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Abstract

Resear ch background: There is no doubt that innovation is an importamirse of economic
growth. In the assessment of the innovative agtioft Polish industrial processing enterprises,
two opposing views can be found. The first indisatiee exogenous shock resulting from the
global financial crisis and the associated innaratirisis and the subsequent period of innovative
pessimism. The second shows the Polish economiyjeakuropean Green Island due to strong
and uninterrupted economic growth over the pasge2ifs, controlled inflation, and reduction of
unemployment as well as increase of the citizeredl-eing. In these conditions, an interesting
research gap appeared, which is worth fillinghat¢entre of which there are factors determining
the innovative activity of enterprises, and in fwaar 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 imp&ginovation barriers
and degrees of their importance on the innovatidivity of Polish industrial processing enter-
prises during the business cycle. The time framén@fanalysis covers three phases of the cycle:
the prosperity period of 2004—2006, the global ritial crisis of 2008—2010 and the recovery
from 2012-2014.

Methods: Pearson’s? independence test and correspondence analysisusedefor data analy-
sis. The research results are presented in a gedpfirm of biplots that describe the co-
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occurrence of three types of variables: (1) typesnterprises and ownership sectors, (2) effects
or objectives of innovative activity, and (3) inmion barriers and reasons for the lack of innova-
tion. The basis of calculations were three databeseering the mentioned periods.

Findings & Value added: High resistance of innovative activity of Polistdistrial processing
enterprises to economic fluctuations has been dstradad. Innovation barriers and degrees of
their importance had little impact on the operatiai enterprises in the first of the analysed
periods, when prosperity was booming. The impacthefglobal financial crisis on innovation
activities proved to be counterintuitive, as entegs have continuously achieved their goals and
the importance of innovation barriers has diminiskeen more. In the third period, innovation
barriers no longer had any significance for theoiration activities of enterprises. The phenome-
non of a gradual decline in the importance of iratmn barriers, regardless of the phases of the
business cycle, was called the Polish Green IsEffett. The relationship found is a peculiarity
which is probably unprecedented in recent worlchecac history.

I ntroduction

The motivation to write the article was to expltie relationships between
the innovative activities of Polish industrial pessing enterprises and bar-
riers hindering these activities during various ggsaof the business cycle.
This issue is particularly important from the pouft view of economic
growth and development. The study covered three tirtervals: period of
prosperity occurring in 2004-2006, the global ficiahcrisis of 2008—-2010
and the period of recovery in 2012—-2014.

The main purpose of the research is to determi@entpact of innova-
tion barriers and the degrees of their importancée innovative activities
of Polish industrial processing enterprises in tiiree periods mentioned
above. An additional goal is to measure the achneves of enterprises in
the field of innovative activity in various phasg#fighe business cycle.

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

The study used two statistical methods: Pearspfilsdependence test
and correspondence analysis. The first method steakin determining the
relationship between variables belonging to groi@sand (3), the second
enabled an accurate analysis of co-occurrence batwariables belonging
to all groups and their states. The results ofespondence analysis are
presented in charts called biplots. Statisticahdatalysis was performed
using Statistica 13.3 software.
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The obtained results explain some of the imporigsues regarding the
latest economic history of Poland. There are twpogpg views on the
foundations of the country’s economic developmeaurind) and just after
the global financial crisis. According to the firsew, the years 2008-2010
are referred to as the innovation crisis, while years 2010-2012 are de-
fined as the period of innovative pessimism. Thotogy is based on un-
favourable changes in two economic parametersntheator of innovative
resource used by enterprises and the indicatoomiercialization of in-
novation. Most often, these occurrences were axpthby psychological
factors. The second view indicates that the gldinaincial crisis has not
excessively disturbed the country’s economic grovithnly caused a tem-
porary drop in the economic growth rate from 592098 to 1.7% in 2009.
It should be noted that the average growth ratthénEuropean Union in
2009 fell below zero and amounted to -4.2%. Thes@ gprompted the
Polish government to prepare an economic map obdgjron which indi-
vidual countries were attributed the growth ratesytachieved in 2009.
Countries with a positive growth rate were markedreen, while the other
countries were marked in red, as a result of witloland was called the
European Green Island of economic growth. This @gghr was controver-
sial from the beginning and was often called gowemnt propaganda. The
discoveries presented in this article, demonstthtg most enterprises
achieved the assumed goals of innovative activity #hat the importance
of innovation barriers decreased, which proved thateffect of the Polish
Green Island is a real phenomenon, and not onkeeopassible interpreta-
tions of reality.

The rest of the article consists of the followiregtions: literature re-
view, research methodology, results, discussiomclosions, and refer-
ences. The literature review section assessesrcesen the influence of
innovation barriers on the innovation activity afterprises and identifies
an interesting research gap. The methodologicaldiscusses the methods
used and explains the basic concepts. The nexppesents the results of
the research divided into three periods. The dsounssection contains
a summary of the discoveries made and their cosmanvith the current
state of knowledge. The conclusions section explamw the findings re-
late to Polish economic reality. The article endthwa list of used litera-
ture.
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Literaturereview

Identification of factors determining the innovatiactivity of enterprises is
one of the basic directions of research on growith @onomic develop-
ment. This task is extremely complex, becausedbrglitioned not only by
the singular internal properties of enterpriseg, ds0 by the aspects re-
garding the socio-economic environment (Y¥k-Kubiaket al, 2013). As
to the internal factors, great importance is atted to the type of enter-
prise (small, medium, large), industry sector, R&faff and financing of
R&D from own sources (Jakimowicz & Rzeczkowski, 90Lorentzen &
Jakobsen, 2016). The size of the region in whiehethterprise operates and
its quality are among the characteristics of thgrenment facilitating
innovations (Balcerzak & Pietrzak, 2016; Balcerz220). The quality of
the region should be understood as the efficieride regional coopera-
tion network of enterprises in the field of innaeat

In Polish conditions, higher quality of the regimmntributes to increas-
ing of the innovative activity of enterprises, piusustainable economic
growth and the reduction of development disparibesveen individual
voivodeships (Gaiczkowska, 2015; Pietrzak al, 2017; Afonasovet al,
2019; Rogalska, 2018). During the last period,ithportance of coopera-
tion between enterprises within individual indusbianches has also in-
creased. This phenomenon applies in particulangb technology indus-
tries Swiadeket al, 2019).

