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EVALUATION OF VOIVODESHIPS IN SCOPE
OF ENTREPRENEURSHIP DEVELOPMENT WITH
THE USE OF SELECTED METHODS

Summary

The transformation of the Polish economy, which is still in progress, draws attention to the
existing differences between the voivodeships in the scope of entrepreneurship development. Despite
the comparable initial situation in 1989, after almost 30 years of transformation, it is possible to
indicate general development trends across the country, but over time disproportions in the level of
development in individual voivodeships have become apparent.

For this reason, the article attempts to assess voivodships in terms of entrepreneurship
development using the taxonomic analysis, the TOPSIS method and the principal components analysis.

The adopted concept of the article made it possible to verify the hypothesis put in the paper,
according to which there is a clear division in Poland into voivodeships with a higher and lower level
of entrepreneurship development.

The analysis conducted in the article allowed to identify the leaders of entreprencurship on
a regional level and also showed that there are clear disproportions in the level of entrepreneurship
development in the eastern and western part of the country.

Key words: entrepreneurship, development of entrepreneurship in voivodeships, numerical taxonomy,
TOPSIS, principal components analysis
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1. Introduction

Transformations of the Polish economy conducted over the period of almost
30 years influenced various areas, especially the state of the Polish entrepreneurship.
The transition from the centrally planned economy, fully controlled by the state, to
the market one required changes, e.g. in the structure of production, consumption
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and employment. Until 1989, Poland was dominated by the industry sector, mainly
the extractive industry and the arms industry. Private ownership was present on
a very limited scale. The results of the centrally controlled economy were e.g., the
existence of the demand exceeding the supply and growing social discontent.

The breakthrough for the Polish economy came in 1989, when, for the first time
in post-war Poland, free patliament elections took place. T. Mazowiecki became the
Prime Minister, while the recovery of the Polish economy was entrusted to L. Bal-
cerowicz — the Minister of Finance. Due to the package of ten acts regarding the
bases of the country's functioning, the centrally controlled economy started its
transformation into the market economy, led by the rules of supply and demand,
while most state companies were privatized.

The changes of the year 1989 greatly altered the shape, structure and functioning
of Polish companies. Nevertheless, despite a similar initial situation, the level of
entrepreneurial development in particular voivodeships varies greatly at the moment.
It needs to be noted that there is a visible correlation between the voivodeships’
potential and entrepreneurial actions — on one hand, entrepreneurial actions may
influence the level of development of a particular voivodeship, on the other hand,
the regional level of development may stimulate entrepreneurship. It should be also
emphasized that entrepreneurship is the carrier of innovation and competitiveness
of cities, voivodeships, and, finally, of the whole country.

The issue of intet-regional disproportions in the level of entrepreneurship is
addressed by scientists, entrepreneurs and politicians. Every year, the Ministry of
Development publishes a report Entrepreneurship in Poland. Moreover, the Polish
Agency for Enterprise Development has been dealing with the issue of entrepre-
neurship for many years, conducting numerous studies and analyses, and publishing
every year a report of the study Global Entreprencurship Monitor Polska. The issue of
entrepreneurship in regards to inter-regional differences has been studied by, e.g.
Z.. Makieta [2018], M. Jabtoniska [2017] or J. Korol et al. [2010].

The article has been divided into two parts. The first one has a descriptive
character and focuses on the diagnosis of enterprises’ condition in Poland. The
second part has an empirical character and aims to assess the differentiation of the
entrepreneurial level in particular voivodeships. Three methods were used to
conduct the study: the taxonomic analysis, the TOPSIS method and the principal
components analysis. The taxonomic analysis allows to conduct a multidimensional
assessment of the entrepreneurial level of the regions. It enables to group the
voivodeships in relatively homogenous classes and to develop a ranking in terms of
the level of entrepreneurship. The TOPSIS method allowed the linearization of
voivodeships in terms of the entreprenecurial level through synthetic measures of
variable data. The principal components method is frequently used to reduce data or
space features and to order units in p-dimensional space and for this reason, it was
used for linear ordering of the voivodehips in terms of the entrepreneurship
development.
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2. Enterprise sector in Poland

The dynamic development of private investment in Poland was connected with
the systematic transformation, which forced companies to adapt to the changing
conditions. The changes conducted in Poland since autumn 1989 were aimed at
developing the market economy targeted towards serious structural transformations,
enabling faster economic growth with special reference to the relation between
democracy, market and economic development, opening up to the outside world
and the economic strategy in the context of economic reforms [Dynamika transfor-
magji..., 1997, p. 9].

According to prof. Z. Sadowski, the problem of transformation in terms of
entrepreneurship was the creation of the new system of economic entities able to
function in the competitive conditions of the market economy and the creation of
the proper system of market signals, such as prices, exchange rates, interest rates
[Sadowski, 2005, pp. 23-24].

The first years of Polish transformation were characterized by the significant
dynamics of the enterprise sector’s growth — over a few years the number of enter-
prises increased dynamically. In 1990 there were 426 thou. private enterprises, in
1995 — 2099 thou., in 1999 — 3013 thou. The share of the SMEs sector in the gene-
ral number of enterprises increased in the ‘90s of the 20t century and by the end of
the decade constituted 90%. Family companies based solely on the owners’ savings
were of special importance. At the same time, there were various problems
connected with state companies’ functioning which could not cope with the growing
competition, growing costs and decreasing sales in the new conditions of the market
economy [Lenik, Krzywonos, 2015, pp. 117-118]. The solution to the state compa-
nies’ problems was to be the initiated process of privatization of that group of enter-
prises.

