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Abstract: The study of the level of socio-economic development is one of the most frequently undertaken
scientific considerations in the field of research into regions. Since the very concept of “socio-economic
development” is currently not clearly defined and, hence, it is not possible to measure it directly, various attempts
are being made to measure it indirectly using methods of multidimensional comparative analysis. The main goal
of the article is to assess the impact of the chosen method for obtaining a synthetic measure of development, which
is part of the non-model methods of aggregation of diagnostic variables, on the final result of orderingregions
in terms of socio-economic development. Meanwhile, the considerations are accompanied by the following
research hypothesis: one of the factors significantly affecting the final result of ordering the regions in terms
of socio-economic development is the choice of method used to obtain a synthetic measure of development.
As aresult of the research, this hypothesis was confirmed, and proposals aimed at increasing the objectivity of this
type of research were also indicated.
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Introduction

Issues related to regional development, treated as the development of states, regions,
districts, municipalities or otherwise defined relatively homogeneous areas, varying from areas
adjacent in terms of specific natural or acquired features [Potoczna, 2006, pp. 86-92], are the
subject of many scientific considerations. The analysis of information obtained on the basis
of the Publish or Perish programme shows that only from the beginning of 2010 to the end
of 2017, 120 scientific papers were published whose titles included the term “regional
development”, 108 papers with “development of regions” in the title and 114 works which used
the term “socio-economic development” in their titles. These works, however, have a very
diverse cognitive nature, resulting, inter alia, from the fact that the character, dynamics,

direction or structure of processes related to regional development are conditioned by a number
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of factors' that influence the phenomena occurring in a region to a different extent [Korenik,
2004, pp 107-113]. The regional development process itself has a multidimensional, extremely
heterogeneous character, which means that not only the method of its measurement remains
ambiguous [Kloska, 2012, p. 127], but also the grasp of it and description are extremely difficult
and lead, as a consequence, to the adoption of various simplifying assumptions [Kosiedowski
et al., 2001, p 28]. As a result, research work in the field of regional development focuses
in practice either on qualitative methods, or on quantitative methods. Qualitative methods form
the basis for describing economic events or determining causal relationships between events
and factors affecting these events. In contrast, quantitative methods, using a rich set
of mathematical and statistical methods and techniques, enable the quantification
of development measures, the measurement of structures and their transformations, as well
as the inventory of resources and criteria for their allocation. Quantitative methods also enable
the construction of formalised econometric models, including spatial cross-sections (national,
regional, micro-regional and zonal) [Kozubek, 1999, pp. 63-71].

The main goal of the article is to assess the impact of the chosen method of obtaining
a synthetic measure of development, which is part of the non-model methods of aggregation
of diagnostic variables, on the final result of ordering the regions in terms of socio-economic
development. It will make it possible to verify the following research hypothesis adopted in the
work: one of the factors significantly affecting the final result of ordering the regions in terms
of socio-economic development is the choice of method used to obtain a synthetic measure

of development.

Research methodology

Socio-economic development is a term in the field of multidimensional statistics,
directly immeasurable, however describable by a number of diagnostic variables, essentially
related to this concept. The ordering of the examined objects from “best” to “worst” is based
on the value describing particular objects, obtained from the function aggregating the
information contained in the adopted diagnostic variables. The ordering of such a set of objects
requires meeting the following assumptions [ Walesiak, 1996, p. 125]:

— the set of objects is a non-empty and finite set;

! At the subsequent stages of socio-economic development, competition issues also come to the fore, to which
particular attention should be devoted, and whose implementation has an impact on the development of the
economy. (More in: on Drab-Kurowska, 2013, pp. 501-511).
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— there is a primary, synthetic criterion of ordering the elements of this set, which is not
subject to direct measurement (e.g. the level of development of the studied region
in comparison with other regions);

— a finite set of variables is given, essentially related to the synthetic ordering criterion;

— variables used to describe objects are presented at least on an ordinal scale, meet the
demand for uniform preference and are brought to comparability through normalisation;

— the relation that organises the elements of set A is the relation of the majority concerning
the numerical values of the synthetic measure of development.

