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Abstract
Achieving a competitive economy and a competitive market generally proceeds from the desire 
to meet economic and social objectives and it ensures a growing level of social welfare. The 
objectives of our research are to determine and highlight the bidirectional linear correlations 
among competitiveness, well-being and innovation and to analyze the main factors that influ-
ence these relations. Our research includes the EU member states and the UK using these coun-
tries’ specific indicators from the databases of EUROSTAT, the World Economic Forum and the 
United Nations from 2016-2018. We used Canonical Correlation Analysis to determine a set of 
canonical variates which represent linear combinations of the variables from each set. The con-
tributions of our research show a direct and strong link among the three pillars of competitive-
ness, innovation and well-being. This analysis allowed us to identify and analyze the influence 
of innovation on the economic development and competitiveness of each EU country and on 
the well-being of its population. Governments and organizations that invest more in research in 
terms of innovation to increase the competitiveness of their products and services have shown a 
growing GDP and a higher level of population well-being. This research is representative at the 
European level and may influence the decisions of national governments and other institutions 
to encourage innovation through drivers such as R&D expenditures and human resources as 
the main factors generating economic growth and competitiveness, thus with a direct effect on 
GDP and on well-being.
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1. INTRODUCTION
Globally there is an increase in the intensity of competitiveness in the context of accelerating 
globalization, the development of information and communication technologies, and an increase 
in the number of innovations in the economic, technological and service fields. It is clear that 
national economies require a change in their model of economic development (Shkolnyk et al., 
2019). The need to adapt the economies of states is a reality that cannot be neglected. Economic 
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competitiveness analyzed at the country level describes the ability of an economy to provide the 
population with a high standard of living and a degree of employment on a sustainable basis 
(Fyliuk et al., 2019; Haller, 2020). The level at which competitiveness is generated is microeco-
nomic (Balkyte & Tvaronaviciene, 2010; Ključnikov et al., 2016; Kozubikova et al., 2019; Wenzel 
&Wolf, 2016; Leković et al., 2019; Olšovská et al., 2016; Altun & Çelik, 2020). Well-being is 
undoubtedly a multidimensional concept, as it includes many aspects of human life, not just 
those related to income or consumption (Meyer et al., 2017). Such aspects include, among others, 
health, education, income, equality and environmental conditions, as described in the inequality-
adjusted Human Development Index (IHDI) (UNDP, 2019b) and Global Competitiveness In-
dex (GCI) (Mishchuk & Grishnova, 2015; Vasilyeva et al., 2018; Schwab, 2019). The standard of 
living represents the level of wealth, comfort, material goods and indispensable goods available 
to a certain socio-economic class or a certain geographical area. Factors enabling well-being and 
economic growth range from population growth, working hours, technology, specialization, 
capital, labor and productivity as well as among various institutional factors such as political 
systems and economic freedom and development (CORE, 2017; Cieślik & Michałek, 2018; Belas 
et al., 2018; Kinnunen et al., 2019; Schwab, 2019; Belas et al., 2020). In a previous studies of ours, 
we applied a Canonical Correlation Analysis (CCA) for 2018-2019 to study the progress of digital 
skills and their impact on the well-being, income inequality and competitiveness of world coun-
tries (Georgescu & Kinnunen, 2020) as well as on the labor force (Androniceanu et al., 2020). 
Dos Santos & Brandi (2014) have applied CCA to study the intracorrelations and the intersec-
tions between competitiveness and environmental sustainability for 17 countries. 

In this paper, the authors seek to approach the above issues in an original way through the bi-
directional linear correlations among competitiveness, innovation and well-being. The research 
highlights how each country positions itself in regard to these factors as well as how competi-
tiveness and innovation influence the well-being of European citizens. Based on the research 
results, a new relationship has been described between the competitiveness in EU countries and 
the impact on well-being using CCA.

