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Abstract: Economic growth is a process of long-term transformation shaped by 
complex interactions between technology, economy, institutions and social factors. 
A considerable number of studies have shown that among these factors technologi-
cal advancement and particularly new knowledge generation capabilities may be 
one of the most important determinants of economic growth and development.  

Significant disparities in development levels can be observed between Polish 
regions. The aim of this paper is to look for the sources of these disparities in re-
gional capacity for new knowledge creation. The research method adopted in this 
paper is based on statistical analysis of the relationship between variables describ-
ing new knowledge generation capabilities and GDP per capita in two periods: 
2003–2004 and 2012–2013 in 16 Polish regions. Correlation and regression anal-
ysis results show that there is a strong positive relationship between regional dif-
ferences in new knowledge generation capabilities and variations in GDP per 
capita. The relationship is very strong when one considers three aspects of these 
capabilities: R&D employment and R&D expenditures denoting inputs to the new 
knowledge generation process and patenting activity representing its output. These 
results may serve as an indication for innovation policy at regional level. 
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Introduction 

 
Over the last 30 years, the innovation system concept has diffused quite 
rapidly among both researchers and policy makers. The origins of the con-
cept can, in fact, be traced back to both academia and policymaking, as 
major contributors to the concept seem to agree (see Sharif, 2006). It has 
been intended to help develop an alternative analytical framework to stand-
ard economics and to criticize its neglect of dynamic processes related to 
innovation and learning when analysing economic growth and development 
(Lundvall, 2007, p. 96). The innovation system concept was introduced by 
Lundvall (1985, 1988) and Freeman (1987), and further developed also by 
Nelson (1993) and Edquist (1997). The concept was first applied to the 
national level and the term “National System of Innovation” was used. 
Other authors took a slightly different approach to the systemic determi-
nants of the knowledge production processes and thus the concepts of Tri-
ple Helix (Etzkowitz & Laydesdorff, 1997), technological systems (Carls-
son & Stankiewicz, 1991), sectoral innovation systems (Breschi & 
Malerba, 1997) and regional innovation systems (Cooke, 1995) emerged, 
giving rise to a considerable body of literature and debates on the theme of 
innovation systems. 

One of the first international organisations to adopt the national innova-
tion system concept as an integral part of their analytical perspective was 
the Organisation for Economic Cooperation and Development (OECD), 
with others following afterwards: UNCTAD, European Commission, 
World Bank and IMF (Lundvall et al., 2002, p. 214). The OECD’s activi-
ties in the 1960s and 1970s led to a growing interest in the reasons for the 
disparity in national growth rates, and one of the explanations taken into 
consideration was the difference in research systems among countries 
(Lundvall et al., 2002, p. 215). The early contribution to the understanding 
that technological advancement may be one of the most important determi-
nants of economic growth and development is attributed to historically 
oriented economists (see: Castellacci, 2003; Fagerberg & Srholec, 2008). 
They have stressed the fact that economic growth is a process of long-term 
transformation shaped by the complex interactions between technology, 
economy, institutions and social factors (see: Fagerberg, 1994; Castellacci, 
2003;  Fagerberg & Godinho, 2005 for overviews). Since then, and most of 
all since 1980s, a lot of studies on the nature and measurement of innova-
tion capabilities and cross-country differences in levels of development and 
growth performance inspired by this perspective have emerged. A part of 
the work in this area focused mostly on comparing the impact which tech-
nological and other factors have on economic performance of nation states, 
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thus on searching for and in most cases finding a proof of a positive rela-
tionship between technological advancement and economic development 
(Freeman et al., 1982; Fagerberg, 1987; 1988a; 1994; 2000; Dosi et al., 
1990; Verspagen, 1991; Freeman, 2002; Fagerberg & Verspagen, 2003; 
Goo & Park, 2007; Fagerberg et al., 2007; Fagerberg & Srholec, 2008;  
Hasan & Tucci, 2010). The line of research included looking for reasons 
behind the existence of technological differences (technology gaps) and 
falling behind rather that catching up in case of certain groups of countries 
(Fagerberg, 1987; 1988a; 1988b; Verspagen, 1991; Fagerberg & 
Verspagen, 1996; 2002; 2003; Fagerberg et al., 2007;  Fagerberg & 
Srholec, 2008, Filippetti & Payrache, 2011,  Fagerberg & Srholec, 2013), 
as well as investigating factors influencing countries’ potential for technol-
ogy/innovation adoption and development (Furman et al., 2002; Furman & 
Hayes, 2004; Faber & Hesen, 2004; Cerulli, 2014).  

