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Abstract 
Research background: There is no doubt that innovation is an important source of economic 
growth. In the assessment of the innovative activity of Polish industrial processing enterprises, 
two opposing views can be found. The first indicates the exogenous shock resulting from the 
global financial crisis and the associated innovation crisis and the subsequent period of innovative 
pessimism. The second shows the Polish economy as the European Green Island due to strong 
and uninterrupted economic growth over the past 27 years, controlled inflation, and reduction of 
unemployment as well as increase of the citizens’ well-being. In these conditions, an interesting 
research gap appeared, which is worth filling, at the centre of which there are factors determining 
the innovative activity of enterprises, and in particular the role and importance of innovation 
barriers in various phases of the business cycle. 
Purpose of the article: The aim of the research is to determine the impact of innovation barriers 
and degrees of their importance on the innovation activity of Polish industrial processing enter-
prises during the business cycle. The time frame of the analysis covers three phases of the cycle: 
the prosperity period of 2004–2006, the global financial crisis of 2008–2010 and the recovery 
from 2012–2014. 
Methods: Pearson’s χ2 independence test and correspondence analysis were used for data analy-
sis. The research results are presented in a graphical form of biplots that describe the co-
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occurrence of three types of variables: (1) types of enterprises and ownership sectors, (2) effects 
or objectives of innovative activity, and (3) innovation barriers and reasons for the lack of innova-
tion. The basis of calculations were three databases covering the mentioned periods. 
Findings & Value added: High resistance of innovative activity of Polish industrial processing 
enterprises to economic fluctuations has been demonstrated. Innovation barriers and degrees of 
their importance had little impact on the operations of enterprises in the first of the analysed 
periods, when prosperity was booming. The impact of the global financial crisis on innovation 
activities proved to be counterintuitive, as enterprises have continuously achieved their goals and 
the importance of innovation barriers has diminished even more. In the third period, innovation 
barriers no longer had any significance for the innovation activities of enterprises. The phenome-
non of a gradual decline in the importance of innovation barriers, regardless of the phases of the 
business cycle, was called the Polish Green Island Effect. The relationship found is a peculiarity 
which is probably unprecedented in recent world economic history. 

 
 
Introduction  
 
The motivation to write the article was to explain the relationships between 
the innovative activities of Polish industrial processing enterprises and bar-
riers hindering these activities during various phases of the business cycle. 
This issue is particularly important from the point of view of economic 
growth and development. The study covered three time intervals: period of 
prosperity occurring in 2004–2006, the global financial crisis of 2008–2010 
and the period of recovery in 2012–2014. 

The main purpose of the research is to determine the impact of innova-
tion barriers and the degrees of their importance on the innovative activities 
of Polish industrial processing enterprises in the three periods mentioned 
above. An additional goal is to measure the achievements of enterprises in 
the field of innovative activity in various phases of the business cycle. 

The research covered interdependencies between multiple variables that 
could have various states. In total, three groups of variables were distin-
guished: (1) describing types (size) of enterprises and ownership sectors, 
(2) barriers to innovation and reasons for the lack of innovation, and (3) 
goals (effects) of innovative activity. The first group of variables are group-
ing variables that mediate the impact of innovation barriers on the innova-
tion activity of enterprises. 

The study used two statistical methods: Pearson’s ��independence test 
and correspondence analysis. The first method consisted in determining the 
relationship between variables belonging to groups (2) and (3), the second 
enabled an accurate analysis of co-occurrence between variables belonging 
to all groups and their states. The results of correspondence analysis are 
presented in charts called biplots. Statistical data analysis was performed 
using Statistica 13.3 software. 
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The obtained results explain some of the important issues regarding the 
latest economic history of Poland. There are two opposing views on the 
foundations of the country’s economic development during and just after 
the global financial crisis. According to the first view, the years 2008–2010 
are referred to as the innovation crisis, while the years 2010–2012 are de-
fined as the period of innovative pessimism. This typology is based on un-
favourable changes in two economic parameters: the indicator of innovative 
resource used by enterprises and the indicator of commercialization of in-
novation. Most often, these occurrences were explained by psychological 
factors. The second view indicates that the global financial crisis has not 
excessively disturbed the country’s economic growth. It only caused a tem-
porary drop in the economic growth rate from 5% in 2008 to 1.7% in 2009. 
It should be noted that the average growth rate in the European Union in 
2009 fell below zero and amounted to -4.2%. These data prompted the 
Polish government to prepare an economic map of Europe, on which indi-
vidual countries were attributed the growth rates they achieved in 2009. 
Countries with a positive growth rate were marked in green, while the other 
countries were marked in red, as a result of which Poland was called the 
European Green Island of economic growth. This approach was controver-
sial from the beginning and was often called government propaganda. The 
discoveries presented in this article, demonstrate that most enterprises 
achieved the assumed goals of innovative activity and that the importance 
of innovation barriers decreased, which proved that the effect of the Polish 
Green Island is a real phenomenon, and not one of the possible interpreta-
tions of reality. 

The rest of the article consists of the following sections: literature re-
view, research methodology, results, discussion, conclusions, and refer-
ences. The literature review section assesses research on the influence of 
innovation barriers on the innovation activity of enterprises and identifies 
an interesting research gap. The methodological part discusses the methods 
used and explains the basic concepts. The next part presents the results of 
the research divided into three periods. The discussion section contains 
a summary of the discoveries made and their comparison with the current 
state of knowledge. The conclusions section explains how the findings re-
late to Polish economic reality. The article ends with a list of used litera-
ture. 
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Literature review  
 
Identification of factors determining the innovative activity of enterprises is 
one of the basic directions of research on growth and economic develop-
ment. This task is extremely complex, because it is conditioned not only by 
the singular internal properties of enterprises, but also by the aspects re-
garding the socio-economic environment (Wziątek-Kubiak et al., 2013). As 
to the internal factors, great importance is attributed to the type of enter-
prise (small, medium, large), industry sector, R&D staff and financing of 
R&D from own sources (Jakimowicz & Rzeczkowski, 2019; Lorentzen & 
Jakobsen, 2016). The size of the region in which the enterprise operates and 
its quality are among the characteristics of the environment facilitating 
innovations (Balcerzak & Pietrzak, 2016; Balcerzak, 2020). The quality of 
the region should be understood as the efficiency of the regional coopera-
tion network of enterprises in the field of innovation. 

