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ABSTRACT

Transport is considered a basis for socio-economic development. It is closely connected
with the process of movement of products and humans. The main aim of the paper is
to investigate the influence of different order normalization methods in the synthetic
measure construction implemented in the assessment of the development of
European Union member states in the area of logistic, especially transportation
system. Moreover, the article attempts to investigate the influence of such methods on
linear ordering in multi-criteria taxonomic approach.

The source of information in the research is the data drawn from Eurostat, the
statistical office of the European Union. The main method in this study is the order
synthetic measure constructed with Weber median in different forms due to
implemented normalization methods.

The main result of the carried out analysis indicated that the development level of
three main branches of a transportation system correlates with the socio-economic
development of particular member states. Furthermore, the assessment process
based on the synthetic measure construction can lead to differences in linear ordering
due to the implemented normalization methods. The research on the transport
development can bring a better understanding of the socio-economic development of
particular areas of the European Union. Hence, the results can be helpful to European
policy makers for the allocation of support funds.
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As a European Union member state, Poland is
a part of the structural policy. The main imperative of
its activity is to increase the state, regional and local
cohesion. It is caused by the fact that excessive spatial
disproportions are considered a factor of negative
external effects for the whole European Union.
Moreover, it becomes much more important in the

face of globalization effects because the world econ-
omy has changed significantly and globalization
needs new logistic dynamics (Kherbash & Mocan,
2015). Hence, transport plays an important role in
the management process of logistics and has already
been considered one of the cornerstones of the glo-
balization process (Kumar & Hoffmann, 2002).
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The economic growth and foreign trade deter-
mine the level and structure of transportation
demand (Proniewski et al., 2005). Going further,
the Gross Domestic Product, consumption level, the
structure of household expenditures, technology
innovations, fuel prices and other phenomena are
considered factors of transportation demand. On the
other hand, transport influences the economic
growth and job creation (White Paper, 2011), which
results in the demand for many products and services.
The relationships in the area of transport and their
links with economy and society are mutual and very
hard to quantify. Thus, transport is considered as
a complex phenomenon where different and directly
unobservable interactions play a key role. Hence, the
studies in that area are especially sophisticated and
require special tools. Taxonomy brings many oppor-
tunities to improve the assessment process that ought
to have a positive impact on the transportation policy.
Nevertheless, multidimensional statistical analysis,
such as linear ordering, is ballasted with arbitrary
aspects. The properly constructed synthetic measure
depends on the data set selection, normalization
methods, distance measure, statistical measures, etc.

The aim of the paper is to investigate the influ-
ence of order normalization methods in the synthetic
measure construction implemented in the assessment
process of transportation development in chosen
European Union member states. Moreover, the article
aims to investigate the influence of such methods on
linear ordering in multi-criteria taxonomic approach
to compare and improve the previous research in that
area.

1. LITERATURE REVIEW

The literature review showed that transport as
a logistic branch is in the spotlight of different scien-
tific fields and the analyses are carried out with many
research tools. However, transport plays a key role in
the process of reducing regional and social disparities
in the European Union by strengthening economic
and social cohesion (Lopez et al., 2008).

On the one hand, transport is analysed because
of its impact in the form of external effects on the
environment and sustainable consumption (Gratiela
& Viorela-Georgiana, 2013; Gratiela, 2013a, 2013b).
Going further, the process of adaptation of the Polish
transport system to the requirements of the European
Union includes consideration of congestion, air pol-

lution, impact on the environment, etc. (Wojew-
6dzka-Krél, 2015).

Moreover, transport disadvantages are strictly
correlated with social exclusion and well-being (Cur-
rie et al., 2010). Transport plays an important role in
the strategy development for cross-border regions
(Lewczuk & Ustinovichius, 2015). Furthermore,
a transportation system has already been analysed
with future-oriented methods like foresight (Ejdys et
al., 2015). In addition, the same research technique
has been used by an interdisciplinary research team
in the process of the prediction of the development of
future-oriented road technologies in the context of
environmental protection (Radziszewski et al., 2016).

