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Regional variation of innovation activity in Poland.  

The positive role of location in metropolitan areas affirmed 
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Abstract 

Poland’s innovation performance is unsatisfactory. In the context of the required shift of the 

present mostly-extensive growth paradigm to more knowledge and innovation-intensive one 

has to take into account the regional variation in innovative and economic activity in this 

middle-sized open economy in order to fine-tune its regional development and innovation 

policies. 

Using the firm-level data for manufacturing sector aggregated to NUTS3 regions as well as 

firm-level data from a unique qualitative survey carried out by the Institute for Development 

we try to identify the determinants of variation in innovative activity of firms within Poland 

in order to account for regional differences in particular between metropolitan and non-

metropolitan regions. 

The analysis at aggregated NUTS3 level does not bring satisfactory results. The difference 

between metropolitan and non-metropolitan regions is statistically insignificant and the 

overall results are mixed. In the second step, we apply more sophisticated econometric 

methods controlling for firm-specific, sector-specific and region-specific features as 

suggested in the literature of the subject identifying the positive effect of location within 

metropolitan regions on the innovative performance of companies. Furthermore, the results 

point to the significance of firm-specific, internal, as well as region-specific – factors external 

to a firm, nonetheless, supporting the notion of regional innovation systems in which firms 

are embedded.  

 

Keywords:  innovation, regional innovation system, regional economic performance, 
firm-level, logit model, Poisson model, negative binomial model 
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Introduction 

 

The current innovation performance of Poland is to a large extent inadequate. In the context 

of the required shift of the present extensive growth paradigm driven mostly by the logic of 

catching up, absorption of knowledge as well as capital inflow from private and EU sources 

to intensive growth paradigm – human capital and skills-based and innovation-intensive one 

has to take into consideration the existing regional variation in innovative and economic 

activity. It applies in particular to middle- or large-sized open economies where regional 

variation is significant such as Poland or Spain and one can clearly identify core and 

peripheral regions. The efficiency of the overall innovative system, as well as its regional 

innovative systems, has to improve significantly in order to boost the innovative potential of 

firms. In fact, previous results, e.g. Strahl (2002), prove that regional variation of innovative 

activity in Poland is substantial.  

In their seminal review of the empirical literature Becheikh, Landry & Amara (2006) indicate 

the divergence of the research results makes clear that the innovation processes at firm-

level are still inadequately understood. Most of the studies nonetheless find firm size and 

industry to matter. They point, however, that additional discriminating variable, including 

culture and region related, should be considered. On the other hand, Sternberg & Arndt 

(2001) examining the determining factors of innovation behavior in a large sample of more 

1800 manufacturing SMEs from 11 countries using logit analysis find that factors internal to 

a firm (firm-specific) are more important determinants than external factors and in 

particular region-specific (mezo-level). The result has important policy implications for 

innovation policy – according to authors is should focus more on the specific needs of SMEs 

in particular regions than on improving general regional conditions for innovation. Audretsch 

& Dohse (2007) treat location as one of the key factors affecting firm growth as measured by 

employment growth and show its robustness in an empirical model for small technology-

based firms in Germany. Location in an agglomeration rich in knowledge resources is more 

conducive to firm growth than being located in a peripheral region inferiorly endowed in 

knowledge resources. 

Taking into the significance of the results, we have to acknowledge that similar firm-level 

studies for Poland are for the time-being rare with several exceptions e.g. Kosała & Wach 

(2011). The present paper aims to fill in this important gap utilizing more sophisticated 
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empirical approaches and unique datasets. We are in particular interested in the variation of 

innovative activity between firms located in metropolitan and non-metropolitan or 

peripheral regions. We consider it as our contribution to the body of the literature of the 

subject. We have to stress that Poland is not characterized by a dominance of single core 

region over numerous peripheral regions (e.g. the logic of core-periphery NEG model of 

Krugman, 1991) but by its polycentric nature (e.g Zaucha et al. 2015).  

First of all, we utilize firm-level data acquired from GUS on manufacturing companies 

aggregated to NUTS-3 regional in order to identify whether there exists a statistically 

significant difference in innovation between firms located in metropolitan and non-

metropolitan regions. Secondly, we apply more sophisticated econometric techniques for a 

firm-level data from a unique qualitative survey carried out by the Institute for Development 

and merged with firm-level quantitative data from InfoCredit in order to identify the 

existence of the differences1. 

The remainder of the paper is constructed as follows. Section 2 reviews literature on 

regional innovation system and regional variation in firms’ innovative activity. Section 3 

analyzes the regional variation of economic activity of firms at a NUTS3 level in Poland. 

Section 4 extends the analysis by conducting an econometric analysis of determinants of 

innovative activity at the firm level. Finally, the last section concludes.  

 

2. Review of literature on regional innovation systems and regional variation in firms’ 

innovation activity 

 

Innovation determines market opportunities of firms and thus growth perspectives of 

regional economy (Griffith et al. 2006; Rodríguez-Pose & Crescenzi 2008; Vogel 2015). A firm 

is a central actor for the effectuation of innovation and technological change. Innovativeness 

defines standards and directions of development of an enterprise, and thus its development 

and competitive advantage. Through a process of competition, firms with new products 

make firms with old products redundant and firms with more efficient modes of production 

push less-efficient producers out of the market. Differences in total factor productivity 

                                            
1
 The dataset was constructed within the research project supported by a grant from the National Science Centre 

of Poland (No2012/05/B/HS4/04209) carried out at the Institute for Development under the supervision of K. 

Gawlikowska-Hueckel. 
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account for roughly half the differences in income across countries and are generally 

associated with differences in technological progress (Hall & Jones 1999). Firms introducing 

new products and methods of production and distribution enhance directly economic 

growth (Bosma et al. 2011).  

In the literature, there is a great interest of the determinants of innovation which can be 

divided into internal to the firm and determinants corresponding to the territory in which 

the firm operates (López-Bazo & Motellón 2016). The first group refers to specifics of an 

individual organization, its objectives, resources, and management system and includes in 

particular technological competencies, human resources and organizational capabilities of a 

firm (Vega-Jurado et al., 2008). External factors influencing innovation potential of a firm 

refer to specifics of an environment such as labor force endowment or the institutional 

framework for innovation and innovation policy. They can be considered at the macro 

(factors related to overall environment), at the micro (factors linked to the competitive 

environment), and mezzo-level (factors related to regional environment (Kosała & Wach 

2011). These factors shall explain differences in the innovation behavior of firms located in 

different regions (Beugelsdijk 2007, Dautel & Walther 2013).  

