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Abstract: The European standard on transport logistics and services in public passenger transport EN
13816 is based on a relationship between the perception of users and transport carriers throughout
the groups of criteria taken as a basis for observation in this paper. The constant development and
improvement of services in order to achieve sustainability of passenger transport is an imperative on
the one hand and a challenge on the other. This is highly evident in persons with disabilities who
are faced with many physical and social barriers related to access to rail transport. In this paper,
a new model for the selection of criteria for the quality of passenger service in rail transport, from
the perspective of persons with disabilities as the main category of passengers, has been created.
The survey has covered 168 criteria classified in several groups and the entire territory of Serbia.
In order to select the most important criteria, a new model that implies the integration of Full
Consistency Method and a Rough Power Heronian aggregator has been developed. The development
of a new aggregator enables more accurate decision-making in the process of group decision-making.
The results obtained in this paper show that the most important criteria according to importance are
Accessibility, Availability, Security, Time, Customer care, Information, Comfort, Environmental impact.
Based on the criteria obtained for the service quality of rail transport for persons with disabilities,
railway carriers will be able to change and improve the existing services, content, characteristics,
equipment of railway stations and vehicles.

Keywords: persons with disabilities; passenger service; rough power heronian aggregator

1. Introduction

Insufficient activity in recognizing persons with disabilities as passengers in most modes of
transport including rail transport, which can contribute to the increase in revenues, points to the
necessity of carrying out the research that puts the focus of this category of passengers. Although there
has been a lot of progress in improving the position of people with disabilities, it can still be said that
these people are exposed to discrimination in their everyday lives.

The main obstacles they face include: mobility to jobs, visits to the doctor, shopping, performing
other social and recreational activities that are directly conditioned by inaccessible transport, which is
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at the same time the first barrier when leaving the house [1–4]. Therefore, in understanding the needs
of persons with disabilities it is necessary to determine their required, desired and unfulfilled activities.

In order to observe the mobility of this population, it should be taken into account individual
behaviour in travel, personality characteristics, lifestyle and previous experience, socioeconomic and
demographic characteristics that may have an impact on individual requirements.

There are a significant number of studies and strategies analysing the position of people with
disabilities, which tells us that this issue is becoming increasingly important and that more attention
is being paid to it. In addition to the Convention on the Rights of Persons with Disabilities of the
United Nations (UN) accepted and adopted in Serbia in 2006, other laws and documents for the
improvement of the rights of persons with disabilities are being regulated in parallel. The strategy for
improving the position of persons with disabilities in Serbia for the period 2007–2015 [5] and until
2020 [6] continues to make improvements in general objectives defining solutions for providing access
to the built environment, affordable transport, information, communications and services for the public.
At a local level of municipalities, the activities [7] that are the result of the long-standing efforts of the
associations of persons with disabilities, NGOs and support of local authorities have been undertaken.

In the territory of Serbia, people with disabilities mainly use road transport services for their
daily or periodic needs. They use transport services of rail transport far less, primarily due to
the inadequate quality of services provided, although rail transport has well-known comparative
advantages. In regular annual reports on the quality of services provided in rail passenger transport,
persons with reduced mobility, that is, disabilities, as well as accessibility to facilities and vehicles, are
not recognized [8]. According to the records of the only passenger transport operator on the railway
network of the Republic of Serbia “Srbija voz” JSC, in 2016, the participation of passengers with
disabilities in rail transport at all stations was less than 1%, of which 75% of passengers started from
the Belgrade station (the capital), while this number was less than 10% for other stations. This picture
is even worse on the rest of the railway network of the Republic of Serbia. Although some works have
already been carried out and are still being carried out on the railway network in Serbia, the number
of passengers with disabilities in rail transport does not increase. There is one important reason for
this—most of the reconstructed stations and sections are not adapted for the reception and dispatch of
passengers with disabilities. Other reasons for not using rail transport are not known and recognizable
because they are not being examined.

Observing experiences in other research it is possible to identify similar elements that arise from
the practical problems faced by people with disabilities in rail transport. The lack of universal and
unique analyses conducted in different countries and with different bases supports this research.

Studies conducted in developed countries, such as the UK, have found that additional information
needs to be collected for better use by hard-to-reach groups [9]. In this paper, certain elements of the
service quality of public transport have been recognized and considered throughout the open answers
of respondents. Public transport testing throughout the assessment of a number of criteria describing
the quality of service provided [10]‚ is useful and important information for different stakeholders and
decision-makers [11–13].

Comparing planned and provided, that is, expected and verified services, it is possible to measure
the efficiency of service quality. For the purpose of uniformizing and promoting the service quality
of public transport, the expectation of users is placed first. The European standard CEN 320/TC-EN
13816:2002 on transport logistics and services in passenger transport is based on the perception of the
criteria of service quality provided by transport carriers as well as according to Reference [14].

The aim of the paper is to point out the necessity for creating a model that will provide an insight
into defining necessary criteria of the service provided for persons with disabilities in rail passenger
transport. Based on the dimensioned criteria of the level of service quality in rail transport for persons
with disabilities, railway carriers will be able to change and improve the existing services for this
category of passengers. In addition to suggestions in the normative sense, the introduction of the
necessary standardization of services in passenger transport, which is closely related to the network of
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railway lines, content, characteristics and equipment of railway stations, vehicles and connections with
other modes of transport, is expected to be implemented. This approach will enable greater integration
with similar transport systems in Europe.

To evaluate the quality of service provided, some of mathematical models, such as Servqual [15],
regression tree [16,17], structural equation modelling [18,19], have been used. Different approaches to
evaluation show that it is possible to obtain good quality information in a decision-making process.

Making decisions in real systems requires a rational understanding of the relationship between
attributes and eliminating the impact of data representing extreme values. For this purpose, the
Heronian mean [20] operator is proposed, which enables the presentation of interconnections between
elements and their fusion into a unique utility function. On the other hand, the Power aggregation
(PA) operator [21] eliminates the influence of unreasonable arguments taking into account the degree
of support between input arguments. Apparently, Heronian and Power aggregators can successfully
achieve this goal. In order to unify the common advantages of the Heronian and Power aggregators,
in this paper, we propose a new rough Power-Heronian aggregator, which is created by combining
the Heronian and Power aggregators. The Power-Heronian aggregator uses all the benefits of the
Heronian and Power aggregators. So far, there is no research on how to use the Power-Heronian
aggregator for rough number (RN) aggregation. Therefore, the logical aim and motivation for this
study is to demonstrate the application of a hybrid Power-Heronian aggregator in a rough environment.
In addition, since the use of RNs makes it easier to describe inaccurate information, the need for
combining the Heronian and Power aggregators to solve the MCDM problem is imposed.

In addition to the aforementioned motivation for carrying out this research, this paper fills the gap
that exists in the literature related to the provision of good quality service for persons with disabilities
in rail transport using an integrated model.

According to our findings, this is the first model that is considering this issue and we think that it
will significantly help in identifying key parameters in evaluation for providing good quality services
for people with disabilities in rail transport.

In addition to the introductory considerations that define the importance and need for the research
and its main goals, the paper is structured throughout several sections. In the second section, a literature
review is given. The third section presents the steps of the methodology applied. The fourth section
presents a case study with the structure and criteria selected for evaluation and with the basic data of
respondents. The fifth section provides the results of the research.

2. Literature Review

In Reference [22], the authors emphasize that improved transport enables people with disabilities
to live independently. The study describes their perceptions of transport, the existing discrimination
they face and the obstacles they meet. It also mentions possible ways of approaching transport to this
population. Taking into account the concept of social inclusion of persons with disabilities, it can be
seen that it is strongly connected with the use of transport. According to this basic concept, providing
a better environment provides more opportunities and a basis for participation in a larger number
of activities for all persons with disabilities. The basis for ensuring a better quality of life in urban
conditions is recognized to be in transport [23].

In different studies, the needs for both the entire population of persons with disabilities and certain
groups with specificities were examined: needs of persons with disabilities [3]; assessment of the basic
indicators that determine the problems faced by persons with disabilities in transport [9]; monitoring
an accessible and inclusive transport system for evaluation and improvements in public transport [24];
research on mobility factors for persons with disabilities for employment [25]; understanding the
barriers faced by persons with disabilities and the way of planning travel by people with disabilities
in peak and off-peak hours in traffic [26]; the reasons for selecting certain modes of transport [27];
understanding a general picture, providing information with the possibility of time tracking, involving
users and decision-makers in order to improve the accessibility of transport [28]; more complex
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behavioural analysis, prioritization, prevention and identification of necessary measures with the
implementation and improvement of transport for people with disabilities [29]; observation of global
parameters in a wider area in order to increase mobility for all [30]; analyses of the realization of
health, social, cultural, spatial aspects in interaction with transport and increased mobility [31]; general
approach and strategy setting in the analysis of problems in order to achieve and overcome the
problems of travel for tourist purposes by persons with disabilities [32].

Improvements to be made to increase social inclusion, the quality of engagement, effective
regulations and strategies were identified on the basis of the study of best practice examples in Europe
and presented in Reference [33]. Some of the tools identified in this research are the development of new
technologies for assessing regulations grouped in three areas: accessibility of public transport, social
impact on transport and transport sector. The conclusion is that an inclusive environment provides
much better opportunities and a basis for participation in all activities. In order to ensure better
quality of life in urban form, transport is also recognized according to Reference [34]. In this sense,
improving accessibility for people with disabilities and those with reduced mobility is recognized as a
life opportunity. Recognizing the way to contribute to better inclusion of urban transport, a European
methodology for measuring accessibility of transport is made [35].

In transport planning, accessibility is not always at the first place [23]. Therefore, offered transport
services are unable to satisfy all users due to the existence of certain barriers. In this case, transport can
become adapted to person with disabilities only if there is understanding of planning and construction
process, which can cause better mobility. When referring to barriers, it can be said that they are
various [36]. Today, an increasing number of obstacles also include providing a variety of information
related to transport. By following the good solutions applied in practice, an example for contributing
to a better society can be given. The basic concept is to give answers that will improve the conditions of
rail travel, recognize certain criteria that should be met by people with disabilities in order to provide
railway travelling conditions that will be as easy as possible for everyone, regardless of age and type
of disability. This research is focused on some challenges in order to identify and understand what
opinion can be formed through presented criteria to persuade people with disabilities that there are
a lot of benefits of using rail travel. It is hard to take one and only specified criteria just for railway
transport and there are general transport requirements to be fulfilled. Taking this into consideration,
objective criteria which can be related to railway transport service and people with disabilities are
presented in Table 1. Simple observation of problems can start from recognition that some passengers
may need additional support at a station or to get on/off the train or they just do not have experience
with this type of transport mode.

