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The development of the knowledge-based economy depends on the level of inno-
vation of enterprises introducing new, significantly improved products, advanced tech-
nologies and better work organisation systems. High level of innovativeness of indus-
trial entities also has a significant impact on increasing the competitive advantage of 
the entire economy, allowing it, above all, to use its resources more effectively. From 
the point of view of the possibility of long-term economic growth, they constitute en-
dogenous sources of development based on the internal human and material capital 
of a given territorial unit. The increase in innovation, as well as the efficiency of the 
economy at its various levels, depends on many conditions, including the size and di-
rections of expenditures on research and development, innovative activity in industrial 
enterprises and the degree of automation of their production processes.

The structural system should be understood as a set of elements ordered accord-
ing to specific rules of their separation and grouping, and a set of relations existing 
between these elements. Structural changes bring an increase in labour productivity 
and have a positive impact on the economic growth of countries and their regions. The 
contemporary development of the knowledge-based economy makes analysis and as-
sessment of the economy’s structures regarding the degree of its modernity and inno-
vation significant.

The study aimed to show selected issues concerning the innovation of Polish in-
dustry in 2005–2015, spatial diversification of industrial enterprises by voivodeship 
and an attempt to synthetically characterise changes in the spatial industry innova-
tion system in Poland over the analysed period through the use of a simple vector 
calculation. Innovative activities were presented, among others, through analysis of 
the share of innovative units in the total number of industrial enterprises and the 
value of expenditure on innovative activities incurred by industrial enterprises per 
capita. An analysis was also made of the share of sold production of new and signifi-
cantly improved products in industrial enterprises in the total value of sales and the 
share of net revenues from the sale of innovative products in total revenues. Comple-
menting the characteristics of industry innovation in individual voivodeships was to 
determine the level of equipping industrial enterprises in the means of automation of 
production processes, which made it possible to determine the level of technological 
advancement of industry in individual voivodeships in the country. The research was, 
therefore, one-feature and quasi one-feature, i.e. taking into account the synthetic fea-
ture – consisting of a more significant number of features, the so-called meta-feature. 
The meta-feature included the following features: expenditures on R&D in industrial 
enterprises in PLN thousands, number of employed in R&D in industrial enterprises, 
outlays for innovative activity in industrial enterprises in PLN thousands, the share of 
innovative products in the value of total production sold, and the number of produc-
tion lines controlled by a computer. The scope of the issues accepted for the analysis 
resulted from the availability of data.

The conducted analyses became the basis for determining changes in the spa-
tial structure of industry innovation in Poland in 2005–2015 from a synthetic meas-
ure through the use of the vector calculation mentioned. The discussed analyses were 
presented against the research and development situation in Poland and individual 
voivodeships. Hence, the study also included spatial analyses concerning, among other 
things, expenditures on the research and development sphere. The innovative activity 
also included R&B activities, which were not directly related to the creation of a specific 
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innovation, but created an environment conducive to its creation (Podręcznik Oslo…, 
2008: 49). Carried-out analyses concerned innovative enterprises, i.e. those that during 
the analysed period introduced at least one product or process innovation (new or sig-
nificantly improved product or a new or significantly improved process).

Methods and sources of data

The applied method of studying structural changes was the type of one-feature re-
search (taking into account one feature) or quasi one-feature (taking into account the 
synthetic feature – composed of a more significant number of features, the so-called 
meta-feature). The study used both one-feature and quasi one-feature research.

The meta-feature was expressed in the form of a synthetic measure following the 
procedure of ordering linear spatial units (Zioło, 1985; Runge, 2006). To determine 
change in the spatial structure of industry innovation, the vector calculation was ap-
plied under the procedure proposed by J. Parysek (1976). “A synthetic measure, and 
at the same time an image of the spatial structure of industry innovation in particular 
years, is the column vector K’j (K’1, K’2, ... K’n) as a vector carried in m-dimensional Eu-
clidean geometric space. The measure of changes in the spatial structure is the angle be-
tween two vectors, for two different time sections carried in the m-dimensional space. 
For practical reasons, the angles between two vectors are replaced with the cosines of 
these angles. This function takes values in the range from –1.0 to +1.0. Thus, the cosine 
of the angle between two vectors carried in the m-dimensional space is the quotient of 
the value of these vectors above their scalar product”, which is expressed by the formu-
la (Parysek, 1976):

   where:

 

The arcsine cosine calculated then allows determining the magnitude of the angle 
between the vectors, which then allows determining the dimension of the change in the 
structure under examination. In the interpretation of the applied method, the value of 
the cos function K’j K’k = 1.0 means constancy of the structure, cos K’j K’k = –1.0 complete 
inversion of the structure, cos K’j K’k = 0.0 is the 50% transformation of the structure, 
while K’j K’k = 0.7071 is a 25% change. The features adopted for the analysis for their 
comparability were normalised using the following formula: 
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where: c’ij – means a standardised element of the matrix P’, i.e. a matrix formed after the 
transformation of the information matrix of the output data.