A region can be regarded as “innovation incubator” which provides appropriate conditions 

for setting up and development of innovative companies as well as pro-innovation behavior 

among other important entities of the territory. The recent literature calls into question that 

innovations emerge from the single inventor or even in whole internally within a firm or 

organization (Amara et al. 2003; Wolfe 2009; Johnson 2011, Woodrow et al. 2014). 

Knowledge-based transformations should not be understood as results of the actions of 

firms alone, “but as a structural characteristic of knowledge-based economies” (Leydesdorff 

2010) and “a social process that depends on interaction and learning” (Hall, 2010). The 

literature indicates various “territorial innovation systems” (Lagendijk, 1997; Moulaert & 

Mehmood, 2010). Their typology often includes industrial districts (focused on growth 

dynamics of small and medium-sized enterprises), innovative milieux, regional innovation 

systems, clusters and learning regions (Lagendijk, 1997; Porter, 2000; Cooke 2001; De 

Propris & Crevoisier, 2011, Golejewska 2016). A significant role can be played as well by the 

so-called smart specialization embedded in regional innovation strategies which can be 

applied to all types of regions: the most developed ones as well as the least innovative ones 
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and which constitute an important framework for regional innovation policy (Foray et al. 

2009; Love and Roper 2001; Czyżewska-Misztal & Golejewska 2016a).  

Researchers on innovation issues often underline the importance of regions in the 

innovation process. There is extensive evidence that knowledge and innovation are 

concentrated in selected regions, sub-regions or cities (Simmie, 2003; Nowakowska, 2009; 

Siłka, 2012; Golejewska, 2012, Golejewska, 2013). Territories with a high concentration of 

abovementioned external determinants and innovative firms are subject to the interest of 

numerous studies. Pfirrmann, similarly to Oughton et al. indicates that innovative activities 

of SME-s are shaped by regional factors. They call this phenomenon “innovative paradox” 

(Pfirrmann 1994; Oughton et al. 2002). Interesting are the results of a research carried out in 

ten German regions within Regional Entrepreneurship Monitor Project which explain how 

regional factors of the business environment affect creation and development of SMEs. The 

authors distinguished 9 areas of regional environment (framework conditions) some of 

which were factors determining innovativeness of enterprises including knowledge transfer 

to SMEs, quality of education considering specific needs of enterprises, accessibility of 

advisory and business services and highly skilled workforce at the local market (Bergmann et 

al. 2002). Most of the empirical studies examining determinants of innovative behavior of a 

firm based on case studies or aggregate regional data estimate the so-called “regional 

knowledge production function”.  

Some authors indicate a dissociation between the level of the firm, recognized as the 

appropriate level of analysis for the process of innovation, and the data aggregated at the 

regional level. Therefore, innovation performance of companies should be assessed rather 

on firm level data than regional level data (López-Bazo & Motellón 2016). Results of research 

based on firm-level data confirm that internal factors have a higher impact on the innovative 

performance of firms than regional determinants, thus the differences across regions in 

innovation result in particular from the firms’ rather than the regional characteristics 

(Sternberg & Arndt 2001; Vega-Jurado et al.2008; Smit et al.2015).  

On the other hand, there exist a number of studies which show the positive impact of 

“territorial innovation systems” on companies’ innovativeness (Srholec 2010; Dautel & 

Walther 2013; Naz et al. 2014). Only several studies utilize multi-level models which combine 

firms microdata and regional data and thus consider dependency existing between 

companies located on the same territory (Love & Roper 2001). 
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Innovation is a complex and multidimensional activity that cannot be measured directly or 

with a single indicator (Golejewska 2017). Measuring innovation has been studied 

extensively by scholars and practitioners. In the literature, there exist even “innovation 

economics” - a sub-discipline that analyses the relationship between investments in 

innovation and their financial outcomes. Innovation indicators are split into four groups-

generations, from less to more complex. The first group focusing on a linear model of 

innovation includes such indicators as R&D investment, research personnel, university 

graduates etc. The second group is extended by output indicators. The third generation is 

focused on a richer set of innovation indicators and indexes based on surveys and 

integration of publicly available data. The fourth generation is currently at an embryonic 

stage and includes knowledge, networks, risk, clusters, management techniques etc. (Gamal, 

2011). 

In the literature, two broad streams of research on the measurement of innovation are clear. 

The first one concentrates on innovation inputs, such as R&D intensity, and outputs, such as 

patents. However, the aforementioned measures concern only part of all possible innovation 

activities.  

Despite the growing empirical evidence, the linkage between such measures and 

organizational innovativeness and economic growth is unclear. A good example is a research 

done by Booz (2005) based on 1000 top global innovation spenders which confirmed no 

significant relationship between R&D spending and nearly all measures of business success. 

The value of patents as indicators of innovation is rather limited, as regards micro level 

(Gittleman, 2008). That is why broader measures of innovation output including more-

encompassing count data variables are utilized. The second stream in the literature is 

focused on a macro level. In the EU, countries innovation capabilities are measured through 

objective economic measures, such as Oslo Manual (2005), European Community Innovation 

and the European Innovation Scoreboard (EIS) (Gamal, 2011). Regional innovation 

performance measured by Regional Innovation Scoreboard should be based on the same 

indicators as EIS, however, for many of them, regional data are not available. It is calculated 

using only 12 of the 25 EIS indicators2.  

                                            
2
 The list of indicators includes: R&D expenditure in the business sector as percentage of GDP; SMEs 

innovating in-house as percentage of SMEs; Innovative SMEs collaborating with others as percentage of SMEs; 

EPO patent applications per billion regional GDP; SMEs introducing product or process innovations as 
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3. Statistical analysis of regional variation in innovative activity of manufacturing firms in 

Polish NUTS3 regions 

 

The aim of the analysis is to examine discrepancies in manufacturing firm’s innovation 

activity between establishments located in Polish NUTS3 metropolitan and non-metropolitan 

sub-regions in 2007 and 2012. It is based on unpublished regional data of Polish Central 

Statistical Office (GUS). The dataset covers the following variables:  

 the share of enterprises which have incurred outlays for the innovative activities,  

 the share of enterprises implementing a process or product innovations,  

 the share of companies collaborating in the field of innovation  

 and share of new or modernized products in total production sold in industrial 

companies. 

