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Abstract: Safety is one of the most important needs of all people, but especially those with limited
mobility, who face barriers of all kinds on a daily basis. The article includes a review of organizational
and legal solutions for the safety of people with special needs in public transportation, as well as
preliminary research aimed at identifying and classifying barriers in public transportation that limit
the independent movement of people with special needs. The obtained results will be used in the
development of the methodology for assessing the degree of accessibility of the studied objects and
will form the basis of guidelines formulated in order to modify the existing and design the future
elements of the transport system according to the principles of universal design. The problem of the
lack of accessibility of public transport is the center of interest of many entities. Its solution requires
a complex approach in the design process, taking into account both engineering knowledge and
knowledge of the needs and constraints of different user groups. The results obtained from the study
will allow the categorization of public transport modes in terms of their accessibility.
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1. Introduction

People with disabilities have the right to live independent, self-determined and active
lives. In particular, they also have the right to access goods and services that enable
them to participate fully in society, whether this be through education, employment or
private life. Equal and safe access should be provided first of all to the public transport
system: infrastructure or suprastructure [1–3], which is the subject of, among others, the
considerations of this article. Obviously, the presented issues are only one aspect of the
larger problem of access to the public transportation system, the lack of which causes the
greatest social exclusion, making it impossible to get to work, to school and to function
normally in private life [4]. This exclusion also has a financial dimension—being forced to
use a car, people with disabilities are at the same time forced to bear significantly higher
costs of living.

Transport safety in all types of transport is one of the basic demands of all its users.
However, in this area, users with special needs are not always taken into account, although
according to the Constitution of the Republic of Poland all citizens have equal rights. Facil-
itated access to transport services and greater mobility are important factors in reducing
discrimination against people with disabilities [5–7]. Major documents include:

• Standard Rules for Equalization of Opportunities for Persons with Disabilities—the
UN Standard Principles [8], although not legally binding, have become a basic doc-
ument, customary law, used in the development of policies of many organizations,
states and local authorities on disability issues. The Principles refer to basic actions
that should be taken by authorities at different levels of governance to improve the
lives and activities of people with disabilities. The central tenet of the Standard Prin-
ciples is equality of opportunity as a fundamental human right. However, it should
be noted that people with disabilities sometimes need more support from society to
be able to achieve the same goals in their lives as people without disabilities. Thus,
support for people with disabilities should not be perceived as a privilege, but as a
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human right. The Standard Principles consist of 22 principles, 15 of which formulate
guidelines for disability policy and proposals for concrete actions. They identify
important principles for accountability, taking action and cooperation and highlight
areas that are critical to quality of life and achieving full participation and equality.

• The Barcelona Declaration—A valuable initiative based on the Standard Principles
was the adoption of the Barcelona Declaration by 56 representatives of European cities
at the 1995 Conference on “The City and the Disabled”. The Barcelona Declaration,
like the Standard Principles, is a universal policy document for local authorities and is
based on fundamental human rights, the equal enjoyment of all aspects of public life,
including the right to participate independently in all local community events. The
purpose of the Barcelona Declaration is to encourage local authorities to implement in
their local legislation provisions on the inclusion of people with disabilities in their
society. This project provides an opportunity for local government representatives to
create a policy for the development of localities, in consultation with organizations
of people with disabilities. In a nutshell, the commitment of local authorities can be
defined as the active promotion of the principle of universal access in public policy-
making, based on equal opportunities for people with disabilities to participate in the
economic, social and cultural life of their locality [9].

• United Nations Convention on the Rights of Persons with Disabilities—The Conven-
tion on the Rights of Persons with Disabilities is one of the most recent and probably
most important international documents, which strongly emphasizes the necessity of
guaranteeing equal rights and opportunities for people with disabilities. The adoption
of the Convention is mainly due to the representatives of the disabled community,
who have fought on the international arena for a document comprehensively address-
ing their rights [10]. The Convention stresses the importance of universal design
and the need for individual countries to standardize spatial solutions that would
ensure accessibility for all users. A definition of communication appears in the pro-
visions of the Convention, and it means: “languages, projected text, Braille, tactile
communication, large print, accessible multimedia, as well as the means of commu-
nication: written, auditory, expressed in simple and intelligible language, read by a
reader, and assistive and alternative modes of communication, means and formats,
including accessible information and communication technology.” The convention
emphasizes the importance of information in expanding the accessibility of public
spaces for better information, including information about space for people with
limited perception [10].

However, the accessibility of public transport is often not fully taken into account in
the planning, design and implementation of transport policies [11–13]. Accessible transport
is particularly important for people with disabilities, as it ensures their independence.
It also benefits other groups of passengers such as the elderly, mothers with pushchairs,
etc. [14]. Despite the increased sensitivity to these problems, there is still a lot of work to be
done by decision makers and designers in this area.