Infrastructure adaptation is considered the most
important thing in the achievement of social and
economic goals, which have to improve the competi-
tiveness of Europe and its regions. This phenomenon
is very complex because of technical, economic, and
environmental barriers and limitations. Hence,
multi-criteria methods play a more significant role in
the decision-making process in the development and
modernization of transport infrastructure (Pawtowska
& Kozlak, 2014).

As one of the research fields of logistics, transport
causes many difficulties because of its multidimen-
sional and multi-criteria character. This sophisticated
feature disables the clear-cut evaluation process of
research objects. Taxonomy can be considered a solu-
tion because the implementation of these methods
simplifies the assessment process of research objects
described by many variables and creates a possibility
for support in the logistics policy (Figura, 2013).
The author argues that it can be performed by imple-
menting the ordering and classification procedures.

As a result of literature research in the area of
taxonomy, two main approaches emerged in the syn-
thetic measure construction in the field of ordering
methods due to implemented statistical measures.

One of them is known as a classical approach and
uses arithmetic mean and standard deviation in its
construction. It was introduced presented by Hellwig
and implemented into the research in different fields
(Hellwig, 1968). In the scope of transport develop-
ment, empirical assessment has already been per-
formed in relation to roads and voivodships (Cheba,
2011). Furthermore, the taxonomic development level
has already been introduced into transport research in
the context of sustainable development, where particu-
lar synthetic measures were constructed in the areas of
four orders, that is environmental, social, economic,
and transport investment (Przybydtowski, 2014).
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On the other hand, international evaluation of the
European Union transport development was pre-
sented as well (Tarka, 2012; Kauf & Ttuczuk, 2014).
Most of the evaluations are mainly based on non-
pattern methods of the synthetic measure construc-
tion and classical statistical measures like arithmetic
mean and standard deviation.

The other attitude is called the order and imple-
ments the multidimensional median vector and mad
(the median absolute deviation), (Lira et al., 2002).
It was implemented for the first time in the area of
logistics for the assessment of road transport devel-
opment in voivodships (Czech & Lewczuk, 2016a).
The further analyses are connected with three main
modes of the European Union transport, i.e. roads,
railways and air (Czech & Lewczuk, 2016b). Both
analyses use the multidimensional Weber median
account for interactions in the set of diagnostic vari-
ables and among three means of transport. It is worth
mentioning that the issue of including indirect
impacts is very important for transport, for example
in the project appraisal (Ward et al., 2016; Hayashi
& Morisugi, 2000). Moreover, this issue is widely
discussed among experts, and a consensus has not yet
been reached (Voros et al., 2015).

The review of literature proved that available
taxonomic analyses of transport development are
usually based on normalization in the shape of stand-
ardization. Also, there are other linear transforma-
tions, such as unitraization or ratio transformation
(Jajuga & Walesiak, 2000; Walesiak, 2011; Debkowska
& Jarocka, 2013). Nevertheless, the research is mainly
based on the classical normalization methods.

In the light of literature review findings, the order
version of normalization can be implemented not
only in the form of standardization but as unitariza-
tion and ratio transformation (Mlodak, 2006).
The Weber median transformation methods have
already been introduced into indirect consumption
research (Czech, 2014).

To sum up, there is a lack of taxonomic analysis
with other normalization methods, besides stand-
ardization, which accounts for the sophisticated
character of the transportation system and mutual
interactions among its elements. It should be empha-
sized that the research gap is also connected with the
multi-criteria taxonomic analysis, which is based on
the order synthetic measure construction. Hence,
the analysis of synthetic measure construction with
the implementation of different normalization meth-
ods could have an influence on the correctness of

taxonomic analysis in the field of logistic evaluation,
especially in the area of transportation.

2. THEORETICAL BASIS OF IMPLE-
MENTED RESEARCH METHODS AND
THE SELECTION OF THE DATA SET

The final set of diagnostic variables, which is
implemented in the process of synthetic measure
construction usually must be transformed to bring
particular features into comparability. This process is
called normalization and is implemented in the case
of classification methods, multidimensional calibra-
tion or linear ordering. There are three main normali-
zation methods, namely standardization, unitarization,
and ratio transformation, which can be used in the
construction process of different classical and order
statistic measures. This situation may cause a problem
in clear taxonomic assessment with the synthetic
measure construction. Therefore, it would be helpful
to investigate chosen normalization methods in the
process of evaluation of the European Union trans-
portation system.

