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Railway service quality in northern
Italy: A multilevel synthetic assessment

Yanbing Fu1,2, Laura Eboli3, Gabriella Mazzulla3 and Yuming Zhang1

Abstract
In order to reasonably assess the railway service quality, a multilevel extensible assessment model is proposed based on
the matter element theory and the extension theory. The proposed model is applied to a real case study of some railway
lines. The matter element to assess the railway service quality is established on the basis of the characteristics of passen-
ger transit which included 7 primary assessment indices and 26 senior assessment indices. The index weights are deter-
mined by the passengers who were interviewed on board during their journey. Railway service quality is assessed by the
values of the correlation degree of the matter element with all the assessment grades. The multilevel extensible assess-
ment method can fully reflect the distance between the overall railway service quality or one kind of service attribute
and the assessment grades and then it can realize the continuous assessment. The method can provide not only the pas-
sengers’ overall satisfaction degree on the railway service quality but also the passengers’ satisfaction degree on one
assessment index.
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Introduction

Service quality is one of the major concerns of the pas-
sengers when they select their trip modes; high levels of
service quality can attract more passengers to travel by
railway. Therefore, it is necessary for the railway opera-
tors to assess the existing service quality and then to
improve the service level according to the assessment
results.

Some authors treated transit service quality mea-
surement by proposing different methods for assessing
service quality. The literature is full of interesting stud-
ies concerning these important issues, and more specifi-
cally, a part of studies focused on railway service
quality. As an example, Ieda et al.1 introduced the pre-
requisite conditions and policy which can play impor-
tant role on the railway service. Liu2 analyzed the
synthetic assessment indices of the passenger service.
Nathanail3 proposed a framework for the railway
operators to monitor and control the quality of railway

service. Nocera4 showed the importance of high-quality
transit systems within transport policy, also highlight-
ing the role of transport for the reduction of external
costs.5 Xuan6 set up the assessment index system of the
passenger service quality and proposed the assessment
model taking the differences on the design and technol-
ogy quality into account. Cao and Chen7 analyzed the
relationship of service quality, passenger complaints,
and passenger loyalty based on the structural equation
model (SEM). Eboli and Mazzulla8,9 also proposed
SEM to analyze passengers’ assessment on railway
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services and to find out the key service attributes. De
Oña et al.10,11 proposed a methodology with the theory
of a classification and regression tree (CART)
approach to analyze the key attributes affecting the rail
service.

Lots of attributes should be taken into account when
assessing the service quality of railway, and these attri-
butes may belong to different categories. The multilevel
extensible assessment method seems very appropriate
for this kind of measurement, because it is able to fully
reflect the distance between the overall railway service
quality or the quality of one kind of the several service
attributes and the assessment grades and then it can
realize the continuous assessment. For these reasons,
we decided to assess the railway service by the theory of
matter elements and extension method.12 More specifi-
cally, the method allows to calculate correlation degree,
which can provide passengers’ satisfaction degree on
the railway service on a whole and on one service attri-
bute. We also propose analyses for different classes of
passengers; by comparing the correlation degree of one
class of passengers with another class of passengers, we
can infer the preferences on the railway service attribute
of different kinds of passengers. As regards some
advanced and more sophisticated methods available in
the literature, the proposed method is a very simple and
intuitive method that can be useful also for transit
operators, because it provides a concise and easily
usable measure of service quality.

The main structure of the article is as follows. First,
we establish the multilevel assessment model. Second,
we describe the case study: we analyze the main attri-
butes of railway passenger service and set up the assess-
ment index system; we introduce the survey which
consisted of interviewing passengers on board during
their journey; we analyze the data. We specify that the
matter element to assess the railway service quality is
established on the basis of the transit characteristics
which included 7 primary assessment indices and 26
senior assessment indices. Afterwards, section
‘‘Results’’ focuses on the results. Finally, we give a con-
clusive discussion on the work.

Model

Assessment grade

Assessment grade refers to the set of classifications of
all the possible passengers’ assessment remark on the
quality of railway service. Assessment grade for all the
assessment indices in our analysis is expressed as
N =(Nk), (k = 1, 2, . . . , l), and l is the quantities of the
assessment remark in the assessment grade.

Classical domain

Classical domain is the value scope of one assessment
index which includes all the possible values when

considering one kind of assessment remark. In this
analysis, the data range of the transit users’ score on
one railway service attribute is taken as the classical
domain of the index if they think that the service qual-
ity attribute deserves the assessment remark. Let Rd

k

denote the classical domain matter element of the d
kind of assessment indices considering the k assessment
grade
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where d denotes the classification of the assessment
indices, cd

i is the i assessment index which belongs to
the d kind of assessment index, vd

ik is the classical
domain of cd

i considering the k assessment grade, ad
ik

and bd
ik are the boundary data of vd

ik, and nd is the
quantities of the d kind of assessment indices.