In Polish conditions, higher quality of the regions contributes to increas-
ing of the innovative activity of enterprises, prompts sustainable economic 
growth and the reduction of development disparities between individual 
voivodeships (Gorączkowska, 2015; Pietrzak et al., 2017; Afonasova et al., 
2019; Rogalska, 2018). During the last period, the importance of coopera-
tion between enterprises within individual industry branches has also in-
creased. This phenomenon applies in particular to high technology indus-
tries (Świadek et al., 2019). 

The reasons for the lack of innovation and barriers to innovation, as well 
as the factors determining the level of innovative activity and the degree of 
achievement of innovation objectives, can be endogenous or exogenous. 
Many of them are listed in the tables in the annex at the end of the article. 
An example of a barrier of the first type is the lack of funding of innovation 
from internal sources of the company, while the barrier of the second type 
may be too much competition on the market. 

The perception of factors impeding innovative activity may depend on 
the type of activity more and more often. Research shows that the barriers 
to innovation in the field of eco-innovation are usually more numerous and 
intensive than those that companies focusing on technological innovation 
have to face. Undertaking eco-innovation is an extremely complex process, 
requiring advanced technical knowledge, which results in the fact that 
sometimes a company operates at the technological frontier, and thus in the 
conditions of insufficient experience. In addition, eco-innovation requires 
a greater amount of information and knowledge than conducting other in-
novation activities. This suggests the need to distinguish eco-innovation 
from technological innovation. In addition, the propensity to eco-
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innovation is strongly determined by the type of enterprise understood as its 
size. Large companies have a greater tendency to introduce eco-innovation 
as they are better equipped in financial and human resources (Pinget et al., 
2015). 

The exogenous barriers to innovation include all those that are deter-
mined by socio-economic and institutional factors. Also in this context, the 
division into eco-innovations and technological innovations is important. 
Eco-innovations are based to a much greater extent on external sources of 
knowledge than other types of innovation. Hence, elements such as belong-
ing to a cluster, R&D cooperation, and environmental monitoring are par-
ticularly important in the strategy of an enterprise that is undertaking eco-
innovations. When some eco-friendly innovative products are introduced to 
the market, consumer perception barriers such as usage barrier, value barri-
er, risk barrier, and tradition barriers may be of great importance (Chen et 
al., 2018). 

The impact of innovation barriers on the innovative activity of enter-
prises and their goals is confirmed by numerous studies (Lewandowska, 
2014; Madeira et al., 2017; Segarra-Blasco et al., 2008; Talegeta, 2014). 
There is also strong empirical evidence confirming the relationship between 
the type (size) of an enterprise and its perception of innovation barriers and 
degrees of their importance. Usually, barriers to innovation are most no-
ticeable for small enterprises, which also assign them the greatest im-
portance. For this reason, one may encounter the view that the sheer size of 
an enterprise can be a barrier to innovation. The likelihood of overcoming 
innovation barriers increases with the size of the company (Arza & López, 
2018; Coad et al., 2016; Iammarino et al., 2009; Segarra-Blasco et al., 
2008; Pachouri & Sharma, 2016; Pinget et al., 2015; Talegeta, 2014). It can 
be concluded that the type of enterprise is an important intermediary varia-
ble in the cause-and-effect relationship between barriers to innovation and 
achieving the goals of innovative activity. 

Additionally, it can be said that there is a close relation between culture 
and entrepreneurship, and also culture and innovation. In this regard, 
Audretsch (2019), in his recent study, provides a framework for why entre-
preneurship and culture matter for economic performance and growth, but 
also why culture influences the efficacy of policies to enhance entrepre-
neurial activity. Furthermore, Succurro and Costanzo (2019) focus on firm-
level heterogeneity in patent propensity by studying the relationship be-
tween ownership structure and patenting activity in Italian manufacturing 
firms. Their empirical findings show that ownership concentration increas-
es the probability of successful patent applications, but at decreasing re-
turns to scale. 
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A review of the literature allowed for the identification of a research gap 
consisting in determining how in the various phases of the business cycle 
the impact of the reasons for the lack of innovation and innovation barriers 
on the innovative activity of Polish industrial processing enterprises chang-
es. This issue has not been properly researched yet, which is why this arti-
cle is one of the first attempts to comprehensively explain the links between 
innovation activity, obstacles to the implementation of innovation and eco-
nomic fluctuations. An additional new element is that the research covers 
three periods, which incorporated different economic trends in Poland: 
prosperity, global financial crisis, and recovery. 
 
 
Research methodology 
 
The following statistical methods were used in the research: Pearson’s �� 
independence test and correspondence analysis. The first method is used to 
study the relationship between two nominal variables (categorical varia-
bles). Empirical data should be collected in contingency tables. The test 
consists in comparing the observed values of the variables with their ex-
pected values, which were calculated assuming no relationship between the 
variables. The value of the test is assessed using the �� statistics. If the 
difference between the observed values of the variables and their expected 
values is statistically significant, then the existence of a linking relationship 
is assumed. 

The following two types of null hypotheses are tested: 
1. the type and ownership sector of the enterprise have no impact on the 

effects (goals) of its innovative activities, 
2. the type and ownership sector of the enterprise have no impact on the 

reasons for the lack of innovation and innovation barriers. 
For each of these null hypotheses, an alternative hypothesis is formulat-

ed about the occurrence of dependence between the studied variables, 
whose adoption — as a consequence of rejecting the null hypothesis — 
occurs when p-value is lower than the significance level. Since the research 
was based on three empirical databases, which refer to the years 2004–
2006, 2008–2010 and 2012–2014, the null hypotheses formulated in the 
above manner are tested separately for each of these periods. 

Correspondence analysis is a descriptive and exploratory technique for 
examining two-way and multi-way tables that contain measures describing 
the relationships between rows and columns. It involves recreating the dis-
tance between points corresponding to the rows and columns of such tables 
in a space with fewer dimensions, usually in two-dimensions or three-
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dimensions. The method of calculations provides as complete information 
as possible about the diversity of rows and columns (Greenacre, 1984; Borg 
& Groenen, 2010). The obtained results are presented graphically in charts 
called biplots, where the metric ��, which is the weighted Euclidean dis-
tance, is used to analyse the points representing the variables (Greenacre, 
2010). Unlike traditional hypothesis testing, which involves verifying 
a priori hypotheses about the relationships between variables, exploratory 
data analysis enables the identification of systematic relations between 
variables when there is no a priori expectation about the nature of these 
relationships. 