According to Lundvall (2010, p. 1), knowledge is considered to be the 
most fundamental resource in the modern economy, and acquiring it 
through learning is the most important process. Therefore, creation of new 
knowledge is usually placed at the heart of innovation systems and consid-
ered one of the most important capabilities determining economic devel-
opment. The main aim of this paper is to draw from the innovation capa-
bilities concept and determine the relationship between knowledge creation 
capabilities and economic development in Polish regions. The main as-
sumption is that differences in knowledge creation capabilities of Polish 
regions have a good explanatory value of regional variations in GDP per 
capita. The paper is structured as follows: Section 2 contains an overview 
of past research on innovation capabilities and their impact on economic 
development. In Section 3, a description of the adopted methodology for 
statistical data analysis is provided, including the choice of variables. Sec-
tion 4 contains a description of results on the relationship between varia-
tions in new knowledge creation capability and economic performance of 
16 Polish regions. Conclusions follow in the last section. 

 
 

Innovation/Technological Capabilities  

as Drivers of Economic Development:  

Overview of Recent Studies 
 

Technological capability of a country may be defined as “the ability to 
make effective use of technological knowledge in efforts to assimilate, use, 
adapt and change existing technologies” (Kim, 1997, p. 4 cited in Fager-
berg & Srholec 2008, p. 1419). This concept draws from the idea of Co-
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hen’s and Levinthal’s “absorptive capacity” of firms (1990, p. 128) and 
includes not only organized R&D, but also other capabilities needed for the 
commercial exploitation of technology. In this sense it also relates to a sys-
temic view of innovation, where a wide range of factors influencing inno-
vation generation and diffusion processes are taken into account. National 
innovative capacity, a term used by Furman, Porter and Stern, has the same 
connotations and  is defined as “the ability of a country – as both a political 
and economic entity – to produce and commercialize a flow of new-to-the 
world technologies over the long term” (Furman et al., 2002, p. 900). 
Therefore, the term “technological capability” may be used interchangeably 
with the term “innovation capability” or "innovation capacity”. 

The literature on the subject offers different views on the composition of 
technological/innovation capabilities of nations. The abovementioned con-
cept of “absorptive capacity” seems to have a lot of bearing on the under-
standing of factors influencing technological output and economic devel-
opment of nations. According to Abramovitz (1986; 1994), absorptive ca-
pacity may refer to “technological congruence”, meaning “resource availa-
bilities, factor supplies, technological capabilities, market scales and con-
sumer demands”, as well as “social capability” defined as “countries’ level 
of education and technical competence, the commercial, industrial and fi-
nancial institutions that bear on their abilities to finance and operate mod-
ern, large-scale business, and the political and social characteristics that 
influence the risks, the incentives and the personal rewards of economic 
activity” (Abramovitz, 1994, p. 24). Verspagen (1991), on the other hand, 
spoke about “intrinsic” learning capability, which he defined as depending 
on such variables as the education of the labour force and the quality of the 
infrastructure. Keller (1996) also adopted the view that the absorptive ca-
pacity of an economy has considerable influence over its performance but 
his definition of the term was narrower as he defined it as specific skills 
and knowledge accumulated in domestic human capital. These notions of 
absorptive capacity suggest that knowledge creation and accumulation are 
inseparable from human capital. 