In reality, transport is considered a complex
phenomenon where mutual directly unobservable
interactions have a crucial impact on the research
field. That is why the wide range of normalization
methods will be limited to those that implement the
multidimensional Weber median.

Standardization, in its original order version,
implements the median and mad (the median abso-
lute deviation). It was first presented by a Poznan
statistician, and the normalization process is expressed
by the following formula (Lira et al., 2002):

x; =0,

zZ =
T 1,4826* mad (X ) (1)

where 0 ; 1s considered the Weber median vector and
mad (the median absolute deviation) is expressed:

mad(Xj)zi:rlr)zze’“dqnxj —9/.‘ @)

The history of the Weber median and its con-
struction is widely discussed in the literature
(Mtodak, 2009).

On the other hand, there are other versions of the
normalization process. It is worth mentioning that all
forms of transformations were proposed by Mlodak
(2006).
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Another form of order standardization uses only
the median absolute deviation, and the transforma-
tion process is in accordance with the following for-

mula: X;

i mad(X) (3)

Unitization is considered as the next form of
normalization. The basis for this transformation is
a range of a variable, and the order version of it is
expressed by the following formula:

x; =0,

% = R(X) (4)

where R(X) stands for the range of a variable that is
the difference between the higher and smaller value
in the distribution of a particular feature. Besides, the
presented form of order unitarization, there are other
untypical forms expressed by the two following for-
mulas:

R -9
! max‘xj —)?‘ (5)
x, —0,
i ma)i‘xj —j49j‘ (6)

The last form of normalization is known as ratio
transformation where the order form is expressed by
the equation:

xj
i )

Furthermore, another form of this transforma-
tion, which introduces the multidimensional median
vector is based on square values of diagnostic variables
and expressed by the following:

xj

Zy" = ej(x’ )2 (8)

All presented normalization methods are called
linear transformations and the synthetic measures
constructed on their basis can have different values.
Hence, the position of the research objects in the
ranking can differ as well.

The basis of synthetic measure construction is
a set of diagnostic variables that describe three differ-
ent areas of transportation, namely, roads, railways,
and air. This approach resulted from the terminology
accepted in the logistic literature. The data was drawn
from the Eurostat database for 2012. The set of
twenty-one potential diagnostic variables was treated
as a basis of taxonomic analysis with the implementa-
tion of different normalization methods for the spe-

pages: 15-24
cial assessment of the development level of the
transportation system in different areas.

Roads as the first mode of transport is presented
by the following variables: X, - length of motorways
(km/100 km?), X, - length of state roads (km/100
km?), X, - number of motorcycles per 1000 citizens,
X, — number of passenger cars per 1000 citizens,
X, - number of lorries and road tractors per 1000
citizens, X - goods transported by roads in 1 million
tonne-kilometre per 1000 citizens, X - number of
killed in road accidents per 1 million citizens.

Railways as the second mode of transport
includes the following features: X, - length of railway
lines (km/100 km?), X, — number of passengers per
one citizen, X, - number of passenger-kilometre per
one citizen, X | - goods transported by railways in
tonnes per one citizen, X , — railways-goods trans-
ported in 1 million tonne-kilometre per 1000 citizens,
X,, - number of suicides connected with railways per
100 thousand citizens, X, - number of killed per
1 million passengers, X, - number of injured per
1 million passengers, X . — number of railway acci-
dents per 1 million citizens.

Air is the third mode of transport and includes
the following variables: X _ - number of airports
(with over 15000 passenger units per year) per 10 000
km?, X . — number of airline passengers per one citi-
zen, X , — number of commercial aircraft fleet per
1 million passengers, X, - freight and mail trans-
ported by air in tonnes per 1000 citizens, X, - num-
ber of killed in commercial air transport per 1 million
passengers.