In order to comprehensively investigate the relations between empirical 
data, a cybernetic approach based on feedback loops has become necessary. 
The research included various types of feedbacks. The most important of 
them include: 
1. interdependencies between ownership sectors and types of enterprises, 
2. the mutual interactions between, 

a) ownership sectors and types of enterprises, 
b) effects or goals of innovative activity, 

3. the mutual interactions between, 
a) ownership sectors and types of enterprises, 
b) barriers to innovation, 

4. interdependencies between effects or goals of innovative activity and 
barriers to innovation. 
The necessity to include feedback in research had an impact on the se-

lection of statistical methods. The independence test allows to determine 
significant relationships between variables, while the correspondence anal-
ysis provides information on the structure of relationships between rows 
and columns of the contingency table. Research on enterprise innovation 
mostly focuses on unidirectional information flows between economic ob-
jects. In contrast, inclusion of feedback signifies focusing on bidirectional 
and multidirectional interactions. For this purpose, correspondence analysis 
is the most proper, and enables the research of the co-occurrence of phe-
nomena (Bourdieu, 1996; Greenacre, 2007; Nenadić & Greenacre, 2007). 

The size of the enterprise is one of the most important internal features 
affecting the innovative activity of the company (Jakimowicz & Rzeczkow-
ski, 2019; Lorentzen & Jakobsen, 2016). It is usually determined on the 
basis of the neoclassical Cobb-Douglas production function according to 
which production volume is dependent on labour and capital expenditures 
(Cobb & Douglas, 1928). A similar solution was adopted in the European 
Union, where the size of the enterprise is influenced by factors such as the 
number of employees and the volume of the annual turnover or the total of 
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annual balance sheet (Commission Regulation (EU) No. 651/2014). From 
this point of view, four types of enterprises are distinguished — micro, 
small, medium and large. The typology of enterprises in accordance with 
EU standards is presented in Table 1. 

All three analysed databases do not contain micro-enterprises, which is 
consistent with the assumption that the innovation activity of an enterprise 
depends on its size. It is fairly unlikely that a micro-enterprise would be 
involved in innovative activity on a larger scale due to low production fac-
tors resources. Symbols FR_1, FR_2 and FR_3 denote the codes of the 
types of enterprises tested. The ownership sector is another important factor 
influencing the innovative activity of enterprises. Three ownership sectors 
were distinguished, which were coded as follows: public (S1), private (S2) 
and mixed (S3). Table 2 presents the number of enterprises in all three da-
tabases with a breakdown into their types and ownership sectors. The larg-
est database from the period 2008–2010 contains 20,655 enterprises. The 
remaining two data bases are half smaller. 

In this study, enterprise types and ownership sectors are grouping varia-
bles which are used to assign each individual case from three analysed data 
bases into a particular group. This applies to the goals of innovative activity 
of enterprises and barriers to innovation. 
 
 
Results 
 
Analysis in the period of 2004–2006 
 
The first point of the study is to determine the relationships between varia-
bles describing types and ownership sectors of enterprises and variables 
characterizing the effects of innovative activities and barriers to innovation. 
Secondly, correspondence analysis is used in order to refine the dependen-
cy to create the final result in the form of biplots showing the co-occurrence 
of phenomena. 

According to Table 2, types of enterprise and ownership sectors are de-
scribed by two variables having three states, so we have nine states in total. 
Table 3 presents nine variables describing the effects of innovative activity 
of enterprises, each of which can assume four states, while in Table 4 we 
have eleven variables related to innovation barriers and each of them can 
also be in four states. The effects of innovative activity and barriers to in-
novation may affect the innovative activity of enterprises to a high, medi-
um, low level or be insignificant. This means that there are twenty-two 
variables in total that can be in eighty-nine states. 
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The Pearson’s �� independence test will be used to verify the relation-
ship between enterprise types and ownership sectors, and the effects of 
their innovative activity. This task requires the formulation of the following 
research hypotheses: 

 
��: the type and ownership sector of the enterprise have no impact on the 
effects of innovative activity; 
 
��: the type and ownership sector of the enterprise have an impact on the 
effects of innovative activity. 

 
The results of the verification of the null hypothesis are presented in Ta-

ble 5. We see that at the significance level � =  0.05 we have the inequali-
ty � < �, therefore the null hypothesis should be rejected. In conclusion, it 
should be stated that the effects of an enterprise’s innovative activity de-
pend on its type and ownership sector. 

Table 4 presents eleven variables describing innovation barriers. The �� 
independence test will be used again to verify the relationships between the 
types and ownership sectors of enterprises and barriers to innovation. The 
following research hypotheses are tested: 

 
��: the type and ownership sector of the enterprise have no impact on in-
novation barriers; 
 
��: the type and ownership sector of the enterprise have an impact on in-
novation barriers. 

 
The results of the verification of the null hypothesis �� are presented in 

Table 6. At the significance level � =  0.05 we again have the inequality 
� <  �, which means that the null hypothesis �� should be rejected in fa-
vour of the alternative hypothesis ��. It can be stated therefore, that barri-
ers to innovation depend on the type and sector of enterprise ownership. 

According to the results obtained, the types and ownership sectors of en-
terprises have a decisive impact on the effects of innovative activity, the 
strength of their impact and also determine the types and degrees of im-
portance of innovation barriers. Innovation barriers can reduce or delay the 
effects of innovative activities. To detail these relationships, the corre-
spondence analysis was used, which led to the construction of the three-
dimensional biplot shown in Figure 1 and its three two-dimensional cross-
sections (Figures 2–4). 3D biplot provides a general overview of the links 
between eighty-nine states of twenty-two variables, followed by a 2D bip-
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lots for a more accurate visualisation. The construction of the 3D chart was 
necessary because the value of inertia for two dimensions, 1 and 2, was 
only 69.92%, so the limit equal to 75% of the total value of �� statistic 
sufficient to obtain an adequate representation of the initial data by two-
dimensional space was not reached. Under these conditions, three dimen-
sions allow to reproduce almost complete information contained in the 
initial two-way table. Row and column profile standardization was used in 
the study, which allows for simultaneous analysis of points representing the 
row profiles (types of enterprises including ownership sectors) and column 
profiles (effects of innovation activities) and the supplementary points (bar-
riers to innovation). 

Variables and their states presented in Figures 1–4 were coded as shown 
in Tables 1 and 2, as well as Tables 3 and 4. For example, the symbol 
S2FR_1 represents a small enterprise from the private sector, the symbol 
AKI_7_2 represents the effect of innovative activity consisting in the re-
duction of material and energy consumption per unit of product, affecting 
the enterprise to a medium degree, while the symbol BR5_3 represents the 
barrier to innovation in the form of lack of information regarding technolo-
gy, which hinders the innovation activity of the enterprise to a low degree. 

