Quuliof Institutions for Knowledge-based
Economy within New Institutional Economics FramelvoMultiple Criteria Decision
Analysis for European Countries in the Years 2000-32, Economics & Sociology, Vol.
9, No. 4. DOI: 10.14254/2071-789X.2016/9-4/4.

Balcerzak, A. P. & Pietrzak, M. P. (2016d). ,App@iton of TOPSIS Method for Analysis of
Sustainable Development in European Union Courifries T. Loster & T. Pavelka
(Eds.). The 10th International Days of Statistied &conomics. Conference Proceedings.
September 8-10, 2016. Prague.

Balcerzak, A. P. & Pietrzak, M. P. (2016e), ,Qualivf Institutions and Total Factor
Productivity in European Union”, Statistics in Ts#tton new series, 17(3).

Balcerzak, A. P. & Pietrzak, M. B. (2017)Human Development and Quality of Institutions
in Highly Developed Countriesin M. H. Bilgin, H. Danis, E. Demir, & U. Can (E{s.
Financial Environment and Business Development.cé&dings of the 16th Eurasia
Business and Economics Society. Springer InternatiBublishing, 7-12.

Balcerzak, A. P., Pietrzak, M. B. & Rogalska, ED18).“Fiscal Contractions in Eurozone in
the years 1995-2012: Can non-Keynesian effectslpdh in future deleverage process?”.
in M. H. Bilgin, H. Danis, E. Demir, & U. Can (Eds.Business Challenges in the
Changing Economic Landscape - Vol.Proceedings of the 14th Eurasia Business and
Economics SocietySpringer International Publishing, pp. 483-49€)1010.1007/978-3-
319-22596-8_35.

Balcerzak, A. P. & Rogalska, E. (2018\on-Keynesian Effects of Fiscal Consolidations in
Central Europe in the Years 2000-2013h M. H. Bilgin, H. Danis, (Eds.),

Entrepreneurship, Business and Economics - VolPrdceedings of the 15th Eurasia



Business and Economics SocieBpringer International Publishing, pp. 271-282)1D
10.1007/978-3-319-27573-4_18

Balcerzak, A. P., &urek M. (2011), “Foreign Direct Investment and Uméoyment: VAR
Analysis for Poland in the Years 1995-2009”, EuapdResearch Studies Journal, Vol.
X1V, No. 1, 2011, pp.. 4-14.

Bassanini, A., Scarpetta, S., & Visco, I. (2000Knbwledge, Technology and Economic
Growth: Recent Evidence from OECD Countries”. OE®E2onomics Department
Working Papers, 259, ECO/WKP(2000)32.

Bassanini, A., Scarpetta, S., & Hemmings, P. (200BEconomic Growth: The Role of
Policies and Institutions. Panel Data Evidence F@IBECD Countries"OECD Economics
Department Working Papers, 283, ECO/WKP(2001)9.

Chung, S. (2002). “Building a National Innovatiolysg&m Through Regional Innovation
Systems”, Technovation, Vol. 22, No. 8, pp. 48554920I: 10.1016/S0166-
4972(01)00035-9

Ciborowski R. (2014), “Innovation Process AdjustimgPeripheral Regions. The Case of
Podlaskie Voivodship”, Equilibrium. Quarterly Joatnof Economics and Economic
Policy, Vol. 9, No 2, pp. 57-72, DOI: http://dx.dmig/10.12775/EQUIL.2014.011.

Cichy, K. (2009), “Human Capital and Technologiddlogress as the Determinants of
Economic Growth”, National Bank of Poland Workinggder, 60.

Cieslik, A., Michatek, J. & Nasadiuk, 1. (2015), “Detamants of Export Performance of
Ukrainian Firms”, Equilibrium. Quarterly Journal &conomics and Economic Policy,
Vol. 10, No. 3, pp. 91-103, DOI: http://dx.doi.ct§/12775/ EQUIL.2015.026.

Cieslik, A., Michatek, J. & Michatek A. (2014), “The fluence of Firm Characteristics and
Export Performance in Central and Eastern Europengarison of Visegrad, Baltic and

Caucasus States”, Entrepreneurial Business andoEtorReview, 2(1).



David, P. A. & Goddard Lopez, J. G. (2001), “Knodde, Capabilities and Human Capital
Formation in Economic Growth”, New Zealand Treaswgrking Paper, 01/13, June.

Denis, C., Morrow, K. Mc, Réger W. and Veugelers(B005), The Lisbon Strategy and the EU’s
structural productivity problem”, European Econondyjrectorate-General for Economic and
Financial Affairs, Economic Papers, N° 221 February

Dutta, S., Lanvin B., and Wunsh-Vincent, S. (2019he Global Innovation Index 2015.
Effective Innovation Policies for Development”. dslon Cornell University, INSEAD
The Business School for the World, World IntelledtBroperty Organization.

Eichengreen, B., Perkins, D. and Shin K. (2012pn#Miracle to Maturity: The Growth of
the Korean Economy, Harvard University Press fertdarvard Asia Center, Cambridge.