The reasons for the lack of innovation and bartieianovation, as well
as the factors determining the level of innovateévity and the degree of
achievement of innovation objectives, can be endoge or exogenous.
Many of them are listed in the tables in the anaethe end of the article.
An example of a barrier of the first type is thekaf funding of innovation
from internal sources of the company, while theibaiof the second type
may be too much competition on the market.

The perception of factors impeding innovative dttivnay depend on
the type of activity more and more often. Reseatubws that the barriers
to innovation in the field of eco-innovation araualy more numerous and
intensive than those that companies focusing ohntdogical innovation
have to face. Undertaking eco-innovation is aneswély complex process,
requiring advanced technical knowledge, which tesin the fact that
sometimes a company operates at the technolog@#lidr, and thus in the
conditions of insufficient experience. In additi@go-innovation requires
a greater amount of information and knowledge tb@amducting other in-
novation activities. This suggests the need toirgdjaish eco-innovation
from technological innovation. In addition, the pemsity to eco-
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innovation is strongly determined by the type dkeeprise understood as its
size. Large companies have a greater tendencyramirce eco-innovation
as they are better equipped in financial and hureaaurces (Pingett al,
2015).

The exogenous barriers to innovation include adséhthat are deter-
mined by socio-economic and institutional fact@dso in this context, the
division into eco-innovations and technological dnations is important.
Eco-innovations are based to a much greater ertemixternal sources of
knowledge than other types of innovation. Hencemeints such as belong-
ing to a cluster, R&D cooperation, and environmemntanitoring are par-
ticularly important in the strategy of an entereribat is undertaking eco-
innovations. When some eco-friendly innovative piaid are introduced to
the market, consumer perception barriers suchageusarrier, value barri-
er, risk barrier, and tradition barriers may begofat importance (Chest
al., 2018).

The impact of innovation barriers on the innovataaivity of enter-
prises and their goals is confirmed by numerousdissu(Lewandowska,
2014; Madeireet al, 2017; Segarra-Blascet al, 2008; Talegeta, 2014).
There is also strong empirical evidence confirntimgrelationship between
the type (size) of an enterprise and its percemfdnnovation barriers and
degrees of their importance. Usually, barriersnimovation are most no-
ticeable for small enterprises, which also assigent the greatest im-
portance. For this reason, one may encounter #we thiat the sheer size of
an enterprise can be a barrier to innovation. THedithood of overcoming
innovation barriers increases with the size ofdbmpany (Arza & Lépez,
2018; Coadet al, 2016; lammarincet al, 2009; Segarra-Blascet al.,
2008; Pachouri & Sharma, 2016; Pingetl, 2015; Talegeta, 2014). It can
be concluded that the type of enterprise is an rtapb intermediary varia-
ble in the cause-and-effect relationship betweerndra to innovation and
achieving the goals of innovative activity.

Additionally, it can be said that there is a closktion between culture
and entrepreneurship, and also culture and inrmvatin this regard,
Audretsch (2019), in his recent study, providesankwork for why entre-
preneurship and culture matter for economic peréorce and growth, but
also why culture influences the efficacy of polgi® enhance entrepre-
neurial activity. Furthermore, Succurro and Costaf2019) focus on firm-
level heterogeneity in patent propensity by stugyihe relationship be-
tween ownership structure and patenting activitytafian manufacturing
firms. Their empirical findings show that ownerslgigncentration increas-
es the probability of successful patent applicatjdout at decreasing re-
turns to scale.
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A review of the literature allowed for the identdition of a research gap
consisting in determining how in the various phaskethe business cycle
the impact of the reasons for the lack of innovatnd innovation barriers
on the innovative activity of Polish industrial pessing enterprises chang-
es. This issue has not been properly researcheaviigth is why this arti-
cle is one of the first attempts to comprehensiesdylain the links between
innovation activity, obstacles to the implementatad innovation and eco-
nomic fluctuations. An additional new element iattkhe research covers
three periods, which incorporated different ecoroitnends in Poland:
prosperity, global financial crisis, and recovery.

Resear ch methodology

The following statistical methods were used in tbgearch: Pearsonjg
independence test and correspondence analysidir§thmethod is used to
study the relationship between two nominal varishleategorical varia-
bles). Empirical data should be collected in caydimcy tables. The test
consists in comparing the observed values of thimas with their ex-
pected values, which were calculated assuming latiarship between the
variables. The value of the test is assessed ubmg? statistics. If the
difference between the observed values of the bl@saand their expected
values is statistically significant, then the esigte of a linking relationship
is assumed.

The following two types of null hypotheses areddst
1. the type and ownership sector of the enterprise mvimpact on the

effects (goals) of its innovative activities,

2. the type and ownership sector of the enterprise mvimpact on the
reasons for the lack of innovation and innovatiarriers.

For each of these null hypotheses, an alternagpethesis is formulat-
ed about the occurrence of dependence betweentuldéd variables,
whose adoption — as a consequence of rejectinqiatiehypothesis —
occurs wherp-value is lower than the significance level. Sitlee research
was based on three empirical databases, which teféne years 2004—
2006, 2008-2010 and 2012-2014, the null hypothésm®sulated in the
above manner are tested separately for each af pegds.

