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Abstract 
Present-day economy is based on intangible values, with knowledge, information and innovation constituting the 

fundamental determinants of development. Standards of regions' socio-economic development are largely based 

on innovation and transfer of technology. It is innovativeness of regional economies that is the key factor of their 

competitive standing and leads to their success. Building of the competitive edge, based on knowledge and 

innovations, improves innovativeness of a territorial unit and is capable of guaranteeing continuing socio-

economic development of regions. This paper evaluates differences in innovative potential of Polish regions as 

related to research and development activities in 2010 and 2015 and standards of Polish regions' innovativeness 

in the same years. The standard Z. Hellwig method is used to evaluate innovativeness of Polish regions, which are 

then grouped accordingly: regions of maximum, high, low, and minimum standards of innovativeness are 

differentiated. This is supplemented with Ward's clustering method to group provinces similar in respect of the 

phenomenon analysed. 
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1 Introduction 

Socio-economic development of regions relies heavily on innovation and transfer of 

technology. It is to a substantial degree dependent on standards and levels of research and 

development and on implementation of its results to drive an economy(Miłek, 2016). Improving 

innovativeness, considered the key factor of competitiveness, is a challenge to the Polish 

economy. Research and development activities, in particular, R&D spending, are essential 

determinants of innovativeness of individual economies. Progress of innovation processes 

across regions is not even, however (Miłek and Nowak, 2010; Miłek, 2016). Innovative 

potential of regions and their ability to create and absorb innovation are highly disproportionate. 

Building of the competitive edge, based on knowledge and innovation, improves innovativeness 

of a territorial unit and can guarantee continuing socio-economic development of regions 

(Markowska and Strahl, 2012). It is the objective of this paper to evaluate differences of 

innovative potential of Polish regions with regard to research and development activities in 

2010 and 2015 and of innovation standards of regions in Poland in the same years. The standard 

Z. Hellwig method is applied to assessment of innovativeness of Polish regions and the 

provinces are grouped according to maximum, high, low, and minimum standards of 

innovativeness. This is supplemented with Ward's clustering method to group provinces similar 

in respect of the phenomenon analysed. 
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2 Innovative potential of Polish regions in respect of research and 

development activities  
Choice of innovation metrics is important to evaluation of innovative potential of the regions 

in Poland, defined as their capacity for generating and transferring innovations. Regional 

innovativeness is largely characterised by research and development (R&D) spending – 

expressed in absolute terms, relative to GNP or one inhabitant – and the associated employment 

- in absolute terms, divided into categories of research and development staff, and compared to 

active employees. Indicators connected to effects of innovation activities, namely, protection 

of intellectual and industrial property (number of patents per 1 million population) and to 

innovative activities of enterprises in a region are important as well. Descriptors of the number 

of research and development entities and saturation of a region with pro-innovative institutions, 

e.g. centres of innovation and entrepreneurship (OIiP), play an important role. 

 

In 2015, research and development spending totalled PLN 18 060.7m (at current prices) and was 

PLN 7644.3m, or 73.4%, greater than in 2010. This denotes a significant rise over the period of 

six years. Analysis points to prevalence of mazowieckie region in both the years studied: PLN 

4248.7m in 2010 and PLN 6946.1m in 2015, that is, 40.8% and 38.5% of the overall R&D 

expenditure. In 2010, the leading mazowieckie province was followed by the following regions: 

małopolskie (10.5%), śląskie (8.1%), wielkopolskie (7.5%), and dolnośląskie (6.0%). The poorest 

indications were noted by lubuskie and opolskie (0.4%), podlaskie (1.0%), świętokrzyskie 

(1.6%), warmińsko-mazurskie, and zachodniopomorskie (1.7%) provinces. R&D spending by 

mazowieckie province in 2015 had increased dramatically over 2010 (by approximately 63.5%) 

and was nearly three times as high as that of małopolskie – 94.1% (coming 2nd) and more than 

five times that of śląskie – 59.9% (3rd). On the other hand, lubuskie and opolskie regions, seen 

as weakly developed, accounted for the following shares in the national Polish spending on R&D 

in 2015: 0.49% and 0.67%, respectively, that is, more than seventy and sixty times lower than 

spending by the leading mazowieckie province. The position of warmińsko-mazurskie, 

zachodniopomorskie and świętokrzyskie regions was weak – their shares in R&D expenditure 

reached 0.85%, 1.23% and 1.45%, respectively. These five provinces accounted for a mere 4.69% 

of R&D spending. R&D expenditure is highly concentrated in respect of space. In both the years 

studied, five regions where key cities are situated drew nearly 72% (2015) and 73% (2010) of the 

resources spent in the sector (Statistical Yearbook …2011 and Statistical Yearbook…2016). 