Joint domain

Joint domain is the value scope of one assessment index
which includes all the possible values. In this analysis,
the data range of the transit users’ score on one railway
service attribute is taken as the joint domain. Let Rd

q

denote the joint domain matter element of the d kind
of assessment indices

Rd
q = Nq, c

d
i , v

d
iq

� �
=

Nq cd
1 vd

1q

cd
2 vd

2q

..

. ..
.

cd
nd

vd
nd q

2
666664

3
777775

=

Nq cd
1 \ad

1q, bd
1q.

cd
2 \ad

2q, bd
2q.

..

. ..
.

cd
nd

\ad
ndq, bd

ndq.

2
666664

3
777775

(d = 0, 1, 2, . . . , 7, i= 1, 2, . . . , nd)

where vd
iq is the joint domain of the cd

i index, ad
iq and bd

iq

are the boundary data of vd
iq, and Nq denotes the set of

all the assessment remark.

Weight

Weight refers to the importance degree of an assessment
index compared with another homogeneous assessment
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index. In the model, we determined the index weights
from the point of view of a sample of passengers. And
we get the passengers’ score on the weight by question-
naire provided to the passengers. Let wd

i denote the
weight of the cd

i index, and we can get the weights of 26
senior assessment indices according to the following
formula

wd
i =

PNu

j= 1
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jiPnd
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Nu
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where zd
ji denotes the score in the j ( j= 1, 2, . . . ,Nu)

useful questionnaires for the importance degree of the
cd

i index and Nu is the quantities of the valid question-
naires. And then, we calculated the weights of the seven
primary assessment indices based on the following
formula
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Matter element

Matter element refers to the object that will be assessed.
Let Rd denote the matter element of the d kind of
indices
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where Pd denotes the overall assessment index, namely,
the railway service quality, and xd

i is the data of cd
i . In

the model, the means of the passengers’ score on those
assessment indices are taken as xd

i
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where xd
ji denotes the score in the j ( j= 1, 2, . . . ,Nu)

useful questionnaires for the satisfaction degree of the
cd

i index.

Correlation degree

The correlation degree can reflect the membership of
one index with one assessment grade. The correlation
degrees of the 26 senior indices should be calculated

first. Let ed
ik denote the correlation degree of the cd
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assessment index with the k assessment grade
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And then the correlation degree of the seven primary
indices should be calculated. Let e0

ik denote the correla-
tion degree of the c0

i assessment index with the k assess-
ment grade

e0
ik =

Xnd

j= 1

wi
j � ei

jk , (i= 1, 2, . . . , 7, k = 1, 2, . . . , l) ð6Þ

Finally, the correlation degree of the index of the
railway service quality should be calculated. Let e0

0k

denote the correlation degree of the overall assessment
index with the k assessment grade

e0
0k =

X7

i= 1
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jk , (k = 1, 2, . . . , l) ð7Þ

Synthetic assessment

The more the correlation degree is, the more the adapt-
ability degree between the assessment index and the
assessment grade and vice versa. For the classical
domain and joint domain listed in section ‘‘Synthetic
assessment of all samples,’’ed

ik 2 ½�1, 0:5�, and the
larger the value of ed

ik is, the nearer the passengers’
satisfaction degree on the assessment index is to the k
assessment grade. To put that
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(d = 0, 1, 2, . . . , 7, i= 1, 2, . . . , nd or i= 0,

k = 1, 2, 3, m= 1, 2, 3 k 6¼ m)

where hd
ik denotes the maximum value of the correlation

degree among l correlation degrees of the assessment
index cd

i and zd
im denotes the minimum value. Let
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yd
il, (d = 0, 1, 2, . . . , 7, i= 1, 2, . . . , nd, l = 1, 2, 3,

l 6¼ k, l 6¼ m) denote the last value of correlation
degrees of the assessment index cd

i , where k, l, andm,
respectively, correspond to three different assessment
grades.

If hd
ik.0, we can infer that the passengers’ satisfac-

tion degree on the cd
i assessment index belongs to the k

assessment grade. If hd
i1 = 0 or hd

i1 = hd
i2 = 0, we can get

that the transit users are very unsatisfied on cd
i . If

hd
i2 = hd

i3 = 0, we can know that the passengers are
basic satisfied on cd

i . If hd
i3 = 0, we can get that the

transit users are very satisfied on cd
i .

For the same kind assessment indices cd
i and cd

j

whose maximum value of their correlation degree is
from the same k assessment grade and whose minimum
value of their correlation degree is from the same m
assessment grade, we can infer that the passengers’
satisfaction degree on the cd

i assessment index is nearer
to the l assessment grade than that of cd

j if yd
il.yd

jl.

Case study

Assessment indices

In order to assess the passenger service quality of rail-
way, some indices must be considered from the point
of view of the passengers. Based on knowledge from
some conference12,13–15 and our project, as well as tak-
ing the data availability from the railway in the north-
ern Italy, 7 primary assessment indices and 26 senior
assessment indices are used in our assessment model,
which are specified in the following.