Correspondence analysis is a descriptive and extplyr technique for
examining two-way and multi-way tables that contaieasures describing
the relationships between rows and columns. Ithresrecreating the dis-
tance between points corresponding to the rowscahomns of such tables
in a space with fewer dimensions, usually in twmelisions or three-
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dimensions. The method of calculations providesamsplete information
as possible about the diversity of rows and coluf@reenacre, 1984; Borg
& Groenen, 2010). The obtained results are presgnégghically in charts
called biplots, where the metrj¢?, which is the weighted Euclidean dis-
tance, is used to analyse the points represerttimgadriables (Greenacre,
2010). Unlike traditional hypothesis testing, whialwvolves verifying

a priori hypotheses about the relationships betwesiables, exploratory
data analysis enables the identification of system@lations between
variables when there is no a priori expectationualibe nature of these
relationships.

In order to comprehensively investigate the retetibetween empirical
data, a cybernetic approach based on feedback laspbecome necessary.
The research included various types of feedbacks. mMost important of
them include:
1. interdependencies between ownership sectors aed tfienterprises,
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 e activity and
barriers to innovation.

The necessity to include feedback in research haidhpact on the se-
lection of statistical methods. The independensé alows to determine
significant relationships between variables, whkile correspondence anal-
ysis provides information on the structure of relaships between rows
and columns of the contingency table. Researchnbergrise innovation
mostly focuses on unidirectional information flowstween economic ob-
jects. In contrast, inclusion of feedback signifiesusing on bidirectional
and multidirectional interactions. For this purposerrespondence analysis
is the most proper, and enables the research afatmecurrence of phe-
nomena (Bourdieu, 1996; Greenacre, 2007; Nénadsreenacre, 2007).

The size of the enterprise is one of the most ingpdrinternal features
affecting the innovative activity of the compangKimowicz & Rzeczkow-
ski, 2019; Lorentzen & Jakobsen, 2016). It is ugudetermined on the
basis of the neoclassical Cobb-Douglas productiorction according to
which production volume is dependent on labour eaoital expenditures
(Cobb & Douglas, 1928). A similar solution was ammpin the European
Union, where the size of the enterprise is infl@ghby factors such as the
number of employees and the volume of the annuabuer or the total of
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annual balance sheet (Commission Regulation (EU)@8@/2014). From
this point of view, four types of enterprises aistidguished — micro,
small, medium and large. The typology of entergriseaccordance with
EU standards is presented in Table 1.

All three analysed databases do not contain mioterprises, which is
consistent with the assumption that the innovasictivity of an enterprise
depends on its size. It is fairly unlikely that é&ro-enterprise would be
involved in innovative activity on a larger scalgedo low production fac-
tors resources. Symbols FR_1, FR_2 and FR_3 ddheteodes of the
types of enterprises tested. The ownership sestmather important factor
influencing the innovative activity of enterpris&diree ownership sectors
were distinguished, which were coded as followdliou(S1), private (S2)
and mixed (S3). Table 2 presents the number ofntes in all three da-
tabases with a breakdown into their types and osingrsectors. The larg-
est database from the period 2008—2010 contair@b2Gnterprises. The
remaining two data bases are half smaller.

In this study, enterprise types and ownership se&@e grouping varia-
bles which are used to assign each individual frase three analysed data
bases into a particular group. This applies tagtbeds 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 thitienships between varia-
bles describing types and ownership sectors ofrgmées and variables
characterizing the effects of innovative activitiasl barriers to innovation.
Secondly, correspondence analysis is used in oodexfine the dependen-
cy to create the final result in the form of biglehowing the co-occurrence
of phenomena.

According to Table 2, types of enterprise and osinigr sectors are de-
scribed by two variables having three states, sbave nine states in total.
Table 3 presents nine variables describing thesffef innovative activity
of enterprises, each of which can assume foursstateile in Table 4 we
have eleven variables related to innovation bargrd each of them can
also be in four states. The effects of innovatiegvdy and barriers to in-
novation may affect the innovative activity of aptéses to a high, medi-
um, low level or be insignificant. This means tlia¢re are twenty-two
variables in total that can be in eighty-nine state
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The Pearson’g? independence test will be used to verify the i@fat
ship between enterprise types and ownership secods the effects of
their innovative activity. This task requires tloerhulation of the following
research hypotheses:

Hy: the type and ownership sector of the enterpriseslmvimpact on the
effects of innovative activity

H;: the type and ownership sector of the enterprise l@vimpact on the
effects of innovative activity

The results of the verification of the null hypatfseare presented in Ta-
ble 5. We see that at the significance leve: 0.05 we have the inequali-
ty p < a, therefore the null hypothesis should be rejedredonclusion, it
should be stated that the effects of an entergriseiovative activity de-
pend on its type and ownership sector.

Table 4 presents eleven variables describing inimvéarriers. Ther?
independence test will be used again to verifyrét@ionships between the
types and ownership sectors of enterprises anélmio innovation. The
following research hypotheses are tested:

Hy: the type and ownership sector of the enterprises v impact on in-
novation barriers

H;: the type and ownership sector of the enterprisee lmvimpact on in-
novation barriers

The results of the verification of the null hypadlseH,, are presented in
Table 6. At the significance level = 0.05 we again have the inequality
p < a, which means that the null hypothesig should be rejected in fa-
vour of the alternative hypothedig. It can be stated therefore, that barri-
ers to innovation depend on the type and sectent&rprise ownership.