With regard to infrastructure and vehicles, the concept of universal design is cited
as an example of a good approach to adapting infrastructure and vehicles. This design
aims to promote equality and ensure the full participation in society of people with re-
duced functionalities by removing existing barriers and preventing the emergence of new
ones [15]. According to this concept, design is done according to the following criteria:

• Usefulness for people with different abilities;
• Flexibility in use;
• Simple and intuitive to use;
• Readable information—tolerance for errors;
• Comfort of use without effort;
• Size and space suitable for progress and use.

In the case of public transport, universal design has an impact on the accessibility
of the public space and the possibility of reaching the stop [16]. The accessibility of
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train stations, bus stations, change points and public transport stops is also important.
Differences in accessibility are visible in the area of individual territorial units, but also in
individual modes of transport [17,18]. The article presents the research problem, research
methodology and preliminary survey results. The assumed final effect of the research will
be the developed method for the assessment of the degree of accessibility of the studied
objects and the formulation of guidelines aimed at modifying the existing and designing
the future elements of the transport system in accordance with the principles of universal
design [19,20].

2. Research Problem

People with special needs face a number of difficulties which vary according to the
type of constraints they face, although the public transport system should provide barrier-
free access. The proper functioning of the system depends on its subsystems, which should
meet accessibility requirements [21]. Safety can be defined as the lack of states of threat to
human health or life, as well as the lack of material, environmental and economic losses
as a consequence of hazardous events [14,22]. The threats to safety in public transport
can be divided into two groups: threats resulting from the behavior of users and threats
resulting from the state of the transport system. The first group includes the behavior of
travelers, drivers or bystanders. The second group includes insufficient (or inadequate)
vehicle equipment, poor condition of vehicles or low technical level of infrastructure (e.g.,
bus stops) [22,23]. These threats do not necessarily have to be felt by efficient users, but
for people with reduced mobility, they can be barriers to the use of transport modes or
significantly reduce their sense of safety. The safety of people with disabilities using urban
transport covers many issues such as getting to a stop, boarding, traveling or getting off.
The analysis of this issue is usually limited to motor disability. However, this is not a
complete picture—the concept of transport safety for people with disabilities should be
understood much more broadly [24,25].

According to Regulation (EU) No 181/2011 of the European Parliament and of the
Council of 16 February 2011 on the rights of passengers in bus and coach transport, a
disabled person is ”any person whose mobility when using transport is reduced as a result
of any physical disability (sensory or locomotor, permanent or temporary), intellectual
disability, impairment or any other cause of disability, or as a result of age, and whose
situation needs appropriate attention and adaptation to his particular needs of the services
made available to all passengers” [26]. In contrast, a passenger with reduced mobility
is defined as any passenger having difficulties when using public transport, such as a
disabled person (including a person with sensory and mental disabilities, a wheelchair user,
a person with reduced mobility, a person with low height, a person with heavy luggage, an
elderly person, a pregnant woman, a person with shopping trolleys and a person with a
child, including a child seated in a pushchair) [11,27–29].

Formulation of the Research Problem

The aim of the research is to improve the accessibility of public transport modes and
infrastructure. The authors adopted the existing definition of accessibility, formulated in
the law, as “a property of the environment (physical space, digital reality, information and
communication systems, products, services, including transportation) that allows people
with functional (physical, cognitive) difficulties to use it on an equal footing with others”.
The following hypothesis was formulated: “defining guidelines to ensure accessibility of
transport systems will allow to identify existing barriers and to define corrective actions
in accordance with the principles of universal design”. An important result of this work
will be a set of requirements for newly designed and modernized elements of transport
systems and transport infrastructure objects. The developed guidelines will form the basis
of a method for evaluating the accessibility of public transportation systems for people
with special needs. Building the method requires the following actions:

1. Knowledge acquisition through:
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• Reviewing existing standards and guidelines for the design of accessible public
transportation systems.

• Surveys—An appropriate representative group of people with reduced mobility
(wheelchair users, blind people, elderly people) will be selected at this stage.
Questionnaires/control lists will be developed to identify problems faced by
people with special needs when using public transport infrastructure and vehi-
cles. The questionnaires will consist of closed questions with the possibility to
add comments.

• Participant Observation—Observers will accompany people with special needs
on typical city trips. The collected data will allow for a preliminary assessment
of the level of adaptation of infrastructure and vehicles to the needs of people
with reduced mobility. Both the good solutions and the bad ones that generate
various types of barriers limiting the possibility of independent use of public
transport will be identified.

2. Categorization of data according to the needs of people with different needs.
3. Definition of criteria for accessibility levels.
4. Formulation of a final evaluation assessment.