The vectors created in this way show the participation of the spatial unit in the 
studied phenomenon in individual years. The classification of voivodeships in terms of 
their participation in the national structure of the studied phenomenon was a comple-
mentation to the synthetic characterisation of changes in the spatial system of innova-
tiveness of Polish industry using the above-presented vector calculation. As a criterion 
for the division, participation rates were adopted concerning the average share and 
standard deviation (Parysek, 1976). The source of data regarding the analysed features 
was information available in the local data bank.

Innovation as a factor in the development of the economy

The issue of innovativeness has significantly gained in importance in recent years, 
both in scientific discussions and in practice. The popularity of this theme, however, 
has contributed to the ambiguity of the concepts used and the difficulty in establishing 
a uniform research methodology. The scope of issues addressed in the framework of 
innovation research is also extensive. It applies to enterprises, various types of spatial 
units and numerous aspects of the economy.

In the theory of economics regarding the creation of new scientific achievements, 
two basic approaches have been formed. The former emphasises the importance of the 
demand side while the latter – the supply side.

The demand concept is that the primary factor creating innovations are the needs, 
whose recognition and subsequent transmission of information about their existence 
from the market to research and scientific institutions causes the process of creating 
new products, technologies, services, etc. (Schmookler, 1972). In 1912 A.J. Schumpeter 
created the basis for the supply approach and developed a model of innovative activi-
ty, in which the emphasis is placed on the inflow of new ideas from outside science to 
enterprises whose classic task is to implement innovations. As the industry evolves, 
Schumpeter has refined his model of stimulating innovation processes. He emphasises 
the so-called internal science, that is, own research facilities and laboratories of enter-
prises implementing innovations. External science (research units outside the indus-
try) being an element of the surroundings here, has less influence on the implemen-
tation of innovations. Therefore the management processes in the enterprise are the 
driving force behind the creation of innovations (Schumpeter, 1995; Winiarski, 2002).

A synthetic description of the creation of individual models of the innovation pro-
cess is presented by D. Marinowa and J. Philimore (2003). In Poland, the innovative en-
vironment model is widely understood as complex research, cultural and institutional 
infrastructure that creates an environment conducive to the emergence and dynamism 
of innovation (Markowski, 2005). The quality and level of education play an essential 
role in the creation and implementation of innovative solutions. The above-present-
ed research problems have been undertaken in various studies concerning the role 
of science in economic development (Kukliński, 1997), in shaping a modern business 
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(Carnicky, Krupa, Skotny, 2011), developing creative industries and municipal systems 
(Stryjakiewicz, Męczyński, 2010; Stryjakiewicz, Stachowiak, 2010). In many studies, at-
tention has also been paid to the importance of innovation in shaping the processes of 
economic development (Zioło, 2012).

The knowledge-based economy consists of a gradual transition from a material-in-
tensive economy to one that uses the potential of science and information. Intangible 
assets, especially human capital, knowledge and new technologies gain in importance. 
Therefore, developmental opportunities are increasingly determined by human intel-
lectual potential and knowledge associated with the latest achievements of modern 
science. The development of knowledge-based entrepreneurship largely depends on 
national conditions, favourable public policies and public awareness in this area. The 
increase in innovation and the introduction of new or significantly improved products 
or advanced technological processes contribute to the full use of existing resources, as 
well as increase the efficiency of the economy. Their effect is also the creation of new 
jobs and an increase in the competitiveness of enterprises and thus the entire regional 
economy. The high innovativeness of the economy is particularly important in the case 
of countries transforming their economic structures, to which Poland belongs. It allows 
for stimulating the process of modernising the economy and reducing the gap in the 
level of economic development in relation to the technologically advanced countries 
(Nowak, 2012; Brezdeń, Spallek, 2013; Murzyn, 2013).

The analysis of the structures of the economy or its parts can be considered in var-
ious systems. The structural system should be understood as a set of elements ordered 
according to specific rules of their delimitation and grouping, and a set of relations ex-
isting between these elements.

