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PROINNOVATIVE REGIONAL DEVELOPMENT
IN POLAND IN THE SECOND DECADE OF THE 21ST
CENTURY IN A STATISTICAL CONTEXT

As the aim of regional research is usually a dgson and an assessment of sets of object,
the main two research tasks, presented in mananaseapers, are assumed to consist of
grouping and linear ordering. This paper is parathor’s series of publications devoted to
the findings of the proposed original concept tlidws for joint consideration of regional
innovation and regional developmeRtoinnovative regional developmesta term introdu-
ced for a certain overriding criterion enabling thehor to consider the discussed multidi-
mensional economic categories together in the rudletionship and not, like so far, sepa-
rately. The aim of the article is to present thargification of this research area and its stati-
stical analysis using the methods of linear ordgénthe regional level in Poland.
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1. INTRODUCTION

Regional development can be perceived as the eoxngglonomic category describing
— considered usually at the basic regional leviile-process of constant socio-economic
changes of particular areas, involving individwedions and leading to the improvement of
the current situation taking the adopted criterta consideratio@Kudtacz, 1999; Markow-
ska, 2002; Korenik, 2004;). Regional innovation barperceived as an ability and willing-
ness of the entities, operating in and for theiegion not only in the social and economic
sphere but also in the field of regional policycteate and absorb innovation as well as to
a constant search for and practical implementatibtne results of research studies, re-
search and development works, new ideas, suggestiorentions and solutions with the
aim to make positive changes of the quantitatieevtfn and qualitative development in the
region, to respond better to the needs of inhatsitas well as to use the available resources
more effectively (Strahl, 2010; Brol, 2019wiadek, 2011). Both economic categories un-
der consideration hold an important place in tr@neeic theory and play a significant role
in the contemporary economies (Korenik, 2004; $tra@06; Hollanders, Esser, 2007;
Brol, 2011; Markowska, 2012). The evolution of thetaal views, the change of paradigms
and the observed processes and phenomena tako®iplthe world result in the fact that
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the currently fundamental development is beconniget based on knowledge and innova-
tion (Marciniak, 2010; Janasz, 2011; Weresa, 2012yas, therefore, assumed that re-
gional development is a broader term and innovdtioore specifically: regional innova-
tion) is becoming one of the main factor that dediit. A higher innovation level has a pro-
development influence on the region, it has alsereeficial effect on the obtained economic
results and improves the general socio-economiatiin of a given region. On the other
hand, however, one should be aware that pro-inh@vattivities in the region are to some
extent determined by the level of development dlyeschieved in that area. Underdevel-
oped regions of a low level of wealth usually héags funds on research and implementa-
tion of innovation, which makes their possibilitis®re limited and in consequence fre-
quently leads to the lower economic growth rate.

Regional development, as well as regional innovatirom the statistical point of view,
are treated as multidimensional characteristiod daue to their complexity, they are usually
considered separately. Nevertheless, the corralaBbnveen these makes it possible to ana-
lyze them jointly as well. The proposed approach been referred to gsoinnovative
regional developmen{Kloska, 2015).

2. QUANTIFICATION OF THE RESEARCH AREA

In literature of the subject different indicatays changes in regions are considered
(Strahl, 2005; Rta-Kanurska, 2005; Sobczak, 2006; Prusek, Kudei)9; Pawias,
2010). Multidimensional character and various ctads of regional development make it
impossible to define it in a universal and unambiguway and this results in huge diffi-
culties with the research area quantification. Tatgcians have long been looking for de-
terminants of development, that is such factordcwhave a most significant effect and
analysts select (most often on the basis of sutigtaprerequisites) and ultimately choose
(relying sometimes on particular formal procedudiapnostic variables, which in a possi-
bly comprehensive way — with limitations noticedvaalays resulting mainly from limited
accessibility and frequently also from the lackelfable and comparable statistical data —
would describe regional development and innovatitdhen it comes to a more extensive
scientific discussion on the quantification of tkeearch area of both economic categories
under consideration works of such authors as Cah&{{Strahl, 2006), J. Korol (Korol,
2008) M. Obrebalski (Obebalski, 2002), T. Borys (Borys, 2005), R. Kloskaldgka,
2018), B. Godin (Godin, 2004), L. Marins (Marin§08) czy H. Hollanders, A. van Cruy-
sen (Hollanders, van Cruysen, 2008) are recommésdab

The list of twenty six indicators presented in.thjpbeing a summary of variables taken
into account in research on innovativeness of regand regional development in Poland
(Kléska, 2015) sis homogeneous with regard taibstantive value, and it reflects, as much
as possible, the key aspects of the superior icnitewhich in the proposed research appro-
ach combines both economic categories. Individhatacteristics are carriers of various
pieces information on the phenomenon being analyaed their overall evaluation does
not give rise to any objections. This fact is jfistl, as — while the issues being discussed
are complex — both regional innovativeness andredidevelopment are to lead to positive
changes in terms of quantitative increase and tatiak progress in specific areas. Their
components, which are often difficult to grasp anthetimes substitutive, are complemen-
tary in leading to achievement of the same objectaiming for changes for better. Assu-
ming that regional development is a term broadan tinnovativeness of region, it seems
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that the structure of the set of statistical feedgicontaining more pro developmental than
proinnovative indicators), used in table 1 to dibgcproinnovative regional development
as the concept of combined analysis of these ecionategories, seems reasonable.