The developed method will be verified in real conditions in selected areas of the public
transport system. The proposed form of verification is experimental research. Routes will
be selected that include all types of public transportation in Warsaw, such as: suburban
railroads, subways, buses and streetcars. Each route will be evaluated according to the
proposed method and then the evaluation will be verified with people with different
limitations using the same routes. The participants of the study will be able to inform the
researcher, who will accompany them, about the problem or give their observations at any
time. The involvement of the direct stakeholders in the research and their evaluation have
a great impact on the reliability of the developed assessment.

The following subsections outline the basic requirements for ensuring accessibility in
public transportation systems for both means and infrastructure.

3. Preliminary Research

The stage of acquiring knowledge includes a review of the existing standards and
guidelines for the design of public transport systems adapted to the needs of disabled
people. The presented literature review was aimed at systematizing the requirements
adequately to the analyzed element of the transport system and thus the identification of
typical barriers. The selected requirements are presented in this section [30,31].

3.1. Means of Transport Solutions

In accordance with the principles of sustainable transport, people with disabilities
are an important group of passengers and should always be taken into account on an
equal level with other user groups [11]. The action taken in this area is reflected in the
Act on Public Transport of 16 December 2010, which contains guidelines concerning the
needs of people with disabilities in terms of accessibility of services and adaptation and
introduction of modern technical solutions. An example of such actions may be, among
others, ensuring convenient location of special seats and additional equipment in public
transport vehicles [32,33].

In accordance with Regulation No 107 of the Economic Commission for Europe of the
United Nations (UN/ECE), a wheelchair space may be combined with a fold-out pushchair
or child stroller. This space must be marked with a graphic symbol or an inscription reading
as follows: “Please give up the space for a wheelchair user”. Folding seats may be fitted in a
wheelchair space but shall not restrict this space when folded. A vehicle may also be fitted
with removable seats fitted in the wheelchair space. However, this requires additional
activity on the part of the vehicle attendant if they need to be removed. A special area shall
be provided for each wheelchair user in the passenger compartment at least 750 mm wide
and 1300 mm long (Figure 1). The floor surface of the special area shall be slip resistant and
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the maximum slope in any direction shall not exceed 5%. In the case of rearward-facing
wheelchairs, the slope in the longitudinal direction shall not exceed 8% provided that the
floor plane inclines upwards towards the rear part of the special area. In the case of a
wheelchair space designed for a forward-facing wheelchair, the top of preceding seat-backs
may intrude into the wheelchair space if a clear space is provided [34].
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Figure 1. Minimum clear space for a wheelchair user in a vehicle (dimensions in mm) [34].

In addition, the wheelchair space shall be fitted with a backrest perpendicular to the
longitudinal axis of the vehicle. The lower edge of the backrest shall be not less than 350 mm
and not more than 480 mm measured vertically from the floor of the wheelchair space. An
example of a backrest meeting the normative requirements is shown in Figure 2 [34].
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The vehicle shall also be equipped with devices to facilitate boarding and alighting
(e.g., ramps) (Figure 3). The usable area of the ramp shall be at least 800 mm wide. The
slope of the ramp, when extended or folded out on a curb of 150 mm in height, shall not
exceed 12% and the slope of the ramp, when extended or folded out on the ground, shall
not exceed 36%. Where the ramp is more than 1200 mm long when ready for use, it shall be
fitted with a device to prevent the wheelchair from sliding sideways. The standard ramp
shall be designed for a load of 300 kg. The outer edge of the ramp surface shall be clearly
marked with a colored tape 45 mm to 55 mm wide in contrast to the rest of the surface.
The colored tape shall extend over the outermost edge and along both edges parallel to
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the direction of travel of the wheelchair. Markings are permitted to indicate where there
is a risk of rollover and where part of the surface of the ramp forms a step. A portable
ramp shall be secured when in the ready for use position. An appropriate place must be
provided where the portable ramp can be stowed and ready for use [23]. The ramp may be
manually or mechanically retractable. In the case of a power-operated ramp, its extension
and retraction shall be indicated by flashing yellow lights and an audible signal. When
pulling out and retracting the ramp which is liable to cause injury, protective devices shall
be operative [34,35].
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Figure 3. Example of a folding ramp on WKD trains [36].

It is also important to have appropriate marking on the outside and inside of vehicles
accessible to people with disabilities, with external signs visible both to the front on the
right/left side of the vehicle and near the service door (Figure 4). Pictograms used shall
be placed directly adjacent to each wheelchair space, indicating whether the wheelchair is
to face forwards or backwards or in priority areas for passengers with reduced mobility
(person with reduced mobility, elderly person, blind person, pregnant woman and person
with child). The vehicle should also be equipped with appropriate buttons (stop, door
release, assistance) [34,37,38].
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users; (b) a graphic symbol for passengers with reduced mobility other than wheelchair users; (c) graphic symbol for the
space for a pram and pushchair [34].

