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Abstract: Bus stops are an essential element of the public transport system and affect its users’ safety
level. They are where the passengers gather who want to use bus transport, and where vehicles
stop to exchange passenger flows. Most studies devoted to assessing bus stops’ safety focus on
two evaluation methods: (1) statistical analysis of traffic crash data and (2) traffic conflict analysis.
However, there is a need to develop a methodology to define priorities and scope for the improvement
of increasing bus stops’ safety. For this reason, the aim of the article is to present a method of assessing
bus stops’ safety, which is dedicated to the process of auditing and designing point infrastructure in
the city. The use of the proposed method of evaluating bus stops is aimed not only at determining
the current status, but above all at assigning priorities to actions aimed at increasing safety and
improving the quality of life of residents. The article presents in detail the algorithm of the research
procedure consisting of the proposed method and its implementation for the evaluation of stops in a
selected city. In total, 151 bus stops serving all fast lines in the studied agglomeration were assessed.
As part of the results, the ratings obtained by individual stops were presented. The level of fulfilment
of individual evaluation criteria, divided into conducted classification procedures, was also analysed.
The implementation of the method in the real system allowed us to assess the correctness of the
procedure and the usefulness of the obtained results. The obtained results of the evaluation of bus
stops and the fulfilment of individual criteria should constitute the basis for the created schedules of
the required ongoing works related to the improvement of public transport passenger safety, but
also the creation of long-term plans related to the improvement of the bus stop infrastructure and its
adaptation to changing safety requirements and passengers’ expectations.

Keywords: bus stops; safety; transport infrastructure; public transport; safety assessment

1. Introduction

Bus stops are an essential element of the public transport system. They are where
passengers who want to use bus transport gather, and where vehicles stop to exchange
passenger flows. Bus stops are, therefore, both the starting and ending places for pas-
senger travel. For this reason, their accessibility plays a key role in increasing both the
attractiveness and sustainability of public transport [1]. In addition to accessibility, safety
issues are another key factor in their design. Bus stops are a place of interaction between
the vehicle and the pedestrian, which may lead to the occurrence of dangerous events
threatening the health or life of passengers. However, the bus stop zone is also a place
where other road users’ routes of movement intersect—passenger cars, pedestrians, and
cyclists, who are also at risk of participating in hazardous events. The operation of bus
stops generates points of conflict between various groups of traffic users, the victims of
which may be pedestrians (both public transport passengers and bystanders in the bus stop
zone). Studies, such as that by Ulak et al. [2], confirm this, which indicates that pedestrians
around public transportation bus stops and stations might be exposed to an elevated
crash risk. To improve the bus system’s safety, many authors point to the need to conduct
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research not only on safety on board the bus but also at stops and interchange nodes [3].
The literature review presented in point 2 proves that, despite numerous publications of
various methodologies for the safety of bus stops, there is still a research gap that will
allow the improvement of safety assessment tools for the current state audit, but also for
the improvement of design work.

Therefore, the article aims to present a method of assessing bus stops’ safety, which
is dedicated to the process of auditing and designing point infrastructure in the city. The
use of the proposed method of evaluating bus stops is aimed not only at determining the
current status, but above all at assigning priorities to actions aimed at increasing safety and
improving the quality of life of residents. The significant contributions of the presented
research include:

e  The categorisation of the current methods of assessing the safety of bus stops, pre-
sented in the introduction.

The developed audit evaluation form for bus stops.

The proposed template of qualification of the evaluation criteria.

Bus Stop Safety Assessment Method (BSSA).

The verification of the application of the BSSA method for fast line bus stops in
Wroclaw.

The remainder of this paper is organised as follows. Section 2 describes the methodol-
ogy proposed by the authors for the safety assessment of bus stops. Section 3 presents the
results obtained during the verification of the proposed evaluation method in a selected
city in Poland. Section 4 discusses the crucial findings and provides some suggestions for
point infrastructure managers in cities. Finally, conclusions and further research areas are
discussed.

2. Literature Review

Safe conditions, at the bus stop and in its immediate vicinity, generate public transport
users’ first impression. Therefore, they can influence residents’ future choices regarding
their movement around the city [4]. At the same time, safety has the highest priority in
assessing the quality of bus stops. This is confirmed by the research conducted by [5].
According to their results, most transport users would prefer short, predictable waits for
buses in a safe environment over long waits for late-running vehicles in even the most
elaborate and attractive transit stations, especially if they fear for their safety. However,
it should be noted that public transport’s safety aspects may concern the degree of safety
from crime or accidents and the feeling of security resulting from psychological factors.
For this reason, [6] distinguish the term ‘safety’, which indicates the possibility of being
involved in an accident, from the term ‘security’, which refers to the chance of becoming
the victim of a crime. The research presented in this article is the first approach identified
by [7], which refers to the concept of ‘safety’. For this reason, the main attention of the
authors is focused on the assessment of the point infrastructure of the bus stop area, which
may increase the risk of traffic accidents in its vicinity or the emergence of road conflicts.
Any exchange of passengers on the bus and the behaviour of people waiting in the area of
the bus stop may interfere with the traffic in the neighbouring areas. For this reason, the
functioning of a bus stop causes conflicts between [8]: (1) motor vehicles, (2) motor vehicles
and non-motor vehicles, (3) passengers and non-motor vehicles, (4) passengers and motor
vehicles. According to the research [9], different bus stop designs have distinct influences
on road users, such as vehicles, bicycles, and buses. For this reason, when assessing the
safety of a bus stop, the potential points of occurrence of such conflict situations should
also be analysed.

In [10], despite the growing interest in monitoring public transport quality, there is a
lack of focus on determining which bus stops lead to low-quality services. The reason for
this approach is the fact that, although bus stops are the point of first contact between the
passenger and the vehicle, the monitoring of all bus stops is an activity that produces a
‘low revenue’. Barabino emphasises that, in this connection, the tracking of all bus stops
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is typically a low-priority activity [10]. However, such an approach should be considered
inappropriate. The bus stop zone is an important area that requires actions aimed at
improving safety in public transport. This is confirmed, among other things, by the bus
accident studies conducted by Wahlberg in Sweden. The obtained results indicate that
26.4% of accidents occur in the stop zone [11]. Accident investigators obtained similar
results in China [12]. According to their results, 28.2% of total bus crashes in urban areas
occurred at bus stops [12]. This situation generates a demand for activities to increase
operating bus stops’ safety [4].

The analysis of publications on bus stops’ safety described in the literature allows
distinguishing two dominant categories of evaluation methods: (1) statistical analysis
of traffic crash data and (2) traffic conflict analysis. The first category of methods uses
methods such as descriptive statistics, crash severity, and regression analysis. Examples
of publications in this category include [13-17]. In this case, the main problem is the
availability of complete and up-to-date measurement data from several years for a given
area. Agarwal et al. [18] note in their research that accident data are not available or reliable
in all countries (cities). Ma et al. also note that traffic crashes” random characteristics may
not reflect the bus stop’s safety level. For this reason, the prepared safety assessments of
this area may be affected by errors in the results [19].