Table 1. Basic description of the process for defining criteria by groups according to research of people
with disabilities in several studies.

Author General Observed Topic General Criteria

[3,25,27]
Explore, in depth, barriers, discrimination, reasons
why people choose not to use some mode of
transport, Expand disability service.

Obstacle in transport for disabled,
Availability of transport and
connection within transport modes.

[22–24,26,30,35,36]
Accessibility measures for public transport vehicles
and infrastructure, equipment in stations, ramps,
tactile paving.

Access for disabled, Corridors, free
routes and paths.

[24,25,30,35,36]

Availability of assistance, staff training issues,
satisfaction surveys and complaint procedures but
also the presence of personal security measures, costs
of transport, provision of information.

Custom care, Assistance, Information,
Security.

[24,26,29]
Measuring system performance, service data level,
on time performance, moving equipment, type of
provided service.

Frequency, punctuality, Reliability.

[25,27,35,36] Utilize new and existing technologies, Provision
of tickets.

Passenger facilities, Cost and type
of ticket.
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The approach to improving the customer service with the interaction of decision-makers and
service providers is increasingly being regulated by the Public Service Obligation Model. In the
paper [37], a new model, in which the main approach is a sustainable public transport system at both a
local and regional level, is described.

Different analyses of quality depend on the way of how criteria are observed. Thus, there are
studies related to the choices of transport modes; general description of the system; description of
the desired quality of the system; description of the desired service quality; comparison of certain
groups of users; comparison of the quality of service and users’ satisfaction according to different
requirements in different areas looking for the information on how and on which criteria is possible to
have influence.

In the paper [38], the criteria based on which users decide on the means of transport choosing
between the public bus transport and a mini-bus taxi vehicle are compared and ranked using the
Servqual model. The most significant criteria (improvement of the communication system, accuracy,
comfort, reduction of travel time) for improving the service provided are presented as the basis for
informing decision-makers that it is possible to reduce the number of private car users. To monitor and
control the quality of service provided in rail transport using the Servqual model, three dimensions
(service products, social responsibility and service provided) are considered to assess the most important
factors for providing better service and passenger satisfaction [15]. Also, in this paper in observing
three dimensions of service quality (comfort, connection and convenience) for the analysis of rail
transport model for assessing Service quality “zones of tolerance” is used and for the identification of
the most significant attributes. A service quality analysis (service provided, access, availability, time
and environment) and their interconnection with user satisfaction in public bus transport is performed
using the Servqual model [39].

For the consideration of potential and existing users of new services regarding high-speed lines,
user satisfaction methods applying factor analyses are used [40]. A factor analysis in Reference [41]
identifies the components of rail system specifically related only to the service provided on platforms
which is very important for local conditions.

The paper uses the EN 13816 standard [14] based on various aspects of the assessment of
quality of service provided, which is analysed using the composite indicators and cluster analysis of
users’ assessment.

The analysis between different users and how this reflects on the assessment of the most important
attributes in rail transport regarding the perception of service quality is carried out in Reference [16]
using the methodology based on a classification and regression tree (CART) approach. The analysis of
service quality perceptions is conducted by the CART non-parametric method [17] for the analysis of
Granada transport system together with the analysis of the socioeconomic characteristics of public
transport users. The test is performed in order to determine the most important characteristics and
to determine the homogeneity of responses. The study in Reference [42] is carried out to reveal the
weaknesses and advantages of changing different modes of transport throughout customer satisfaction
with the quality of services using the CART model.

The problem of environmental impact, along with the attractiveness of the public transport of the
city of Thessaloniki, is measured using the basic components of service quality by the Exploratory
Factor Analysis [43]. The paper highlights the issues of improving the service provided, the frequency
and the use of transport.

The assessment of the quality provided in rail transport and its rating is carried out using linguistic
variables with the improved PROMETHEE-II method [44]. In Reference [45], a statistical analysis,
fuzzy trapezoidal numbers and TOPSIS method is applied and in Reference [46], a fuzzy analytic
hierarchy process, trapezoidal fuzzy sets and Choquet integral method for evaluating rail transport
and the service quality in the city of Istanbul are used.

The AHP method and the Fuzzy Sets Theory are used to identify the structure of the service
quality provided in the city of Palermo [47]. The research identifies limitations in assessing an existing
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approach in order to propose to regulatory authorities and decision-makers how the interaction
between the market and users can be organized in a better way.

The evaluation of the way of behaviour and intentions for loyalty of public transport users of the
city of Kaohsiung is carried out throughout the quality of service provided and users’ satisfaction using
structural equation modelling [48]. To understand the presence of rail transport and the possibility
of replacing passenger cars with it, understanding of customer satisfaction with service quality is
performed using structural equation modelling [18]. The evaluation of critical factors for the use of
high-speed rail in Taiwan and Korea is carried out throughout the service quality related to their
satisfaction and possible loyalty using structural equation modelling [19]. Such an analysis can provide
a very good rating among different groups and very good answers to all decision-makers for creating
marketing strategies and setting up continuous improvement.

Most of the models used in the quality service analysis can apply to different needs. Some of
the representative models observed only for rail traffic at the level of general criteria are shown in
Table 2. These models do not only mention disabled people as a group of users but with some criteria
adaptation, they can be used for that purpose. The experience from the observed research has been
taken into account for the final selection of criteria for the purposes of this work.

Table 2. Overview of service quality models in railway transport.

Author Model General Criteria

[15] Servqual Assurance, Empathy, Reliability, Responsiveness, Tangibles, Comfort,
Connection, Convenience

[16] Classification and
regression tree (CART) Safety, Cleanliness, Comfort, Service, Other, Information, Personnel

[18,19] Structural equation
modelling (SEM)

Passenger expectation, Perceived quality, Direction and guidance,
Cleanliness and comfort, Speediness and convenience, Safety and
security, Ticket service, Equipment and facilities, Staff service,
Information distribution/disclosure, Convenient facilities for
passengers, Perceived value, Passenger satisfaction; Technical quality,
Functional quality, Corporate image, Passenger satisfaction, Passenger
complaint, Passenger loyalty.

[40,41] Factor analyses
Physical conditions, Food services, Information, Personnel behaviour;
Refreshments, Behaviour towards passenger, Information system
efficiency, Basic facilities, Security

[44] PROMETHEE-II Ticketing service quality, waiting service quality, Punctuality,
Comfortable indicator, Security indicators, Exit service degree.

3. Methodology

3.1. Full Consistency Method

One of the newer models, based on the principles of pairwise comparison and validation of results
through deviation from maximum consistency is the Full consistency method (FUCOM) [49]. FUCOM
is a model that to some extent eliminates the stated deficiencies of the BWM and AHP models. Benefits
that are determinative for the application of FUCOM are a small number of pairwise comparisons
of criteria (only n − 1 comparison), the ability to validate the results by defining the deviation from
maximum consistency (DMC) of comparison and appreciating transitivity in pairwise comparisons of
criteria. As with other subjective models for determining the weights of criteria (AHP, BWM, etc.), the
FUCOM model also has a subjective influence of a decision-maker on the final values of the weights of
criteria. This particularly refers to the first and second steps of FUCOM in which decision-makers
rank the criteria according to their personal preferences and perform pairwise comparisons of ranked
criteria. However, unlike other subjective models, FUCOM has shown minor deviations in the obtained
values of the weights of criteria from optimal values [49]. Additionally, the methodological procedure
of FUCOM eliminates the problem of redundancy of pairwise comparisons of criteria, which exists in
some subjective models for determining the weights of criteria.
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Assume that there are n evaluation criteria in a multi-criteria model that are designated as wj, j = 1,
2, . . . , n and that their weight coefficients need to be determined. Subjective models for determining
weights based on pairwise comparison of criteria require a decision-maker to determine the degree of
impact of the criterion i on the criterion j. In accordance with the defined settings, the next section
(Algorithm 1) presents the FUCOM algorithm [49].

Algorithm 1 FUCOM

Input: Expert pairwise comparison of criteria
Output: Optimal values of the weight coefficients of criteria/sub-criteria
Step 1: Expert ranking of criteria/sub-criteria.
Step 2: Determining the vectors of the comparative significance of evaluation criteria.
Step 3: Defining the restrictions of a non-linear optimization model.

Restriction 1: The ratio of the weight coefficients of criteria is equal to the comparative significance
among the observed criteria, i.e., wk/wk+1 = ϕk/(k+1).

Restriction 2: The values of weight coefficients should satisfy the condition of mathematical
transitivity, i.e., ϕk/(k+1) ⊗ϕ(k+1)/(k+2) = ϕk/(k+2).

Step 4: Defining a model for determining the final values of the weight coefficients of evaluation criteria:
minχ
s.t.∣∣∣∣ w j(k)
w j(k+1)

−ϕk/(k+1)

∣∣∣∣ ≤ χ, ∀ j∣∣∣∣ w j(k)
w j(k+2)

−ϕk/(k+1) ⊗ϕ(k+1)/(k+2)

∣∣∣∣ ≤ χ, ∀ j
n∑

j=1
w j = 1

w j ≥ 0, ∀ j
Step 5: Calculating the final values of evaluation criteria/sub-criteria (w1, w2, . . . , wn)

T.

