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Abstract: Wroctaw is the most congestion-challenged city in Poland. Improving the appeal of pub-
lic transport over private car use could be an effective remedy for the city’s notorious congestion
problems. This article evaluates public transport service quality in Wroctaw from the passengers’
perspective. The quality assessment focused on two key areas: the quality of service that passengers
expect (preference evaluation) and the quality they perceive are delivered by the transport organiser
and operator (satisfaction evaluation). Both passenger preferences and satisfaction were assessed
based on 14 selected transport service attributes, referred to as quality attributes. To carry out this
analysis, the Analytic Hierarchy Process (AHP) method and the SUTI Indicator 4 (Public Transport
Quality and Reliability), which is part of the Sustainable Urban Transport Index (SUTI), were em-
ployed. Data were collected via a survey questionnaire with a sample of 500 bus and tram users in
the city. Statistical analysis of the data were performed using functions and commands available in
Microsoft Excel. The resulting SUTI Indicator 4 values (42.6% for bus services and 45.9% for tram
services) suggest that Wroclaw residents are moderately satisfied with the current public transport
system. The study reveals that the transport organiser and operator should prioritise attributes
related to travel time, as their fulfilment levels are shown to be either low or moderate. Therefore,
in order to encourage more car users to switch to public transport in Wroctaw, emphasis should be
placed on solutions that ensure punctual departures and provide passengers with greater confidence
in reaching their destinations on time.

Keywords: sustainable urban mobility; public transport; service quality; AHP; SUTI Indicator 4

1. Introduction

European cities, notwithstanding their differences, encounter similar challenges in
transport and mobility for their residents [1]. According to a PricewaterhouseCoopers
(PwC) analysis [2], these challenges include congestion, road safety, and air pollution. A
response to these urban issues is sustainable mobility [3], which advocates for reducing the
use of private cars [1,4] in favour of public transport as the predominant mode of travel in
urban areas [5]. Sustainable urban mobility poses a considerable dilemma for local authori-
ties, as they must devise solutions that enhance the competitiveness of public transport
relative to private vehicles. One effective strategy is improving the quality of services pro-
vided by public transport systems [6]. These services should be attractive enough to bring
about a permanent shift in travel preferences [7]. Therefore, it is imperative to evaluate the
degree to which public transport services meet society’s needs, taking into account resi-
dents’ opinions. The feedback from residents regarding the importance and effectiveness
of specific service attributes is pivotal for making the necessary adjustments to improve
satisfaction and quality of life, in line with the principles of sustainable development.
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Table 1 illustrates the features that characterise the quality of public transport services,
as proposed by various authors.

Table 1. An overview of the general features that define the quality of public transportation services,
as identified by various selected authors.

Reference
Lp. Quality Features (First Level)
[8] [91 [10-12] [13,14] [15] [16] [17]
1 Availability + - - - - + -
2 Accessibility + - - - - - -
3 Information + - - - - - -
4 Time + - - - - - -
5 Customer care + - - - - - -
6 Comfort + - - - + - +
7 Security + - - - + + "
8 Environmental impact + - - - + + _
9 Frequency of the service - + - - - - -
10 Punctuality - + - - - - -
11 Comfort and cleanliness of vehicles - + - - - - -
12 Convenience of stops/stations - + - - - - +
13 Availability of information - + - - - - +
14 Personnel courtesy - + - - - - -
15 Fare level - + - + _ _ _
16 Service quality - - + + - _ +
17 Transport quality - - + + - _ -
18 Tractability - - + + - - -
19 Convenience - - - - + - -
20 Operating - - - - + - ;
21 Travel time - - - , - + i}
22 Journey standard - - - - - + _
23 Rolling stock use index - - - - - + -
24  Level of integration of public urban transport system - - - - - + -
25 Reliability - - - - - + +
26 The profitability of the urban public transport system - - - - - + -
27 Investment costs - - - - - + ,

The “+” sign indicates that a given feature was mentioned in the corresponding literature, while the “-” sign
indicates that the feature was not mentioned.