2. THEORETICAL BACKGROUND
Although research on competitiveness has advanced, there is still no unanimously accepted defi-
nition nor is there a universal and complete theory of national competitiveness. This lack of con-
crete definiton is related to the complexity and multidimensionality of these categories and to 
the practice of applying them at different levels of the economy (Łukiewska, 2019). The literature 
reveals extremely varying perspectives in defining, measuring and understanding competitive-
ness, i.e. the concept has been engaged using a multitude of different approaches (Calantone & 
di Benedetto, 1990; Vetráková & Smerek, 2019). In the view of Porter (1998), the only compre-
hensive indicator can define the concept of competitiveness at the national level is national pro-
ductivity. According to the OECD, competitiveness is the ability to produce goods and services 
that can compete internationally while maintaining and increasing real domestic income. In the 
opinion of the Management Forum 2019, global competitiveness represents the ability of the 
country or company to proportionately generate more prosperity than its competitors on the 
international market. 

The notion of competitiveness itself has been used in various senses and on multiple levels, i. e. in 
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various business sectors, for example, tourism (Kelić et al., 2020), services (Dvorský et al., 2020), 
as well as SMEs (Čepel, 2019). The Diamond Model developed by Porter focuses on the factors 
that determine international competitiveness but which operate at the microeconomic level. Por-
ter (1985) completed the original model, adding two exogenous factors: chance and government. 

In the present authors’ opinion, competitiveness is a concept that describes the ability of a na-
tional/ international economy to cope with competition in the market by increasing economic 
efficiency and social welfare. A number of approaches to competitiveness have been presented in 
the literature: (1) one based on the theory of comparative advantage (Mura et al., 2015); (2) from 
the perspective of strategies and management; (3) from a historical and socio-cultural perspec-
tive; as well as (4) from the perspective of competitive advantage (which takes into account other 
factors more difficult to measure: technological level, innovation, product quality, including 
after-sales services) (Zeibote et al., 2019; Brodowska-Szewczuk, 2019; Caurkubule et al., 2020); 
(5) from the perspective of sustainable development, given the imperative of ensuring long-term 
global development by intensifying efforts to protect the environment, i.e. the rational use of 
non-renewable resources (Piątkowski, 2020; Bilan et al., 2020; Streimikiene, 2014). 

Other economic competitiveness models include: (1) The World Economic Forum Model; (2) 
The European Model and (3) The Model of Michael Porter. The World Economic Forum model 
is based on: (1) the Growth Competitiveness Index and (2) the Business Competitiveness Index, 
which has been replaced by the (3) Global Competitiveness Index followed by (4) The New Glo-
bal Competitiveness Index. The European Model is based on highlighting the fulfillment of the 
criteria of the Lisbon Strategy and the Europe 2020 Strategy covering six areas and over 100 in-
dicators related to: General Economic Base; Employment; Innovation and Research; Economic 
Reform; Social Cohesion; and Environment. 

From the present authors’ point of view, the most important goal of competitiveness is the 
well-being of a nation, with the degree of achievement regarding this factor the best measure of 
competitiveness, i. e. as reflected in GDP in terms of facilitating developments in other societal 
areas (Cannas et al., 2019; Trettin et al. 2019; Vlacseková & Mura, 2017). Well-being is a complex 
concept, one frequently used in many disciplines ranging from philosophy and psychology to so-
ciology and economics. Although there is no generally accepted definition, as it is still quite dif-
ficult to define the notion given large number of varying interpretations, one possible approach 
is to define well-being as a description of the real situation of people’s lives. The authors view the 
well-being and happiness of a nation as arising primarily from the ability of its economy to be 
competitive. Competitiveness is influenced by many factors. One of most important parameters 
increasing the competitiveness and, thus, the well-being of a country’s population is innovation 
(Nica, 2019; Piątkowski et al., 2020). Schumpeter (1934) distinguishes five types of innovation: 
new products, new production methods, the exploitation of new markets, new methods of of-
fering products on the market, and new ways of organizing business (Felstead, 2019). In turn, 
Schmookler (1966) differentiates the “technological product” from the “technological produc-
tion”, in terms of how products are created or improved and, respectively, depending on how 
they are produced (Schmookler, 1966; Pavitt, 1984; Bloch, 2007; Janoskova & Kral, 2019; Kaplan 
& Norton, 1992; Razavi et al., 2011). Eco-innovation is a new term with significance through 
the more favorable impact exerted on the environment by production processes or through the 
use of goods. The term was first used by Fussler & James (1996) referring to the new products 
and processes that provide value to customers and businesses, while significantly reducing the 
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impact on the environment, presenting with a similar meaning “environmental innovation”, 
“innovation for sustainable development” or “sustainable innovation” (Šloga & Bezić, 2020). As 
numerous practical examples from industry demonstrate, eco-innovation is a powerful instru-
ment that combines a reduced negative impact on the environment with a positive impact on 
the economy and society (Mikiashvili & Lobzhanidze, 2017) that, in addition, can contribute 
to a competitive economy ( Johnson & Kaplan, 1987; Jašková, 2019; Sebestova & Sroka, 2020; 
Wasiluk & Ginevičius, 2020). We focus our research on the correlation between competitiveness, 
innovation and well-being, using a set of specific indicators (Fyliuk et al., 2019) and Canonical 
Corrrelation Analysis (Kachigian, 1991; Sharma, 1996; Jafarnejad Chaghooshi et al., 2015). 