In addition, there should be one in every public transport mode [37]:

• Appropriate locations for communication equipment inside and outside the vehicle;
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• Additional lighting outside the vehicle (allowing faster line identification);
• Doors of a width sufficient for the wheelchair to enter and to be fitted with addi-

tional handles and handrails of appropriate coloring, marking of the edges of stairs
and landings;

• Audio-visual passenger information systems.

Although there are legal acts governing the compulsory equipment of public transport
adapted to persons with special needs, vehicles which are either totally unsuitable or only
partially adapted are still in operation. According to NIK, poor accessibility of public
transport for people with disabilities results mainly from unreliable analyses conducted
by cities as to the actual transport needs of residents, including people with disabilities.
In none of the 10 cities visited was any provision made for disabled persons to use public
transport at the same level of accessibility as for non-disabled persons. Only 4 of the
10 cities visited consulted disabled people in their transport plans [27]. Vehicles equipped
with these systems are quite often used, but their installation or location is incorrect and,
as a result, instead of making it easier for people with disabilities to transport, they even
make it difficult and a barrier for them to do so. Another situation is the problem with the
use of ramps. Most of them are operated manually by the driver of the vehicle and there
are situations where the driver, due to delays or other factors, refuses to assist in ejecting
the ramp, forcing a person with reduced mobility to ask for help from other users or to
stop traveling. Another problem is the number of wheelchair accessible places. There is no
legislation regulating the recommended number of wheelchair users, they only specify a
minimum number, i.e., one. When a vehicle is used by more than one preferred passenger,
usually one of the users travels without any security measures [33,39]. Ensuring efficient
evacuation from the vehicle of passengers in an emergency, especially those who are
able-bodied and not self-reliant, is also an important consideration.

Evacuation planning is finalized to reduce exposure risk; it comprises a set of different
activities [40]. It allows one to analyze the exposure component of risk and works to
prepare and to implement activities to reduce risk. The main measure to reduce exposure is
evacuation, which consists of reducing the number of users and goods that can experience
negative effects when emergency events occur [41]. People with disabilities cannot take all
the routes accessible to people without disabilities because of their disabilities, attached
equipment, lower speed, and larger space requirement. This results in more challenges and
slower movements for them during emergency evacuations in comparison with people
without disabilities. Here are some basic techniques of emergency evacuation planning for
the disabled (categorized by type of disability) [42]:

• Hearing Impaired—the most significant problem during emergencies for the hearing
impaired is immediate notification of the emergency. Emergency alarms should
incorporate a distinct visual signal as well as audible signal to alert persons with
hearing difficulties. People with no hearing disability can temporarily lose their
hearing if a loud sharp noise occurs such as an explosion. Designing alarm systems and
search and notification procedures with the idea that normal communication modes
might not be effective will provide a facility the means of communicating danger
and necessary actions to the hearing impaired. Another problem encountered by the
hearing impaired is their inability to ensure their communication of an emergency
has been received. When using telephones or other communication devices, they
cannot see the intended recipient. Special procedures should be implemented to
allow the hearing impaired to communicate that an emergency situation exists and/or
obtain assistance.

• Speech Impaired—in emergency situations persons with speech impairments are
not only limited by their own disability but also limited by the inability of others to
recognize they are trying to communicate non-verbally. Under normal circumstances
the techniques employed by speech impaired persons to communicate their needs,
wants and desires are effective when the recipient provides adequate focus on the
communication. In emergencies, employees must be trained to take the necessary
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time to understand the ideas being communicated. The employee must be trained to
take the few seconds required to calmly attempt to receive the communication. The
disabled person may have knowledge of a hazardous condition or location of persons
needing assistance.

• Visually Impaired—as with hearing- and speech-impaired persons, visual impairment
runs a wide spectrum. To assist persons with limited sight ability the following
techniques will be helpful:

• Install phones with large button faces and numbers. Numbers should be of a
significant contrast to the button face to facilitate recognition.

• Signs and emergency directions should be large print and in colors that do not
preclude recognition by persons with color blindness.

• Install Braille imprints on all doors.
• Provide Braille or verbal emergency instructions for visually impaired employees

and guests.
• Provide familiarization tours for the visually impaired.

Providing proper sensitivity training for employees can prevent inappropriate behav-
ior. It has been noted that some people have a tendency to speak louder and more
slowly to visually impaired persons. This is an inappropriate reaction on their part in
their attempt to deal with their misconception of visual impairment.

• Mobility Impaired—while persons restricted to wheelchairs may be the most limited,
accommodations must be made for all types of mobility restrictions. These restrictions
may include conditions that require the use of crutches, canes, walkers, and people
with motor dysfunction and health problems that limit mobility. Evacuation of people
with mobility impairment is compounded by the nature of emergency route design.
Stairwells used in lieu of elevators present the largest obstruction for evacuation.
Employees need to be trained in techniques for assisting the mobility impaired. This
includes knowing their own physical limitations and ascertaining the mobility im-
paired person’s condition and preferences by asking them. Adequate and proper
emergency equipment should be staged at strategic locations throughout the facility
to enable not only employees to assist the disabled but also for use by emergency
professionals that may respond to the scene.