3.2. Some Power Heronian Aggregation Operators with Rough Numbers

In group decision-making problems, the priorities are defined based on multiple experts aggregated
subjective evaluation. The RNs consist of upper approximation, lower approximation and boundary
interval. It has been pointed out that the logic of rough set theory is entirely based on the original
data, without the requirement of any additional information. According to Reference [50]. a RN can be
defined as follows:

Let Ω be a universe containing all objects and X be a random object from Ω. It is assumed
that there exists a set built with k classes representing the DM’s preferences, R = (J1, J2, . . . , Jk)
with condition J1 < J2 < . . . < Jk. Then, if ∀X ∈ Ω, Jq ∈ R, 1 ≤ q ≤ k, the lower approximation
Apr(Jq) =

{
X ∈ Ω/R(X) ≤ Jq

}
, upper approximation Apr(Jq) =

{
X ∈ Ω/R(X) ≥ Jq

}
and

boundary interval Bnd(Jq) =
{
X ∈ Ω/R(X) , Jq

}
=

{
X ∈ Ω/R(X) > Jq

}
∪

{
X ∈ Ω/R(X) < Jq

}
are determined. An object can be presented with RN defined with lower limit Lim(Jq) and upper limit
Lim(Jq) as follows:

Lim(Jq) =
∑

R(X)/ML |X ∈ Apr(Jq)

Lim(Jq) =
∑

R(X)/MU |X ∈ Apr(Jq)

where ML and MU represent the numbers of objects contained in the lower and upper object
approximations of Jq respectively. For object Jq, the rough boundary interval (RBnd(Jq)) presents
the interval between upper and lower limits as: RBnd(Jq) = Lim(Jq) − Lim(Jq). The value of rough
boundary interval presents a measure of uncertainty. A higher RBnd(Jq) value shows that variations
in the experts’ preferences do exist, while a lower value denotes that the experts have harmonized
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opinions without major deviations in their preferences. Finally, RN(Jq) can be presented using lower
and upper limits as:

RN(Jq) =
[
Lim(Jq), Lim(Jq)

]
The power aggregation (PA) operator proposed by [21] is a very significant aggregation operator

that eliminates the influence of unreasonable arguments taking into account the degree of support
between input arguments. The traditional PA operator is defined in the following section.

Definition 1 ([21]). Let (ξ1, ξ2, . . . , ξn) be a set of non-negative numbers and p,q ≥ 0. If

PA(ξ1, ξ2, . . . , ξn) =

n∑
i=1

(1 + T(ξi))ξi

n∑
i=1

(1 + T(ξi))

(1)

where T(ξi) =
n∑

j=1, j,i
Sup(ξi, ξ j). With Sup(ξi, ξ j) we indicate the degree of support that ξi obtains from ξ j,

where Sup(ξi, ξ j) satisfies the following axioms:

Sup(ξi, ξ j) = Sup(ξ j, ξi)

Sup(ξi, ξ j) = [0, 1]

Sup(ξi, ξ j) > Sup(ξi, ξk), i f
∣∣∣ξi − ξ j

∣∣∣ < |ξi − ξk|

ref. [51] has proposed first the Heronian mean (HM) operator, which enables the display and processing of the
interrelationship of input arguments [52]. The HM operator is defined in the following section.

Definition 2 ([20]). Let p,q ≥ 0, (ξ1, ξ2, . . . , ξn) be a set of non-negative numbers. If

HMp,q(ξ1, ξ2, . . . , ξn) =

 2
n(n + 1)

n∑
i=1

n∑
j=i

ξ
p
i ξ

q
j


1

p+q

(2)

then HMp,q is called the Heronian mean (HM) operator.
Based on the settings defined, traditional PA and HM operators, Equations (1) and (2), in the following

section, a hybrid rough power Heronian aggregation (RPHA) operator is developed.

Definition 3. Set ξi = [Lim(ξi), Lim(ξi)] (i = 1, 2, . . . , n) as a collection of RNs in Ψ, then RPHA can be
defined as follows:

RPHAp,q(ξ1, ξ2, . . . , ξn) =

 2
n(n + 1)

n∑
i=1

n∑
j=i

(
n(1 + T(ξi))∑n
t=1(1 + T(ξt))

ξi

)p
 n

(
1 + T

(
ξ j

))
∑n

t=1(1 + T(ξt))
ξ j


q

1
p+q

(3)

where T(ξi) =
n∑

j=1, j,i
Sup(ξi, ξ j). With Sup(ξi, ξ j) we indicate the degree of support that ξi obtains from ξ j,

where Sup(ξi, ξ j) satisfies the following three axioms:

Sup(ξi, ξ j) = Sup(ξ j, ξi)

Sup(ξi, ξ j) = [0, 1]

Sup(ξi, ξ j) > Sup(ξi, ξk), i f d(ξi, ξ j) < d(ξi, ξk)
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where d(ξi, ξ j) represents the distance between the rough numbers ξi and ξ j.

Then RPHAp,q represents a rough power Heronian aggregation (RPHA) operator. RPHA combines
the benefits of PA and HM operators and is a powerful tool with the following features: (1) it eliminates
the impact of unreasonable arguments; (2) it takes into account the degree of support between the
input arguments; and (3) it takes into account the interrelationship of input arguments.

Theorem 1. Set ξi = [Lim(ξi), Lim(ξi)] as a collection of RNs in Ψ, then according to Equation (3), the
aggregation results are obtained for RNs and the following aggregation formula can be developed:

RPHAp,q(ξ1, ξ2, . . . , ξn) =

 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+T(ξi))∑n
t=1(1+T(ξt))

ξi

)p
(

n(1+T(ξ j))∑n
t=1(1+T(ξt))

ξ j

)q
1

p+q

=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)p

(
n(1+Lim(T(ξ j)))∑n

t=1(1+Lim(T(ξt)))
Lim

(
ξ j

))q
1

p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)p(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))q
1

p+q


(4)

Proof. By the operational rules of RNs defined in Reference [50] we have
(a)

(
n(1 + T(ξi))∑n
t=1(1 + T(ξt))

ξi

)p

=


(

n(1 + Lim(T(ξi)))∑n
t=1(1 + Lim(T(ξt)))

Lim(ξi)

)p

,

 n
(
1 + Lim(T(ξi))

)
∑n

t=1

(
1 + Lim(T(ξt))

)Lim(ξi)


p

(b) n
(
1 + T

(
ξ j

))
∑n

t=1(1 + T(ξt))
ξ j


q

=


 n

(
1 + Lim

(
T
(
ξ j

)))
∑n

t=1(1 + Lim(T(ξt)))
Lim

(
ξ j

)
q

,

 n
(
1 + Lim

(
T
(
ξ j

)))
∑n

t=1

(
1 + Lim(T(ξt))

)Lim
(
ξ j

)
q

(c)

(
n(1 + T(ξi))∑n
t=1(1 + T(ξt))

ξi

)p
 n

(
1 + T

(
ξ j

))
∑n

t=1(1 + T(ξt))
ξ j


q

=


(

n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)p( n(1+Lim(T(ξ j)))∑n

t=1(1+Lim(T(ξt)))
Lim

(
ξ j

))q
,(

n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)p(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))q


(d)  2

n(n+1)

n∑
i=1

n∑
j=i

(
n(1+T(ξi))∑n
t=1(1+T(ξt))

ξi

)p
(

n(1+T(ξ j))∑n
t=1(1+T(ξt))

ξ j

)q
1

p+q

=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)p

(
n(1+Lim(T(ξ j)))∑n

t=1(1+Lim(T(ξt)))
Lim

(
ξ j

))q
1

p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)p(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))q
1

p+q


So, Theorem 1 is true. �

Theorem 2. (Idempotency): Set ξi = [Lim(ξi), Lim(ξi)] as a collection of RNs in Ψ, if ξi = ξ, then
RPHAp,q(ξ1, ξ2, . . . , ξn) = RPHAp,q(ξ, ξ, . . . , ξ).
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Proof. Since ξi = ξ, that is, Lim(ξi) = Lim(ξ), Lim(ξi) = Lim(ξ), then

RPHAp,q(RN(ξ1), RN(ξ2), . . . , RN(ξn)) = RPHAp,q(RN(ξ), RN(ξ), . . . , RN(ξ))

=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)p

(
n(1+Lim(T(ξ j)))∑n

t=1(1+Lim(T(ξt)))
Lim

(
ξ j

))q
1

p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)p(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))q
1

p+q


=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξ)))∑n
t=1(1+Lim(T(ξ)))Lim(ξ)

)p( n(1+Lim(T(ξ)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξ)
)q


1
p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξ)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξ)

)p(
n(1+Lim(T(ξ)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξ)

)q
1

p+q


=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n 1

n Lim(ξ)
)p(

n 1
n Lim(ξ)

)q


1
p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n 1

n Lim(ξ)
)p(

n 1
n Lim(ξ)

)q


1
p+q


=



 2
n(n+1)

n∑
i=1

n∑
j=i

(Lim(ξ))p+q


1
p+q

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
Lim(ξ)

)p+q


1
p+q


= ξ

The proof of Theorem 2 is completed. �

Theorem 3. (Boundedness): Set ξi = [Lim(ξi), Lim(ξi)] as a collection of RNs in Ψ, let ξ− =

[minLim(ξi), minLim(ξi)] and ξ+ = [max Lim(ξi), max Lim(ξi)], then

ξ− ≤ RPHAp,q(ξ1, ξ2, . . . , ξn) ≤ ξ+.

Proof. Let ξ− = min(ξ1, ξ2, . . . , ξn) = [minLim(ξi), minLim(ξi)] and ξ+ = max(ξ1, ξ2, . . . , ξn) =

[maxLim(ξi), maxLim(ξi)]. Then, it can be stated that Lim(ξ−) = min
i
(Lim(ξi)), Lim(ξ−) =

min
i
(Lim(ξi)), Lim(ξ+) = max

i
(Lim(ξi)) and Lim(ξ+) = max

i
(Lim(ξi)). Based on that, the following

inequalities can be formulated:

ξ− ≤ ξi ≤ ξ
+;

min
i
(Lim(ξi) ≤ Lim(ξi) ≤ max

i
(Lim(ξi));

min
i
(Lim(ξi)) ≤ Lim(ξi) ≤ max

i
(Lim(ξi)).

According to the inequalities shown above, it can be concluded that ξ− ≤ RPHAp,q(ξ1, ξ2, . . . , ξn) ≤

ξ+ holds. �

Theorem 4. (Commutativity): Let the rough set (ξ′1, ξ′2, . . . , ξ′n) be any permutation of (ξ1, ξ2, . . . , ξn). Then
RPHAp,q(ξ1, ξ2, . . . , ξn) = RPHAp,q(ξ′1, ξ′2, . . . , ξ′n).

