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Abstract

Research background: The innovation activity of Polish industrial prosexy enterprises is
examined in a broader time context than typicalrimss cycle frames, which makes it possible to
look at the investigated problems from the perspedf Kondratieff waves.

Purpose of the article: The aim of the research is to describe the combeféett of mutual
interactions between the ownership and size ofsRahdustrial processing enterprises on the
goals of innovative activity and their degree ofportance for the further development of the
innovativeness of those firms. These relationsex@mined in various phases of the business
cycle. Additionally, taking secular changes inte@mt made it possible to lend credence to the
claim that the global financial crisis is a typiggdenomenon for the breakthrough period between
two Kondratieff waves.

Methods: A characteristic feature of the applied methodchis fiocus on the combined effect of
the enterprise type and ownership structure onsfiinmovation over three periods: prosperity
2004-2006, crisis 2008—2010 and recovery 2012-2@%4regards statistical techniques, the
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Pearson’sy’ independence test and correspondence analysis apgid. The results of the
research are presented in a graphic form in thaed- two-dimensional correspondence maps,
which indicate the co-occurrence of (1) ownersleigtars and enterprise types taken together, and
(2) effects (goals) of the innovative activity ofterprises, together with the degree of their influ
ence (importance) for further innovative activibjutual interactions between ownership sectors
and enterprise types were visually analysed, inidigasignificant features of the triangles repre-
senting them.

Findings & Value added: A significant combined effect of the ownership sestand enterprise
types on firms’ innovative activity was found. Teewvas a certain type of dynamic equilibrium
between those variables, which changes dependindpeousiness cycle phase. In the global
financial crisis of 2008—2010, a surprising phenoarewas found, consisting of the growth of
innovative activity in most enterprises as compdeette period of prosperity in 2004—2006. The
enterprises achieved the goals assumed, and theedefgtheir importance proved the significant
influence on further innovative activity of thosenfs. Additionally, it was demonstrated that in
the period of recovery (2012—-2014) mutual inteati between ownership and size eliminated
the relationship between those variables and thésgif innovative activity, and eco-innovations
proved to be directly subordinated to traditioryglels of innovations, mainly product and process
innovations. Changes occurring in the last of tkengined periods are related to the near-zero
inertia of the entire industrial processing sectiahich allows to interpret the global financial
crisis as a typical phenomenon for a breakthroughking the end of one Kondratieff wave and
the beginning of the next. Moreover, 2015 is ide&di as the year of breakthrough, ending the
Fifth and beginning the Sixth Kondratieff Wave, waliniwas related to the transition from the
information and telecommunications revolution te thiomedical-hydrogen revolution. The
calculations presented in this paper are consistithtthose forecasts.

I ntroduction

Ownership structure and the size of the entergredeng to the most im-
portant factors determining the level of its innma activity. On the one

hand, innovations are the driving force behind eoais growth, while on

the other they disturb the macroeconomic equiliarand induce the cycli-
cal fluctuations. The inverse relationship betwé®s business cycle and
innovations is also true. In the opinion of Schutepg1939, pp. 86-87,
138-143) innovations are outstanding facts in ety of capitalism and

are found in the centre of almost all economic soclal phenomena. Eco-
nomic development is a cyclic process composedwof basic phases,
prosperity and recession, the duration of whichdbr depends on individ-
ual features of a given innovation.

Extended literature studies, which are not disaissee fully due to the
lack of space, led to the identification of thresgarch gaps and this article
is an attempt to fill them in. The identified gag@ncern the following is-
sues: (1) the effect of mutual interaction of thenership and type (size) of
enterprises on their effects or objectives of iratae activity, (2) extend-
ing the time frames of the analysis outside theéogsrrelated to business
cycles, to include both phenomena characteristiarfdividual phases of
the business cycle, and secular changes occurripgriods lasting several
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decades, as well as (3) looking at the examinedghenon from the cy-
bernetic point of view and including positive feadk loops concerning the
effects (objectives) of innovative activity and ttiegree of their influence
(importance) on innovations in the future.

The first gap is of a methodological nature andltssrom the assumed
method of examining the effect of independent \@eis on the innovative-
ness of enterprises. The ownership and size ofirtihneare usually treated
as independent variables, and their effect onrthevation of enterprises is
described separately. This paper applies anothgroaph, consisting of
grasping their simultaneous, combined effect owative activity.

The second gap is related to the assumed periodsadysis of the in-
novation of firms. Typically, in such cases, invgated time frames are not
longer than the periods of economic cycles; howehés approach leads to
omission of secular changes occurring in periodsirig several decades.
Innovations are related to technological revoludi@nd the Kondratieff
waves distinguished on their basis, which last betw48 and 60 years
(Kondratieff, 1935, p. 112). Their long-term natuseconditioned by the
need for relevant technological progress to be ¢eragp. Each wave must
consist of two phases: an innovation phase andplication phase (Smi-
hula, 2009). The innovation phase covers the peéniechich inventions are
gaining increased practical applications, whichiates a new technological
revolution. Next, the application phase emergesluding the period of
improvement of a new technology, which lasts uid rate of profit from
the innovative industry branch drops to the leygpidal of traditional in-
dustries. In the second phase, innovations becammon and generally
accessible. A given technology has reached thdsliofiits development,
and the emergence of a new technology is neededetcome the impasse.
A typical phenomenon between the end of one andéginning of the
next Kondratieff wave is an economic crisis, ralate stagnation and in-
creased demand for new inventions and technologies.decreasing (in
time) inertia of Polish enterprises in the indwtprocessing section, and
independence of the objectives of innovative atstifiom the total effect
of ownership and firm size in the period of 2012:£0indicates that the
global financial crisis of 2008—-2010 is relatedthe end of the Fifth and
the beginning of the Sixth Kondratieff Wave, i.etransition from the in-
formation and telecommunications revolution to Hiemedical-hydrogen
revolution. It is also very probable that the inglia processing enterprises
in Poland are subject to the Red Queen effect,iwmeans their participa-
tion in the zero-sum game.

The third gap consists of the absence of reseamsbecning (1) the ef-
fects of innovative activity in 2004—2006 and falegrees of influence
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exerted by innovations introduced by enterpriséb@se years on the activ-
ity of enterprises at the end of 2006 as well ds@ goals of innovation

activity in the period of 2008-2010 and four degrettheir importance for

innovative activity as regards product or proces®vation in those years.
Information on positive feedback loops appear atisical questionnaires
PNT-02, used to collect empirical data in the tlWwowse-mentioned periods,
while in 2012-2014 this problem does not occurthia last period, only

four degrees of importance of the nine factorsidg\companies to imple-

ment eco-innovations appear, but this issue wasxamined due to the
near-zero inertia of the entire industrial procegsection (almost all firms,

regardless the ownership sector or type, implendeste-innovations).

The further part of the paper consists of the foilg sections: literature
review, research methodology, results, discussionglusions and refer-
ences. The section devoted to the literature rewevich obviously had to
be reduced to the most important items, includes\atuation of the re-
search concerning the impact of the size and owiemn the assumed
objectives of innovative activity. The methodologgction explains the
basic terms and the issue of mutual interactiomsd®En ownership sectors
and types of enterprises, as well as discussestdtistical methods applied.
The next part presents the results of the reseafivided into three periods.
The section devoted to the discussion containsrarguy of the findings
and their comparison to the current state of kndgée The part containing
conclusions explains the significance of new filggirfor the present eco-
nomic theory and practice. The paper ends withstadl literature refer-
ences.

Literaturereview

The ownership sector and the type of enterprise laasignificant effect on
the innovative activity of companies. Their impota was observed by
Schumpeter, who treated innovations as a drivingeféor the economy. In
his opinion, the innovative activity of enterprigbsew the economy out of
balance and was the main cause of the business. ¢yelbelieved that the
basic task of an entrepreneur was to search foramembinations of pro-
ductive means, significantly differing from thosdsting so far. Schumpet-
er (1949, pp. 65—-66) understood new combinationsaikrials and forces
to be the ones that emerged discontinuously and wet the result of im-
proving previously existing combinations. They im#d five following

cases: introducing a new product in the marketaterg new production
methods, opening new markets, acquiring a new soafrcaw materials or

692



OeconomiaCopernicanal0(4), 689-741

semi-manufactured goods, and introducing new osgdion of any indus-
try. The entrepreneur was, therefore, identifiethvain innovator. Schum-
peter (1942, pp. 81-82; 1949, pp. 66—67) believed in a competitive
economy, new enterprises — which do not have ttatugee — are carriers
of innovation. In such conditions, new enterpriaes not formed from the
old ones but operate beside them. He illustratedwith a vivid example,
claiming that it was not owners of stagecoaches kuith railways. How-
ever, the emergence of large corporations reddeesampetitiveness of
the economy and makes them more innovative, simedrntroduction of
new combinations is already an internal matterhef économic organisa-
tion itself. As regards the issue of ownershipcleémed that its high im-
portance for innovation results from the privilegeuse it either for direct
realization of a new combination, or exchange fecessary goods and
services. He also claimed that the capitalist meaE-materialises owner-
ship, which deprives it of its basic functionshiosld perform in business.
Thus, the production process lacks its most sicgnifi feature, which is
moral allegiance. Replacing factory walls and maebiwith a mere parcel
of shares means deprivation of the material substari property, thus
causing the holder of the title to lose the leggitrof the possibility to deal
with his property at his own discretion. Conseqlyerite loses the will to
fight economically, physically and politically féhis” factory and control
over it, thus also the ability to die, if necessany its stairs. This affects not
only the attitude of holders but also the attitudehe workmen and the
general public. Finally, there will be nobody l&ft care about ownership,
both within large corporations and outside themh(Bapeter, 1942, pp.
141-142; 1949, pp. 68-69). To sum up, Schumpeterodstrates that
ownership and size of the business are the mositriant, crucial factors
determining the innovative activity of entreprerguwithout which the
economic growth would not be possible. Therefdneytmust be consid-
ered jointly.