The final research results are determined mainly by the final list of diagnostic variables?,
as well as the selection of the aggregation formula. Due to the existence of many formulas
of normalisation of variables, methods of determining weights, or methods of averaging
normalised values, a number of different aggregate measures have been described in the
scientific literature (used in practice, among others, in the preparation of various types
of rankings). However, it should be noted that different aggregation formulas may give different
final results, even with respect to the general criterion represented by the same list of diagnostic
variables [Czyzycki, 2012, pp. 15-22]. However, the final list of variables included in the study
is of key importance, so it should be discussed among experts and recognised as the best
representative of the analysed issue. A broad review of literature in this respect was made
by R. Kldska [2015, pp. 99-108] who, on the basis of in-depth research, offered 18 indicators,
with the help of which it is possible to study regional development in three dimensions:

— from a social perspective: number of infant deaths per 1,000 live births (X1), at-risk-of-
poverty rate (X2 —), number of students of tertiary education institutions per 10 000
inhabitants (X3), registered unemployment rate (X4 —+;,), number of road fatalities per
100 000 inhabitants (Xs) and total water consumption for the needs of the national
economy and population (hm?) per 10 000 inhabitants (Xs);

— from an economic perspective: GDP (current prices) per capita (X7), share of economy
entities’ financial outlays in the total outlays on research and development activities
(X5 —%), number of newly registered national economy entities in the private sector per
10 000 inhabitants (X9), number of employees per 1000 inhabitants (X10) and total

investments (current prices) per capita in PLN (X11);

2 The set of diagnostic variables substantially related to socio-economic development can be very extensive, taking
into account, for example, changes occurring and related to the development of the Internet. M. Czaplewski
presents the topic of the impact on the economy of information and communication technologies, including the
Internet (Czaplewski, 2011, pp. 20-26).
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from an environmental perspective: percentage of the population using sewage
treatment plants (Xi2 -%), forest cover (Xi13 —%), recycling of packaging waste (X4 —
%), share of devastated and degraded lands requiring reclamation in the total area (Xis
-%), share of waste (excluding municipal waste) recovered in the amount of waste
generated during a year (Xi6 —%), share of the electricity generation from renewable
energy sources in the total electricity generation (X7 —%) and electricity consumption
per 1 million PLN GDP (X3 — GWh).

After selecting diagnostic variables, substantially related to the primary criterion

according to which the objects (regions) will be ordered, the structure of the synthetic

development measure boils down to the following stages:

unification of the nature of variables subject to aggregation by means of the postulate
of uniform preferences of variables, removal of titles from the values of variables, and
unification of orders of magnitude in order to bring them to comparability [for more
details see: Perkal, 1953, pp. 209-219, Hellwig, 1968, pp. 307-326; Bartosiewicz, 1976,
pp. 307-326; Strahl, 1978, pp. 5-7, pp. 205-215; Walesiak, 2014, pp. 363-372];
weighing standardised diagnostic features, i.e. assigning to individual variables weights
defining their significance for the general criterion in comparison with other features;
selecting an aggregation formula and, based on it, designating the synthetic
development measure. There are two types of synthetic variable determination
procedures in the literature: model and non-model [Grabinski, 1984, p. 38]. Model
methods of aggregation of variables are based on determining distances of individual
objects from a certain, defined model object, whereas non-model methods rely on the
operation of averaging the values of normalised variables.

In order to bring the proposed diagnostic variables to comparability, the method of zero

unitarisation will be used, which in the case of boosters (variables X», X7, Xg, X9, X10, X11, X12,

X13, X14, X16 and X17) consists in applying a formula in the form [Kukuta, 2000, p. 226]:

(1)

xl-j — miin{xij}

Z:: =
Y mlax{xi ]-} — ml_in{xi ]-}

whereas in the case of inhibitors (X1, X3, X4, Xs, X6, Xi15, X1g) it is based on the formula:

2)

mglx{xi]-} — xi]-

Z:: =
Y mlax{xi ]-} — ml_in{xi ]-}
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The normalised variables obtained on the basis of the above formulas are characterised
by the adoption of values between <0,1>, where, from the point of view of the general criterion,
higher values of normalised variables obtained indicate a higher level of socio-economic
development of a given region. Finally, the measure of the development of a given region will
be the aggregated value of all normalised diagnostic variables adopted in the study, i.e. the

method of standardised sums will be applied, defined as:

m
3) Di =ZW1"ZU
=1

where: w; is the weight determining the impact of a given j variable on the adopted general
criterion. The determination of individual weights takes place either on the basis of expert
opinions, or through the use of specific statistical tools. In the literature on the subject, however,
it is recommended that, in the absence of unambiguous indications as to the different meanings
and roles of particular features, it is to be silently assumed that all selected diagnostic variables
are of the same weight [Kukuta, 2000, p. 64]. This assumption will also be adopted in the article.