The first primary assessment index concerns
‘‘Safety.’’ Safety refers to the safety degree from crime
or accidents and the feeling of security resulting from
psychological factors, that is, safety is not only being
safe from crimes and accidents while riding or at bus
stops but also security related to the behavior of other
persons and the railway operation. Safety is further
assessed through three senior indices in this article, that
is, safety on the journey, personal safety on the train,
and personal safety in the station. These three senior
assessment indices are entitled the first kind of indices
in the following model.

‘‘Cleanliness’’ is the second primary index and it con-
cerns the physical condition of vehicles and facilities,
and specifically the cleanliness of the bus interior and
exterior, having busses and shelters clean of graffiti,
cleanliness of seating and windows, and so on. The clea-
ner the transit mode is, the more the public image is
and more ridership can be attracted and maintained.
Cleanliness is further described by cleanliness of the
carriage, cleanliness and general conditions of the seats,
cleanliness of the toilets, cleanliness in the stations, and
station maintenance and decorum. These five senior
assessment indices are the second kind of indices in the
following model.

The third primary index is ‘‘Comfort,’’ which is very
important for the passengers, both the physical and
ambient conditions regarding vehicles or stops.
Comfort refers to soft and clean seats, comfortable
temperature, not many people on board,16 smoothness
of the bus ride, low levels of noise and vibrations, and
no nasty odors. Comfort is further assessed through
three senior indices, that is, overcrowding, comfortable
temperature on board, and windows and doors work-
ing on board in the following analysis. These three
senior assessment indices are entitled the third kind of
indices in the following model.

The fourth primary index was named ‘‘Service relia-
bility and availability,’’ and it includes many important
service characteristics concerning different service
aspects. First, service reliability is very important for the
passengers which is one of the most investigated service
attributes of transit. On-time performance, headway reg-
ularity, and running time adherence are the three most
common factors to measure the service reliability.17,18

Second, there are some important service characteristics
linked to the monetary cost of the journey and the avail-
ability of discounted fares. Finally, there are also some
service aspects representing the service availability, such
as path characteristics and coverage, stops distribution,
service frequency, service span, and travel time.19 For
describing service reliability and availability, five senior
indices are used in our analysis, that is, ticket price in
relation to the service offered, timetable, train punctual-
ity, regular train schedule, price integration with other
public transport, and distribution of stations in the
region. These five senior assessment indices are the
fourth kind of indices in the following model.

The fifth primary index includes other various ser-
vice characteristics, and for this reason it was named
‘‘Other.’’ Other service refers to the railway service
before and after the journey by train. All the passengers
want to arrive and leave the station as convenient and
soon as possible. The other aspects of the railway ser-
vice are further described by three senior indices, that
is, parking in the station of departure, bike on board,
and accessibility for disabled in our analysis to describe
these other aspects of the service. These three senior
assessment indices are the fifth kind of indices in the
following model.

‘‘Information’’ is the sixth primary assessment index.
It is very useful for the passengers to get more informa-
tion about their journey and then they can plan their
trip better. Without the information, potential passen-
gers may not select transit service.20 The passengers
should know beforehand where the access is located,
when the train is scheduled to depart and arrive, where
to get off in the proximity of their destination, whether
they should transfer, and so on. Four senior indices are
listed in the following analysis for further assessment
information, that is, clear and fast information in the
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stations, clear and fast information on board, easy com-
munication with train, and information on other types
of transports. These four senior assessment indices are
entitled the sixth kind of indices in the following model.

‘‘Personnel’’ is the last analyzed primary index.
Customer care can make the journey easier and more
pleasant, which includes courtesy and knowledge of
drivers, courtesy and helpfulness of ticket agents, and
personnel appearance. Personnel is further described by
three senior indices in our analysis, that is, courtesy
and competence of the traveling personnel, frequency
and precision controlling the tickets, and courtesy and
competence of the station personnel. These three senior
assessment indices are the seventh kind of indices in the
following analysis. These seven primary assessment
indices are the zero kind of indices.

Survey

Data on the service quality of the railway are collected
through a survey addressed to the passengers of the rail-
way in northern Italy. Passengers from different types of
lines were interviewed, that is, 31 regional lines and 10
suburban lines mainly connecting different towns of the
Hinterland of the city of Milan and 2 express lines con-
necting Milan with the Malpensa airport. We interviewed
the passengers on board during their journey in the
period from 21 May to 1 June 2014 and got valid 3879
questionnaires. About 59.53% of the passengers traveled
by the regional lines, about 38.15% by the suburban lines,
and the remaining by the Malpensa express services.

We analyzed service quality by considering the lines
all at once; this analysis includes different kinds of pas-
sengers, from the commuters to the occasional users. We
also propose a more specific analysis which includes only
the suburban lines prevalently used by habitual users.