• Mentally Impaired—effective communication of the need to evacuate may be ham-
pered if employees are not calm and persistent in their efforts to assist the mentally
impaired. Though it is not always the case, some mentally impaired people may react
to an emergency in an unexpected manner. Employees should be trained to handle
unexpected behavior and provide the proper assistance attention to these people
during evacuation. Additionally, they should be trained to be sensitive to mentally
impaired persons attempts to communicate information or questions.

• Elderly Persons—determining the limitations of an elderly person is sometimes dif-
ficult. The normal aging process causes diminished physical and mental abilities.
Elderly persons may have all or some of the impairments discussed earlier. Ac-
commodations that are designed for the disabled may be used successfully for the
elderly. It should be noted that the percentage of elderly persons in Poland is growing
dramatically larger.

• Children—they are normally provided close supervision by parents, or other responsi-
ble adults, who provide explicit direction for their daily activities. During a situation
that requires emergency evacuation, children cannot be expected to understand or
comply with directions designed for adults. If they have become separated from their
caregivers, their link to appropriate action has been severed and they will require
special assistance.

In addition, the following is a set of measures that should be implemented in transport
infrastructure buildings where people with disabilities are present [43]:
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• Fire-resistant compartmented spaces, with more exits, easy opening doors, even for
wheelchair users;

• Escape routes, as wheelchair users cannot escape up steep stairs on their own in case
of emergency, but can wait for security personnel to arrive;

• Installation of safer lifts that can be used even in emergency situations (with generator
power, more fire-resistant wiring, fresh air supply and fume extraction);

• Controlling emergency alarms by regulating the flow of occupants along escape routes,
minimizing the possibility of bottlenecks;

• Creating easy means of communication between places where disabled people are
present and other actors in the surrounding community who can come to their aid;

• Enabling people with disabilities to be involved in emergency preparedness and response.

3.2. Transport Infrastructure Solutions

It is not only adapted public transport modes that make public transport accessible
to people with special needs. Equally important is the impact of stop infrastructure [44].
A public transport stop is defined as a place for passengers to board or alight on a given
transport line, where information concerning in particular departure times of means of
transport is placed, and, in road transport, marked in accordance with the provisions of
the Road Traffic Law (a public transport stop may be a part of a station, interchange or
terminal) [45]. The organizer of public transport is obliged to ensure appropriate conditions
for the functioning of public transport, in particular with regard to the standards for public
transport stops. Within the framework of these standards, it is possible to determine the
conditions of accessibility of public transport stops for the blind and partially sighted, deaf
and partially deaf as well as deaf-mute [27]. The location of the stop and its surroundings
depend on many functional and urban factors. Accessibility of the stop for people with
disabilities means first of all the elimination of architectural barriers in the immediate
vicinity of the stop, especially in its connection with the most frequented pedestrian routes.
It is also important to adapt the pedestrian crossings, usually located near the stops. Their
proper adaptation means lowering curbs, installing convex surfaces (e.g., slabs with piping)
before entering the roadway and when crossing tram tracks, equipping the crossing with
light and sound signals [46,47].

Adequate adaptation of the stop infrastructure should include many elements. The
comfort of waiting for a vehicle depends on the construction and equipment of the stop
itself [44]. Some of the conditions that it should meet are [48]:

1. Protection (separation) from automobile traffic.
2. A level stopping surface on which passengers waiting for a vehicle can move.
3. Infrastructure equipped with ramps and lifts.
4. Adequate stopping space not interfering with pedestrian traffic.
5. Station equipment should not interfere with movement on the station platform, nor

with access to the timetable or passenger information board.
6. Stairs, gauges and edges of platforms shall be adequately marked by the use of

appropriate colors and materials within the available infrastructure and by lighting
in enclosed facilities.