Structural changes bring an increase in labour productivity and have a positive im-
pact on the economic growth of countries and their regions. Structural changes taking 
place in the objective (generic) system, which characterises the branch structure of the 
economy, are considered to be particularly important. An important role also lies in the 
institutional structure, which is of fundamental importance for the shaping of economic 
relations, as well as for the functioning of the economic system and the appropriate reg-
ulatory solutions. The next crucial structural system is the regional (spatial) structure, 
defining the distribution of elements of the national economy divided into different ter-
ritorial units. This structure is the subject of research in this study.

The contemporary development of the knowledge-based economy makes analysis 
and assessment of the economy’s structures regarding its degree of modernity signifi-
cant. The changes taking place in the economy depend on the level of innovativeness of 
enterprises introducing new, significantly improved products, advanced technologies 
and better work of organisation systems. The high level of innovativeness of entities 
also has a significant impact on the growing competitive advantage of regional econo-
mies, enabling, above all, more effective use of resources (Zioło, 2010, 2012).

Innovation and changes in spatial systems

Innovative processes, their effectiveness and proper use, are of great importance for 
economic development. Especially at the regional level, the importance of proper iden-
tification and utilisation of endogenous resources determining internal innovation 
processes becomes more significant. Their diffusion within the region occurs when 
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participants involved in the process of shaping innovations (e.g. enterprises, scientific 
units, business support institutions, local and national government sectors) establish 
close relationships leading to the effect of feedback on regional innovation systems.

Innovativeness in the economy can be related to its various aspects, i.e. spatial and 
subjective. In the spatial aspect, innovation can be applied to the entire economy of the 
country or its regions. In the case of the subjective aspect, innovativeness focuses on 
enterprises and individuals (Wach, 2007; Zioło, 2010). The region’s innovation should 
be understood as the ability of the socio-economic and institutional system to create, 
absorb and diffuse innovations (Olechnicka, Smętowski, 2007).

The level of innovation determines the competitiveness of regional economies, the 
most significant impact in the case of regions that are sources of knowledge (Golejows-
ka, 2012).

The relations between enterprises, public authorities and scientific resources are 
presented in the triple helix model (Etzkowitz, Leydesdorff, 2000). In the model, as 
mentioned above, universities play a crucial role in creating innovative activity, along-
side which the sphere of power and economic activity associated with the industry co-
exist. Numerous authors mention the importance of regional factors shaping the re-
gion’s innovativeness and enterprises located in it. Some of them indicate that it is not 
possible to precisely distinguish the regional environment factors, macro-environment 
factors and factors related to the innovation policy, which can be included both in re-
gional and general factors (Meyer-Krahmer, Gundrum, 1995; Sternberg, Arndt, 2000). 
Others, however, among the factors conditioning the development of learning organi-
sations, explicitly mention regional factors responsible for the region’s innovation. An 
example of the above view that gives a unique role to regional factors in shaping the in-
novation of areas is a study by A. Langendijk (2001). The author even calls the regional 
factors the “regional knowledge laboratory” (Langendijk, 2001). Regional factors play 
a particular role in creating innovative activities for small- and medium-sized enter-
prises (Pfirrmann, 1994). The similar significance of regional factors in innovative en-
terprises’ activities and their development is proven by Ch. Oughton, M. Landabaso and 
K. Morgan (2002). This phenomenon is called the regional innovation paradox. Analys-
ing the conditions of functioning of innovative enterprises in a given region, one should 
also refer to the territorial concepts of production systems, which – to put it simply 
– are geographically concentrated industrial zones. The same applies to the innovative 
milieu model, which in the 1980s was introduced by the French regionalist Ph. Aydal-
ota (1986), and then developed by the GREMI research group (Groupe de Recherche 
Européen sur les Milieux Innovateurs), among others by the Swiss regionalist D. Maillat 
(2002). This model tries to incorporate into the framework of the theory various forms 
of interdependence that arise in a given area, and which, by combining very different 
elements, affect the development of innovation and the emergence of new technologies. 
Ensuring the conditions necessary for the existence of an innovative environment at 
the regional level leads to the creation of innovative enterprises, i.e. the emergence 
of innovative companies that emanate from the local environment. Therefore, regions 
referred to as regional production systems or innovative environments are a source of 
competitive advantage for the entities clustered in them.