In total, eighty-nine points representing states of individual variables are 
marked in Figures 1–4. Points representing types of enterprises along with 
the sectors of ownership have been marked with blue circles, points repre-
senting the states of variables regarding the effects of innovative activities 
are red squares, and points representing the states of variables describing 
the innovation barriers are green rhombi. 

During this period of time, there was a good economic situation, as all 
four charts — one three-dimensional and three two-dimensional cross-
sections — indicate the development of almost all forms of innovative ac-
tivity. Points representing enterprises operating in various ownership sec-
tors are located relatively close to the points representing the effects of 
innovative activities. The closer the distance between these points, the 
greater the likelihood of co-occurrence of the corresponding phenomena. 
�� metric is used to evaluate the distance, which is understood as the 
weighted Euclidean distance. Innovation barriers practically do not apply to 
Polish industrial processing enterprises, as they are located in an isolated 
area of space on each biplot, and at the same time are located at a consider-
able distance from the points corresponding to enterprise types and owner-
ship sectors. According to Table 6, the �� independence test rejected the 
null hypothesis in favour of the alternative hypothesis about the relation-
ship between these variables, but analysis of correspondence shows that 
these relationships are not particularly significant. Thus, from an  economic  
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point of view, the impact of innovation barriers on the innovative activity 
of enterprises is not very strong. 

The analysis of biplots presented in Figures 1–4 reveals one more inter-
esting phenomenon, namely, it indicates some difficulties in achieving the 
effects of innovative activity in small and medium-sized enterprises from 
the public sector, S1FR_1 and S1FR_2. At the same time, these enterprises, 
like all others, are not significantly sensitive to innovation barriers. 
 
Analysis in the period of 2008–2010 
 

As in the previous case, the starting point of the study is to determine 
the relationships between variables describing types and ownership sectors 
of enterprises and variables characterizing the objectives of innovative ac-
tivity and barriers to innovation. For this purpose, the �� independence test 
will be used. The variables defining the objectives of innovation activities 
and innovation barriers are presented in tables 7 and 8 respectively. 

The analysis should start with establishing the relationship between 
types and ownership sectors of enterprises and the objectives of innovative 
activity. The following hypotheses will be tested: 

 
��: the type and ownership sector of the enterprise have no impact on the 
objectives of innovative activity; 
 
��: the type and ownership sector of the enterprise have an impact on the 
objectives of innovative activity. 

 
The results of the verification of the null hypothesis are presented in Ta-

ble 9. The null hypothesis should be rejected in favour of the alternative 
hypothesis. In conclusion, it should be stated that the goals of the compa-
ny’s innovative activity depend on its type and ownership sector. 

At the next stage, the relationship between types and ownership sectors 
of enterprise and barriers to innovation should be determined. The �� inde-
pendence test will be used for this purpose. The following research hypoth-
eses should be subjected to statistical verification: 

 
��: the type and ownership sector of the enterprise have no impact on in-
novation barriers; 
 
��: the type and ownership sector of the enterprise have an impact on in-
novation barriers. 
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The results of the verification of the null hypothesis �� are presented in 
Table 10. The inequality � < � is preserved which means that the null 
hypthesis should be rejected in favour of the alternative hypothesis. Conse-
quently, innovation barriers depend on the type and sector of enterprise 
ownership. 

The results presented above prove that innovation barriers impede en-
terprises from achieving the goals related to innovation activities. A de-
tailed analysis of these relationships requires the use of correspondence 
analysis, as it enables simultaneous analysis of individual variables and 
their states. The coding of enterprise and sector types is in accordance with 
tables 1 and 2. Tables 7 and 8 apply accordingly to innovation activity and 
innovation barriers. 

It should be noted that the PNT–02 questionnaire used to study innova-
tion in the industry sector during the years 2008–2010 has undergone some 
changes in comparison to the PNT–02 questionnaire used in the 2004–2006 
period. Variables describing the effects of innovation activity were used in 
the previous period, however, in the period 2008–2010 variables used were 
describing the objectives of innovative activity. Moreover, a new target 
appeared in the form of replacement of obsolete products or processes, 
which in Table 7 was marked as AKI_2. The effect in the form of regula-
tions, norms or standards compliance has been removed (symbol AKI_9 in 
Table 3) and the effect involving the reduction of environmental damage 
and improvement of occupational health and safety has been split into two 
separate goals. Therefore, it should be remembered that despite the same 
designations, the variables in Table 7 differ from those in Table 3. Howev-
er, the barriers to innovations have not changed, as the way they are coded 
coincides in tables 8 and 4, except that in the period 2008–2010 the degree 
of their importance, not the degree of their influence is considered. 

Figure 5 presents a three-dimensional biplot determining the co-
occurrence of variables representing types and ownership sectors of enter-
prises, goals of innovative activity and barriers to innovation. In total there 
are twenty-three variables that occur in ninety-three states. Figures 6–8 
show three two-dimensional biplots that are cross-sections of the biplot 
from Figure 5. 2D biplots contain the same information as the 3D biplot, 
but they visually refine the information shown on the 3D biplot. 

During this period, the global financial crisis became apparent and the 
enterprises surveyed gradually began to feel the impact. The least resistant 
to exogenous changes proved to be small and medium-sized enterprises 
from the public sector (S1FR_1, S1FR_2), that gradually limited their in-
novative activity. This phenomenon is already partially visible on the 3D 
biplot from Figure 5, and fully confirmed on the 2D biplots from Figures 
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6–8, where points S1FR_1, S1FR_2 are relatively isolated. They are largely 
distant from points representing the goals of innovative activity. Figure 6 
shows that with two dimensions we can reproduce as much as 79.18% of 
inertia, therefore the biplot presented in this form is a good representation 
of the initial data. The credibility of statistical inference is particularly high 
in this case. A similar relationship did not occur so clearly in 2004–2006. In 
the analysed period, the remaining types of enterprises belonging to specif-
ic ownership sectors achieved the goals (effects) of innovative activity at 
a similar level as before. 