The concept is also present in Fagerberg’s and Verspagen’s work (2002; 
2003) who distinguished between three sets of factors, which in their opin-
ion help explain economic growth: (1) innovation understood as creation of 
new knowledge in the country, (2) diffusion, i.e. potential for exploiting 
knowledge developed elsewhere and (3) absorptive capacity understood as 
complementary factors that contribute to the exploitation of diffusion po-
tential. Here, however, it relates to a broad set of factors creating an envi-
ronment conducive to exploiting accumulated knowledge. 
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The importance of human capital, among other factors influencing crea-
tion and diffusion of new technologies, has also been emphasised by other 
authors. Benhabib and Spiegel (1994), Papageorgiou (2002) and Stokke 
(2008) focused on human capital and learning capability as the most im-
portant factors of economic development, responsible for a country’s abil-
ity to imitate and absorb foreign advanced technologies. Lall (1992) also 
mentioned human capital as one of the aspects of national technological 
capabilities. He indicated three such aspects: (1) physical investment, (2) 
human capital and (3) technological effort (domestic and imported), which 
are strongly interlinked. The author emphasised that the quantity of re-
sources is even less important than their quality: what matters is not only 
plant and equipment, but mainly the efficiency with which physical capital 
is utilised, and not only human skills generated by formal education and 
training, but also the expertise gained during on-the-job training and 
through experience. National technological effort, according to the author, 
it is to be associated with a broad spectrum of production, design and re-
search work within firms, backed up by a technological infrastructure that 
provides information, standards, basic scientific knowledge and various 
facilities too large to be owned by private firms, but is also the result of the 
extent and nature of a country’s reliance on foreign technology. Archibugi 
and Coco (2004), who proposed a new measure of technological capabili-
ties of countries, also considered three dimensions of technological capabil-
ities, among which they included characteristics of nation’s human re-
sources: (1) creation of technology, (2) technological infrastructures and (3) 
development of human skills.  

Fagerberg and Srholec (2008), continuing research on the subject of 
specific national capabilities as factors influencing economic development, 
took a broader view and identified four types of capabilities/factors: (1) the 
development of the innovation system, (2) the quality of governance, (3) 
the character of the political system and (4) the degree of openness of the 
economy. In this case innovation capabilities of countries were “summa-
rised” by the term “development of the innovation system”, which were 
measured using a relatively broad spectrum of indicators associated with 
different aspects of both technological and social capabilities of nation 
states. Among the variables used to describe this capability, they used the 
number of patents and scientific articles, which are in fact measures of the 
output of new knowledge generation process. In their 2013 paper (Fager-
berg & Srholec, 2013) they used indicators related to innovation activities 
to describe broadly defined “social capabilities” of countries, since they 
found through factor analysis that there exists a strong interdependence 
between technological, social and cultural factors in the process of devel-
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opment. However, the abovementioned variables denoting the results of 
new knowledge creation, were also present and showed high correlation 
with the “social capabilities index”. 

Broad perspective on national innovation capabilities was shared by 
Furman et al. (2002) and Furman and Hayes (2004), who introduced the 
concept they termed a “national innovation capacity” (Furman et al., 2002) 
and described it as a result of three building blocks: (1) presence of a strong 
common innovation infrastructure, which includes a country’s overall sci-
ence and technology policy environment, the mechanisms in place for sup-
porting basic research and higher education, and the cumulative “stock” of 
technological knowledge upon which new ideas are developed and com-
mercialised, (2) specific innovation environments present in a country’s 
industrial clusters, meaning microeconomic environment in which firms 
compete, (3) strength of the linkages between the common innovation in-
frastructure and specific clusters, depending on mechanisms or institutions, 
such as a domestic university system or established funding sources for 
new ventures, which encourage the commercialisation of new technologies 
in particular clusters. Similarly, Faber and Hesen (2004) who also ap-
proached the subject of innovation capabilities from the perspective of fac-
tors influencing production of innovative output of an economy,  argued 
that the concept of National Innovation Systems comprises two broad cate-
gories of variables: (1) related to innovation processes within and among 
firms, and (2) related to the innovation infrastructure surrounding and ena-
bling innovations by firms, comprising economic, institutional and contex-
tual conditions. 