Due to the properties of normalised variables, the p;value obtained is normalised in the
range <0, m>, where m is the number of diagnostic variables. Using the method of standardised
sums in research, a postulate to normalise the final results in the interval <0.1> often appears.
An example of such a procedure can be found, among others in J. Dziechciarz [2003, pp. 290-

291] and amounts to determining a standard measure of development according to the formula:

@) N Pi—DPo
"opo— Po
where:
m
(5) Po :ZWj'ZOj
j=1
m
©) po=) w2y
j=1
(7) Zoj = MAX Zi
(8) Zgj = miin Zij

The determined m; measure, irrespective of the previously used method for normalising
diagnostic variables, will always take values from the expected interval <0.1>, whereas in the

case of the zero unitarisation method proposed in the article, a faster way to obtain
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a development measure is to calculate the average value of standardised variables, i.e.

to determine the value:

m
;1
9) U; =azwj'2i1’
=1

Among non-model methods, the alternative approaches in the study of the socio-
economic development of regions are either the use of an absolute measure of development,

defined as [Zmurkow-Poteralska, 2015, p. 187]:

m
(10) wt = w7
=1

where: the variable z;;is a variable normalised according to the formula:

. _ Xij
(11) 2y =5

Sj

where: §; is the standard deviation of the j-th diagnostic variable, or the use of the rank method,
which consists in assigning each diagnostic variable an appropriate rank depending on the value
of this variable in a given object. In a situation where in two or more objects a given variable
assumes the same value, these objects are assigned the same rank, being the arithmetic mean
of the subsequent ranks. The measure of development is the arithmetic mean of the ranks

assigned to a given object for each diagnostic variable:

; 1
(12) ==l

In order to assess the degree of compliance of the received rankings, appropriate
correlation coefficients can be used. From the statistical point of view, the values in the selected
ranking are the values of the measurable characteristic on the ordinal scale, and this means that
statistical measures used to study the interdependence of places in particular rankings, which
are often used in this type of research are, among others, Spearman’s rank correlation
coefficient or the tau-Kendall coefficient (t). However, because the Spearman coefficient is
a derivative of Pearson’s linear correlation coefficient and inherits its properties (sensitivity
to outliers or lack of normality of distribution of variables) [Kuszewski and Sielska, 2010,
p. 156], it is postulated that, instead of the Spearman coefficient, only the tau-Kendall
coefficient be used while examining the degree of rankings compliance [Stanisz, 2006, p. 337].
This coefficient takes values from the interval <-1, 1>, where the value 1 indicates full

compliance, value 0 indicates the lack of compliance of orderings, while the value -1 indicates
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their total contradiction. In order to verify the hypothesis about the compliance of the obtained
rankings, the test of significance of the tau-Kendall coefficient is used, for which the test
statistic defined as:

T

(13) ’ 2(2n+5)
In(n-1)

for n> 10 has an asymptotically normal distribution [Abdi, 2007] (in the case of the study

of the socio-economic development of regions in Poland n = 16).

Findings

Using the statistic portal strateg.stat.gov.pl, information on shaping the eighteen
diagnostic variables proposed in the article was collected for all regions in Poland. At the same
time, it was assumed that socio-economic development would be analysed at the end of 2016
and, in the case of thirteen variables, their values in individual regions, adopted for research,
come from that year, while in the case of Gross Domestic Product per capita (X7), the share of
expenditure on R & D. More on the role of R & D: [Budziewicz-Guzlecka, 2014, pp. 9-17]
financed from the enterprise sector, in R & D expenditure in total (Xg) and electricity
consumption per 1 million GDP — their values from 2015 were taken into account; in the case
of recycling of packaging waste (Xi4) — from 2014, whereas in relation to the share of waste
(excluding municipal waste) subjected to recycling in the amount of waste generated during the
year (Xis), the value taken into consideration was from 2013. For the above five variables, the
indicated years were the last for which, at the time of the research, the Central Statistical Office
provided information on the value of these variables in individual regions.

Analysing the obtained results characterising the level of socio-economic development
of individual regions in Poland in the adopted research period, attention should be paid to the
very high correlation between the positions of individual regions resulting from the use of the
method of average values of standardised variables (ul) and the rank method (u3) and
completely different results obtained when using the absolute development measure (u2) (see
tablel). In the case of rankings received on the basis of ul and u3, the maximum difference
in the positions occupied concerned the L.odzkie region, for which the rank method indicates
the sixth position in terms of socio-economic development in 2016, while the method of average
values of normalised variables places this region on the ninth position. The change of two
positions in the received rankings can be noticed in the case of the Western Pomeranian and
Lublin voivodships, while in the case of nine regions, the positions in the ranking are the same

regardless of the method of obtaining the value of the synthetic development measure.
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However, the results obtained on the basis of the method of the absolute measure
of development suggest a completely different ordering of regions in 2016 in terms of the
general criterion adopted. No region occupies the position indicated by the previously discussed
methods, what is more, in Masovian voivodship the difference in positions occupied in the
rankings amounts to 13 places, and in the case of Warmian-Masurian, Podlasie and Silesian

voivodships, differences in rankings ranged from ten to twelve places.