At the same time, the lack of significance of innovation barriers for al-
most all surveyed enterprises is a surprise. These points were in an isolated 
and relatively small area of space. Green rhombi denoting innovation barri-
ers are located at a relatively large distance both from the blue circles de-
noting the types and ownership sectors of enterprises, including small and 
medium-sized enterprises from the public sector (S1FR_1 and S1FR_2), as 
well as from the red squares denoting the objectives of innovative activity. 
The noticeable increase in these distances is another significant change in 
comparison to the previous period (2004–2006). The �� independence test 
still indicates the dependence of innovation barriers on types and ownership 
sectors of enterprises, but it can be seen that it is clearly weaker during the 
global financial crisis than before. Thus, the impact of innovation barriers 
on the effects or goals of innovative activity of enterprises is weakening. 
Another new phenomenon compared to the previous period is the concen-
tration of all variable states representing barriers to innovation in a much 
smaller area, which indicates that differences in degrees of their importance 
cease to be significant for enterprises. 
 
Analysis in the period of 2012–2014 
 

For comparative purposes, it is necessary to perform a similar verifica-
tion as in the previous two periods of relationships between types and own-
ership sectors of enterprises and the objectives of innovation activity and 
innovation barriers. The �� independence test and correspondence analysis 
are also used. The goals of innovative activity are characterized in Table 
11, while the reasons for the lack of innovation and innovation barriers are 
presented in Table 12. Both tables are included in Annex. 

In order to determine the relationship between types and ownership sec-
tors of enterprises and the goals of innovative activity, the following hy-
potheses were statistically verified: 
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��: the type and ownership sector of the enterprise have no impact on the 
goals of innovative activity; 
 
��: the type and ownership sector of enterprise have an impact on the 
goals of innovative activity. 
 

Table 13 shows the results of verification of the null hypothesis. Calcu-
lations show that the null hypothesis should be rejected in favour of the 
alternative hypothesis. Thus, the goals of the company’s innovative activity 
depend on its type and ownership sector. 

Another issue is the determination of the relationship between the type 
and ownership sector of the enterprise and the reasons for the lack of inno-
vation and barriers to innovation. The following hypotheses were tested: 

 
��: the enterprise type and ownership sector have no impact on the rea-
sons for the lack of innovation and barriers to innovation; 
 
��: the type and ownership sector of the enterprise have an impact on the 
reasons for the lack of innovation and barriers to innovation. 

 
The results of the verification of the null hypothesis �� are presented in 

table 14. The inequality � > � indicates that there are no reasons for reject-
ing the null hypothesis. This leads to a rather sensational conclusion that 
the reasons for the lack of innovation and the innovation barrier do not 
depend on the type and sector of enterprise ownership. 

Considering the above conclusions, it seems that in the examined period 
the reasons for the lack of innovation and barriers to innovation listed in 
Table 12 did not apply to Polish industrial processing enterprises, which 
means that these reasons and barriers did not affect the objectives of inno-
vation activity listed in Table 11. In order to establish more detailed rela-
tionships between variables, correspondence analysis was used. 

The 3D biplot from Figure 9 presents the co-occurrence of points repre-
senting types and ownership sectors of enterprises, goals of innovative ac-
tivity and the reasons for the lack of innovation and the barriers to innova-
tion. The next three biplots, shown in Figures 10–12, are the two-
dimensional cross-sections of the 3D biplot that enable the refinement of 
the research. 3D biplot presents a general picture of the co-occurrence of 
the studied phenomena, and the reason for its preparation is the fact that 
three dimensions explain as much as 87.72% of the total value of the 	
 
statistics. It includes the co-occurrence between two variables in the form 
of types and sectors of enterprises, which in total can be in nine states, and 
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fifteen one-state variables characterizing the objectives of innovative activi-
ty and eleven four-state variables describing the reasons for the lack of 
innovation and the barriers to innovation. In total, we have twenty-eight 
variables, which can be in sixty-eight states represented by points on the 
chart. The variable coding is identical to the coding used in previous bip-
lots. 

In general, the biplots presented in Figures 9–12 show that in the third 
period the distances of points representing types and ownership sectors of 
enterprises and points describing the objectives of innovative activity from 
points corresponding to the reasons for lack of innovation, barriers to inno-
vation and their degrees of significance are much greater than in 2004–
2006 and 2008–2010. At the same time, it can be seen that the reasons for 
the lack of innovation, barriers to innovation and their degrees of im-
portance (green rhombi) are concentrated in a relatively small region of 
space. Therefore, these variables and their states have practically no impact 
on the goals of innovative activity. In addition, the points representing the 
goals of innovative activity (red squares) are usually located at a short dis-
tance from the points corresponding to the types of enterprises and owner-
ship sectors (blue circles), which indicates the achievement of these goals 
by most enterprises. 

The analysis of the biplots from Figures 9–12 allows for one more inter-
esting phenomenon to be noticed, which has already appeared partly in 
previous periods. Figure 9 shows that all types of public sector enterprises 
are relatively isolated points: S1FR_1, S1FR_2 and S1FR_3. Small enter-
prises S1FR_1 have some problems with achieving the goals of innovative 
activity, but the reasons for the lack of innovation and the barriers to inno-
vation as well as their degrees of importance do not hinder their activities at 
all. This is confirmed by 2D biplots shown in Figures 11 and 12. Medium 
enterprises S1FR_2 also have some difficulties in achieving the objectives 
of innovation activity, but the reasons for the lack of innovation and barri-
ers to innovation affect them much more than small enterprises from the 
public sector. On all 2D biplots (Figures 10–12) the S1FR_2 point is locat-
ed between and at a fairly large distance from the points representing the 
goals of innovative activity as well as the reasons for the lack of innovation 
and barriers to innovation. The position of enterprises S1FR_3 is much 
better compared to the two previous types, because the point representing 
them lies near the points corresponding to the objectives of innovative ac-
tivity (Figures 10–12). In addition, for this type of enterprises, the reasons 
for the lack of innovation and the barriers to innovation are not significant 
(long distances from green points). It should be noted, however, that in 
terms of achieving the objectives of innovative activity, S1FR_3 enterpris-
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es, the best in the public sector, are in a slightly worse position than all 
other types of enterprises from other ownership sectors. In summary, small 
and medium-sized enterprises from the public sector have the biggest prob-
lems with innovations. This is probably due to political considerations in 
the selection of managerial staff for these enterprises. 

When comparing the dynamics of innovative activity of enterprises in 
the years 2012–2014 with the previous two periods, certain differences in 
statistical reporting should be taken into account, namely the construction 
of the PNT–02 questionnaire, based on which the data was collected. As for 
the goals (effects) of innovative activity, there has been a clear shift of em-
phasis on eco-innovation, which is the result of the growing importance of 
pro-ecological economic policy in the European Union. Therefore, there are 
some differences between the variables describing the innovation activity. 
However, it cannot be said that they prevent comparative studies of the 
three periods because the essence of innovation activities has remained 
unchanged. Variables still describe the same phenomenon. While defining 
the effects (goals) of innovative activity, a need to abandon degrees of in-
fluence or significance was also noted, due to their low consequence for 
enterprises, which results from the economic development of the country. 
In the case of innovation barriers, the changes are only formal and the 
whole substance remains unchanged. 
 