In the next phase — at the turn of the century — consolidation processes of large
entities intensified and Polish activity in terms of setting up private companies
increased. In the years 2000-2003 the number of enterprises increased by about half
a million, most of which constituted natural persons conducting business activities.
The next landmark in the development of Polish entrepreneurship was the year
2004 and the accession of Poland to the European Union. It gave access to the EU
funds and external sources of funding, increased demand on Polish products on the
EU market, improved access to credit, improved financial results and increased
export opportunities. In 2004-2007 companies focused on making use of prosperity
and on investing in expanding their activities [Lenik, Krzywonos, 2015, pp. 117-118].

The analysis of Polish enterprises in terms of business profile indicates that the
process of transformation is also the period of crucial changes in the structure of
goods production and setrvices. Generally, it is reflected in the higher shatre of the
services sector and the changes in the structure of the industrial production — the
share of the branches producing materials and raw materials decreased, while the
share of the industrial processing products increased [Skowronek, 2010, p. 156]. The
services sector in Poland currently employs almost 60% workers (while in 1989 it
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employed about 30%) and constitutes 64% in Polish GDP returns. The increase in
the services sectot's importance asserts the transformation of the centrally planned
economy into the market one and its modernization.

The transformation period definitely changed the economic potential of the
enterprise sector, the ownership structure, as well as the product and technology
structure. The issue of the enterprise definition was also clarified.

The binding enterprise definition was drawn up in the Act of 2 July 2004, The
Business Activities Freedom Act [Ustawa, 2004, art. 104-109]. The included clauses
on qualifying business entities are of quantitative character. The following categories
of enterprises are distinguished:

—  microenterprises, which include entities that in at least one of the last two
financial years employed on yearly average fewer than 10 employees and
whose annual net turnover from the sales of goods, services and products
and financial operations did not exceed a PLN equivalent of EUR 2 million
or the total assets of its balance sheet in one of those years did not exceed
a PLN equivalent of EUR 2 million,

—  small enterprises are entities that in at least one of the last two financial
years employed on yearly average fewer than 50 employees and whose
annual net turnover from the sales of goods, services and products and
financial operations did not exceed a PLN equivalent of EUR 10 million or
the total assets of its balance sheet in one of those years did not exceed
a PLN equivalent of EUR 10 million,

—  medium enterprises are entities that in at least one of the last two financial
years employed on yeatly average fewer than 250 employees and whose
annual net turnover from the sales of goods, services and products and
financial operations did not exceed a PLN equivalent of EUR 50 million or
the total assets of its balance sheet in one of those years did not exceed
a PLN equivalent of EUR 43 million,

- large enterprises are entities employing at least 250 employees and whose
annual net turnover from the sales of goods, services and products and
financial operations exceeds a PLN equivalent of EUR 50 million or the
total assets of its balance sheet exceeds a PLN equivalent of EUR 43
million.

In the period from 2007 to 2017, the number of national economic entities
increased by about 17%, mainly due to the increase in the number of microenter-
prises (by about 18% in 2017 compared to 2007) and due to the increase in the
number of medium enterprises (by about 2% in 2017 compared to 2007). In the
analysed petriod, the number of small and large enterprises decreased by, res-
pectively, 2% and 6% (table 1).

The current conditions in which Polish enterprises function are quite complex.
This state is influenced, among others, by globalization and the accompanying
process of internationalisation of all activities. Last years in business were also
a period of increased changes in many areas of economic life, which forced compa-
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nies to search for new sources of competitiveness and for strategies ensuring the
survival and development on the market [Strategiczna transformaga..., 2012, p. 7.

TABLE 1

National economy entities in terms of the predicted number

of workers in 2007 and 2017

Tohfe“j;‘;kme'z:’ 0-9 10-49 50-249 over 250 Total
2007 3502303 | 150128 28462 4715 3685608
2017 4128611 | 147607 29154 4428 4309800

20172007 1,18 0,98 1,02 0,94 1,17

Source: [Zmiany strukturaine ..., 2008, p. 34; Zmiany strukturaine ..., 2018, p. 19].

The Polish economy is becoming more and more competitive and dynamic.

In the last few years, the following trends have been observed in the Polish entre-
preneurship [Raport o stanie ..., 2017, p. 4]:

1.

The number of enterprises in Poland is growing systematically — every year
over /5 million of new enterprises are established and this number has stayed on
a similar level for quite a long time. The analysis of the statistical data indicates
that in the last decade the number of national economy entities has increased
from 3 685 608 (December 2007) to 4 309 800 (December 2017), among which
4 140 861 belonged to the private sector in December 2017. In the analysed
period, the number of state owned enterprises significantly decreased — from 572
in 2007 to 142 in 2017 1. [Zmiany strukturalne ..., 2018, pp. 18-19].

