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Abstract. The life and functioning of cities are fundamentally influenced by the complexity and quality of the
transport system available to meet mobility needs. In the context of the development of urban areas, the expected
environmental impacts, such as emissions, space utilization and noise pollution, are important considerations for decision-
makers because different modes of transport have different characteristics. Strengthening the role of public transport is a
key tool for sustainable urban development. It is important for local and central government to know what is the most
effective way to increase passenger numbers and how to improve the satisfaction of public transport users. Defining
intervention priorities is an important issue due to resource constraints, so it is necessary to explore which improvement
in factors has a more intense impact on user satisfaction and which factors are less important (classification of strengths
and weaknesses in terms of customer satisfaction). One way to do this may be to rank the different quality characteristics
that are part of the overall evaluation. The following study provides an example of a weighted ranking method for different
quality performance indicators.
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KAYECTBO I'OPOACKOI'O OBIHECTBEHHOI'O TPAHCIIOPTA
N METOAUKA ONPEAEJEHUSA TUIIMYHOI'O KPUTEPUSA KAUECTBA

etep danuzas bopo6am

Benrepckuii yHUBEpCUTET CENTbCKOTO XO3SHUCTBA M €CTECTBEHHBIX HayK, I. [ €nénné, Benrpus

AnnoTtanust. XXu3Hb 1 (YHKITHOHHPOBAHUE TOPOOB TIIABHBIM 00pa30M 3aBHCAT OT CIIOKHOCTH U KaueCTBa TPaHC-
MOPTHBIX CUCTEM, 00CCIICUMBAIOIINX JKUTEICH BO3MOXHOCTRIO TIEPEIBUKCHUA. B YCIIOBUSX pa3BUTHUS TOPOICKUX MPO-
CTPAHCTB OXKUIAEMOC BIMSIHHUC HA OKPY)KAIOIILYIO CPEIy, B YACTHOCTH, BRIOPOCHI 3arps3HSIOIINX ra30B, UCIIOIb30BaHHE
MIPOCTPAHCTBA U IITYMOBOE 3arpsi3HEHUE, SIBJISIOTCS BaXKHBIMH (DaKTOpaMU TS IPUHATHS PEIICHUH, TTOCKOJIBKY Pa3JINIHbIC
BHJIbI TPAHCIIOPTA UMEIOT CBOU XapaKTEPUCTUKU. YBEIMYCHUE POIU OOIIECTBEHHOTO TPAHCIIOPTA SBSACTCS KITFOYEBBIM
(haxTOpoM pa3BuTHA ropoaoB. i heaeparbHBIX U PETHOHAIBHBIX BIACTEH BaXKHO 3HATD, YTO CTAHET CaMbIM 3P eKTUB-
HBIM CITOCOOOM JIJIsl YBEITMUCHHMS MTACCAKUPOIIOTOKA U YIOBJICTBOPEHHOCTH OOIIECTBEHHBIM TpaHCHOpTOM. Takke cyIe-
CTBCHHBIM JII PETMOHAJIBHBIX OPTaHOB YIPABJICHHUS ABJISCTCS ONPEICICHUE IPHOPUTETOB B YIIPABICHUH H3-32 PECYPCHBIX
orpanndeHuil. Takum 00pa3oM, MIPUHIUIIHAILHO H3YUUTh TC H3MCHEHUS B (haKTOpax, KOTOPHIC MMEIOT OOJIBIIICE BIUSHIE
Ha YIOBJICTBOPCHHUE MOTPEOUTENICH U TO, KaKue (DAKTOPHI ABJIAIOTCSA MEHEES 3HAUMMBIMHU JJIS YIIPABJICHHS TPAHCIIOPTOM
(kmaccuduKanys CHILHBIX U CTa0BIX CTOPOH B CIyYae YAOBICTBOPSHHOCTH MOTpeduTenei). OaHIM U3 CITOCOO0B OCyIIe-
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CTBUTD BBIIIEYKA3aHHBIN aHAIN3 MOKET ObITh PAH)KMPOBAHHE PA3THIHBIX KAYeCTBEHHBIX XapaKTEPUCTHK, KOTOPbIE BXOISIT B
o011yro OleHKy. JlaHHOe HCcCieoBaHne TPECTaBIsIeT CO00H MpUMep MeToa MPOIIEHTHOTO PAHKUPOBAHHS Pa3THIHBIX

Ka4€CTBCHHBIX ITapaMETPOB.