The authors, in their analyses, employ a specific set of features to evaluate the quality
of public transport services, tailored to the scope of their research. However, there is no
consensus among scholars regarding which features define this quality or the number of
such features. Many studies present these quality features within a hierarchical framework,
where lower levels offer greater detail. The number of hierarchy levels varies across studies.
In the articles [12,15], there is a two-level hierarchical separation of features. In [12], the
highest level of the hierarchy is created by 5 quality features, which are explained by
10 detailed features. In [15], the quality of services is assessed through 17 quality features,
grouped into 5 categories. In the works [8,10,11,13,14], a three-level hierarchical division of
quality features is used. The PN-EN 13816 standard [8] identifies eight quality features from
the customer’s perspective, representing the most general level of service attributes. The
second and third levels, which detail the first level, contain 30 and 101 features, respectively.
In [10,11], the highest level of the hierarchy is created by 3 quality features, which are
described by 11 detailed features. The third level of the division of features concerns
4 features designated at the second level. Approximately 10 detailed features explain
these features. On the other hand, the quality of services assessed from the perspective
of 4 general features can be found in [13,14]. The authors claim that 4 out of 14 quality
features distinguished at the second level should be considered in detail from the point
of view of 10 features (third level). In contrast, studies such as [9,16,17] do not utilise a
hierarchical structure, opting instead to list only general features.
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It is important to highlight that some quality feature names presented in Table 1,
such as time and travel time or comfort and cleanliness of vehicles, are often considered
synonymous. However, they possess distinct meanings, which can lead to confusion when
assessing service quality without a hierarchical framework. For example, travel time could
be viewed as a component of the broader feature time, and it can be further refined by
attributes such as punctuality, frequency of service, or reliability.

Moreover, the features that determine the quality of public transport services generally
pertain to specific elements of the transport network, including stops, routes, and vehicles.
Given the lack of a universal set of features for evaluating service quality from a passen-
ger’s perspective, we have decided to assess public transport service quality in Wroctaw
using 14 general quality features (Table 4). The selection of these features was informed
and purposeful, based on their relevance to specific components of the public transport
network and their significance to all stakeholders involved—passengers; operators; and
municipal authorities.

The hierarchy of service quality attributes, which identifies the most and least im-
portant factors for residents when choosing public transport, can be established through
various methodologies. Several studies have analysed the methods used in this area. In [18],
the authors examine various sustainability evaluation methods for public transport in Latin
American cities. They identify three main types of approaches: Assessment Indicators
Models and Indicator Systems, Non-Parametric Performance Evaluation Models, and Multi-
Criteria Decision-Making (MCDM) approaches [19-21] focus exclusively on multi-criteria
methods, highlighting the significant importance of this approach. They also note that one
widely used technique within this framework is the AHP, a key multi-criteria decision-
making method. This method is frequently applied to urban transport problems, including
the ranking of criteria for assessing public transport service quality [10,11,13,14,17,22-25],
selecting options for integrated public transport systems [16], and choosing modes of
urban passenger transport [26-29]. An extensive review of AHP applications for solving
transportation problems can be found in [30]. Noteworthy are articles that employ hybrid
approaches combining different methods as well as fuzzy methodologies. In [31], the
authors use the interval-valued spherical fuzzy AHP to reconcile the conflicting interests of
passengers, non-passenger citizens, and local municipality representatives while simultane-
ously determining the importance of selected public transport characteristics in the Turkish
city of Mersin. The parsimonious spherical fuzzy AHP is applied in [32] to rank quality
criteria for bus transport in Dublin. In [33], the authors seek an optimal transport solution
in Budapest, using quality indicators of public transport through a hybrid approach based
on magnitude-based fuzzy AHP. However, AHP is not the only methodology employed for
optimising transport quality. In [34], fuzzy TOPSIS is used to identify the best-evaluated
quality variables in Bus Rapid Transit systems in Brazil. In [35], the authors compare three
methods—AHP; BWM (Best-Worst Method); and the Full Consistency Method—to deter-
mine the importance of quality features. The PROMETHEE method is utilised in [36] to
evaluate public transport service quality in Budapest. In [37], ELECTRE and AHP methods
are combined to assess integrated urban public transport systems. Additionally, ref. [11]
compares the Analytical Network Process (ANP) and AHP to optimise the public bus
transport system in Budapest. Thus, MCDM approaches offer a wide array of methods,
with extensive applications in the field of public transport quality assessment.

The degree to which public transport providers fulfil service quality criteria is typi-
cally measured using methods such as Servqual [38-42], the Customer Satisfaction Index
(CSI) [7,43-46], or Indicator 4, Public Transport Quality and Reliability, which is part of the
Sustainable Urban Transport Index (SUTI) [17,47,48].