 

The group of analyzed sub-regions consists of 72 units (according to the territorial 

breakdown of 1 January 2015). The data covers industrial enterprises employing more than 

49 people. The data is extracted from innovation statements in the industry (PNT-02). The 

fifth available variable – firm-level expenditure’s on research and development has to be 

omitted due to significant gaps in the data the analysis. In order to account for metropolitan 

nature of certain regions, we utilize the classification by ESPON of European metropolitan 

regions taking into account MEGA 3 and MEGA 4 regions located in Poland. This implies 8 

regions with metropolitan character– mazowieckie and potential European metropolises in 

zachodnipomorskie (Szczecin), wielkopolskie (Poznan), dolnośląskie (Wroclaw), pomorskie 

(Tricity), łódzkie (Lodz), ślaskie (Silesian conurbation) and małopolskie (Cracow). 

The descriptive statistics of analyzed variables by metropolitan and non-metropolitan sub-

regions are presented in Tables 1 & 2. The highest differences in maximum values between 

metropolitan and non-metropolitan NUTS-3 sub-regions located in metropolitan and non-

metropolitan regions has been observed in a share of sold production of new or 

substantively improved (modernized) goods. The lowest, on the other hand, in the share of 

                                                                                                                                        

percentage of SMEs; SMEs introducing marketing or organizational innovations as percentage of SMEs, sales of 

new-to-market and new-to-firm innovations as percentage of total turnover etc. (Hollanders et al., 2014). 
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enterprises which have incurred outlays for innovative activities. In the case of the share of 

sold production of new goods, the minimum values of NUTS-3 non-metropolitan regions 

were even higher than for metropolitan sub-regions. The highest coefficient of variation for 

both groups in both analyzed years was recorded for the share of sold production of new or 

substantively improved (modernized) goods in the sold value of industry, the lowest – for 

the share of enterprises which implemented a process or product innovations. Analysis of 

mean values indicates very low and decreasing level of sold production of new goods and 

innovation cooperation in both groups. This may suggest that there is still a mutual distrust 

between companies in Poland and also that they do not derive sizeable benefits from 

cooperation and implemented innovations. 

In the second step, we verify whether the difference between the sub-regions located in 

metropolitan and non-metropolitan regions is statistically significant. In contrast to our 

expectations, intergroup differences verified with the Student’s t-test for independent 

samples, point to the lack of statistically significant differences between both groups.  

Table 1 Descriptive statistics: metropolitan vs. non-metropolitan NUTS 3 sub-regions, 2007  

region variable N mean 
value 

median min max lower 
quartile 

upper 
quartile 

standard 
deviation 

coefficient 
of 

variation 

m X1 47 31.89 32.00 18.20 52.50 26.10 36.20 7.15 22.42 

n-m X1 25 30.90 31.40 17.60 47.40 25.30 35.40 7.13 23.08 

m X2 47 20.85 19.60 7.80 38.30 17.00 25.20 6.50 31.18 

n-m X2 25 20.02 19.70 10.00 32.10 15.20 24.70 6.22 31.08 

m X3 47 36.64 37.00 22.60 58.30 31.60 41.00 7.19 19.62 

n-m X3 25 36.49 37.70 19.60 49.60 30.00 41.40 8.01 21.95 

m X4 47 14.70 10.80 3.00 71.50 6.90 18.30 13.10 89.13 

n-m X4 25 11.32 8.60 1.80 28.10 5.20 15.80 8.01 70.81 

m: metropolitan NUTS 2 regions n-m: non-metropolitan NUTS 2 regions 
X1: share of enterprises which have incurred outlays for innovative activities in 2007 & 2012. 
X2: share of enterprises involved in innovation cooperation in 2005-2007, 2010-2012, 
X3: share of enterprises which implemented process or product innovations in 2005-2007, 2010-2012, 
X4: share of sold production of new or substantively improved (modernized) goods introduced in 2005-2007, 2010-2012 in 
sold value of the industry in 2007, 2012. 
Source: own elaboration in STATISTICA 10. 

Table 2 Descriptive statistics: metropolitan vs. non-metropolitan NUTS 3 sub-regions, 2012  
region variable N mean 

value 
median min max lower 

quartile 
upper 

quartile 
standard 
deviation 

coefficient 
of 

variation  
of 

variation 
m X1 47 27.63 28.00 11.10 40.60 21.30 33.60 6.80 24.60 

n-m X1 25 28.31 30.00 14.30 39.60 25.60 32.40 6.57 23.22 

m X2 47 14.68 15.30 5.40 30.20 9.50 18.70 5.55 37.83 

n-m X2 25 14.77 14.70 5.30 23.40 11.50 19.20 4.94 33.41 

m X3 47 32.93 33.90 19.10 47.20 25.40 37.80 7.31 22.20 

n-m X3 25 34.29 35.50 19.00 44.30 31.10 38.50 6.33 18.45 

m X4 47 10.63 8.70 0.10 71.20 4.00 14.60 11.06 104.00 

n-m X4 25 7.60 6.50 1.50 18.10 4.10 11.40 4.56 60.08 

Source: own elaboration in STATISTICA 10. m: metropolitan NUTS 2 regions n-m: non-metropolitan NUTS 2 regions 
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In the third step, the ranking of innovative potential of sub-regions considering all variables 

based on the analysis of standardized values of the key variables has been constructed 

(please refer to Table 3).  

In 2007 the metropolitan leaders were gliwicki sub-region (PL 229), Warsaw (PL 127) and 

sosnowiecki sub-region (PL22B). 5 out of 10 best performing sub-regions were located in 

śląskie voivodeships. In 2012, top three sub-regions were, apart from Warsaw, Wrocław, and 

Tri-City. The latter mainly due to the fact that it has the highest share of sold production of 

new products. In 2007, the lowest ranked of the metropolitan sub-regions were chojnicki 

sub-region, Szczecin and three sub-regions of the łódzkie voivodeship: piotrkowski, sieradzki, 

and skierniewicki. In 2012, to the weakest belonged three NUTS 3 sub-regions of the 

Pomorskie voivodeships: gdański, słupski, and chojnicki.  

The highest ranked among non-metropolitan sub-regions in 2007 were mainly sub-regions of 

podkarpackie and lubelskie voivodeships (6 out of the top ten) and in 2012 the group was 

joined by bydgosko-toruński and łomżyński sub-region. The group of the least innovative 

sub-regions consists mainly of the sub-regions of kujawsko-pomorskie and lubelskie region.