KuarwueBsble ciioBa: TPAHCIIOPTHBIC CUCTEMBI, BUBI TPAHCIIOPTA, UCIIOJIB30BAHHUE aBTOTPAHCIIOPTA, OGHICCTBeHHLIﬁ
TPAHCIIOPT, YAOBJICTBOPECHHOCTD MMACCAXKUPOB, KAUCCTBECHHBIC aCIICKTHI, ITpoLcaypa an(l)opua, BCCOBBIC BCIIMYNHEI.
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doi.org/10.15688/re.volsu.2022.2.9

Introduction

The strengthening of motorisation apparently
increases mobility requirements. In 2017, journeys
of already 6111 billion passenger kilometres took
place in the EU-28 member states (taking only land
transport into consideration), which means a 13%
increase from the data of 2000. In this
performance, passenger cars had a share of
80.2%, buses had a share of 8.3%, large railways
and two-wheeled vehicle represented 7.7% and
2% respectively, and underground and tram
networks provided 1.8%. In the case of most modes
of transport, passenger transport performance
increased, but it is important to point out that in
the case of the later accessing EU-13 member
states (including Hungary), the use of passenger
cars grew very intensively, all in all by more than
50% compared to 2000 (Figure 1) [EU Transport
in figures ... , 2019].

In the European Union, it is a typical feature of
urban areas, especially larger cities that community
transport, walking and cycling play more and more
important roles in the daily commute to work [The
First and Last ..., 2019].
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Theratio of people travelling to work by community
transport is extremely high in the larger cities and
capitals of the European Union, where services of
integrated transport networks are available. Another
good example is that the ratio of people taking the public
transport to work in Paris was 50.8% in 2017, as
opposed to the national average value of 15.8%.
Similarly, in the same year, in the Estonian capital, Tallinn,
the ratio of people using public transport (36.4%)
exceeded the national average by 15 percentage points
(21.1%) [Cities (Urban Audit), 2017].

At the same time, in smaller towns, the suburban
areas of large cities and the settlements of the
agglomeration, the use of passenger cars is still the
primary mode of transport for commuting to work,
because the level of coverage offered by community
transport systems is usually lower. The dependence
of people living in these areas on passenger cars is
higher. For example, in 2011, the ratio of people using
passenger cars to get to work was 18 percentage
points higher among the population of greater
Manchester (70.5%), than among people living in the
centre of the city (52.4%); and this sample is repeated
in the cases of the other towns presented on Figure 2
[Cities (Urban Audit), 2017].

m 2000 year
2017 year

BG C€CZ EE HR CY LV LT HU MT PL RO SI SK

Fig. 1. Changes in the use of passenger cars (EU-13, billion passenger km)

Note. Source: own editing based on [EU Transport in Figures ... , 2019].
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Dublin Milano
Greater (car %) 55.6 591
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Fig. 2. Ratio of people driving to work (2011)
Note. Source: own editing based on [Cities (Urban Audit), 2017].

In Europe, already close to three quarters of the
population live in urban areas (in cities and their
surroundings), and this trend will further increase
according to forecasts, at the expense of rural areas. In
Hungary, the ratio of people living in urban areas keeps
growing intensively, it is presently around 70% within
the whole population [United Nations, 2018]. As far as
cities are concerned, the provision of sustainability, the
improvement of environment protection and the
improvement of liveability by solving the transport
problems of crowded areas are increasingly strong social
requirements. In 2017, in the member states of the
European Union, 24.6% of the emission of greenhouse
gases originated from transport [The First and Last ... ,
2019]. Based on Figure 3 it can be seen that passenger
cars had the biggest contribution (60%) to harmful
emissions, therefore the reduction of the use of own
passenger cars is of special importance for sustainability
and liveability.