Table 1. The values of the synthetic development measure obtained by the means of the average
values of standardised variables method (ull), the absolute measure of development (u2) and the rank
method (u3) together with the information on the position of individual regions in the ranking due to

the level of socio-economic development in 2016 year

position in position in position in
u1 the u2 the u3 the
ranking ranking ranking

Lower Silesia 0,4994 7 68,5628 9 144,5 7
Kuyavian-Pomeranin | 0 4667 10 62,1353 13 159 10
Lublin 0,3829 12 65,9051 11 192,5 14
Lubusz 0,3895 11 68,7060 8 164,5 11
Lodz 0,4808 9 79,0625 3 144,5 6
Lesser Poland 0,6383 3 88,4474 1 98,5 2
Masovian 0,7796 1 61,5923 14 89,5 1
Opole 0,3566 13 70,2926 6 189 13
Subcarpathian 0,4885 8 62,9894 12 155 9
Podlasie 0,3483 14 79,4964 2 184 12
Pomeranian 0,6517 2 72,9056 5 102,5 3
Silesian 0,5178 5 59,0087 15 134 5
Swigtokrzyskie 0,2902 15 58,1770 16 203 15
Warmian-Masurian 0,2793 16 77,5973 4 222 16
Greater Poland 0,6205 4 69,9172 7 113,5 4
Western Pomeranian | ( 5044 6 66,1597 10 152 8

Source: own calculations and elaboration.

The large convergence of rankings obtained on the basis of the method of average values
of standardised variables and the rank method, as well as the different results obtained in the

case of the absolute development measure method, is also indicated by the analysis of the value
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of the tau-Kendall coefficient (see table 2). On this basis, one can clearly indicate a fairly strong,
positive and, most importantly, statistically significant convergence of ordering of the regions
examined in terms of the general criterion adopted in the case of applying ul and u2 measures

for this purpose, and the lack of such convergence in the case of the u3 measure.

Table 2. Values of the tau-Kendall coefficient examining the compliance of the rankings obtained on
the basis of the ul, u2 and u3 measures (values over the main diagonal) together with the p-value for

the test examining the statistical significance of the obtained tau-Kendall coefficient (under the main

diagonal)
u1 u2 u3
ui X 0,8667 -0,0500
uz 2,84E-06 X 0,0833
us 0,7871 0,6525 X

Source: own calculations and elaboration.

Also, a graphical comparison of the ordering results of individual regions in 2016,
obtained on the basis of the three non-model methods indicated in the article, shows the

previously discussed relationships between the obtained results (see Figure 1).

Fig. 1. Positions of Polish regions due to the level of socio-economic development in 2016
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Source: own study based on tablel.
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Summary

On the basis of the conducted studies, it seems justified to draw the following

conclusions:

1.

Due to the demonstrated dependence between the results of ordering the regions from
the adopted method of obtaining a synthetic measure of development, in this type
of research, not only the final results of the research should be presented, but also the
research methodology should be presented in a fairly detailed way. This will allow,
on the one hand, for repeating the conducted analyses and possibly verifying their
correctness, and on the other hand, which seems more important, explaining possible
differences in the rankings of objects obtained by different researchers, even if they
include the same diagnostic variables;

In the case of the study of the socio-economic development of regions, the factor
“objectifying” the final results may be basing them on the results obtained from several
different methods of multidimensional comparative analysis (taking into account the
same set of diagnostic variables each time). The final ordering of objects could be based
either on the average values of the ranking position of the studied regions from all
methods included in the study, or on average values of only those rankings that would
be statistically convergent with each other (in this case, such convergence could
be determined on the basis of the analysis of the significance of the Kendall-tau
coefficient). Considering the latter approach, the convergent approaches in the study
presented in the article were approaches based on the method of average values
of standardised variables and the rank method. By averaging the results obtained with
these methods, one could point out that the best in terms of socio-economic
development in 2016 was the Masovian voivodship (in both approaches it took first
place), then ex aequo Pomeranian and Lesser Poland voivodships (depending on the
approach, they occupied second or third place in the rankings), Greater Poland
voivodship (which took the fourth position twice) and the Silesian voivodship (fifth

position twice).
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