   

Table 3. 10 metropolitan and non-metropolitan NUTS3 sub-regions with the highest and lowest ranks in 
innovation indicators, 2007 and 2012 (method of standardized values) 

rank 
metropolitan 

rank 
non-metropolitan 

2007 2012 2007 2012 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PL229 

PL127 

PL22B 

PL12B 

PL22C 

PL514 

PL12A 

PL638 

PL225 

PL227 

PL514 

PL633 

PL127 

PL229 

PL415 

PL113 

PL213 

PL114 

PL225 

PL21A 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PL326 

PL343 

PL314 

PL332 

PL323 

PL324 

PL325 

PL524 

PL315 

PL523 

PL326 

PL314 

PL325 

PL343 

PL323 

PL613 

PL524 

PL344 

PL523 

PL332 

rank 2007 2012 rank 2007 2012 

47 

46 

45 

44 

PL637 

PL424 

PL116 

PL115 

PL12B 

PL427 

PL12D 

PL417 

25 

24 

23 

22 

PL344 

PL431 

PL617 

PL616 

PL345 

PL618 

PL312 

PL621 
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43 

42 

41 

40 

39 

38 

PL114 

PL416 

PL426 

PL516 

PL414 

PL427 

PL634 

PL637 

PL116 

PL428 

PL636 

PL128 

21 

20 

19 

18 

17 

16 

PL311 

PL345 

PL619 

PL618 

PL312 

PL331 

PL616 

PL617 

PL311 

PL315 

PL431 

PL619 

Source: own elaboration in STATISTICA 10. 

The NUTS 2 regions in Poland are internally diversified as regards innovation potential (see 

Table A1 in Annex). The group of regions which improved their mean values of at least one 

indicator in 2007-2012 includes three non-metropolitan voivodeships lubuskie, podlaskie 

and podkarpackie and three metropolitan regions: łódzkie, małopolskie, and wielkopolskie, 

however, the changes are minor. In other cases, the mean values of innovation indicators 

decreased.  

An increase in intra-regional variation in the group of metropolitan regions has been 

observed in dolnośląskie, pomorskie, wielkopolskie and zachodniopomorskie. It increased in 

łódzkie and mazowieckie, except for sold production of new products. The only overall 

exception was the region of śląskie in which, apart from a share of enterprises involved in 

innovation cooperation, the level of differentiation declined. Among the non-metropolitan 

voivodeships which recorded internal divergence the growth of variation were the regions of 

kujawsko-pomorskie and warmińsko-mazurskie and with the decline – the regions of 

lubuskie and podlaskie. In other cases the results were mixed. 

Summing up the analysis conducted at the NUTS-3 level brings mixed results. It shows that 

there are big disproportions in innovativeness between industrial enterprises located in 

different Polish NUTS 3 sub-regions. Only in a few of the regions, both metropolitan and 

non-metropolitan the enterprises have slightly improved their innovativeness, measured by 

the mean values. Most importantly, we detected no significant differences between 

metropolitan and non-metropolitan region. The results necessitate the use of formal 

econometric techniques, control for firm-level characteristics and using of sub-regional 

delimitation of metropolitan and non-metropolitan areas.  
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4. Econometric analysis of firm-level determinants of innovation 

 

The initial analysis of the data aggregated to NUTS3 level has not brought satisfactory 

results. The difference in innovation potential between metropolitan and non-metropolitan 

regions is not evident. That is why in the second part of the paper we will utilize a unique 

firm-level data set in order to investigate the problem further.  

The empirical analysis in the present section is carried out on a sample of manufacturing and 

services companies from Poland. The data come from an extensive survey of a randomly 

selected sample of enterprises that was conducted by the Institute for Development and 

were merged with firm-level financial data provided by InfoCredit. In defining the analyzed 

sample of firms the following selection criteria were applied: an enterprise has a complete 

five year period of data availability (the firms are not new on the market), total sales per 

enterprises exceed 2M PLN (roughly 500k EUR) each year (large firms), and exports exceed 

1M PLN each year (or approx. 250k EUR). The use of the criteria provided a database of 3467 

relatively large and mature enterprises with complete records in the InfoCredit database. 

From this set, 709 firms were randomly selected and surveyed. Finally, to obtain 

representative results, we calculated the shares of individual sectors in the population of all 

enterprises in Poland. These shares were used as weights in all calculations. Thanks to this, 

the results and findings can be interpreted not only as relevant for the selected group of 

enterprises, but also for the entire population of companies from Poland. Summing up, our 

sample consists of rather large firms (upper tail of distribution by firm size), predominantly 

from manufacturing industry, that have at least 5-year continuity of financial reports (and 

thus have been active for at least five years). 

Similarly, to the analysis conducted in section 3, in order to account for metropolitan nature 

of certain regions we, first of all, utilize the classification by ESPON of European metropolitan 

regions taking into account MEGA 3 and MEGA 4 regions located in Poland. For these 

regions, we constructed a metropolitan dummy variable (metropolitan). However, noting 

the imperfect nature of the variable and the mixed results from the previous section, as an 

extension we construct dummies at the LAD4 level of spatial disaggregation for the above 

metropolitan areas accounting furthermore for their cores and peripheral parts 

(METROPOLITAN_CORE and METROPOLITAN_OUTER). 
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In our empirical strategy, we construct two types of models. In the first case, we utilize the 

logit approach identifying factors which increase or decrease the probability of innovation by 

a firm (product, process or organizational innovation – IN_PROD, IN_PROC & IN_ORG 

respectively) controlling for firm-specific, sector-specific and region-specific factors. In the 

second we take into account all possible products of innovation processes at the firm level, 

that is a total number of patents, licenses, trademarks, ISO and other certificates (INNOVEF). 

It is a typical count data variable in which the observations can take only the non-negative 

integer values, and where these integers arise from counting rather than ranking. INNOVEF 

takes the value of zero only in the case of 38.2 percent of firms. The maximum is 1007 and 

could be treated as an outlier. There are 4 firms with INNOVEF above 100. The mean is equal 

to 5.83, while the standard deviation is equal 43.22 we thus could deal with over-dispersion. 

In the case of over-dispersed count data, we could utilize negative binomial regression (NB) 

preferred in this case over the Poisson regression (NB regression is considered as a 

generalization of the Poisson regression).  

The shares of companies that introduced innovation do not differ greatly (please refer to 

Table 4) below metropolitan and non-metropolitan regions of Poland. The difference is 

however evident if we take mean values of INNOVEF into account. It rises from 4.1 for a firm 

located in the peripheral regions, to 6.1 for outer metropolitan regions and 9.368 for core 

metropolitan regions. 