The quality of the Polish entrepreneurship is improving — Polish companies
are contributing more and more to the development of social prosperity. Data
indicates that they are producing a growing part of Polish GDP. An average
company is systematically developing in the economic meaning — its productivity
measured in income, added value and production is increasing. There is also
a tendency for the improvement of the company structure from the legal forms’
point of view. The share of enterprises as legal entities is growing more dyna-
mically than their share as natural persons (table 2).

The largest group of the register entities is comprised of natural persons con-

ducting business activity (about 75% in 2007 and 66% in 2017) preceding trading
companies (about 7% in 2007 and 11.9% in 2017) and partnerships (about 7.6% in
2007 and 6.4% in 2017). However, the year 2017 observed a beneficial trend of
decreasing the number of natural persons (the increase of about 8% in 2017 in
relation to 2007) and increasing the share of companies, mostly the trading ones (the
increase of about 108% in 2017 in relation to 2007).
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TABLE 2
Enterprises according to the selected legal forms in 2007 and in 2017

Enterprises according to the selected legal 2007 2017 n017/2007
forms
State owned enterprises 572 142 0,25
Trading companies 258299 537273 2,08
joint-stock companies 8853 12044 1,36
limited companies 216887 451863 2,08
limited liability partnerships 1086 2333 2,15
unlimited companies 28587 36399 1,27
limited pattnerships 2632 30654 11,65
joint-stock special partnerships 254 3980 15,67
Partnerships 280890 288603 1,03
Cooperatives 18128 17694 0,98
Foundations 9812 27015 2,75
Associations and social organisations 80636 120931 1,50
Natural persons conducting business activity 2787650 3001353 1,08

Source: [Zmiany strukturaine ..., 2008, pp. 30-314; Zmiany strukturalne ..., 2018, p. 18.]

3. The openness of entrepreneurs and their focus on development are increa-
sing. The companies are becoming international — the percentage of exporters
and the average value of exports is growing, as well as the use of opportunities
granted by the Internet presence. Despite some fluctuation, the percentage of
companies conducting export activities regarding goods in 2008-2015 keeps
growing (the increase from 3.3% to 4.4%). In 2010-2015, the export of an
average Polish exporter of goods or services increased dynamically [Raport o stanie ...,
2017, p. 6].

However, apart from positive tendencies, some less beneficial trends can be
observed on the enterprise market as well. One of them is a downward trend
regarding the number of employees of an average company, which has been
observed since 2010. The reason might be the considerable increase in the number
of new companies, which employ people more rarely and in smaller numbers [Rapor?
o stanie ..., 2017, p. 4].

In the group of active non-financial companies, 1 914 thous. non-financial
companies conducted business activity in Poland in 2015 (the newest available data),
which was 3.9% more than the previous year. As in the previous years, micro-
enterprises constituted the largest group of non-financial enterprises — 96%. The
percentage of small, medium and large entities constituted respectively: 3.0%, 0.8%
and 0.2%. Therefore, there have been no positive changes in the last years regarding
the size structure of the companies, which is characterized by a larger percentage of
microenterprises (0-9 employees) at the expenses of small companies 10-49 emplo-
yees), in compatison to the average in the EU [Przedsiebiorczo$¢ w Polsce, 2017, p. 7).
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According to the Central Statistical Office data regarding non-financial enter-
prises conducting business activity, the largest percentage of entities conducts
trading activity (26.0% of all active enterprises). The following kinds of activity
according to their popularity among active entities are: construction activity (12.8%),
professional, scientific and technical activity (12.7%), industrial activity (10.4%).
In the case of SMEs sector, this structure is virtually the same [Przedsighiorezosé w
Polsce, 2017, p. 53].

From the regional point of view, the largest number of active enterprises (as in
the previous years) is situated in Mazowieckie (17.9% of all entities), Slaskie (11.1%),
Wielkopolskie (10.3%) and Matopolskie (9.3%) Voivodeships. The analysis of the
ratio of the number of enterprises to 1 000 inhabitants indicates that, as in the pre-
vious years, results lower than the national average were achieved by the following
Voivodeships: Podkarpackie, Lubelskie, Warminsko-mazurskie, SWiQtokrzyskie,
Podlaskie, Opolskie, Kujawsko-pomorskie, Lubuskie, Slaskie and F.odzkie [Predsie-
biorezo$¢ w Polsce, 2017, p. 52]. The number of active enterprises per 1 000 inhabitants
is illustrated by chart 1.

CHART 1
The number of active enterprises per 1 000 inhabitants
(data from the end of 2015)
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Source: [Przedsigbiorezos¢ w Polsce, 2017, p. 53]
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The further part of the article constitutes an attempt at the overall assessment of
voivodeships’ attractiveness in terms of entrepreneurship development. The follow-
ing methods were used to achieve this aim: the taxonomic analysis, the TOPSIS
method and the principal components analysis.

3. The study on voivodeships’ attractiveness using different methods

3.1. The taxonomic analysis

The basic aim of the taxonomic analysis is the assessment of the variation level
of objects described using the set of statistical characteristics and establishing the
clusters of these objects in terms of similar development, as well as defining homo-
genous classes of objects in terms of their characteristics. Moreover, the taxonomic
study may provide a lot of additional information, greatly contributing to the general
knowledge about the studied category of objects. For instance, it is possible to
assess the involvement of each object in the development of their collectivity, to
visualize the problem graphically or to define the cohetrence, inner homogeneity and
stability of the derived group [Mtodak, 20006, p. 20].