For this reason, some researchers assess the safety level of roadway facilities using
vehicular—pedestrian conflicts collected through video recording. These tests belong to the
second category of traffic conflict analysis methods described in the literature. It includes,
among other things, the following publications [20-22]. The basic assumption in traffic
conflict analysis is that the number of traffic conflicts is directly related to traffic crash
frequency [8]. The main advantage of this method is the fact that it does not require
long-term accident data collection. Still, it is a relatively time-consuming and expensive
manual process, according to Ye et al. [8]. In addition, Cheranchery et al. [23] note that such
a research approach requires a very long implementation period. Each bus stop should be
evaluated for a certain period to register the conflicts that are occurring. Simultaneously,
the potential for the occurrence of conflicts may be high due to design and management
deficiencies, even though the actual number of registered conflicts is not high. For this
reason, Lu et al. note that this method’s weakness is also the subjectivity of the researcher’s
assessment [24].

Ye et al. [8] point out that the bus stops’ safety assessment method should not rely on
traffic crash data or traffic conflict data. In their opinion, when developing a method to
assess the safety of bus stops, the following should be taken into account:

Geometric characteristic [25];

Traffic signs and markings [26];
Characteristics and traffic situation [27];
Pavement conditions [28];

Traffic conditions [29];

Lighting conditions [30].

Based on this approach, Ye et al. [8] developed a concept of level-of-safety at bus stops.
A similar research approach was presented by Cheranchery et al. [23]. Their analyses
assessed whether the design and management deficiencies related to bus stops contribute
to bus user’s and pedestrian’s safety [23]. The method of calculating the bus stop safety
index was also proposed by Ulak et al. [2]. Amadori and Bonino [4] developed software
for Italian bus stops using risk assessment based on traffic and geometric features. The
evaluation was based on forms registering information such as vehicular traffic, vehicle
speed, number of users per day at the bus stop, and number of buses per day. The authors’
research approaches create an additional category of methods for assessing bus stop safety,
which has been defined as ‘analyses of factors possibly affecting safety’.

Some studies emphasise that the behaviour of bus drivers also affects the safety of
stops that they use. Therefore, bus stop safety aspects also appear in qualitative research
(e.g., interviews) conducted among their users, i.e., drivers. An example of such research
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is the analyses described in [19], the aim of which was to identify crash risk factors
associated with demographic characteristics, driving-related experiences, and aberrant
driving behaviours of the drivers of public transportation vehicles. In contrast, Mirza
et al. [31] investigated the risky driving behaviour of bus drivers in Pakistan.

The last identified group of research on stop safety is the analysis of travellers’ safety
perception. Research in this area indicates that some residents choose a specific mean of
transportation for their daily travels to avoid events that are perceived as risky or as a threat
to personal safety [32,33]. There is a strong link between travellers’ safety perceptions and
overall travel satisfaction. This is confirmed by the research of, among others, Abenoza
etal. [34]. Their results show that perceived safety by travellers is one of the most important
determinants of travel satisfaction. It should be emphasised that travellers’ perception of
safety is more important than the actual level of safety. In their research, [35] analysed the
factors that might influence travellers’ self-reported safety perceptions. In the study, the
authors focused on travellers’ experiences while waiting at bus stops. The subject of the
analysis has three dimensions: (1) the bus stops’ design; (2) the surrounding environment
of the bus stops; (3) the travellers’” characteristics [35]. Research by Tucker [36] is also
noteworthy. In the prepared report, he proves that there are several features of bus stops
that contribute to increasing the sense of safety of passengers. These include: location,
surrounding environment, design, lighting, shelters, benches, maintenance and cleanliness
of a stop, monitoring of a bus stop (CCTV), the amount of time waiting, number of people
waiting and passing by, and the access provided to and from it [36]. In a study of young
public transport users in Melbourne [37], it was identified that travel companions are a key
element contributing to the feeling of security. Factors such as gender or the experiences
of the respondents have a much smaller influence. Similar results were obtained on the
basis of model studies among respondents of different ages in Melbourne [38]. In these
studies, the key elements influencing the sense of safety were trust in others and the feeling
of safety of the respondents at night. In these studies, a slightly greater influence on the
perception of safety was observed in terms of the respondents’ age than their gender.

The above-proposed categorisation of methods for testing the safety assessment of
bus stops is shown in Figure 1.

CATEGORIES OF THE METHOD TO ASSESS THE SAFETY OF BUS STOPS

Statistical ] i Analysis of Analysis of The research
analysis of Traffic conflict factors drivers' of travellers'
traffic crash analysis influencing behaviour safety

data safety perception
[13-17] [20-22] [2, 4,8, 23] [19, 31] [35-38]

Figure 1. Categories methods to assess the safety of bus stops with sample publications [2,4,8,13—
17,19-23,31,35-38].

The literature review presented shows that there is currently a need for research
on the safety assessment of bus stops and the development of concepts to improve the
current solutions. For this reason, it was considered justified to develop a measurement
method that would allow for identification of critical factors that should be the subject of
detailed analysis, and, at the same time, accelerate the assessment process and facilitate the
preparation of guidelines for the improvement of bus stops in the city. This method falls
under the ‘analysis of safety determinants’ category and addresses the safety aspects of the
possibility of being involved in an accident.
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MODULE 1

MODULE 2

MODULE 3

MODULE 4

MODULE 5

MODULE 6

MODULE 7
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3. Methodology

The proposed research approach can be classified into the group of methods Analysis
of factors influencing safety under the classification presented in Figure 1. The proposed
method refers to the point infrastructure of bus stops, and it does not include the full
influence of road traffic on safety (only what is due to the infrastructure—traffic lanes,
pedestrian crossings, road signs, lighting). It is dedicated to bus stops located in the bay
or along the road. The method does not apply to island stops due to the different design
process and the different characteristics of the traffic of vehicles and passengers, and thus
also other critical safety aspects. The research procedure covers seven modules, which are
shown in Figure 2.

FORMULATING CRITERIA FOR ASSESSING THE SAFETY OF BUS STOPS

« review of publications on the safety assessment of bus stops
« review of applicable guidelines in selected cities relating to the design of bus stops

PRIORITIZATION OF CRITERIA

« assigning priorities to individual criteria on the basis of the amount of effects resulting from failure
to meet them

SELECTION OF REFERENCE BUS LINES

* bus connection network analysis
« selection of reference bus lines
« identification of bus stops serving the reference bus lines

PRIMARY DATA COLLECTION

« audit of bus stops on reference bus lines
« observation of the surroundings and traffic in the vicinity of bus stops

ANALYSIS OF THE RESULTS FOR REFERENCE BUS LINES

« statistical analysis of the obtained results divided into bus stops and evaluation criteria

DEVELOPMENT OF THE DECISION MODEL

« defining the pattern of qualifying criteria according to meeting their requirements

« building a decision matrix distinguishing classes of criteria

« formulation of guidelines for taking the required actions in relation to the bus stop zones
« assigning criteria to individual fields of the matrix

APPLICATION AND VERIFICATION OF MODEL

« identification of bus stops qualified for audit work

« carrying out audit work and collecting primary data

« 2-dimensional evaluation of the obtained results

« development of guidelines for increasing the safety of bus stops

Figure 2. The proposed methodology for assessing the safety of bus stops in the city.