Proof. This property is obvious. �

Primer 1. Let ξ1 ∈ [3, 5], ξ2 ∈ [4, 7] and ξ3 ∈ [3, 4] be three rough numbers and let p = q =

1, then applying RPHA we obtain an aggregated rough number ξ =
[
Lim(ξ), Lim(ξ)

]
using the

following calculations:
Step 1: For the upper and lower limit of a rough number, the normalized functions of the lower

and upper limits of rough numbers are calculated:
f (Lim(ξ1)) = 3

3+4+3 = 0.300, f (Lim(ξ2)) = 4
3+4+3 = 0.400, f (Lim(ξ3)) = 3

3+4+3 = 0.300,

f
(
Lim(ξ1)

)
= 5

5+7+4 = 0.313; f
(
Lim(ξ2)

)
= 7

5+7+4 = 0.438, f
(
Lim(ξ3)

)
= 4

5+7+4 = 0.250.



Symmetry 2019, 11, 992 11 of 32

Step 2: Calculating the degree of support of the upper and lower limits of rough numbers:
Sup(Lim(ξ1), Lim(ξ2)) = 0.1, Sup(Lim(ξ1), Lim(ξ3)) = 0.0, Sup(Lim(ξ2), Lim(ξ3)) = 0.1,

Sup(Lim(ξ1), Lim(ξ2)) = 0.125, Sup(Lim(ξ1), Lim(ξ3)) = 0.063 and Sup(Lim(ξ2), Lim(ξ3)) = 0.188.
Step 3: By applying Expression (4), RPHA1,1 is calculated:

RPHA1,1([3, 5]; [4, 7]; [3, 4]) =

=



 2
3(3+1)


(

3·0.1
3+0.1+0.2+0.1 3

)1( 3·0.1
3+0.1+0.2+0.1 3

)1
+

(
3·0.1

3+0.1+0.2+0.1 3
)1( 3·0.2

3+0.1+0.2+0.1 4
)1
+(

3·0.1
3+0.1+0.2+0.1 3

)1( 3·0.1
3+0.1+0.2+0.1 3

)1
+

(
3·0.2

3+0.1+0.2+0.1 4
)1( 3·0.2

3+0.1+0.2+0.1 4
)1
+(

3·0.2
3+0.1+0.2+0.1 4

)1( 3·0.1
3+0.1+0.2+0.1 3

)1
+

(
3·0.1

3+0.1+0.2+0.1 3
)1( 3·0.1

3+0.1+0.2+0.1 3
)1




1
1+1

,


2

3(3+1)



(
3·0.188

3+0.188+0.313+0.25 5
)1( 3·0.188

3+0.188+0.313+0.25 5
)1
+

(
3·0.188

3+0.188+0.313+0.25 5
)1(

3·0.313
3+0.188+0.313+0.25 7

)1
+

(
3·0.188

3+0.188+0.313+0.25 5
)1( 3·0.25

3+0.188+0.313+0.25 4
)1

+
(

3·0.313
3+0.188+0.313+0.25 7

)1( 3·0.313
3+0.188+0.313+0.25 7

)1
+

(
3·0.313

3+0.188+0.313+0.25 7
)1(

3·0.25
3+0.188+0.313+0.25 4

)1
+

(
3·0.25

3+0.188+0.313+0.25 4
)1( 3·0.25

3+0.188+0.313+0.25 4
)1





1
1+1


= [3.367, 5.414]

In the following section, specific cases of RPHAp,q operator are shown.
(a) If p, q = 1, then the RPHAp,q operator (Expression (4)) transforms into a rough number

neutrosophic number power line Heronian operator as follows:

RPHA1,1(ξ1, ξ2, . . . , ξn) =

=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)(

n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))
1
2

, 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))
1
2


(b) If p, q = 1/2, then the RPHAp,q operator (Expression (4)) transforms into a rough number

power basic Heronian operator as follows:

RPHA
1
2 , 1

2 (ξ1, ξ2, . . . , ξn) =

=



 2
n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
) 1

2
(

n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

)) 1
2
, 2

n(n+1)

n∑
i=1

n∑
j=i

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

) 1
2
(

n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

)) 1
2



(c) If p = 0, then the RPHAp,q operator (Expression (4)) transforms into a rough number power

generalized linear ascending weight operator as follows:

RPHA0,q(ξ1, ξ2, . . . , ξn) =

=


 2

n(n+1)

n∑
i=1, j=i

(
n(1+Lim(T(ξ j)))∑n

t=1(1+Lim(T(ξt)))
Lim

(
ξ j

))q
1
q

,

 2
n(n+1)

n∑
i=1, j=i

(
n(1+Lim(T(ξ j)))∑n
t=1(1+Lim(T(ξt)))

Lim
(
ξ j

))q
1
q


(d) If q = 0, then the RPHAp,q operator (Expression (4)) transforms into a rough number power
generalized linear descending weight operator as follows:

RPHAp,0(ξ1, ξ2, . . . , ξn) =

=


(

2
n(n+1)

n∑
i=1

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)
)p

) 1
p

,
(

2
n(n+1)

n∑
i=1

(
n(1+Lim(T(ξi)))∑n
t=1(1+Lim(T(ξt)))

Lim(ξi)

)p) 1
p
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4. Case Study

4.1. Basic Structure of Survey

For the purposes of this research, a survey, which included 99 respondents from the most of
representative associations of persons with disabilities in the entire territory of the Republic of Serbia,
was conducted. Out of the total number, 31 relevant experts, persons with disabilities, were selected.
The physical data collection of a large number of respondents in one place is almost unfeasible.
All questionnaires were submitted to associations, which were later sent by e-mail or the respondents
were called in person. This type of communication must have been conducted primarily for the purpose
of respecting the rights in relation to providing personal data prescribed by legal provisions on the
protection of citizens. The research involved persons with the following disabilities: multiple sclerosis,
muscular dystrophy, cerebral palsy and polio, paraplegia, hearing impaired persons and deaf people,
impaired vision persons and blind people and people with intellectual disabilities. The surveyed
population covered urban and rural areas on the territory of the Republic of Serbia. The study was
conducted in the period from September 2017 to April 2019. Although the period of data collection
is relatively long, the number of received responses in questionnaires is very satisfactory since this
population due to the circumstances is not sufficiently available. Data collection was carried out
in two phases. In the first phase, the correction of given formulations was made with a smaller
number of respondents and then the questionnaire thus adapted was forwarded to other respondents.
The structure of the questionnaire was divided into two sections. The first section provided the criteria
describing the quality of service and the second section presented the socioeconomic characteristics of
the respondents.

4.2. Service Quality Criteria

Because of the non-existent universal criteria of the service quality of public transport and
especially for persons with disabilities in the territory of the Republic of Serbia, the standard EN
13816 [14] is used as the basis. The criteria of this standard are supplemented with a review of
literature of similar research on the quality of service, classified into different groups and research
on the specificities related to persons with disabilities, Table 3. Some data have also been taken over
from research or studies where user satisfaction assessment was only performed through the observed
concepts or the necessary equipment for improving the use of rail transport and then these data have
been converted into criteria. For the purposes of the research in this paper, the criteria are divided into
eight main groups showing different aspects of the service provided: (1) Availability, (2) Information
(3) Accessibility, (4) Time, (5) Custom care, (6) Comfort, (7) Security and (8) Environmental impact.
The main groups are subdivided into subgroups and criteria. There are no subgroups for some main
groups. By the insight into additional literature, the main criteria are supplemented, Table 1 and
subgroups and all criteria are defined in tables in Appendix A.

As this analysis considers people with disabilities and their opinion, special attention is focused
on establishing general criteria that describe their needs, whether regarding problems related to
accessibility, way of displaying information, specific needs referring to care for passengers or necessary
comfort. Taking into account their needs, a description of necessary criteria is more or less taken for
other main criteria, which define their basic needs.



Symmetry 2019, 11, 992 13 of 32

Table 3. Basic description of the criteria by groups.

No. Criteria Description of Criteria

1 Availability

This aspect is described with the service offered in terms of geography, time, frequency and
punctuality, regularity, transport mode and connections, passenger and parking facilities, bicycle
transport on board, phone and WI-FI, number of elevators, escalators and mowing walkways,
shops, café restaurants, cash machines, availability of information, shelters, seats, working hours.
[13–16,40,53–56]

2 Accessibility

This aspect is described with interface in and with other transport modes, easy movement inside
interchange, appropriate facilities at stations, colour contrast, tactile surfacing, easy recognition,
barrier free path and entrance, glass doors with contrasting strip, emergency routes, TTY devices,
Braille audio documents and facilities, ramps with adequate slope, easy sign and buttons,
adequate handrails, slip resistance, parking, physical condition of station area, easy opening doors
on vehicles, operations of moving equipment, easy access from street to station, standardized
design, free corridors, marking operational control, ticket sales point adopted to PRM, seating
places for wheelchair users, toilets. [13,14,43,53–55,57–60]

3 Information

This aspect is described with the systematic provision of knowledge about a PPT system to assist
the planning, execution and length of journeys, type and form of given information, signposting
to different facilities, distance between facilities and services and modes, clarification of travel
interchange information, signage and symbols with Braille and contrast, indication of accessible
services, printed documents, new technology, face to face information, clear announcements,
performance of ticket machines and moving equipment, update of information, audio and video,
sign font, maps, pre travel information. [13–15,40,43,54,55,57,59,60]

4 Time This aspect is described with time relevant to the planning and execution of journeys, time to
other modes and facilities, travel time satisfactory. [14,40,43,55,56]

5 Customer care

This aspect is described with service elements introduced to affect the closest practicable match
between the standard service and the requirements of any individual customer, special need and
different kind of support, availability of staff, assistance for people with reduced mobility and
disabled, price integration, provided services, behaviour and respond of staff, understanding,
cheaper transport for PRM, Complaint, cost and tariffs, performance of service, food facilities,
medical staff, handling service problems, effectiveness of response, prepare written messages.
[13–16,40,43,54,56–58]

6 Comfort
This aspect is described with service elements introduced for the purpose of making PPT journeys
relaxing and pleasurable, smoothness of ride and stops, air conditioning, crowding on board,
smoothness of ride, provision of internet service, comfort of journey. [13–16,40,55,57]

7 Security

This aspect is described with sense of personal protection experienced by customers, derived from
the actual measures implemented and from activity designed to ensure that customers are aware
of those measures, behaviour of staff, safety from crime, safe speed, security of slipping and
falling, aggression, sense against accidents. [13–16,40,43,54,57]

8 Environmental
impact

This aspect is described effect on the environment resulting from the provision of a PPT service,
ear quality, absence of graffiti, level of noise and vibration in station and vehicles. [13,14,54,55]

4.3. Sample Characteristics

The general characteristics are shown in Table 4. The survey includes more male population with
61.3%. By percentage, the number of respondents by age up to 30 years is 32.3%, from 30 to 40 years is
16.1%, from 40 to 50 years is 22.6% and over 50 years is 29%. On the territory of the Republic of Serbia,
this population is very financially dependent on others, so that according to the data it can be seen
that only 22.6% are employed and 77.4% have financial assistance for care and pension. Regarding
mobility, the majority of respondents are wheelchair users 42%, people with walking difficulties or
needing assistance 32.4% and self-moving persons 25.8%. If data on sensory damage are observed,
67.7% or respondents do not have any, while 16.1% have visual impairment and 16.1% have combined
impairment. In addition, 29.1% of the respondents have speech problems while others do not.
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Table 4. Sample characteristics.