According to the results obtained, the types andeyship sectors of en-
terprises have a decisive impact on the effectsdvative activity, the
strength of their impact and also determine theesypand degrees of im-
portance of innovation barriers. Innovation bagiean reduce or delay the
effects of innovative activities. To detail thessdationships, the corre-
spondence analysis was used, which led to the reamtisin of the three-
dimensional biplot shown in Figure 1 and its thtwe-dimensional cross-
sections (Figures 2—4). 3D biplot provides a gdnavarview of the links
between eighty-nine states of twenty-two variablelpwed by a 2D bip-
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lots for a more accurate visualisation. The comsivn of the 3D chart was
necessary because the value of inertia for two minas, 1 and 2, was
only 69.92%, so the limit equal to 75% of the totalue of y? statistic
sufficient to obtain an adequate representatiothefinitial data by two-
dimensional space was not reached. Under thesatiomisg three dimen-
sions allow to reproduce almost complete informmat@mntained in the
initial two-way table. Row and column profile standization was used in
the study, which allows for simultaneous analy$ipaints representing the
row profiles (types of enterprises including owmgossectors) and column
profiles (effects of innovation activities) and thgpplementary points (bar-
riers to innovation).

Variables and their states presented in Figuresateré coded as shown
in Tables 1 and 2, as well as Tables 3 and 4. kample, the symbol
S2FR_1 represents a small enterprise from the tprisector, the symbol
AKI1_7_2 represents the effect of innovative acyiwionsisting in the re-
duction of material and energy consumption per ahiproduct, affecting
the enterprise to a medium degree, while the syBRE_3 represents the
barrier to innovation in the form of lack of infoation regarding technolo-
gy, which hinders the innovation activity of theenprise to a low degree.

In total, eighty-nine points representing statemdividual variables are
marked in Figures 1-4. Points representing typesntérprises along with
the sectors of ownership have been marked with &iheées, points repre-
senting the states of variables regarding the &ffeCinnovative activities
are red squares, and points representing the sihtemiables describing
the innovation barriers are green rhombi.

During this period of time, there was a good ecauasituation, as all
four charts — one three-dimensional and three timmedsional cross-
sections — indicate the development of almostaiinks of innovative ac-
tivity. Points representing enterprises operatmgarious ownership sec-
tors are located relatively close to the pointsraspnting the effects of
innovative activities. The closer the distance leetw these points, the
greater the likelihood of co-occurrence of the esponding phenomena.
x? metric is used to evaluate the distance, whicliriderstood as the
weighted Euclidean distance. Innovation barrieextically do not apply to
Polish industrial processing enterprises, as theylacated in an isolated
area of space on each biplot, and at the sameatimlbvcated at a consider-
able distance from the points corresponding torprite types and owner-
ship sectors. According to Table 6, thé independence test rejected the
null hypothesis in favour of the alternative hypestis about the relation-
ship between these variables, but analysis of spomrdence shows that
these relationships are not particularly signiftcdmus, from an economic
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point of view, the impact of innovation barriers the innovative activity
of enterprises is not very strong.

The analysis of biplots presented in Figures 1véaks one more inter-
esting phenomenon, namely, it indicates some diffes in achieving the
effects of innovative activity in small and mediwmed enterprises from
the public sector, SIFR_1 and S1FR_2. At the sane these enterprises,
like all others, are not significantly sensitiveitmovation barriers.

Analysis in the period of 2008-2010

As in the previous case, the starting point of gshely is to determine
the relationships between variables describingsygpel ownership sectors
of enterprises and variables characterizing theatibes of innovative ac-
tivity and barriers to innovation. For this purpptiee y? independence test
will be used. The variables defining the objectieésnnovation activities
and innovation barriers are presented in tablasdBarespectively.

The analysis should start with establishing theti@hship between
types and ownership sectors of enterprises andiijeetives of innovative
activity. The following hypotheses will be tested:

Hy: the type and ownership sector of the enterpriseshmavimpact on the
objectives of innovative activijty

H;: the type and ownership sector of the enterprise f@vimpact on the
objectives of innovative activity

The results of the verification of the null hypatiseare presented in Ta-
ble 9. The null hypothesis should be rejected irota of the alternative
hypothesis. In conclusion, it should be stated thatgoals of the compa-
ny’s innovative activity depend on its type and ewahip sector.

At the next stage, the relationship between typesawvnership sectors
of enterprise and barriers to innovation shouldiéermined. Thg? inde-
pendence test will be used for this purpose. THeviing research hypoth-
eses should be subjected to statistical verifioatio

Hy: the type and ownership sector of the enterprises v impact on in-
novation barriers

H;: the type and ownership sector of the enterprisee lmvimpact on in-
novation barriers
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The results of the verification of the null hypatts,, are presented in
Table 10. The inequalitp < a is preserved which means that the null
hypthesis should be rejected in favour of the aitdve hypothesis. Conse-
quently, innovation barriers depend on the type s&ctor of enterprise
ownership.

The results presented above prove that innovatiriebs impede en-
terprises from achieving the goals related to imtion activities. A de-
tailed analysis of these relationships requires ube of correspondence
analysis, as it enables simultaneous analysis difidual variables and
their states. The coding of enterprise and segp@stis in accordance with
tables 1 and 2. Tables 7 and 8 apply accordinglgriovation activity and
innovation barriers.

It should be noted that the PNT-02 questionnaiesl us study innova-
tion in the industry sector during the years 20@3-2has undergone some
changes in comparison to the PNT—02 questionnagd in the 2004—-2006
period. Variables describing the effects of innawatctivity were used in
the previous period, however, in the period 200882¢ariables used were
describing the objectives of innovative activity.oldover, a new target
appeared in the form of replacement of obsoletelymts or processes,
which in Table 7 was marked as AKI_2. The effecthia form of regula-
tions, norms or standards compliance has been ain@ymbol AKI_9 in
Table 3) and the effect involving the reductionesivironmental damage
and improvement of occupational health and safat/ldeen split into two
separate goals. Therefore, it should be rememlitdiddespite the same
designations, the variables in Table 7 differ fritvase in Table 3. Howev-
er, the barriers to innovations have not changedha& way they are coded
coincides in tables 8 and 4, except that in théopge2008-2010 the degree
of their importance, not the degree of their inflce is considered.