In studies of the changes of the innovative agtiat enterprises de-
pending on their ownership sector and size, theoagh consisting in the
separation of the impact of these variables pre\{@ibazi-Alili, 2014; Ag-
garwal, 2018; Decker & Ginther, 2017; Dzikowski1302014; Ortega-
Argilés et al, 2005). This results in omitting their mutual @rdgctions
which also affect the examined phenomenon (Béteal, 2005). Neverthe-
less, the literature relatively often implicitly menstrates the existence of
mutual relations between the system of ownershipthe size of the firm,
and the effect of those interactions on innovatjBalsari et al, 2015;
Brossardet al, 2013; Falk, 2008; Minettt al, 2015).
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The explicit recognition of the effect of the owsleip sector and enter-
prise type jointly on innovation is less frequerfibyind in literature. Such
an approach was applied for examining Chinese miges (Huangt al.,
2017). The research indicates that state-ownedperges are as innovative
as private firms. This is most probably one of ¢fiects of most Chinese
government-owned corporations adopting a ‘moderterprise system’,
which consists of carrying out corporate or shaldihg reforms and as-
suming a sound corporate structure. In state emgesy such institutions as
boards of shareholders, directors, supervisors rmadagers were estab-
lished. The innovative activity of Chinese publitdgorivate firms is more
or less at the same level, and discrepancies mostigern the innovation
diversification. State enterprises in comparisothwirivate enterprises
have greater achievements in the field of procassvation and lower
achievements as regards other types of innovafmosluct, organisational
and marketing innovations). The advantage of saterprises over private
enterprises as regards process innovations desralsey with an increase
in enterprise size. This is caused, on the one,Hangrowing management
cost, and on the other, by problems with reducirggdpction costs when
the number of workers is growing. State enterprcas simply care more
for the welfare of employers than private entegwisTaking into account
the joint effect of the ownership sector and thiegmise size indicates that
state-owned enterprises and foreign firms can laaradative advantage as
regards various types of innovation, but it sigrafitly depends on the type
(size) of an enterprise. It was also found thateffect of interaction be-
tween the ownership and the size of business @vative activity of pub-
lic and private firms depends on the geographiegion in which they
conduct their activity, as well as on the industrgnch.

Succurro and Costanzo (2019) investigate the fevell heterogeneity
in patent propensity by studying the relationshgpaAeen ownership struc-
ture and patenting activity in Italian manufactgrifirms from 2006 to
2013. Their empirical results show that ownerstopoentration increases
the probability of successful patent applicatidng, at decreasing returns to
scale. Moreover, Rehman (2017) analyses the delftfan (SS) and learn-
ing-by-exporting (LBE) hypothesis by using firm-hdata on 29 countries
from Eurasia and Central and Eastern European (@ER9. According to
the results of this paper, foreign-owned firms @u@e productive and in-
novative, and have a greater tendency to export tteemnestic firms, be-
cause they are superior in terms of technology raadagement capabili-
ties.

The literature review proves the existence of thiregortant research
gaps. The first one consists in the fact that thralined effect of the own-
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ership structure and business size on the innavaintivity of enterprises
was not taken into account in previous studiess Timy lead to the omis-
sion of important economic relations. This papdwesaup this challenge
and focuses on grasping the effect of mutual iotema of the business
ownership and size on innovative activity of Polisdustrial processing
firms in various phases of the business cycle. Sdwnd gap is related to
the several decades-long period of developmentcandse of phenomena
related to innovation, indicated in the introduntiand often omitted in
studies on innovation. Those problems will be dised in the further parts
of the paper. The third gap is related to positeetiback loops concerning
present innovations and four degrees of their arfte on innovations in
the future.

Resear ch methodology

This paper applies a method which takes into adcoononly the simulta-
neous effect of ownership sectors and types ofsfibmt also their mutual
interactions on the innovative activity of entesps. Such an approach
results from the fact that the number of entergriselonging to individual
ownership sectors, i.e. public S1, private S2 an@&dhS3, equals the sum
of enterprises belonging to individual types ofegptises, i.e. small FR_1,
medium FR_2 and large FR_3. The basic balance ieguaitthe industrial
processing section then takes the following form:

N Ownership sectors = YN, Types of enterprises, 1)

whereN is the number of enterprises in the industrialcpesing section.
They can be also presented in a more detailed fatnich will be used in
this paper:

LiS1+3M% 52+ 38,53 = N FR 1+ X5 FR2+ X FR 3,
(2)
N1+ N2+N3 = N = N4+ N5+ N6,

where symboldN1, N2, andN3 denote, respectively, the numbers of enter-
prises in the public S1, the private S2 and theenhi®3 sectors, whils4,

N5, andN6 are, respectively, the numbers of small FR_1,inmd-R_2
and large FR_3 enterprises. This equation showsdherrence of mutual
interaction between ownership sectors and typesi@hprises. Changes on
one side of the equation, representing ownershifpse must be compen-
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sated by changes on the other side of the equagsponsible for the types
of enterprises. Because each side of this equdtearibes a different type
of structure in the industrial processing sectithis relationship must not
only be quantitative, but also qualitative. Thip@aexamines the effect of
mutual interactions between those two types of strial structures on the
innovative activity of enterprises, which — usingtimeematical formalism

— can be presented as follows:

|Ownership sectors|

1 = |Innovation activities of firms|.
|Types of enterprises|

The paper applies the enterprise typology complwétit the European
Union standards. Three types of enterprises, smellium and large, were
identified based on such criteria as the numbeenoployees and annual
turnover or annual balance sheet total (CommisRegulation (EU) No.
651/2014). Available databases do not include rcr@rprises, perhaps
due to the fact that they have at their disposatce&cmeans of production
(resources). Additionally, as it has been alread@ntned, three owner-
ship sectors are investigated: public, private mnad.

The calculations are based on three databasesringtanformation on
innovative industrial processing enterprises iraRdl The first one covers
the years of prosperity 2004—2006 and contains4B0dnterprises, the
second one concerns the period of the global fiahodsis 2008—2010 and
describes data of 20,655 enterprises, while thd tre refers to the recov-
ery years of 2012—-2014 and includes 10,244 ensaprData was collected
by the Statistical Office in Szczecin using statatforms PNT-02 relevant
for each period. As regards the effects (goaldhefinnovation activity of
enterprises and related feedback loops, they dicchange substantially,
which ensured the comparability of data from allig#s. Consequently,
the results of a comparative analysis could benedeo the current state of
knowledge in the field of innovation and placedtbirt time frames suita-
ble for business cycles and in decades-long periaking into account
secular changes.

Tables 1-3 present the characteristics of enterpyjges and ownership
sectors in percentage terms, in three periods usximination, i.e. 2004—
2006, 2008-2010 and 2012-2014. Each table inclbdés the share of
individual enterprises types in ownership sectos the share of individual
ownership sectors in enterprise types. Accordingpéoassumed method for
coding variables, small, medium and large entegpriwere marked with
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symbols FR_1, FR_2, and FR_3, respectively, whilmership sectors,
public, private and mixed, are represented by sysBa&, S2 and S3, re-
spectively.

The tables should be read as follows. The Typenmolgontains the
percentage share of a given type of enterprisemdividual ownership
sectors. Looking at Table 1, it can be seen thahénfirst period, large
enterprises (FR_3) accounted for 8.28% of the pus#ctor (S1), 76.61%
of the private sector (S2) and 15.11% of the migector (S3). The Subto-
tal (FR) row contains the percentage shares ofiedal types of enterpris-
es in the total number of enterprises. Therefar004—2006, small enter-
prises accounted for 30.06%, medium — 55.66%, argkl14.28% of the
total number of enterprises. On the other handSwtor column presents
the share of a given ownership sector in individiygles of enterprises,
while it should be read horizontally, taking intccaunt every second cell
of a given row. Examining the Private (S2) rowcan be seen that the pri-
vate sector consisted of 27.58% small enterpris@64% medium enter-
prises and 13.78% large enterprises. As for thedgll(S) column, it con-
tains shares of enterprises from a given ownerségbor in the total num-
ber of enterprises. Looking again at Table 1, it ba noted that in the first
period, the public sector (S1) accounted for 4.3, private sector (S2)
— 79.39%, and the mixed sector (S3) — 16.24% otake number of the
examined enterprises. Tables 2 and 3 should beimeghd same way. Gen-
erally, information included in individual tablesrcerns the role and the
importance of individual types and ownership sectarenterprises in the
entire section of industrial processing. Thus, tlaeg indispensable for
interpretation of the biplots showing the co-ocenae of points represent-
ing types and ownership sectors of enterprisespaintts denoting the ef-
fects (goals) of innovative activity.

In the research presented here, ownership seatdremterprise types
are grouping variables. This is due to the fageatedly emphasized by
Schumpeter, that these variables and the inteoetabetween them are
important factors determining the effects and dbjes of the innovative
activity of firms. This ensures sorting the datiicategories or groups
with a clear economic sense.