Wroctaw is the most congested city in Poland [49]. The elevated levels of transport
congestion in the city are partly due to the low competitiveness of public transport relative
to private vehicles. As stated in Section 4.3 of the Sustainable Development Plan for Public
Transport in Wroctaw for the period 2016-2022, the role of public transport services is
waning, despite increasing expenditures on subsidies for these services [50]. This finding
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calls for an investigation into the underlying factors behind this trend. It is crucial to
ascertain the importance of quality attributes for residents, as well as the extent to which
these attributes are fulfilled by the transport organiser, the City of Wroctaw, and the main
operator delivering public transport services in the city: the Municipal Transport Company
(Miejskie Przedsiebiorstwo Komunikacyjne Sp. z o.0. we Wroctawiu, MPK Sp. z o.0.,
Ostroleka, Poland). The City of Wroctaw is mandated under the Public Transport Act
of 16 December 2010 [51] to conduct public consultations in this regard. However, the
outcomes of these consultations are only advisory and not binding for local authorities
when developing, for example, the sustainable development plan for public transport. In
addition to these plans [50,52], there exists a substantial corpus of scholarly work evaluating
public transport in Wroctaw, e.g., [7,53,54]. Nevertheless, a review of the literature reveals
that there have been no studies on the quality of Wroctaw’s public transport services
using the AHP method and SUTI Indicator 4. This research gap has served as the primary
impetus for addressing this issue in the present article and has guided the formulation of
the objective, which is to evaluate the quality of public transport services in Wroctaw versus
the level of quality expected by passengers (preference assessment) and perceived by them
as being delivered by the operator and transport organiser (satisfaction assessment). For
the purpose of this article, we formulated the following research questions:.

The first research question: which public transport quality attributes are most impor-
tant to passengers?

The second research question: which public transport quality attributes are passengers
most satisfied with?

The third research question: which services—tram or bus—are passengers more
satisfied with?

The answers to these three research questions are crucial for guiding the actions of
transport providers and city authorities to ensure the appropriate quality of services.

The appraisal of Wroctaw’s public transport passengers’ preferences, which involved
determining the importance of quality attributes, was conducted using the AHP method.
Concurrently, the evaluation of passenger satisfaction, which concentrated on pinpointing
quality attributes requiring intervention from the transport organiser and operator, was
carried out using SUTI Indicator 4.

Public transport services in Wroctaw are provided by MPK Sp. z o.0., which utilises
buses and trams. Consequently, these two modes of transport, namely bus and tram
services, were subjected to quality assessment.

2. Research Methodology
2.1. AHP

The AHP method is among the most widely employed multi-criteria decision-making
techniques in practice [55]. It was developed by Thomas L. Saaty in the 1970s to meet the
demand for a straightforward tool that could assist decision-makers in the decision-making
process. At that time, there was no clearly established procedure, and the validity of criteria
was often determined arbitrarily [56].

The AHP method fundamentally comprises two phases, which can be further divided
into seven distinct stages [57]. The first phase involves structuring the problem by creating
a hierarchical model [57,58]. At the top of the hierarchy is the main goal, followed by
sub-criteria (sub-goals) and evaluation criteria below it. At the bottom of the hierarchy
are the decision alternatives being assessed. Typically, the number of levels of sub-criteria
and evaluation criteria does not exceed two, although a more complex structure can be
developed if necessary. The second phase of the AHP method boils down to evaluating
the decision alternatives with respect to the established criteria and sub-criteria. In this
phase, it is essential to determine the importance of each decision criterion, which makes it
possible to assign weights, thereby prioritising the more significant criteria and reducing
the influence of less relevant ones. This stage involves assigning a weight to each element of
the hierarchical structure, which is based on the opinions of the decision-makers involved.
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These opinions are expressed through pairwise comparisons of elements at each level of
the hierarchy, taking into account their relative positions within the structure. Saaty [59]
recommended conducting these pairwise comparisons using a nine-point relative rating
scale (dominance scale) (Table 2).

Table 2. Saaty scale.

Very strongly or demonstrated

Very, very strong

Activity i is favoured very strongly over j; its
dominance is demonstrated in practice
Intermediate importance between 7 and 9

Intensity of Importance Definition Explanation
1 Equal Both activities cor}trll?ute equally to the
objective

2 Weak or slight Intermediate importance between 1 and 3

3 Moderate Experience and ]}Jc.lgement s.hghtly favour
activity 1 over

4 Moderate plus Intermediate importance between 3 and 5

5 Strong Experience and ]L.ld.ger.nent sfrrongly favour
activity 1 over

6 Strong plus Intermediate importance between 5 and 7

7

8

9

Reciprocals of above activity

Extreme

The evidence favouring activity i over j is of

the highest possible order of affirmation
If activity i has one of the above nonzero
numbers assigned to it when compared with
activity j, then j has the reciprocal value when
compared with i

A logical assumption

It should be noted that the preferences derived from the pairwise comparisons are
presented in a so-called comparison matrix. This matrix defines preferences by comparing
the criteria in the row with the criteria in the column. When comparisons are made in
reverse order, reciprocal values are used. For example, if the criterion in row 1 is strongly
preferred over the criterion in column 2, the value 5 appears at the intersection of row 1 and
column 2, while the reciprocal value 1/5 appears at the intersection of row 2 and column 1.
The pairwise comparison matrix (A) thus takes the following form (Equation (1)),

1 aip A1p } a2 A1n
a1 a2y o 1 a2
A =[] = = | 1)
a, 4 1 11 1
nl n2 T1n 2n

where:

ax—the importance of the k-th criterion/alternative (row k) in relation to the i-th crite-
rion/alternative (column 7).