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA
The aim of our research is to identify a new relationship between the competitiveness and in-
novation in the EU countries and their impact on well-being by applying Canonical Correlation 
Analysis (CCA). The data under analysis is collected for the years 2016-2018 for 27 European 
Union countries plus the United Kingdom, which was an EU memberstate during the research 
period. The data used consists of 10 variables: V1 – GCI - Global Competitiveness Index 4.0 – A 
survey-based index built on 12 pillars: institutions, infrastructure; ICT adoption, macroeconom-
ic stability, health, skills, product market, labor market, financial system, market size, business 
dynamism, and innovation capability (World Economic Forum, 2019; Schwab, 2019); V2 – IHDI 
-  built on 3 pillars: health, education and income adjusted to the level of inequality (UNDP, 
2019a; 2019b); V3 – GDP per capita in terms of purchasing power standards, PPS, where EU 
average is set to 100 (Eurostat, 2019); V4 – Real GDP 1-year growth rate (Eurostat, 2019); V5 – 
Overall 1-year employment growth, % (Eurostat, 2019); V6 – GORD - Gross domestic expendi-
ture on R&D as % of GDP (Eurostat, 2019); V7 – Patent applications per million inhabitants 
(Eurostat, 2019); V8 – HRST - Human resources in science and technology, i.e. share of people 
having completed an education at the third level or being employed in science and technology 
as a percentage of total active population aged 25-64 (Eurostat, 2019); V9 – “Knowledge work-
ers”, i.e. employment in high/medium technology and knowledge-intensive sectors as % of total 
employment (Eurostat, 2019); V10 – Labor productivity per person employed and hour worked; 
index, where the average of EU27 in 2020 is 100 (Eurostat, 2019) . CCA is a multivariate data 
reduction technique introduced in 1936 by Hotelling to model the relationship between two sets 
of variables. Linear combinations of variables which maximally correlate are discovered. The 
data dimensionality is reduced by determining a set of canonical variates which are linear com-
binations of the variables from each set (the dependent and the independent ones) that explain 
the variability between and within the two sets. The number of dimensions (canonical functions) 
equals the number of variables in the smallest set. The canonical variates represent relationships 
between the dependent and the independent sets. The CCA model consists of five dependent 
variables, V1-V5, and five independent variables, V6-V10 of which V1-V5 are the features of 
competitive well-being and V6-V10 are the features of innovation resources (Figure 1). The 
model predicts the dependent variables, GCI, IHDI, GDP per capita, Real GDP growth and the 
Overall employment growth by the independent variables: R&D expenditure, Patent applica-
tions, HRST, Employment in high- and medium-high technology manufacturing sectors and 
knowledge-intensive service sectors and Labor productivity. The indicators are separated into 
two classes: the set X of competitive well-being and the set Y of innovation resources as seen in 
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Figure 1. The competitive well-being framework designed by the authors the overlaps OECD’s 
(2017) well-being framework, where resources are required for sustainable well-being, while in 
our approach, innovation resources build competitive well-being.