Castellaci and Natera (2013) also adopted a broad view on innovation 
capabilities. They discerned between two main factors influencing a coun-
try’s level of economic development: (1) innovative capability, and (2) 
absorptive capacity. Innovative capability was described by them as: (a) 
innovative input representing total efforts and investments carried out by 
each country for R&D and innovative activities, (b) scientific output denot-
ing results of research and innovation activities carried out by the public 
S&T system and (c) technological output defined as total output of techno-
logical and innovative activities carried out by private firms. Absorptive 
capacity, on the other hand, was considered to be determined by (a) interna-
tional trade, which represents the openness of the national system, which in 
turn influences a country’s capability to imitate foreign advanced 
knowledge, (b) human capital and its characteristics, (c) level and quality of 
infrastructures, which increases a country’s capability to absorb, adopt and 
implement foreign advanced technologies, (d) quality of institutions and 
governance system and (e) level of social cohesion and economic inequali-
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ty which influences the pace of diffusion and adoption of advanced 
knowledge within the country. 
 
 
Table 1. Knowledge creation as one of innovation capabilities – an overview of 
different approaches 
 

Author/s Capability Context of inclusion of knowledge creation  
capability or its aspects 

Verspagen (1991) 
Absorptive  
capacity  

Absorptive capacity is defined as “intrinsic” learning 
capability, implying the importance of knowledge accu-
mulated during the learning process. 

Lall (1992) 
Technological 
effort  

National technological effort is associated with a broad 
spectrum of activities and assets, basic scientific 
knowledge being one of them. 

Keller (1996) 
Absorptive  
capacity 

Absorptive capacity is defined as specific skills and 
knowledge accumulated in domestic human capital, so 
the author directly refers to the importance of knowledge 
creation. 

Fagerberg & 
Verspagen 
(2002; 2003) 

Innovation 
Innovation is understood as creation of new knowledge 
in the country. 

Furman et al. 
(2002) 

Common innova-
tion infrastructure 

Common innovation infrastructure includes the cumula-
tive “stock” of technological knowledge upon which 
new ideas are developed and commercialised. 

Archibugi & Coco 
(2004) 

Creation  
of technology 

Their “creation of technology” index is in fact based on 
measures of new knowledge creation process output, i.e. 
patents and scientific articles. 

Faber & Hesen 
(2004) 

Innovation pro-
cesses within and 
among firms 

Patents are used as one of the measures of output of 
innovation processes within firms. 

Fagerberg & 
Srholec (2008) 

Development of 
innovation system 

Authors include a broad spectrum of indicators to de-
scribe a level of development of innovation systems, 
using variables related to the results of new knowledge 
creation process such as number of patents and scientific 
articles. 

Archibugi & Coco 
(2005); Archibugi 
et al. (2009) 

Generation/ 
diffusion of 
knowledge 

Authors refer directly to the generation of new 
knowledge opposite its diffusion. 

Castellacci & 
Natera (2013) 

Innovative capa-
bility 

Innovative capability includes scientific output denoting 
results of research and innovation activities carried out 
by the public S&T system, which include new 
knowledge. 

 
Source: own work based on Verspagen (1991); Lall (1992); Keller (1996); Fagerberg & 
Verspagen (2002; 2003); Furman et al. (2002); Archubugi & Cocco (2004; 2005); Faber & 
Hesen (2004); Fagerberg & Srholec (2008); Archibugi et al. (2009); Castellacci & Natera 
(2013). 