Figure 5 presents a three-dimensional biplot detengm the co-
occurrence of variables representing types and shipesectors of enter-
prises, goals of innovative activity and barriergrinovation. In total there
are twenty-three variables that occur in ninetg¢histates. Figures 6—8
show three two-dimensional biplots that are crasdigns of the biplot
from Figure 5. 2D biplots contain the same infoiiovatas the 3D biplot,
but they visually refine the information shown te 8D biplot.

During this period, the global financial crisis bete apparent and the
enterprises surveyed gradually began to feel thp@at The least resistant
to exogenous changes proved to be small and mesized- enterprises
from the public sector (S1FR_1, S1FR_2), that gaiduimited their in-
novative activity. This phenomenon is already pdigtivisible on the 3D
biplot from Figure 5, and fully confirmed on the Aiplots from Figures
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6-8, where points SIFR_1, S1FR_2 are relativelpied. They are largely
distant from points representing the goals of irative activity. Figure 6
shows that with two dimensions we can reproduceash as 79.18% of
inertia, therefore the biplot presented in thisyfds a good representation
of the initial data. The credibility of statisticaference is particularly high
in this case. A similar relationship did not ocsorclearly in 2004—2006. In
the analysed period, the remaining types of ent&apibelonging to specif-
ic ownership sectors achieved the goals (effedtshrovative activity at
a similar level as before.

At the same time, the lack of significance of inatbon barriers for al-
most all surveyed enterprises is a surprise. Thes#gs were in an isolated
and relatively small area of space. Green rhombotileg innovation barri-
ers are located at a relatively large distance baottm the blue circles de-
noting the types and ownership sectors of entagpriscluding small and
medium-sized enterprises from the public sectoFES1l and S1FR_2), as
well as from the red squares denoting the objestofannovative activity.
The noticeable increase in these distances is anetbnificant change in
comparison to the previous period (2004-2006). Fhéndependence test
still indicates the dependence of innovation besr@ types and ownership
sectors of enterprises, but it can be seen thatciearly weaker during the
global financial crisis than before. Thus, the igtpaf innovation barriers
on the effects or goals of innovative activity ofterprises is weakening.
Another new phenomenon compared to the previousg& the concen-
tration of all variable states representing basrigr innovation in a much
smaller area, which indicates that differenceseagrdes of their importance
cease to be significant for enterprises.

Analysis in the period of 2012-2014

For comparative purposes, it is necessary to parfoisimilar verifica-
tion as in the previous two periods of relationshyetween types and own-
ership sectors of enterprises and the objectivaaravation activity and
innovation barriers. Thg? independence test and correspondence analysis
are also used. The goals of innovative activity @raracterized in Table
11, while the reasons for the lack of innovatiod amovation barriers are
presented in Table 12. Both tables are includehimex.

In order to determine the relationship betweengyged ownership sec-
tors of enterprises and the goals of innovativeviagt the following hy-
potheses were statistically verified:
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Hy: the type and ownership sector of the enterprise have no impact on the
goals of innovative activity;

H;: the type and ownership sector of enterprise have an impact on the
goals of innovative activity.

Table 13 shows the results of verification of thll hypothesis. Calcu-
lations show that the null hypothesis should beated in favour of the
alternative hypothesis. Thus, the goals of the @mjs innovative activity
depend on its type and ownership sector.

Another issue is the determination of the relatigmdbetween the type
and ownership sector of the enterprise and thensa®r the lack of inno-
vation and barriers to innovation. The followingolyheses were tested:

Hy: the enterprise type and ownership sector have no impact on the rea-
sons for the lack of innovation and barriersto innovation;

H;: 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 hypatts,, are presented in
table 14. The inequality > « indicates that there are no reasons for reject-
ing the null hypothesis. This leads to a rathersagonal conclusion that
the reasons for the lack of innovation and the vwation barrier do not
depend on the type and sector of enterprise owipersh

Considering the above conclusions, it seems thiiteirexamined period
the reasons for the lack of innovation and barriernnovation listed in
Table 12 did not apply to Polish industrial prodtegsenterprises, which
means that these reasons and barriers did not #fieobjectives of inno-
vation activity listed in Table 11. In order to aslish more detailed rela-
tionships between variables, correspondence asalgs used.

The 3D biplot from Figure 9 presents the co-ocaweeof points repre-
senting types and ownership sectors of enterprigeds of innovative ac-
tivity and the reasons for the lack of innovatiord dhe barriers to innova-
tion. The next three biplots, shown in Figures )-hre the two-
dimensional cross-sections of the 3D biplot thadbda the refinement of
the research. 3D biplot presents a general piafitbe co-occurrence of
the studied phenomena, and the reason for its @@a is the fact that
three dimensions explain as much as 87.72% ofdts value of they?
statistics. It includes the co-occurrence betweemn variables in the form
of types and sectors of enterprises, which in todal be in nine states, and
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fifteen one-state variables characterizing theahjes of innovative activi-
ty and eleven four-state variables describing #esons for the lack of
innovation and the barriers to innovation. In totak have twenty-eight
variables, which can be in sixty-eight states regnéed by points on the
chart. The variable coding is identical to the ogdused in previous bip-
lots.

In general, the biplots presented in Figures 9-+i®vsthat in the third
period the distances of points representing typesaavnership sectors of
enterprises and points describing the objectivagradvative activity from
points corresponding to the reasons for lack obwuation, barriers to inno-
vation and their degrees of significance are muaatgr than in 2004—
2006 and 2008-2010. At the same time, it can be de# the reasons for
the lack of innovation, barriers to innovation atiekir degrees of im-
portance (green rhombi) are concentrated in aivelgtsmall region of
space. Therefore, these variables and their dtates practically no impact
on the goals of innovative activity. In additiohgtpoints representing the
goals of innovative activity (red squares) are lguacated at a short dis-
tance from the points corresponding to the typesntérprises and owner-
ship sectors (blue circles), which indicates thieieaement of these goals
by most enterprises.