Characteristics Statistics

Gender Male (61.3%), Female (38.7%).

Age Up to 20 (3.2%), From 21 to 25 (6.5%), From 26 to 30 (22.6%), From 31 to 40 (16.1%), From 41 to
50 (22.6%), From 51 to 65 (25.8%), Over 66 (3.2%).

Employment Status Employed (22.6%), A dependent person (25.8%), Retired (51.6%).

Mobility
Walking independently (25.8%), Walking alone or difficult (19.4%), Walking with the help of a
gag (6.5%), Walking with the help of another person (6.5%), Wheelchair-drives independently
(32.3%), Wheelchair-drive the other person (9.7%).

Damaged senses Does not have (67.7%), Sight (16.1%), Combined (16.1%).

Speech Normal (71.0%), Not very difficult, understandable (22.6%), Difficult understandable (6.5%).

5. Results

5.1. Main Principles for the Analysis of Criteria

The analysis of criteria is based on the selection of the most important criteria of each
group/subgroup. This approach has been established in order to obtain a general picture of the
way of thinking and needs of general population of persons with disabilities. In total, there are eight
main groups with their subgroups. A planned selection of criteria for each subgroup will provide a
final list of criteria, based on the perception of the decision maker. This form will respond to what
needs to be done when organizing the infrastructure, vehicles and services provided. The number of
criteria considered under subgroups is 147. Thus, the total number together with the main group is
155 criteria observed for assessment.

The main group Availability has three subgroups, with a total of 22 criteria, the number of which
by subgroups is as follows: Frequency and punctuality has 7 criteria, Mode of transport, network and
infrastructure has 8 criteria and Passenger facilities and working hours has 7 criteria.

The main group Accessibility has four subgroups with a total of 29 criteria, the number of which by
subgroups is as follows: Access for disabled public transport has 8 criteria, Communication, Colour, Contrast
has 7 criteria, Corridors, free routes and paths has 7 criteria and Ticket office and machines has 7 criteria.

The main group Information has three subgroups, with a total of 22 criteria, the number of which by
subgroups is as follows: Ticket office and machines has 8 criteria, Facilities has 7 criteria, Understandable
has 7 criteria.

The main group Time does not have subgroups and contains 7 criteria.
The main group Custom care has five subgroups, with a total of 37 criteria, the number of which by

subgroups is as follows: Assistance has 7 criteria, Service has 7 criteria, Staff has 7 criteria, Ticket has 7
criteria and Cleanliness and maintenance has 9 criteria.

The main group Comfort has two subgroups, with a total of 14 criteria, the number of which by
subgroups is as follows: Ambient has 7 criteria and Comfortable has 7 criteria.

The main group Security does not have subgroups and contains 9 criteria.
The main group Environmental impact does not have subgroups and contains 7 criteria.
In order to establish the basic form for assessing, the idea of this paper is to evaluate the main

groups by importance and to select one criterion in each subgroup from Figure 1. Therefore, the aim
is to obtain a total of 20 approximately equal criteria presented in subgroups. By this approach, it is
thought that the rating of the service quality provided for all persons with disabilities will be achieved,
since by these mutual responses it is possible to obtain equal importance.

The calculation has started from the following steps:

• The main groups are formed,
• The subgroups are formed,
• The criteria are formed,
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• The assessment of the main groups is carried out by their importance from 1 to 8,
• The subgroups are considered as equal,
• The criteria are evaluated by importance in relation to the number of criteria in a subgroup.

The minimum number of criteria in a group is 7 and the largest number is 9. Analogously to the
evaluation of the main group, the criteria are evaluated by importance from 1 to 7, from 1 to 8 and
from 1 to 9,

• The weight coefficients are evaluated by main groups and subgroups for each criterion by the
FUCOM method,

• The criteria are assessed using power Heronian aggregation operators with rough numbers,
• Rough numbers are converted into crisp numbers and the final rating of criteria by groups and

subgroups is obtained.
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Figure 1. The main principle of selecting the most important criterion.

5.2. Calculation of the Coefficient Weight Values with FUCOM Method

The respondents evaluated the criteria in two steps and the calculation of the weight criteria was
carried out in three steps.

The ratings of basic criteria were presented as an example of calculation. The respondent No. 31
did not evaluate the main criteria.

A detailed overview of determining weight coefficients of the first-level criteria is provided in the
following section.

Step 1. In the first step, the decision makers ranked the criteria:
Basic Criteria (BC1)-first respondent: C3 > C7 > C2 > C4 > C5 > C6 > C1 > C8;
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Step 2. In the second step, the decision makers compared in pairs the ranked criteria from the step
1. The comparison is made according to the first-ranked criterion, based on the scale [1,8]. This is how
the importance of the criteria is obtained ($C j(k)

) for all the criteria ranked in the step 1 (Table 5).

Table 5. Importance of main criteria—An example of the first decision-maker’s responses.

DM1

Criteria C3 C7 C2 C4 C5 C6 C1 C8

Importance ($C j(k)
) 1 1 1.5 1.5 1.5 1.5 2 2

Based on the obtained importance of criteria are calculated comparative importance values of
criteria for every respondent:

DM1 : ϕC3/C7 = 1
1 = 1, ϕC7/C2 = 1

1.5 = 0, 7, ϕC2/C4 = 1.5
1.5 = 1, ϕC4/C5 = 1.5

1.5 = 1,
ϕC6/C1 = 1.5

2 = 0.7, ϕC1/C8 = 2
2 = 1

Step 3. Final values of weight coefficient should satisfy two conditions:
(1) Final values of weight coefficient should satisfy the condition where:

DM1 : w3/w7 = 1, w7/w2 = 0.7, w2/w4 = 1; w4/w5 = 1, w5/w6 = 1, w6/w1 = 0.7, w1/w8 = 1

(2) In addition to the defined relations, final values of weight coefficients should also satisfy the
condition of mathematical transitivity, respectively

w3/w7 = 1 · 0.7 = 0.7, w7/w4 = 0.7 · 1 = 0.7, w2/w5 = 1 · 1 = 1,

w4/w6 = 1 · 1 = 1, w5/w1 = 1 · 0.7 = 0.7, w6/w8 = 0.7 · 1 = 0.7.

By applying the equations from fourth and fifth step of FUCOM method can be defined the
models for determining weight coefficients of the first-level criteria for every decision maker:

BC1 (First level)
minχ

s.t.



∣∣∣∣w3
w7
− 1

∣∣∣∣ = χ,
∣∣∣∣w7
w2
− 0.7

∣∣∣∣ = χ,
∣∣∣∣w2
w4
− 1

∣∣∣∣ = χ,
∣∣∣∣w4
w5
− 1

∣∣∣∣ = χ,
∣∣∣∣w5
w6
− 1

∣∣∣∣ = χ,∣∣∣∣w6
w1
− 0, 7

∣∣∣∣ = χ,
∣∣∣∣w1
w8
− 1

∣∣∣∣ = χ,∣∣∣∣w3
w2
− 0.7

∣∣∣∣, ∣∣∣∣w7
w4
− 0.7

∣∣∣∣, ∣∣∣∣w2
w5
− 1

∣∣∣∣, ∣∣∣∣w4
w6
− 1

∣∣∣∣, ∣∣∣∣w5
w1
− 0.7

∣∣∣∣, ∣∣∣∣w6
w8
− 0.7

∣∣∣∣
8∑

j=1
w j = 1, w j ≥ 0,∀ j

By solving the models presented, the values of weight coefficients of the first-level criteria for
every decision-maker (DM) are obtained as shown in Table 6. For the first decision-maker for whom the
example of calculation is presented above, the following values of the criteria are obtained: C1 = 0.088,
C2 = 0.118, C3 = 0.176, C4 = 0.118, C5 = 0.118, C6 = 0.118, C7 = 0.176, C8 = 0.08. To confirm the
reliability of the obtained weight criteria, the DFC value (deviation from maximum consistency) is
used. The DFC value represents the deviation of the obtained values of weight coefficients from the
maximum consistency. The optimal values of weight coefficients are obtained when the maximum
consistency condition is satisfied, that is, when DFC is zero, that is, χ = 0.00.
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Table 6. The assessment results of weight criteria for the main group using the FUCOM method.