Saaty also introduced criteria for evaluating the consistency of the preference matrix.
Ideally, the matrix should be consistent, meaning it must account for transitive relation-
ships, enabling the verification of the subjective judgements or comparisons made by the
decision-maker. To evaluate the consistency of the comparison matrix, Saaty recommended
calculating the consistency index (CI) using Equation (2),

o Amax
Cr="m% )

where:

Amax—the largest eigenvalue of the pairwise comparison matrix,
n—the number of elements being compared.
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The higher the value of the consistency index, the greater the inconsistency in the
preference matrix. To determine the threshold beyond which the preferences are deemed
unacceptable, the consistency ratio (CR) is computed. This ratio incorporates not only the
decision-maker’s pairwise comparisons but also the average values of random compar-
isons. Since the decision-maker comparisons should diverge significantly from random
comparisons, the CR is calculated as follows (Equation (3)),

I

R=—
¢ RI

)

where:
RI—the tabulated average of consistency indices for random comparisons.

A matrix is considered consistent when the CR is low, with an acceptable threshold
typically being CR < 10% [60,61].

A preference matrix that satisfies this consistency criterion forms the basis for calcu-
lating the weights (or importance) of individual elements in the hierarchy. The literature
outlines several methods for deriving the weight vector, ranging from simpler and widely
used approaches like arithmetic or geometric means to Saaty’s right-hand eigenvector
method (for further details, see e.g., [59,61,62]). From a formal standpoint, weights derived
through averaging methods are regarded as reasonable approximations, though ideally,
they should be obtained by calculating the largest eigenvalue of the preference matrix and
its corresponding eigenvector, which represents the desired weight vector.

The weight vector obtained through any of these methods enables the identification
of the most important priorities (criteria). It is important to note that when decisions
involve multiple decision-makers, their preferences must be aggregated. There are basically
three main approaches: the first relies on achieving consensus among all decision-makers;
the second aggregates preferences at the final stage by combining the global preference
(weight) vectors derived individually by each decision-maker; and the third aggregates
partial preferences at each hierarchical level. In the latter two approaches, the geometric
mean is typically used for aggregation [63,64].

2.2. Indicator of Public Transport Quality and Reliability

The indicator called Public Transport Quality and Reliability is one of the ten key
components of the SUTI, known as SUTI Indicator 4. It measures passenger satisfaction in
relation to their specific needs, assessing whether the service meets their expectations [9].

According to UN ESCAP [9] the data required to calculate this indicator is gathered
through a survey questionnaire that contains a set of eight features (frequency of the service,
punctuality (delay), comfort and cleanliness of vehicles, safety of vehicles, convenience of
stops/stations, availability of information, personnel courtesy, and fare level) defining the
quality of public transport services.

However, the recommended set of features is not obligatory and can be modified as
necessary. Respondents rate the degree to which each attribute is fulfilled using either a
five- or seven-point Likert scale. SUTI Indicator 4 is calculated as the ratio of responses that
indicate some level of satisfaction (on a five-point scale, these are categories 4 and 5, while
on a seven-point scale, these are categories 5, 6, and 7) to the total number of responses.
The resulting level of passenger satisfaction is expressed as a percentage and should ideally
fall between 30% and 95% [9]. To aid the interpretation of SUTI Indicator 4, five percentage
bands have been established, each corresponding to a descriptive category, as shown in
Table 3.



Sustainability 2024, 16, 11182

7 of 18

Table 3. Interpretation of SUTI Indicator 4 based on responses from the five-point Likert scale.

Value Range

Interpretation

0% < SUTI Indicator 4 < 20%

20% < SUTI Indicator 4 < 40%
40% < SUTI Indicator 4 < 60%
60% < SUTI Indicator 4 < 80%
80% < SUTI Indicator 4 < 100%

The passenger is very dissatisfied with the quality features provided by the service.
The passenger is dissatisfied with the quality features.
The passenger is moderately satisfied with the quality features.
The passenger is satisfied with the quality features.
The passenger is very satisfied with the quality features.

3. Research Tool

The research tool was a bespoke survey questionnaire. In addition to an introduction
and demographic questions, respondents were asked to assess public transport service
quality in two aspects: its importance and the level of fulfilment. Fourteen features that
determine the quality of this form of transport were evaluated (Table 4), and these features
can be classified into four main categories. The first category includes attributes related
to travel time: accessibility (A1), frequency (A2), regularity (A3), directness (A4), speed
(A5), punctuality (A6), reliability (A7), journey time (A8), and integration (A13). The
second category pertains to travel comfort and includes information (A10) and comfort
(A12). The third group focuses on cost-related factors, comprising travel cost (A11) and
investment cost (A14). The final category concerns passenger safety, both on board and at
stops, represented by the general attribute safety (A9).