Two statistical methods were used for calculati®tesarson’s? test for
independence and correspondence analysis. Thiotéatlependence was
used to examine the relationship between two ndmviadables, and the
test value was examined with the usg dhtatistics. It consists in compari-
son of empirical values resulting from the studmth expected values
assuming the lack of a relationship between vaggbA statistically signif-
icant difference between those values indicatee#igtence of a depend-
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ency between variables (McHugh, 2013). Corresporelaanalysis is a
multi-dimensional statistical method used to exantime co-occurrence of
phenomena (Beh & Lombardo, 2014; Glynn, 2014; Gaes) 2007; Ne-
nadi & Greenacre, 2007). It consists in the reductibthe dimension of
the examined issue, which means reproduction ofdieance between
points representing rows and columns of the coating table in a space
with a lower number of dimensions. Contingency g¢abtontain certain
measures which describe relations between rowsandns. The calcula-
tion method provides as much information aboutdifferentiation of rows
and columns as possible. As a result of applying itiethod, we receive
two- or three-dimensional correspondence maps regfeto as biplots,
graphically presenting the relations between categjovariables. The re-
search carried out applied row and column profild@ardization, which
means a simultaneous analysis of points repregerdin profiles and col-
umn profiles. The analysis of points representingjvidual variables is
carried out based on the metric, i.e. the weighted Euclidean distance.
Inertia emerging during the calculations is a meastf dispersion of row
profiles and column profiles around their averag#iles.

The research tests the following types of null hipees:

1) the type and ownership sector of enterprise® v influence on the
effects of their innovative activity and degreesirdfuence of innova-
tions introduced by enterprises in 2004—2006 onaitievity of enter-
prises at the end of 2006;

2) the type and ownership sector of enterpriseg Imaveffect on the goals
of innovation activity and degrees of importance ifnovation activi-
ties of enterprises as regards product or progassvation in 2008—
2010;

3) the type and ownership sector of enterpriseg Imaveffect on the goals
of innovation activity;

4) the type and ownership sector of enterprises hnaveffect on the activi-
ty of firms as regards eco-innovation;

5) the type and ownership sector of enterpriseg Imaveffect on the goals
of innovation activity, taking into account eco-owations as supple-
mentary points.

The first hypothesis concerns the prosperity pefiid4—2006), the se-
cond one refers to the global financial crisis @@2010), while all three
other hypotheses were used to examine the receerigd (2012—-2014).
Each of the above null hypotheses on independehear@bles forms a
pair with a corresponding alternative hypothesism@arison of thep-
value with the significance level determines whi¢lthem is to be accept-
ed.
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Results
Analysis in the period of 2004—2006

This was a period of prosperity for the Polish erop. The existence of
relationships between (1) enterprise types and mhipe sectors and (2)
effects of innovative activity and degrees of iefige of innovations intro-
duced by enterprises in 2004—2006 on the activignterprises at the end
of 2006 was confirmed with Pearson’g? test of independence
(Jakimowicz & Rzeczkowski, 2019b). The next staf¢he research con-
sisted of applying the correspondence analysigderao specify the rela-
tionships between the examined variables. As dtreéle biplots showing

the co-occurrence of phenomena were obtained. Thbfeatures two

grouping variables in the form of enterprise typesl ownership sectors,
which jointly can take nine states. On the otherdha able 4 shows nine
variables describing the effects of innovative \atti of enterprises, and
each of them can take four states. The effectwwdviative activity can

affect the operation of enterprises to a high, mm@dor low degree, or they
can be irrelevant. Consequently, the study includesen variables in total,
which can take forty-five states.

The 3D biplot in Figure 1 presents a visualisatiérihe co-occurrence
of points representing types and ownership seabenterprises marked
with blue circles and points indicating the effeactsnnovative activity and
the degree of their influence on the operationraémprises, marked with
red squares. In three dimensions, it was possibtegroduce 77.77% iner-
tia, thus the general value pf statistics. This is a satisfactory result, as it
allows for relatively precise reflection of relat® included in the initial
data. The system of variable coding is consistetit Wables 1 and 4. For
grouping variables (enterprise types and ownerskdpors), the first part of
the code denotes the ownership sector, while thergiart is the symbol
for the enterprise type. Consequently, a smallrprite in the private sec-
tor is represented by the variable S2FR_1.

The 3D biplot in Figure 1 is a general represeoiatif relationships be-
tween variables, and precise determination of ecanwence of individual
variables requires a simultaneous analysis ofets tivo-dimensional cross-
sections, as presented in Figure 2—4. However,itéep general nature,
the 3D biplot allows us to see the first interegtrihenomenon, which con-
sists of a relatively significant distance betwegmoints representing all
enterprises belonging to the public sector S1 efoee small S1IFR_1, me-
dium S1FR_2 and large enterprises S1FR_3, andspoépresenting the
effects of the innovative activity of enterprisesdathe degrees of their
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influence on enterprises’ activity. Even at thiag&t of analysis, it can be
concluded that all public sector enterprises, mgas of their size, lead
innovative activity on a small scale compared tatier enterprises in the
2004—-2006 database.

Figures 2—4 present three two-dimensional biplstErass-sections of
the 3D biplot in Figure 1 performed for each diniensAspects taken into
account included the co-occurrence of enterpripegyelated to ownership
sectors and types of effects resulting from inneeatctivities, together
with the degrees of their influence on enterpri§&isce the analysis is con-
ducted both from the perspective of the enterpiypes and ownership
sectors, it is necessary to isolate those two bisaand their states. Own-
ership sectors are indicated by hatched blackdgli@nso that the names of
their vertices contain the same first part of thmdec for the sector-
enterprise, i.e. symbols S1 (public), S2 (privat#),S3 (mixed). Conse-
guently, the private sector S2 forms a hatchedkhiaangle with vertices
S2FR_1, S2FR_2 and S2FR_3, as it is composed dtfiraekk types of en-
terprises: small FR_1, medium FR_2 and large FRh&. same principle
applies to other ownership sectors. On the othed hiypes of enterprises
were marked with full-colour triangles in a similaay, the difference be-
ing that names of their vertices contain the sameersd part of the code for
the sector-enterprise, i.e. the symbols FR_1, F&hd®FR_3. The type of
small enterprises FR_1 is represented by a yelli@mngle, the type of me-
dium enterprises FR_2 is marked with a pink trianghd large enterprises
FR_3 are represented by a light blue triangle. €guently, the type of
small enterprises is described by a yellow triangih vertices S1FR_1,
S2FR_1 and S3FR_1, since it contains enterprisksdiag to all three
sectors: S1, S2 or S3. The same yellow trianglebeaseen on all three 2D
biplots in Figures 2—4 although, in each of thens pbserved from anoth-
er point of view. This principle applies to the ethypes of enterprises, i.e.
a pink triangle representing medium firms (FR_2) anlight blue triangle
assigned to large firms (FR_3).

As previously mentioned, a precise descriptionetdtronships concern-
ing the co-occurrence of variables requires a samebus analysis of all
three two-dimensional biplots in Figures 2—4. Thblig sector (S1) pre-
sents the most stretched hatched black trianghee gpoints representing
small, medium and large enterprises from this seatarked, respectively,
with S1IFR_1, S1FR_2 and S1FR_3 points, are relgtigelated and situ-
ated near the edges of the plots. As can easiebn, those points are lo-
cated outside the cluster of red squares. It mértghe innovative activity
of enterprises from this sector was low, and e¥ehely reached any inno-
vation-related effects, the degree of their infleeeron the operation of
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those enterprises was low or irrelevant. Black ledctriangles represent-
ing the private sector (S2) and the mixed sect®) (®&ave significantly

smaller areas than the triangle corresponding egptiblic sector (S1) and
their vertices are usually situated near the paielsted to the effects of
innovative activity and significant degrees of thafluence. This proves
the high innovative activity of enterprises belamggto the private and the
mixed sector, as well as the significant impactthed innovation-related

effects on the operation of these firms. Howeveotlaer phenomenon also
occurs here, which proves the relatively low inrtoaga potential of small

enterprises. The triangle representing the privegetor (S2) has the
S2FR_1 vertex shifted towards the area where tigeeds of influence of

innovations carried out by enterprises on the djmraf those enterprises
are low or irrelevant. The same applies to the ohigector (S3), where
point S3FR_1 demonstrates similar properties. Théans that type of
small enterprises provide relatively low innovat&etivity, which results

from its low level of factors of production, i.eapital and labour.

As results from the detailed analysis of three 2iadbs (Figures 2—4) in
the private sector (S2), large enterprises FR_2vmgghly influenced by
the effects of increasing the product assortmeftt {§ entering into new
markets or increasing the existing market share IlE2nd reducing con-
sumption of materials and energy per unit of prod&@_1). In turn, large
enterprises (FR_3) from the mixed sector S3 expee, to a high degree,
the effects of reducing consumption of materiald anergy per unit of
product (E7_1) and reducing harmfulness to the renment and im-
provement of work safety (E8_1).

Let us now examine the location of full-colour tiges representing en-
terprise types. The yellow triangle, representhngtiype of small enterpris-
es, making up a part of all ownership sectors,iisaS1FR_1 vertex shifted
towards the external edges of the plots, whicHdarty observed in all 2D
biplots (Figures 2—-4). Vertices of pink and lightédntriangles are similarly
shifted, thus points S1IFR_2 and S1FR_3, which sgpitethe type of me-
dium and large enterprises, respectively. Therefeméerprises in the pub-
lic sector, regardless of their size, distort fidlour triangles representing
enterprise types: yellow (FR_1), pink (FR_2) amghiiblue (FR_3), so that
they move away one of their vertices from the arfestrong influence (i.e.
high and medium degree) of the effects resultiognfinnovative activity.
As follows from Table 1, the public sector reprdseonly 4.37% of all
enterprises, which would indicate its low importano the section of in-
dustrial processing; nevertheless, it changes #ungtry of triangles re-
sponsible for the types of enterprises, i.e. yep®R_1), pink (FR_2) and

701



OeconomiaCopernicanal0(4), 689-741

light blue (FR_3), which means that its impact bis section is quite im-
portant.