 

The proportion of R&D spending to the gross national product represents intensity of the 

expenditure. The metric, treated as a fundamental measure in areas of science and technology, 

was 0.74% in 2010. Mazowieckie region continued to dominate in this respect as well, 1.36%, 

followed by małopolskie – 1.00% - and podkarpackie – 0.92%. The indicator exceeded the 

national average for Poland only in these regions. It was lower in lubelskie (0.64%), łódzkie 

(0.63%), pomorskie (0.60%), and wielkopolskie (0.58%) regions, where it ranged between 

0.64% and 0.58%. Lubuskie, opolskie, kujawsko-pomorskie, zachodniopomorskie and 

podlaskie experienced the lowest values of 0.14%, 0.12%, 0.31%, 0.31%, and 0.32%, 

respectively. The intensity of R&D spending in Poland amounted to 0.94 in the other year 

analysed. This national average was exceeded by the following four regions: mazowieckie – 

1.70%, małopolskie and podkarpackie – 1.38%, pomorskie – 1.05%, and lubelskie – 1.03%, 

whereas its value was minimum for lubuskie province – 0.18% (Statistical Yearbook…2011 

and Statistical Yearbook…2016; Local Data Bank 2011 and 2016). 

 

Patent generating activity is a measure of advancement of research and development. In 2015, 

there were 2404 patents in absolute terms, that is, 1019 patents, or 73.6%, more than in 2010. 

Number of patents per 1m population shows dominance of dolnośląskie region in the area of 



 6th Central European Conference in Regional Science – CERS, 2017  - 445 - 

 

innovation effects: 92.9 in 2015 (50.1 in 2010 – growth by more than 85.4%). Innovation 

indicators are somewhat lower in the case of mazowieckie (92.1) and lubelskie (86.3) regions 

– in 2010, 60.2 and 25.2, respectively. Warmińsko-mazurskie – 21.5 (12.4 in 2010) and 

lubuskie – 22.6 (6.8 in 2010) ranked lowest, proof of weak patenting processes. The strong 

position of opolskie province is noteworthy among regions exhibiting low R&D spending in 

absolute terms and relative to the GNP – it ranked eighth with the value of 49.1 in 2015 (27.5 

in 2010) – (Statistical Yearbook…2011 and Statistical Yearbook…2016). 

 

Employment in the field of research and development activities is another measure of 

innovative potential. FTE1 employment2 in R&D per 1000 active workers and the share of 

Professorship and Doctorship holders in numbers of R&D staff are fundamental to analysis in 

this respect. 4427 entities operated in 2015, that is, 2260, or 150.5% more than in 2010. In 2010, 

a majority of these centres were located in: mazowieckie – 439 (24.8% of all the entities), 

śląskie – 234 (13.2%) and wielkopolskie - 168 (9.51%) regions, whereas the fewest in lubuskie 

province – 23 (1.3%). Classifications of the leading and weakest regions did not change in 2015 

(% shares of all the entities were comparable). It should be stressed nearly a half of research 

and development institutions were concentrated in the three leading regions in both the years 

analysed.  

 

Categorisation of the regions in respect of FTE R&D employment per 1000 active workers 

ranks mazowieckie province as the leader in both the years at: 11.6 in 2015 and 10.8 in 2010. 