Table 4. Quality attributes of public transport services with interpretation.

Code of

Attributes Quality Attributes Definition Reference
Al Accessibility Distance to get to a St(()ti rlrrllp(z)rielzrat;duss;aiigi;fen transport network [8,10-14,16,53,65-67]
A2 Frequency The number of rides mad.e on the same line within a specified [8-14,65,66,68-72]
time interval
A3 Regularity Equal intervals between consecutive departures on the same line [8,69]
A4 Directness Connection without the need to transfer [10-14,65-67,69,70,72]
A5 Speed Driving time, including stopping at stops [10-14,70]
A6 Punctuality Compliance of departures with the schedule [8,9,15,53,65,66,68-71]
A7 Reliability Getting to a particular destination at the appointed time [8,10-17,66-68,70]
Time to get to the stop + time to wait for the arrival of the means of
A8 Travel time transport + transit time + time of any transfers + time to reach [8,10-14,16,53,65-69]
the destination

Safety while waiting at the bus stop and during transit (e.g., monitoring

system in vehicles, monitoring system and lighting of bus stops, proper
A9 Safety Y technical condition of Ve}i;icl}és, experienfe andg skills of dII?iVEE‘S, P [8-14,16,17,67,69-72]

separated lanes for public transport vehicles)
Availability and communication of information related to travel route
. lanning (e.g., schedules, fare tariffs, ticket outlets, announcements
AlD Information IDabout c%\anges in the transport network), and travel route signage [8-14,17,53,65-70]
(visual or audio information at stops or inside vehicles)
All Travel cost Fare + any additional fees (e.g., for carrying luggage, pets) [9,13,14,53,65,67-71]
Al2 Comfort Conditions of waiting at the stop and staying in the vehicle, e.g., [8-17,53,65,67,68,70]
cleanliness, seating, degree of congestion, ergonomics e
Al3 Integration Synchronisation of fares and schedules of different transport lines on [16]
common sections

The cost associated with the construction, expansion, reconstruction of

Al4 Investment cost nodal infrastructure (e.g., bus stops, transfer nodes), line infrastructure [16]

(roads), and the purchase of rolling stock

To gauge the relative importance of one feature over another, a five-point numerical
scale was employed. In this scale, 1 indicated equivalence between the features, 2 repre-
sented a slight preference, 3 denoted a significant preference, 4 indicated a very strong
preference, and 5 signified a complete preference for one feature over the other. The ques-
tions were not repeated, and their number was consistent with the guidelines of the AHP
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method. Table 5 provides an excerpt from the survey questionnaire used to compare two
features that define the quality of services.

Table 5. Section of the survey questionnaire comparing features of public transport service quality.

Quality Feature Degree of Preference Quality Feature

A1l. Accessibility 5 4 3 2 1 2 3 4 5 A2. Frequency

Al. Accessibility 5 4 3 2 1 2 3 4 5 A3. Regularity

Al. Accessibility 5 4 3 2 1 2 3 4 5 A4. Directness
. 5 4 3 2 1 2 3 4 5

The extent to which the service quality-defining features were met was evaluated
using a five-point Likert scale, where 1 corresponded to a very low level of fulfilment, 2 to
a low level, 3 to a moderate level, 4 to a high level, and 5 to a very high level.

The survey was distributed to residents of Wroclaw who regularly use the public bus
and tram services provided by MPK Sp. z o.0.

4. Analysis of Results
4.1. Sample Respondents

A total of 500 respondents participated in the study assessing the quality of public
transport services in Wroctaw. Each mode of transport, buses and trams, was evaluated by
250 participants. The detailed sociodemographic characteristics of the sample are presented
in Tables 6 and 7.

Table 6. Sociodemographic characteristics of bus users in Wroctaw.

Variable Subgroup Number of Individuals Share of Total [%]
Gender Woman 145 58.0
Man 105 42.0
<18 1 04
19-26 50 20.0
Age 27-39 105 42.0
40-59 68 27.2
>60 26 104
Student 28 11.2
. Working person 192 76.8
Occupational status Unemployed 1 44
Pensioner 19 7.6

Table 7. Sociodemographic characteristics of tram users in Wroctaw.

Variable Subgroup Number of Individuals Share of Total [%]
Gender Woman 149 59.6
Man 101 40.4
<18 4 1.6
19-26 54 21.6
Age 27-39 103 41.2
40-59 70 28.0
>60 19 7.6
Student 16.4
Working person 68.8

Occupational status Unemployed 7.2

Pensioner 7.6
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The study had a higher proportion of female respondents compared to males. The
largest group of participants was aged 27 to 39, and the vast majority were employed.
Notably, a considerable proportion of respondents were frequent users of public transport,
with around 34% travelling by public transport at least once a week.