In order to get the passengers’ assessment informa-
tion on railway service, two parts of the questionnaire
were defined. General information, socioeconomic
characteristics, and travel habits of the passengers were
listed in the first section. Satisfaction degree and impor-
tance degree of the 26 senior assessment indices, listed
in the previous section, were collected. Every service
attribute was valued based on a scale from 1 to 10, with
1 being the lowest value given to an index, which indi-
cates that the passengers feel most unsatisfied with the
railway service attribute or think that the index is the
most unimportant one. Based on the requirements of
the assessment, third-level assessment collective is
established in our analysis, which is [very unsatisfied,
basic satisfied, very satisfied].21 The score of 1, 2, 3, or 4
shows that the passenger feels very unsatisfied on an
index; score of 5, 6, or 7 shows that the passenger feels
basic satisfied on an index; score of 8, 9, or 10 shows
that the passenger feels very satisfied on an index.

Almost 86% of the sample was investigated in a week-
day. 43% of the users were investigated in the off-peak

hours, about 13% in the morning peak hours, about
16% in the afternoon peak hours, and about 13% in the
evening peak hours. About 39% of the passengers are
commuter workers, 24% are students, and 37% are other
categories of people. About 57% of the interviewed peo-
ple are females. Most of the sample (40%) is aged
between 16 and 25 years, 32% is between 26 and 40years,
and 24% is between 41 and 65 years. Concerning income
levels, about 40% have unfixed income; 12% of people
state their income belongs to a class of income lower than
e1000 and 22% to a class between e1001 and e1500;
about 10% belongs to a class e1501 and e2000, 5% to a
class e2001 and e3000, and 2% belongs to a class e3001
and e4000 (Table 1).

A sample of 1480 interviewed people is passengers
of the suburban lines. Also, for this sub-sample, 87%
of the passengers were investigated in the weekday.
46% of the sub-sample was investigated in the off-peak
hours, about 15% in the morning peak hours, 18% in
the afternoon peak hours, and the remaining 13% in
the evening peak hours. About 32% of the sub-sample
is commuter workers, 27% students, and 41% other
categories of people. Also, in this case, almost 60% of
passengers are females. About 45% of interviewed pas-
sengers are aged between 16 and 25, 30% between 26
and 40, 21% between 41 and 65, and about 2% more
than 65 years old. About 39% of passengers have

Table 1. Sample characteristics of the passengers of all the
lines and of the passengers of only suburban lines.

Characteristics Statistics (%)

All the
lines

Suburban
lines

Day Weekday 86.08 87.35
Saturday 7.64 6.39
Sunday 6.28 6.26

Time 7:01–9:00 12.97 14.57
11:01–13:00 16.28 18.10
17:01–19:00 13.31 13.12
Other 57.44 54.21

Professional condition Worker 38.78 31.58
Student 23.78 27.30
Other 37.44 41.12

Gender Male 42.84 41.74
Female 57.16 58.26

Age (years) 16–25 40.07 45.48
26–40 32.09 30.19
41–65 24.12 20.70
.65 2.23 2.40
Unknown 1.49 1.23

Income level (e) Unfixed 40.60 39.47
\1000 12.57 10.65
1001–1500 22.23 18.12
1501–2000 10.07 8.33
2001–3000 4.73 4.56
3001–4000 2.30 2.86
.4000 7.50 16.01
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unfixed income; also, in this case, most of the sub-
sample belongs to a class of income between e1001 and
e1500 (18%) (Table 1).

From the scores frequencies of the whole sample
(Table 2), we can infer that most of the scores for the
26 senior indices are in the intermediate section of the
value range (from 5 to 8), except for two indices (clean-
liness of the toilets and train punctuality), which are
prevalently thought as very unsatisfactory (from 1 to
4). Safety on the journey and personal safety on the
train and in the station, together with the index con-
cerning the personnel, appear as the most satisfactory
indices; safety on the journey is the most satisfactory
index presenting a frequency of 34%. The indices
regarding cleanliness and comfort appear as particu-
larly critical, showing frequencies around 40% in the
lower range of scores (from 1 to 4).

Passengers traveling by the suburban lines more or
less express similar judgments of the whole sample.
Safety of the journey is judged even better in this case.

Results

Synthetic assessment of all samples

According to the questionnaire and the value of the
assessment grade, we can set up the classical domains,
which are denoted as

vd
i1 =\ad

i1, bd
i1.=\1, 4.

vd
i2 =\ad

i2, bd
i2.=\4, 7.

vd
i3 =\ad

i3, bd
i3.=\7, 10.

We can get the joint domain, which is denoted as

vd
iq =\ad

iq, bd
iq.=\1, 10.

According to the steps described in sections
‘‘Weight’’ and ‘‘Matter element,’’ we can get the seven
weight vectors and the scores for the 26 assessment
indices.