 
Discussion 
 
The article examines the impact of innovation barriers on the implementa-
tion of the objectives (effects) of innovative activity by Polish industrial 
processing enterprises. The analysis covered three periods of 2004–2006, 
2008–2010 and 2012–2014. Pearson’s �� independence test was used to 
assess the research hypotheses, and a detailed analysis of the relationships 
between multiple variables was performed with use of correspondence 
analysis. Both methods provide results that complement each other. In each 
case, statistical significance criteria were met. The use of correspondence 
analysis enabled the preparation of 3D biplot and three two-dimensional 
cross-sections of the 3D biplot for each period, which allowed for a very 
detailed analysis of the co-occurrence of phenomena. The reliability of the 
inference based on the mentioned biplots is particularly high because they 
provide a very good representation of the initial data from contingency 
tables. In the first period 77.77% , in the second — 85.833%, and in the 
third — 87.72% of the total value of the �� statistics was reproduced. In 
addition, there is one 2D biplot in each of the tested periods, which fulfils 
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the condition of good representation of initial data even in two-dimensional 
space, as it allows for reproducing almost 75% of inertia; for the second 
period it is as much as 79.18%, which results from Figure 6. 

The same phenomenon is examined in each of the periods, i.e. the im-
pact of innovation barriers on the innovative activity of enterprises. As 
previously emphasized, differences in databases are more formal than sub-
stantive, which enables the comparison of changes occurring in all analysed 
periods. Therefore, it is possible to formulate the following conclusions: 
1. In each of the three periods, points representing types and ownership 

sectors of enterprises (blue circles) are located near points representing 
the effects (goals) of innovative activity and degrees of their impact 
(significance) for enterprises (red squares). Both of these types of points 
form common clusters. The above means that in the studied periods, 
most enterprises did not have major problems with achieving the goals 
of innovative activity. 

2. Small and medium-sized enterprises from the public sector, marked with 
symbols S1FR_1 and S1FR_2, are much worse at achieving the goals of 
innovative activity compared to other enterprises. Points corresponding 
to these enterprises are located at relatively large distances from points 
representing the goals of innovative activity and their degrees of im-
portance. This regularity is visible in all periods, except that it deepened 
in the years 2008–2010 and this trend persisted in the period 2012–
2014. Moreover, the innovation activity of these enterprises is unlikely 
to be hindered by innovation barriers. Initially, the deterioration of the 
situation of these enterprises could have a source in the global financial 
crisis, and the persistence of this state in subsequent years may be the 
result of applying political criteria for the selection of managerial staff. 

3. In each of the examined periods, points representing barriers to innova-
tion and their degrees of importance for enterprises (green rhombi) form 
separate clusters located at relatively large distances from points repre-
senting the types and sectors of ownership of enterprises and points in-
dicating the objectives of their innovative activity. So we have two sepa-
rate clusters of points. Interestingly, the average distance between these 
clusters increased slightly in the years 2008–2010, i.e. during the global 
financial crisis, compared to the period 2004–2006. This means that the 
crisis has not stopped the innovation activity of enterprises, and at the 
same time a reduction of the undesirable effects of barriers to innovation 
has been observed. In addition, the significance of these barriers de-
creased so significantly in the period 2012–2014 that they became irrel-
evant to all enterprises. Both clusters have increased their distance even 
more. 
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4. In the last examined period, the innovation strategy of enterprises has 
changed, as the focus has shifted from traditional technological innova-
tions to eco-innovations. The type of eco-innovation undertaken is 
strongly dependent on the type of enterprise and ownership sector. 
Professional literature assesses the changes in the Polish economy in the 

studied periods in an ambivalent way. On the one hand, innovation crisis 
and innovative pessimism as the effects of the global financial crisis are 
mentioned, while on the other hand, Polish economy is presented as 
a Green Island of economic growth on the background of the crisis-stricken 
European Union. These extreme points of view create a certain thematic 
framework in which the results of this article can be evaluated. 

In the recent economic history of Poland, the period 2008–2010 is treat-
ed as the years of the innovation crisis, during which the frequency of the 
use of innovative resources by industrial processing enterprises decreased 
and the indicators of innovation commercialization deteriorated. In turn, the 
period 2010–2012 was characterized by growing discrepancies between the 
indicator of resource use and the indicator of commercialization of innova-
tion. Both showed a decreasing tendency, but the first decreased faster than 
the second. A conclusion was drawn from this about the psychological 
basis of the phenomenon and these years were called the period of innova-
tive pessimism (Wziątek-Kubiak & Pęczkowski, 2019). The analysis car-
ried out in this article does not confirm the existence of either an innovative 
crisis or a period of innovative pessimism. Although qualitative research is 
presented in this article, it clearly shows the relatively good implementation 
of innovative goals by enterprises and the decreasing importance of innova-
tion barriers. 

According to the second point of view, Polish economy did not feel 
much the effects of the global financial crisis and during its duration it 
showed a slightly lower, but positive, rate of economic growth. In 2010, the 
then economic authorities presented a map of Europe with Poland distin-
guished as the Green Island of economic growth on the red background of 
other countries in crisis, with negative growth rates (Tomescu-Dubrow et 
al., 2018, pp. 202–216; Tomescu-Dubrow et al., 2019, pp. 17–18). In the 
most difficult year for the Polish economy in 2009, the growth rate de-
creased to 1.7% (after a later revision it was changed to 1.3%), with the 
average in the European Union at the level of -4.2%. For comparison, the 
economic growth rate of Poland in 2008 was 5%. In 2010, this rate was 
3.9% with the EU average of 2.1%. The increase in unemployment in Po-
land was also moderate. In the second half of 2008, unemployment 
amounted to 7.1% and increased gradually to 9.7% in January 2011 (Ka-
czyński, 2012). However, it turned out that at the turn of 2012 and 2013 the 
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Polish economy was affected by a technical recession. In the fourth quarter 
of 2012, GDP decreased by 0.3% compared to the previous quarter, and in 
the first quarter of 2013 it fell further by 0.1%. However, immediately af-
terwards Poland regained the title of Green Island. According to the latest 
data, the growth rate of the Polish economy in 2018 reached 5.1%, and 
estimates for 2019 are close to this value. The resistance of the Polish 
economy to the crisis resulted from many factors, but mainly from stable 
internal consumption (Cienski, 2012). The quantitative data presented here 
coincide with the results of the qualitative research presented in this article. 
Stable implementation of the goals of innovative activity by enterprises in 
the three analysed periods and a gradual decrease in the importance of in-
novation barriers despite the occurrence of various phases of the business 
cycle means that Polish Green Island effect is plausible. Due to the above, 
innovation barriers and their degrees of importance on all biplots are 
marked in green. 
 