Table 4. Share of companies that introduced product, process, and organizational innovations as well as 
mean innovation effect in firms located in peripheral & metropolitan areas 

 
Peripheral Metropolitan - outer Metropolitan - core 

Share of companies 

IN_PROD 42.6 38.7 37.9 

IN_PROC 34.9 24.7 30.8 

IN_ORG 24.4 19.4 25.8 

Mean value 

INNOVEF 4.088 6.129 9.368 

Source: Own estimates in STATA 14.  

We construct sector-dummies for 15 NACE 2-digit sectors as well as regional dummies for 16 

NUTS2 regions (VOI). Furthermore, we control for several firm-specific features in 

accordance with theoretical postulates in the literature of the subject reviewed in Section 2.  

Our key dependent variables, IN_PROD, IN_PROC & IN_ORG are binary variables taking the 

value of 1 if a given company introduced a product, process or organizational innovation 

respectively, in preceding three years.  
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In econometric modeling of binary variables, the logit approach is the most commonly 

utilized The dependent variable is the odds ratio defined as 

[1]  
i

i
i

p

p
plogit




1
ln  

where pi denotes the probability of success in the case of the present study, the probability 

of introducing innovation by a firm. The general form of the logit model considered is 

standard: 

[2] ikikiiii XXXZplogit   ...)( 22110  

The estimates of β coefficients indicate the direction and the strength of impact of each 

explanatory variable on the logit, or indirectly on the company's ability to innovate. The 

above model is a non-linear model, and its parameters are typically estimated using MLE, 

which in this case is a consistent, asymptotically efficient and asymptotically normal 

estimator. The significance of the model is tested using the LM test. In the case of the logit 

modeling, we interpret the results using the odds ratio or by determining the marginal 

effects. Odds ratio in logit modeling is calculated as e raised to the power of the estimated 

value of β. 

In contrast to typical econometric modeling, we assess the goodness of fit with McFadden’s 

pseudo-R2 measure. We furthermore provide Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC) measures which allow as assessing the relative 

statistical quality of models. In addition, we provide the area under the ROC curve (Receiver 

Operating Characteristic), which is a measure of a synthetic discriminant power, or the 

ability to distinguish between firms failing to meet the specified set of criteria. 

Our modeling approach is in line with the standard applied in the empirical modeling of the 

likelihood of innovation. It is worth noting that in model 4 we treat INNOVEF as a binary 

variable. In model 5 we utilize Poisson regression that fits models of the number of 

occurrences of an event – nonnegative count variable. In model 6 we fit a negative binomial 

regression model of INNOVEF. In the model, we assume that the count variable is generated 

by a Poisson-like process, however, the variation is greater than that of a true Poisson thus 

we deal control for overdispersion.  
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The results of the estimates are provided in Table 5 below. The overall fit of the models is 

good considering their micro-econometric nature and the values of the test point to the 

overall significance of our specifications of the models. It is worth noticing that as has been 

stressed already in all regressions we control for sector-specific and region-specific effects in 

accordance with postulates by Becheikh, Landry & Amara (2006). The effects are statistically 

significant. It points to variation between sectoral innovation systems (intersectoral 

differences) and, as has been expected, regional innovation systems. In addition, similarly to 

Sternberg & Arndt (2001), we control for numerous firm-specific factors. We control for 

several firm level features. Greater physical capital endowment (L_CAPITAL) increases the 

probability of all innovation types. The impact of better human capital endowment 

(L_HUMAN CAPITAL) has a positive impact on the likelihood of product and organizational 

endowments as well as on innovation effects. The coefficient on firm age (L_AGE) is 

statistically significant and positive only in models (5) and (6). Older firms are more likely to 

show the greater effectiveness of innovation process. We also control for firm sized by 

introducing dummies for employment size classes. Surprisingly innovation input measures – 

employment in R&D unit (L_EMPLOY_RDUNIT) and firm-level general business expenditures 

on R&D (L_FIRM_BERD) do not have statistically significant impact on the likelihood of 

innovation (apart from employment in models 4 & 5). The declared innovation strategy 

(INNOV_STARTEGY), however, matters. The variable takes the value of 1 for passive firms, 2 

for ad hoc innovators – followers, 3 for ad hoc innovators – leaders and 4 for declared 

permanent innovators – creative companies. We thus test the classification of innovation 

strategies proposed by Hobday, Rush & Bessant (2004). 

Moreover, we control for certain internationalization-related features of firms. The studies 

by Brodzicki (2016b, 2017) point to the existence of a causal relationship between the extent 

of innovation and the extent of internationalization in Polish companies. Nonetheless, 

exporters in our sample show superior performance in line with the theory of Melitz (2003). 

Brodzicki (2016a) notes that the superior performance of exporters seems to a large extent 

reflect their superior innovation performance. Exporters are more focused on innovations, 

are more aware of the need to implement changes, and are better prepared to introduce 

them to reality. In our analysis, the prior results are partially confirmed, as exporter status 

(D_EXPORTER) proves to have a positive and robust impact on the likelihood of 
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organizational innovations as well innovation effectiveness. Surprisingly, the presence of 

foreign capital (D_FOREIGN CAPITAL) has a positive and statistically significant impact only 

on the likelihood of process innovation and a weak adverse effect on innovation efficiency 

(5). However, if we control for overdispersion, the adverse effect disappears (6). Importing 

(D_IMPORTER) has no significant impact on the likelihood of innovation apart from the 

adverse effect on the dependent variable in the negative binomial model (6).  

We finally turn to our metropolitan dummies. Their impact on the dependent variables in 

logit models is statistically insignificant. Location in metropolitan area or peripheries seems 

not to significantly affect the probability of innovation. The impact is however positive and 

statistically significant in Poisson and NB models (please refer to models (5) & (6)). It is worth 

noticing that it is positive for both metropolitan core areas as well peripheral metropolitan 

areas. It could be indicative of spatial spillover effects from metropolitan cores. We would 

like to stress, that the positive impact of location within a metropolitan area holds also if we 

measure innovation by the share of new products in firms’ total sales (not shown here for 

clarity, results available upon request). 
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Table 5. Estimates of logit, Poisson and negative binomial models for firm-level innovation  