Decision Maker C1 C2 C3 C4 C5 C6 C7 C8

DM1 0.088 0.118 0.176 0.118 0.118 0.118 0.176 0.088
DM2 0.150 0.150 0.150 0.150 0.150 0.075 0.100 0.075
DM 3 0.232 0.155 0.116 0.077 0.106 0.093 0.155 0.066
DM 4 0.216 0.216 0.086 0.098 0.108 0.072 0.144 0.062
DM 5 0.122 0.182 0.087 0.101 0.182 0.076 0.182 0.068
DM 6 0.128 0.168 0.084 0.075 0.112 0.099 0.268 0.067
DM 7 0.182 0.182 0.059 0.130 0.101 0.101 0.182 0.065
DM 8 0.172 0.249 0.077 0.059 0.106 0.138 0.131 0.067
DM 9 0.172 0.249 0.077 0.131 0.138 0.067 0.106 0.059
DM 10 0.182 0.273 0.061 0.078 0.091 0.068 0.137 0.109
DM 11 0.184 0.184 0.184 0.066 0.066 0.066 0.184 0.066
DM 12 0.182 0.273 0.091 0.078 0.109 0.068 0.137 0.061
DM 13 0.194 0.097 0.114 0.078 0.149 0.078 0.194 0.097
DM 14 0.136 0.205 0.102 0.136 0.102 0.068 0.205 0.045
DM 15 0.273 0.182 0.061 0.109 0.091 0.137 0.078 0.068
DM 16 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125
DM 17 0.158 0.158 0.099 0.056 0.056 0.158 0.158 0.158
DM 18 0.164 0.164 0.117 0.117 0.117 0.063 0.164 0.091
DM 19 0.077 0.067 0.106 0.138 0.249 0.131 0.172 0.059
DM 20 0.225 0.225 0.150 0.090 0.075 0.064 0.113 0.056
DM 21 0.206 0.137 0.103 0.206 0.082 0.069 0.059 0.137
DM 22 0.158 0.077 0.111 0.300 0.067 0.088 0.111 0.088
DM 23 0.151 0.151 0.151 0.075 0.075 0.094 0.151 0.151
DM 24 0.149 0.208 0.116 0.149 0.065 0.058 0.208 0.047
DM 25 0.214 0.214 0.214 0.054 0.082 0.071 0.054 0.097
DM 26 0.048 0.058 0.074 0.193 0.048 0.193 0.193 0.193
DM 27 0.193 0.193 0.129 0.096 0.077 0.064 0.193 0.055
DM 28 0.095 0.082 0.064 0.115 0.286 0.095 0.191 0.072
DM 29 0.206 0.206 0.137 0.137 0.103 0.082 0.069 0.059
DM 30 0.184 0.184 0.184 0.123 0.053 0.046 0.184 0.041

5.3. Evaluation Criteria Using Power Heronian Aggregation Operators with Rough Numbers

First, the transformation of an individual into a group rough matrix is completed, Table 7,
as follows:

c̃1Lim(0.088) =
1
3
(0.088 + 0.077 + 0.048) = 0.070

Lim(0.088) = 1
28 (0.088 + 0.150 + 0.232 + 0.216 + 0.122 + 0.128 + 0.182 + 0.172
+0.172 + 0.182 + 0.184 + 0.182 + 0.194 + 0.136 + 0.273 + 0.125
+0.158 + 0.164 + 0.225 + 0.206 + 0.158 + 0.151 + 0.149 + 0.214
+0.193 + 0.095 + 0.206 + 0.184)= 0.170

RN
(
c1

1

)
= [0.070, 0.170];
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Table 7. Results for the main group after transformation into rough numbers.

Decision Maker C1 C2 C3 C4 C5 C6 C7 C8

DM1 0.070 0.170 0.080 0.190 0.100 0.190 0.090 0.160 0.090 0.170 0.080 0.140 0.120 0.200 0.060 0.120
DM2 0.110 0.190 0.100 0.200 0.100 0.170 0.100 0.210 0.100 0.220 0.070 0.110 0.070 0.160 0.060 0.120
DM3 0.160 0.250 0.110 0.200 0.090 0.150 0.070 0.130 0.080 0.150 0.070 0.120 0.110 0.190 0.060 0.100
DM4 0.160 0.240 0.150 0.250 0.070 0.130 0.080 0.140 0.080 0.150 0.070 0.110 0.100 0.180 0.050 0.100
DM5 0.090 0.180 0.130 0.220 0.070 0.130 0.080 0.150 0.100 0.240 0.070 0.110 0.130 0.200 0.060 0.110
DM6 0.100 0.180 0.120 0.210 0.070 0.130 0.060 0.120 0.080 0.160 0.070 0.130 0.150 0.268 0.060 0.100
DM7 0.130 0.210 0.130 0.210 0.059 0.110 0.090 0.170 0.070 0.140 0.080 0.140 0.130 0.200 0.060 0.100
DM8 0.130 0.200 0.160 0.260 0.070 0.120 0.060 0.120 0.080 0.150 0.080 0.160 0.090 0.180 0.060 0.110
DM9 0.130 0.200 0.160 0.260 0.070 0.120 0.090 0.170 0.090 0.190 0.060 0.100 0.080 0.170 0.050 0.090
DM10 0.140 0.210 0.170 0.273 0.060 0.120 0.070 0.130 0.070 0.130 0.060 0.100 0.100 0.180 0.070 0.150
DM11 0.140 0.210 0.140 0.220 0.110 0.190 0.060 0.120 0.060 0.120 0.060 0.100 0.130 0.200 0.060 0.100
DM12 0.140 0.210 0.170 0.273 0.070 0.130 0.070 0.130 0.080 0.160 0.060 0.100 0.100 0.180 0.050 0.090
DM13 0.150 0.220 0.080 0.190 0.090 0.150 0.070 0.130 0.090 0.200 0.070 0.120 0.140 0.220 0.070 0.130
DM14 0.100 0.190 0.140 0.230 0.080 0.140 0.100 0.180 0.080 0.140 0.060 0.100 0.140 0.230 0.040 0.080
DM15 0.170 0.273 0.130 0.220 0.060 0.120 0.080 0.150 0.070 0.130 0.080 0.160 0.060 0.160 0.060 0.110
DM16 0.090 0.180 0.090 0.190 0.090 0.160 0.090 0.160 0.090 0.180 0.080 0.150 0.090 0.170 0.070 0.150
DM17 0.120 0.190 0.110 0.210 0.080 0.140 0.050 0.120 0.050 0.110 0.090 0.180 0.110 0.190 0.080 0.180
DM18 0.120 0.200 0.120 0.210 0.090 0.160 0.080 0.150 0.090 0.170 0.060 0.090 0.120 0.190 0.060 0.130
DM19 0.060 0.170 0.060 0.180 0.080 0.140 0.100 0.190 0.100 0.270 0.080 0.150 0.120 0.190 0.050 0.090
DM20 0.160 0.240 0.160 0.250 0.100 0.180 0.070 0.140 0.060 0.120 0.060 0.100 0.090 0.170 0.050 0.090
DM21 0.150 0.220 0.100 0.200 0.080 0.140 0.110 0.250 0.070 0.130 0.060 0.100 0.060 0.150 0.070 0.160
DM22 0.120 0.200 0.070 0.180 0.080 0.150 0.120 0.300 0.060 0.120 0.070 0.120 0.080 0.170 0.060 0.120
DM23 0.120 0.190 0.110 0.200 0.100 0.180 0.060 0.130 0.060 0.120 0.070 0.130 0.110 0.190 0.080 0.170
DM24 0.110 0.190 0.150 0.240 0.090 0.150 0.100 0.200 0.060 0.120 0.050 0.090 0.150 0.240 0.040 0.090
DM25 0.150 0.230 0.150 0.240 0.110 0.214 0.054 0.120 0.070 0.130 0.060 0.110 0.054 0.150 0.070 0.140
DM26 0.048 0.170 0.058 0.170 0.060 0.120 0.110 0.230 0.048 0.110 0.090 0.193 0.140 0.210 0.080 0.193
DM27 0.150 0.220 0.140 0.230 0.090 0.160 0.070 0.140 0.060 0.130 0.060 0.090 0.140 0.210 0.050 0.090
DM28 0.080 0.180 0.070 0.180 0.060 0.120 0.080 0.150 0.110 0.286 0.070 0.130 0.140 0.210 0.060 0.110
DM29 0.150 0.220 0.150 0.230 0.100 0.170 0.100 0.180 0.080 0.140 0.070 0.120 0.060 0.160 0.050 0.090
DM30 0.140 0.210 0.140 0.220 0.110 0.200 0.090 0.160 0.050 0.110 0.046 0.090 0.130 0.200 0.041 0.080
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5.4. Final Results and Discusion

The final evaluation of the criteria is presented in two tables. Table 8 shows the estimates of the
main groups by importance and in Table 9, the estimates of 21 most important criteria by the subgroups
are presented. For the purpose of analysis and comparability of the evaluation of the most important
criteria, the Power Rough Heronian Values are converted into Crisp values. Although the aim was to
identify the 20 main criteria, due to the same estimate, in the main group Custom Care and the subgroup
Cleanliness and Maintenance, two the most important criteria, were presented.

Table 8. Final assessment of the General criteria.

General Criteria Power Rough Heronian Value

Accessibility 0.118 0.211
Availability 0.119 0.198

Security 0.105 0.185
Time 0.079 0.156

Customer care 0.074 0.152
Information 0.080 0.145

Comfort 0.066 0.118
Environmental impact 0.058 0.113

Table 9. Final assessment of the criteria.

General
Criteria Sub criteria Criteria Power Rough

Heronian Value

Accessibility

Access for disabled public transport Ramps are adopted with adequate slope 0.116 0.238

Communication, Colour, contrast Obstacle free accessibility to all media 0.140 0.226

Corridors, free routes and paths Accessibility input/output equipment in stations
or stops 0.127 0.218

Ticket office and machines Universal guidelines for movement over stations 0.140 0.249

Availability

Frequency and punctuality Punctuality of public transport to intercity bus
and railway stations 0.123 0.208

Mode of transport, network and
infrastructure Availability of seats on train/bus 0.097 0.199

Passenger facilities and
working hours

Availability of schedule information by
phone/mail 0.128 0.216

Security Emergency and safety Stability of moving vehicles 0.092 0.185

Time General Travel time information in abnormal conditions
(disruption, delay, eviction, . . . ) 0.112 0.216

Customer
care

Assistance Assistance to/from connecting services (arrival,
departure, buying tickets, moving) 0.116 0.228

Service Customer service (office, website, contact
telephone, complaint handling, etc.) 0.115 0.234

Staff
Assistance provision to disabled persons and
persons with reduced mobility 0.166 0.261

Ticket Better prices and benefits 0.124 0.231

Cleanliness and maintenance
Maintenance and vehicle safety 0.092 0.183

Cleanliness of the toilet in station 0.100 0.175

Ticket office and machines Universal guidelines for movement over stations 0.087 0.209

Information Facilities
Updated, precise and reliable information on
vehicles (operating hours, stops, service
interruptions, etc.)