According to the steps described in sections
‘‘Correlation degree’’ and ‘‘Synthetic assessment,’’ we
can get the correlation degrees of the 26 senior indices,
the synthetic correlation degrees of the 7 primary
indices (Table 3), and the overall correlation degrees
for all the passengers, reported in the following

e0
01 = � 0:2101, e0

02 = 0:3142, e0
03 = � 0:3192

According to the assessment criteria, we can get that
h0

02 = 0:3142.0, which indicates that the passengers
feel basic satisfied with railway service. Being h0

01.h0
03,

we can infer that the passengers are near to be unsatis-
fied with the railway service of all the selected lines.
And the passengers feel basic satisfied with the seven

Table 2. Frequencies of the satisfaction scores expressed by the passengers of all the lines and of only suburban lines.

Senior index Score of the passengers
of all the lines

Score of the passengers
of the suburban lines

1, 2, 3, 4 5, 6, 7 8, 9, 10 1, 2, 3, 4 5, 6, 7 8, 9, 10

Safety on the journey 0.1250 0.5303 0.3447 0.1155 0.4980 0.3865
Personal safety on the train 0.2266 0.5525 0.2209 0.2351 0.5358 0.2291
Personal safety in the station 0.2529 0.5574 0.1897 0.2622 0.5324 0.2054
Cleanliness of the carriage 0.4334 0.4723 0.0943 0.4121 0.4865 0.1014
Cleanliness and general conditions of the seats 0.4432 0.4679 0.0889 0.4223 0.4851 0.0926
Cleanliness of the toilets 0.5254 0.4058 0.0688 0.5216 0.4122 0.0662
Cleanliness in the stations 0.3774 0.5236 0.0990 0.3824 0.5230 0.0946
Station maintenance and decorum 0.3697 0.5223 0.1080 0.3541 0.5466 0.0993
Overcrowding 0.3970 0.4880 0.1150 0.4216 0.4831 0.0953
Comfortable temperature on board 0.4107 0.4710 0.1183 0.4169 0.4662 0.1169
Windows and doors working on board 0.3444 0.5084 0.1472 0.3466 0.5081 0.1453
Ticket price in relation to the service offered 0.4236 0.4792 0.0972 0.4493 0.4486 0.1021
Timetable 0.3063 0.5236 0.1701 0.2946 0.5054 0.2000
Train punctuality 0.4535 0.4450 0.1015 0.4858 0.4297 0.0845
Regular train schedule 0.3642 0.5089 0.1269 0.3966 0.4791 0.1243
Price integration with other public transport 0.2740 0.5726 0.1534 0.2669 0.5628 0.1703
Parking in the station of departure 0.3122 0.5339 0.1539 0.3209 0.5095 0.1696
Bike on board 0.2465 0.6007 0.1528 0.2493 0.5851 0.1656
Accessibility for disabled 0.3619 0.5115 0.1266 0.3568 0.5088 0.1344
Clear and fast information in the stations 0.3393 0.5391 0.1216 0.3770 0.5088 0.1142
Clear and fast information on board 0.3823 0.5107 0.1070 0.4101 0.4858 0.1041
Easy communication with train 0.3955 0.5055 0.0990 0.4257 0.4791 0.0952
Information on other types of transports 0.3756 0.5321 0.0923 0.3926 0.5209 0.0865
Courtesy and competence of the traveling personnel 0.1936 0.5888 0.2176 0.2027 0.5770 0.2203
Frequency and precision controlling the tickets 0.2825 0.5380 0.1795 0.2973 0.5311 0.1716
Courtesy and competence of the station personnel 0.2181 0.5808 0.2011 0.2250 0.5595 0.2155
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primary assessment indices too, but they feel near to be
very satisfied with ‘‘safety’’ and ‘‘personnel,’’ while near
to be very unsatisfied with ‘‘cleanliness,’’ ‘‘comfort,’’
‘‘service reliability and availability,’’ ‘‘other,’’ and
‘‘information.’’ Definitively, passengers are most satis-
fied with ‘‘safety’’ and most unsatisfied with ‘‘cleanli-
ness,’’ ‘‘information,’’ and ‘‘comfort.’’ The correlation
degrees for the senior indices reflect the same trend of
the primary indices.

Synthetic assessment on the sub-sample of the
suburban lines

The overall correlation degrees for the passengers tra-
veling by suburban lines are the following

e0
01 = � 0:2039, e0

02 = 0:2948, e0
03 = � 0:3265

Being h0
02 = 0:2948.0, we can infer that the passen-

gers of the suburban lines feel basic satisfied with the
railway service.

Table 4 shows the correlation degrees of the 7 pri-
mary indices and the 26 senior indices. Not important
differences emerge with respect to the whole sample.

Synthetic assessment and passengers’ characteristics

Table 5 shows the synthetic correlation degree for both
the whole sample traveling by all the selected lines and
the sub-sample traveling by suburban lines, by taking
the sample’s characteristics into account.