Table 1. Proinnovative regional development indicsain Poland
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Indicator Name of indicator
symbol

I1 R&D expenditures in relation to GDP (%)

I2 Percentage of persons aged 15 and older havingrsity education (%)

I3 R&D expenditures of the enterprises sector iniiaio GDP (%)

la Percentage of industrial SMEs cooperating in elustitiatives or engaged i
other formalized forms of cooperation (%)

Is Share of innovative enterprises in the total nunatbéndustrial enterprises (%

le Share of innovative enterprises in the total nunobenterprises of the service
sector (%)

l7 Share of R&D employees in total employed populatié

Is Share of net revenues from sales of productstitiesnclassified as representin
in high and medium-high-tech sectors (enterprisesachmore than 9 em
ployees) (%)

Indicator Name of indicator
symbol

R1 Infant mortality per 1000 live births

R2 Risk-of-relative-poverty rate (%)

Rs Number of university students per 10 thousandbiibats

R4 Registered unemployment rate (%)

Rs Number of road fatalities per 100 thousand inlzadté

Re Water consumption by national economy and totpugation (hm3) per 10 tho
usand inhabitants

R7 GDP (current prices) per capita in PLN

Rs Share of expenditures of business entities for R&fivity in total(%)

Ro Number of newly registered national economy esgiin private sector in te
thousands inhabitants

Rio Employed per 1000 inhabitants

Ri1 Total investment expenditures (current prices)gagita in PLN

Ri2 Percentage of population with access to sewagaent plant (%)

Ris Afforestation (%)

Ri4 Recycling of packaging waste (%)

Ris Share of devastated and degraded land requirquitingation in total area (%)

Rie Share of waste (excluding municipal waste) sulifececovery in the quantit
of waste generated during the year (%)

Ri7 Share of production of electricity from renewafaeces in total production o
electricity (%)

Ris Electricity consumption per 1 million PLN of GDB\Vh)

Source: own compilation on the basis of: (Kloskal3).

3. METHODOLOGICAL REMARKS

This (methodological) chapter presents the issfiaadertaken research determined by
the title of the article. As a preliminary pointist worth to underline huge possibilities of
applying the methods of multivariate statisticadlgsis in regional research. A considerable
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scientific achievements of Polish statisticians andnometricians in this scope should be
highlighted due to their significant contributiomthe global development of grouping and
linear ordering methods. Z. Hellwig (Hellwig, 1968)otlighted the need of using measures
that would give a synthetic and at the same tineeipe enough information about the cha-
racter of observed changes of social-economic phena and it initiated many methodical
proposals in this area. Interesting notes and malpovere presented by among others:
M. Cieslak (Cieslak, 1974), S. Bartosiewicz (Bartosiewicz, 1976)Bbrys (Borys, 1978),
W. Pluta (Pluta, 1977), M. Wypych (Wypych, 1982) Newak (Nowak, 1977), T. Grabi
ski, A. Malina, A. Zelia (Grabiski, Malina, Zelid, 1990), S. Wydmus (Wydmus, 1984),
D. Strahl (Strahl, 1987) or M. Walesiak (Walesiak02). From the latest theoretical-rese-
arch items publiced in Poland of the main priofity regional studies works of among
others: A. Mtodak (Mtodak, 2006), J. Korol (Kor@Q07) or M. Markowska (Markowska,
2012) should be taken into consideration. Same iitapband interesting are the scientific
achievements presented in the world literaturghigpoint it is worth to mention works of
such authors as among others: J.A. Hartigan (Hartigg975), A.A. Afifi, V. Clark (Afifi,
Clark, 1999), I. Borg, P.J.F. Groenen (Borg, Graentd97), M.E. Johnson (Johnson,
1987), H.H. Bock (Bock, 2002), B. Mirkin (Mirkin,aD5), B.S. Everit, S. Landau, M. Le-
ese, D. Stahl (Everitt, Landau, Leese, Stahl, 20t B.F. Manly (Manly, 1986).