4.2. Hierarchical Evaluation of Quality Features Using the AHP Method

Since respondents provided their answers on a 1-5 scale, these were converted to the
Saaty scale by utilising only the odd-numbered values. The rescaling process is summarised
in Table 8.

Table 8. Conversion of respondents” answers to the Saaty scale.

Respondents” Answers Saaty Scale Values
1 1
2 3
3 5
4 7
5 9

In the next step, the responses from 250 participants were aggregated to create a single
pairwise comparison matrix. This was conducted by calculating the geometric mean of the
rescaled responses (comparisons) for each feature. The resulting preference matrices for
bus and tram transport services are shown in Supplementary Tables S1 and S2, respectively.

There is a clear “flattening” of the results, indicating significant variability in the eval-
uations. Consequently, it was necessary to re-examine the responses collected during the
analysis. Since 14 features were compared, producing 91 pairwise comparisons, descriptive
statistics are omitted here. Instead, box plot diagrams summarising these comparisons
are provided in Supplementary Figures S1 and S2. These diagrams illustrate standard
box plots, with the whiskers representing the boundaries of the distribution and quartiles
displayed within the box. The arithmetic mean is marked with an “x”, while outliers are
represented by dots. It is evident that all pairwise comparisons of quality features were
rated using the full range of the scale (from 1/9 to 9). This confirms that respondents’
evaluations of each pair of features were highly varied. Additionally, the comparisons of
different feature pairs show noticeable disparities in the ratings.

The next step in the analysis involved verifying the preference matrices obtained. First,
the consistency index was calculated, yielding values of 0.0049 for bus transport and 0.004
for tram transport. Following this, the consistency ratio was determined, with values of
0.0031 for buses and 0.0026 for trams. As both figures are well below the commonly accepted
threshold of 0.1, the matrices can be deemed consistent, which permits the calculation of
weightings for the various quality features. The importance (weight) values for the quality
features of bus and tram transport services are illustrated in Figure 1.

The hierarchy of importance for bus transport quality features closely mirrors that of
tram transport. Attributes relating to travel time, such as accessibility (A1), frequency (A2),
regularity (A3), punctuality (A6), reliability (A7), and travel time (A8), were identified as
the most important by respondents (consistently placed among the top six). The cost of
travel (A11) also holds significance, coming in eighth for bus transport and seventh for
tram services. In contrast, safety during waiting and travel was deemed less important,
ranking ninth for bus and eighth for tram transport. Features associated with comfort,
such as information availability (A10) and overall comfort (A12), occupy the 12th and 11th
positions in the overall ranking and were considered of relatively low importance. Finally,
the cost of infrastructure investments—such as the construction; expansion; or renovation
of stops and the purchase of new vehicles (A14)—was rated as the least important factor.
This is un-surprising, as investment costs are more relevant to transport operators than
to passengers.
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Quality features
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Figure 1. Weight values for quality features determine the public transport services in Wroctaw from
the passengers’ perspective.

4.3. Satisfaction Levels for Quality Features According to SUTI Indicator 4

The survey results suggest that both the transport organiser and service provider
need to implement specific measures to improve the performance of most of the 14 quality
attributes evaluated (Figures 2 and 3). For bus services, it is apparent that only three
attributes—accessibility (A1); safety (A9); and information availability (A10)—received a
higher proportion of satisfied respondents than dissatisfied ones. A similar trend is seen
for tram services, where respondents expressed satisfaction not only with accessibility (A1),
safety at stops and during travel (A9), and information availability (A10), but also with
tram frequency (A2).
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Figure 2. Proportion of respondents assessing bus services, categorised by satisfaction levels for each
quality attribute.
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Figure 3. Proportion of respondents assessing tram services, categorised by satisfaction levels for
each quality attribute.

The value of SUTI Indicator 4 for bus transport was 42.6%. Respondents’ satisfaction
with how well the public transport provider meets quality standards ranged from 32.0%
to 59.2% (Figure 4). Upon analysing SUTI Indicator 4 for individual attributes, we find
that passengers of MPK Wroctaw were most satisfied with the accessibility of stops (59.2%)
and information availability (58.4%), while they were least satisfied with the punctuality of
vehicle departures (32.0%) and overall journey time (33.2%).

50
o
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37.2%

Quality features
B Bus transport @ Tram transport

Figure 4. SUTI Indicator 4 values for individual quality attributes.

For tram services, the value of SUTI Indicator 4 stands at 45.9%. Respondents’ satisfac-
tion with tram services ranged between 36.4% and 57.2% (Figure 4). The highest satisfaction
was recorded for the accessibility of stops (57.2%) and information availability (55.2%),
while the lowest levels of satisfaction were with the comfort of waiting at stops and during
the journey (36.4%), as well as the punctuality of vehicle departures (38.4%).
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5. Conclusions and Discussion

The values obtained for SUTI Indicator 4 (42.6% for bus services and 45.9% for tram
services) indicate that the residents of Wroclaw are, on average, moderately satisfied with
the current operation of public transport in the city.