To summarise, it can be observed that the relagekation of points
representing small, medium and large enterprise® fthe public sectors,
marked, respectively, with the symbols S1FR_1, STFRnd S1FR_3,
extends the yellow, the pink and the light bluartgles which correspond
to those types. As regards other types of enteqris medium enterprises
the best situation is observed for enterprisehénfdrivate sector, due to
a relatively small distance between point S2FR_@ pwints E1 2, E2 2,
E8 2 and E9_2. A good situation is observed faydanterprises from the
private and the mixed sector, which is expressed bsiatively small dis-
tance between point S2FR_3 and points E1_1 and Bf@dla small dis-
tance between point S3FR_3 and points E7_1 and.E8_1

As results from the relationships presented in fe@g2—4, an interaction
exists between ownership sectors in the form afhet black triangles and
enterprise types, represented by full-colour tdasgA triangle represent-
ing a given ownership sector has no common poiiitis thiangles repre-
senting two other ownership sectors, just likeiantgle corresponding to
a given type of enterprises has no common pointh wiangles corre-
sponding to two other types of enterprises. Thectfdf a given ownership
sector on another ownership sector is exerted gffirtniangles representing
enterprise types, and the effect of a selected ¢tymnterprises on another
type of enterprises requires the agency of triangitated to ownership
sectors.

For proper interpretation of results, it is verypiontant to simultaneous-
ly analyse the biplots presented in Figures 2—4&iture 2, it can be ob-
served that the left side of the biplot mostly shaguoints related to the
effects of innovative activity affecting enterpsst® a high and medium
degree, whereas on the right side there are mainilyts representing ef-
fects influencing enterprises to a low or irrelevdagree. Taking into ac-
count small enterprises from the public sector SIERt is possible to
come to the erroneous conclusion that the effecisyproving production
flexibility (4_1), increasing production capacigg_1) and reducing labour
costs per unit of product (E6_1) demonstrated h Hegree of influence on
those enterprises. This would be indicated by tive dlistance between
points E4 1, E5 1 and E6_1 and point S1FR_1. Horyehies is an illu-
sion, as it is not confirmed in the biplots in Figsl 3 and 4.
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Analysis in the period of 2008-2010

In this period, the global financial crisis emergedhose effect on the
innovative activity of Polish industrial processiagterprises is the subject
of the research. The existence of the relation betw(1) enterprise types
and ownership sectors and (2) goals of innovatitwity and their degrees
of importance for innovative activity of enterpisas regards product or
process innovation in 2008-2010 was confirmed wWithy? test of inde-
pendence (Jakimowicz & Rzeczkowski, 2019b). Spéawuifithe relation-
ships between examined variables required the Ggtigh of correspond-
ence analysis. Table 2 presents the percentagef ligpes and ownership
sectors of enterprises, while Table 5 presentsibbes describing the goals
of innovative activity, each of them able to talmurf states. Since two
grouping variables occur in nine states, and tembkes describing the
goals of innovative activity can take forty staté® study involves in total
12 variables assuming 49 states.

Figure 5 presents a 3D biplot describing the catoence between the
examined variables and their states, while Figérésdemonstrate three of
its two-dimensional cross-sections; therefore, orass-section was per-
formed for each of the selected dimensions. Detatiins of ownership
sectors and enterprise types did not change, ohipesgctors still form
three hatched black triangles, while enterprisesygre marked with three
full-colour triangles: yellow (FR_1), pink (FR_2né light blue (FR_3).
Vertices of triangles representing types and owmnprsectors of enterpris-
es are marked with blue circles, and the goalsmdvative activity and the
degrees of their importance for the innovative \étgtiof enterprises are
marked with red squares. It should be emphasizgdhie formal system of
variable marking was changed in comparison to ttevipus period of
analysis, as in 2008-2010, the PNT-02 statisticedstjonnaire used for
collecting empirical data concerning innovativeidtt of enterprises was
changed. As a result, the symbols of variablesepttes! in Table 5 differ
from those applied in Table 4.

Taking into account Figure 5, it should be noteat th three dimensions
it was possible to reproduce 85.833% inertia, floeeethe total value gf?
statistics, which indicates a very good represemtaif initial data. Despite
its general nature, Figure 5 leads to the firatificant observation made in
the period of the global financial crisis, i.e.ignéficant distance between
points SIFR_1 and S1FR_2, representing small ardiumeenterprises
from the public sector, and red squares symboligieggoals of innovative
activity and the degree of their importanceecide examination of this
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phenomenon requires a simultaneous analysis o ttwe-dimensional
biplots (Figures 6-8).

At the beginning, let us examine the public se&tbyrepresented by the
largest hatched black triangle shown in biplot&igures 6-8. It is clearly
stretched towards the edge of the plot by pointERS1 and S1FR_2,
therefore outside the area including red squarpsesenting the goals of
innovative activity and degrees of their importantaking into account the
scale of the plots, in biplots in Figure 6-8 thetainces between points
S1FR_1 and S1FR_2 and red squares are much laggeirt the biplots in
Figures 2—4. This means that during the globalfiie crisis, the situation
of small and medium enterprises in the public sed¢beriorated as regards
reaching the goals of innovative activity. Additédly, the degrees of im-
portance of those goals for further activity of tiscussed firms signifi-
cantly decreased.

A reduction in innovative activity of enterprisedFR_1 and S1FR_2
not only extended the sizes of the hatched bldekdte representing the
public sector S1 but also stretched towards exteages of plots triangles
yellow and pink, corresponding to the types of $raad medium enter-
prises, respectively (Figures 6-8). According tdl€a2, small enterprises
from the public sector accounted for 0.38% of atlal enterprises, and
relevant shares for small enterprises in the peiegid mixed sectors in the
entire set of enterprises of this type accounted7t82% and 25.80%,
respectively. At the same time, the public sectad B1.31% small enter-
prises, 48.77% medium enterprises and 29.92% bmggrprises. Addition-
ally, small enterprises accounted for 66.81% ofsaliveyed enterprises,
and the public sector alone formed 1.18% of thelavket of those enter-
prises. This demonstrates that the role of theip@gictor in the industrial
processing section should be insignificant, whidpeeially applies to
small enterprises belonging to this sector. Simdanclusions could be
formulated with regard to medium enterprises fréva public sector. Ac-
cording to Table 2, medium enterprises from theliputector accounted
for 2.17% of all examined medium enterprises, atevant shares for me-
dium enterprises in the private and mixed sectoitheé entire set of enter-
prises of this type accounted for 78.89% and 18,94%pectively. Howev-
er, the mutual links between ownership sectors tggpds of enterprises
should also be taken into account.

As previously mentioned, relationships between aglnip sectors and
types of enterprises exist. Hatched black triangigsesenting individual
ownership sectors have no common vertices, justflik-colour triangles
symbolising the types of enterprises. However, eaghership sector is
composed of three points, which are at the same piaints belonging to
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three different triangles indicating types of epteses. In addition, each
type of enterprises is composed of three pointéctware at the same time
vertices of three different ownership sectors. €hedationships describe
the propagation paths of interactions between ostmgrsectors and types
of enterprises. From this perspective, the phenomesf extending the
yellow and pink triangles by points S1IFR_1 and S1ERorresponding to,
respectively, the type of small and medium entegwin the public sector,
seems to be important. In this way, these trianiglage the region of im-
pact of red squares denoting goals of the innonagictivity and the de-
grees of their importance for further operatiorenferprises. It seems that
small and medium enterprises from the public sezorhave an unfavour-
able effect on small and medium enterprises franerobwnership sectors.
Following the same principle, the public sectorptigh full-colour trian-
gles representing types of enterprises, can senthty ownership sectors
stimuli that are unfavourable for conducting inribxe activity. Unsatisfac-
tory innovative activity of small and medium entésps from the public
sector can provide a bad example for all otherrprises in the industrial
processing section, and thus be contrary the plim@f sustainable eco-
nomic growth and development of all ownership secémd types of enter-
prises.

To summarise, it follows from Figures 6-8 that retchn of innovative
activity in small and medium enterprises from thibl sector affects the
location of the yellow and the pink triangle, reldto these types of enter-
prises. The highest reduction in innovative agtiwvas recorded by
S1FR_1 enterprises. Therefore, the yellow triangleartially located in
this area where the degree of importance of gddtmovative activity for
further innovative operation of the enterprise egards product or process
innovations is low or irrelevant. Because of itsdtion, two hatched black
triangles representing ownership sectors, privd2eaBd mixed S3, are
stretched. Nevertheless, enterprises from thedersecegardless of their
types, carried out innovative activity at a quiighhlevel, and it was the
source of further product and process innovations.