Fig. 1– Canonical correlation framework. Source: own research

There is applied CCA to the sets X and Y. These are recalled the dependent set  and the inde-
pendent set Y=(V6,...,V10 )T. There are the five pairs of canonical variates (Ai, Bi), i = 1,..., 5 of 
the model. Ai is written as a linear combination of the elements of set X and Bi of the elements 
of set Y as follows:

Ai = ai1 V1+...+ai5 V5, i=1,...,5 (1)

Bi = bi1 V6+...+bi5 V10, i=1,...,5 (2)

The aim of CCA is to find the linear combination that maximizes the canonical correlation for 
the canonical pairs (Ai, Bi), i = 1,..., 5 using equations (1) and (2). The canonical correlation be-
tween the i-th canonical pair  (Ai, Bi), i = 1,..., 5 is 

ρi
*=(cov( Ai,Bi))/√(var( Ai)var( Bi)). (3)

The main steps of CCA are: (i) to determine if there is any relationship between the two sets of 
variables. By Wilks’s lambda, we reject the null hypothesis that there is no relationship between 
the two sets and conclude that they are dependent; (ii) the null hypothesis from above is equiva-
lent to the null hypothesis that all 5 canonical variate pairs are not correlated: H0: ρ1*=...=ρ5*=0. 
Wilks’s lambda is significant and the canonical correlations are in a decreasing order, therefore, 
we conclude that at least ρ1*≠ 0 . Successively, we find that the first four canonical pairs are cor-
related and the fifth one is not; (iii) to interpret each canonical variable, we compute the correla-
tion between each variable and the corresponding canonical variate; (iv) finally, we find the best 
predictors for each variable in the dependent set.

4. RESULTS AND DISCUSSION
Figure 2 shows the statistically significant correlations within set X on the left and within set Y 
on the right side of the figure. 

CANONICAL CORRELATION

Set Y: 
Innovation resources 

Set X: 
Competitive well-being

Competitiveness (V1)

Human development (V2)

GDP per capita (V3)

GDP growth (V4)

Employment growth (V5)

R&D expenditure (V6)

Patent applications (V7)

Human resources in science 
& technology (V8)

Knowledge workers (V9)

Labor productivity (V10)

CANONICAL CORRELATION
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Fig. 2 – Correlations: within set X (left) and within set Y (right). Source: own research

From the left side of Figure 2, we can note that the highest correlations are seen between GCI (V1) 
and IHDI (V2) and GDP per capita ranging from 0.78 (V1 vs. V2), 0.62 (V1 vs. V3) to 0.56 (V2 
vs. V3), while Employment growth (V5) is significantly, but less strongly correlated with the GDP 
growth (V4) and GDP per capita (V3) by the factor of 0.44 and 0.29, respectively. There is one 
negative correlation within set X: GDP growth (V4) and GCI (V1) are correlated by the factor of 
-0.31. Some countries with the weakest competitiveness index of the EU countries, such as Roma-
nia, Cyprus, Hungary, Bulgaria and Croatia with an average GCI ranging from 60.73 to 65.55 (EU-
28 avg = 71.96) have shown a stronger GDP growth from 2016 to 2018, ranging from Croatia’s 
3.10% to Romania’s 5.43% (EU28avg =3.23%). From the right side of Figure 2, we can note that 
R&D expenditure (V6) correlates almost perfectly with patent applications (V7) by the factor of 
0.92. Other strong correlations are seen between R&D expenditure (V6) and HRST (V8) of 0.57, 
and between patent applications and V8 of 0.67. R&D expenditure is further positively correlated 
(0.27) with “knowledge workers”, i.e. people employed in high-tech and knowledge-intensive serv-
ices (V9). There are some negative correlations within set Y: labor productivity (V10) correlates 
negatively (-0.39) with R&D expenditures (V6) and by - 0.30 with patent applications (V7). For 
example, Romania and Bulgaria are relatively strong as for their productivity, but low in R&D ex-
penditures as a share of GDP. Also, high-technology and knowledge-intensive employment share 
to all employed (V9) correlates by - 0.33 with HRST. For example, Hungary, Slovenia, Slovakia 
and the Czech Republic show high-level share of employed knowledge workers, while their HRST 
as a share of the whole population is not particularly high. Pillai’s trace test, Hotelling’s trace test, 
Wilks’s lambda multivariate criteria are significant, with p<0.05, proving that there is a statistically 
significant and positive linear relationship between the dimensions of innovation and well-being 
indicators. The CCA analysis generated 5 roots, as can be seen in Table 1.