Świętokrzyskie was the poorest region in 2015, with the indicator of 2.2 (in 2010 – 1.7). The 

share of Professorship and Doctorship holders in numbers of R&D staff was maximum in 2010 

in the following provinces: zachodniopomorskie (0.79), warmińsko-mazurskie (0.78), lubuskie 

(0.68), dolnośląskie and opolskie (0.67) and minimum in świętokrzyskie region (0.21). In 2015, 

the highest indicators in this regard were attained by: zachodniopomorskie (0.68), lubuskie 

(0.67), warmińsko-mazurskie (0.63) and podlaskie regions (0.61), whereas the lowest by 

podkarpackie (0.23) – (Statistical Yearbook…2011 and Statistical Yearbook…2016).    

 

Indicators concerning innovation and entrepreneurship centres (OIiP)3 are the final measure of 

regional innovation resources to be discussed. In 2010, most were located in the following 

regions: śląskie – 88 (12.0% of all the centres), mazowieckie – 67 (9.1%) and wielkopolskie 

with just one fewer than in mazowieckie, i.e. 66 (8.9%). Fewest centres were noted in lubuskie 

– 22 (3.0%), opolskie – 17 (2.3%), and świętokrzyskie– 24 (3.3%) provinces. In 2015, the 

highest saturation of OIiPs, 681, was identified in mazowieckie – 84 (12.3% of all), śląskie – 

81 (11.9%) and wielkopolskie – 69 (10.1%), with minimum concentrations in: opolskie – 11 

(1.6%), lubuskie – 20 (2.9%), podlaskie – 22 (3.2%), and świętokrzyskie – 23 (3.4%) regions 

– (Innovation centres … Reports 2012 and 2014). This analysis of innovative potential of Polish 

regions demonstrates a great diversity. A marked prevalence of mazowieckie province in 

respect of nearly all the potential indicators is notable. Attempts at bridging the gap to 

mazowieckie region are promising signs in development of innovation resources of the 

provinces in the period discussed.  

                                                 
1 FTE – Full-Time Equivalents serve to establish actual employment in research and development sector. One Full-Time 

Equivalent means one man-year dedicated solely to research and development activities (Statistical Yearbook …2016). 
2 The figures concern only staff directly involved in R&D and devoting to it a minimum of 10% of their nominal working time. 
3 Innovation and entrepreneurship centres comprise: entrepreneurship centres (training and avisory centres, entrepreneurship 

centres, business centres, pre-incubators, business incubators), innovation centres (technology, science, science and technology, 

industrial and technology parks, techno-parks, technology incubators, technology transfer centres, academic entrepreneurship 

incubators, innovation centres) and non-banking financial institutions (regional and local lending funds, credit guarantee funds, 

seed capital funds, business angel networks) – (Innovation… Report 2014).  
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3 Analysis and evaluation of innovativeness of Polish regions in 2010 and 

2015 

Innovativeness of Polish provinces was assessed in 2010 and 2015 as a supplement to research 

into innovative potential of Polish regions. Innovativeness of regions is a function of many 

processes and phenomena. Its complexity requires application of synthetic metrics and selection 

of appropriate diagnostic variables in order to effectively measure regional innovativeness 

(Nowakowska 2009). Choice of diagnostic variables fulfils three basic criteria: material, formal 

and statistical (Strahl, 2006). Considering the available literature and the scope of analysis 

undertaken in this paper, a list of characteristics serving to determine innovativeness of Polish 

regions has been determined. Initially, a material and formal analysis of data has produced 16 

diagnostic variables4: 

X1 – number of R&D units per a thousand population; 

X2 – industrial enterprises cooperating as part of cluster initiatives per % of actively innovative 

enterprises (10-249 staff); 

X3 – EPC5 employment6 in R&D activities per 1,000 active workers; 

X4 – (percentage) share of R&D employees in overall employment; 

X5 – share of Professorship and Doctorship holders in numbers of R&D staff; 

X6 – share of new/ substantially improved products sold by industrial enterprises in the total 

sales value (%); 

X7 – internal R&D spending per R&D employee (PLN K); 

X8 – internal R&D spending (current pricing) per one inhabitant (PLN); 

X9– spending on innovation activities by enterprises as related to gross fixed asset expenditure 

(%); 

X10 – spending on innovation activities by industrial enterprises as related to national spending 

(%); 

X11 – spending on innovation activities by enterprises as related to GNP (PLN); 

X12 – spending on research and development activities by enterprises as related to GNP (current 

pricing) (%); 

X13 – number of patents issued by the Polish Patent Office per 1m population; 

X14 – number of innovation and entrepreneurship centres; 

X15 – active research units per 100,000 economic units; 

X16 – spending on innovation R&D activities by industrial enterprises (PLN k).  