It is worth mentioning that all three branches of
transportation include variables that are related to
cargo transport changes in the country. Moreover,
there are some facts about these modes of transport.
On the one hand, road transport plays a key role in
the cargo transportation. Nevertheless, the transport
absorption is decreasing due to economic growth.
On the other hand, the railway transport is not effi-
ciently used, and inland waterways cannot compen-
sate for cargo transportation by railways or roads
(Strojny, 2013). It is worth emphasizing the fact that
all modes of transport are complex and generate
external effects (Chruzik & Sitarz, 2014).

Furthermore, the inland waterways transport is
not greatly significant that is why it was omitted from
the research. On the other hand, the pipeline trans-
port is considered to be specific and significant for
the economy. Nevertheless, it is very difficult to access
interdependence with other branches of the transpor-
tation system.
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Tab. 1. Chosen statistical measures of particular variables and values of the main diagonal of inverted Pearson correlation matrixes

VARIABLE MEANSP of TPANS | Mean | M, M, A, s, "("‘3')’ R v, v, | mMbim
X, 137 | 112 | 138 | o085 [ 117 [ 090 | 379 | 8518 | 6520 | 211
X, 1522 | 951 | 1251 [ o065 | 1205 | 773 | 3487 | 7917 | 6180 | 193
X, 3311 | 2103 | 3489 | 146 | 2091 [ 1994 [ 10472 | 9036 | 5716 | 187
X, Roads 45328 | 464.77 | 44734 | 057 [ 10822 | 8231 [ 40099 | 2387 | 1840 | 213
X, 57.06 | 5462 | 6604 | 082 | 2227 | 2066 | 7536 | 39.03 | 3128 | 202
X, 420 | 204 | 462 | o058 | 184 | 131 | 633 | 4390 | 2847 | 182
X 634.00 | 62.50 | 64.24 | 027 | 2127 | 1750 | 7200 | 3324 | 2724 | 2.6
X 551 | 506 | 526 | 094 | 303 | 226 | 1038 | 5490 | 4301 | 478
X, 1261 | 1089 | 1038 [ 097 [ 905 [ 527 [ 3051 | 7172 | 5083 | 9.29
X, 612.47 | 471.94 | 502.80 | 0.73 | 396.56 | 261.99 | 1304.65 | 64.75 | 5211 | 6.83
X, 816 | 539 | 697 | 18 | 957 | 507 | 3363 | 11722 | 7269 | 5.16
X, Railways 188 | 132 | 162 | 28 [ 253 [ 104 | 1067 | 13450 | 64.02 | 451
X, 063 | 044 | o054 | 18 | o051 | 024 | 202 [ 8117 | 4473 | 298
X, 078 | 024 | o071 [ 234 | 113 | o064 | 447 | 14522 | 9008 | 480
X, 060 | 039 | 054 | 127 | 070 | o050 | 228 | 11643 | 9167 | 662
X, 757 | 773 | 759 | 028 | 544 | 431 [ 1776 | 7191 | 5684 | 341
X, 070 | o062 | o064 | 103 | 044 | 030 | 170 [ 6323 | 4700 | 167
X, 190 | 18 | 187 | o085 [ 131 [ 110 | 487 | 6918 | 5904 | 220
X, Air 9901 | 674 | 935 | 207 | 711 | 361 | 2063 [ 7175 | 3859 | 3.5
X, 1665 | 1297 | 11.91 | 111 | 1532 | 872 | 5394 | 9201 | 7321 | 201
X, 029 | 000 [ 030 | 424 | 121 | 030 | 514 [ 42138 | 10000 | 317

Notation: M, — border median, M,, — Weber median, A, — skewness, S, — standard deviation, mad (W) — median absolute deviation (Weber Median),
R —range, V, — classical variation coefficient, V, ,— order variation coefficient based on Weber median, MDIM — main diagonal of inverted Pearson

correlation matrixes.

It is worth mentioning that the objective causes
of railway disasters and railway accidents were the
basis for treating this variable as a separate one. How-
ever, suicides are considered as a specific form of
death, which results from personal decisions, and
that is why this variable should not be combined with
the number of killed.

All potential diagnostic variables were put under
statistical investigation due to variation as well as
correlation analysis. The chosen statistical measures
of particular features are presented in Table 1.