The analysis of the biplots from Figures 9—-12 afildar one more inter-
esting phenomenon to be noticed, which has alreggheared partly in
previous periods. Figure 9 shows that all typepudilic sector enterprises
are relatively isolated points: S1IFR_1, S1IFR_2 &hBR_3. Small enter-
prises S1IFR_1 have some problems with achievingdla¢s of innovative
activity, but the reasons for the lack of innovatand the barriers to inno-
vation as well as their degrees of importance ddimaler their activities at
all. This is confirmed by 2D biplots shown in Figarll and 12. Medium
enterprises S1FR_2 also have some difficultieschiexing the objectives
of innovation activity, but the reasons for thekla¢ innovation and barri-
ers to innovation affect them much more than smaterprises from the
public sector. On all 2D biplots (Figures 10-12%) 8i1FR_2 point is locat-
ed between and at a fairly large distance frompiats representing the
goals of innovative activity as well as the reastomghe lack of innovation
and barriers to innovation. The position of entisgg S1FR_3 is much
better compared to the two previous types, becthes@oint representing
them lies near the points corresponding to theabibs of innovative ac-
tivity (Figures 10-12). In addition, for this tymé enterprises, the reasons
for the lack of innovation and the barriers to imation are not significant
(long distances from green points). It should b&edohowever, that in
terms of achieving the objectives of innovativehait, SIFR_3 enterpris-
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es, the best in the public sector, are in a skghibrse position than all
other types of enterprises from other ownershiposecin summary, small
and medium-sized enterprises from the public sdwge the biggest prob-
lems with innovations. This is probably due to pcdil considerations in
the selection of managerial staff for these enisepr

When comparing the dynamics of innovative actiagfyenterprises in
the years 2012—-2014 with the previous two perigdstain differences in
statistical reporting should be taken into acconainely the construction
of the PNT-02 questionnaire, based on which the was collected. As for
the goals (effects) of innovative activity, themsheen a clear shift of em-
phasis on eco-innovation, which is the result ef gnowing importance of
pro-ecological economic policy in the European Wnibherefore, there are
some differences between the variables descrilliagrinovation activity.
However, it cannot be said that they prevent coatpar studies of the
three periods because the essence of innovatiovitiast has remained
unchanged. Variables still describe the same phenom While defining
the effects (goals) of innovative activity, a néedabandon degrees of in-
fluence or significance was also noted, due tortlwv consequence for
enterprises, which results from the economic derabmt of the country.
In the case of innovation barriers, the changesoatg formal and the
whole substance remains unchanged.

Discussion

The article examines the impact of innovation leasrion the implementa-
tion of the objectives (effects) of innovative aitfi by Polish industrial
processing enterprises. The analysis covered tgaeds of 2004—2006,
2008-2010 and 2012-2014. Pearsgyfsindependence test was used to
assess the research hypotheses, and a detailgdisrdlthe relationships
between multiple variables was performed with u$ecarrespondence
analysis. Both methods provide results that comptereach other. In each
case, statistical significance criteria were mdte Tise of correspondence
analysis enabled the preparation of 3D biplot dwée two-dimensional
cross-sections of the 3D biplot for each periodicivtallowed for a very
detailed analysis of the co-occurrence of phenoméha reliability of the
inference based on the mentioned biplots is pdatiguhigh because they
provide a very good representation of the initiatadfrom contingency
tables. In the first period 77.77% , in the secenrdB5.833%, 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 thagdgeriods, which fulfils
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the condition of good representation of initialadaven in two-dimensional

space, as it allows for reproducing almost 75%neftia; for the second

period it is as much as 79.18%, which results fFégure 6.

The same phenomenon is examined in each of thedserni.e. the im-
pact of innovation barriers on the innovative attivof enterprises. As
previously emphasized, differences in databasemare formal than sub-
stantive, which enables the comparison of changesrong in all analysed
periods. Therefore, it is possible to formulateftlilowing conclusions:

1. In each of the three periods, points representypgs and ownership
sectors of enterprises (blue circles) are locatsat points representing
the effects (goals) of innovative activity and dmzg of their impact
(significance) for enterprises (red squares). Riftthese types of points
form common clusters. The above means that in tivdiex periods,
most enterprises did not have major problems wathieving the goals
of innovative activity.

2. Small and medium-sized enterprises from the pugaator, marked with
symbols S1IFR_1 and S1FR_2, are much worse at aupithe goals of
innovative activity compared to other enterpridesints corresponding
to these enterprises are located at relativelelaligtances from points
representing the goals of innovative activity ahdirt degrees of im-
portance. This regularity is visible in all peripéxcept that it deepened
in the years 2008-2010 and this trend persistethenperiod 2012—
2014. Moreover, the innovation activity of theseeeprises is unlikely
to be hindered by innovation barriers. Initialljetdeterioration of the
situation of these enterprises could have a saartdee global financial
crisis, and the persistence of this state in subs®qgyears may be the
result of applying political criteria for the sefien of managerial staff.