Civil
aviation
14%

13%

0,
Road 1%
transportat
ion
71

Other 1%

Navigation

Railways

One of the means of confining the use of
passenger cars is to divert mobility requirements to
public transport, but in order to make it a really
competitive alternative, profound and forward-looking
urban policy decisions are required. As of 2013, the
European Commission has been encouraging the
member states to work out and implement sustainable
urban mobility plans (SUMP). The primary objective
of SUMP’s is to improve the access to urban areas,
and to provide high-standard and sustainable mobility.
With the preliminarily identified transport policy
measures, the objective is to reduce harmful emissions
[Together Towards Competitive ... , 2013; Kaposzta,
[li¢s, Nagy, 2017; Nagy, Kaposzta, Varga-Nagy, 2018].

The COVID situation has worsened the
chances of public transport, as personal safety and
distance have encouraged people to prefer individual
means of transport. Thanks to the COVID situation,
only 1.4 billion journeys were made in Hungary by

Motorcycl

es
Trucks 1%
and buses

26%

Other

1% Cars 60%

Vans 12%

Fig. 3. Road transport emission as a share of EU transport GHG emissions (2017)

Note. Source: own editing based on [The First and Last ...

,2019].
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local public passenger transport in 2020, which is two
thirds of the total data registered in 2019 [Helyzetkép
a szallitasi agazatrol, 2020].

The low utilization of public transport is a critical
problem in many countries. This phenomenon has
many disadvantages, such as the persistence of
congestion, the increase in the number of road
accidents, parking problems and CO, emissions. It has
therefore become an important goal for local and
central government to motivate people to choose public
transport instead of passenger cars. As fares cannot
be reduced due to high costs and losses (especially in
the long-standing COVID situation), the only realistic
way to increase the utilization is to raise the quality of
public transport [Duleba, 2010]. The improvement of
the opinion of people using the public service is
important for decision-makers, as people using their
cars could be convinced to use the public transport
only if its quality is satisfactory.

The Kantar TNS market research company
annually evaluates the public service providers in
Germany. The survey of 2020 was conducted by
examining 27 local transport service providers (companies
or associations) and by asking 16,000 customers (on the
phone and online). They used as much as 40 different
performance indicators to determine the level of
passenger satisfaction. Apart from the fact that the
basic purpose of the survey is to determine the
satisfaction of customers, further objectives include
the definition of strengths and weaknesses to set the
directions of development, as well as the comparison
of the performance of various service provides. In
the study of the market research firm, it was important
to interview the same target group as in previous
years so that the results were comparable. The results
of the study confirmed that the use of public transport
decreased significantly in 2020: 7-37 percent of
former users (passengers) turned away completely
from public transport at the time of the pandemic.
Interestingly, the satisfaction of local public transport
users has improved in the studied German areas
[OPNV-Kundenbarometer, 2020].

For the Customer (and Service Provider) it is
important to know what kind of performance would
improve satisfaction, and what would be the most
efficient way of increasing passenger numbers. The
definition of intervention priorities (classification of
strengths and weaknesses from the aspect of
customer satisfaction) is an important issue because
of the limited resources, therefore it is necessary to
identify the factors that have more intensive effects
on satisfaction, as well as the factors that have less
importance. One of the methods is the ranking of

various performance indicators with weight ratios for
defining the general satisfaction indicator. In the
following, the application of a multi-criteria decision-
making method is presented using an example.

Method

For weighting among quality aspects, the author
uses Guilford’s procedure as a basis. The basis of
that is comparison in pairs, which places the weight
ratios of the considerations on a scale of a certain
interval [Gyarmati, 2003].

Evaluation considerations, basic quality features
(short list on the basis of “OPNV-Kundenbarometer
2020”):

L. Supply features:

— C1: Expansion of line network;

— C2: Frequency of services;

— C3: Accuracy and reliability;

— C4: Access time.

II. Vehicle features:

— C5: Number of seats (congestion);

— C6: Internal cleanness, status;

— C7: Internal information.

II1. Tariffs:

— C8: Choice of tickets and passes;

— C9: Value for money.