 
Conclusions 
 
The research carried out in this article indicates high resistance of the inno-
vative activity of Polish industrial processing enterprises to cyclical fluctua-
tions. This result is to some extent inconsistent with the current research, so 
it can contribute to its expansion (Świadek, 2015). The points correspond-
ing to the types and sectors of ownership of enterprises (blue circles) form 
a joint cluster with points representing the goals or effects of innovative 
activity (red squares) on biplots made for all analysed periods, i.e. 2004–
2006, 2008–2010 and 2012–2014. Points representing the reasons for the 
lack of innovation and barriers to innovation (green rhombi) form a sepa-
rate cluster. Since the beginning of the 2004–2006 period, the distance be-
tween these two clusters has been gradually increasing, which proves the 
decreasing impact of innovation barriers and the degree of their importance 
to enterprises. This inference is made possible due to the fact that the scales 
are the same for each of the biplots, which are based on �� metrics, which 
is the weighted Euclidean distance. The results collected here coincide with 
the views on the Polish economy as a European Green Island of economic 
growth. 

The latest data presented at the Economic Forum in Krynica in 2019 in-
dicate that since 1992 the Polish economy has been recording uninterrupted 
economic growth exceeding on average 4% per year. Over the past 27 
years, only Australia has also achieved such a result among OECD coun-
tries. In the years 1990–2018, GNP tripled, and the Polish economy is cur-
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rently the 7th largest economy in the European Union and 23rd in the 
world. Strong and uninterrupted economic growth, economic openness to 
the world, controlled inflation, reduction of unemployment and increase of 
wellbeing of the people should be mentioned among the achievements of 
the Polish economy in the last thirty years. These achievements would not 
have been possible without large-scale innovation activities undertaken by 
enterprises. The research results presented in this article explain at least 
partly the reasons for Poland’s economic successes and indicate that the 
title of Green Island is not a propaganda trick of one of the governments, 
but a lasting economic achievement. 

As far as the Polish and Australian economies are concerned, it seems 
that the factors of economic growth may be of a similar nature. This would 
indicate the need for appropriate comparative analyses. This issue could be 
a fascinating subject for future research. 

The obtained research results also point to another interesting phenome-
non, which is probably still in the initial phase, namely the specialization of 
individual types of enterprises from various ownership sectors in specific 
types of eco-innovation. In this context, the possibility of explaining earlier 
discrepancies in the assessment of the innovative activity of Polish indus-
trial processing enterprises arises. In order to clarify these differences, it 
would be necessary to divide innovations into traditional innovations and 
eco-innovations. The stagnation signalled by some authors would mainly 
concern traditional innovations, while undertaking eco-innovations would 
indicate the emergence of a new innovation strategy among enterprises. 
This trend is particularly pronounced in the years 2012–2014 (Jakimowicz 
& Rzeczkowski, 2019). Thus, the importance of pro-ecological economic 
policy is growing, which in the future may have an even greater impact on 
the innovation activity of enterprises. 

Biplots presented in Figures 1–12 provide insights about many other re-
lationships between types and ownership sectors of enterprises, goals of 
innovation activities and barriers to innovation. The presented approach to 
the issue, covering multiple variables, is comprehensive and unique in the 
literature on the subject. The analysis presented here provides many more 
results than described in the article. Due to the wide range of issues raised 
and their complex nature, only basic relationships are discussed here. The 
presented biplots provide much more information about the relationships 
between variables, which are not examined due to lack of space. The reader 
interested in the subject, even without access to the three extensive data-
bases that were the source of data for the research, can independently dis-
cover and interpret different interrelations that are particularly interesting to 
him, by analysing the biplots in detail. 
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The results presented in the article lead to another research question 
about the reasons for Poland’s economic success. Although it goes beyond 
the scope of this article, it may show possible directions of future research. 
In this case, one should refer to the concept of innovative capital (Kijek, 
2012) and define the problem of low sensitivity of this capital to economic 
fluctuations. Among the possible explanations, one should definitely con-
sider economic policy and its adequacy to the given economic situation. 
However, it seems that assuming the optimal economic policy may not be 
enough to fully explain the lack of impact of innovation barriers on the 
innovation activity of enterprises. In the three studied periods, different 
types of economic policy were implemented, depending on the political 
option represented by successive governments. There must, therefore, be 
some other explanation, some economic factor that is hardly sensitive to 
political influence. The source of Polish enterprises’ success is undoubtedly 
the entrepreneurship of citizens and a relatively new element on the con-
sumption side, which is prosumption (Jakimowicz & Rzeczkowski, 2016). 
A prosumer is a new type of business entity that is not only a consumer but 
is also actively participating in the design and creation of new products and 
services (Toffler & Toffler, 2006). Therefore, the source of innovative suc-
cess of Polish enterprises could be mutual fuelling of entrepreneurship and 
prosumption. However, confirmation of this hypothesis requires further 
research. 

Record results prove that the Polish economy has a strong and at the 
same time flexible production structure, which is probably due to the multi-
level relationships between various economic entities. Until now, these 
issues have not received much attention, probably due to the limited data or 
lack of relevant data. In addition, in such an economy, learning processes 
and diffusion of innovation must run extremely smoothly, probably innova-
tive capital is growing at a very fast pace, therefore more attention should 
be devoted to knowledge acquisition processes, information flow channels 
and methods of learning of business entities. Since stable internal consump-
tion is one of the sources of success, it might also be worth obtaining in-
formation about prosumption. Therefore, another practical implication 
would be an improved adaptation of the PNT-02 statistical questionnaires, 
used to acquire information about industrial innovations, to rapidly chang-
ing economic conditions. 
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Table 5. List of assumptions and calculations necessary to verify the hypothesis 
about the relationship between the type and sector of enterprise ownership and the 
effects of its innovative activities (2004–2006) 
 

�� test of independence 

�� �tatistics value 426.05 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.0000 

Decision �� hypothesis should be rejected in favour of �� 

 
 
Table 6. List of assumptions and calculations necessary to verify the hypothesis 
about the relationship between the type and sector of enterprise ownership and 
innovation barriers (2004–2006) 
 