7. Lighting and hands-free facilities to inform passengers of departures or delays
of vehicles.

8. Sufficiently large shelter to protect the waiting public from the weather.

The appropriate design of stops and the positioning of infrastructure elements within
them is very important. Regardless of the regulatory requirements, the minimum needs of
wheelchair users must be taken into account (Figure 5). In the case of existing reconstructed
pavements, the regulations allow the width to be limited to 125 cm and 100 cm, respectively,
but only at a width of 150 cm will such persons be able to turn around and pass by an
able-bodied person, and at a width of 180 cm it is possible for two people in wheelchairs
to pass by. When designing the width of communication routes, one should not forget
about the needs of people with visual impairments, for whom excessive width means
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difficult orientation. Small architecture and other outdoor equipment should be positioned
so as not to hinder the movement of people with reduced mobility and blind and partially
sighted people.
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Ground stations to which the road leads through an underground passageway or
footbridge must be equipped with an appropriate system of ramps, lifts or platforms. The
choice of the right solution depends on the difference in height between the ground level
and the stop and the available space. In the case of a small difference in level, the most
common solution is to use ramps that are simpler to build and almost cost-free to operate,
but that take up more space. In the case of a large difference in levels, lifts or platforms
are used. Ramps should be of sufficient width (at least 1.2 m) and slope (maximum 6% for
ramps longer than 1.5 m) to enable people with disabilities to move in both conventional
and electric wheelchairs. Their surface shall not be slippery even when wet, so that persons
moving on them are not at risk of slipping or falling. For ramp lengths of more than 9 m,
a slope of at least 1.4 m must be used. It is also very important to install a handrail at a
suitable height. When using lifts and platforms, remember to place the buttons for their
operation at a height accessible to a person in a wheelchair. It is also important to remember
to equip the push-button panel with Braille alphabet marking, so that blind people can
use them by themselves. It is worth noting that the production of a “signboard” with and
without Braille markings costs exactly the same, so the assembly of this element does not
require any additional costs [50]. When designing the lift at the stop, the width of the
communication space should be adjusted to the expected traffic intensity. The cabin of a
lift intended for a disabled person must not be smaller than 110 × 140 cm. In practice, its
size should also depend on other factors, such as the location of the door on the shorter or
longer wall of the cabin, the number of doors and their location, the distance between the
door and the corner of the cabin. The dimensions of the lift cabin must not be less than [50]:

• 110 × 140 cm—with doors located on the shorter side of the cabin (also for pass-
through doors).

• 150 × 150 cm or 140 × 160 cm—cabs in which it is necessary to turn the trolley, e.g.,
two pairs of doors located on the perpendicular walls of the cab are designed.

• 130 × 170 cm—at doors located on the longer side of the cabin, close to the corner.
• 130 × 200 cm—door placed on the longer side of the cabin, in the middle of the wall.

The name plates of the stops should be written as large as possible, preferably in
simple sans serif font, and should always be placed in the same place at the stop. The same
requirement applies to line number plates stopping at a given stop. The timetables should
include: full information on departure times, a description of the route with a list of all
stops and the time of travel, as well as information allowing to know at which stop we are
currently at and in which direction a given line leads. It is very important that the font
should be as legible and large as possible as far as the available space at the stop allows.
It is also very important for people with disabilities, both wheelchair users and visually
impaired people, to place timetables in such places and at such a height that they can read
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them. Boards should not be placed under a shelter above benches or in other difficult to
reach places, as this location prevents people with visual impairments or wheelchair users
from reading. For the same reasons, plates should not be too high either. An important
element facilitating the use of public transport for the blind is the introduction of voice
information at stops. More and more often, electronic boards are used for this purpose,
informing about the order and time of arrival of particular lines and waiting time. Modern
systems of this type are also equipped with a hands-free car kit that can be activated by a
blind person using a button. It is also worth noting that such modern boards can be very
useful for deaf-mute people, because they can also provide current information on sudden
changes in routes, or changes in the platform to which the expected train will arrive [51,52].

More and more often we encounter stop infrastructure adapted to people with special
needs. This applies to both newly built and modernized stops. Unfortunately, many of
them located outside cities do not meet these requirements [53]. This also applies to stations
located in cities, where many barriers can be encountered. Most often these are not working
elevators or platforms. These elements can sometimes be excluded from use for many
months. For many people, this means that they cannot use public transport. An additional
problem is the lack of the possibility of “spontaneous” use of transport, because the need
for a travel assistant must be reported to the station by a person with a disability at least
48 h before the journey. Another common problem is that the infrastructure is not adapted
at all to the needs of blind people, so they have to ask for help from other passengers in
many situations. There are many examples of inadequate or poorly adapted infrastructure.
When combined with unavailable rolling stock, there is a situation in which a disabled
person has very little sense of safety when traveling or cannot travel. The solution to these
problems can be universal design.

3.3. Barrier Classification

The aim of this part of research is to identify and classify barriers in public transport
that limit the independent mobility of people with special needs. A person with a disability
due to health or physical limitations has natural barriers to perform basic activities. There
are also barriers that are imposed by the environment in which these people function
(architectural barriers, communication barriers, etc.). These barriers aggravate the disability
of people who cannot overcome the difficulties they encounter on their own and who
face social isolation. The literature lists many classifications of barriers for people with
disabilities. One of the most popular is the classification of R. W. Smith (1987), which is
followed by three groups of barriers: real, environmental and interactive, as presented in
Table 1.

Table 1. Barriers classification by R. W. Smith [22].