I'V. Stations and stops:

— C10: Cleanness and status;

— C11: Timetable information.

V. Security:

— C12: Security at the vehicles.

— C13: Security at stations and stops.

The initial statement is that each individual
quality feature has different importance from the
aspect of the evaluation system, therefore they can
be taken into consideration by using weight numbers
[Pupos, Pintér, 2013]. For the demonstration of the
method, some experts working in community
transport areas were involved. On the basis of paired
comparisons, each expert defined which evaluation
consideration he/she found more important, and
recorded the results in preference tables. In the paired
comparisons, they always used the number 1 to mark
the factor they considered more important than the
other (the feature at the beginning of the line is
compared to the feature on the top of the column).

The consistency of matrixes filled in by the
experts was examined with the consistency
indicator (K). The given expert opinion was taken
into consideration if K > 75% (strong consistency
criterion). The formula (1) of “K” can be defined as
follows:
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1 -4 (1)

max

K:

where K = consistency indicator; d = number of inconsistent
triangles; d = maximum number of possible triangles.

As the number of evaluation considerations is
odd, the number of maximum triangles is (formula 2):

n3-n

TS @

dmax

where n = number of evaluation considerations.

There are 13 evaluation considerations, i.e.
d__ = 91. The number of inconsistent triangles can be
determined on the basis of the following formula (3),
the value of d cannot be negative:

n (n—-1)(2n—-1) a2

di = s
12 2

€))
where n = number of evaluation considerations, a = it
shows how many features were selected as more important
than the given evaluation consideration (the total of the
numbers in the lines of the matrix).

As an example, the author presents the
preference table (Table 1) and consistency examination
of one of the experts.

3900 618
di=—/—-—=16>K;=1-
12 2

= (.82 — therefore K;> 75%, so it is acceptable.

16

091

By summarising the tables filled in by the
individual experts, an aggregated preference table
can be created (Table 2).

Calculation of the preference ratio (p) of
evaluation considerations with the formula 4:

a+1§

’
kn

p; = @

where “a” = the sum of the numbers in the lines; k=number
of experts; n = number of considerations.

For example, in the case of C1 (with the same

37,5
method for other indicators): p1 - o5 - 0.577.

The preference ratios may be used to derive
the variable values of normal distribution (“u”)
assigned to them. For this, the table containing the
values of the distribution function is required. As the
lowest value in that is 0.5, in the case of C4, C5, C6,
C7, C8, C10 and C11 features, the ®(-z) = 1 — O(z)
statistical relation should be used.

An example for the calculation for C1: p, =
0.577 — u, = 0.19 (based on the table), and for C5:
ps = 0.408 (therefore smaller than 0.5) — 1 —0.408
=0.592 - uy=-0.23.

The “u” data will be transformed to a scale of
0-100, and then will get the percentage values of
“z” (formula 5).

z; = 100 — "B (05 5)
Umax ~ Umin .
As on the basis of the consistency evaluation, one
of the experts did not meet the predefined consistenc 0.19—(—1.05)
level, ofly 5 experts’ opinigns were taken intz)] For example, for C1: 2, = 100 1,61—(—1,05):47%
consideration in the remaining part of the evaluation. (and similarly for the rest of the indicators).
Table 1
Preference table of an expert
Cl|C2|C3|C4|C5|C6|CT|C8[CY|Cl10|CI1|Cl12]|Cl13
Cl | X 1 1 1 1 1 1
Cc2 |1 X 1 1 1 1 1 1 1
C3 |1 1 X 1 1 1 1 1 1 1
Cc4 |1 1 1 X |1 1 1 1 1
C5 |1 X |1 1 1 1 1 1
Co6 1 X |1 1 1 1
C7 X 1
C8 1 [ X
Cc9 |1 1 1 1 1 1 1 X |1 1
C10 1 1 X
Cl1 1 1 X
Cl2 |1 1 1 1 1 1 1 1 1 1 1 X 1
CI13 1 1 1 1 1 1 1 1 X