 
Archibugi and Coco (2005) and Archibugi et al. (2009) point out that 

different views on technological/innovation capabilities of nations agree on 
the fact that they are composed of heterogeneous elements, which can be 
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summarised in three contrasts: (a) embodied (i.e. capital good, infrastruc-
ture etc.) /disembodied (human skills and technological expertise), (b) codi-
fied (blueprints, patents etc.) /tacit (learning processes), and (c) generation 
(creation of new knowledge)/diffusion (assimilation of new knowledge 
generated elsewhere). 

The above overview allows to conclude that knowledge creation re-
mains one of the most important factors taken into account when analysing 
the impact of different national capabilities on economic development. 
Table 1 contains a summary of different approaches to innovation  and 
technological capabilities with description of context in which knowledge 
creation is included amongst other capabilities. It appears that all the ana-
lysed studies referred to some form of knowledge creation or accumulation 
capability, either in a direct form or indirectly, through inclusion of varia-
bles measuring the output of knowledge generation process. 
 
 
Research Methodology 
 
In order to study the impact of knowledge creation capability on economic 
development of Polish regions a set of five variables describing the former 
has been chosen. The choice of variables is based on past practices adopted 
in studies outlined in the previous section but also with data availability in 
mind. Definitions of the variables are presented in table 2, along with de-
scription of data sources. 

Statistical data analysis in this paper is partly based on construction of 
composite indicators of new knowledge generation capability (KnowCap) 
for 16 Polish regions. Composite indicators are not a new tool for analysing 
innovation system performance. The most recent, and probably the most 
widely recognised, examples of the implementation of this tool are the In-
novation Union Scoreboard1 (see for example Hollanders & El-Sadki, 
2013) and its counterpart: the Regional Innovation Scoreboard (see for 
example Hollanders et al., 2012) that have been regularly measuring inno-
vative performance of EU national and regional economies for over 10 
years. Other examples may include the European Competitiveness Index 
(Huggins & Davies, 2006) or the Global Competitiveness Report (see for 
example Schwab, 2012). 

 
 
 

                                                 
1 Formerly: European Innovation Scoreboard. 
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Table 2. Definitions of variables measuring new knowledge generation capabilities 
in Polish regions and data sources 
 

No. Definition Data sources 

1.1 

Units with research and develop-
ment  (R&D) activity per 100 
thousand entities of the national 
economy 

LDB 2003-2013 

1.2 
UPRP patent applications per 
million inhabitants  

own calculations based on NiT 2004-
2008 (number of patent applications) and 
LDB 2004-2008 (population statistics) 
plus LDB 2009-2013  

1.3 
UPRP utility model applications 
per million inhabitants  

own calculations based on NiT 2004-
2013 (number of utility model applica-
tions) and LDB 2004-2013 (population 
statistics)  

1.4 

Employment in research and de-
velopment per thousand economi-
cally active persons (full time 
equivalent)  

LDB 2002-2013 

1.5 
Total R&D expenditures in PLN 
per one economic entity  registered 
in REGON system 

own calculations based on LDB 2000-
2013 (total R&D expenditures and num-
ber of economic entities registered in 
REGON system)  

Notes: UPRP – Polish Republic Patent Office, NiT – Nauka i technika w ... roku – a series 
of Polish Central Statistical Office publications (GUS 2006; 2007-2014), LDB – Local Data 
Bank of Central Statistical Office in Poland. 
 
Source: author. 

 
Saisana and Tarantola (2002, p. 5) are of the opinion that: “Indicators 

are pieces of information that summarise the characteristics of a system or 
highlight what is happening in a system. They are often a compromise be-
tween scientific accuracy and the information available at a reasonable 
cost”. They propose a definition of composite indicators as “based on sub-
indicators that have no common meaningful unit of measurement and there 
is no obvious way of weighting these sub-indicators” (Saisana & Tarantola, 
2002).  