 (1) (2) (3) (4) (5) (6) 
VARIABLES IN_PROD IN_PROC IN_ORG INNOVEF INNOVEF INNOVEF 

MODELTYPE Logit Logit Logit Logit Poisson Negative 
binomial 

       
L_CAPITAL 0.0819* 0.0905* 0.114** 0.153*** 0.232*** 0.139*** 
 (0.0476) (0.0473) (0.0571) (0.0494) (0.0899) (0.0311) 
L_HUMAN CAPITAL 0.253** 0.0721 0.316** -0.0522 0.199* 0.189** 
 (0.123) (0.132) (0.132) (0.113) (0.110) (0.0838) 
L_AGE -0.0207 -0.108 -0.125 -0.186 0.475** 0.226* 
 (0.169) (0.154) (0.171) (0.184) (0.221) (0.131) 
D_SIZE_MICRO 0.254 0.515 -0.0523 0.0119 -1.237** -0.249 
 (0.452) (0.388) (0.466) (0.429) (0.614) (0.264) 
D_SIZE_SMALL 0.212 0.493** 0.0870 -0.0779 -0.945** -0.0565 
 (0.243) (0.240) (0.261) (0.245) (0.481) (0.169) 
D_SIZE_LARGE 0.0810 0.663** 0.234 -0.000225 -1.228** -0.344* 
 (0.312) (0.304) (0.357) (0.314) (0.545) (0.181) 
INNOV_STRATEGY 0.792*** 0.426*** 0.432*** 0.266*** 0.334*** 0.121* 
 (0.0861) (0.0826) (0.0936) (0.0837) (0.112) (0.0628) 
L_EMPLOY_RDUNIT -0.130 -0.0799 0.177 0.270** -0.166* -0.0256 
 (0.130) (0.132) (0.110) (0.125) (0.100) (0.0731) 
L_FIRM_BERD 0.192 0.187 -0.0147 -0.171 0.0774 0.0574 
 (0.120) (0.120) (0.102) (0.118) (0.107) (0.0695) 
D_FOREIGN CAPITAL 0.000578 0.00468* 0.00147 0.00258 -0.00621* -0.00194 
 (0.00288) (0.00283) (0.00314) (0.00311) (0.00358) (0.00183) 
D_EXPORTER 0.381 0.251 0.637** 0.520** -0.229 0.346* 
 (0.245) (0.246) (0.273) (0.260) (0.465) (0.189) 
D_IMPORTER -0.166 -0.0916 -0.311 -0.322 -0.342 -0.340** 
 (0.212) (0.217) (0.252) (0.217) (0.235) (0.154) 
METROPOLITAN_CORE -0.309 0.178 0.317 -0.0958 1.038*** 0.322* 
 (0.272) (0.285) (0.328) (0.278) (0.346) (0.187) 
METROPOLITAN_OUTER 0.176 -0.190 0.362 -0.214 0.834* 0.550** 
 (0.316) (0.324) (0.383) (0.331) (0.503) (0.238) 
Constant -2.304** -1.754* -2.993*** 1.360 -6.129*** -1.728** 
 (0.952) (0.923) (1.068) (0.941) (1.967) (0.709) 
       

Sector dummies (NACE 2-digit) yes yes yes yes yes yes 

Regional dummies (NUTS2) yes yes yes yes yes yes 

No of observations 580 584 593 589 596 596 
Pseudo R2 0.225 0.156 0.196 0.201 0.4592 0.0858 
Wald chi2 133.13 87.18 117.7 139.13 -  
LR chi2     8791.89 253.94 
AIC 677.65 698.14 602.95 700.47 10433.27 2787.84 
BIC 834.71 859.83 773.98 866.85 10608.88 2967.84 
ROC 0.8095 0.7623 0.7864 0.7878 - - 

Source: Own estimates in STATA 14. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  
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Conclusions 

Using the firm-level data for manufacturing sector aggregated to NUTS3 regions as well as 

firm-level qualitative and quantitative data from a representative sample of companies we 

try to identify the determinants of variation in innovative activity of firms within Poland in 

order to account for differences between metropolitan and non-metropolitan regions. 

The analysis at aggregated NUTS3 level does not bring satisfactory results. The difference 

between metropolitan and non-metropolitan regions is statistically insignificant and the 

overall results are mixed. The ranking of sub-regions by innovative potential is relatively 

stable. At the same time, the observed intraregional differences within some NUTS2 

voivodeship decrease while in others they increase. 

Due to mixed results, in the second step, we apply more sophisticated econometric methods 

(logit, Poisson and negative binomial models) controlling for firm-specific, sector-specific and 

region-specific features as suggested in the literature of the subject identifying the positive 

effect of location within metropolitan regions on the innovative performance of companies 

for some of the variables. There is in particular no statistically significant impact on 

innovation measured by the simplest binary proxies in the framework of the standard logit 

models. It is present if we utilize count data measures of innovation effectiveness at firm-

level. Furthermore, the results point to the significance of firm-specific, internal, as well as 

region-specific – factors external to a firm. The results support the postulates of Audretsch & 

Dohse (2007) that location is one of the key factors affecting firm growth and 

competitiveness. Moreover, they support the notion of regional innovation systems (e.g. 

Cooke, 2001)in which firms are embedded.  

The identified discrepancies support the theoretical notion of regional innovation systems as 

well as point to the adoption of more place-based or regional policy approaches such as the 

concept of regional smart specialization. Smart specialization strategies based on region-

specific advantages may help to improve the quality of governance of regional innovation 

systems. Some observers argue that the smart specialization approach only favors the 

strongest regions with a high-tech potential and there is little to be gained while adopting 

this process to weaker regions. However, this criticism is not valid. Smart specialization 

emerges rather as a useful way for many non-core regions to prioritize policy initiatives and 

ensure resource concentration in a manner which provides weaker regions with the greatest 
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potential benefits from EU cohesion policy exploring learning processes as well as capacity-

building, knowledge exchange and self-discovery (McCann 2015; Czyżewska, Golejewska 

2016b) 

We would like to acknowledge that our analysis has several limitations. Foremost, it is due to 

the nature of the available dataset. Panel data would be preferred. Secondly, we do not take 

into account potential spatial interlinkages which would necessitate the use of spatial 

econometric techniques. Furthermore, the robustness of the results should be tested in a 

similar manner preferably for other transition states similar to Poland in order to draw more 

general conclusions. 
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Annex 

Table A1. Descriptive statistics for NUTS 2 regions, N= number of NUTS 3 sub-regions, 2007 and 2012 (Annex) 

NUTS 2 region vari
able 

year N mean 
value 

median min max standard 
deviation 

the coefficient of 
variation 

Dolnośląskie X1 2007 5 33.72 32.20 27.60 41.00 5.08 15.08 

Dolnośląskie X2 2007 5 21.58 19.60 17.10 27.60 4.57 21.17 

Dolnośląskie X3 2007 5 37.42 38.70 31.60 42.90 4.97 13.28 

Dolnośląskie X4 2007 5 11.32 11.40 3.90 18.30 5.12 45.22 

Dolnośląskie X1 2012 5 30.84 28.10 26.10 40.60 5.78 18.74 

Dolnośląskie X2 2012 5 18.80 17.50 9.90 30.20 7.30 38.83 

Dolnośląskie X3 2012 5 36.82 35.70 31.00 47.20 6.35 17.25 

Dolnośląskie X4 2012 5 9.50 8.80 2.60 16.30 5.20 54.74 

 