Tab. 1 – Eigenvalues and canonical correlations. Source: own research
Root No. Eigenvalue Pct. Cum. Pct. Canon Cor. Sq. Cor
1 11.23720 83.26339 83.26339 .95827 .91828
2 1.43805 10.65542 93.91881 .76801 .58984
3 .49783 3.68874 97.60755 .57651 .33237
4 .32023 2.37275 99.98030 .49250 .24255
5 .00266 .01970 100.00000 .05149 .00265
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The roots rank the eigenvalues in a decreasing order. Canonical correlations represent Pearson 
correlations of the pairs of canonical variates. The first canonical correlation, 0.95827, represents 
the correlation coefficient between the first pair of canonical variates. 91.82% of the variation 
in   is explained by the variation in  ; 58.98% of the variation in   is explained by the variation in  
, etc. We will retain these two higher values, considering that the first two canonical correlations 
are the most significant. In Table 2, we test the null hypothesis that all correlations associated 
with the roots are equal to 0. The first test shows that all five canonical roots combined are 
significant, since p-value=0<0.05. Similarly, the next 3 tests prove that roots 2 to 5, 3 to 5 and 4 
to 5 are significant, since p-value=0<0.05. The last test is not significant, since p=0.650>0.05.

Tab. 2 – Dimension reduction analysis. Source: own research
Roots Wilks L. F Hypoth. DF Error DF Sig. of F
1 TO 5 .01690 22.10299 25.00 276.40 .000
2 TO 5 ,20687 9,69201 16,00 229,77 ,000
3 TO 5 ,50435 6,68013 9,00 185,11 ,000
4 TO 5 ,75544 5,79567 4,00 154,00 ,000
5 TO 5 ,99735 ,20734 1,00 78,00 ,650

Next, we determined the raw canonical coefficients and correlations for the dependent variables 
in Table 3 and the independent variables in Table 5.

Tab. 3 – Canonical coefficients and correlations: dependent. Source: own research
Canonical coefficients 1 2 3 4 5
V1 -.06198 -.00319 -.04126 -.17939 -.20653
V2 -13.15815 -3.11806 17.17876 24.57487 12.58762
V3 -.00090 -.00293 -.01975 -.00215 .02502
V4 -.01425 -.68362 -.04611 -.12122 -.21488
V5 .06197 .43643 -.33889 .39782 -.48273
Canonical correlations 1 2 3 4 5
V1 -.92160 .13013 -.13807 -.30218 -.15277
V2 -.95596 -.04366 .05769 .28282 .03038
V3 -.61949 -.04503 -.70082 -.02667 .34979
V4 .19490 -.84037 -.26923 .32730 -.27601
V5 -.03011 .06305 -.62384 .64850 -.43057

The raw canonical coefficients are interpreted as in the linear regression models, considering 
the canonical variates as outcome variables. For example, a one-unit increase in variable V1 GCI 
leads to a 0.06198 decrease in the first variate of competitiveness and well-being measurement 
(top of Table 3). The first canonical variable for competitiveness and well-being (bottom of Table 
3) is negatively strongly dominated by V1 GCI with a canonical correlation of -0.92160 and V2 
IHDI, with a correlation of -0.95596. The second canonical variable for competitiveness and 
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well-being is strongly negatively dominated by V4 real the GDP growth rate with a correlation of 
-0.84037. As for the remaining canonical variables for competitiveness and well-being, none of 
the correlations are sufficiently large, therefore, these canonical variables yield little information 
about the data. In Table 4, 43.71% of the variance among the dependent set of competitiveness 
and well-being is explained by the first dependent canonical variate. Similarly, 14.62% of the 
variance among competitiveness and well-being is explained by the second one.