In the article, the analysis of the individual indicators will be conducted, which
will allow to compare the level of the development of entrepreneurship and to
determine each voivodeship’s position in the studied structure, in terms of each
analysed characteristic. In the case of the taxonomic analyses, the particular indivi-
dual indicators are aggregated into the synthetic indicator, which enables the linear
otdeting of the voivodeships in terms of the entreprenecurship development; Ward's
method will be used as well to aggregate the voivodeships in terms of the similar
level of the studied characteristic [Ward, 1963, pp. 236-244|. Classifying
voivodeships into the same cluster will indicate similarity of these objects in terms
of a certain set of characteristics. Objects belonging to different clusters will be
dissimilar.

Aggregation is based on the distance measured between the clusters. One group
is comprised of the nearest clusters. In the article, the distance was measured using
Euclidean metric. Dendrogram is the graphic illustration of the analysed objects
set’s division into groups.

Variables used to dectibe the level of entrepreneurship in each voivodeship are
presented in table 3.

The selection of variables was based on the report Entrepreneurship in Poland
[Przedsighiorezos¢ w Polsce, 2017], which is published annually by the Ministry of
Development. Apart from the attempt at the total analysis of Polish enterprises and
their environment, the report also contains statistical data concerning the enterprise
sector and the ranking of voivodeships in terms of the synthetic assessment of the
entrepreneurship development. The report’s authors, while selecting data used for
the comparative analysis of the level of enterprises in particular voivodeships in
Poland, tried to eliminate variables, which would make it possible to additionally
reward the given voivodeship for the economic potential of the region (e.g., the
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global size of investment outlays or of the enterprise sectot’s income), focusing on,
for instance, the dynamics of the development process [Przedsigbiorczos¢ w Polsce,
2017, p. 163]. The other criteria of the selection of variables were not stated in the
report. The authors of this article, basing on the set of variables stated in the report
(table 3), attempted to broaden the scope of the research by dividing the
voivodeships into the groups of objects on a similar level of entrepreneurship. Both
the authors of the report and the authors of the article used the programme
Taksonomia numeryczna by K. Kolenda for calculations. Numerical data for each
voivodeship is presented in table 4. The taxonomic analysis included in the report
Entreprenenrship in Poland |Przedsi¢biorezos¢ w Polsce, 2017)] inspired the research on the
level of entrepreneurship in Poland in the voivodeships and also the attempt to
verify the results of the report using the TOPSIS method and the main component
analysis. In terms of the taxonomic method, the research is of a secondary nature.

TABLE 3
Variables characterizing the degree of entrepreneurship in 16 voivodeships
Variable Variable’s description

The number of newly registered national economy entities in the REGON
X1 .

register per 1 thou. of people (2016)
X2 The number of active non-financial enterprises per 1 000 inhabitants (2015)
X3 Investment volume in enterprises in relation to GDP (2014)

Natural persons conducting activity in rural areas per 100 thou. working-age
X4

people (2016)
X5 Income per 1 entity in the SMEs sector (non-financial enterprises) (2015)
X6 3-year income dynamics of all activities of small and medium companies

(2016, 2013 = 100, current prices)

3-year investment outlays dynamics of small and medium companies (2016,
X7 .

2013=100, current prices)
X8 3-year dynamics of the number of employees in small and medium

companies (2016, 2013 = 100)

The average share of innovative enterprises in the total number of industrial
X9 . !

and services sector enterprises (2015)

Source: [Przedsighiorezosé w Polsce, 2017, p. 165].
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TABLE 4
Data used in the ranking of voivodeships in terms of the level
of the development of entrepreneurship

Votvodeship Vardable) w1 | %o | x3 | x4 | X5 | X6 | X7 | X8 | X9
Dolnoslaskie 992 | 526 | 0.105 | 13 | 1030 | 114 | 103 | 106 | 0.142
Kujawsko-pomorskie | 7.69 | 43.5 [ 0.090 | 11 | 1089 | 105 | 88 | 99 | 0.125
Lubelskie 6.69 | 374 [ 0073 [ 10 | 948 | 107 | 82 | 101 | 0.135
Lubuskie 918 | 464 | 0071 | 12 | 979 | 81 | 130 | 102 | 0.116
Lodzkie 817 | 486 | 0093 [ 12 | 994 | 108 | 133 | 104 | 0.125
Malopolskie 962 | 527 [ 0077 | 13 [ 1108 | 99 | 94 | 106 | 0.152
Mazowieckie 12.69 | 645 | 0.088 | 16 | 1711 | 109 | 134 | 106 | 0.145
Opolskie 629 | 39.4 [0.106 | 11 [ 1071 [ 109 | 76 | 101 | 0.150
Podkarpackie 674 | 360 [ 0085 | 9 [1005 110 | 75 | 102 | 0.142
Podlaskie 6.81 | 39.0 | 0073 | 10 | 1061 | 106 | 87 | 108 | 0.153
Pomorskie 1113 | 541 [0.099 | 14 | 1138 | 108 | 81 | 103 | 0.126
Slaskie 757 | 47.6 [ 0090 | 12 [ 1204 | 104 | 91 | 101 | 0.131
Swietokrzyskie 728 | 388 | 0067 | 11 | 920 | 104 | 102 | 101 | 0.115
Warmifisko-mazurskie | 7.21 | 38.0 | 0,076 | 10 | 900 | 109 | 105 | 102 | 0.113
Wielkopolskie 971 | 565 | 0.086 | 14 | 1219 | 114 | 114 | 106 | 0.130
Zachodniopomorskie | 10.41 | 55,7 | 0.081 | 15 | 927 | 108 78 107 | 0.158
The coefficient of 22% | 18% | 14% |16%| 18% | 7% | 21% | 3% | 11%
variation

Source: [Przedsighiorezosé w Polsce, 2017, p. 165].