3.1. Module 1

Based on the literature review, it should be stated that the criteria for assessing the
safety of bus stops should apply not only to the stop zone but also to its surroundings.
These criteria should apply to both the bus stop infrastructure and the walk to the bus
stop and its vicinity facilities. Besides, the assessment subject should also include issues
regarding the manner and speed of movement of other road users in the bus stop’s vicinity.
The formulated criteria should make it possible to comprehensively assess the level of
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safety of passengers using public transport, but at the same time cannot duplicate the
same issues. The audit appraisal form should be prepared in an understandable way that
allows simple answers—preferably YES/NO or a clearly defined short assessment scale.
Simultaneously, the criteria should be formulated so that the form can be filled in by a
person with basic knowledge of the point transport infrastructure and safety aspects in
public transport.

3.2. Module 2

Failure to meet the individual criteria defined above may have different consequences
for road users. For this reason, it is necessary to prioritise them, reflecting the magnitude
of the effects related to the failure to meet a given safety requirement (criterion). In the pro-
posed approach, three levels of assigned priorities were distinguished, the characteristics
of which are presented in Table 1.

Table 1. Priorities given to assessment criteria, taking into account the consequences of not meeting them.

Priority Symbol Linguistic Variable Characteristics
P1 Low impact Criteria mﬂu?ncmg .the comfort of using public transpo.r.t by
passengers, in particular by people with reduced mobility
P2 Moderate impact Criteria related to factors generating the possibility of harm to health
o Criteria for factors that generate the potential for severe damage to
P3 High impact health or loss of life
3.3. Module 3

Selection of reference lines allows arranging criteria and giving them meaning, taking
into account the features of the specific environment of an investigated city. The selection
of reference bus lines, the stops of which will set the standard for the assessment, should
be preceded by:

e  Analysis of the current bus network—model lines should: (a) cross the city centre—
bus stops as a showcase of the city; (b) have start and end stops on the outskirts of
the city; (c) connect the vital points constituting the main traffic generators in the city;
(d) the reference lines should run radially across the city.

e  Analysis of bus stops serving bus lines—if possible, the reference lines should be those
connections that do not stop at the same bus stops.

When selecting the reference bus lines, fast lines deserve special attention if they
operate in a given agglomeration. They usually meet most of the conditions defined for
the reference bus lines. They combine essential traffic generators in the city and the city
centre with large housing estates on the agglomeration’s outskirts. Simultaneously, due to
their quick movement between important traffic generators, they are more often chosen by
residents, which affects a large number of people at the bus stops that serve them. For this
reason, these bus stops should meet high safety standards along the line route.

3.4. Module 4

Bus stops serving selected reference lines are subject to a detailed assessment by the
prepared audit form. Its fulfilment requires an audit of the bus stop infrastructure and
observation of the stop’s surroundings, taking into account, e.g., the infrastructure adjacent
to the bus stop and the nature of user traffic around bus stops. On this basis, primary data
are collected, which constitute the basis for further analytical proceedings. Each bus stop
serving bus traffic on reference lines in both directions should be assessed.
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3.5. Module 5

Statistical analysis is carried out on the results obtained for individual safety assess-
ment criteria based on the primary data collected from the bus stops serving the reference
lines. The analysis aims to assess the level of compliance by a given criterion with the
required safety conditions, but also to estimate for each criterion:

e The average value obtained in the studied group of bus stops;
e Existing standard deviation from the mean.

3.6. Module 6

For the audit process and determining guidelines for improving bus stops’ safety,
it is necessary to define a pattern of qualifying criteria according to the fulfilment of
their requirements. The created template will allow determining which assessed criteria
constitute the binding standard for bus stops in a given city (high level of fulfilment among
the assessed bus stops) and which solutions should be the subject of rapid implementation
to increase safety in the bus stop zone. For the analysed evaluation method, the proposed
classification pattern was presented in Table 2.

Table 2. A pattern of qualifying the criteria according to the level of their fulfilment by a group of
reference lines’ bus stops.

Fulfilment Symbol F1 F2 F3 F4
Linguistic variable Low Moderate High Very high
Limits of fulfilment of the criterion <40% 40-59% 60-84% >84%

The prepared pattern of meeting the criteria, combined with the prioritisation carried
out in module 2, allows for formulation of a matrix of safety assessment criteria for
decision-making regarding auditing bus stops. In the matrix shown in Figure 3, three
classes of criteria have been distinguished. They define the guidelines for meeting the
safety requirements assigned to stops in a given city. The distinguished division allows
taking into account both the safety priority given to individual criteria within module 2,
but also the safety standard in accordance with the guidelines of the transport organizer in
a given city.

F1 F2 F3 F4
P1 K2 K3 K3 K3
P2 K1 K2 K2 K3
P3 K1 K1 K1 K2

Figure 3. A classification matrix of safety assessment criteria for decision-making purposes.

The characteristics of individual classes, along with guidelines for the required deci-
sions and actions, were presented in Table 3.
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Table 3. Classes of assessed criteria and guidelines for action assigned to them.

Class Symbol Class Description Decision Guidelines
It is necessary to meet the criterion in the evaluated bus stops;
K1 Critical Criteria class immediate steps should be taken to increase compliance with the
criterion in all evaluated bus stops.
K2 Relevant Criteria class Regular actions should be taken to.mcrease the number of bus stops
that meet the given criterion.
K3 To Be Monitored Criteria class Periodically monitor the share of bus stops meeting the given criterion

and make economically justified decisions to increase this share.

The assignment of safety assessment criteria to individual classes is carried out based
on the results obtained for the bus stops serving the reference lines.

3.7. Module 7

As part of the last module of the research work, the evaluation of the remaining group
of bus stops selected for further analysis is carried out. For this purpose, the bus stops
indicated for the audit are identified. Then, the auditing process is carried out under the
form constituting Annex 1 to this paper. The collected data are subjected to a detailed
analysis considering the adopted model of the decision matrix formulated in Module 6.

The analysis of the results should be two-dimensional. In the first area, the assessment
should concern individual bus stops but consider the fulfilment of the criteria in a division
according to the decision matrix. Through this method, the current safety of the exploited
point infrastructure in the city is assessed. Based on this analysis, guidelines for improving
the assessed bus stops are also developed under the guidelines presented in Table 3. The
second assessment area is to verify the correctness of assigning criteria to individual classes
based on model lines. Comparing the global score obtained by all bus stops within a given
criterion will allow for verification of the guidelines adopted at the beginning regarding
the design of bus stop zones in the city.

4. Results

The proposed assessment method was verified on the example of the bus stop in-
frastructure in Wroclaw. The analytical procedure was carried out by the methodology
presented in Figure 2. To maintain the clarity of the presented results, they were presented
under the modules characterized in point 2.

4.1. Module 1—Formulating Criteria for Assessing the Safety of Bus Stops

Based on the literature review presented in Section 1 and the guidelines defined for
the standards of bus stops in selected cities of London [39], and in Poland: Poznan [40] and
Warsaw [41], criteria were determined for the safety assessment of the proposed approach.
In total, 35 criteria were indicated that concerned the evaluation of both the bus stop zone
and its vicinity (including the access routes to the bus stop). These criteria have been
presented in an audit form attached as Annex 1 to the article. Criteria with numbers
C1-C25 were assessed 0/1, answering YES/NO. However, the C26—-C35 criteria could be
assessed by partial points. Therefore, the bus stops in these criteria could score 0/0.5/1.