0.125 0.225

Understandable Ease of understanding information in the
booking confirmation 0.122 0.225

Comfort Ambient Drinking water and sanitation 0.125 0.245

Comfortable Comfort of intercity vehicles 0.125 0.223

Environmental
impact General Unpleasant smell 0.128 0.224
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According to decision-makers, Accessibility is the most important criterion for people with
disabilities. Taking into account that these are people with disabilities and knowing that their main
problem is accessibility (0.164) to infrastructure facilities and vehicles, the selection of this main
criterion indicates the current situation. Availability is estimated (0.159) as the second criterion the third
criterion is Security (0.145), which shows a poor state of how people with disabilities feel in transport.
The following ranked criterion is Time. Customer care and information are ranked as equally important.
The worst ranking criteria is Comfort and Environmental impact.

The results in Tables 8 and 9 indicate the weakest points that must be solved first so that rail
passenger traffic becomes more attractive for people with disabilities. Pointing to the accessibility
problem in Table 8, it can be seen that people with disabilities are not able to use the railways equally
as other passengers. Table 9 presents a value description for each selected most significant criterion in
groups and subgroups.

The sub-criteria values from Table 9 are described below. An overview of the most important
criteria and a short comment were made in relation to the current services provided for people
with disabilities.

5.4.1. Accessibility

In the subgroup Access for disabled public transport, the criterion Ramps are adopted with
adequate slope (0.177) was selected. Other criteria were evaluated with less importance. The selection
of this criterion tells us that the railway stations are very inaccessible.

In the subgroup Communication, Colour, Contrast, the criterion Obstacle free accessibility to all media
(0.183) was selected. As in the Access criterion, it can be seen that information is not, in most cases,
accessible to people with disabilities. In the sub criterion Corridors, free routes and paths, the criterion
Accessibility input/output equipment in stations or stops (0.172) was selected. As an approximately similar
criterion, Barrier free path from parking places (0.166) was selected. This selection shows that the area
around railway stations is not adapted or accessible to people with disabilities. In the subgroup Ticket
office and machines, the criterion Accessibility of tickets sales points (0.194) was selected. At railway stations,
it is noticed that the ticket sale points are not adapted since they do not have sufficient height or do not
have adequate communication equipment. In Figure 2, all other criteria according to their importance
are shown by subgroups.Symmetry 2019, 11, x FOR PEER REVIEW 22 of 33 
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5.4.2. Availability

In the Frequency and punctuality subgroup, Punctuality of public transport to intercity bus
and railway stations (0.165) was selected as the most important criterion. By approximately similar
importance, the Frequency of public transport to bus or train station (0.164) and Accuracy of intercity
buses or trains (0.163) criteria were determined. The first ranking criterion tells us that the arrival of
people with disabilities to intercity stations is generally not achievable at all as well as to other users
because this transport is not performed on a regular basis.

In the Mode of transport, network and infrastructure subgroup, Availability of seats on train/bus (0.148)
was selected as the most important criterion. By approximately similar importance, Availability of other
modes of transport (0.144), Ease of access to the interchange (0.142) were selected. The lack of sufficient
number of seats for people with disabilities shows that there is still not enough financial resources, as
well as general awareness to find a solution to solve this problem. Observing the other most important
criteria, it can be seen that they are also not well approached by all aspects.

In the Passenger facilities and working hours subgroup, the criterion Availability of schedule
information by phone/mail (0.172) was selected. By an approximately similar value, the criterion
Availability of telephone signals and Wi-Fi (0.168) was selected. In this sub criterion, it is noticed that
there are not enough new modern ways of delivering information. In addition to their disabilities,
people with disabilities are not limited in applying new technologies but in this case, it can be seen
that it does not apply enough to transport in Serbia. In Figure 3, all other criteria according to their
importance are shown by subgroups.
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5.4.3. Security

In the Emergency and safety subgroup, the criterion Stability of moving vehicles (0.138) was selected.
If a vehicle is not equipped with a separate space, a seat or equipment adapted for people with
disabilities, the estimate of this criterion is clear, which tells us that there is a significant number of
unsuitable vehicles. Figure 4 shows all other criteria in terms of their significance.
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5.4.4. Time

In the Time group, only the main group was observed. The most important criterion was Travel time
information in abnormal conditions (disruption, delay, eviction, . . . ) (0.164). The following approximately
similar criterion was Length of the actual travel time in the vehicle (0.161). The selection of the most
important criterion tells that people with disabilities have most problems in emergencies since then
new unplanned transport due to their specificity and requirements can be very difficult. Figure 5
shows all other criteria in terms of their importance.
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5.4.5. Custom Care

In the Assistance subgroup, the criterion Assistance to/from connecting services (arrival, departure,
buying tickets, moving) (0.172) was selected. This tells us that the existing way of serving people with
disabilities at railway stations is insufficient or does not meet basic requirements.

In the Service subgroup, the criterion Customer Service (office, website, contact telephone, complaint
handling, etc.) (0.175) was selected. In addition to the previous criterion, currently available services are
not able to respond to all needs of people with disabilities.

In the Staff subgroup, the criterion Assistance provision for disabled persons and persons with reduced
mobility (0.213) was selected. The observation for this criterion is the same as for the first subgroup.

In the Ticket subgroup, the criterion Better prices and benefits (0.177) was selected. This selection tells
us that the population of people with disabilities, which is known to have much less income or financial
assistance, is not able to achieve a sufficient number of rides with the discounts currently available.

In the Cleanliness and Maintenance subgroup, two criteria with the same significance, Maintenance
and Vehicle Safety and Cleanliness of the toilet in the station (0.137) were selected. For these two criteria,
it can be said that they would not differ from those referring to people without disabilities since it
reflects the existing situation in the transport system. In Figure 6, all other criteria according to their
significance are shown by subgroups.
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5.4.6. Information

In the Ticket office and machines subgroup, the criterion Universal guidelines for movement
over stations (0.148) was selected. The approximate criterion according to importance is Availability of
information on accessibility of stations on the Internet (0.140). It is shown that there is insufficient awareness
of the necessary guidelines referring to the area of railway stations and the contents provided there.
The second criterion tells us that the use of the Internet is very useful for people with disabilities.

In the Facilities subgroup, the criterion Updated, precise and reliable information on vehicles
(operating hours, stops, service interruptions, etc.) (0.175) was selected. The approximate criterion
according to importance is Information available through other communication technologies (internet,
phone, mobile applications, etc.) (0.172). Insufficiently updated information for people with disabilities
is a major problem because they need to make a lot of planning for their movement and due to poor
transport, any cancellation or unforeseen situation presents a major problem for them. Thus, the
already mentioned new technologies are one of the advantages that can provide enough information
in travel planning.

In the Understandable subgroup, the criterion Ease of understanding information in the booking
confirmation (0.173) was selected. Providing information in the present way is not useful enough for
people with disabilities, which in most cases can be confusing to them. In Figure 7, all other criteria
according to their importance are shown by subgroups.
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5.4.7. Comfort

In the Ambient subgroup, the criterion Drinking water and sanitation (0.185) was selected.
Air-conditioning in the vehicle (0.170) was selected as the second most important criterion.

In the Comfortable subgroup, the criterion Comfort of intercity vehicles (0.174) was selected.
Observing this criterion, it can be concluded that existing vehicles do not meet the basic criteria

related to persons with disabilities. Figure 8 shows all other criteria according to their significance.
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5.4.8. Environmental Impact

In the Environmental impact group, only the main group was observed. The most important
criterion is Unpleasant smell (0.176). This criterion describes the existing situation that tells us that there
is no adequate care regarding hygienic conditions at certain railway stations. Figure 9 shows all other
criteria according to their importance.
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6. Conclusions

The use of public transport by persons with disabilities is a basic precondition for increasing their
mobility and better inclusion of this population in all regular activities, increasing the possibilities
of communication and meeting all social needs. The lack of appropriate statistical data, inadequate
number of relevant research on the position of people with disabilities in traffic and in addition to
many adopted regulations in practice, points to the inconsistency in the application and improvement
of affordable transport infrastructure and means of transport. The insufficient consideration of the
needs of persons with disabilities results in the fact that transport in Serbia is still inaccessible to a
large part of this population.

The contribution of this paper is that for the first time in Serbia, a comprehensive survey of
persons with disabilities and their perceptions regarding the assessment of the service provided
in rail transport has been carried out. The developed Full Consistency Method and Rough Power
Heronian aggregator is used to evaluate criteria in the area of passenger transport by using the
EN 13816 standard. The applied criteria are adapted for people with disabilities. An additional
contribution to the implementation of this model is the avoidance of the socioeconomic characteristics
of decision-makers, especially when it is known that persons with disabilities are highly dependent on
finances and that their income, pensions or assistance are very low.

The first three most important main criteria are Accessibility, Availability and Security. This research
has confirmed the practical situation that the accessibility of rail passenger system is the most important
criterion in the assessment of main groups. Therefore, this is the first place where it is necessary to
intervene in order to be able to think about increasing the number of persons with disabilities in
the public rail transport. In the Accessibility subgroup, the most important criteria describe that it is
necessary to solve the problems of environment, through the most important criteria, Ramps must be
adopted with adequate slopes, Free accessibility to all media, Accessibility input/output equipment in stations
or stops and Accessibility of tickets sales points. In the second main group, the need for accuracy in
departures/arrivals of public transport to railway stations, sufficient number of seats in railway vehicles
and available information is highlighted. In the Security group, the stability of the vehicles required
is indicated.

In other main groups, it is necessary to emphasize the following criteria: for Time (most importantly,
Travel time information in abnormal conditions: disruption, delay, evacuation), for Customer care (most
significant Assistance to/from connecting services: arrival, departure, buying tickets, moving, Customer service:
office, website, contact telephone, complaint handling and so forth, Assistance provision to disabled people, better
prices and benefits, maintenance and vehicle stability, Cleanliness of the toilet in the station) and for Information
(emphasizing the absence of Universal guidelines for movement over stations, Update precise and reliable
information on vehicles: operating hours, stops, service interruptions and so forth and Easy to understand
information in the booking confirmation). In main groups Comfort and Environmental Impact, responses are
approximately similar as regarding people without disabilities. The Ticket subgroup also indicates that
the existing number of rail transport facilities is insufficient and that it is necessary to introduce new
facilities for both disabled persons and their companions.