Note. Source: own editing on the basis of data provided by unnamed expert.
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Table 2
Summarised preference table
Cl|C2|C3|[C4|C5(C6|CT|C8|CO9|CI10|Cl11|C12|CI13| & pi
Cl [X |2 2 3 5 5 5 2 5 5 1 3510.577
C2 |3 X |1 2 5 4 |5 4 |2 4 4 3510.577
C3 |5 4 X |3 5 5 5 5 3 5 5 1 2 48 | 0.777
C4 |3 3 2 | X |4 |2 |4 3 2 3 3 29 | 0.485
C5 (2 1 X |3 5 4 2 3 4 24 | 0.408
C6 1 3 2 | X |5 3 1 5 4 24 | 0.408
C7 1 X |2 1 3 7 10.146
C8 1 2 1 2 3 X 2 1 121 0.223
C9 |3 3 2 13 3 4 |5 5 X |5 5 381 0.623
C10 1 2 2 4 3 X 1 13]10.238
Cl1 1 2 1 1 2 4 4 X 151 0.269
Cl2 |5 5 4 |5 5 5 5 5 5 5 X 5 59 | 0.946
Cl3 ({4 |4 3 5 5 5 5 5 5 X 511 0.823

Note. Source: own calculating and editing.

The last step is the definition of the weight
numbers (T) belonging to the evaluation
considerations, which can be done by transforming
the “z” values. Considering the relatively large
number of features (13 pcs), the author uses a scale
of 1-10 (as each consideration has some
importance, so value 1 is the lowest priority level,
i.e. the weight number).

Results

The formulation of weight numbers belonging
to quality features is summarised by Table 3.

Based on the opinion of the experts considered,
C12 (security on vehicles) is the most important
consideration, while C7 (internal information on board)
is the most marginal consideration in the evaluation
of the quality of the service. The priority order of
characteristics is included in Table 4.

The values of weights indicate that in the
experts’ opinion, among quality considerations, the
security features are in the focus, followed by supply
features in the priority order (accuracy and reliability,
extension of network, frequency of services, access
time). The condition of vehicles and stops and the
tariff system are less important considerations from

Steps of defining weight numbers

aj Pa
Cl |35]0.577
C2 |35]0.577
C3 |4810.777
C4 12910485
C5 |2410408
C6 | 2410408
C7 7 |0.146
C8 |12]0.223
C9 |38]0.623
C10 | 13| 0.238
Cl11|15]0.269
C12 | 59 | 0.946
C13|5110.823

Table 3

u z(%)| T
0.19 | 47 |5
0.19 | 47 |5
076 | 68 | 7
-0.04| 38 | 4
-0.23 | 31 4
-0.23 | 31 4
-1.05| 0 1
-0.76 | 11 2
031 51 6
-0.71 13 | 2
-0.62| 16 | 3
1.61 | 100 |10
093 | 74 | 8

Note. Source: own calculating and editing.
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Table 4

Priority order of characteristics

Quality feature

-

C12 | Security on vehicles

(=)

C13 | Security at stations and stops

C3 | Accuracy and reliability

C9 | Value for money

Cl | Expansion of line network

C2 | Frequency of services

C4 | Access time

C5 | Number of seats (congestion)

C6 | Clean interior and status of vehicles

Cl11 | Timetable information at stops

C10 | Cleanness and status of stops

C8 | Choice of tickets and passes

C7 | Internal information on board of vehicles

—| o o] v A | B n] wn] o] ] o =

Note. Source: own editing.

the aspect of the quality of the service. However,
the sensitivity of the tariff issue is indicated by the
relatively high weight of the value for money factor.

Conclusion

Because of the fast development of
motorisation and the strong increase in the population
of cities, the considerations of liveability and
sustainability are more and more in the forefront of
urban policy decisions that determine the directions
of development. In the development of regional
transport systems, one of the key endeavours is to
make the role of community transport more important
in order to reduce the use of automobiles.

In order to define the directions of development
in more details, it is necessary to clarify the
considerations that represent the most important factors
for people using public transport. In addition, the
development of weighted ratios of quality characteristics
can help to develop a system of indicators for the
evaluation of public services.
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