Classification by R. W. Smith

Actual Barriers Environmental Barriers Interactive Barriers

• lack of knowledge, ignorance
of opportunities,

• health problems limiting daily activities,
• lack of adaptation of the disabled in the

area of social communication,
• psycho-physical dependence of disabled

people on other people.

• attitudes on the part of
the non-disabled,

• architecture,
• environmental barriers related to

environmental conditions,
• transportation,
• legislative laws and regulations.

• mismatch between the abilities
of the disabled and the type and
form of activity,

• limited communication of
the disabled.

A different approach to the classification of barriers takes into account their division
from the point of view of disability and occurrence in transport, as shown in Table 2.

One of the stages of building the author’s method of assessing the level of accessibility
is to develop a classification based on existing scientific publications and adapted to Polish
realities. For this purpose, an anonymous survey was used as one form of information
gathering. The first studies focused on blind and visually impaired people. Blind and
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partially sighted people have specific needs and requirements for elements of urban
infrastructure and means of transport. Opinions were obtained from online surveys
and phone calls.

Table 2. Barriers for people with disabilities in transport [22].

Persons with mobility problems

• problems with climbing stairs and steps,
• slow movement,
• ease of fatigue,
• balancing problems, especially in a moving vehicle,
• the risk of injury in a moving crowd,
• difficulty moving on an unstable surface,
• no ramps, no railings.

Wheelchair users

• uneven, bumpy or broken surfaces,
• soft surface, like gravel, sand,
• crossing curbs and steps when there are no ramps or railings,
• high-floor buses and trams,
• no platforms,
• high-pitched buttons.

Persons with problems in
performing manipulative activities

• operation of buttons, doors, switches or ticket vending machines
• arrangement and shape of the handrail

Persons with visual disability

• identification of changes in driving directions,
• identification of the level and type of hazard, such as the edge of the platform,
• distinguishing between traffic areas and pedestrian areas,
• identification of the bus or tram number,
• detection of approaching vehicles,
• purchase of tickets,
• getting information about the timetable,
• vertical signs on the pedestrian crossing route,
• size, color, contrast and backlighting of the characters,
• information about stop names and current position,
• safe obstacle clearance,
• too little light in the bus stops

Persons with hearing disability • voice announcements for the next stop, alarm messages informing about the threat,
• information on the approaching vehicle.

Persons with mental disabilities
• finding your way in an unfamiliar environment; interpretation of signs and

information; dealing with unpredictable changes, such as a canceled tram, bus; dealing
with complex instructions or timetables.

Persons with mental illness • stress and anxiety in crowded situations, unexpected changes, unpleasant
people-to-people meetings

The first section was to find out the characteristics of the research group. The questions
asked about the gender and age of the people surveyed. Thirty people participated in the
survey. A total of 70% of the respondents were men and 30% of the respondents were
women. Most respondents, 70%, were in the 18–35 age group, followed by the 36–60 age
group with 15% of the respondents, and the 60+ age group with 15% of the respondents.
The questions in the first section:

1. Gender

• Female
• Male

2. Age

• Under 18
• 18–35
• 36–60
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• Over 60

The next section allowed the respondent to identify the type or types of medical
conditions. Among the conditions listed were reduced visual acuity, gloom, narrowed
visual field, color vision disorder, nystagmus, distorted or doubled vision, partial loss of
vision and total loss of vision. Question in the second section:

3. Type of condition

• Reduced visual acuity
• Blinkers
• Narrowed field of vision, so called lunette vision
• Color vision disturbance
• Distorted or doubled vision
• Partial loss of vision
• Total loss of vision
• Other response

The last section of questions concerned respondents’ feelings and opinions about
Warsaw’s transport infrastructure, with particular emphasis on public transport stops and
subway stations.

4. How many times a week do you use the city’s transportation infrastructure?

• Not at all
• Once a week
• Several times a week
• Daily
• Other answer.

5. Do you feel safe using Warsaw’s public transport stops?

• Yes
• No
• Partially yes
• I don’t know

If no, please explain briefly:
6. Do you find your travel by public transport limited by the lack of adequate adaptation

of the city’s transport infrastructure to blind or visually impaired people?

• Yes
• No
• Other answer

7. Are Warsaw tram and bus stops marked appropriately?

• Yes, always
• Usually yes
• Usually no
• No

8. What problem do you most often encounter when using public transport at a bus
stop? public transport stops?

• Sound signal failure or incorrect functioning
• Lack of tactile paths
• Lack of contrasting colors
• Lack of visible timetable
• Difficult access to the stop
• Lack of marking on glass surfaces
• Unsecured furnishings of the space
• There are no problems
• Other answer

9. How often do you encounter audible signals at tram/bus stops?
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• Always
• Often
• Rarely
• Never

10. Are the elements of the stop space equipment (benches, waste garbage cans, glass
panes) properly secured/marked?

• Yes
• No
• Don’t know

11. Which solutions applied to Warsaw public transport stops do you consider helpful?
Short answer text.

12. What proposals do you have for changes facilitating the use of public transport stops
for the blind and visually impaired? Long answer text.