Construction of composite indicators requires data standardisation in or-
der to permit calculation of a sum of the chosen variables. The method 
chosen in this study additionally imposes normal distribution of the data 
and simultaneously allows to eliminate the influence of extreme values as 
they might prove to be unreliable outliers and distort the model estimation 
results: 
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The analysis is conducted for two two-year periods: 2003–2004 and 

2012–2013, for which the values of most of the variables2 have been avail-
able. A two-year average has been calculated for each of the analysed vari-
ables in each period. The inclusion of two periods of analysis makes it pos-
sible to test for any changes in the relationship between regional variations 
in performance within the two areas being the subject of this study and also 
conclude whether past performance related to new knowledge generation 
has had any influence over current results pertaining to the level of eco-
nomic development. 

New knowledge generation capability indicators (KnowCap) are calcu-
lated as an average of standardised value of variables in each period of 
analysis. Thus all the variables measuring the capabilities are assigned 
equal weights. 

Regional performance within new knowledge generation capability is 
tested against economic performance measured by GDP per capita, which 
is one of the most common variables used to describe the level of economic 
development. The aim of this approach is to recognise to what extent re-
gional differences in new knowledge generation capability may be respon-
sible for variations in economic performance of Polish regions. Correlation 
coefficients are calculated and regression analysis is performed to deter-
mine the relationship between these variations. Positive linear relationship 
between them is sought, signifying that better performance in the field of 
new knowledge generation is characteristic for regions with better econom-
ic performance. Additionally, correlation and regression results are used to 
indicate which of the variables describing new knowledge generation capa-
bilities are most important from the point of view of GDP per capita level.  

 
 

Research Results  
 

Poland’s territory is divided into 16 regions which correspond to the 
NUTS-2 level of the administrative divisions of countries for statistical 
purposes. There are significant disparities in economic performance be-
tween these regions: GDP per capita in 20123 ranged from 66,755 PLN 
(Mazowieckie voivodeship) to 29,333 PLN (Podkarpackie). The economic 
predominance of a few regions over other parts of Poland is evident, with 

                                                 
2 Variable no. 1.3 and GDP per capita are the only exceptions. 
3 Latest available data. 
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significantly lower values of economic indicators in the eastern part of the 
country (Figure 1). What is more troubling is the fact that these disparities 
have not diminished over time – variation coefficient of GDP per capita in 
2000–2012 period has grown from 21,6% to 25,2%, although it needs to be 
mentioned that its accelerated growth has been observed since 2009 – after 
the world financial and economic crisis (Figure 2).  

 
 

Figure 1. Spatial distribution of GDP per capita in Poland in 2012 (NUTS-2 level) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Local Data Bank of Central Statistical Office in Poland (Regional accounts/Gross 
Domestic Product (current prices) – PKD 2007 (NACE rev. 2) - ESA 2010/ Gross domestic 
product per capita (NTS-2, 2000–2014)). 
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Since innovation can be a strong disequilibrating factor in the processes 
of economic growth, triggering the pervasive differential growth rates be-
tween geographical areas (Fagerberg & Verspagen, 1996; Verspagen, 1999; 
Howells, 2005), it is the aim of this paper to look for the sources of indicat-
ed disparities in the regional performance within capability of generating 
new knowledge for innovative activity.  

 
 

Figure 2. Variation coefficient of GDP per capita for 16 Polish regions in 2000-
2012 period 

 
 
Source: own calculations based on: Local Data Bank of Central Statistical Office in Poland 
(Regional accounts/ Gross Domestic Product (current prices) – PKD 2007 (NACE rev. 2) - 
ESA 2010/ Gross domestic product per capita (NTS-2, 2000–2014)). 
  

A look into regional disparities in the level of the five variables used in 
this paper to describe new knowledge generation capabilities allows to 
conclude that they remain high or very high for all the analysed indicators 
(Figure 3). 