On the basis of the nine variables presented in table 4., the synthetic measure of
the level of development of entrepreneurship in particular voivodeships was con-
structed. Then, using the linear ordering method — Perkal’s method [Florek et al.,
1956], the synthetic indicators of the level of development of entrepreneurship were
calculated. The following formula was used for the calculations:

k 1 k _
Ztnm :EZ Xom ~ Xm (1)

where:

P, — index of the level of entrepreneurship in n voivodeship,
tam — standarised value of m characteristic in n voivodeship,

k — number of characteristics comprising the synthetic indicator,
m — number of indicator in n voivodeship.

Then, on the basis of the calculated synthetic measure, the ranking of voivode-
ships in terms of the level of development of entreprencurship was prepared. All the
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vatiables were regarded as stimulants and each of them was treated as equally impor-
tant. The results were compiled in table 5.

TABLE 5

Ranking of voivodeships in terms of the development of entrepreneurship
Plf:zl;;;he Voivodeship Synthetic measure

1 Mazowieckie 3.298

2 Zachodniopomorskie 2.270

3 Dolnoslaskie 1.902

4 Wielkopolskie 1.547

5 T.6dzkie 1.168

6 Pomorskie 0.778

7 Matopolskie 0.448

8 Opolskie -0.752

9 Podlaskie -0.786

10 Slaskie -0.896

11 TLubuskie -1.114

12 Warminsko-mazurskie -1.254

13 Lubelskie -1.544

14 Kujawsko-pomorskie -1.617

15 Swigtokrzyskie -1.651

16 Podkarpackie -1.796

Source: own elaboration in the programme Taksononzia numeryezna [Kolenda, 20006].

The next activity was dividing the voivodeships into groups on a similar level of
entrepreneurship. In order to achieve that, a dendrogram for the whole structure
(16 voivodeships) was constructed, which was later used to divide the voivodeships
into groups of similar objects. The obtained results are presented in chart 2.

The number of particular clusters is varied. Attention should be paid to two sin-
gle-component clusters. The Mazowieckie Voivodeship differed from all the other
voivodeships in terms of its characteristics — almost all analysed values were the
highest in that voivodeship. Another single-component cluster which was found
unlike all the others was the Lubuskie Voivodeship.

For the purpose of further analyses, the separation was made on level 7 (the
distance after scaling up), which allowed to extract 4 groups of clusters. The obtai-
ned results are presented in table 6.
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CHART 2

Dendrogram presenting the division of the voivodeships in terms
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Sorce: own elaboration using the SPSS programme.

TABLE 6

Grouping the voivodeships using Ward’s method in terms of the level

of the development of entrepreneurship

Group Voivodeships belonging to each group
1 Mazowieckie
I Zachodniopomorskie, Matopolskie, Wielkopolskie, Dolnoslaskie, Pomorskie,
T.odzkie
111 Lubuskie
v Podlaskie, Podkarpackie, Slaskie, Kujawsko-pomortskie, Opolskie,
Swigtokrzyskie, Warmifisko-mazurskie, Lubelskie

Source: own

elaboration.
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The voivodeships presented in table 6. include regions on a similar level of entre-
preneurship in terms of analysed characteristics. However, belonging to a particular
group does not indicate the level of development of the included objects.
By comparing the voivodeships ranking and the names of regions belonging to the
clusters, it is possible to determine the hierarchy of groups, however, it is necessary
to remember that the division into groups does not always coincide with the linear
order obtained by calculating the distance from the pattern.

Combined analysis of the data obtained in tables 5., 6. and chart 2. indicates that
the Mazowieckie Voivodeship is the undeniable leader in terms of the entrepreneur-
ship development. It ascertained its domination over the other regions by its strong
advantage in terms of the number of the national economy entities newly registered
in the REGON register per 1 000 inhabitants, the number of natural persons con-
ducting business in rural areas per 100 thou. working-age people and the revenue
per 1 entity in the SMEs sector (non-financial enterprises).

The second group includes the voivodeships on the medium entrepreneurship
level, whose advantage constitutes a relatively high number of the national economy
entities newly registered in the REGON register per 1 000 inhabitants, the number
of active non-financial enterprises per 1 000 inhabitants and the revenue per 1 entity
in the SMEs sector (non-financial enterprises).

The Lubuskie Voivodeship comprises a separate third group, which means that
the level of the analysed indicators in this region is so varied that it makes it
impossible to assign it to a more numerous group; e.g. indicators regarding the
number of the national economy entities newly registered in the REGON register
per 1 000 inhabitants or the 3-year investment outlays dynamics of small and
medium companies achieve one of the highest levels in the country, while the
revenue per 1 entity in the SMEs sector (non-financial enterprises) and the 3-year
income dynamics of all activities of small and medium companies are defined by
nearly the lowest figures among all the voivodeships.