 

Selected diagnostic variables should display high diversification and low correlation with the 

remaining variables (Stec, 2011). In order to generate a final set, the variables were reduced by 

means of the following statistical criteria: coefficient of variation and coefficient of correlation. 

As the variables are highly varied in both the years analysed (coefficient of variation V≥30%), 

no characteristic was eliminated from the set of variables. Due to the high correlation with 

others, the following variables were excluded (coefficient of correlation above 0.8): X1, X3, X4, 

X8 and X9. 11 diagnostic variables, or stimulants7, were ultimately adopted.  

 

Z. Hellwig taxonomic measure of development (1968) was employed for the purposes of the 

research objective. This method of linear ordering helped to identify innovation standards of 

Polish provinces. The method is based on design of an abstract object P0, referred to as 

                                                 
4 In view of the available data, X11, X12 and X14 relate to 2014. 
5 FTE – Full-Time Equivalents serve to establish actual employment in research and development sector. One Full-Time 

Equivalent means one man-year dedicated solely to research and development activities. 
6 The figures concern only staff directly involved in R&D and devoting to it a minimum of 10% of their nominal working time. 
7 Stimulants are variables whose high values are proof of high development of a phenomenon, whereas high values of 

destimulants point to low development (Zeliaś, 2000). 
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development standard. Items examined are grouped by their distance from the standard. Design 

of the taxonomic metric of development involves compilation of an input matrix of diagnostic 

variables and standardisation of values to arrive at comparability of variables (Nowakowska, 

2009). The metric has been applied in the present article to order the provinces according to 

levels of their innovativeness. To reduce the data to comparable values, the characteristics were 

standardised8 as the difference between value of a characteristic and arithmetic mean by standard 

deviation (for stimulants). The development standard was then defined as an abstract object P0 

with its highest values for stimulants. Calculating distances between the regions and the standard 

adopted, P0 (Euclidean distance) was the next step. In order to normalise values of di, a relative 

taxonomic metric of development was designed. The synthetic measure of development, di, 

ranges between 0 and 1 and is interpreted as follows: the closer it is to one, the less distant a 

unit (region) is from the standard and the more developed it is. 

 

On the basis of the eleven characteristics, the regions were classified by means of Z. Hellwig’s 

synthetic measure in order to assess their innovative standing. Ordering the objects with the aid 

of Z. Hellwig metric, mazowieckie region was indicated as the leader of the innovation potential 

ranking (value of the metric – 0.58) in 2010. The remaining regions follow it at a considerable 

distance (Table 1). Śląskie (0.46) and pomorskie (0.44) rank next, with podlaskie (0.10) trailing 

last.  

 

In the other year analysed, 2015, mazowieckie continued as the most innovative province (value 

of the indicator – 0.50), though its indicator is 8 points lower than in 2010 (Table 1). 

Małopolskie (0.43) and podkarpackie (0.46) were rated among the most innovative regions. 

The development distance between mazowieckie and podkarpackie provinces narrowed by 28 

points over the years analysed. On the other hand, warmińsko-mazurskie (0.06 – the indicator 

had fallen by 6 since 2010) and lubuskie (0.06 – the indicator declining by 17 points since 2010) 

rank lowest. Distances between the regions and the standard in 2010 and 2015 are illustrated in 

Figure 1. 

 
Fig. 1. Polish regions ranked with regard to their innovation standards in 2010 and 2015. 

 
Source: The author’s own compilation based on figures in Table 1. 