The investigation of classical and order form of
variation coefficients proved that all diagnostic vari-
ables have a strong differentiation, which results in
their inclusion into the process of the synthetic
measure construction.

In the scope of dealing with correlation analysis,
three inverted matrixes of Pearson correlation coeffi-
cients have been constructed (Malina & Zelia$, 1997).
The values located on the main diagonal of particular
inverted matrixes in three areas of the transportation
system are presented in Table 1. The analysis of cor-
relation measures proved that all potential variables
could be taken for the further analysis.

To sum up, it should be mentioned that all three
investigated areas are described by the features con-
nected with infrastructure, equipment, people, and
freight transport as well as safety. Moreover, there are
mutual interactions among these three areas as well
as in the whole set of diagnostic variables. Further-
more, some of the diagnostic features have strong
skewness, which encourages to use order statistic
measures instead of the classical ones. Hence, the
process of synthetic measure construction of trans-
port development should be based on normalization
methods, which implement the multidimensional
Weber median.

3. RESEARCH RESULTS

To bring the variables to comparability, seven
presented normalization methods were introduced
into the analysis in the form of standardization, uni-
tarization, and ratio transformation. Additionally,
these forms of transformation implemented the
Weber median to take into account the sophisticated
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Tab. 2. Positions of countries in the ranking according to different normalization methods

RoADS RAILWAYS
COUNTRY
S(1) | S(2) | U(3) | U4) | U(5) | RT(6) | RT(7) | S(1) | S(2) | U(3) | U(4) | U(5) | RT(6) | RT(7)
Bulgaria 14 15 15 15 16 12 12 15 14 15 15 14 15 12
Czech Republic 12 13 13 13 13 15 17 8 16 14 13 13 13 18
Germany 5 3 4 4 4 2 2 3 6 6 5 5 5 11
Estonia 11 14 14 14 14 16 14 17 10 12 12 12 11 13
Ireland 13 9 9 8 9 9 9 13 9 9 9 9 9 2
Spain 9 2 1 1 1 3 3 9 8 8 8 8 8 4
France 7 5 5 5 5 6 6 1 4 3 1 2 4 6
Italy 1 12 10 10 10 11 16 5 5 5 4 4 6 3
Latvia 17 17 17 17 17 17 15 12 1 4 6 6 1 1
Lithuania 3 11 12 12 12 13 11 18 17 17 17 17 17 17
Hungary 16 16 16 16 15 14 13 6 13 13 14 15 14 16
Austria 4 6 6 6 6 4 5 2 2 1 3 3 2 9
Poland 8 7 8 9 8 8 8 10 12 11 11 11 12 8
Romania 18 18 18 18 18 18 18 16 18 18 18 18 18 15
Slovenia 6 1 2 2 2 1 1 14 11 10 10 10 10 10
Slovakia 15 10 11 11 11 10 10 11 15 16 16 16 16 14
Finland 2 4 3 3 3 5 4 7 7 7 7 7 7 7
United Kingdom 10 8 7 7 7 7 7 4 3 2 2 1 3 5
AIR ToTAL MEASURE
Bulgaria 16 14 14 15 15 14 14 17 15 16 16 17 13 11
Czech Republic 15 12 13 13 12 13 13 13 14 14 13 13 14 18
Germany 1 3 3 3 4 2 1 1 1 2 2 2 3 3
Estonia 7 7 9 9 9 9 10 8 10 11 11 14 16 17
Ireland 4 1 1 1 1 1 2 6 4 4 4 9 15 7
Spain 11 9 5 5 5 7 7 10 5 6 6 1 2 2
France 6 5 6 6 6 6 5 5 6 5 5 4 4 10
Italy 10 13 12 12 13 12 12 7 9 8 8 8 8 6
Latvia 8 6 8 8 8 8 8 12 8 9 10 11 10 8
Lithuania 12 10 10 10 10 10 11 11 12 15 15 15 17 16
Hungary 14 15 15 16 16 15 15 16 17 17 17 16 12 13
Austria 5 2 2 2 2 3 4 4 2 1 1 5 6 12
Poland 17 17 18 18 18 17 17 14 13 12 12 10 5 4
Romania 18 16 17 17 17 16 16 18 18 18 18 18 18 15
Slovenia 9 18 16 14 14 18 18 9 16 10 9 7 1 1
Slovakia 13 11 11 11 11 11 9 15 11 13 14 12 11 14
Finland 3 4 4 4 3 4 3 2 3 3 3 3 9 5
United Kingdom 2 8 7 7 7 5 6 3 7 7 7 6 7 9