When evaluating the effect of the global finandisis on the innova-
tive activity of Polish enterprises in the industrprocessing section, it
should be noted that it was relatively low. Althbugslightly deteriorated
the situation of small and medium enterprises fittve public sector, it
should be remembered that this situation already ma& good in 2004—
2006, i.e. in the prosperity period. As it was named above, this deterio-
ration had a certain effect on other ownershipa@sctprivate and mixed.
However, it seems that the situation of most indaigbrocessing enterpris-
es in the time of crisis was better than beforedfiss. Large enterprises
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from the public sector S1IFR_3 even recorded imprmré. Almost all
firms, apart from enterprises S1IFR_1 and S1FR_PJemented the as-
sumed goals of innovative activity G1-G10, and diegrees of their im-
portance were usually high or medium. Hatched btaelgles represent-
ing ownership sectors private S2 and mixed S3, @nk and light blue
triangles corresponding, respectively, to the typésnedium and large
enterprises have at least two vertices situateglalese to the cluster of red
squares. A very good position is taken by a lightlriangle representing
large enterprises, as it is situated in the arezrevblegrees of importance of
innovative activity goals are high. Additionallig triangle is much lower
than in the previous period, which proves the éffecimplementation of
similar innovation strategies by large enterprises.

Attention should also be paid to another phenomgwbith did not oc-
cur in the previous period. Blue circles, corresping to enterprise types
and ownership sectors, and red squares, repregegaels of innovative
activity and high or medium degrees of their impode, create one com-
pact cluster in a relatively small area of spadee fighest concentration of
both types of points occurs near the origin of ¢berdinate system. This
leads to the paradoxical conclusion that the gldibaincial crisis contrib-
uted to the intensification of the innovative aityivof Polish enterprises in
the industrial processing section. Most enterprisggdemented assumed
goals of innovative activity, which to a high or dinem degree affected
their further innovation activity as regards pradaied process innovations
in the examined period.

It is quite difficult to accept the view that we evan improvement of
the situation to the global financial crisis. Thasgibility that seems to be
more probable is that the crisis was only a catalfghanges, which con-
tributed to an increase in innovation activity afiBh enterprises. Dramatic
information from global financial markets probalbiyade Polish enterprises
prepare for unfavourable changes beforehand,gagchk for the solution by
intensifying their innovative activity before theisis. As it can be judged
today, such activity has been proved correct.

Analysis in the period of 2012—-2014

In this period in the Polish economy, the effedtshe global financial
crisis were slowly disappearing and recovery energe maintain compa-
rable results, it is required to confirm the existe of relationships between
enterprise types and ownership sectors and thes gdatheir innovative
activity in this period. With this aim in view, silar to studies concerning
two previous periods, Pearsory$ test of independence was applied. Inno-
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vation types, goals of innovative activity of emieses and their coding
method are presented in Table 6.

In order to determine the relationships betweererenise types and
ownership sectors and the goals of innovative #ygtithe statistical verifi-
cation of the following hypotheses was carried out:

Hy: The type and ownership sector of enterprises mavesffect on the
goals of innovative activity;

H;: The type and ownership sector of enterprises haveftect on the
goals of innovative activity.

Table 7 presents the results of the null hypothesidication. Because
inequality p = 0.99759 > a = 0.05 occurs in this case, there are no
grounds to reject the null hypothesis. Thus thdsyohinnovative activity
of an enterprise do not depend on its type and wshipe sector. It should
be emphasized that all twenty-two goals of innasatctivity presented in
Table 6 were taken into account. This is a quitexpected and noteworthy
difference in comparison to two previous periodscan be interpreted as
a further increase in investment activity by a éargajority of enterprises,
regardless of their type and ownership sector, wkee the highest chanc-
es for development in these activities. Every fimants to develop and be
innovative, regardless of the ownership sectotsosize.

In relation to the above results, it was decide@stamine the role of
eco-innovations alone in the innovative activity esfterprises, as this is
a relatively new item in the examined period, whilth not occur in 2004—
2006 and 2008-2010. The PNT-02 questionnaires fharse periods were
simply not used for gathering information on ecoewations. Determining
relationships between types and ownership secfoesiterprises and their
activity as regards eco-innovations requires stedils verification of the
following hypotheses:

Hy: The type and ownership sector of enterprises Imaveffect on the ac-
tivity of a firm concerning eco-innovation;

H,: The type and ownership sector of enterprises laaveffect on the ac-
tivity of a firm concerning eco-innovation.

The results of null hypothesis verification aregemgted in Table 8. An

inequality occurs heren < a, therefore the null hypothesis should be re-
jected for the benefit of an alternative hypothe3isis indicates the de-
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pendence of the activity of enterprises in the afeeco-innovation on the
type and ownership sector. In this case, the teingaals of innovative ac-
tivity listed in Table 6 were taken into accoungmely ECO1-ECO10
variables. The result seems understandable, asimactation enterprise
was probably forced to develop one’s own methouhidertake a relatively
new type of innovative activity, which was the cagéh eco-innovation.

The type and ownership sector of the enterpriset inage been here of
high importance. The occurrence of this dependenpartially confirmed

by our previous result, which consisted in dematistg relationships be-
tween types of enterprises alone and the typemfrewvations undertaken
by them (Jakimowicz & Rzeczkowski, 2019a).

Since the second stage of research uses correspendealysis, it was
decided to test one more research hypothesis liegatide relationship
between types and ownership sectors of enterpaisgshe goals of innova-
tive activity as regards product, process, orgaioisal and marketing in-
novations only, with eco-innovations as supplemgnpaints in the corre-
spondence analysis. With this aim in view, thediwihg hypotheses were
statistically verified:

H,: The type and ownership sector of enterprises haveffect on the
goals of innovative activity, taking into accousbennovations as sup-
plementary points;

H;: The type and ownership sector of enterprises lavesffect on the
goals of innovative activity, taking into accousbennovations as sup-
plementary points.

The list of assumptions and calculations necegsavgrify the null hy-
pothesis is presented in Table 9. Here we deal widguality p =
0.96687 > a = 0.05, therefore there are no grounds to reject the myll
pothesis. Thus, the goals of innovative activityegards product, process,
organization and marketing innovations, taking in&mcount eco-
innovations as supplementary points do not depanehnterprise types and
ownership sectors. The test took into accountitsetfvelve goals of inno-
vative activity mentioned in Table 6. This resudtbmes understandable if
we consider the relationship between eco-innovadion traditional types
of innovation, mainly of the product and procesget; Eco-innovations
may simply be a factor accompanying product andgs® innovations.
This is consistent with the results presented ibld &, which contain cal-
culations proving the lack of relations betweeretyand ownership sectors
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of enterprises and the goals of innovative acssititaking into account
eco-innovation as a separate type of innovation.

The application of correspondence analysis makgmsgsible to gain
a more detailed view of the obtained results. Campa of the results
from all three tests, proving subordination of @meevations to traditional
types of innovations, particularly product and @& innovations, indi-
cates rich possibilities for applying corresponcemnalysis for detailed
exploration of the third case, concerning indepecndef product, process,
organisational and marketing innovations (takingoiraccount eco-
innovations as supplementary points) from types @mdership sectors of
enterprises.

Table 10 presents the quantitative characterisfithe correspondence
matrix. It contains the following items: singulaalues, eigenvalues, per-
cent of inertia, accumulated percent of inertial afh-distances. This Table
shows that the research problem is eight-dimenki@saonly with eight
dimensions is it possible to explain 100% of irertherefore the total val-
ue of they? statistic. Hence, dimension reduction is necessenich is the
idea behind the correspondence analysis. As ibispossible to include
more than three dimensions for graphic represemtati the phenomena of
co-occurrence, this was chosen as the solutioreelrdiimensions explain
74.48% of the total inertia, which allows for atguprecise representation
of initial data. The choice of a three-dimensiosphce to reproduce de-
pendencies existing in empirical data was markedgptying bold font in
the first three rows in Table 10. Additionally, eaition should be paid to
the p-value being equal to 0.96687. In this casg?dest is used to verify
the hypothesis claiming that the total inertia eals/is not significantly
different than zero. It is not used here for detaimg model fit statistics or
comparing models with different variables, but ofdy testing the inertia
value against zero. Since it results from Tabléhbbp-value is higher than
the commonly accepted significance level, he= 0.96687 > a = 0.05,
the total inertia value is not significantly diféstt than zero. Indeed, ac-
cording to Table 10, the total inertia value eq@al0593.

In correspondence analysis, the notion of inegtithé equivalent of the
concept of variance commonly applied in statisticstal inertia is the sum
of the squares of eigenvalues and it is used am#asure for profiles dis-
persion around respective average profiles. Togltia of rows describes
the difference between respective row profiles tedaverage row profile.
By analogy, the total inertia of columns determittesdifferences between
respective column profiles and the average colurofil. Inertia for rows
is equal to inertia for columns. If total inertigddchot significantly differ
from zero, as in the examined case, the differdmeteeen profiles and the
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average profile is low. This means low dispersiérpfiles around the
average profile. The lower the total inertia of thieen system, the lower is
the chance of emergence of a significant relatipngletween rows and
columns of the contingency table. An average rouwfiler is the result of
dividing column sums in the contingency table bg grand total. In turn,
dividing row sums in the contingency table by thrargl total gives the
average column profile. The average row profil¢his average of the row
profiles weighted by the marginal row frequencees] the average column
profile is the marginal frequency distribution otbe sum of the columns
(Sourialet al, 2010). Since the point representing the averageor col-
umn profile is situated in the centre of the systdrooordinates, it is often
referred to as a centroid. The average profilahisrefore, the centre of
gravity of the analysed profiles. Consequentlyyeards variables being
the subject of the study, they should be concesdrat biplots near the
origin of the coordinate system.

A three-dimensional map of correspondence from reigd presents
a visualisation of the co-occurrence of points espnting enterprise types
and sectors (blue circles), points correspondinthéogoals of innovative
activity of enterprises (red squares), and poiatated to eco-innovations
(green rhombuses). Since it enables only a general of the examined
phenomena, Figures 10-12 present three two-dimeaisiodplots as cross-
sections of the three-dimensional map (Figure Qaiobd for each of the
dimensions.