By separating the interviewed passengers into differ-
ent categories according to their travel and socioeco-
nomic characteristics, we can get that all the passengers
feel basic satisfied with the railway service. The passen-
gers traveling on the weekday feel more unsatisfied on
railway service than on Saturday or on Sunday. The
passengers traveling during ‘‘17:01–19:00’’ are most
unsatisfied with railway service. The workers feel
mostly unsatisfied with the railway service. Definitively,
we can conclude that commuter passengers feel more
unsatisfied on the railway service than other passengers.
Females are more unsatisfied with railway service than
males. For the passengers whose age is between 16 and
65 years, young people traveling by suburban lines are
more unsatisfied with railway service than the elders,
while this difference is not relevant for the whole sam-
ple. Passengers traveling by suburban lines who have a
high income are more unsatisfied with railway service.

Assessment and income level of passengers of
suburban lines

We analyzed two kinds of samples of the suburban
lines whose income is between e3001 and e4000, and
whose income is lower than e1000, in order to know

the difference of the passengers’ satisfaction degree
between high- and low-income classes. The correlation
degree values of the 26 senior assessment indices are
shown in Table 6.

By analyzing the correlation degree values of the
passengers of the suburban lines whose income is less
than e1000, we can know that the passengers are basic
satisfied on those 26 service attributes, while passengers
with a high income feel unsatisfied with several indices.

Concerning safety assessment indices, both the two
kinds of passengers are basic satisfied and near to be
very satisfied with the service attributes, so they
approve the railway service in terms of safety; particu-
larly, they are most satisfied with the index ‘‘safety on
the journey.’’

Regarding cleanliness assessment indices, passengers
with a high income feel very unsatisfied with cleanli-
ness of the carriage, of the seats, and of the toilets,
but feel basic satisfied with the indices describing the
quality of the stations. However, passengers with a
low income feel basic satisfied with all the indices; this
fact indicates that wealthy passengers claim to travel
in clean places.

Comfort is judged better than cleanliness by both the
two kinds of passengers; specifically, ‘‘windows and
doors working on board’’ is the most satisfactory index.

Passengers of both the two sub-samples feel basic
satisfied with the ‘‘service reliability and availability’’
and the ‘‘other’’ assessment indices; particularly, they
are most unsatisfied with ‘‘train punctuality’’ and with
‘‘parking in the station of departure.’’

Passengers with a high income feel very unsatisfied
with the four assessment indices information, especially
‘‘clear and fast information on board,’’ while passen-
gers traveling by suburban lines are basic satisfied with
these indices. As for cleanliness, wealthy passengers do
not accept services with low levels of information; they
would want to travel by train having information on
board and in station. On the contrary, people with low
income, who probably are constrained to travel by
train, do not pay attention to this service characteristic.

Finally, passengers of both the two categories of
income feel basic satisfied with the three personnel
assessment indices, but passengers with a high income
are near to be very unsatisfied with the service attri-
bute, while passengers whose income is less than e1000
are near to feel very satisfied; we can also state that for
this aspect of the service, wealthy passengers are more
demanding than poor passengers.

Conclusion

The railway operators should know whether the pas-
sengers are satisfied with the quality of the main service
attributes and then they can improve their service and

8 Advances in Mechanical Engineering
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the overall satisfaction degree of their passengers. We
set up a multilevel extensible assessment model to assess
the railway service and apply the methodology to some
experimental data gotten by an investigation. The
application results show that the proposed model is
very useful. The correlation degree can fully reflect the
distance between the overall railway service quality or
one kind of railway service attribute individually and
assessment grade. In addition, correlation degree can
provide the passengers’ satisfaction degree on the rail-
way service on a whole and on one service attribute. By
comparing the correlation degree of one class of pas-
sengers with another class of passengers, we can infer
the preferences on the railway service attribute of differ-
ent kind of passengers.

We analyzed two different kinds of sample: the pas-
sengers of the whole sample and the passengers of the
suburban lines who can be considered as habitual
users of the railway services. Specific results indicate
that passengers of both the two analyzed samples are
basic satisfied with overall railway service quality and
with the primary and senior service attributes. More
specifically, they are most satisfied with ‘‘safety’’ and
most unsatisfied with ‘‘cleanliness,’’ ‘‘information,’’
and ‘‘comfort.’’

By analyzing the investigation data from groups of
suburban passengers distinguished according to the socio-
economic characteristics, we obtained interesting differ-
ences between two groups of passengers belonging to
different income classes: income between e3000 and
e4000 (high income) and less than e1000 (low income).
Particularly, passengers with a high income feel very unsa-
tisfied with several indices of cleanliness and information,
while passengers with a low income feel basic satisfied
with them. We can conclude that wealthy passengers are
demanding more than poor passengers; they claim to
travel in clean places, by train having information on
board and in station, while people with low income do
not pay attention to these service characteristics.

The methodology could be easily and conveniently
applied to any kind of transit service or services serving
different regions or places. As an example, by referring
to the railway service in Italy, interesting findings and
differences with the services analyzed in this article
could be verified if we analyzed the services offered in
the southern Italy, which presents a very different and
critical reality as regards the northern Italy. Surely,
methodology applied to the services of the southern
Italy would give useful suggestions for improving the
railway service.