The voivodeships in the fourth group are characterized by the lowest entre-
preneurship level. Five out of eight voivodeships are the regions in eastern Poland.
The reason of this situation is e.g. a low level of companies innovation.

3.2. The TOPSIS method

One of the methods of linear ordering of multi-characteristic objects is the
TOPSIS method (Technique for Order Preference by Similarity to Ideal Solution)
[Hwang, Yoon, 1981, pp. 10-12]. In this method, the distance of each multi-charac-
teristic object from the pattern and anti-pattern is determined, and then, the linear
ordering of these objects in conducted in accordance with the following stages
[Hwang, Yoon 1981, pp. 307-327]:

Stage 1. Selection of indicators characterizing the entrepreneurship level based
on substantive and statistical rationale.
The values of indicators in each voivodeship are set into a data matrix:
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X = [x,] @
where:
xik- value of k indicator of the entrepreneurship level in i voivodeship,
1=1,2,3,...,n — number of voivodeships (n = 16),
k=1, 2, 3,..., m — number of indicators of the entrepreneurship level (m = 9).

Stage 2. Normalization of the values of indicators of the entrepreneurship level
in order to ensure comparability of simple characteristics. Normalization was based
on equations:

— for stimulant for destimulant

x, — min{x, } m’_ax{xik} — Xk
i

maxle, L - minf, ] maxe, - minfx, ) 3)

Zyg =

where:
max 14 }— maximum value of k indicator of the entrepreneurship level,
min {x, }— minimum value of k indicator of the entreprencurship level,

1=1,2,3,...,n — number of voivodeships,
k=1,2,3,..., m — number of indicators of the entreprenecurship level.

Stage 3. Calculating the Euclidean distance of the voivodeships from the pattern
zm=(1,1,...,1) and anti-pattern z-= (0,0,...,0) in accordance with equations:

m m

= Y =) d= D e-n) g =230 @

k=1 k=1

Stage 4. Determining the value of the synthetic meter of the entrepreneurship
level in accordance with the pattern:

d;

i

da i=1,2,3,..,n. ©)

Measure q; takes the following values <0,1> and the higher the value, the higher
the entrepreneurship level of the studied voivodeship is.

Stage 5. Linear ordering and typology of the voivodeships in terms of the level
of entrepreneurship development. The typology was based on the &-average method,
which entails dividing the whole set of objects into groups, in a way which maxi-
mises the variance between the groups and minimises the variance within the groups.
The concept of the k-average method was formulated in the 50’s by T. Dalenius
[Cox, 1957, pp. 543-547].
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By using the TOPSIS method, the values of the synthetic indicators for each
voivodeships were estimated and the results are presented on chart 3.

CHART 3
The values of the synthetic indicator obtained by using the TOPSIS method
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Soutce: own elaboration.

The highest value of the synthetic indicator and, therefore, the highest level of
entrepreneurship development is observed in the Mazowieckie Voivodeship, while
the lowest level of the studied phenomenon is observed in the Lubelskie and
Swietokrzyskie Voivodeships.

Basing on the calculated values of the synthetic indicators and the k-average
method, four typological groups of voivodeships were distinguished. The results are
presented in table 7.

TABLE 7
The division of the voivodeships into groups in accordance with the values
of the synthetic indicator obtained by using the TOPSIS method

Group Voivodeships

1 Mazowieckie

I Wielkopolskie, Dolnoslaskie, Zachodniopomorskie

111 Pomorskie, Malopolskie, f.6dzkie, Opolskie, Podlaskie, Slaskie

Lubuskie, Podkarpackie, Kujawsko-pomorskie, Warmifisko-mazurskie,

v Lubelskie, Swietokrzyskie

Source: own elaboration.

The first group with the highest level of the entrepreneurship development
includes the Mazowieckie Voivodeship. This voivodeship is characterized by the
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above average values of the following indicators: the number of the national econo-
my entities newly registered in the REGON register per 1 000 inhabitants, the num-
ber of active non-financial enterprises per 1 000 inhabitants, enterprise investment
outlays in relation to GDP, the number of natural persons conducting business in
rural areas per 100 thou. working-age people, the 3-year income dynamics of all
activities of small and medium companies, the 3-year investment outlays dynamics
of small and medium companies, the 3-year dynamics of the number of employees
in small and medium companies.

The second group includes the voivodeships on the medium-higher level of the
entrepreneurship development characterized by the above average values of the
following variables: the number of active non-financial enterprises per 1 000 inhabi-
tants, the number of natural persons conducting business in rural areas per 100 thou.
working-age people and the 3-year dynamics of the number of employees in small
and medium companies.

The third group includes six voivodeships on the medium-lower level of the
entrepreneurship development characterized by the general average values of the
following variables: the 3-year income dynamics of all activities of small and me-
dium companies and the average share of innovative enterprises in the total number
of industrial and services sector enterprises.