                                                 
8 The arithmetic mean and standard deviation computed for the entire period studied were applied to the process of 

standardisation. Such an operation is required to assure comparability of data over time (Zeliaś 2000). 
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The synthetic indicator of regions’ innovativeness calculated for 2010 and 2015 served to group 

provinces of similar standards of innovation. Four groups were identified in this way 

(Adamowicz, Janulewicz 2012): 

Group I: regions of maximum level of innovation, 𝑑𝑖 ≥ 𝑑�̅� + 𝑆𝑑𝑖; 
Group II: regions of high level of innovation, 𝑑�̅� ≤ 𝑑𝑖 < 𝑑�̅� + 𝑆𝑑𝑖 
Group III: regions of low level of innovation, 𝑑�̅� − 𝑆𝑑𝑖 ≤ 𝑑𝑖 < 𝑑�̅�; 
Group IV: regions of minimum level of innovation, 𝑑𝑖 < 𝑑�̅� − 𝑆𝑑𝑖. 
where:  

di – value of the synthetic metric;  id – arithmetic mean of the synthetic metric; 

Sdi – standard deviation of the synthetic metric. 

 

Mazowieckie, śląskie and pomorskie regions constituted the group of maximum innovativeness 

in 2010. In 2015, mazowieckie remained the leader and the group was expanded with 

podkarpackie and małopolskie provinces. The second of the four groups consisted of 

małopolskie, dolnośląskie, wielkopolskie and kujawsko-pomorskie regions in 2010, with Z. 

Hellwig indicator in the range <0.40;0.27>. In 2015, that group also included lubelskie, śląskie 

and pomorskie provinces, with podkarpackie promoted to the higher grouping and kujawsko-

pomorskie relegated to the lower. Group three – low innovation standard – comprised in 2010 

the following seven regions: podkarpackie, warmińsko-mazurskie, lubelskie, łódzkie, 

zachodniopomorskie, opolskie and świętokrzyskie. In 2015, podkarpackie and lubelskie 

provinces advanced a group and warmińsko-mazurskie dropped to the fourth grouping. The 

class of the minimum innovativeness contained lubuskie and podlaskie region in 2010, to be 

extended with warmińsko-mazurskie in 2015, whereas podlaskie joined group three. 
 

Table 1. Innovativeness of Polish provinces in 2010 and 2015 on the basis of Z. Hellwig taxonomic measure 

of development 
Rok 2010 Rok 2015 

Lp. Województwo Wskaźnik 

di 

Lp. Województwo Wskaźnik 

di 

GRUPA I 

<1;0,40> <1;0,43> 

1 Mazowieckie 0,58 1 Mazowieckie 0,50 

2 Śląskie 0,46 2 Podkarpackie 0,46 

3 Pomorskie 0,44 3 Małopolskie 0,43 

GRUPA II 

<0,40;0,27> <0,43;0,29> 

4 Małopolskie 0,33 4 Śląskie 0,42 

5 Dolnośląskie  0,31 5 Dolnośląskie 0,39 

6 Wielkopolskie 0,30 6 Lubelskie  0,38 

7 Kujawsko-pomorskie 0,27 7 Wielkopolskie 0,35 

 8 Pomorskie 0,35 

GRUPA III 

<0,27;0,13> <0,29;0,14> 

8 Podkarpackie 0,26 9 Łódzkie 0,31 

9 Warmińsko-mazurskie 0,23 10 Kujawsko-pomorskie 0,20 

10 Lubelskie 0,23 11 Zachodniopomorskie 0,18 

11 Łódzkie 0,20 12 Podlaskie 0,17 

12 Zachodniopomorskie 0,17 13 Świętokrzyskie 0,17 

13 Opolskie 0,15 14 Opolskie 0,15 

14 Świętokrzyskie 0,19  

GRUPA IV 

<0,13;0> <0,14;0> 

15 Lubuskie 0,12 15 Warmińsko-mazurskie 0,06 

16 Podlaskie 0,10 16 Lubuskie 0,06 

Source: The author’s own calculations. 
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Analysis of innovative potential shows a growing significance of innovation in development of 

a majority of Polish regions. The indicator in 2015 showed the same leader as in the reference 

year, 2010 – mazowieckie region, in spite of a lower synthetic indicator. This high ranking of 

mazowieckie province in both the years analysed was determined by its top scores for the seven 

indicators selected. Both sizes of the particular groups and ranking on the provinces were 

different in 2015 than in 2010. Only mazowieckie (1) and dolnośląskie (5) retained the same 

ranks. The provinces rising in the classification included: podkarpackie (by 6 places), lubelskie 

and podlaskie (by 4), łódzkie (2 ranks), małopolskie, świętokrzyskie, zachodnio-pomorskie (1 

place). Warmińsko-mazurskie (by 6 places), pomorskie (by 5), kujawsko-pomorskie (3), śląskie 

(2), wielkopolskie and lubelskie (by 1 place) provinces ranked lower. The synthetic indicator 

of innovativeness increased in nine regions. The rise was maximum in  podkarpackie (by 20 

points), lubelskie (15 points), łódzkie and pomorskie (11), as well as małopolskie (by 10 points). 