4.2. Module 2—Prioritization of Criteria

To prioritise the formulated evaluation criteria, a team of four experts was appointed,
consisting of representatives of the university, city hall (transport organiser), the entity
managing the bus stops, and the carrier providing public transport services. The inference
was carried out using the Delphi method, which was carried out in six steps. The process
of giving opinions included three rounds, leading to prioritisation. The research procedure
is shown in Figure 4.
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STEP 1 Preparing a form with a list of criteria and a place to indicate the priority
rEOUND I] r_ Experts are given a list of evaluation criteria and prioritized them _]
o according to their knowledge and experience _J
STEP 2 Separating consensus responses for all experts and contentious criteria
STEP 3 Preparing a Round 2 questionnaire that only prioritizes contentious criteria
STEP 4 Presenting to experts consistent answers and indicating the number of contentious
answers assigned to each priority for the remaining evaluation criteria
r_ROUND ? r Experts receive a questionnaire containing the contested criteria and_]
o prioritize them taking into account the results of the previous Round _J
Y
STEP 5 Separating the matching answers after Round 2, highlighting the contested criteria
o a0 _ _ ) o . N
~..pp ROUND 3 Discussing on contentious criteria and voting on prioritization
y
STEP 6 Assigning priorities to all criteria
Figure 4. Research procedure under the Delphi method.
As a result of the inference, three groups of criteria were distinguished, with different
consequences of not complying with them (vide Table 1). The results of the classification
were presented in Table 4.
Table 4. Prioritising individual assessment criteria.
Priority Symbol Criterion Number Criterion Description
P1 Cc7 Uniform surface of the bus stop

Low impact

The presence of a waiting area for people with limited

C13

C14 No stairs or high curbs in the bus stop area

C15 No stairs in the area for getting to the bus stop

Cle Presence of a DIP board with the ability to read aloud

1 Free possibility of joining the traffic during rush hour by

o7 The LoS (Level of Service) in the area of the bus stop
when changing passengers at the rush hour

28 The LoS (level of service) on the pedestrian route

adjacent to the bus stop at rush hour

C30 Curb elevation height relative to the rolling stock served

C31 Presence of cavities on the road in the bus stop area

C32 Presence of ruts on the road in the bus stop area

C33 Cavities in the surface of the stop area
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Table 4. Cont.

Priority Symbol Criterion Number Criterion Description
P2 2 The width of the bus stop is at least 3.5 m
Moderate impact C8 Lighting covering the entire bus stop area
C10 Lighting of the road on which buses run
C18 Pedestrian crossing in the close vicinity of the bus stop
(up to 10 m)
Cc22 Refuge island at a pedestrian crossing
C26 Type of bus stop
C34 Bordering on the immediate vicinity of the bus stop area
C35 The way of separating the area directly adjacent to the
bus stop
P3 C1 The length of the bus stop is at least 20 m
High impact C3 A bus stop without a curve
ca A 2 m wide strip along the edge of the bus stop without
infrastructure obstacles
C5 One lane in the direction of the bus
Cé One lane in the opposite direction of the bus
C9 Lighting the way to the bus stop
c1 A vertical road sign informing about the bus stop
12 At the edge of the platform, there is a surface with
caution paving tile
c17 Pedestrian crossing in the vicinity of the bus stop (up to
50 m)
C19 The presence of traffic lights at a pedestrian crossing or
the height elevation of a pedestrian crossing
20 Clearly visible horizontal road signs and correct vertical
road signs of pedestrian crossings
23 The infrastructure around do not obscure drivers the
bus stop
C24 Vehicles parked not less than 10 m from the bus stop
25 Advertisements in the area of the stop that distract
drivers
29 The permissible speed of vehicles in the vicinity of the
bus stop

Moreover, the proposed evaluation criteria have been classified into five groups that

define them. This division is presented in Figure 5. The division was made on the basis of
the following groups:

comfort of getting to the bus stop—all these evaluation criteria cover elements on the
way to the bus stop or in its immediate vicinity;

comfort of mobility in the area of the bus stop—a group including criteria related to
the dimensions of the stop platform and its infrastructure (including its condition);
surroundings of the bus stop—this group includes evaluation criteria related directly
to the surroundings of the bus stop, including, inter alia, elements of the accompanying
infrastructure as well as their technical condition;

adaptation of the stop to the needs of people with disabilities—a group that includes
all assessment criteria that directly translate into facilitating the use of bus stops by
people with disabilities;

road traffic in the surroundings of the bus stop—a group of evaluation factors relating
to parameters related to road traffic and its organization.
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BASIC DIVISION OF EVALUATION CRITERIA
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Figure 5. The basic division of evaluation criteria.

4.3. Module 3—Selection of Reference Bus Lines

Two fast lines, K and D, which meet the developed method requirements, were
selected as the reference lines. The characteristics of both lines are presented in Table 5.

And routes of the reference lines are shown in Figure 6.

Table 5. Characteristics of reference lines.

Line Symbol

Line Characteristics

starting and ending loops to Zakrzow (north-east of the city) and Klecina (south-west

of the city);

the route runs through the city centre;
essential points on the route considered to be the main traffic generators: City Hall
and Provincial Office, shopping malls, three universities;
the most important interchanges: Dominikanski Square and Grunwaldzki Square;
total number of stops 28 one way.

starting and ending loops to Gaj (south of the city) and Poswietne (north of the city);
the route runs through the city centre;
important points on the route considered to be the main traffic generators: bus and
railway stations, shopping malls, provincial hospital;
essential transfer junctions: Main Railway Station, Dominikanski Square;
total number of stops 24 one way.

It should be noted that only one of the bus stops (and only in one direction) on
both routes serves both reference bus lines simultaneously. For this reason, it should be
considered that the selection meets all the formal requirements set out in the model.
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Bus line

— D

— K

Figure 6. Map showing the route of both reference lines.

4.4. Module 4—Primary Data Collection and Module and 5—Analysis of the Results for Reference
Bus Lines

The stops on the reference lines were audited in early December 2020. In total, 85 bus
stops were assessed. The research was carried out during rush hours to determine the
traffic intensity in the vicinity of the bus stop and traffic users’ behaviour. The audit was
also repeated in the evening hours, due to which it was possible to assess the state of
lighting and visibility after dusk. The audit results show an extensive range of ratings
obtained by individual bus stops on each of the assessed lines. In the article, the numbering
of bus stops uses a three-level numbering system: X-A.B., where X is the symbol of the
line; A is the direction of travel (takes values 1 or 2); B is the order number of the bus stop
on the fixed route in the specified direction of travel. Based on the evaluation criteria, the
same evaluation of all identified bus stops was made. To present the evaluation example,
the Klecina bus stop was selected, served by the D line (D-1.04)—Figure 7. It is a bus stop
located along the road, through which a pedestrian and bicycle route runs. The bus stop
Klecina scored a total of 26 points out of 45 possible points. As a part of the assessment,
the bus stop did not meet the requirements for the following criteria: C8, C9, C12, C13,
Cl16, C18, C19, C28, C29, C34, and C35, and did not reach the maximum possible number
of points for the criteria: C26, C27, and C30.

Results of global assessments for individual bus stops are shown in Figure 8 for line D
and in Figure 9 for line K.