The biggest differences between regions can be observed in R&D ex-
penditures (1.5) and employment in R&D (1.4). Regional variations in in-
tellectual property rights protection activity (1.2, 1.3) seem to remain quite 
constant while disparities in the number of units conducting research and 
development diminish.  
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Figure 3. Variation coefficients of five variables describing new knowledge gener-
ation capabilities for 16 Polish regions in 2000-2013 period 

 
Source: own calculations based on data sources indicated in Table 1. 

 
Correlation results, however, suggest that the factors which differentiate 

regions the most do not necessarily have the strongest bearing on variations 
in their development level (Table 3). 

 
 

Table 3. Results of correlation analysis between variables describing new 
knowledge generation capability and GDP per capita  
 

Variable no.  
2003-2004 2012-2013 

1.1 1.2 1.3 1.4 1.5 1.1 1.2 1.3 1.4 1.5 

20
03

-2
00

4 

1.1 1.000 
         

1.2 0.589 1.000 
        

1.3 0.596 0.461 1.000 
       

1.4 0.746 0.742 0.636 1.000 
      

1.5 0.875 0.661 0.663 0.949 1.000 
     

20
12

-2
01

3 

1.1 0.932 0.678 0.580 0.691 0.787 1.000 
    

1.2 0.682 0.900 0.618 0.857 0.807 0.708 1.000 
   

1.3 0.560 0.590 0.870 0.677 0.645 0.609 0.667 1.000 
  

1.4 0.813 0.739 0.542 0.954 0.916 0.763 0.838 0.645 1.000 
 

1.5 0.911 0.570 0.540 0.824 0.918 0.828 0.691 0.592 0.886 1,000 

GDP per capita 
2003-2004 

0,623 0.866 0.493 0.806 0.776 0.630 0.802 0.554 0.740 0.624 

GDP per capita 
2012 0,662 0.894 0.466 0.832 0.801 0.677 0.854 0.536 0.791 0.663 

 
Source: own calculations based on data sources indicated in Table 1. 
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Regional variations in GDP per capita show the highest correlation with 
differences in number of patent applications per million inhabitants. 
A strong relationship is also evident between regional variations in em-
ployment in R&D as well as R&D expenditures and regions’ economic 
development levels, while differences in economic units’ engagement in 
R&D and number of utility model applications show much weaker correla-
tion. 

Regional variations in values of composite indicator of new knowledge 
generation capabilities (KnowCap indicator), calculated as an average of all 
five variables in standardised form, show a high correlation with regional 
differences in GDP per capita: correlation coefficient of 0.794 for 2003–
2004 period and 0.753 for 2012–2013, which means that there is a strong 
positive relationship between regional performance in new knowledge crea-
tion and regional development. A slightly higher correlation has been ob-
served between values of new knowledge generation composite indicator 
calculated for the period of 2003–2004 and GDP per capita in 2012: coef-
ficient of 0.816, signifying an even stronger positive relationship between 
past new knowledge generation effort and present value of GDP per capita. 
Such results are understandable, since creation of new knowledge is an 
important but nevertheless only a first step in a time consuming innovation 
process which needs to result in implementation of new products and pro-
cesses and later in their diffusion, to have economic impact (OECD, 2005, 
p. 17). 

A closer look at the results of correlation analysis in Table 3 and regres-
sion analysis presented in Table 4, especially regarding the values of coef-
ficients of determination (R2), allow to conclude that variations in the level 
of development between Polish regions are most strongly determined by 
differences in three areas: two related to input to the new knowledge gener-
ation process – R&D employment (1.4) and R&D expenditures (1.5) and 
one representing its output – number of patent applications (1.2).  
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Table 4. Regression results for the relationship between new knowledge genera-
tion capabilities composite indicator (KnowCap) and GDP per capita  
 

KnowCap (average of five variables) KnowCap (average of three variables) 