This way of tracking data can serve as a help to decision-makers at both local and regional levels
to control the service provided for persons with disabilities. On the other hand, in addition to a unique
proposal of criteria that must be considered, a selection of new criteria can be expanded and monitored
by associations of people with disabilities. Taking into account the research results previously presented,
we can summarize the following advantages of the multi-criteria model: (1) MCDM approach based
on RN uses exclusively internal knowledge of crisp numbers; (2) The proposed model eliminates the
defects of a traditional fuzzy approach that implies a subjective definition of the limits of interval
numbers; (3) Interval limits of RN do not depend on a subjective assessment but are defined on the basis
of data imprecision; (4) The hybrid RN multi-criteria model provides flexible decision-making and takes
into account the interaction between decision attributes; (5) The model examines the interrelationship
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between attributes and eliminates the impact of extreme values that can undermine the rationality of
traditional models.

The planned research will be presented to associations of people with disabilities with the aim of
implementation and use in the regular annual survey of passengers in rail passenger traffic.

Future research in this area and the provision of more detailed information may refer to the ranking
of criteria by processing data in different environments (regional, urban or rural) and individually for
certain types of disabilities. Such research can bring new more detailed conclusions and point out
the needs for certain types of equipment, service or the characteristics of the rail passenger system.
In addition, with certain adjustments, the new model can also be applied to other modes of transport.
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Appendix A

Table A1. Main group availability.

Subgroup Criteria

C11—Frequency and
punctuality

C11-1—Frequency of public transport to bus or train station,
C11-2—Punctuality of public transport to intercity bus and railway stations,
C11-3—Frequency of intercity buses or trains, C11-4—Accuracy of intercity
buses or trains, C11-5—Short time to transfer from one vehicle to another in the
same mode of transport (when passing on), C11-6—Short time to transfer from
one vehicle to another in the different mode of transport (when passing on),
C11-7—Regularity of the service (absence caused by interruptions-delay,
cancellation) related to intercity transport (alternative transport)

C12—Mode of
transport, network and

infrastructure

C12-1—Availability of other Modes of transport, C12-2—Availability Network
area covered, C12-3—Connections with other public transport services,
C12-4—Ease of access to the interchange, C12-5—Availability of seats on
train/bus, C12-6—Number of elevators, escalators and moving walkways,
C12-7—Parking spaces and facilities for car parking, C12-8—Availability of
shelter and benches at stations/stops

C13—Passenger
facilities and working

hours

C13-1—Number and variety of shops, cafés and restaurants,
C13-2—Availability of telephone signals and Wi-Fi, C13-3—Availability of
schedule information by phone/mail, C13-4—Availability of schedules/maps at
stations/stops, C13-5—Availability Operation operating hours during weekdays,
C13-6—Price Integration with PT, C13-7—Availability of ticket machines
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Table A2. Main group accessibility.

Subgroup Criteria

C21—Access for
disabled public

transport

C21-1—Ramps are adopted with adequate slope, C21-2—External interfaces to
private car and taxi users, C21-3—Internal interface transfer to other PPT
modes, C21-4—Escalators and moving walkways, C21-5—Easy access to
stations and platforms from the street, C21-6—Physical condition of vehicles
and infrastructure, C21-7—Platform lifts for boarding trains,
C21-8—Availability of handrails or grab bars on stations and trains/buses

C22—Communication,
Colour, contrast

C22-1—Orientation should be possible without verbal communication,
C22-3—Obstacle free accessibility to all media, C22-4—Pedestrian crossing with
audible or tactile signals, C22-5—All operating controls and communication
systems should be within reach of sitting persons, C22-6—Text
enlargement/W3C capabilities for websites, C22-7—Easy operation of
communication system (information and emergency telephones) with visual
echo, C22-8—Cleary contrasted and tactile way guidance system to identify
path and the stopping place

C23—Corridors, free
routes and paths

C23-1—Accessibility input/output equipment in stations or stops,
C23-2—Barrier free path from parking places, C23-3—Corridors, storage places,
seats, toilets and service areas are required to have sufficient manoeuvring and
clear space, C23-4—Steps and stairs – handrail, C23-5—Way guidance to the
toilet by use of visual signage, C23-6—Ease of movement inside the interchange
due to the number of people, C23-7—Toilets provision and location of
wheelchair accessible toilets

C24—Ticket office and
machines

C24-1—Accessibility of tickets sales points, C24-2—Accessibility of ticketing
machines in the height of persons sitting, C24-3—The availability of a text form
for a ticketing machine, C24-4—Availability of voice mode information with for
a ticketing machine, C24-5—The availability of a tactile way of information for a
ticketing machine, C24-6—Possibility of buying and checking the availability of
tickets over the Internet, C24-7—Ease of payment of tickets and purchase of
tokens at stations/halts

Table A3. Main group information.

Subgroup Criteria

C31—Disabled

C31–1—Universal guidelines for movement over stations, C31–2—Availability
of information on accessibility of stations on the Internet, C31–3—Available
signage documents in Braille or audio, C31–4—Available sound tags and
guidance information, C31–5—Visual indicator in elevators to indicate help on
way for use in emergency, C31–6—General information about the accessibility
of public transport that arrives at intercity stations, C31–7—General way
finding signage consistent in design and easily identifiable,
C31–8—Information on travelling in v (absence, interruption, . . . ) and available
alternatives for the delivery of transport

C32—Facilities

C32-1—Updated, precise and reliable information on vehicles (operating hours,
stops, service interruptions, etc.), C32-2—Travel information abnormal
conditions about suggestions and complaints, C32-3—Information available
through other communication technologies (internet, phone, mobile
applications, etc.), C32-4—Face-to-face at the information desk/office,
C32-5—Printed layout of the station’s facilities and their contents, C32-6—
General information about customer care, C32-7—Providing information for
purchasing tickets (ticket offices, ticket machines, etc.)

C33—Understandable

C33–1—Ease of understanding information in the booking confirmation,
C33–2—Clear and timely announcements of stops, C33–3—Clear and simple
notice boards with information and directions in stations, C33–4—Availability
and clarity of travel information at the interchange, C33–5—Explanations and
announcement of delays, C33–6—Clarity of information given in timetables,
C33–7—Easily readable and big letters
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Table A4. Main group time.

Subgroup Criteria

C41—General

C41–1—Duration of the planned trip, C41–2— Length of actual travel time in
the vehicle, C41–3—Time of entry/exit to the vehicle on the stations,
C41–4—Length of travel time between the point of entry into the station and the
departure point, C41–5—Travel time information in abnormal conditions
(disruption, delay, eviction, . . . ), C41–6—The time required to provide
information on the time of placement of the vehicle on the platforms,
C41–7—Time required for selecting other modes of transport

Table A5. Main group custom care.

Subgroup Criteria

C51—Assistance

C51-1—Assistance to/from connecting services (arrival, departure, buying
tickets, moving), C51-2—Help and information from the public transport point
or parking place to the intercity station, C51-3—Help and information at the
station, C51-4—Help and information in the vehicle, C51-5—Adjusted
assistance (station and vehicle) when terminating the service,
C51-6—Customized care for users who need medical help, C51-7—Help with
booking and buying tickets

C52—Service

C52-1—Customer service (office, website, contact telephone, complaint
handling, etc.), C52-2—Consumer care to collect information about satisfaction
through forms, C52-3—Taking care of customers receiving complaints about
services, C52-4—Medical institution in the station and vehicles, C52-5—Overall
dedication to travellers, C52-6—Application of innovations and initiatives in
relation to passengers, C52-7—View clearly visible user service

C53—Staff

C53-1—Assistance provision to disabled persons and persons with reduced
mobility, C53-2—Help with luggage, C53-3—Getting in/out of the station,
C53-4—Availability of staff in handling request for special services,
C53-5—Courtesy and Competence on Board, C53-6—Courtesy and
Competence in Station, C53-7—Scheduling staff to assist in the planned
arrival/departure journey

C54—Ticket

C54-1—Flexibility of shopping options at different locations outside of the
stations, C54-2—Flexibility of options for ordering tickets and making them at
home, C54-3—Flexibility of options for ordering tickets and buying tickets in
advance, C54-4—Options for purchasing tickets according to different tariffs
during the week, C54-5—Different payment options when buying tickets,
C54-6—Possibility to purchase tickets for multiple modes of transport in one
place, C54-7—Better prices and benefits

C55—Cleanliness and
maintenance

C55-1—Cleanliness of Vehicles, C55-2—Cleanliness of the station,
C55-3—Cleanliness of the toilet in station, C55-4—Cleanliness of the toilet in
vehicle, C55-5 Maintenance of ticket equipment, C55-6—Maintenance and
correctness of platform infrastructure, C55-7—Maintenance and vehicle safety,
C55-8—Maintenance and correctness of stable slopes, C55-9—Maintenance and
correctness of elevators, escalators and platforms
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Table A6. Main group comfort.

Subgroup Criteria

C61—Ambient

C61-1—Pleasant environment, C61-2—Conditions of cleanliness of the
environment, C61-3—Illumination of the environment, C61-4—Air conditioning
in the station, C61-5—Air-conditioning in the vehicle, C61-6—Satisfaction with
provision of meals, food and water, etc., C61-7—Drinking water and sanitation

C62—Comfortable

C62-1—Comfort and adaptability of public transport to intercity stations,
C62-2—Comfort and customization of the seats in the waiting rooms of the
intercity bus/rail stations, C62-3—Comfort and adjustment of the seat on the
platforms, C62-4—Comfort and customization of rooms for mothers and
children, C62-5—Adjustment of the luggage space, C62-6—Comfort of station
rooms with an increased number of users, C62-7—Comfort of intercity vehicles

Table A7. Main group security.

Subgroup Criteria

C71—Emergency
and safety

C71-1—Emergency Situations and Emergency Plans (Fire, Earthquake, . . . ),
C71-2—A sense of security from crime due to the presence of station staff,
C71-3—Emergency telephone, C71-4—Emergency exit signs and fire
extinguishers, C71-5—Personal safety in the vehicle, C71-6—Personal safety at
the station, C71-7—Video surveillance and alarms for travellers, Stability of
moving vehicles, C71-8—The train/bus travels at a safe speed

Table A8. Main group Environmental impact.

Subgroup Criteria

C81—General

C81-1—Influence on the environment from garbage on the station area,
C81-2—Pollution electromagnetic interference, C81-3—Pollution
electromagnetic interference, C81-4—Pollution exhaust, C81-5—Pollution dust
and dirt, C81-6—Visual pollution, C81-7—Unpleasant smell, Increased
vibration influence on vehicle motion
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