3. In each of the examined periods, points represgifariers to innova-
tion and their degrees of importance for enterpr{igeeen rhombi) form
separate clusters located at relatively large iégtss from points repre-
senting the types and sectors of ownership of pns&s and points in-
dicating the objectives of their innovative actviso we have two sepa-
rate clusters of points. Interestingly, the averdigégance between these
clusters increased slightly in the years 2008—20&0during the global
financial crisis, compared to the period 2004—2006s means that the
crisis has not stopped the innovation activity ofegprises, and at the
same time a reduction of the undesirable effectsaafiers to innovation
has been observed. In addition, the significanc¢hese barriers de-
creased so significantly in the period 2012-2054 they became irrel-
evant to all enterprises. Both clusters have irsgddheir distance even
more.
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4. In the last examined period, the innovation strhatefenterprises has
changed, as the focus has shifted from tradititeinological innova-
tions to eco-innovations. The type of eco-innovationdertaken is
strongly dependent on the type of enterprise anakoship sector.
Professional literature assesses the changes Poligh economy in the

studied periods in an ambivalent way. On the onelh@anovation crisis

and innovative pessimism as the effects of theajléibancial crisis are
mentioned, while on the other hand, Polish econasnpresented as

a Green Island of economic growth on the backgranfrttie crisis-stricken

European Union. These extreme points of view creatertain thematic

framework in which the results of this article danevaluated.

In the recent economic history of Poland, the pe8i608—2010 is treat-
ed as the years of the innovation crisis, duringctwithe frequency of the
use of innovative resources by industrial processinterprises decreased
and the indicators of innovation commercializatitateriorated. In turn, the
period 2010-2012 was characterized by growing damcies between the
indicator of resource use and the indicator of cemmmlization of innova-
tion. Both showed a decreasing tendency, but teedecreased faster than
the second. A conclusion was drawn from this alibet psychological
basis of the phenomenon and these years were théigueriod of innova-
tive pessimism (Watek-Kubiak & Rczkowski, 2019). The analysis car-
ried out in this article does not confirm the esugte of either an innovative
crisis or a period of innovative pessimism. Althbugualitative research is
presented in this article, it clearly shows thatieely good implementation
of innovative goals by enterprises and the deangasiportance of innova-
tion barriers.

According to the second point of view, Polish eacogodid not feel
much the effects of the global financial crisis atuting its duration it
showed a slightly lower, but positive, rate of emmic growth. In 2010, the
then economic authorities presented a map of Euwdthe Poland distin-
guished as the Green Island of economic growthherréd background of
other countries in crisis, with negative growthesa{Tomescu-Dubrowet
al., 2018, pp. 202-216; Tomescu-Dubretval, 2019, pp. 17-18). In the
most difficult year for the Polish economy in 20@Be growth rate de-
creased to 1.7% (after a later revision it was ghdnto 1.3%), with the
average in the European Union at the level of -4.B& comparison, the
economic growth rate of Poland in 2008 was 5%. 04 this rate was
3.9% with the EU average of 2.1%. The increasenemployment in Po-
land was also moderate. In the second half of 2Q@&mployment
amounted to 7.1% and increased gradually to 9.7%aimuary 2011 (Ka-
czynski, 2012). However, it turned out that at the taff2012 and 2013 the
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Polish economy was affected by a technical recessiothe fourth quarter
of 2012, GDP decreased by 0.3% compared to théguequarter, and in
the first quarter of 2013 it fell further by 0.1%owever, immediately af-
terwards Poland regained the title of Green Isléwutording to the latest
data, the growth rate of the Polish economy in 28s&hed 5.1%, and
estimates for 2019 are close to this value. Thesteege of the Polish
economy to the crisis resulted from many factotg, hainly from stable
internal consumption (Cienski, 2012). The quantieatlata presented here
coincide with the results of the qualitative resbgoresented in this article.
Stable implementation of the goals of innovativévity by enterprises in
the three analysed periods and a gradual decreake importance of in-
novation barriers despite the occurrence of varjgheses of the business
cycle means that Polish Green Island effect isgibde. Due to the above,
innovation barriers and their degrees of importanceall biplots are
marked in green.

Conclusions

The research carried out in this article indicdiggh resistance of the inno-
vative activity of Polish industrial processing emrises to cyclical fluctua-
tions. This result is to some extent inconsisteittt the current research, so
it can contribute to its expansiofwiadek, 2015). The points correspond-
ing to the types and sectors of ownership of entp (blue circles) form
a joint cluster with points representing the goaiseffects of innovative
activity (red squares) on biplots made for all gsatl periods, i.e. 2004—
2006, 2008-2010 and 2012-2014. Points represetitimgeasons for the
lack of innovation and barriers to innovation (grebombi) form a sepa-
rate cluster. Since the beginning of the 2004—-280d, the distance be-
tween these two clusters has been gradually inagashich proves the
decreasing impact of innovation barriers and thgreke of their importance
to enterprises. This inference is made possiblealtige fact that the scales
are the same for each of the biplots, which aredasy? metrics, which
is the weighted Euclidean distance. The resultecteld here coincide with
the views on the Polish economy as a European Gsésmd of economic
growth.

The latest data presented at the Economic Forufmyinica in 2019 in-
dicate that since 1992 the Polish economy has tememding uninterrupted
economic growth exceeding on average 4% per yeeer @e past 27
years, only Australia has also achieved such dtramwong OECD coun-
tries. In the years 1990-2018, GNP tripled, andRbksh economy is cur-

649



Equilibrium. Quarterly Journal of Economics and Boonic Policy 14(4), 631-676

rently the 7th largest economy in the European braod 23rd in the
world. Strong and uninterrupted economic growtlgnemnic openness to
the world, controlled inflation, reduction of uneloyment and increase of
wellbeing of the people should be mentioned amdwgachievements of
the Polish economy in the last thirty years. Thes@evements would not
have been possible without large-scale innovatudivities undertaken by
enterprises. The research results presented inathide explain at least
partly the reasons for Poland’s economic succeasdsindicate that the
title of Green lIsland is not a propaganda trickoné of the governments,
but a lasting economic achievement.

As far as the Polish and Australian economies aree&rned, it seems
that the factors of economic growth may be of alammature. This would
indicate the need for appropriate comparative @eslyThis issue could be
a fascinating subject for future research.