The analysis of the obtained results shows that the bus stops on each reference line
meet the assessed criteria in a diversified manner. The difference between the highest
and the lowest score obtained for the D line is 12.5 points versus 27 points, and for the
K line—15.5 points versus 26.5 points. Therefore, it can be concluded that the bus stops’
safety level is differentiated along the entire route served by both reference lines. The
existing diversification of the safety level at individual bus stops allows the classification
of the assessment criteria. If all bus stops were characterised by a similar level of fulfilment
of individual criteria, their classification in the matrix would be minimal. Simultaneously,
the registered differentiated safety level confirms the necessity of classifying the criteria,
which should determine the required actions to improve current solutions.
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Figure 7. Photo of bus stop D-1.04.
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Table 6 presents selected parameters relating to the assessed bus stops on the reference
lines. A comparative analysis of the results obtained on both lines shows that the obtained
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scores are similar. The average bus stop ratings for both lines differ by only 3%. However,
in the case of line D, there is a more significant standard deviation for the obtained ratings
of individual bus stops. On the other hand, the difference between the lowest scores in
both lines is 3, however, the highest scores differ by only 0.5. This means that, while the
best-rated bus stops are on a comparable level, the lowest-rated bus stop on line K is safer
by 3 out of 35 points compared to the lowest rated bus stop on line D. It is also worth
emphasising that, for both assessed reference lines, more than half of the bus stops were
placed above average.

Table 6. Selected evaluation parameters of bus stops on reference lines.

N Min Max Av De N (Av) N(CQ) N (CC-Av)
Line D 46 12.5 27 20.772 3.43 24-52% 7 2
Line K 40 15.5 26.5 21.725 2.90 23-58% 5 2

N—number of evaluated bus stops; Min—worst bus stop rating; Max—best bus stop rating; Av—average bus stops rating; De—standard
deviation from the average bus stops rating; N (Av)—number of bus stops with an above-average rating (expressed in numbers and
percentages); N(CC)—number of bus stops in the city centre; N (CC-Av)—number of bus stops in the city centre with an above-average

rating.

The reference lines were selected, among others, due to the serving bus stops located
in the city centre. Bus stops in this location should meet the highest safety standards due
to the many passengers and the fact that they are the city’s showcase for tourists. However,
it should be noted that, on both reference lines, most of the bus stops in the city centre
were rated below the average for a given line. Only two of the seven bus stops on line D
located in the city centre were placed above average. A similar situation occurs for line
K (two stops out of five situated in the city centre). It should also be noted that the third
lowest-rated bus stop on line D and the fourth on line K are in the city centre. These results
of the analysis already indicate that, in the case of the examined city, it is necessary to take
measures to increase the safety of bus stops in the city centre.

When comparing both reference lines, it is also worth paying attention to the level of
fulfilment of particular criteria by the bus stops serving them. Figure 10 shows these levels
divided into both lines.
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The level of fulfilment of particular criteria by the bus stops serving both reference
lines is mostly comparable. The average difference in meeting the individual criteria is
0.091. The most considerable differences in meeting the criterion were noted for:

C30: Curb elevation height relative to the rolling stock served—(0.33);

C35: The method of separating the area directly adjacent to the bus stop—(0.28);
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C19: The presence of traffic lights at a pedestrian crossing or the height elevation of a
pedestrian crossing—(0.25).

The same or very similar fulfilment level (up to 4% difference) was noted for the
criteria C10, C11, C13, C15, C16, C20, C 24, C26, C32, and C34. For 71% (25 out of 35) of the
criteria, the difference in filling on both lines did not exceed 10%, and for 37% (13 out of
35) it did not exceed 5%. Therefore, it can be assumed that the inference concerning the
classification of individual criteria based on the reference lines is correct.

4.5. Module 6—Development of the Decision Model

On the basis of the analyses performed for the bus stops on the reference lines, the
criteria were divided into the selected groups under the limits adopted in Table 2. Table 7
shows the number of criteria assigned to each group based on the reference lines’ bus stops
analysis.

Table 7. Qualification of the criteria according to the level of their fulfilment by the analysed group
of reference line’s bus stops.

Fulfilment Symbol F1 F2 F3 F4

Limits of fulfilment of the criterion <40% 40-59% 60-84% >84%
Reference line D 10 5 10 10
Reference line K 6 9 10 10

Based on the above qualification results and the priorities assigned to individual bus
stops, all criteria were set to the distinguished fields of the decision matrix. The results of
the division are shown in Figure 11.

F1 F2 F3 F4
PTG [T | oo [CHC
P2 6823(3351 8 026(;%2, C26 C10
R e e e o P

’ C23, C24

Figure 11. Assessment criteria classification matrix based on significance and frequency of occurrence.

Accordingly, the “critical criteria’ class includes 12 criteria, the ‘relevant criteria’ class
consists of 13 criteria, and the ‘to be monitored criteria’ class includes 10 criteria. The
detailed assignment of the distinguished criteria to each of the classes is presented in
Table 8.
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Table 8. Assignment of criteria to classes.

Class Symbol Dechlr?;s)iion CSI;:EI;E? Criterion Description
c4 A 2 m wide strip along the edge of the bus stop without
infrastructure obstacles
Cc5 One lane in the direction of the bus
Ce6 One lane in the opposite direction of the bus
C8 Lighting covering the entire bus stop area
L o c9 Lighting the way to the bus stop
K1 Critical Criteria C12 At the edge of the platform, there is a surface with caution paving tile
class C18 Pedestrian crossing in the close vicinity of the bus stop (up to 10 m)
C19 The presence of traffic lights at a pedestrian crossing or the height
elevation of a pedestrian crossing
C20 Clearly visible horizontal road signs and correct vertical road signs of
pedestrian crossings
C25 Advertisements in the area of the stop that distract drivers
C29 The permissible speed of vehicles in the vicinity of the bus stop
C35 The way of separating the area directly adjacent to the bus stop
C1 The length of the bus stop is at least 20 m
c2 The width of the bus stop is at least 3.5 m
C3 A bus stop without a curve
cn A vertical road sign informing about the bus stop
C13 The presence of a waiting area for people with limited mobility
o C16 Presence of a DIP board with the ability to read aloud
K2 Relevant Criteria C17 Pedestrian crossing in the vicinity of the bus stop (up to 50 m)
class C22 Refuge island at a pedestrian crossing
C23 The infrastructure around do not obscure drivers the bus stop
C24 Vehicles parked not less than 10 m from the bus stop
C26 Type of bus stop
C30 Curb elevation height relative to the rolling stock served
C34 Bordering on the immediate vicinity of the bus stop area
Cc7 Uniform surface of the bus stop
C10 Lighting of the road on which buses run
C14 No stairs or high curbs in the bus stop area
C15 No stairs in the area for getting to the bus stop
To Be Monitored C21 Free possibility of joining the traffic during rush hour by the bus
K3 Criteria class Co7 The LoS (Level of Service) in the area of the bus stop when changing
passengers at the rush hour
28 The LoS (level of service) on the pedestrian route adjacent to the bus
stop at rush hour
C31 Presence of cavities on the road in the bus stop area
C32 Presence of ruts on the road in the bus stop area
C33 Cavities in the surface of the stop area

The division of the evaluation criteria into the classes presented above will be taken
into account in the analysis of all bus stops assessed in module 7.