Kujawsko-pomorskie X1 2007 5 25.74 23.70 22.90 33.20 4.26 16.56 

Kujawsko-pomorskie X2 2007 5 17.86 15.70 13.40 23.20 4.35 24.35 

Kujawsko-pomorskie X3 2007 5 31.96 32.90 25.70 36.40 4.60 14.40 

Kujawsko-pomorskie X4 2007 5 5.98 5.20 4.40 8.50 1.79 29.97 

Kujawsko-pomorskie X1 2012 5 24.62 25.70 17.30 30.10 5.81 23.60 

Kujawsko-pomorskie X2 2012 5 11.74 9.60 5.30 20.60 5.78 49.19 

Kujawsko-pomorskie X3 2012 5 30.78 31.10 25.00 37.30 5.19 16.87 

Kujawsko-pomorskie X4 2012 5 7.50 6.40 2.50 12.70 4.56 60.85 

 

Lubelskie X1 2007 4 30.58 31.05 22.60 37.60 7.10 23.22 

Lubelskie X2 2007 4 19.60 19.25 10.00 29.90 10.11 51.57 

Lubelskie X3 2007 4 37.50 36.50 27.40 49.60 10.57 28.18 

Lubelskie X4 2007 4 12.40 9.65 2.20 28.10 11.52 92.94 

Lubelskie X1 2012 4 26.70 24.80 17.60 39.60 9.54 35.75 

Lubelskie X2 2012 4 12.45 13.50 6.80 16.00 4.07 32.66 

Lubelskie X3 2012 4 32.60 31.30 23.50 44.30 8.86 27.18 

Lubelskie X4 2012 4 8.38 9.05 2.20 13.20 5.19 62.02 

 

Lubuskie X1 2007 2 26.30 26.30 21.30 31.30 7.07 26.89 

Lubuskie X2 2007 2 16.15 16.15 12.60 19.70 5.02 31.09 

Lubuskie X3 2007 2 27.75 27.75 22.80 32.70 7.00 25.23 

Lubuskie X4 2007 2 7.25 7.25 2.00 12.50 7.42 102.41 

Lubuskie X1 2012 2 27.60 27.60 25.70 29.50 2.69 9.74 

Lubuskie X2 2012 2 13.95 13.95 12.70 15.20 1.77 12.67 

Lubuskie X3 2012 2 33.95 33.95 32.40 35.50 2.19 6.46 

Lubuskie X4 2012 2 5.25 5.25 3.50 7.00 2.47 47.14 

 

Łódzkie X1 2007 5 24.18 24.60 18.20 32.20 5.47 22.61 

Łódzkie X2 2007 5 15.96 16.20 8.30 21.50 4.94 30.96 

Łódzkie X3 2007 5 30.68 27.70 26.40 39.70 5.54 18.05 

Łódzkie X4 2007 5 8.96 7.00 3.90 21.20 7.05 78.72 

Łódzkie X1 2012 5 28.14 27.60 20.00 36.70 7.67 27.24 

Łódzkie X2 2012 5 14.80 13.80 5.70 22.80 6.73 45.48 

Łódzkie X3 2012 5 31.58 32.10 23.80 39.40 7.19 22.76 

Łódzkie X4 2012 5 8.76 9.00 3.20 16.30 5.41 61.72 

 

Małopolskie X1 2007 6 31.92 32.90 25.60 37.70 4.66 14.59 

Małopolskie X2 2007 6 22.20 22.50 15.40 29.60 5.52 24.85 

Małopolskie X3 2007 6 38.65 38.80 36.40 40.90 1.73 4.47 

Małopolskie X4 2007 6 10.33 9.15 3.10 21.50 6.52 63.11 

Małopolskie X1 2012 6 31.25 32.50 26.20 34.80 3.91 12.52 

Małopolskie X2 2012 6 16.27 17.15 7.30 20.10 4.64 28.51 

Małopolskie X3 2012 6 38.90 41.20 31.00 44.10 5.13 13.19 

Małopolskie X4 2012 6 7.73 7.75 2.10 13.00 4.44 57.35 

 

Mazowieckie X1 2007 8 35.18 35.00 30.20 45.00 4.57 13.00 
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Mazowieckie X2 2007 8 22.10 22.30 7.80 31.40 7.12 32.23 

Mazowieckie X3 2007 8 42.20 41.40 37.30 53.10 5.10 12.09 

Mazowieckie X4 2007 8 20.89 14.25 6.90 71.50 21.03 100.70 

Mazowieckie X1 2012 8 27.21 30.35 11.10 39.50 9.48 34.82 

Mazowieckie X2 2012 8 13.98 14.40 6.00 23.80 6.17 44.14 

Mazowieckie X3 2012 8 32.69 34.65 19.40 46.00 9.36 28.63 

Mazowieckie X4 2012 8 7.30 5.05 0.10 20.80 7.07 96.91 

 

Opolskie X1 2007 2 36.05 36.05 35.10 37.00 1.34 3.73 

Opolskie X2 2007 2 24.05 24.05 23.40 24.70 0.92 3.82 

Opolskie X3 2007 2 39.55 39.55 37.70 41.40 2.62 6.62 

Opolskie X4 2007 2 8.55 8.55 5.20 11.90 4.74 55.41 

Opolskie X1 2012 2 31.15 31.15 29.90 32.40 1.77 5.68 

Opolskie X2 2012 2 19.90 19.90 19.20 20.60 0.99 4.97 

Opolskie X3 2012 2 36.35 36.35 33.80 38.90 3.61 9.92 

Opolskie X4 2012 2 8.60 8.60 6.50 10.70 2.97 34.53 

 

Podlaskie X1 2007 3 27.97 25.90 17.60 40.40 11.54 41.26 

Podlaskie X2 2007 3 18.60 18.50 11.80 25.50 6.85 36.83 

Podlaskie X3 2007 3 30.60 29.60 19.60 42.60 11.53 37.69 

Podlaskie X4 2007 3 10.17 3.40 1.80 25.30 13.13 129.15 

Podlaskie X1 2012 3 26.83 31.30 14.30 34.90 11.00 41.00 

Podlaskie X2 2012 3 18.57 18.10 16.70 20.90 2.14 11.52 

Podlaskie X3 2012 3 32.33 35.80 19.00 42.20 11.98 37.06 

Podlaskie X4 2012 3 7.07 6.90 2.90 11.40 4.25 60.18 

 