Z. Hellwig indicator diminished for six regions, by 17 points in the case of warmińsko-

mazurskie and 11 and 8 points for pomorskie and mazowieckie provinces, respectively. 

 

For the purposes of more in-depth analysis, the regions were also classified in respect of similar 

levels of innovation by means of Ward method (Młodak, 2006; Strahl, 2006; Suchecki, 2010). 

Analysis produced dendrograms for both the years studied to interpret the results in graphic 

terms. In 2010 (a cluster distance of 5), six relatively homogenous groups of spatial units were 

defined in the dendrogram, as illustrated in Fig. 2. The first cluster comprised seven regions: 

dolnośląskie, małopolskie, wielkopolskie, lubelskie, łódzkie, kujawsko-pomorskie and 

warmińsko-mazurskie. Each has some unique characteristics and can be addressed separately. 

Cluster 2 groups the following regions: lubuskie, opolskie and zachodnio-pomorskie. 

Podkarpackie, świętokrzyskie and podlaskie made up the next group. 

 
Figure 2. Clustering of Polish regions of similar innovation standards in 2010. 

 
Source: The author’s own compilation. 

 

Mazowieckie constitutes cluster 4. Cluster 5 encompasses śląskie. Pomorskie region also 

formed a single-element cluster six.  

Grouping of the provinces in 2015 produces the dendrogram presented in Fig. 3. 
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Figure 3. Similarities between Polish regions with regard to innovation levels in 2015 based on Ward 

method 

 
Source: The author’s own compilation. 

 

Six relatively homogenous groups of spatial units were again delineated (cluster distance of 4). 

The first group included dolnośląskie, wielkopolskie, małopolskie, pomorskie and śląskie 

provinces. Cluster 2 comprises mazowieckie region. The third cluster comprises lubelskie 

province. A single-element set was formed by podkarpackie region as well. The fifth cluster 

consists of the following regions: kujawsko-pomorskie, łódzkie and zachodniopomorskie. The 

final, sixth cluster gathers lubuskie, warmińsko-mazurskie, opolskie, podlaskie and 

świętokrzyskie provinces. Determination of these territories may become a starting point for 

continuing, more in-depth qualitative studies in order to enhance effectiveness of regional 

policies and consequently improve innovativeness of regions. 

 

4. Conclusion 

This assessment of innovativeness of Polish regions leads to the following conclusions. 

Innovativeness of Polish provinces improved in the years under study. The innovation indicator 

rose in nine regions, the most in podkarpackie (by 20 points) and lubelskie (15 points). Z. 

Hellwig indicator declined, conversely, in six regions, with warmińsko-mazurskie falling by 17 

points and pomorskie by 11 points. In addition, progress of innovation processes varies 

considerably across regions. The status of the most innovative region, mazowieckie, is 

reaffirmed – it remains the leader in the years analysed. Podkarpackie and małopolskie have 

advanced to the most innovative grouping. Lubuskie province continues to lag, with its 

innovative potential low in all the perspectives addressed and modest activities to improve this 

situation.  

 

The diversity of innovativeness among Polish provinces is significant. The distance between 

the most innovative, mazowieckie, and the lowest standing region (podlaskie) was 0.48 in 2010. 

The differences are a little narrower in 2015, with the distance of 0.44 (4 point s fewer) between 

mazowieckie and lubelskie. 

 

Ward method has helped to identify a group of regions that are similar in respect of innovation 

based on the diagnostic variables adopted. Mazowieckie, śląskie, pomorskie, lubelskie and 
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podkarpackie provinces are especially noteworthy as they constitute independent clusters 

(mazowieckie in both the years discussed).  
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