For the set of indicators used in table 1, siatifmaterial was gathered, which allowed
for a more or less complex description of proinriaxaregional development in Poland.
The necessary data comes from statistical repamts all analyses were conducted on the
basis of a descriptive (deterministic) and not&lsastic approach. The variables discussed
are not random, and the problem of a random sabgitey representative of the population
is not present here. All objects (sixteen provineeBoland), constituting the entire popu-
lation, are considered in the observation, andethpirical data obtained is constant. The-
refore, there is no need to examine the potertti@hastic characteristics of the list of ob-
servations. After gathering numerical data, diagjnosharacteristics were determined,
expressed using the ratio scale of measurementaarttis type of a strong scale makes it
possible to use all arithmetic operations, it doetslimit the possibilities of applying spe-
cific statistical method. At the same time, theuaggtion of a homogeneous scale of mea-
surement of the variables analyzed, usually requiwe multidimensional statistical analy-
sis methods, has been mawith regard to the formal aspects, it should Beeal that the
characteristics applied are quantitative (and natlitative) and continuous (and not di-
screte), and thus their observed increment (inereaslecrease) can constitute even the
smallest part of the unit, and the set of possiblaes is not quantifiable (Walesiak, 1993).
As it can be concluded on the basis of the abowadysis, values of variables have been
presented using positive real numbers, which casrtbered clearly along the number line,
assuming a certain specific, but freely chosen, wiiere zero represents a complete lack
of value of the feature being measured. High valgéstable 1) of most of the assumed
variables (boosters) are desirable, while only sefdhese are dampers, marked in table 1
as: R, Ry, Ry, Rs, Rs, Risand Res. It is also worth noting here that it requiresellwhought-

2 wwwe.stat.gov.pl (access: 03.12.2018). Rare shestad data were complemented by using some
methods of interpolation and extrapolation or —itais sometimes being done (cEuropean
Innovation Scoreboard 2018 — Methodology Repfgutopean Union, Belgium 2018) — data from
the last available year were acknowledged.
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out decision only to determine the system of weiglithe characteristics examined. Never-
theless, up to date, this issue has not been delgisiesolved, and there is no universal,
generally applicable procedure; as a result, it desded — as it is in practice by most
researchers (Graiski, 1984) — to assign the same value to everykibej applying equal
weights.

In this study, the research task undertaken ealirordering, included in the scope of
multidimensional statistical analysis. It can beught down to determination of the order
of objects analyzed according to a specific ciiterrepresented by the assumed set of dia-
gnostic features, which makes it possible to sgebiir hierarchy. In order to valuate the
objects being compared, we establish an appromyathetic development measure, taking
into account the fact that various aggregation fda® may generate different end results,
even with reference to the general criterion, re@néed by the same list of diagnostic va-
riables (Czyycki, 2012). In the approach described, the syithmeasure of development
has been calculated separately for each year iextamined period of 2011-2017, which
allowed for determination of hierarchy of objeqtsavinces of Poland) from the perspec-
tive of proinnovative regional development (takingp account twenty six variables pre-
sented in table 1). A well-known aggregation forawas applied, methodically consistent
with the Summary Innovation Index, used widelyhie €U nomenclature (European In-
novation Scoreboard, 2018), that is, the arithmetierage of diagnostic variables brought
down to comparability through zeroed unitarisationltiplied by one hundred (Kloska,
2018)

This can be expressed by the formula:

W =—Zlaj% )

where: Wi — synthetic development measure,
k - the number of variables taken into consideration,
a; — prominence dfvariable,
zj —X; of the statistic variables taken into considerafiothe study normalised
by the zeroed unitarisation method, wherbasalgorithm of boosters is as

following:
X —min{xj}
4 = max{x; } —min{ x;} @
and for dampers:
max{;} =
; A ©)

"~ max{, } —min{x}

The values of this measure may range from zeamwhundred, and the higher their
value, the higher their place in the ranking. la tliscussion of the approach taken, the
author analyzed changes in proinnovative developmédpoland in years 2011-2017.
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4. STATISTICAL DESCRIPTION OF THE DATA

The structure of provinces in Poland in termshobivativeness {ilg in tab. 1) is diffe-
rentiated most in terms of percentage share ofredihees (including the sector of enter-
prises) for R&D activity in relation to GDP, andete values throughout the examined
period, despite a slight improvement, have beemtaigied on a relatively low level. Defi-
nitely unfavorable are the low values of the sharemnovative enterprises in the total
number of enterprises in the services sector, #saw@ industry (although there is a slight
improvement noticeable in this regard as well).tmbasis of the assumed research crite-
rion, it can be assessed as positive that theaevisible trend of growth in the percentage
of persons aged 15 and more with university edonatducation, as well as awareness of
the need for lifelong learning, is a significanbimnovative factor. However, it should be
underlined that a number of measures presenteable £ show little change over time,
which, from the perspective of the variables bargmined, does not exert positive impact
on improvement of innovativeness of regions.