Notation: S(1) — standardization I, S(2) — standardization Il, U(3) — unitarization I, U(4) — unitraization Il, U(5) — unitarization Ill, RT(6) — ratio transformation |,
RT(7) — ratio transformation II.
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character of particular branches of the transportation
system. Furthermore, the multidimensional median
allowed making the taxonomic analysis immune to
the skewness of particular features. The values of
synthetic measures for railway transport develop-
ment, which were put together with different nor-
malization methods, are presented in Figure 1.

1
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0,6 el
0,4 i g 7
0,2 I_d _l I‘l \
g £ z & 2T £ g =z g
© < © S © @ c i} 2
o [ 15}
<~
o
(0]
N
O
HS(1) -Rw S(2) - Rw U(3) - Rw

limitation of the Pearsons coefficient, which can
incorrectly indicate the character of interdependence
(Luszniewicz & Staby, 2008). To assure adequate
results of carried out research, box and whisker plots
were put together and presented in Figure 2.

Finland |

Romania 1
C—

Lithuania
Hungary
Austria
Poland
Slovenia
Slovakia

United Kingdom |

U(4)-Rw mU(5)-Rw BRT(6)-Rw mRT(7) - Rw

Fig. 1. Values of order synthetic measures constructed with different normalization methods in the area of railway transport

Notation: S(1) — standardization I, S(2) — standardization Il, U(3) — unitarization I, U(4) — unitraization Il, U(5) — unitarization I, RT(6) — ratio transformation

I, RT(7) — ratio transformation II.

The analysis of graphical presentation proved
that in most cases of normalization methods, the
values of railway transport synthetic measures
achieve similar values for particular member states.

Further, the values of synthetic measures in three
different areas of transportation system were treated
as the basis for the construction of the total European
Union transport development measure. The maxi-
mum values of synthetic measures for modes of
transport were treated as stimulants in the further
analysis. This approach has already been introduced
into poverty research because of the sophistic charac-
ter of analysed phenomenon as well as a very wide
range of diagnostic variables (Mlodak et al., 2016).
The location of European Union member states in the
scope of transport mode development as well as the
total approach are presented in Table 2.

The analysis of presented rankings of the Euro-
pean Union transport development according to dif-
ferent normalization methods proved that some of
the constructed measures resulted in similar positions
of particular member states. On the other hand, in
few cases, constructed measures give quite different
orders. It is to be noticed that rankings constructed

with two forms of ratio transformations locate Aus-
tria the sixth or twelfth in the case of total develop-
ment of transportation system. This proves that this
kind of normalization is not applicable in linear
ordering, however, Austria is considered as one of the
most developed countries in Europe in the area of
transportation.

Hence, to compare distributions of synthetic
measures Pearson correlation coefficients were calcu-
lated and presented in Table 3.

The analysis of presented data indicates that the
total synthetic measure of transportation develop-
ment constructed with two forms of ratio transfor-
mation is very weakly correlated with other taxonomic
measures. Furthermore, a similar phenomenon is
noticed in the area of roads as well as air transport.
Almost all synthetic measures are highly correlated,
which proves the previous analysis in the transport
development of chosen European Union member
states. Evidence suggests that the suspicion regarding
ratio transformation can bring results in the process
of synthetic measure construction, which do not
reflect the real state of transport development. Never-
theless, it is very important to be aware of the linear
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Tab. 3. Matrixes of Pearson’s correlation coefficients of synthetic measures constructed according to different normalization methods