In the present informative phase of the economy, the processes of change taking 
place in it simultaneously influence the functioning and transformation of its entities, 
cities and various spatial structures (Siłka, 2012; Dzikowski, 2017). In the regions of 
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Poland, as well as in other new EU Member States, the global trends of changes related 
to globalisation are also superimposed by their national conditions. Therefore, these 
processes create new conditions for the functioning of the essential elements of the 
economic structure, such as industrial enterprises (Rachwał, 2012). In order to achieve 
and maintain a competitive advantage on the market, these enterprises have to adapt 
to new, complex environmental conditions (more in Rachwał, 2008, 2009; Zioło, 2010). 
In the light of research, enterprises showing favourable conditions for development are 
those integrating into global industrial networks through investment processes carried 
out in them by a foreign investor, which translates into more significant opportunities 
in the field of technical and technological changes and the assortment of products and 
expanding access to domestic and global markets. An important role is also played by 
the financial resources of industrial enterprises, depending on the favourable financial 
and capital condition that determines proper financial liquidity. It allows for the allo-
cation of adequate funds for the modernisation of the machine park and thus obtain-
ing more competitive products concerning quality, function and price (Zioło, 2010). As 
a consequence, the factors and processes as mentioned earlier influence the develop-
ment of diversified spatial structures of industry innovation with varying degrees of 
durability (Brezdeń, 2015).

Selected issues of R&D and innovative activity in Poland  
in analytical terms

The characteristic feature of economic structures is their variability over time. The 
structural characteristics usually determine the relationship between elements and the 
whole of the set. In this way, the structure of employment, production, as well as the 
region treated as an element of a more extensive system (country) or as a whole in itself 
is described (Klamut, 1996). The broader approach to the structure alongside the quan-
titative relation also includes quality relations. In this approach, structure research may 
include its effectiveness.

Structural changes in the economies of developed countries and international eco-
nomic groups are expressed primarily in the reduction of production and employment 
in industries with old technology and declining demand for their products, and simul-
taneous acceleration of the growth rate in industries using modern technologies, for 
which the demand is growing. This trend is present in all developed industrial coun-
tries. However, the pace and scale of change are significantly different in them (Win-
iarski, 2002).

The main factors of these changes are, among others, development of science and 
technology. For this reason, a critical system characterising the economy is its structure 
assessed due to the degree of modernity of manufactured products and technologies 
used. The increase in innovation and the introduction of new or significantly improved 
products or advanced technological processes contribute to the full use of the resources 
possessed, as well as to increasing the efficiency of the economy.

Innovation under the Oslo methodology is the implementation of a new or signifi-
cantly improved product (goods or service) or process, a new marketing method or 
a new organisational method in business practice, workplace organisation or relations 
with the surroundings (Podręcznik Oslo..., 2008: 48). As a rule, product, process, mar-
keting and organisational innovation are distinguished. The study of the innovativeness 
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of industrial enterprises at the regional level, due to the availability of statistical data, 
is only possible about product and process innovation, which is why these categories 
were accepted for analysis. The set of entities by which the evaluation of the innova-
tiveness of the economy was made are enterprises that introduced at least one product 
or process innovation (new or significantly improved product or new or significantly 
improved process) to the market during the period under consideration.

Innovative activity means all scientific, technical, organisational, financial and 
commercial activities that lead or are intended to lead to the implementation of innova-
tion. Thus, the innovative activity also includes research and development (R&D) which 
is not directly related to the creation of a specific innovation, but develops a favourable 
environment for their creation (Podręcznik Oslo..., 2008: 49). Research and develop-
ment activity is one of the most critical factors and conditions of innovative activity of 
enterprises. Its goal is to strive for continuous improvement of its operations, as well as 
identification of early opportunities and threats for the company.

According to Eurostat data, in 2015 internal expenditure on research and devel-
opment in Poland accounted for 1.44% of the expenditure of all 28 European Union 
member states. Poland ranked 20th among the EU countries regarding the intensity of 
research and development projects, which was 2.2 times lower for Poland than for the 
entire EU. The intensity of R&D works in Poland concerning the EU-28 is lower by 1.03 
p.p. In 2015, in Poland (as in Slovakia), the value of the indicator exceeding for the first 
time 1% of GDP was recorded. Despite the gradual increase in the value of expenditures 
on R&D to GDP from 0.57% in 2005 to 1.03% in 2015, this level is highly unsatisfactory 
(for more see Gajda, 2015). After converting the value of internal expenditures into 
R&D per capita in 2014, with 101.6 Euro Poland took the 23rd place among all EU-28 
countries, where the average value of such expenditures was EUR 564.4 (Nauka i tech-
nika..., 2016).

The gradual increase in R&D expenditures in the economy in 2005–2015 was ac-
companied by a more diversified increase in outlays on innovative activity in industrial 
enterprises. After a period of their gradual increase in 2005–2008, there was a decline 
in the value of innovative expenditure by 2013. a significant increase in expenditures 
took place from 2014, reaching in 2015 over 31 billion PLN. It accounted for more than 
twice the outlays on innovative activity from 2005 (Fig. 1).