Three two-dimensional biplots presented in Figur@s12 confirm the
information provided in Table 10. Points represemtall examined varia-
bles are usually situated near the origin of therdimate system. Blue
points representing types and ownership sectoentfrprises, red squares
concerning the goals of innovative activity andegrehombuses corre-
sponding to eco-innovations create one great clustgch indicates most
enterprises achieving all the goals of innovatievdly mentioned in Table
6. Nevertheless, stretching hatched black trianglegesponding to own-
ership sectors, and full-colour triangles, représgntypes of enterprises,
indicate the existence of certain exceptions. Amrds ownership sectors,
there are elongated triangles corresponding ttiidic sector S1 and the
mixed sector S3. Responsible for this situationpaiets S1FR_1, S1IFR_3
and S3FR_3, thus, respectively, small and largerprises from the public
sector and large enterprises from the mixed settoe. same points also
result in stretching the yellow and the light btuangles, which represent,
respectively, the type of small and large enteggstidn addition, slight
stretching can be observed with regard to the ledtditack triangle corre-
sponding to the private sector S2, by point S2F[Ei§ures 11-12), i.e.
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large enterprises of the private sector, which &a®rtain impact on the
light blue triangle of large enterprises. Additibpapoint S1IFR_2, repre-
senting medium enterprises from the public sectbghtly extends the
hatched black triangle representing the publicase$t, and the pink trian-
gle corresponding to the type of medium enterprises

After a detailed analysis, it can be assumed thatt81FR_2 satisfies
the condition of the hypothesis confirmed aboveb(@d.0) that total inertia
value is not significantly different than zero. $lpioint is situated relatively
close to the origin of the three-dimensional caoaté system (Figures 9—
12), where most points representing the goals onbvative activity and
eco-innovations are situated. Since point MAR2itsased the closest to
point S1IFR_2, it can, therefore, be assumed thaiumeenterprises from
the public sector focused on marketing innovaticelated to the use of
new media or product promotion techniques. A sinslguation occurs for
point S2FR_3, which is located near the averagél@rand quite close to
points PRS2 and MARL. This means that large erigapfrom the private
sector implemented new logistic processes (PRS@)irgroduced signifi-
cant changes in the design/construction or packagirgoods or services
(MAR1).

Finally, it can be found that since points SIFRS1FR 3 and S3FR_3
are the most remote from the centroid, they dosatisfy conditions pro-
vided in Table 10. These are small and large ensep from the public
sector S1 and large enterprises from the mixebs&38. Table 3 provides
information about the importance of those firmgha total number of in-
dustrial processing enterprises. Taking into acttus public sector S1, its
share in the entire industrial processing sectias W.10%. Small enter-
prises from the public sector accounted only f&68 of all small enter-
prises, and large enterprises from this sector waded for 2.68% of all
large enterprises. The share of small enterprisas the public sector in all
enterprises of this sector amounted to 17.7%, hadrdspective share of
large enterprises was 34.51%. On the other hargk Enterprises from the
mixed sector S3 accounted for 34.92% of all langerprises, and a share
of large enterprises in the mixed sector accoufaed.23%. Taking into
account the numbers of the enterprises under asalys. S1IFR_1 = 20,
S1FR_3 = 39 and S3FR_3 = 507, and comparing thémtteé total num-
ber of firms in entire database equal to 10,24dhduld be noted that these
three exceptions have no significant effect onttiial image of the indus-
trial processing section in 2012-2014 (Jakimowicz Rzeczkowski,
2019b). Thus, the conclusion concerning the totaitia of the system not
being significantly different than zero should lemsidered correct.
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Discussion

The paper examines the joint effect of enterpiyped and ownership sec-
tors on the goals (effects) of the innovation atiés of Polish industrial
processing enterprises. The analysis is basedtarodginating from three
periods (2004—-2006, 2008-2010 and 2012-2014). akee wlere gathered
by the Statistical Office in Szczecin based ondtatistical questionnaire
PNT-02. The research applied PearsgyPstest of independence which
provided reliable information on relationships beit absence between
variables, as well as a correspondence analysishwhade it possible to
determine in detail the co-occurrence of phenomé&ha. results obtained
with those two methods complement each other amdediable since they
satisfy relevant statistical significance criteffdne graphic presentation of
results uses three-dimensional correspondence naapols their two-
dimensional cross-sections. In all examined case®od representation of
the initial data was obtained. In the period 20@8& 77.77% of total
inertia could be reproduced and for the periods820010 and 2012-2014
those rates amount to 85.833% and 74.48%, respBctiwo-dimensional
biplots, which are cross-sections of the three-disi@mal maps made for
each dimension, provide a detailed insight into ridlationships between
variables.

The evaluation of the impact of enterprise typed awnership sectors
on the goals (effects) of innovative activity usad original method for
a comprehensive approach to the co-occurrence exigrzhena, which has
never been presented before. Points represeniias ignd ownership sec-
tors of enterprises (blue circles) were combineslich a manner as to take
account mutual interactions between types and iecia this way,
a hatched black triangle was created, which reptedeownership sectors:
public S1, private S2 and mixed S3, and full-coltiiangles: yellow, pink
and light blue, which represented types of small ERnedium FR_2 and
large FR_3 enterprises, respectively.

In each studied period, the influence of types awdership sector of
enterprises on the goals (effects) of innovaticivitg was examined, and
it was observed how these relationships changeaiiows phases of the
business cycle. Empirical data originated from ehdatabases, which in-
cluded such phases of the business cycle as pitys{2£04—2006), global
financial crisis (2008—-2010) and recovery (2012-90HAs concerns the
goals (effects) of innovative activity, they wereegsely formulated for
each of the examined period, as shown in Tabl&ésatd 6. This facilitates
a comparative analysis of all examined periodsidBa@nclusions resulting
from the research can be formulated as follows:
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1. In each of the examined periods, points represgreimerprise types
and ownership sectors (blue circles) were situatat the points corre-
sponding to the goals (effects) of innovative dgtired squares),
which proves that most industrial processing emisep implemented
the assumed goals of their innovative activity. tiddally, implemen-
tation of those goals caused a positive feedbaadtian, i.e. contributed
to further intensification of innovative activityf most enterprises. This
fact provides a justification for treating the Bblieconomy as a ‘green
island’ of economic growth and development in Eeropand perhaps
even in the world (Jakimowicz & Rzeczkowski, 2019b)

2. Innovative activity of public sector enterprisesggiically regardless of
their type, is clearly weaker than of all otheregptises. This is demon-
strated by the relatively high distances betweenpiiints representing
those enterprises, i.e. small S1IFR_1, medium S1FRn@ large
S1FR_3, and the points representing the goalsc{sjfef innovative ac-
tivity. This phenomenon occurs with various inténsn all examined
periods, which is symbolised by the largest hatdiladk triangle repre-
senting public sector S1 (Figures 2—4, 6-8, 10-TR)s may be due to
political criteria for the selection of managemstaff in these enterpris-
es (Jakimowicz & Rzeczkowski, 2019b) or to a sulitsthpay gap be-
tween the public and the private sector, to thadliantage of the for-
mer (Démurgeret al, 2012). Treating the period of 2004-2006 as
a point of reference, the situation of small andlima enterprises in the
public sector deteriorated in the global financiasis period, while the
situation of large enterprises from this sector rionpd. On the other
hand, in the recovery period, 2012-2014, only srlaéinges occurred
in the public sector, consisting in a slight impement of innovative ac-
tivity of medium enterprises S1FR_2 and a declméarge enterprises
S1FR_3.

3. Interrelations exist between ownership sectorsntdrerises, represent-
ed by hatched black triangles: S1 (public), S2vgig) and S3 (mixed),
and types of enterprises, symbolised by full-coltuangles: yellow
FR_1 (small), pink FR_2 (medium) and light blue BRlarge), alt-
hough the degree of their intensity has not besorded. This requires
carrying out separate research. Most probablypth#ic sector S1 ex-
erts an unfavourable effect on other ownershiposecprivate S2 and
mixed S3, which is suggested in Figures 2—-4, 6€8;12 by defor-
mations of hatched black triangles representingdlsectors, i.e. S2 and
S3. This effect can be partially independent frosnall or even insig-
nificant share of the public sector in the entirduistrial processing sec-
tion. According to Tables 1-3, this share in theiqus of prosperity,
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crisis and recovery gradually decreased and amduotd.37%, 1.18%
and 1.10%, respectively. Additionally, the publectr can inhibit the
innovative activity of all types of enterprises: @mFR_1, medium
FR_2 and large FR_3, represented, respectively dbpw, pink and
light blue triangles. On the other hand, the pesigffect of the private
and the mixed sector on the public sector showdd bé taken into con-
sideration. The bioplots, therefore, demonstratertain type of dynam-
ic equilibrium between ownership sectors and typésenterprises,
which changes depending on the business cycle pHasever, this is-
sue requires further studies.