Eichengreen, B., Perkins, D. and Shin K. (2013yot%@&h Slowdowns Redux: New Evidence
on the Middle-Income Trap”. NBER Working Paper N8673.

European Commission (2010), “Europe 2020 A Strafegysmart, Sustainable and Inclusive
Growth, Communication from the Commission”, Bruss&.3.2010 COM(2010) 2020.

Gostkowski, Z. (1972). “Problems and Difficultiesthe Elaboration of a Coherent System of
Human Capital Resources Indicators for Less Dewslofpountries”, in Z. Gostkowski
(Ed.), Towards a System of Human Capital Resoumdgators for Less Developed
Countries. Papers Prepared for a UNESCO ReseangcErOssolineum, Polish Academy
of Sciences Press, Wroctaw, pp. 15-17.

Hellwig, Z. (1972), “On the Optimal Choice of Preuirs”. in Z. Gostkowski (Ed.), Towards
a System of Human Capital Resources Indicatordéss Developed Countries. Papers
Prepared for a UNESCO Research Project, Ossolinéohsh Academy of Sciences
Press, Wroctaw, pp. 69-90.

Hollanders, H., Es-Sadki, N. and Kanerva, M. (201Bnovation Union Scoreboard 2015".

European Commission.



Jant@-Drozdowska, E. & Majewska, M. (2015), “Social Capias a Key Driver of
Productivity Growth of the Economy: Across-courdgri€€omparison”, Equilibrium.
Quarterly Journal of Economics and Economic Poliygl. 10, No 4, pp. 61-83, DOI:
http://dx.doi.org/10.12775/ EQUIL.2015.035.

Jant@-Drozdowska, E., & Majewska, M. (2016). “Investméiitractiveness of Central and
Eastern European Countries in the Light of New Ltiocel Advantages Development”.
Equilibrium. Quarterly Journal of Economics and B@mic Policy, Vol. 11, No. 1, pp. 97-
119, DOI: http://dx.doi.org/10.12775/ EQUIL.2016500

Jurkowska, B. (2014). “The Federal States of GegmanAnalysis and Measurement of
Development Using Taxonomic Methods”. OeconomiadZogana, Vol. 5, No. 3, pp. 49-

73, DOI: http://dx.doi.org/10.12775/0eC.2014.019

tapinska, J. (2016), “Determinant Factors of Intra-Indu3rade: the Case of Poland and Its
European Union Trading Partners”. Equilibrium. Qedy Journal of Economics and
Economic Policy, Vol. 11, No. 2, pp. 251-264. DOhttp://dx.doi.org/10.12775/
EQUIL.2016.011

Libertowska, A. (2014), “Social Capital in Knowlesl@dased Economy. Chosen Aspects”.
Oeconomia Copernicana, Vol. 5, No 3, pp. 93-107,l:D@tp://dx.doi.org/10.12775
/0eC.2014.021.

tyszczarz, B. (2016), “Public-private Mix and Perfance of Health Care Systems in CEE
and CIS Countries”. Oeconomia Copernicana, VoN@., 2.

Madrak-Grochowska, M. (2015), “The Knowledge-badedonomy as a Stage in the
Development of the Economy”, Oeconomia CopernicAf@, 6, No 2, pp. 7-21, DOI:

http://dx.doi.org/10. 12775/0eC.2015.009.




Madrak-Grochowska, M. (2016), “The Information buxtructure of Knowledge-based
Economies in the Years 1995-2010", ,Ekonomia i Ryafzconomics and Law”, Vol. 15,
No. 3.

Mardani, A., Jusoh, A., & Zavadskas, E. K. (2018juzzy Multiple Criteria Decision-
making Techniques and Applications - Two DecadeadRefrom 1994 to 2014”. Expert
Systems with Applications, Vol. 42, No. 8, pp. 4126-4148.
DOI:10.1016/j.eswa.2015.01.003.

Mardani, A., Jusoh, A., Zavadskas, E. K., ZakuanMdlipour, A., & Kazemilari, M. (2016).
“Proposing a New Hierarchical Framework for the lagafion of Quality Management
Practices: a New Combined Fuzzy Hybrid MCDM Appigadournal of Business
Economics and Management, Vol. 17, No. 1, pp. 1-16.
DOI:10.3846/16111699.2015.1061589.

Moscibrodzka, M. (2014), “The Use of Methods of Muitreensional Comparative Analysis
in Evaluation of the Standard of Living of Polan®@spulation in Comparison with Other
Countries of the European Union”. Oeconomia Comama, Vol. 5, No. 3, pp. 29-47.

DOI: http://dx.doi.org/10.12775/0eC.2014.018

Nelson, R. R. (Ed.) (1993), National Innovation t8yss. A Comparative Analysis, Oxford
University Press, New York, Oxford.

OECD (1996), The Knowledge-Based Economy, OECDisPar

OECD (2001), Science, Technology and Industry @bktldrivers of Growth: Information
Technology, Innovation and Entrepreneurship, OEE&s.

OECD (2002), Measuring the Information Economy, @E@aris.