The fourth group includes voivodeships on the low level of the entrepreneur-
ship development characterized by much lower than average values of virtually all
variables, apart from the vatiables regarding the 3-year income dynamics of all acti-
vities of small and medium companies, the 3-year investment outlays dynamics of
small and medium companies and the average share of innovative enterprises in the
total number of industrial and services sector enterprises.

3.3. Principal components analysis

The third applied method is the Principal Components Analysis, which is one of
the statistical multidimensional analysis method. It is presumed that it was Pearson
who, in his article On lines and planes of closest fit to systems of points in space from 1901,
constructed theoretical bases of the principal components method. Some claim that
the inventor of this method was Hotelling [Jajuga, 1993, p. 117].

Let us assume that we have » of Xj variables (j = 1,2,...,m) and we conduct
observations on # of homogenous objects (i = 1,2,..,n), which form X data matrix.
The correlation matrix and the covariance matrix for these variables need to be
defined. The idea of the principle components analysis is based on the orthogonal
transformation of the system of the studied X variables into the aggregate of newly
observed Y] variables, which are the linear combinations of those variables, as
follows [Balicki, 2013, pp. 65-66]:

Yi=wiXitwauXot. .. +WmiXm
Yo=winX i +wooXot. .. FwmoXm

Yii=wik X1+ woXot. .. + Wik Xm
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in the general form, this set may be expressed as:

Y, =w, X, +wy X, 4w, X, =) w,X, forl=1...k=m (6
j=1

The new Y) variables are called the principle components of X; variables, wj
coefficients are composite loads. Composite variables are a combination of initial
characteristics and contain some information provided by particular characteristics,
therefore, they are of a synthetic characteristics nature. They are uncorrelated, the
sum of the squares of a particular coefficient wj combination equals one, and the
sum of the Y| composite variance equals the general Xj variables variance. The basic
aim of the principal components analysis is identifying the correlation structure by
creating a completely new set of variables, which could, wholly or in part, substitute
the original set of variables.. The principal components method also has other
applications. It can be used to study correlation between the variables of a specified
set, to reduce data or reduce characteristics space, to order entities in p-dimensional
space, to assign entities to previously divided groups, to recognise atypical entities
[Balicki, 2013, pp. 66-68].

By using the principal components method, the values of the synthetic indicators
for particular voivodeships were assessed, arranged in ascending order and presen-
ted on chart 4.

CHART 4
The values of the synthetic indicator obtained by using the principal
components analysis
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Soutce: own elaboration.
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The highest value of the synthetic indicator and, therefore, the highest level of
the entrepreneurship development is observed in the Mazowieckie Voivodeship,
while the lowest in the Lubelskie and Podkarpackie Voivodeships.

As when using the TOPSIS method, basing on the k-average method, four typo-
logical groups of voivodeships were distinguished in terms of the level of the entre-
preneurship development. The results are presented in table 8.

The first group with the highest level of the entrepreneurship development
includes the Mazowieckie Voivodeship, which is characterized by very high values
of 8 out of 9 variables, which were the bases of the analysis (apart from the variable
of enterprises investment outlays in relation to GDP, whose value is lower than the
average).

TABLE 8
The division of the voivodeships into groups in accordance
with the values of the synthetic indicator obtained by means
of the principal components analysis

Group Voivodeships

1 Mazowieckie

11 Wielkopolskie, Pomorskie, Dolnoslaskie, Zachodniopomorskie, Matopolskie

11T Slaskie, L.odzkie, Lubuskie, Kujawsko-pomorskie

Opolskie, Podlaskie, Swictokrzyskie, Warminsko-mazurskie, Lubelskie,

v Podkarpackie

Soutrce: own elaboration.

The second group includes the voivodeships on the medium-higher level of the
entrepreneurship development characterized by the above average values of the
following variables: the number of active non-financial enterprises per 1 000 inhabi-
tants, the number of natural persons conducting business in rural areas per 100
thou. working-age people and the average share of innovative enterprises in the total
number of industrial and services sector enterprises.

The third group includes voivodeships on the medium-lower level of the entre-
preneurship development characterized by the general average value of the average
share of innovative enterprises in the total number of industrial and services sector
enterprises.

The fourth group includes voivodeships on the low level of the entrepreneurship
development, which, as in the case of the fourth typological group obtained by
means of the TOPSIS method, are characterized by much lower than average values
of six variables, apart from the variables regarding the 3-year income dynamics of all
activities of small and medium companies, the 3-year investment outlays dynamics
of small and medium companies and the average shatre of innovative enterprises in
the total number of industrial and services sector enterprises.
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4. Results analysis

Table 9. compares the rankings presenting the entrepreneurship development of
the Polish voivodeships obtained by the TOPSIS method, the principal components
method, as well as the ranking published in the Entrepreneurship in Poland report. The
correspondence of the classifications obtained by means of all the methods in terms
of the entrepreneurship development can be observed only once and it regards the
Mazowieckie Voivodeship. In the case of the TOPSIS method and the principal
components method, the correspondence can be observed in five cases and it
regards the following voivodeships: Wielkopolskie, Matopolskie, Warmifsko-ma-
zurskie and Lubelskie. The Podlaskie Voivodeship was ranked in the 9% position
both in the ranking of the Entrepreneurship in Poland report and in the ranking obtai-
ned by means of the TOPSIS method, and in the lower, 12t position in the ranking
obtained by means of the principal components method. The Podkarpackie Voi-
vodeship was ranked in the 16 position both in the ranking of the Euntrepreneunrship
in Poland report and in the ranking obtained by means of the principal components
method, and in the 12t position in the ranking obtained by means of the TOPSIS
method. In all the other cases there was no correlation between the positions in the
rankings.