. The relationships between enterprise types and mhipe sectors and
the goals (effects) of innovative activity differsignificantly depending
on the business cycle phase. The prosperity peadodbe taken as the
basis for a comparative analysis. In 2004—-200&)tpakepresenting en-
terprise types and ownership sectors (blue cirelad)effects of innova-
tive activity (red squares) formed a common clystdrich means that
most enterprises reached the assumed effectshduatverage distances
between those two types of variables were relatilbe. Those effects
affected, to a high or medium degree, the innowadictivity of enter-
prises at the end of 2006. On the other hand,dm#riod of the global
financial crisis of 2008—-2010, two types of changese observed. The
first change consisted in reducing average distaheéveen points rep-
resenting enterprise types and ownership sectatpaimts responsible
for the goals of innovative activity and large amédium degrees of
their importance for further innovation activity esgards product and
process innovations in 2008-2010. In this way,ustelr of points was
identified which contained a vast majority of eptéses that effectively
implemented the goals of innovative activity. Thines consisted in
forming a much smaller cluster of points, situastdh quite large dis-
tance from the cluster of the best firms, in whéafterprises demon-
strated low innovative activity, and if they readtany goals of innova-
tive activity, the degree of their importance waw lor irrelevant. This
cluster consisted mainly of small enterprises, espnted by a yellow
triangle. Medium enterprises of the public sectdFS_2 were located
outside those two clusters. To conclude, the cnsist have been a cat-
alyst for some favourable changes, which encouragest enterprises
to increase innovative activity and to effectivehyplement its goals. As
regards the third period, in the prosperity yedr20d12—2014, enterprise
types and ownership sectors did not exert any raffext on the goals
of innovative activity, if we treat eco-innovatior@s supplementary
points. This should be interpreted as a furthereiase in the innovation
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activity by almost all enterprises, regardlesshairt type or ownership
sector. Therefore, they assessed the innovatiwatacis a prerequisite
for their future development. This was reflectedfunther decreasing
the distance between types and ownership sect@stefprises and the
goals of their innovative activity, including eamaibvations. The biplots
depicted in Figures 10-12 present an even more acimguster of
points representing both types of variables in canspn to the two
previous periods.

. The phenomena identified in point 4 confirm thergfes in the inertia
of the Polish industrial processing section. In pleeiod of prosperity,
the examined system demonstrated a total inert@a0if26, and in the
period of crisis and recovery, its value amounted0t01801 and
0.00593, respectively. Leaving aside the alreadgadled slight in-
crease in the dispersion of variables during tiebdall financial crisis, it
should be expected that in the long term, the totatia of the industri-
al processing section will demonstrate a decreasiemg. Each enter-
prise, regardless of the type or ownership sest®ks to be innovative
and reach its assumed goals while introducing eoovations. It seems
that this trend is less related to the businesteced more to secular
factors of economic growth and development. Theythe reason for
supercycles or Kondratieff waves (K-waves), whasegths range from
48 to 60 years. Such secular changes, unlike msiogcles, have
a casual nature and result from extra-economicuwistances and
events. Kondratieff (1935, p. 112) distinguishearfbasic groups of
secular factors: (1) changes in technique, (2) waik revolutions, (3)
the assimilation of new countries into the worldmamy, and (4) fluc-
tuations in gold production. As regards the Poiigtustrial processing
section, at least two factors out of the above-imaetl could be of sig-
nificant importance, i.e. definitely the first oa@d the third one (and
perhaps even all four).

. Taking into account changes in the inertia of th@ustrial processing
section in various phases of the business cycle,régularities can be
observed. The first of them concerns the decreadfiegt of two classi-
cal economic variables, i.e. types and ownershipose of enterprises,
on the goals of the innovative activity. Nowadaysjovative activity
has become a basic developmental condition, rezgsdif the type and
ownership sector. The second type indicates théndihing importance
of the public sector, which have clear difficultiggh reaching the goals
of innovative activity as compared to other sectors

. Small enterprises have a serious innovation batoi@vercome in the
form of insufficient supply of production factorEherefore, changes in
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economic policy are necessary to increase the iy of external

sources of financing for such firms.

Neglecting the mutual influence of ownership angetyf enterprise on
the goals of their innovative activity has a sigraht effect on the result of
the research in the last period under the analygisording to previous
findings, in 2012-2014, all four innovation types. product, process,
organisational and marketing innovations, as weleeo-innovations were
dependent on the type (size) of enterprises (Jakiozo& Rzeczkowski,
2019a). The research presented in this paper pthaesaking into account
the mutual interactions of ownership sectors amedyof enterprises lifts
the above-mentioned dependence in the recovergpdyenhich occurred
after the global financial crisis. It should be eb®d that in periods of
2004-2006 and 2008-2010, the effects and goalmof/ative activity and
corresponding positive feedback loops dependedh@rdmbined effect of
ownership sectors and types of enterprises (Jakiocao®& Rzeczkowski,
2019b). The results obtained from 2012-2014 ae dépendent on simul-
taneous consideration of the influence of mututdractions of ownership
sectors and types of enterprises on innovationidsarin the research
(Jakimowicz & Rzeczkowski, 2019b). This means #ighificant qualita-
tive, structural changes occurred after the gldipaincial crisis. Entrepre-
neurs realized what Schumpeter had claimed in dsé (1939, p. 87), that
innovations are in the heart of economic life ane & most important
part.

This is in line with the Red Queen hypothesis: “Ndwre you see, it
takes all the runningou can do, to keep in the same place. If you want to
get somewhere else, you must run at least twidasisas that!” (Carroll,
1872, p. 42). The economic interpretation of thipdthesis, which would
certainly require further elaboration, emphasited tnnovations resulting
from technological revolution contribute to a saiving perpetual motion
of the economic environment, which requires adaptateasures of the
enterprises operating within it. If the firm wanésdevelop and be success-
ful, it must increase innovation indicators (Hall Xaffe, 2018; Perervet
al., 2010) above the threshold determined by therenwiental average. If
the firm is below this threshold, then it will nbé able to meet the chal-
lenge of the competition and sooner or later it @ild its operation. There-
fore, the processes of group and individual sedactippear which cause
the development of the total population of compaiea directional man-
ner. This shows that each technological progressah@lative nature. The
truth of the Red Queen dynamics would indicate #wath innovative en-
terprise is part of a zero-sum game against othergrises operating in the
same industrial branch (Van Valen, 1973). Thisoisststent with the views
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of Schumpeter (1939, pp. 94-96, 105-108), who psrse=conomic de-
velopment through a prism of the rise and decafjrimk and entire indus-
tries. Firms, just like a living organism, cannast forever, and the reason
for their decline is always an inability to keepwith innovations. Profit is
a bonus for an innovative success, but it is teamyoout of its nature, as it
disappears in subsequent processes of competitidradaptation. There-
fore, each enterprise is in danger of collapsearehdy from the moment
of its establishment must activate appropriaterdgée mechanisms.

Decreasing in the long term total inertia of theustrial processing sec-
tion in Poland requires further research; neveesgwleven now it is possi-
ble to draw certain conclusions in the contextexfusar variations. Antici-
pation of future trends is closely related to nplétipractical aspects im-
portant for enterprises, as it provides significampport for firms, involv-
ing the possibility to prepare for future innovatiactivity.

An interesting development of the theory of Koneféicycle was pro-
vided by Smihula (2009, 2010, 2011), who in modgnmes (calculated
from 1600) distinguished six K-waves, which werkated to technological
innovations evoked by technological revolution: fihancial-agricultural
revolution (1600-1780; 180), 2) industrial revahmi(1780-1880; 100), 3)
technical revolution (1880-1940; 60), 4) scientiBchnical revolution
(1940-1985; 45), 5) information and telecommunarai revolution
(1985-2015; 30), and 6) post-information technalabirevolution, i.e.
biomedical-hydrogen revolution (2015-2035; 20). Tamaracteristics of
each of those waves are provided in bracketsthes period of K-wave
based on technological revolution and length ofwhele wave of techno-
logical innovations. As it can be easily seen, mpdrtant feature of this
concept is the decreasing length of each subsequere, which results
from the acceleration of scientific and technolagjiprogress. As forecast
by Smihula (2009, p. 47; 2011, p. 67), a hypotlatseventh wave, which
should take place in 2035-2048, would last onlyyé8rs. The next ones
will be even shorter, and consequently, in 20809208ould turn out that
technological development will be so fast that Kveswill indistinguisha-
ble from classic business cycles.

According to Smihula’s concept, technological inatien waves in the
modern era are part of a much larger whole, inolydi longer chain of
technological revolutions, which occurred in the-prodern era, i.e. in the
Middle Ages and the Ancient era. Smihula (20116). identified five K-
waves based on technological revolution, which oetlibefore 1600: A)
Indo-European technological revolution (1900-700; B200), B) Celtic
and Greek technological revolution (700 BC-300 ADQO), C) German
and Slavic technological revolution (300-930 ADOBRID) Medieval tech-
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nological revolution (930-1340 AD; 410), and E) Rissance technologi-
cal revolution (1340-1600 AD; 260). As above, thmdriods of occurrence
and duration are provided in brackets. The repaetitif the pattern known
from the modern era, i.e. shortening lengths otessive waves, is also
visible.

All K-waves have specific common features, whichgist of maintain-
ing certain regularities of development (Smihul@Q2, pp. 36-38; 2010,
pp. 60-61). The beginning of each wave featuresnanvation phase,
where inventions take a form allowing practical laggtion, which means
a technological revolution. It is followed by anptipation phase when the
number of revolutionary innovations decreases aftidftention is focused
on exploiting and extending already existing inrtaes. The availability
of a given innovation makes it more beneficial émterprises to invest in
its implementation, improvement and exploitatiomrthto develop new
innovations. This lasts until the innovation becerse popular that it be-
comes a part of everyday life. If the rate of retéhom a new innovation
decreases to the level attained in other, traditiogndustry branches, it
means the end of a given wave of innovations. i eriod, a given tech-
nology has already reached its limit of developnaamt it is not possible to
cross this limit without the application of anothewvel technology. An
economic crisis and stagnation, as well as an ase@ demand for new
inventions and innovations, are the typical ene@adh K-wave and its ap-
plication phase. In this way, innovation waves —hayated by technologi-
cal revolutions — follow each other in a logicatler, so that each of them
creates appropriate conditions for the next one.