The same approach was applied to determinatidheoktatistical model of regional
development in Poland {RRigin tab. 1). Analysis of the indicators-Rigin tab. 1 can be
conducted in three spheres: social (the first séicators), economic (the following five
indicators) and environmental (the last seven aigics). In the first dimension, the provin-
ces of Poland are most diversified in terms of watesumption for the purposes of natio-
nal economy and the total population per 10 thodisahabitants. In provinces recording
the highest consumptiowietokrzyskie and Zachodniopomorskie) this indicatmged
between 8-11 hm3, while in the region of the lowemtsumption (Podlaskie), it did not
exceed 0.74 hm3. There is a positive trend wheortes to the number of road fatalities
per 100 thousand inhabitants and infant mortaditywell as a visible improvement in the
recent years in terms of unemployment. On the otfaed, there is a negative trend of
constant decrease in the number of university stisdger 10 thousand inhabitants. From
the economic perspective, with regard to the indisaapplied, the Polish regions are most
differentiated in terms of percentage share of edjtares of business entities for R&D
activity in total. Visibly higher values of most thfe measures applied in year 2017 in com-
parison with year 2011 should be assessed positirah the perspective of development.
As for the environmental aspect, the most significhfferentiation of the Polish provinces
is visible when it comes to recycling of packagimgste and the share of electricity pro-
duction from renewable sources to total productbmelectricity. A number of variables
presented have changed very little over time; atsime time, there is a visibly positive,
pro-developmental trend of increase in the pergentd the population with access to se-
wage treatment plants.

5. RANKING OF PROVINCES IN TERMS OF PROINNOVATIVE R EGIONAL
DEVELOPMENT IN POLAND

In the research part of the article, the authesented the results of a linear ordering of
the Polish regions addressed on the basis of theted diagnostic variables. The original
values of the synthetic measure of developmentegphade it possible to put the provin-
ces of Poland in order with regard to proinnovatiegional development in years
2011-2017, and their places in the ranking have Ipeesented in tab. 2.
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Table 2 Ranking of provinces in terms of proinnoxatiegional development in Poland in years
2011-2017

Province Ranking place in year

2011 | 2012 | 2013| 2014 2015 | 2016| 2017
Dolnoslaskie 4 4 4 5 4 4 5
Kujawsko-Pomorskie 12 14 14 14 11 14 14
Lubelskie 9 13 12 7 12 11 11
Lubuskie 10 8 11 10 10 13 10
t6dzkie 14 12 9 13 14 10 13
Matopolskie 3 2 2 3 2 2 3
Mazowieckie 1 1 1 1 1 1 1
Opolskie 8 11 10 11 13 12
Podkarpackie 5 5 3 4 5 5 4
Podlaskie 11 9 8 8 7 7 12
Pomorskie 2 3 5 2 3 3 2
Slaskie 6 6 6 6 6 6 6
Swietokrzyskie 16 16 16 16 16 16 16
Warmi nsko-Mazurskie 15 15 15 15 15 15 15
Wielkopolskie 7 7 7 9 8
Zachodniopomorskie 13 10 13 12 9 9 8

Source: own compilation on the basis of data ofGbatral Statistical Office.

On the basis of information provided in tab. 2cah be noticed that in the examined
period, the leader of proinnovative regional depelent in Poland every year has been
Mazowieckie Province. As for the remaining place®ag the top three provinces, there
has been some rotation, although most often thenseand third places were occupied by
Matopolskie and Pomorskie provinces. Podkarpadi@@noslaskie andSlaskie provinces
also tend to occupy high places. The lowest scomeng all provinces of Poland has been
assigned each time tdwictokrzyskie Province (with Warméko-Mazurskie Province
being only slightly better). Variability of the rkimg position (that is, the range measured
as the difference between the first and the lastg)lis different for each region, ranging
from zero (for MazowieckieSlaskie, Swigtokrzyskie and Warmisko-Mazurskie) to six
positions (for Lubelskie), and the total of all gas is 43. It should also be noted that low
range is usually applicable to regions occupyimgtp and bottom positions in the rankings
under concern, which indicates deepening or at Ee=ngthening of the disproportion be-
tween the strongest and the weakest provinceslan&dn terms of proinnovative regional
development in the second decade of the 21st gentur

6. CONCLUSIONS

In conclusion, it should be noted that the subjeatter discussed does not constitute
a finished stage of the research. The observatindsresults of the study provide greater
insight into the title economic categories andwlto identify their changes within the re-
cent years in Poland. While some problems have bekwred, some other ones have only
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been indicated and may undoubtedly constitute &rodoction to scientific discussions.
The multi-faceted nature of these issues makaffittudt to expect clear-cut solutions and,
therefore, the research studies in this scope gdhmutontinued. Further studies on the pro-
posed combined approach to regional innovationragabnal development in the form of
proinnovative regional developmesgem particularly important.
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