Piech, K. (2007), “Knowledge Economy and the LogreGrowth — Are there any
Relations?”, in K. Piech (Ed.), Knowledge and Inatten Process in Central and East

European Economies. The Knowledge and Innovatistitite, Warsaw.



Piech, P. (Ed.), Knowledge and Innovation Proce<Santral and East European Economies.
The Knowledge and Innovation Institute, Warsaw.
Pietrzak, M. B. & Balcerzak, A. P. (2016a), “Assassit of Socio-Economic Sustainability in
New European Union Members States in the years-2002” in Papie, M. & Smiech,
S. (Eds.), The 10 Professor Aleksander Zelias International Confeeeon Modelling
and Forecasting of Socio-Economic Phenomena. GamferProceedings, Foundation of
the Cracow University of Economics, Cracow, pp. -129. Retrieved form:

http://econpapers.repec.org/bookchap/pesecchapiil.h

Pietrzak, M. B. & Balcerzak, A. P (2016b). “Qualitf Human Capital and Total Factor
Productivity in New EU Member States”, in T. Lost®rT. Pavelka (Eds.). The 10th
International Days of Statistics and Economics. f€@nce Proceedings. September 8-10,
2016. Prague.

Pietrzak, M. B. & Balcerzak, A. P. (2016c¢), “A SaatSAR Model in Evaluating Influence of
Entrepreneurship and Investments on UnemploymeRoland”, in Proceedings of the
International Scientific Conference QuantitativetMels in Economics Multiple Criteria
Decision Making XVIII. Vratna: Letra Interactivepp303-308.

Pietrzak, M. B., & tapiska, J. (2015), “Determinants European Union’s &radEvidence
from a Panel Estimation of the Gravity Model”, ENM. Ekonomie a Management, Vol.
18, No. 1, pp. 18-27.

Reiff, M., Surmanovd, K., Balcerzak, A.P., & Pietkz M.B. (2016), “Multiple Criteria
Analysis of European Union Agriculture”. Journallofernational Studies, Vol. 9, No. 3.
DOI: 10.14254/2071-8330.2016/9-3/5.

Sachpazidu-Wodjcicka K. (2014), “Conditions for Imativeness of Industrial Entrepreneurs

in Poland”, Equilibrium. Quarterly Journal of Ecanics and Economic Policy, Vol. 9,

No. 2, pp. 93-107, DOhttp://dx.doi.org/10.12775/EQUIL.2014.013




Stefaniak-Kopoboru, J., & Kuczewska, J. (2016). past Specialization in Services of the
Visegrad Countries”, Equilibrium. Quarterly JourmdlEconomics and Economic Policy,
Vol. 11, No. 2, 265-284. DOI: http://dx.doi.org/1@775/ EQUIL.2016.012.

Skrodzka, I. (2016), “Knowledge-Based Economy ia #uropean Union — Cross-country

Analysis”, Statistics in Transition new series, Vbl, No. 2, pp. 281-294.
Simkova, N. (2015), “The Hierarchical Clustering Tdx Burden in the EU 277, Journal of

Competitiveness, Vol. 7, No. 3, pp. 95-109. Ditp://dx.doi.org/10.7441/joc.2015.03.07

Yoon, K.P., & Hwang, C.L. (1995), Multiple AttribatDecision Making: An Introduction,
CA Sage Pub, Thousand Oaks.
Wagner, J. (2011). “International Trade and Firnrfétenance: A Survey of Empirical

Studies since 2006”, University of Luneburg, WorkiPaper Series in Economics, No. 210.

Witkowski, B. (2007), “Can R&D Expanditures Be Faua Growth Factor in the New EU
countries?” in K. Piech (Ed.). Knowledge and Innowa Process in Central and East
European Economies. The Knowledge and Innovatistitlite, Warsaw.

Zelias, A. (Ed.) (2000), Taksonomiczna analiza przesinego zr@nicowania poziomuycia
w Polsce w yjciu dynamicznym, Wydawnictwo Akademii EkonomiczmejKrakowie,
Krakéw.

Zielenkiewicz M. (2014)," Institutional Environment in the Context of Devetognt of
Sustainable Society in the European Union Couritriggquilibrium. Quarterly Journal of
Economics and Economic Policy, Vol. 9, No. 1, pp.1-3Z, DOI:

http://dx.doi.org/10.12775/EQUIL.2014.002.

Zielenkiewicz M. (2015), “The Role of the Level bevelopment, Geographical Factors, and
Culture for the Efficacy of Economic Freedom”. Hdwium. Quarterly Journal of
Economics and Economic Policy, Vol. 10, No. 4, p®B5-98, DOl

http://dx.doi.org/10.12775/ EQUIL.2015.036.



Zelazny, R. (2015), “Information Society and KnowjedEconomy — Essence and Key
Relationships”. Journal of Economics and Managen&a(R), pp. 5-22.

Zelazny R., & Pietrucha J. (2017), “Measuring Inrtava and Institution: the Creative
Economy Index”, Equilibrium. Quarterly Journal atdhomics and Economic Policy, Vol.

12, No. 1 (forthcoming).