The necessary parameters used in the analysis of the scale of research and devel-
opment processes in the economy include indicators of internal inputs related to the 
creation of knowledge. These are Gross Domestic Expenditure on R&D (GERD), and 
Business Expenditures on R&D (BERD). They are related to Gross Domestic Product 
(GDP) (after Nauka i technika..., 2013). Despite the upward trend in recent years, their 
level in the entire Polish economy is highly unsatisfactory.

Expenditures on research and development activity show significant spatial differ-
ences by voivodeship (Fig. 2).

In 2015, the most significant expenditures on research and development (GERD) 
activities took place in Mazowieckie Voivodeship with a result of 1.7%. In this voivode-
ship, there was almost a quarter of all active research entities and 39.2% of the total 
number of scientific and R&D units. High values of the indicator were also characteristic 
for Małopolskie and Podkarpackie Voivodeships, which achieved the result of 1.38% 
of GDP each. The value of the GERD index above 1% was also recorded in the analysed 
year in Pomorskie (1.05%) and Lubelskie (1.03%) Voivodeships. Much lower values, 
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Fig. 1. Expenditure on innovative activity in industrial enterprises in the years 2005–2015

Source: own work based on Bank Danych Lokalnych... (2017)

Fig. 2. Total national expenditures on R&D (GERD) and expenditure on R&D in industrial enterprises (BERD) 
in 2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)
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between 0.41–0.8%, occurred in other, economically well, voivodeships: Dolnośląskie, 
Wielkopolskie, Śląskie and Łódzkie.

On the other hand, the following voivodeships showed the lowest values: Lubuskie, 
Warmińsko-Mazurskie, Świętokrzyskie and Opolskie. Spatial distribution of the GERD 
index did not correspond in all voivodeships with spatial distribution of the BERD indi-
cator. The latter was significantly lower than the GERD index in all Polish voivodeships. 
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This relationship is characteristic of less developed countries, in which entrepreneurs 
find it more advantageous to acquire foreign technology rather than develop their own, 
which would require the mobilisation of abundant resources. In such economies, re-
search potential is usually sustained by the public sector. Hence the expenditures of 
enterprises usually constitute a decidedly smaller part of GERD (Diagnoza pogłębiona 
innowacyjności..., 2012). The highest activity of industrial enterprises concerning ex-
penditure on R&D was characteristic for Podkarpackie Voivodeship with the result of 
1.06% of GDP. Mazowieckie and Małopolskie Voivodeships obtained the BERD result 
by half lower than in the case of the GERD index. In Lubelskie Voivodeship the BERD in-
dicator was six times lower than BERD. This more significant gap in the case of the sec-
ond parameter may indicate that an essential factor strengthening the intensity of R&D 
is the presence of public institutions in the region, which incur significant research and 
development expenditures. Dolnośląskie Voivodeship, concerning total research and 
development expenditure, was more active in industrial enterprises, which is a very 
positive phenomenon. It should be remembered that expenditure on research and de-
velopment accompanies production investments that generate innovative products or 
technologies with high added value. The few investments of this type in the countries 
of Central Europe cause that these regions show low productivity, resulting from pro-
duction with lower added value and low expenditure on R&D (Rachwał, Wiedermann, 
Kilar, 2009).

The share of innovative enterprises in industrial enterprises in total in 2015 was 
close to 14% in Poland. The most significant percentage of them was recorded in the 
voivodeships in the south-western part of the country (Śląskie, Opolskie and Dol-
nośląskie) and in Mazowieckie Voivodship. The lowest, on the other hand, was record-
ed in Świętokrzyskie, Lubuskie and Kujawsko-Pomorskie Voivodeships (Fig. 3).

A relatively high share was also recorded in the voivodeships of eastern Poland. 
However, attention is drawn to the considerable decline in the share of innovative in-
dustrial enterprises in 2015 as compared to 2005 (Fig. 4).

In a national scale, it amounted to over 60% in the analysed period. In the regional 
system, the most substantial change was recorded in the voivodeships of the eastern 
and northern parts of the country. An unusually large loss of these enterprises (nearly 
72%) took place in Świętokrzyskie Voivodeship, which at the same time belonged to 
the regions with the lowest share of innovative enterprises in total. Given the above, 
the economically weaker voivodeships, in which at the same time the share of these 
entities was smaller, showed a significant decrease in their share in the period under 
consideration.

An essential feature in the analysis of industry innovation is the expenditure in-
curred on this activity in industrial enterprises. Regarding expenditures incurred by 
these enterprises in PLN per capita, the most favourable situation in 2015 occurred in 
Mazowieckie, Łódzkie and Dolnośląskie Voivodeships, as well as regions located in the 
western part of the country (Fig. 5).