Tab. 4 – Variates’ variance explained by canonical variables. Source: own research
Can. Var PctVar DEP Cum Pct DEP PctVarCOV Cum PctCOV
1 43.71732 43.71732 40.14483 40.14483
2 14.62130 58.33862 8.62418 48.76900
3 19.50385 77.84247 6.48246 55.25146
4 13.99399 91.83645 3.39429 58.64576
5 8.16355 100.00000 .02164 58.66740

A one-unit increase in variable V6 R&D expenditure leads to a 0.01005 increase in the first vari-
ate of innovation measurements described by canonical coefficients in Table 5. In Table 5. the 
first canonical variable for innovation is strongly dominated by V6. R&D expenditure, with a 
canonical correlation of -0.84909 V7 Patent applications (-0,98947) and V8 HRST (-0.83573). 
The second canonical variable for innovation is strongly negatively dominated by V10, Labor 
productivity. As for the other canonical variables for innovation, the correlations are small, thus 
they yield little information about the data.

Tab. 5 – Canonical coefficients and correlations: independent. Source: own research
Canonical coefficients 1 2 3 4 5
V6 .01005 .02737 2.25564 -1.17588 2.82106
V7 -.00425 .00145 -.01346 -.00462 -.02915
V8 -.08248 -.03826 -.07288 .12911 .06426
V9 -.13304 -.06813 .03427 .39724 -.23245
V10 -.00381 -.10169 .02976 -.05590 .01991
Canonical correlations 1 2 3 4 5
V6 -.84909 .28312 .36209 -.26008 .01193
V7 -.87947 .21516 .04770 -.37492 -.19337
V8 -.83573 -.00415 -.43560 -.04956 .33065
V9 -.18166 -.11292 .75274 .47547 -.40194
V10 .18031 -.97193 .00848 -.14001 -.05635

Table 6 shows that 41.47% of the variance among the innovation set is explained by the first 
independent canonical variate, while 12.78% is explained by the second one.
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Tab. 6 – Covariates’ variance explained by canonical variables. Source: own research
PctVar DEP Cum Pct DEP PctVarCOV Cum PctCOV

1 41.47683 41.47683 45.16786 45.16786
2 12.78597 54.26280 21.67713 66.84499
3 5.91497 60.17777 17.79643 84.64142
4 2.21369 62.39146 9.12661 93.76803
5 .01652 62.40798 6.23197 100.00000

In Table 7, the regression results of the effect of the innovation indicators on each competitive-
ness and well-being indicator are presented. The beta value measures the importance of each 
covariate for each dependent variable.