4.6. Module 7—Application and Verification of Model

The developed assessment method was verified based on analyses, the scope of which
covered all bus stops serving the fast lines in the studied city. These bus stops are usually
very busy due to the connection of essential traffic generators in the city. For this reason,
they should be characterised by a high level of safety, in particular in relation to the criteria
of class: critical, but also the class: relevant.

In addition to the selected two reference lines (D, K), bus traffic in the city is served
by three more fast lines with symbols: A, C, and N. A brief description of these lines is
presented in Table 9.
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Table 9. Characteristics of fast lines A, C, and N.

Line Symbol

Line Characteristics

starting and ending loops to Grabiszyn (south-west of the city) and Karlowice (north of the city);
the route runs through the city centre;

essential points on the route considered to be the main traffic generators: City Hall, shopping malls,
university, Provincial Office;

the most important interchanges: FAT, Arkady (Capitol), Kromera;

total number of stops 27 on one way or 28 on the second way.

starting and ending loops to Grunwladzki Square (north-east of the city) and Kozanow (north-west
of the city);

the route runs through the city centre;

essential points on the route considered to be the main traffic generators: three universities,
shopping mall;

the most important interchanges: Grunwaldzki Square, Dubois,

total number of stops 13 one way.

starting and ending loops to Huby (south of the city) and Psie Pole (north-east of the city);

the route runs through the city centre;

essential points on the route considered to be the main traffic generators: central railway station,
bus station, shopping malls, university, Provincial Office;

the most important interchanges: Main Railway Station, Dominikanski Square, Kromera;

total number of stops 22 on one way or 23 on the second way.

The performed assessment included 80 bus stops, among which 20 bus stops were
serving more than one line, including ten duplicates with reference lines. In addition, in the
assessed cases, a large discrepancy in individual bus stops’ safety on the assessed lines can
be observed. The ratings of the bus stops for individual lines are shown in Figures 12-14.
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Figure 12. Rating of bus stops for line A.
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Figure 14. Rating of bus stops for line N.

Table 10 summarises the most crucial assessment parameters for each line.

Table 10. Selected evaluation parameters of bus stops on fast lines.

N Min Max Av De N (Av) N(CQ) N (CC-Av)
Line A 43 14.5 27.5 21.59 2.71 22-51% 10 5
Line C 12 17 26 22.17 2.68 7-58% 3 2
Line N 37 14.5 27.5 21.89 2.61 19-51% 7 4

N—number of evaluated bus stops; Min—worst bus stop rating; Max—best bus stop rating; Av—average bus stops rating; De—standard
deviation from the average bus stops rating; N (Av)—number of bus stops with an above-average rating (expressed in numbers and
percentages); N(CC)—number of bus stops in the city centre; N (CC-Av)—number of bus stops in the city centre with an above-average
rating.

The shortest of the assessed lines is line C, which is served only by 12 bus stops along
the road or in the bay (island bus stops were not taken into account in the study, additionally,
during the research, some of the bus stops serving the line were under renovation due to
the construction of a new tram line). However, this line’s worst-rated stop is rated 2.5 better
than the other two fast lines. It is the opposite of the best-rated bus stops. In the case of
line C, the highest-rated bus stop obtained 1.5 points less than bus stops on the other lines.
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Bus stops on line A and line N obtained very similar results. The best and the worst-
rated bus stops obtained precisely the same score. There is little difference in the average
rating of all bus stops. However, it is worth noting that the scores obtained by both lines
are similar to the values obtained by the bus stops for the reference K line. The differences
between the best and the worst-rated bus stops on both these lines differ only by 1 point
from the K line results. On the other hand, the average rating of all bus stops and the
standard deviation is comparable.

Particularly noteworthy is that, in the case of reference lines, the share of bus stops in
the city centre, which received an above-average rating, was minor (two bus stops for each
line). More than half of the bus stops located in the city centre achieved above-average
scores in the remaining fast lines. This improves the global safety assessment of interchange
points in the city centre.

The performed assessment also functions to determine the level of fulfilment of critical
and relevant criteria by the bus stops. Concerning the deficiencies in these bus stop
parameters, it is necessary to take immediate or quick improvement actions. The levels
of fulfilment of these criteria by all bus stops on the assessed fast lines are presented in
Tables 11 and 12.

Table 11. Level of the fulfilment of each critical criterion by bus stops on a given line.

Fulfilment Critical Criteria and Bus Lines Fulfilling Them on a Given Level

Level C4 C5 Ceé C8 c9 Ci12 C18 C19 C20 C25 C29 (35

>84% C ACN
60-84% A A A AN
40-59% N CN ACN CN N C N ACN C
<40% AC A AN C ACN ACN

Table 12. Level of the fulfilment of each relevant criterion by bus stops on a given line.

Fulfilment Relevant Criteria and Bus Lines Fulfilling Them on a Given Level
Level cC1 C2 (€3 Ci11 C13 Cl6 C17 (C22 (C23 C24 C26 C30 C34
>84% ACN ACN ACN ACN C ACN CN
60-84% C A AN ACN
40-59% AN AN C AN
<40% ACN ACN C

Low fulfilment of the key criteria indicates the need to take immediate measures to
improve the inhabitants’ safety and quality of life. The results obtained in the evaluation
process for this group of criteria are very worrying. As one can read from Table 11, as many
as 7 out of 12 critical criteria are not met to a satisfactory level by the assessed fast lines.
Criteria C29 and C35 were rated the worst. For this reason, in the first place, in the vicinity
of bus stops serving all three lines, it is necessary to immediately introduce speed limits for
moving vehicles and appropriate separation of the area directly adjacent to the bus stop.
However, in other cases, quick action is required to increase bus stops’ safety level in these
critical areas. For the line A, this applies primarily to the C4, C5, and C12 criteria. Line
C stops need to be improved for ‘2 m wide strip along the edge of the bus stop without
infrastructure obstacles” and ‘Pedestrian crossing in the bus stop’s close vicinity (up to
10 m)’.

Among the critical criteria, the criterion regarding the presence of advertisements
in the area of bus stops that distract drivers from the road was rated the best (C25). The
lighting of the road to the bus stop (C9) can also be positively assessed, at least in relation
to lines C and A. In the case of line N, the bus stops already require improvement actions
in this area. It should also be noted that the highest level of meeting the critical criteria
was achieved for bus stops on the line A (the highest share of meeting the largest number
of criteria).
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The assessment of the essential criteria was much better. In the case of as many as 6 out
of 13 assessed criteria, more than 84% of all stops assessed on given lines met the criteria.
In the case of only two criteria, the level of fulfilment did not exceed 40%. Concerning the
criterion “The presence of a waiting area for people with limited mobility” and ‘no stairs or
high curbs in the bus stop area’, measures should be taken to improve the current bus stop
infrastructure. Action is also required regarding ‘Bordering on the immediate vicinity of
the bus stop area’.

The level of fulfilment of the required criteria was also assessed. Their fulfilment
level is important from the point of view of the future development of point infrastructure
and the response to changing trends in its design. The number of stops meeting these
requirements at a given level is presented in Table 13.

Table 13. Level of the fulfilment of each To Be Monitored criterion by bus stops on a given line.