Podkarpackie X1 2007 4 39.48 38.60 33.30 47.40 5.86 14.84 

Podkarpackie X2 2007 4 24.98 24.10 19.60 32.10 5.23 20.95 

Podkarpackie X3 2007 4 41.60 40.15 38.70 47.40 4.04 9.71 

Podkarpackie X4 2007 4 17.58 17.75 8.60 26.20 8.37 47.62 

Podkarpackie X1 2012 4 33.50 33.50 30.20 36.80 3.24 9.67 

Podkarpackie X2 2012 4 18.35 19.20 11.60 23.40 4.92 26.83 

Podkarpackie X3 2012 4 39.70 39.20 37.20 43.20 2.87 7.24 

Podkarpackie X4 2012 4 11.05 11.80 2.50 18.10 7.32 66.28 

 

Pomorskie X1 2007 5 29.18 30.00 22.60 33.30 3.95 13.54 

Pomorskie X2 2007 5 16.02 18.10 9.40 20.00 4.22 26.37 

Pomorskie X3 2007 5 29.84 30.60 22.60 35.20 4.64 15.56 

Pomorskie X4 2007 5 24.64 16.70 3.00 48.90 18.85 76.52 

Pomorskie X1 2012 5 21.50 20.60 16.00 27.90 4.45 20.70 

Pomorskie X2 2012 5 11.64 12.00 5.40 17.00 4.12 35.42 

Pomorskie X3 2012 5 26.34 24.10 22.00 31.30 4.41 16.75 

Pomorskie X4 2012 5 23.02 8.40 6.30 71.20 27.77 120.63 

 

Śląskie X1 2007 8 39.39 38.40 28.70 52.50 7.65 19.43 

Śląskie X2 2007 8 27.16 24.85 17.10 38.30 7.11 26.18 

Śląskie X3 2007 8 42.21 42.45 26.40 58.30 9.00 21.33 

Śląskie X4 2007 8 17.96 13.75 6.60 44.60 12.90 71.83 

Śląskie X1 2012 8 30.59 30.85 23.20 37.50 4.89 15.98 

Śląskie X2 2012 8 16.59 17.20 7.10 21.30 4.48 27.02 

Śląskie X3 2012 8 34.39 34.70 23.50 44.90 6.09 17.70 

Śląskie X4 2012 8 11.03 9.20 2.60 21.80 6.71 60.85 

 

Świętokrzyskie X1 2007 2 30.85 30.85 29.80 31.90 1.48 4.81 

Świętokrzyskie X2 2007 2 25.05 25.05 21.10 29.00 5.59 22.30 

Świętokrzyskie X3 2007 2 38.15 38.15 35.70 40.60 3.46 9.08 

Świętokrzyskie X4 2007 2 12.55 12.55 6.30 18.80 8.84 70.43 

Świętokrzyskie X1 2012 2 27.85 27.85 25.60 30.10 3.18 11.43 

Świętokrzyskie X2 2012 2 15.55 15.55 10.60 20.50 7.00 45.02 

Świętokrzyskie X3 2012 2 35.30 35.30 35.00 35.60 0.42 1.20 

Świętokrzyskie X4 2012 2 7.25 7.25 5.30 9.20 2.76 38.04 
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Warmińsko-mazurskie X1 2007 3 31.07 31.40 27.40 34.40 3.51 11.30 

Warmińsko-mazurskie X2 2007 3 15.50 15.70 13.10 17.70 2.31 14.88 

Warmińsko-mazurskie X3 2007 3 44.43 45.60 38.70 49.00 5.25 11.81 

Warmińsko-mazurskie X4 2007 3 15.30 15.80 12.60 17.50 2.49 16.26 

Warmińsko-mazurskie X1 2012 3 30.07 34.30 21.30 34.60 7.59 25.26 

Warmińsko-mazurskie X2 2012 3 10.97 11.50 9.00 12.40 1.76 16.06 

Warmińsko-mazurskie X3 2012 3 35.30 38.50 28.40 39.00 5.98 16.94 

Warmińsko-mazurskie X4 2012 3 3.77 4.90 1.50 4.90 1.96 52.11 

 

Wielkopolskie X1 2007 6 30.17 28.75 22.40 38.30 6.25 20.71 

Wielkopolskie X2 2007 6 19.32 18.20 14.20 28.90 4.99 25.83 

Wielkopolskie X3 2007 6 33.70 34.15 27.60 40.60 4.65 13.79 

Wielkopolskie X4 2007 6 9.87 8.85 5.10 18.80 5.26 53.29 

Wielkopolskie X1 2012 6 25.63 25.15 16.90 34.30 6.48 25.27 

Wielkopolskie X2 2012 6 12.55 10.95 7.70 19.00 4.59 36.58 

Wielkopolskie X3 2012 6 31.75 33.40 19.10 40.10 7.47 23.53 

Wielkopolskie X4 2012 6 13.77 13.00 3.00 27.10 8.57 62.23 

 

Zachodniopomorskie X1 2007 4 23.65 25.00 19.00 25.60 3.15 13.32 

Zachodniopomorskie X2 2007 4 17.25 16.50 12.70 23.30 4.42 25.60 

Zachodniopomorskie X3 2007 4 30.75 31.80 23.80 35.60 4.98 16.19 

Zachodniopomorskie X4 2007 4 8.55 7.25 5.70 14.00 3.73 43.66 

Zachodniopomorskie X1 2012 4 23.15 23.25 17.90 28.20 5.78 24.96 

Zachodniopomorskie X2 2012 4 11.58 10.20 6.60 19.30 5.51 47.60 

Zachodniopomorskie X3 2012 4 28.33 28.50 21.70 34.60 5.85 20.64 

Zachodniopomorskie X4 2012 4 4.45 3.15 1.70 9.80 3.75 84.29 

X1: share of enterprises which have incurred outlays for innovative activities in 2007, 2012, 
X2: share of enterprises involved in innovation cooperation in 2005-2007, 2010-2012, 
X3: share of enterprises which implemented process or product innovations in 2005-2007, 2010-2012, 
X4: share of sold production of new or substantively improved (modernized) goods introduced in 2005-2007, 2010-2012 in 
sold value of the industry in 2007, 2012. 
Source: own elaboration based on unpublished data in STATISTICA 10. 
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