Tab. 7 – Regression analysis for cells error term. Source: own research
Dependent variable: GCI (V1)
Covariate B Beta Std. Err. t-Value Sig. of F Lower -95% CL- Upper
V6 -.222 -.029 1.237 -.180 .858 -2.68 2.240
V7 .040 .546 .0107 3.727 .000 .019 .0610
V8 .372 .476 .0604 6.160 .000 .252 .492
V9 .342 .149 .158 2.165 .033 .028 .656
V10 -.0067 -.010 .040 -.171 .865 -.086 .072
 Dependent variable: IHDI (V2)
Covariate B Beta Std. Err. t-Value Sig. of F Lower -95% CL- Upper
V6 -.004 -.082 .008 -.589 .558 -.020 .0107
V7 .000 .251 .000 1.959 .054 .000 .0003
V8 .004 .800 .000 11.810 .000 .004 .005
V9 .009 .530 .000 8.797 .000 .007 .011
V10 .000 .001 .000 .0273 .978 -.000 .000
 Dependent variable: GDP per capita (V3)
Covariate B Beta Std. Err. t-Value Sig. of F Lower -95% CL- Upper
V6 -36.503 -.737 12.802 -2.851 .006 -61.990 -11.015
V7 .319 .691 .110 2.891 .005 .099 .539
V8 3.393 .685 .625 5.430 .000 2.149 4.637
V9 2.489 .171 1.635 1.522 .132 -.767 5.744
V10 -.221 -.049 .410 -.539 .591 -1.036 .595
 Dependent variable: GDP growth (V4)
Covariate B Beta Std. Err. t-Value Sig. of F Lower -95% CL- Upper
V6 -.986 -.515 .503 -1.961 .053 -1.988 .015
V7 .000 .003 .004 .011 .991 -.009 .009
V8 .067 .350 .025 2.732 .008 .018 .116
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V9 .134 .239 .064 2.092 .040 .007 .262
V10 .084 .485 .016 5.252 .000 .052 .117
 Dependent variable: Employment growth (V5)
Covariate B Beta Std. Err. t-Value Sig. of F Lower -95% CL- Upper
V6 -1.776 -1.080 .535 -3.318 .001 -2.841 -.710
V7 .006 .390 .005 1.297 .199 -.003 .0152
V8 .095 .575 .0261 3.624 .001 .0423 .147 
V9 .171 .354 .068 2.503 .014 .035 .307
V10 -.048 -.322 .017 -2.810 .006 -.082 -.014

Based on the Beta values from Table 7, we have reached the following conclusions:

 y The effect of Patent applications per million inhabitants (V7) is more important than the effect 
of HRST (V8) and Employment in high- and medium-high technology manufacturing sectors 
and knowledge-intensive service sectors (Knowledge workers, V9) in predicting GCI (V1). 

 y The effect of HRST (V8) is more important than the effect of employment share of knowledge 
workers (V9) in predicting IHDI (V2), while V6 and V7 were statistically insignificant.

 y The effect of R&D expenditure (V6) is more important in absolute value than the effect of 
Patent applications (V7) and HRST (V8) in predicting GDP per capita (V3). The negative beta 
of V6 suggests that larger the GDP (V3), the smaller share of it is directed to R&D.

 y The effect of Labor productivity per person employed and hour (V10) is more important than 
the effect of R&D expenditure (V8) and HRST (V9) in predicting GDP growth (V4).

 y The effect of R&D expenditure (V6) is more important in absolute value than the effect of 
HRST (V8), Knowledge workers (V9) and Labor productivity (V10) in predicting the Overall 
employment growth (V5). The effects of R&D expenditures (similarly in predicting GDP per 
capita) and Labor productivity are negative. The negative betas of V6 and V10 suggest rather 
counter intuitively that the larger the share of R&D expenditures of GDP and the higher 
the labor productivity, the lower the employment growth in EU in 2016-2018. This is due to 
asymmetric effects: some countries have very high values in some variables, but do poorly 
in another aspect, e.g. Romania, Bulgaria and Latvia are the 2nd-4th most labor-productive 
countries with the average employment growth of 0.5%, 0.73% and 0.43%, respectively, while 
the EU average is 1.91% (cf. their R&D expenditures as a share of GDP are 0.49%, 0.76% and 
0.53%, respectively), and Malta and Cyprus, while at the bottom level in R&D expenditures, 
have the highest employment growth of 6.13% and 4.70%, respectively.