Fulfilment To Be Monitored Criteria and Bus Lines Fulfilling Them on a Given Level
Level Cc7 C10 C14 C15 C21 Cc27  C28 C31 C32 C33
>84% A ACN ACN AN

60-84% CN C C ACN ACN
40-59% N N ACN ACN
<40% A AC

The fulfilment of the to be monitored criteria is also at a different level. Still, the
assessment results are much better than in the case of the critical criteria. For 4 out of
10 criteria, fulfilment on all assessed lines exceeded the level of 60%. In the case of only
two criteria, the fulfilment level was below 40% on the selected lines. Therefore, it can be
assumed that, in this case, only actions to improve ‘Free possibility of joining the traffic
during rush hour by the bus’ and “The LoS (Level of Service) in the area of the bus stop
when changing passengers at the rush hour” in the longer term, would be economically
justified at the assessed bus stops.

5. Discussion

Following the approach described by [8], when preparing the proposed method of
assessing bus stops’ safety, the authors did not use traffic crash data or traffic conflict
data, but focused on infrastructure elements of bus stops and the vicinity of bus stops,
which may affect the occurrence of dangerous events that threaten human life and health.
However, unlike studies such as [2,8,23], the aim of the authors was not only to determine
the level or index of safety for individual bus stops. The main focus was on developing an
appraisal procedure which, based on the appraisal criteria, prioritizes the necessary work
to improve the safety and quality of residents’ life. As a result, this method can be used not
only to audit the current bus stop infrastructure, but also to indicate guidelines for new
designed solutions.

The performed safety assessment should be universal in the case of selected safety
requirements, and, at the same time, meet the criteria defined and applicable in a given city.
For this reason, the categorisation of the evaluation criteria takes into account two stages of
the procedure:

e grouping the criteria according to the potential consequences of not complying with
them—ensuring the universalism of the method;

e  grouping the criteria according to their fulfilment by a group of reference bus stops—
ensuring the individualisation of the assessment carried out, taking into account the
specificity of a given city.

In the conducted research, the researchers decided to use the Delphi method at the
first stage of grouping the criteria to maintain the possible objectivity of the classification
procedure. Thanks to the creation of an expert group composed of representatives of
the public transport system stakeholders and a representative of science, the grouping



Sustainability 2021, 13, 8275

21 of 27

carried out procedures while taking into account the interests (point of view) of various
participants. Most of the evaluation criteria were unequivocally qualified already in the
second round of evaluation. Lighting criteria have become an important point of expert
discussion. Lighting is an important element of the infrastructure influencing the safety
of road users, which is confirmed by studies published in the literature [42,43]. It is
emphasized that lighting performs various functions, such as protection (safe movement in
the dark, better visibility) and orientation (facilitates orientation in the city space, facilitates
movement) [44]. In the proposed approach, there are three criteria connected to lighting:
C8, C9, and C10. The C9 criterion did not raise any doubts and in the first round it was
included in the P3 (high impact) group by all experts. However, in the case of the C8 and
C10 criteria, the experts had divergent opinions and it was only in the third round that
their qualification to group P2 (moderate impact) was finally established.

It should also be noted that the introduction of safety priorities as part of the first
classification allows for distinguishing those criteria, the fulfilment of which is crucial from
the point of view of reducing the risk of adverse events resulting in injuries and fatalities.
The criteria belonging to the P3 group are the basis for distinguishing critical criteria
(K1), the fulfilment of which becomes crucial when assessing the bus stop infrastructure.
However, the introduction of an additional classification, taking into account the level of
fulfilment of the criterion by bus stops on the reference line, allows taking into account the
safety requirements considered important by the transport organizer in the assessment
procedure.

The introduction of the method of the three-stage classification system of evaluation
criteria increases the flexibility of its application in any city. The key issue of the conducted
procedure is to distinguish those criteria that have a significant impact on the health and
life of traffic users. The qualification procedure carried out in the described studies, based
on a panel of experts, resulted in a universal division of criteria. As a result, it can be
adopted by other evaluation teams that decide to use the proposed method. At the same
time, through the implementation of modules 3-6, the results obtained in the evaluation
procedure will take into account the specificity of designing bus stops in a given city and
the safety standards applicable there. The only limitation in implementing this solution for
another city is the type of bus stop for which the methodology was developed.

As part of the discussion, it is also worth noting that two criteria from the ‘relevant’
group were not met by any of the assessed bus stops. These criteria are: C13 (The presence
of a waiting area for people with limited mobility) and C16 (Presence of a DIP board with
the ability to read aloud). These criteria have been recognized by experts as important from
the safety point of view, however, these solutions are not used in the assessed city. Persons
managing the bus stops infrastructure should consider the systematic implementation of
these solutions in order to meet the standards currently in force in Europe and to ensure
adequate travel comfort also for people with disabilities.

From the point of view of the bus stop zones’ safety, critical criteria play a special
role. Their fulfilment by the vast majority of bus stops in each city should become a
priority for those responsible for managing the public transport infrastructure. However,
the assessment carried out in the city shows that their fulfilment level by the current bus
stop infrastructure is at the lowest level in the analysed group of three classes of evaluation
criteria. Table 14 presents the share of meeting these criteria by bus stops on the assessed
fast lines. As part of the discussion, however, an additional analysis is justified comparing
the fulfilment level on each of the assessed lines separately, taking into account not only
the assessed lines, but also the reference lines. The summary of the obtained results is
presented in Table 14.
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Table 14. Percentage fulfilment of critical criteria by bus stops on all assessed bus lines.

Percentage Fulfilment of Critical Criteria by Bus Stops on Given Fast Lines [in %]

Line C5 Ceé C8 Cc9 Cl2 Ci8 C19 C20 C25 C29 (35
D 15 52 72 30 76 20 22 35 74 80 11 13
K 23 68 63 38 55 28 43 60 75 90 06 41
A 37 35 42 65 70 28 74 56 79 98 10 16
C 33 58 50 42 100 42 33 42 58 92 0 29
N 46 43 49 46 49 30 49 54 78 97 05 18

The analysis of the data presented in Table 14 shows a significant differentiation in the
fulfilment of individual critical criteria on the assessed lines. In some cases, such as C9,
the differentiation of the filling ranges from 49% to 100%. This indicates the necessity to
take actions aimed at developing and implementing a standard for designing bus stops,
leading to the bus stops meeting the required criteria, which is critical from the safety of
public transport users point of view. This standard should apply in particular to bus stops
serving fast lines.

The highest padding for all assessed lines was achieved for the C25 criterion (Adver-
tised in the area of the stop that distracts drivers). The lowest fulfilment of this criterion, at
the level of 80%, was recorded at the bus stops of line D. However, in the case of the remain-
ing lines, 90% or more of the bus stops of a given line met this criterion. The worst level of
filling was noted for the criterion C29, which concerned the assessment of ‘The permissible
speed of vehicles in the vicinity of the bus stop’. It should be noted, however, that this is a
requirement that can be relatively quickly implemented in the solutions assessed—it does
not require high investment outlays and interfering with the bus stop infrastructure.