The lowest expenditures of less than PLN 400 per capita were found in the voivode-
ships of eastern and north-eastern Poland. In contrast to the share of innovative indus-
trial enterprises in total enterprises in the case of expenditures incurred on innovative 
activity in virtually all voivodeships in the country, they increased in the analysed pe-
riod (Fig. 6).
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Fig. 3. The share of innovative enterprises in industrial enterprises in total in 2015

Fig. 4. Change in the share of innovative enterprises in industrial enterprises in total in 2005–2015

Source: own work based on Bank Danych Lokalnych (2017)

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2013, 2016)
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Fig. 5. Expenditure on innovative activity in industrial enterprises in 2015

Fig. 6. Dynamics of innovative expenditure in industrial enterprises in PLN per capita in 2005–2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2013, 2016)

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)
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The largest was recorded in Łódzkie, Lubuskie and Zachodniopomorskie Voivode-
ships. However, it should be emphasised that the mentioned administrative units had 
low values of expenditure on innovative activity in 2005. The only region in which the 
expenditure on innovative activity dropped was Świętokrzyskie. 

An important parameter used in particular for the assessment of the effects of in-
novative activities of industrial enterprises was the share of sold production of new and 
significantly improved products in the value of total production sold. The share of the 
production mentioned above is not high in Poland (more in Nowak, 2012). In 2015, it 
amounted to 12.5%. The spatial structure of the share of innovative production in the 
value of total production sold was also significantly diversified by voivodeship (Fig. 7).

The most significant share occurred in Pomorskie, Wielkopolskie and Dolnośląskie 
Voivodeships where it amounted to over 14%. Relatively high values of this share were 
also present in the following voivodeships: Śląskie, Małopolskie, Podkarpackie, Łódzkie 
and Kujawsko-Pomorskie, and were at a level of 10–14%. The lowest share was re-
corded in Podlaskie, Warmińsko-Mazurskie, Lubuskie, Opolskie and Świętokrzyskie 
Voivodeships. In general, it did not exceed the level of 4–5% of the value of total sales 
in the mentioned voivodeships. Changes in the share of sold production of new and sig-
nificantly improved products in the value of total production sold in 2005–2015 were 
very unfavourable in Poland. The reasons are complicated, starting from the financial 
crisis that begun in the global economy in 2008. It influenced the investment and export 
sphere of companies with foreign capital operating in Poland, consolidating the posi-
tion of the Polish economy as a subcontractor for many companies with German capital, 
which implement production in Poland that is in the phase of maturity and standardisa-
tion of the product lifecycle (more in Brezdeń, 2016). The processes mentioned earlier 

Fig. 7. Share of innovative production in industrial enterprises in the total value of sales in 2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)
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Fig. 9. Change in the share of net revenues from sales of innovative products in total revenues in 2005–2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)
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Fig. 8. Change in the share of innovative products in industrial enterprises in the total value of sales  
in 2005–2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2013, 2016)
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were also contributed by the decline in the share of innovative industrial enterprises in 
Poland in total enterprises mentioned in this article. The above-described processes in-
fluenced, among others, the significant drop in innovative production sold in the value 
of total sold production in 2015 to 2005. This share in the country scale decreased by 
nearly 45%. Thus, the above regularity occurred in the majority of the voivodeships of 
the country in the analysed period (Fig. 8).

The most considerable reduction in the share of the value of innovative production 
occurred mainly in economically weak voivodeships (Warmińsko-Mazurskie, Lubelsk-
ie, Świętokrzyskie) but also in Mazowieckie Voivodeship. On the other hand, increases 
occurred in two voivodeships: Dolnośląskie – by 40% and the largest in Kujawsko-Po-
morskie – by 74%.

The spatial distribution of the share of innovative products sold in the value of 
sold product in total in 2015 corresponded to the spatial diversity of the share of net 
revenues from the sale of innovative products in total revenues. It is another param-
eter showing the effectiveness of innovative expenditure in industrial enterprises. In 
this case, in the studied period, the change in the share of revenues from innovative 
products showed high similarity with the change in the share of innovative products 
sold in individual voivodeships. The most significant decrease in the share was charac-
teristic of Mazowieckie Voivodeship, followed by Warmińsko-Mazurskie and Lubuskie 
Voivodeships. The region of voivodeships with the increase in the share of revenues 
from the sale of innovative products, Dolnośląskie and Kujawsko-Pomorskie Voivode-
ships was joined by Wielkopolskie Voivodeship (Fig. 9).