�� test of independence 

�� �tatistics value 1,519.68 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.0000 

Decision �� hypothesis should be rejected in favour of �� 
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Table 9. List of assumptions and calculations necessary to verify the hypothesis 
about the relationship between the type and sector of enterprise ownership and the 
goals of its innovative activities (2008–2010) 
 

�� test of independence 

�� �tatistics value 668.581 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.0000 

Decision �� hypothesis should be rejected in favour of �� 

 
 
Table 10. List of assumptions and calculations necessary to verify the hypothesis 
about the relationship between the type and sector of enterprise ownership and 
innovation barriers (2008–2010) 
 

�� test of independence 

�� �tatistics value 3,174.84 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.0000 

Decision �� hypothesis should be rejected in favour of �� 
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Table 13. List of assumptions and calculations necessary to verify the hypothesis 
regarding the relationship between the type and ownership sector of an enterprise 
and the goals of its innovative activity (2012–2014) 
 

�� test of independence 

�� �tatistics value 2,361.7 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.0000 

Decision �� hypothesis should be rejected in favour of �� 

 
 
Table 14. List of assumptions and calculations necessary to verify the hypothesis 
regarding the relationship between the type and ownership sector of an enterprise 
and the reasons for the lack of innovation and barriers to innovation (2012–2014) 
 

�� test of independence 

�� �tatistics value 251.602 

Critical region right-tailed 

Level of significance ��� � = 0.05 

P-value �
� � = 0.9999 

Decision Since � >  �, there are no grounds for rejecting �� 
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Dimension 2; eigenvalue: 0.00353 (28.06% of inertia)

 P
oi

nt
s 

re
pr

es
en

tin
g 

ba
rr

ie
rs

 to
 in

no
va

tio
n

A
K

I_
6_

1

A
K

I_
3_

4

A
K

I_
5_

4



F
ig

ur
e 

3.
 2

D
 b

ip
lo

t 
sh

o
w

in
g 

th
e 

co
-o

cc
ur

re
nc

e 
o

f 
th

e 
ty

p
es

 o
f 

en
te

rp
ri

se
s 

in
cl

ud
in

g 
th

e 
o

w
n

er
sh

ip
s 

se
ct

o
rs

, 
th

e
 e

ffe
ct

s 
o

f 
in

no
va

tiv
e

 
ac

tiv
ity

, 
an

d
 t

he
 b

ar
ri

er
s 

to
 in

n
o

va
tio

n 
in

 p
er

io
d

 
2

00
4

–2
0

06
 (

d
im

en
si

o
n

s 
1

–
3

; 4
9

.7
1

%
 o

f t
ot

al
 in

er
tia

)
 

 

 

 P
oi

nt
s 

re
pr

es
en

tin
g 

ty
pe

s 
of

 c
om

pa
ny

 in
cl

ud
in

g 
th

e 
ow

ne
rs

hi
p 

se
ct

or
s

 P
oi

nt
s 

re
pr

es
en

tin
g 

ef
fe

ct
s 

of
 in

no
va

tiv
e 

ac
tiv

ity

-0
.3

-0
.2

-0
.1

0.
0

0.
1

0.
2

0.
3

0.
4

D
im

en
si

on
 1

; e
ig

en
va

lu
e:

 0
.0

05
27

 (
41

.8
6%

 o
f i

ne
rt

ia
)

-0
.2

-0
.10.
0

0.
1

0.
2

0.
3

0.
4

S
1F

R
_2

S
1F

R
_3

S
1F

R
_1

S
2F

R
_2

S
2F

R
_3

S
2F

R
_1

S
3F

R
_2

S
3F

R
_3

S
3F

R
_1

A
K

I_
1_

1

A
K

I_
1_

2

A
K

I_
1_

3

A
K

I_
1_

4

A
K

I_
2_

1

A
K

I_
2_

2

A
K

I_
2_

3

A
K

I_
2_

4

A
K

I_
3_

1

A
K

I_
3_

2

A
K

I_
3_

3

A
K

I_
3_

4

A
K

I_
4_

1

A
K

I_
4_

2
A

K
I_

4_
3

A
K

I_
4_

4

A
K

I_
5_

1

A
K

I_
5_

2A
K

I_
5_

3

A
K

I_
5_

4

A
K

I_
6_

1

A
K

I_
6_

2

A
K

I_
6_

3

A
K

I_
6_

4

A
K

I_
7_

1

A
K

I_
7_

2

A
K

I_
7_

3

A
K

I_
7_

4

A
K

I_
8_

1

A
K

I_
8_

2
A

K
I_

8_
3

A
K

I_
8_

4

A
K

I_
9_

1

A
K

I_
9_

2A
K

I_
9_

3

A
K

I_
9_

4

B
R

1_
1

B
R

1_
2

B
R

1_
3

B
R

1_
4

B
R

2_
1

B
R

2_
2

B
R

2_
3

B
R

2_
4

B
R

3_
1

B
R

3_
2

B
R

3_
3

B
R

3_
4

B
R

4_
1

B
R

4_
2

B
R

4_
3

B
R

4_
4

B
R

5_
1

B
R

5_
2

B
R

5_
3

B
R

5_
4

B
R

6_
1

B
R

6_
2

B
R

6_
3

B
R

6_
4

B
R

7_
1

B
R

7_
2

B
R

7_
3

B
R

7_
4

B
R

8_
1

B
R

8_
2

B
R

8_
3

B
R

8_
4

B
R

9_
1

B
R

9_
2

B
R

9_
3

B
R

9_
4

B
R

10
_1

B
R

10
_2

B
R

10
_3

B
R

10
_4

B
R

11
_1

B
R

11
_2

B
R

11
_3

B
R

11
_4

 P
oi

nt
s 

re
pr

es
en

tin
g 

ba
rr

ie
rs

 to
 in

no
va

tio
n

Dimension 3; eigenvalue: 0.00099 (7.85% of inertia)
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Dimension 3; eigenvalue: 0.00099 (7.85% of inertia)
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Dimension 2; eigenvalue: 0.00213 (11.81% of inertia)
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Dimension 3; eigenvalue: 0.00120 (6.653% of inertia)
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Dimension 3; eigenvalue: 0.00120 (6.653% of inertia)
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Dimension 2; eigenvalue: 0.00509 (22.87% of inertia)
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Dimension 3; eigenvalue: 0.00405 (18.20% of inertia)
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Dimension 3; eigenvalue: 0.00405 (18.20% of inertia)
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