The main findings from the bidirectional canonical correlation analysis are summarized in Figure 
3. The constructed 1st canonical variable was able to explain 43.72% (cf. Table 4) of the total vari-
ance of the dependent variables V1-V5 characterizing the competitive well-being set X. Similarly, 
the 1st canonical variable explained 41.48% (cf. Table 6) of the total variance of the independent 
variables of the innovation set Y. The 1st root, i.e., the 1stcanonical correlation of 0.958, falls be-
tween the first pair of canonical variates from set X and set Y (A1, B1) based on equations (1) and 
(2). This means that 83.26% of the variation in   is explained by the variation in  (Table 1).
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Fig. 3 – Summary of canonical correlation relations. Source: own research

The individual canonical correlations between the dependent variables V1-V5 and the competi-
tive well-being set X in Figure 3 (Table 3) show: GCI (V1) correlates with set X by a factor of 
-0.922; IHDI (V2) by -0.956; GDP per capita (V3) by -0.619; and small correlations between 
competitive well-being and the GDP growth (V4) as well as Employment growth (V5), 0.195 and 
-0.030, respectively. The individual canonical correlations show strong correlations between the 
competitive well-being set X and the independent variables V6 (R&D expenditure as a share of 
GDP), V7 (Patent applications), and V8 (HRST), -0.849, -0.879 and -0.836, respectively, while 
small correlations are seen with V9 (Employed high-technology and knowledge-intensive work-
ers) and V10 (Labor productivity), -0.182 and 0.180, respectively (cf. Table 5). Based on CCA, 
the set X variables (except for the GDP growth, V4) are positively linked to the set Y variables 
(except the Labor productivity, V10).

5. CONCLUSION 
CCA was conducted on EU-28 countries in 2016-2018 using a set of five indicators for competi-
tive well-being and another set of five indicators for innovation resources. By using CCA, we 
have determined possible dependencies of two phenomena which are represented by number 
of features. The features of innovation were selected from the Eurostat database based on our 
judgement to best capture the perspectives of innovation resources ( Jašková, 2019; Johnson & 
Kaplan, 1987; Razavi et al., 2011; Sebestova & Sroka, 2020; Wasiluk & Ginevičius, 2020; Popescu 
G.H. & Ciurlău). Our well-being framework overlaps the OECD’s (2017) sustainable well-being 
framework: HDI (V2) captures health and education pillars, which together with the employ-
ment growth (V5), represent the OECD’s quality-of-life perspective, while GDP per capita (V3) 
and the GDP growth (V4) represent the material well-being perspective. Competitiveness (V1) 
is seen analogously with the OECD’s sustainability in the sense that competitiveness sustains 
well-being by supporting GDP growth and economic development through profitable competi-
tive transactions in global markets (Schwab, 2019; Bilan et al., 2020; Belas et al., 2018; Belas et al., 
2020; Cieślik & Michałek, 2018). Direct links were found from the latter to the first set: canoni-
cal correlations showed strong links from R&D expenditures, patent applications and HRST 
to competitiveness, GDP per capita and IHDI built on national levels of education, health and 
income. During the three-year research period, competitiveness obtained the greatest weight of 

83.26%

0.958
Set X: Set Y:

V6

V7

V8

V9

V10

43.72% 41.48%

-0.922 -0.849

-0.956 -0.879

-0.619 -0.836

0.195 -0.182

-0.030 0.180

V1

V2

V3

V4

V5

joc2020-4-v3.indd   15 29.12.2020   15:36:28



Journal of  Competitiveness 16

the competitive well-being indicators. Thus, competitiveness was clearly the key factor to sustain 
the well-being of EU nations, a finding in line with our presumptions. Further, some counter-
intuitive asymmetries between the EU countries were noted. For example, labor productivity 
per worked hours and real GDP growth rate were negatively correlated with other indicators. 
However, labor productivity was negatively related only to the employment growth in a statisti-
cally significant manner, while the latter was assigned with the smallest weight of the well-being 
features of the EU countries. 

The limitations of this research reside in the fact that it was a short-run analysis of the depend-
ence relation between competitive well-being and innovation. The complex nature of both the 
competitive well-being and innovation realm are linked to a wide range of factors out of the 
scope of this study. For example, the phase of an economic cycle, economic policies of govern-
ments as well as EU-level strategies change over time and, thus, using data from a period other 
than the recent years 2016-2019 of this study may produce different dependencies. To establish 
stable causal links over time, future research can be extended to a long-run analysis applying 
CCA in a time series (Akaike, 1976; Cao et al., 2019) and testing Granger causality.
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