Apart from the rankings presenting the entrepreneurship development of the
Polish voivodeships, chart 2. presents the division of the voivodeships into four
typological groups in accordance with the value of the synthetic measure determined
by the TOPSIS method and the principal components method. It indicates that the
voivodeships located in the western part of Poland are characterized by a higher
level of the entrepreneurship development than those located in the eastern part.
The only exception is the Lubuskie Voivodeship which was assigned to the 4t
group in the ranking obtained by means of the TOPSIS method and to the 3t group
in the ranking obtained by means of the principal components method. Regardless
of the adopted method, ten voivodeships: Mazowieckie, Warmifisko-mazurskie,
Wielkopolskie, Dolnoslaskie, Zachodniopomorskie, L.édzkie, Opolskie, SWiQtokrzy—
skie, Lubelskie and Podkarpackie were assigned to the same groups.

TABLE 9
The ranking of voivodeships in terms of the entrepreneurship development

according to the Entrepreneurship in Poland report, obtained by means of
the TOPSIS method and the principal components method

Ranking published lf{ aflklg%) Ranking obtained
) ) in the Entre- obtainec by by means of the
Voivodeship hip i means of the rincipal
preneurship in TOPSIS princip
Poland teport method components method
Mazowieckie 1 1 1
Dolnoslaskie 2 3 4
Zachodniopomorskie 3 4 5
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Voivodeship Ranking published Ranking Ranking obtained
Wielkopolskie 4 2 2
Y.6dzkie 5 7 8
Pomorskie 6 5 3
Matopolskie 7 6 6
Slaskie 8 10 7
Podlaskie 9 9 12
Opolskie 10 8 11
Kujawsko-pomorskie 11 13 10
Warminsko-mazurskie 12 14 14
TLubuskie 13 11 9
TLubelskie 14 15 15
Swi@tokrzyskie 15 16 13
Podkarpackie 16 12 16

Source: own elaboration and based on the results published in [Prgedsiebiorezosé w Polsce, 2017,

p. 165].

The Opolskie and Podlaskie Voivodeships were ranked one typological group
higher by means of the TOPSIS method than the principal components method,
and the Pomorskie, Kujawsko-pomorskie, Lubuskie and Malopolskie Voivodeships

— one group lower.

CHART 5

Division of the voivodeships in accordance with the classes based on the
values of the synthetic measure obtained by means of the TOPSIS method
(left) and the principal components method (right).

Soutce: own elaboration.
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100w
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By using the TOPSIS method, the principal components method or the taxono-
mic analysis, it has been determine that the Mazowieckie Voivodeships is an undis-
puted leader in terms of the entrepreneurship development, while the second class
of voivodeships on the medium level of entrepreneurship includes the Wielko-
polskie, Dolnoslaskie and Zachodniopomorskie Voivodeships. The third class is
very diverse and there was no single voivodeship that, regardless of the method
applied, was assigned to this group. The Podkarpackie, Swi(;tokrzyskie, Warminsko-
mazurskie and Lubelskie Voivodeships are characterized by the lowest level of
entrepreneurship.

5. Conclusions

The article presents the analysis of the Polish voivodeships' attractiveness in
terms of the entrepreneurship development on the basis of nine variables, by means
of the taxonomic analysis, the TOPSIS method and the principal components
analysis. The variables, which were used to calculate synthetic measures and to
define typological groups describing the entrepreneurship development, were taken
trom the Entreprenenrship in Poland report published by the Ministry of Development.

Undoubtedly, the voivodeships in the western part of Poland are characterized
by a higher level of the entrepreneurship development. The only exception is the
Lubuskie Voivodeship, which is located among the voivodeships on the medium-
lower level of the entrepreneurship development. The Mazowieckie and Wielko-
polskie Voivodeships are ranked in the top of the rankings obtained by means of the
TOPSIS method and the principal components method, and at the other extreme,
i.e. among the voivodeships on the low level of the entrepreneurship development
are the voivodeships located in the south-eastern part of Poland — the Swigto-
krzyskie, Lubelskie and Podkarpackie Voivodeships. The Podlaskie Voivodeship
was ranked in the 9% positions in two rankings, in the Ewntrepreneurship Development
and in the ranking obtained by means of the TOPSIS method and in the 12®
position in the ranking obtained by means of the principal components method. In
terms of the typological group, regardless of the adopted method, the Podlaskie
Voivodeship was assigned to the group of the voivodeships on the lower-medium
level of the entrepreneurship development.

The conducted analysis proved that there are major disparities in the voivode-
ships’ level of the entrepreneurship. It is particularly visible in the case of the
comparison between the results of the voivodeships in the western part of Poland,
which are characterized by a notably higher level of entrepreneurship, and those in
the eastern part of the country, that is why it is important to support entrepreneut-
ship in the eastern regions. A good method to reduce the disparities is benchmar-
king, in which the point of reference is the Mazowieckie Voivodeship, which is in
a leadership position in Poland.
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