Changes in the spatial structure of innovation  
in the Polish industry in synthetic terms

In the economical-geographical studies of the structure of spatial systems, the analyt-
ical side of the issue dominates, as evidenced by the first part of the present article. It 
was devoted to selected issues of innovativeness of the spatial structure of the Polish 
industry by voivodeship. Attention was drawn to the analysis of elements of indus-
try innovation creating specific spatial structures and changes in them in 2005–2015. 
However, they did not allow to determine the overall change of the studied phenom-
enon in a given period. Therefore, in the following part, an attempt was made to syn-
thetically characterise the changes in the spatial system of industry innovation in the 
mentioned years. Conducting synthetic research results from the conviction that other 
types of changes characterise the system as a whole, than those that particular concern 
elements of the spatial layout.

The spatial structure of innovation of Polish industry in the analysed period was 
determined by the share of particular voivodeships in the total size of meta-features in 
quasi one-feature research and the volume of expenditures borne by industrial enter-
prises for innovative activities in one-feature research.

In 2005–2015, the spatial structure of industry innovation in Poland showed very 
high stability. Changes in the spatial structure on the basis of meta-features accept-
ed for the research were insignificant, which is indicated by cos2005,2015 amounting to 
0.993306. The calculated arc cosine function gives an angle of 6°63’. This means that 
the spatial structure of innovativeness of Polish industry in 2015 had changed only 
slightly, i.e. in less than 4% as compared to 2005. To determine only the size of the 
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changes in the spatial structure of industry innovation in individual years of the period 
2005–2015, a slightly different interpretation had to be given to the calculated function 
cos K’j K’k. The measure of changes in the structure is expressed by (1 – cos K’j K’k). The 
analysis of the results shows that slightly larger structural fluctuations (in the case of 
small ones in the entire period) took place in 2010–2011 and 2008–2009. In terms of 
the period 2012–2013, changes in the spatial structure took on the character of small, 
fixed-size changes (Fig. 10).

In the analysed period, much more significant changes in the spatial structure 
took place in the case of expenditure on innovative activity in industrial enterprises 
by voivodeship. The analysis of the size of changes in the structure of inputs indicates 
that more considerable structural fluctuations took place in 2012–2013, 2007–2008 
and 2014–2015. However, the minimum structural changes concerned the years 2005–
2006 and 2013–2014 (Fig. 10). The mentioned structural changes had an abrupt and 
irregular character, which may confirm the ad hoc and non-systemic nature of innova-
tive activity in the analysed period. In the case of expenditure on innovative activity in 
industrial enterprises in the years 2005–2015, the spatial structure was less stable than 
in the case of the whole set of innovation characteristics, as evidenced by cos2005,2015, 
which amounted to 0.956757. The calculated arc cosine gives an angle of 16°91’. It 
means that the spatial structure of expenditures on innovative activity in Polish indus-
try in 2015 changed in less than 10% in relation to 2005. However, greater stability 
of spatial distribution of other features reduced the impact of changes in innovative 
expenditure in enterprises on changes in the entire industry innovation structure.

An expression of the substantial stability of the spatial structure of the innovative-
ness of Polish industry in the analysed period is also small changes in the classification 
of voivodeships from the point of view of their participation in the national structure of 
the studied phenomenon. In 2015, only Lubelskie Voivodeship shifted from the average 
share class in 2005 to the small share class (Tab. 1).
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Fig. 10. Changes in the spatial structure of innovativeness of Polish industry in the years 2005–2015

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2013, 2016)
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Tab. 1. Classification of voivodeships from the point of view of participation in industry innovation

Share Voivodeship 2005 Voivodeship 2015

low

Lubuskie Lubuskie
Opolskie Lubelskie
Podlaskie Opolskie
Świętokrzyskie Podlaskie
Warmińsko-mazurskie Warmińsko-mazurskie
Zachodniopomorskie Świętokrzyskie
 Zachodniopomorskie

medium

Łódzkie Łódzkie
Kujawsko-pomorskie Kujawsko-pomorskie
Lubelskie Pomorskie
Pomorskie Podkarpackie
Podkarpackie  

high

Wielkopolskie Wielkopolskie
Śląskie Śląskie
Mazowieckie Mazowieckie
Dolnośląskie Dolnośląskie
Małopolskie Małopolskie

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)

However, more substantial shifts were observed in the classification of spatial 
units from the point of view of their share in innovative expenditure in industrial en-
terprises (Tab. 2).