When we evaluate the extent to which specific attributes of public transport are ful-
filled, it becomes apparent that there is no attribute for which respondents reported being
very dissatisfied, satisfied, or very satisfied. When it comes to bus services, respondents
expressed dissatisfaction with seven attributes: punctuality (A6), travel time (AS8), integra-
tion (A13), reliability (A7), comfort (A12), investment costs (A14), and speed (A5). The
remaining attributes were assessed as being met by the provider at an average level. In con-
trast, residents indicated dissatisfaction with only two attributes of tram services: comfort
(A12) and the punctuality of tram departures (A6). For the other 12 attributes, respondents
conveyed moderate satisfaction with the performance of the service provider. Therefore,
both the transport organiser and the operator should implement targeted measures to en-
hance the fulfilment of all assessed quality attributes across both modes of transport. This
recommendation is further underscored by the fact that none of the examined attributes
determining service quality achieved a fulfilment level of 90% or above.

Furthermore, the research findings reveal a disconnect between the degree of fulfilment
of these attributes and passenger expectations, as respondents place the highest value on
punctuality (A6) and the reliability of public transport (A7). Punctuality, which relates to
the timely departure of vehicles from stops, is crucial in ensuring that passengers arrive at
their destinations as scheduled. Thus, it is not surprising that these attributes significantly
impact passengers’ evaluations of public transport and its overall popularity. Numerous
factors affect the reliability and associated punctuality of public transport services. Some of
these factors fall within the purview of the Wroctaw City Office and the transport operator,
while others do not. For example, drivers and conductors are unable to influence traffic
flow or unforeseen events, such as adverse weather conditions, detours, or roadworks.
However, the transport organiser and the operator can make adjustments to aspects such
as timetables, route planning for specific lines, the allocation of dedicated lanes and bus
lanes, and improvements to the overall flow of public transport vehicles. To encourage
residents who currently rely on personal vehicles to switch to public transport, the service
provider must promptly undertake appropriate measures to improve the aforementioned
attributes. Despite several initiatives already implemented to modernise various elements
of the urban infrastructure with the goal of improving reliability [73], the research findings
indicate that the city continues to struggle with meeting this particular attribute.

At present, the service provider is investing in new vehicles and modernising the
existing fleet [73]. These efforts aim to:

enhance the comfort of travelling by public transport;
improve accessibility for individuals with mobility impairments;
reduce the negative environmental impact of public transport on climate change.

Nevertheless, this study reveals that comfort is not a top priority for passengers.
Respondents rated travel costs as a more significant concern than comfort. The majority of
those surveyed (69.2%) were aged between 27 and 59—a demographic that is not eligible
for free travel or discounted fares on public transport. It was primarily this group that
highlighted cost as a key determinant of service quality. It is, however, important to note
that Wroctaw boasts the largest group of residents eligible for free public transport among
Poland’s major cities [74].

In summary, the current state of public transport falls short of meeting residents’
expectations. The Wroctaw City Office, in collaboration with the transport operator, should
prioritise the attributes that matter most to the public, particularly those influencing journey
time. Research indicates that satisfaction with these attributes is rated as low to moderate.
Therefore, in order to persuade more car users in Wroctaw to transition to public transport,
efforts must first focus on ensuring timely departures and providing passengers with
confidence that they will reach their destinations within the expected time.
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The articles that attempt to determine the importance of public transport quality
attributes in various cities indicate geographical and possibly cultural differences in the
results. In [75], where transport in the city of Tehran was analysed, the BWM method was
used to determine the importance of attributes. In this study, the most important quality
features of public transport were comfort, accessibility, safety, and security. In a similar
study [76], also conducted in Tehran and using the AHP method to assess the importance
of quality attributes, the most important features were considered to be suitability, safety,
and waiting time.

In [31], which analysed transport quality in the city of Mersin, Turkey, the most impor-
tant attributes were considered to be safety, information before travel, and physical comfort.
In [33], a study conducted in Budapest using the FAHP method, the most important at-
tributes were travel time, frequency of lines, and access time. It seems that the specificity of
cities and geographical regions largely determines the needs related to public transport. It
is not possible to establish a set of universal public transport quality attributes that could
apply to cities worldwide. As a result, the degree to which public transport providers fulfil
passengers’ needs will also vary.