sit) | s2) | ue) | u@) | ) | Rrie) [RTa) | s | s@ | ue) | u@) | ue) | RTe) | RT)
RoADS RAILWAYS
S(1) 1.00 0.78 0.77 | 0.78 0.78 0.64 0.55 1.00 0.55 0.71 0.75 0.73 0.57 0.22
S(2) 0.78 | 1.00 | 1.00 | 0.99 | 0.99 0.95 0.91 0.55 1.00 0.96 | 093 | 0.93 0.98 0.80
U(3) 0.77 | 1.00 | 1.00 | 1.00 | 1.00 0.95 0.90 0.71 0.96 1.00 | 1.00 1.00 0.95 0.79
u(4) 0.78 0.99 1.00 1.00 1.00 0.94 0.89 0.75 0.93 1.00 1.00 1.00 0.92 0.76
u(5) 0.78 | 0.99 1.00 | 1.00 | 1.00 0.93 0.88 0.73 0.93 1.00 | 1.00 | 1.00 0.92 0.78
RT(6) 0.64 | 095 | 0.95 | 0.94 | 0.93 1.00 0.96 0.57 0.98 0.95 | 0.92 | 0.92 1.00 0.76
RT(7) 0.55 0.91 0.90 | 0.89 | 0.88 0.96 1.00 0.22 0.80 0.79 0.76 0.78 0.76 1.00
AIR TOTAL
S(1) 1.00 | 0.81 | 0.60 | 0.82 | 0.80 0.43 0.24 1.00 0.86 0.89 | 0.90 | 0.83 0.28 -0.01
S(2) 0.81 1.00 0.86 1.00 1.00 0.66 0.46 0.86 1.00 0.95 0.94 0.84 0.12 -0.25
u(3) 0.60 | 0.86 | 1.00 | 0.82 | 0.82 0.94 0.84 0.89 0.95 1.00 | 1.00 | 0.94 0.37 0.00
u(4) 0.82 1.00 | 0.82 1.00 | 1.00 0.60 0.39 0.90 0.94 1.00 | 1.00 | 0.95 0.39 0.02
u(5) 0.80 1.00 0.82 1.00 1.00 0.60 0.39 0.83 0.84 0.94 | 0.95 1.00 0.58 0.19
RT(6) 0.43 | 0.66 | 0.94 | 0.60 | 0.60 1.00 0.97 0.28 0.12 0.37 | 0.39 | 0.58 1.00 0.87
RT(7) 0.24 | 0.46 | 0.84 | 0.39 | 0.39 0.97 1.00 | -0.01 -0.25 0.00 | 0.02 | 0.19 0.87 1.00

Notation: S(1) — standardization I, S(2) — standardization Il, U(3) — unitarization I, U(4) — unitraization Il, U(5) — unitarization I, RT(6) — ratio transformation

I, RT(7) — ratio transformation II.
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Fig 2. Distributions of order synthetic measures constructed according to different normalization methods

Notation: S(1) — standardization |, S(2) — standardization Il, U(3) — unitarization |, U(4) — unitraization Il, U(5) — unitarization Ill, RT(6) — ratio transformation I,

RT(7) — ratio transformation Il, D — roads, Rw — railways, A — air, T — total.

The analysis of presented graphical distributions
of particular synthetic measures in three transport
branches as well as the total one indicates the skew-
ness in their distributions. Furthermore, the existence
of non-typical (deviated and extreme) values of syn-
thetic measures as well as the asymmetrical location
of the median and a different length of whiskers in
plots indicate that the implementation of the Pear-
sons correlation coefficients may not be proper.

Hence, the Spearman correlation coefficient was
introduced to compare the results of the taxonomic
research. The exchange of values of synthetic meas-
ures on ranks eliminates the negative impact of non-
typical observations (Stanisz, 2006). The results of
carried out correlation analysis confirmed the results
obtained with the Pearson’s coefficient about syn-
thetic measure construction with ratio transforma-
tion for the whole transportation system.
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4. DISCUSSION OF THE RESULTS

The task of the synthetic measure construction
with different normalization methods was to confirm
the previous research of the European Union trans-
port development. The paper presents the results
obtained in the process of taxonomic research with
the Weber median to take into account interactions
in a sophisticated transportation system.