Table 5. Synthetic correlation degree for all the lines and suburban lines.

Characteristics Correlation degree for all the lines Correlation degree for suburban lines

VUS BS VS VUS BS VS

Day Weekday 20.1996 0.2969 20.3302 20.1973 0.2872 20.3326
Saturday 20.2598 0.3930 20.2613 20.2278 0.3043 20.2982
Sunday 20.2881 0.3788 20.2320 20.2449 0.3316 20.2817

Time 7:01–9:00 20.1960 0.2799 20.3348 20.2046 0.2755 20.3261
11:01–13:00 20.2226 0.3179 20.3059 20.2059 0.2972 20.3223
17:01–19:00 20.1871 0.2830 20.3450 20.1646 0.2423 20.3648
Other 20.2147 0.3261 20.3135 20.2097 0.3053 20.3193

Professional condition Worker 20.1566 0.2261 20.3697 20.1433 0.2259 20.3603
Student 20.1926 0.2954 20.3340 20.1808 0.2642 20.3437
Other 20.2511 0.3769 20.2723 20.2476 0.3598 20.2777

Gender Male 20.2387 0.3358 20.2892 20.2375 0.3196 20.2918
Female 20.1883 0.2892 20.3407 20.1750 0.2605 20.3533

Age (years) 16–25 20.2093 0.3254 20.3174 20.1914 0.2870 20.3344
26–40 20.2232 0.3259 20.3060 20.2234 0.3147 20.3069
41–65 20.1923 0.2637 20.3397 20.3597 0.4669 20.5992
.65 20.1930 0.2886 20.3398 20.1498 0.2237 20.3822
Unknown 20.1870 0.2966 20.3430 20.2844 0.3783 20.2380

Income level (e) Unfixed 20.1826 0.2704 20.3450 20.2017 0.2973 20.3264
\1000 20.1924 0.2863 20.3360 20.2064 0.3046 20.3217
1001–1500 20.1970 0.2746 20.3342 20.1969 0.2687 20.3339
1501–2000 20.2094 0.2814 20.3213 20.2090 0.2687 20.3243
2001–3000 20.2094 0.2805 20.3226 20.1753 0.2405 20.3506
3001–4000 20.2088 0.2926 20.3171 20.0879 0.1482 20.4142
.4000 20.2818 0.4265 20.2341 20.2404 0.3761 20.2828

VUS: very unsatisfied; BS: basic satisfied; VS: very satisfied.

10 Advances in Mechanical Engineering



T
a
b

le
6
.

T
h
e

in
d
ex

sy
st

em
an

d
it
s

va
lu

e
o
f
as

se
ss

m
en

t.

P
ri

m
ar

y
in

d
ex

Se
n
io

r
in

d
ex

C
o
rr

el
at

io
n

d
eg

re
e

va
lu

e
(3

0
0
1
\

In
co

m
e
\

4
0
0
0
)

C
o
rr

el
at

io
n

d
eg

re
e

va
lu

e
(I

n
co

m
e
\

1
0
00

)