KnowCap 2003-2004 and GDP per capita 2003-2004 

Parameters Stand. error p R2 Parameters Stand. error p R2 

β0 -1,22E-16 0,1621 1 0,6311 β0 1,13E-16 0,1188 1 0,8018 

β1 1,5012 0,3067 < 0,001 β1 2,0722 0,2753 < 0,001   

KnowCap 2012-2013 and GDP per capita 2012 

Parameters Stand. error p R2 Parameters Stand. error p R2 

β0 -5,55E-17 0,1760 1 0,5665 β0 1,87E-16 0,1541 1 0,6674 

β1 1,7229 0,4028 < 0,001 β1 2,3680 0,4467 < 0,001   

KnowCap 2003-2004 and GDP per capita 2012 

Parameters Stand. error p R2 Parameters Stand. error p R2 

β0 -9,80E-17 0,1544 1 0,6662 β0 1,44E-16 0,1024 1 0,8533 

β1 1,5448 0,2923 < 0,001 β1 2,1410 0,2373 < 0,001   
 
Source: own calculations based on data sources indicated in Table 1. 

 
Figures 4 and 5 report the relationships between synthetic measures of 

new knowledge generation capabilities (KnowCap) in 16 Polish regions 
and their GDP per capita – while in Figure 4 composite indicator is calcu-
lated as an average of all five analysed variables, in Figure 5 only three 
variables mentioned above have been used in its composition. 

 
 

Figure 4. New knowledge generation capability composite indicator (average of 
five variables) and GDP per capita in 16 Polish regions 

 
Source: own calculations based on data sources indicated in Table 1. 
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In both figures, only the cases which represent the relationship between 
past new knowledge creation activity characteristics and present level of 
development have been shown, since, according to R2 values, they repre-
sent a better goodness of fit of a relationship model analysed in this paper.  
 
 
Figure 5. New knowledge generation capability composite indicator (average of 
three variables) and GDP per capita in 16 Polish regions 

 
Source: own calculations based on data sources indicated in Table 1. 

 
The analysis of the relationship between new knowledge generation ca-

pabilities and GDP per capita conducted separately for each of the periods: 
2003–2004 and 2012–2013, has also returned higher R2 scores when com-
posite indicators consisting of three instead of five variables have been used 
to measure the former. These results allow to conclude that the  relationship 
between GDP per capita and new knowledge generation capabilities char-
acterised by the level of R&D employment, R&D expenditures and number 
of patent applications, is most likely linear in nature. 
 
 
Conclusions 

 
Economic growth is a process of long-term transformation shaped by the 
complex interactions between technology, economy, institutions and social 
factors. However, a considerable number of studies have shown that tech-
nological advancement may be one of the most important determinants of 
economic growth and development and the term “innovation capabilities” 
became widely used both in innovation research and policy. 
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According to one of the first contributors to the national innovation sys-
tems concept (Lundvall, 2010, p. 1), knowledge is considered to be the 
most fundamental resource in the modern economy, and acquiring it 
through learning the most important process. Therefore, creation of new 
knowledge should be considered the most crucial element of innovation 
capabilities of countries or regions.  

Significant disparities in development levels can be observed between 
Polish regions. The aim of this paper was to look for the sources of these 
disparities in one of the aspects of regional innovation capabilities – capaci-
ty for new knowledge creation. Analysis results show that there is a strong 
positive relationship between regional differences in new knowledge gen-
eration capabilities and variations in GDP per capita. The relationship is 
stronger when one considers three aspects of new knowledge creation: 
R&D employment and R&D expenditures denoting inputs to the process 
and patenting activity representing its output. The share of units with R&D 
activity and number of utility model applications per million inhabitants 
has proven to have a lesser significance from the point of view of regional 
development level. 

Also a time lag can be observed in the relationship between the regional 
differences in efforts to create new knowledge and the level of economic 
development. The observed relationship turned out to be stronger when past 
new knowledge generation effort and present regional economic perfor-
mance was considered. 
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