From a practical point of view, the Fifth and thixt® technological
waves of the modern era are most important forirtdastrial processing
enterprises. Each wave of technological innovaisobased on the leading
branches of industry, i.e. those that have expeeigrthe most revolution-
ary changes. The Fifth K-wave was related to thergence of the Internet
and very important innovations in such fields dedemmunications, cy-
bernetics and information technology. This was Base technological
revolutions in these fields, and its effect wasrtiass use of the computers,
cell phones and other data processing deviceshwédtto the emergence
of the global financial market, international econo integration and glob-
alisation. It also resulted in the developmenthef digital economy and the
emergence of the information society. However, asih8la observes
(2009, pp. 42-43, 46; 2010, pp. 63-65), the emeryenn the global finan-
cial crisis in 2008 ended both the innovation phasd the application
phase of the K-wave of the information technologyl delecommunica-
tions. Information technology has already becomentegral part of every-
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day life and it should be expected that the higpssfits and the most revo-
lutionary inventions will be seen in other indusbganches. A global fi-

nancial crisis, related to reduction of economiovgh rates, high oil and
agricultural produce prices, should be thereforeqiged as a typical crisis
ending each technological wave and heralding thieahrof a new one.

Consequently, governmental efforts aimed at ovemegra crisis through

a monetary policy will not be very effective. Instk they should focus on
the development of new technologies and suppognsei and education to
accelerate the arrival of a new technological retioh.

A look at the innovativeness of Polish industriebgessing enterprises
from the perspective of long-term technological idies in the economy
can explain the close to zero inertia obtainedther period 2012-2014.
This is a period after the global financial crisidhich Smihula marks as the
beginning of the Sixth K-wave, related to the bidmal-hydrogen revolu-
tion. Nowadays, being an innovative entreprenelreisoming more com-
mon, which is indicated by the low dispersion affif)es around the aver-
age profile (Figures 9-12). In future, achievingcass will require even
more innovativeness. The Sixth K-wave may be the simge of economic
development of humanity and provide a new chancéhfodevelopment of
most innovative enterprises. Therefore, the ineofigdhe industrial pro-
cessing section which is only slightly differenbrin zero may confirm that
the period after the global financial crisis hesatle end of one K-wave
and the beginning of the next one.

Smihula (2009, pp. 44-45; 2010, p. 64) claims thgiost-information
society, the biomedical-hydrogen revolution will enge, which, taking
into account an ageing society, will be based ag@ss in pharmaceutics,
biotechnology, biomedicine and nanotechnology. dsiebf great im-
portance will include genetic engineering, clonemgd transhumanism —
seeking to develop direct links between machinekliamg organisms for
the purpose of modifying and improving certain feas of living organ-
isms, including humans. Traditional fossil fuelazardous to the environ-
ment, will be replaced with hydrogen or fuels oh¢ai from agricultural
products. Exploitation of alternative energy sosrae the form of water,
wind and solar power is also anticipated, but itoide expected that in-
creased energy demand may require the use of mesleagy. Additional-
ly, the development of the robotics industry ishygprobably. Technolog-
ical development is anticipated by other reseascirera similar manner.
A view exists that the Sixth K-wave will be basest only on new medical
technologies and biotechnologies but also on attemapimprove the psy-
chosocial health of people (Nefiodow & Nefiodow,12). Others claim
(Grinin & Grinin, 2014) that the Sixth K-wave watart only in the 2020s
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and will mean a merger of the final phase of the&Zyetic Revolution, i.e.
the phase of self-regulating systems, with breakttin medical technolo-
gies and many other technologies, which will regukémergence of a sin-
gle complex of MBNRIC (medico-bio-nano-robo-infoggutive) technolo-

gies.

Conclusions

The aim of the study was to determine the impaavaiership sectors and

types of enterprises on the innovative activity Ralish industrial pro-

cessing companies in various phases of the busayets We intended to

fully utilize the information contained in empiricdata, and thus to mini-

mize any information losses during calculationsisTiorced us to use

a custom methodology in the form of a cybernetigrapch, which is based

on feedback loops. The analysis included feedbambd between:

1. ownership sectors and types of enterprises,

2. ownership sectors and types of enterprises tremged whole and the
goals of innovative activity of enterprises,

3. innovations undertaken at different times; theseractions were medi-
ated by ownership and the size of the business.

The cybernetic approach has enabled the demonsirafi positive
feedbacks between innovations undertaken at diffanmes. This method
also prompted the discovery of other new phenomeséch would not
have been possible if the impact of independenabkes had been consid-
ered separately and unidirectionally. The most irgd finding was that in
the three studied periods the inertia of the imihisprocessing sector
showed a downward trend and eventually approacted This means that
the examined system is not sensitive to cyclicattflations. Structural
changes that take place in the industrial procgsséctor indicate a break-
through associated with the end of the Fifth armdl&ginning of the Sixth
Kondratieff wave. This is synonymous with the titios from information
and telecommunications revolution (1985-2015) te thiomedical-
hydrogen revolution (2015-2035). This is of greatcfical importance for
enterprises, as they must reckon with the posilafichanging innovation
strategies in the future. These results shoulddrdirmmed by further re-
search, which should include sources of informatedavant for innovation
activities. Nevertheless, the trends outlined abanevery likely, as they
result from both theoretical and practical premises

The correspondence maps presented in Figures 1reh@d@ infor-
mation on various other interdependencies betwaeexamined variables,
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which could not be discussed in the paper duestéintitations. In fact, it
can be claimed that the issues addressed heralgrthe tip of the iceberg.
The presented biplots contain knowledge aboutiogiships between sev-
eral dozens of variables and how they evolved twethree periods under
consideration. Readers interested in the subjettentaut unable to access
the databases used in this research can discdwarrelations of particular
interest to them on their own.
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Annex

Table 1. Percentage share of enterprise types (FR) in ohipesectors (S) and
percentage share of ownership sectors in enterjyp®s in the period 2004—2006

Database 2004-2006 (%)

Type/Ownership Small (FR_1) Medium (FR_2) Large (FR_3) Subtotal (S)
Sector (Codes)  Type  Sector Type  Sector Type  Sector
Public (S1) 2.95 20.27 4.14 52.70 8.28 27.03 4.37
Private (S2) 72.83 27.58 83.64 58.64 76.61 13.78 79.39
Mixed (S3) 24.22 44.84 12.22 41.87 15.11 13.29 16.24
Subtotal (FR) 30.06 55.66 14.28 Total = 100

Source: Statistics Poland (GUS), Statistical Offit&zczecin.

Table 2. Percentage share of enterprise types (FR) in @higsectors (S) and
percentage share of ownership sectors in enterypes in the period 2008—-2010

Database 2008-2010 (%)

Type/Ownership Small (FR_1) Medium (FR_2) Large (FR_3) Subtotal (S)
Sector (Codes)  Type  Sector Type  Sector Type  Sector
Public (S1) 0.38 21.31 2.17 48.77 5.33 29.92 1.18
Private (S2) 73.82 65.61 78.89 27.87 73.81 6.52 75.17
Mixed (S3) 25.80 72.88 18.94 21.27 20.86 5.85 23.65
Subtotal (FR) 66.81 26.55 6.64 Total = 100

Source: Statistics Poland (GUS), Statistical Offit&zczecin.

Table 3. Percentage share of enterprise types (FR) in @hipsectors (S) and
percentage share of ownership sectors in enterjypes in the period 2012-2014

Database 2012-2014 (%)
Type/Ownership Small (FR_1) Medium (FR_2) Large (FR_3)
Sector (Codes) Type  Sector Type  Sector Type  Sector

Subtotal (S)

Public (S1) 0.56 17.70 1.04 47.79 2.68 34.51 1.10

Private (S2) 57.09 44.27 32.26 36.18 62.40 19.55 45.25

Mixed (S3) 42.35 27.69 66.70 63.08 34.92 9.23 53.65
Subtotal (FR) 35.09 50.74 14.17 Total = 100

Source: Statistics Poland (GUS), Statistical Offit&zczecin.
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Table 7. List of assumptions and calculations necessanetdy the hypothesis
regarding the relationship between the type andeostip sector of an enterprise
and the goals of its innovative activity (2012-2014

Pearson’sy? test of independence

x? statistics value 120.85
Critical region right-tailed
Level of significance(a) a = 0.05
P-value (p) p = 0.99759
Decision Sincep > a, there are no grounds for rejectiHg

Table 8. List of assumptions and calculations necessanetdy the hypothesis

regarding the relationship between the type andeostip sector of an enterprise
and the eco-innovations (2012—-2014)

Pearson’sy? test of independence

x? statistics value 311.44
Critical region right-tailed
Level of significance(a) a = 0.05
P-value (p) p = 0.0000
Decision H, hypothesis should be rejected in favoutgf

Table 9. List of assumptions and calculations necessanetdy the hypothesis
regarding the relationship between the type andeostip sector of an enterprise

and the goals of its innovative activity with theoennovations as supplementary
points (2012-2014)

Pearson’sy? test of independence

x? statistics value 65.248
Critical region right-tailed
Level of significance(a) a = 0.05
P-value (p) p = 0.96687

Decision Sincep > a, there are no grounds for rejectiig
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Figure 1. 3D biplot showing the co-occurrence of the typksrderprises including the ownerships sectorseffects of innovative

activity and degrees of their influence on entegsiin period 2004—2006 (dimensions 1-2-3; 77.7if%tal inertia)
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