The obtained research results also point to anatkenesting phenome-
non, which is probably still in the initial phase@mely the specialization of
individual types of enterprises from various owh@rssectors in specific
types of eco-innovation. In this context, the plodisy of explaining earlier
discrepancies in the assessment of the innovatitieitg of Polish indus-
trial processing enterprises arises. In order &wifgl these differences, it
would be necessary to divide innovations into tradal innovations and
eco-innovations. The stagnation signalled by somtbaas would mainly
concern traditional innovations, while undertakimgp-innovations would
indicate the emergence of a new innovation stratmpng enterprises.
This trend is particularly pronounced in the ye2042—2014 (Jakimowicz
& Rzeczkowski, 2019). Thus, the importance of protegical economic
policy is growing, which in the future may have eren greater impact on
the innovation activity of enterprises.

Biplots presented in Figures 1-12 provide insigiitsut many other re-
lationships between types and ownership sectorsntdrprises, goals of
innovation activities and barriers to innovatiomeTpresented approach to
the issue, covering multiple variables, is compnshe and unique in the
literature on the subject. The analysis presentzd provides many more
results than described in the article. Due to tidewange of issues raised
and their complex nature, only basic relationslapes discussed here. The
presented biplots provide much more informationualibe relationships
between variables, which are not examined duectodéspace. The reader
interested in the subject, even without acces$dotliree extensive data-
bases that were the source of data for the resezaichindependently dis-
cover and interpret different interrelations tha particularly interesting to
him, by analysing the biplots in detail.
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The results presented in the article lead to amathgearch question
about the reasons for Poland’s economic succeisough it goes beyond
the scope of this article, it may show possibleations of future research.
In this case, one should refer to the concept onbvative capital (Kijek,
2012) and define the problem of low sensitivitytlaE capital to economic
fluctuations. Among the possible explanations, sheuld definitely con-
sider economic policy and its adequacy to the gigeonomic situation.
However, it seems that assuming the optimal econquoiicy may not be
enough to fully explain the lack of impact of inmtion barriers on the
innovation activity of enterprises. In the threedsd periods, different
types of economic policy were implemented, depandin the political
option represented by successive governments. Thast, therefore, be
some other explanation, some economic factor thdardly sensitive to
political influence. The source of Polish entergsissuccess is undoubtedly
the entrepreneurship of citizens and a relativelw rlement on the con-
sumption side, which is prosumption (Jakimowicz &RBzkowski, 2016).
A prosumer is a new type of business entity thabisonly a consumer but
is also actively participating in the design aneation of new products and
services (Toffler & Toffler, 2006). Therefore, theurce of innovative suc-
cess of Polish enterprises could be mutual fuellihgntrepreneurship and
prosumption. However, confirmation of this hypotisesequires further
research.

Record results prove that the Polish economy hasomg and at the
same time flexible production structure, whichrishably due to the multi-
level relationships between various economic estitiUntil now, these
issues have not received much attention, probaleytd the limited data or
lack of relevant data. In addition, in such an @soy, learning processes
and diffusion of innovation must run extremely sty probably innova-
tive capital is growing at a very fast pace, themefmore attention should
be devoted to knowledge acquisition processestrirgton flow channels
and methods of learning of business entities. Sstedele internal consump-
tion is one of the sources of success, it might &ks worth obtaining in-
formation about prosumption. Therefore, anotherctral implication
would be an improved adaptation of the PNT-02 siatil questionnaires,
used to acquire information about industrial inrtawas, to rapidly chang-
ing economic conditions.
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Table 5. List of assumptions and calculations necessanetdy the hypothesis
about the relationship between the type and s@étenterprise ownership and the
effects of its innovative activities (2004—-2006)

x? test of independence

x? statisticsvalue 426.05
Critical region right-tailed
Level of significance (a) a = 0.05
P-value (p) p = 0.0000
Decision H, hypothesis should be rejected in favouHef

Table 6. List of assumptions and calculations necessanetdy the hypothesis
about the relationship between the type and sesft@nterprise ownership and
innovation barriers (2004-2006)

x* test of independence

x? statistics value 1,519.68
Critical region right-tailed

L evel of significance (a) a = 0.05
P-value (p) p = 0.0000

Decision H, hypothesis should be rejected in favoutgf
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Table9. List of assumptions and calculations necessavgtify the hypothesis
about the relationship between the type and se€tenterprise ownership and the
goals of its innovative activities (2008—-2010)

x? test of independence

x? statisticsvalue 668.581
Critical region right-tailed
Level of significance (a) a = 0.05
P-value (p) p = 0.0000
Decision H, hypothesis should be rejected in favouHef

Table 10. List of assumptions and calculations necessametdy the hypothesis
about the relationship between the type and seaft@nterprise ownership and
innovation barriers (2008-2010)

x* test of independence

x? statistics value 3,174.84
Critical region right-tailed

L evel of significance (a) a = 0.05
P-value (p) p = 0.0000

Decision H, hypothesis should be rejected in favouHef
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Table 13. List of assumptions and calculations necessametdy the hypothesis
regarding the relationship between the type andeostip sector of an enterprise
and the goals of its innovative activity (2012-2014

x? test of independence

x? statisticsvalue 2,361.7
Critical region right-tailed
Level of significance (a) a = 0.05
P-value (p) p = 0.0000
Decision H, hypothesis should be rejected in favouHgf

Table 14. List of assumptions and calculations necessametdy the hypothesis
regarding the relationship between the type andeostip sector of an enterprise
and the reasons for the lack of innovation andidarto innovation (2012—-2014)

x? test of independence

x? statisticsvalue 251.602
Critical region right-tailed

Level of significance (a) a = 0.05
P-value (p) p = 0.9999

Decision Sincep > a, there are no grounds for rejectiig
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