Tab. 2. Classification of voivodeships from the point of view of the share in expenditure on innovative activity 
in industrial enterprises

Share Voivodeship 2005 Voivodeship 2015
low Lubuskie Lubelskie

Opolskie Lubuskie
Podlaskie Opolskie
Świętokrzyskie Podlaskie
Warmińsko-mazurskie Warmińsko-mazurskie
Zachodniopomorskie Kujawsko-pomorskie
Łódzkie Świętokrzyskie

medium Kujawsko-pomorskie Zachodniopomorskie
Lubelskie Łódzkie
Dolnośląskie Pomorskie
Pomorskie Podkarpackie
Małopolskie Małopolskie
Podkarpackie

high Wielkopolskie Wielkopolskie
Śląskie Dolnośląskie
Mazowieckie Mazowieckie

  Śląskie

Source: own work based on Bank Danych Lokalnych (2017) and Działalność innowacyjna… (2016)
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In this case, transfers to other share classes concerned a more significant number 
of spatial units. The voivodeships that shifted from the average share class in 2005 
to the low share class in 2015 included not only Lubelskie Voivodeship but also Ku-
jawsko-Pomorskie Voivodeship. Besides, Zachodniopomorskie and Łódzkie Voivode-
ships were upgraded in 2015 from the low share class to the medium share class, while 
Dolnośląskie Voivodeship joined the group of leaders with Wielkopolskie, Śląskie and 
Mazowieckie Voivodeships.

The research conducted indicates high stability of the spatial structure of the in-
novativeness of Polish industry with the dominance of voivodeships with large urban 
agglomerations and a developed industrial function having a significant impact on the 
innovative activity of enterprises located in their area (see Śleszyński, 2009). These re-
gions often form a diversified research-scientific and economic environment and thus 
can foster innovative activities for industry. It should be emphasised that there is also 
no significant reduction in the disproportions in industry innovation or the distribution 
of expenditure on innovative activity for individual spatial units, as evidenced by the 
estimated volatility co-efficients for innovation in the industry in 2005 – 78.2%, and 
in 2015 – 77.8%. The same is true for innovative investments in industrial enterprises 
where volatility co-efficients were higher and amounted to 99.4% and 96.9%, respec-
tively.

Also worth emphasising is the emergence of new spatial units that may soon join 
the leaders of innovative industry, such as Podkarpackie Voivodeship. The diverse type 
structure of business entities in its area with a significant representation of the produc-
tion of communication equipment and chemical products, as well as the accompanying 
large BERD expenditures in relation to other voivodeships in the country can be the 
basis. The more so because the effects of outlays on R&D or innovative activity in indus-
trial enterprises lag behind the period of their incurring.

Summary

In the years 2005–2015 there was an increase in expenditures on R&D and innovative 
activity in Poland. However, the obtained values are highly unsatisfactory. The spatial 
structure of innovation of the Polish industry shows considerable spatial diversifica-
tion by voivodeship. Despite a significant decrease in the share of innovative enter-
prises in total enterprises, in the majority of voivodeships there was an increase in ex-
penditures on innovative activities. In most of the voivodeships, the decline in the share 
of innovative products in the total value of sales (with the exception of Dolnośląskie 
and Kujawsko-Pomorskie Voivodeships) was a disadvantageous phenomenon in the 
analysed period, and the share of net revenues from sales of innovative products in to-
tal revenues decreased (with the exception of Dolnośląskie, Kujawsko-Pomorskie and 
Wielkopolskie). It is worth noting the low effectiveness of innovative expenditure in 
the face of a progressive decline in the share of the value of manufacturing innovative 
products and a decrease in the share of revenues from their sale.

In the years 2005–2015, the spatial structure of industry innovation in Poland 
showed high stability. Changes in the spatial structure were insignificant. In the syn-
thetic approach, the spatial structure of innovation in Polish industry changed only in 
4%. An expression of the stability of the spatial structure in the analysed period are also 
small changes in the classification of voivodeships from the point of view of their share 
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in the national structure of the studied phenomenon. More substantial transformations 
of the industry’s innovation structure (often of an abrupt and irregular nature) take 
place in the arrangements related to its specific characteristics, in particular outlays 
for innovative activity in industrial enterprises and between subsequent years of the 
2005–2015 period.

The conducted research indicates the need to increase expenditures on research 
and development activities in Polish voivodeships, especially those carried out in in-
dustrial enterprises, increasing the efficiency of current expenditures on innovative ac-
tivities in industry, as well as increasing investment attractiveness of weaker voivode-
ships (especially eastern and north-eastern Poland) to reduce disproportion of regional 
innovation in Polish industry.

The issue of the change in the spatial structure of industry innovation discussed in 
the study indicates the need to research regional approaches. The regularities identi-
fied as a result of such research provide the basis for more efficient management of the 
economy and enable undertaking actions aimed at the desired transformations of the 
spatial structures under examination.
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