The analysis of the data presented in Table 2
allows indicating some trends connected with the
ranking of the selected European Union countries
in the scope of the road, railway, and air transport
development. There are large spans of the develop-
ment of certain branches of the transportation system
in European Union member states. In addition, there
is a noticeable correlation between the socio-eco-
nomic development of particular European Union
member states and technical infrastructure, including
the logistics one.

The largest European economies, such as Ger-
many, the United Kingdom or France, are considered
leading countries in the development of road and
railway networks. The carried out analysis proved
that the situation connected with the condition of
road network and railway transport is more favoura-
ble to smaller countries, such as Latvia and Ireland,
compared to large ones, such as Finland.

Hence, the observed situation arose due to the
influence of the socio-economic policy of European
Union member states. It should be noted that the
sustainable development policy is considered a prior-
ity in some member states. Unfortunately, this kind of
policy conflicts with the needs of transport infra-
structure development, which creates conditions for
the balanced development of regions in those coun-
tries. The constant saturation level of roads and rail-
way tracks is observed in Germany, Italy, and the
United Kingdom. However, the new investments in
those fields are occasionally introduced. The burden
of investment concerns modernization and upgrad-
ing the existing railway tracks and roads in Germany
and France. In addition, the most dynamic growth is
observed in air transport of those countries. The car-
ried out analysis proved that both member states took
leading positions. Furthermore, the leader of the
ranking in the area of air transport is Germany. Apart
from Germany, high positions are occupied by Ire-
land and Finland, which take the second and third
place.

The research analysis, which took into account
indirectly observed relationships, brought some
unforeseen results. On the one hand, the ranking
connected with the development level of traditional
modes of transport that is roads and railways indicate
the leading position of Germany, Slovenia, Spain, and
France. Furthermore, Germany, Ireland, Finland, and
the United Kingdom are placed highly in the area
of air transport. On the other hand, the distant loca-
tion in that ranking is taken by Romania, Poland, and
Slovenia, which occupy positions sixteen to eighteen
among the eighteen countries included in the ana-
lysis.

The research of the total synthetic measure of
transport development led to several conclusions.
The high positions of Slovenia, Poland or Latvia, can
be considered unexpected. However, the leading
positions according to the total ranking are occupied
by the most developed and so-called old member
states, such as Spain, Germany, Finland, and Italy.
Nevertheless, the ninth, tenth and twelfth positions of
Great Brittan, France, and Austria according to the
synthetic measure constructed with the ratio trans-
formation is unexpected. In addition, the choice of
the improper normalization method can deliver the
ranking, which does not reflect the socio-economic
reality.

CONCLUSIONS

The conducted research according to some nor-
malization methods allowed stating that in most
cases, different normalization methods lead to similar
results.

On the one hand, most of the so-called old mem-
ber states have a well-developed logistics infrastruc-
ture, which is highly correlated with the whole
socio-economic space. Going further, the well-devel-
oped railways, roads, motorways, and airports are the
elements of this infrastructure. It is strictly connected
with such countries as Germany, Spain or Finland.

On the other hand, the group of countries that
take a distant place in the rankings of all three exam-
ined modes of transport was named. In general, the
conclusion relates to the following countries: Roma-
nia, Czech Republic, and Lithuania. The underdevel-
opment of technical infrastructure of these countries
is caused by historical conditions and the pace of
construction of the so-called new market reality. This
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proposal is adjusted to most states and regions that
have been under the influence of the Soviet Union.

In addition, there is a group of states with one
better-developed branch of transport in comparison
to two others. Slovenia is a member state that takes
the first place in the summary ranking. Nevertheless,
this country has the eighteen position in the scope of
air transport development. Hence, the mountainous
terrain and relatively small surface of this country
have a significant impact on its state.

To sum up, the synthetic measure construction
with most of the normalization methods relates to
selected European Union countries and confirms the
previous scientific research of the European Union
transport development. The researcher feels that the
study findings will facilitate such analysis and create
more efficient transportation policy for the whole
European Union. Moreover, the presented statistical
research methods can be used by economic practices;
however, the strict cooperation between science and
business is a crucial factor.
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