The results of bus stops located in the city centre evaluation are also worth empha-
sizing. All rated lines have stopping points in the city centre, as their task is to connect
important traffic generators in the city. Bus stops in the city centre are its showpiece and
are characterized by high passenger traffic, as they are the main transfer points. For this
reason, they should be characterized by the highest level of safety. Figure 15 shows the
ratings obtained by the bus stops located in the centre versus the average rating of all rated
bus stops on the five lines.

350
300
25.0
20.0

15.0

number of points

10.0

5.0

STOPS IN THE CITY CENTRE for all lines Average

Figure 15. Rating of bus stops in the city centre.

As shown in the figure above, out of 18 bus stops located in the city centre, 10 were
rated below the average for all rated bus stops. This situation is particularly undesirable
due to the fact that some of these bus stops are major interchanges that handle large
passenger exchange traffic. For this reason, they should meet high safety standards. It
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should also be noted that two bus stops located in the city centre did not receive even
half of the possible number of points (score below 17.5 points). In addition, a detailed
analysis showed that the lost points were mostly related to the criteria belonging to the
critical group (in the case of a bus stop serving lines A (2.06), D (2.09), and N (2.17), as
many as seven high-impact criteria were not met, and in the case of bus stop serving line
K (2.07), five high-impact criteria were not met). Such a situation requires an immediate
response from the city authorities and the organization responsible for managing the bus
stop infrastructure. From the point of view of the public transport users’ safety, such
shortages cannot be allowed, especially in areas with such high traffic intensity as bus stops
serving the city centre.

6. Conclusions

The article presents a proposed method of assessing the safety of bus stops based on
the analysis of factors influencing safety. The method takes into account only the criteria
relating directly to the bus stop zone; however, the authors are aware that there are also
other factors determining the safety of passengers. One of such factors may be the location
of the bus stop, which determines the specificity of traffic flow in the stop area and its
intensity (proximity to intersections, location in the centre or on the outskirts of the city).
However, this evaluation criterion was not taken into account in the presented method. The
proposed approach assumes the need to standardize safety requirements, which should be
met by all bus stops located in the bay or along the road in a given city, regardless of their
location.

This method consists of seven modules of the procedure, which are described in detail
in the article. The proposed method has been implemented to evaluate the bus stops
serving fast lines in the selected city. A total of 151 bus stops located in the bay or along
the road were rated. The conducted implementation allowed for the verification of the
correctness of the adopted procedure and the usefulness of the obtained results.

The obtained results of the evaluation of bus stops and the fulfilment of individual
criteria should constitute the basis for the created schedules of the required ongoing work
related to the improvement of the safety of public transport passengers, but also the
creation of long-term plans related to the improvement of the quality of life of residents
and adapting to the changing safety requirements and passengers’ expectations.

The purpose of the described method is to audit the current bus stop infrastructure
and to prioritize the work carried out to increase the safety and quality of life of residents
and tourists using public transport in the city. For this reason, the obtained evaluation
results of bus stops and the individual criteria fulfilment should constitute the basis for
the created schedules of the required ongoing work related to the improvement of the
safety of public transport passengers, but also the creation of long-term plans related to
the improvement of the bus stop infrastructure and its adaptation to the changing safety
requirements and passenger expectations.

This method has been developed in such a way that the auditing and data collection
process can be carried out by people without extensive experience in the field of bus stop
infrastructure management. For this reason, a simple structure of the completed form
has been adopted (Appendix A). For the purposes of analysing the collected data, the
authors also created a spreadsheet that converts the input primary data as part of the initial
analysis. Thanks to this approach, the proposed solution is practical and can be quickly
implemented by both the organizer of public transport and the authority responsible for
managing the bus stop infrastructure in a given city. The published implementation of the
developed method may also serve as good practice for other cities that would be interested
in implementing this method in their improvement activities.

The presented method is dedicated to bus stops located in the bay or along the road. It
does not apply to island stops due to the different critical safety aspects. Therefore, its main
limitation is the lack of full universality when assessing bus stop infrastructure. However,
the specific safety aspects of both types of these bus stops justify the need for two separate
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dedicated assessment tools. For this reason, as part of further research, the authors plan
to similarly develop an assessment method for island bus stops. The proposed method is
used not only to assess the current state of stops, but also to assess the fulfilment of criteria
that give priority to future work related to increasing safety. However, it is also justified
to develop a tool focused solely on the assessment of the current level of safety. In this
case, the criteria qualified for individual classes should be given appropriate weighting,
which will reflect their importance for ensuring safety. Analyses in this area will also be
the subject of further research undertaken by the authors.

The development of the proposed method for the purposes of designing safe bus stops
should be focused on the aspects related to the sustainable development of a city. Increasing
the safety and comfort of travelling by public transport will translate into increased interest
in this form of travel by the inhabitants of a given agglomeration. For this reason, their
adaptation to the safety requirements of various groups of passengers should be examined.
The proposed model takes into account the basic criteria for assessing the safety of using the
bus stop by people with disabilities. However, there is potential for further development
of the method in terms of sustainable urban transport development.
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Appendix A
AUDITOR: DATE:
TIME:
NAME OF STOP: NUMBER OF STOP:
NO |Opis kryterium Answers

C-1 |The length of the bus stop is at least 20 m COMMENTS:

C-2 |The width of the bus stop is at least 3.5 m

C-3 |Abus stop without a curve

C-4 |A2 m wide strip along the edge of the bus stop without infrastructure obstacles

C-5 |One lane in the direction of the bus

C-6 |Onelane in the opposite direction of the bus

C-7 |Uniform surface of the bus stop

C-8 |Lighting covering the entire bus stop area

C-9 |Lighting the wayto the bus stop

C-10 |Lighting of the road on which buses run

C-11 |Avertical road sign informing about the bus stop

C-12 |At the edge of the platform there is a surface with caution paving tile

C-13 |The presence of a waiting area for people with limited mobility

C-14 |No stairs or high curbs in the bus stop area

C-15 |No stairs in the area for getting to the bus stop
C-16 |Presence of a DIP board with the ability to read aloud

C-17 |Pedestrian crossing in the vicinity of the bus stop {(up to 50m)

C-18 |Pedestrian crossing in the close vicinity of the bus stop (up to 10m)

C-19 |The presence of traffic lights at a pedestrian crossing or the height elevation of a pedestrian crossing

C-20 |Clearly visible horizontal road signs and correct vertical road signs of pedestrian crossings

C-21 |Free possibility of jeining the traffic during rush hour by the bus

C-22 |Refuge island at a pedestrian crossing

C-23 |The infrastructure around do not abscures drivers the bus stop

C-24 |Vehicles parked not less than 10 m from the bus stop

C-25 |Advertisements in the area of the stop that distract drivers
C-26 (Type of bus stop [ ] [ 111 ]
C-27 |The LoS (Level of Service) in the area of the bus stop when changing passengers at the rush hour

C-28 |The LoS {level of service) on the pedestrian route adjacent to the bus stop at rush hour

C-29 |Permissible speed of vehicles in the vicinity of the bus stop

C-30 |Curb elevation height relative to the rolling stock served

C-31 |Presence of cavities on the road in the bus stop area

C-32 |Presence of ruts on the road inthe bus stop area

C-33 |Cavities in the surface of the stop area

C-34 |Bordering on immediate vicinity of the bus stop area

C-35 |The way of separating the area directly adjacent to the bus stop ] ]

COMMENTS:
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