An analysis of the responses obtained is presented in Table 3.

Table 3. Summary of responses to the survey.

Question Answers Score in %

How many times a week do you use the city’s transportation infrastructure

Daily 65

Several times a week 30

Once a week 5

Not at all 0

Do you feel safe using Warsaw’s public transport stops

Yes 25

Partially yes 75

No 0

Do you find your travel by public transport limited by the lack of adequate
adaptation of the city’s transport infrastructure to blind or visually impaired people?

Yes 15

No 85

Are Warsaw tram and bus stops marked appropriately

Yes, always 80

Usually yes 20

Usually no 0

No 0

What problem do you most often encounter when using public transport
at a bus stop?

Sound signal failure or
incorrect functioning 70

Lack of tactile paths 20

Lack of contrasting colors 70

Lack of visible timetable 50

Difficult access to the stop 15

Lack of marking on glass surfaces 80

Unsecured furnishings of the space 20

There are no problems 10

How often do you encounter audible signals at tram/bus stops?

Always 0

Often 0

Sometimes 50

Rarely 50

Never 0
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Table 3. Cont.

Question Answers Score in %

Are the elements of the stop space equipment (benches, waste garbage cans,
glass panes) properly secured/marked?

Yes 40

No 0

Don’t know 60

Based on the results in the Table 3, it can be seen that all respondents use public
transport almost every day. Unfortunately, only a small part of them feel completely safe
in it (25%). Despite the lack of certain elements at some of the bus stops (question 8), most
of the respondents did not find their travel by public transport limited. However, this does
not change the fact that corrections at Warsaw bus stops must be introduced in order to
increase the comfort and safety of blind and visually impaired people.

4. Conclusions

People with disabilities are particularly vulnerable to isolation and social exclusion.
This is influenced, among other things, by the public transport system, on which the ability
to live, learn and work in an active way depends. Despite the increased social sensitivity
to the needs of people with disabilities and many changes in the functioning of public
transport in recent years, they still point to a number of shortcomings. Increasing the acces-
sibility of bus fleets plays a particularly important role in this respect, primarily because
bus transport in many areas of the country is the only mode of public transport used. It is
not possible to base the accessibility of public transport services solely on rail transport—at
present the most regulated of all modes of transport and the most dynamically increasing
accessibility for people with disabilities and people with special needs. Despite the increase
in the number of vehicles adapted to the transport of various groups of passengers, the
remaining elements of the transport infrastructure (stops, crossings, access roads), espe-
cially in small towns, have not been sufficiently adapted. It is worth emphasizing that the
accessibility of public transport, apart from the fleet and infrastructure, is also influenced
by proper organization as well as qualified management and passenger service personnel.

As shown by the survey, blind and visually impaired persons, despite their disability,
are active users of public transport. Most of them use Warsaw public transport stops on
a daily basis; however, most of them do not feel fully safe. Despite the general positive
assessment of the adaptation of bus stops, the respondents mentioned a number of serious
shortcomings which significantly limit the comfort of using the bus stop infrastructure.
They included: sound signal failure or incorrect functioning, lack of contrasting colors, lack
of visible timetable and lack of marking on glass surfaces.

People participating in the survey see many possibilities for changes that would
enable them to use public transport stops more safely and freely. Above all, they point out
the need to standardize signage and the need to create an app to facilitate the use of public
transportation [54].

Development of a method for evaluating the level of accessibility of public transporta-
tion for people with special needs meets the expectations of this group of society and
responds to the requirements of the government document—Accessibility Plus Strategy—
and the Act on Ensuring Accessibility to People with Special Needs. Currently, there is no
standardized method for evaluating the accessibility of fleet and transport infrastructure.
The auditing process is carried out in different ways depending on the institution that
undertakes it. This is also due to the lack of consistent criteria. In the process of building a
database and assessment criteria as well as verifying the correctness of each method the
participation of end users should be taken into account, which undoubtedly increases the
credibility of the results obtained. Such approach was used by the authors in their method-
ology, thanks to which they have a chance to diagnose problems not always included in
existing documents. The knowledge gained from visually impaired and blind people will
be supplemented by other barriers that limit free use for people with other dysfunctions or
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needs. The development and implementation of a comprehensive method that takes equal
account of the needs of all users of transportation systems will facilitate and standardize
the assessment of the level of transportation accessibility and allow for the successive and
standardized elimination of existing barriers.

Future work should also evaluate the possibility of integrating such special needs
into upcoming advanced transit advisory tools such as those proposed in Refs. [55–61].
Providing specific guidance on transit services that meet such special needs can certainly
improve the travel experience for users with special needs.
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