When comparing results, reference should be made to cities that are geographically close
to the region. The issue of public transport quality is one of the most fundamental challenges
for the functioning of many cities in Poland (e.g., Krakow, Kielce, Gdansk, Bydgoszcz,
Warsaw, and Biatystok). It can be observed that the general level of passenger satisfaction with
the services provided by carriers in these cities is unsatisfactory [65,66,68,70-72]. Passengers
expect improvements in various quality attributes. These are:

in Krakow: frequency and punctuality [68];
in Kielce: travel cost and travel time [65];

in Gdansk: travel time and information [66];
in Bygoszcz: comfort and reliability [70];

in Warsaw: travel cost and punctuality [71];
in Biatystok: travel cost and information [72].

A comparative analysis of which individual quality features of public transport are
fulfilled by companies providing public transport services in various cities in Poland
allows for identifying the strengths and weaknesses of public transport in Wroctaw. The
strengths of Wroctaw include the following features: availability and communication of
information related to travel route planning (e.g., schedules, fare tariffs, ticket outlets,
announcements about changes in the transport network), and travel route signage (visual
or audio information at stops or inside vehicles), travel cost, and safety during waiting and
travel. On the other hand, the weak points include: the comfort of waiting at stops and
during the journey, as well as the punctuality of vehicle departures.

Passengers using public transport services in various cities in Poland generally agree
on the most important features determining service quality: punctuality and reliability.
It is worth emphasising that these features were also considered the most important
by passengers of Wroclaw’s public transport. Despite this similarity, the approach to
conducting service quality studies—particularly regarding the selection and number of
features; as well as the method for determining perceived and preferred quality—differs
across the mentioned cities. In the articles [65,66,68,70-72], 6 to 16 general quality features
were studied, and they were not divided into more detailed attributes. However, when
determining the ranking of features” importance or their level of fulfilment, the appropriate
share of responses corresponding to a given value on the Likert scale was most often used.

Therefore, it is not possible to directly compare the quality of public transport services
in Wroctaw with those in other cities in Poland. Such comparisons will be possible only
when the set of attributes and the method for quantifying service quality are identical.
Regardless of the method used to carry out research on the quality of public transport
services, they are necessary for changes to occur in the field of transport in cities. As
indicated in e.g., [65], in order to improve the travel cost feature, the Kielce City Card
was introduced, which includes a section tariff and a Passenger Information System. In
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addition, roads were built and rebuilt along with the technical infrastructure, and new
bus lanes were built because this was to improve the degree of fulfilment of the travel
time feature.

The findings from this research carry both theoretical and practical significance. For
both the transport organiser and service provider, these insights offer valuable guidance
on where to direct efforts to improve service quality. Sustainable development of cities is
also impossible without efficiently operating and well-planned public transport. In [77],
the authors, after conducting their research, indicate public transport as one of 12 factors
influencing the proper design of Green Cities. Similarly, the authors of [78] point to
the important concept of TOD (Transit-Oriented Development), additionally indicating
that while economic development is usually a factor in improving many aspects of life,
transport in cities is a factor that rather worsens the situation. Admittedly, SUTI Indicator 4
is unlikely to ever reach 100%. The pursuit of improved fulfilment of these key attributes
may encounter obstacles, such as financial limitations on the part of the organiser or
technical constraints faced by the operator. Thus, it is vital to find a compromise between
the needs of the city’s residents and the capabilities of both the transport organiser and
service provider. This does not change the fact, however, that the quality of public transport
plays a critical role in shaping the quality of life for those who rely on it, as well as in the
broader socioeconomic development of the city. For this reason, local authorities should
harness the full range of available legal, economic, and regulatory tools to ensure an
adequate standard of transport services within the city.

6. Future Work and Limitations

The problem of public transport quality is multidimensional and involves various
stakeholder groups, often with conflicting needs. In our research, we focused on only
one of these groups, but we plan to conduct in-depth interviews with both transport
providers and those responsible for organising public transport in Wroclaw. Future plans
also include further research on passenger groups and expanding the study to other major
cities in Poland. An additional issue not addressed in this study is technological progress,
which will likely change communication methods, passenger information systems, and
transportation options, such as the use of autonomous vehicles [79].

The study has several limitations. It was conducted only in Wroctaw, so the results
cannot be generalised to other cities or countries. The CAWI (Computer-Assisted Web
Interviewing) method was used to gather data, which has its own specific limitations.
Although the study was conducted by a professional public opinion research institute, the
sample was purposive. We focused on individuals using public transport, so the sample
is not representative of the entire population. This should be taken into account when
interpreting the study’s results.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su162411182/s1, Table S1: Quality feature preference matrix for
all respondents assessing bus transport; Table S2: Quality feature preference matrix for all respondents
assessing tram transport; Figure S1: Comparison of responses for all respondents evaluating bus
transport across all pairwise comparisons; Figure S2: Comparison of responses for all respondents
evaluating tram transport across all pairwise comparisons.
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