V
U

S
B

S
V

S
V

U
S

B
S

V
S

Sa
fe

ty
Sa

fe
ty

o
n

th
e

jo
u
rn

ey
2

0
.3

7
25

0
.2

5
4
9

2
0
.1

6
8
8

2
0
.4

2
9
2

0
.1

4
1
5

2
0
.1

1
0
3

Pe
rs

o
n
al

sa
fe

ty
o
n

th
e

tr
ai

n
2

0
.2

9
41

0
.4

1
1
8

2
0
.2

2
5
8

2
0
.2

8
2
2

0
.4

3
5
4

2
0
.2

3
2
7

Pe
rs

o
n
al

sa
fe

ty
in

th
e

st
at

io
n

2
0
.2

6
47

0
.4

7
0
6

2
0
.2

4
2
4

2
0
.2

7
2
4

0
.4

5
5
1

2
0
.2

3
8
2

C
le

an
lin

es
s

C
le

an
lin

es
s

o
f
th

e
ca

rr
ia

ge
0
.0

5
88

2
0
.0

5
9

2
0
.5

2
9
4

2
0
.1

6
0
5

0
.2

3
6
5

2
0
.3

8
1
7

C
le

an
lin

es
s

an
d

ge
n
er

al
co

n
d
it
io

n
s

o
f
th

e
se

at
s

0
.0

8
82

2
0
.0

8
8

2
0
.5

4
4
1

2
0
.1

5
5
5

0
.2

2
5
8

2
0
.3

8
7
1

C
le

an
lin

es
s

o
f
th

e
to

ile
ts

0
.2

3
53

2
0
.2

3
5

2
0
.6

1
7
6

2
0
.0

1
7
3

0
.0

1
7
9

2
0
.4

9
1
0

C
le

an
lin

es
s

in
th

e
st

at
io

n
s

2
0
.1

0
77

0
.1

3
7
3

2
0
.4

3
1
4

2
0
.1

8
0
0

0
.2

8
1
3

2
0
.3

5
9
3

St
at

io
n

m
ai

n
te

n
an

ce
an

d
d
ec

o
ru

m
2

0
.1

1
94

0
.1

5
6
9

2
0
.4

2
1
6

2
0
.2

0
0
1

0
.3

3
3
3

2
0
.3

3
3
3

C
o
m

fo
rt

O
ve

rc
ro

w
d
in

g
2

0
.0

7
50

0
.0

8
8
2

2
0
.4

5
5
9

2
0
.1

4
5
0

0
.2

0
4
3

2
0
.3

9
7
8

C
o
m

fo
rt

ab
le

te
m

p
er

at
u
re

o
n

b
o
ar

d
2

0
.0

1
25

0
.1

6
6
7

2
0
.4

1
6
7

2
0
.1

4
1
3

0
.1

9
7
1

2
0
.4

0
1
4

W
in

d
o
w

s
an

d
d
o
o
rs

w
o
rk

in
g

o
n

b
o
ar

d
2

0
.1

5
54

0
.2

2
5
5

2
0
.3

8
7
3

2
0
.2

3
8
7

0
.4

5
6
9

2
0
.2

7
1
5

Se
rv

ic
e

re
lia

b
ili

ty
an

d
av

ai
la

b
ili

ty
T

ic
ke

t
p
ri

ce
in

re
la

ti
o
n

to
th

e
se

rv
ic

e
o
ff
er

ed
2

0
.2

2
87

0
.4

2
1
6

2
0
.2

8
9
2

2
0
.1

2
3
9

0
.1

6
4
8

2
0
.4

1
7
5

T
im

et
ab

le
2

0
.2

3
71

0
.4

5
1
0

2
0
.2

7
4
5

2
0
.2

4
8
1

0
.4

9
2
8

2
0
.2

5
3
5

Tr
ai

n
p
u
n
ct

u
al

it
y

2
0
.0

1
89

0
.0

1
9
6

2
0
.4

9
0
2

2
0
.0

6
6
7

0
.0

7
7
0

2
0
.4

6
1
4

R
eg

u
la

r
tr

ai
n

sc
h
ed

u
le

2
0
.1

0
16

0
.1

2
7
5

2
0
.4

3
6
3

2
0
.1

6
7
8

0
.2

5
2
6

2
0
.3

7
3
6

P
ri

ce
in

te
gr

at
io

n
w

it
h

o
th

er
p
u
b
lic

tr
an

sp
o
rt

2
0
.1

9
28

0
.3

1
3
7

2
0
.3

4
3
1

2
0
.2

5
5
3

0
.4

8
9
2

2
0
.2

4
7
2

O
th

er
P
ar

ki
n
g

in
th

e
st

at
io

n
o
f
d
ep

ar
tu

re
2

0
.0

6
03

0
.0

6
8
6

2
0
.4

6
5
7

2
0
.0

6
0
3

0
.3

4
9
4

2
0
.3

2
5
2

B
ik

e
o
n

b
o
ar

d
2

0
.2

3
16

0
.4

3
1
4

2
0
.2

8
4
3

2
0
.2

6
0
7

0
.4

7
8
4

2
0
.2

4
4
5

A
cc

es
si

b
ili

ty
fo

r
d
is

ab
le

d
2

0
.1

1
36

0
.1

4
7
1

2
0
.4

2
6
5

2
0
.2

1
1
7

0
.3

6
7
3

2
0
.3

1
6
3

In
fo

rm
at

io
n

C
le

ar
an

d
fa

st
in

fo
rm

at
io

n
in

th
e

st
at

io
n
s

0
.0

7
84

2
0
.0

7
8
4

2
0
.5

3
9
2

2
0
.2

0
4
4

0
.3

4
5
8

2
0
.3

2
7
0

C
le

ar
an

d
fa

st
in

fo
rm

at
io

n
o
n

b
o
ar

d
0
.2

1
57

2
0
.2

1
5
7

2
0
.6

0
7
8

2
0
.1

7
7
0

0
.2

7
4
1

2
0
.3

6
2
9

E
as

y
co

m
m

u
n
ic

at
io

n
w

it
h

tr
ai

n
0
.2

0
59

2
0
.2

0
5
9

2
0
.6

0
2
9

2
0
.1

7
0
2

0
.2

5
8
0

2
0
.3

7
0
9

In
fo

rm
at

io
n

o
n

o
th

er
ty

p
es

o
f
tr

an
sp

o
rt

s
0
.0

3
92

2
0
.0

3
9
2

2
0
.5

1
9
6

2
0
.1

8
0
0

0
.2

8
1
3

2
0
.3

5
9
3

Pe
rs

o
n
n
el

C
o
u
rt

es
y

an
d

co
m

p
et

en
ce

o
f
th

e
tr

av
el

in
g

p
er

so
n
n
el

2
0
.2

3
16

0
.4

3
1
4

2
0
.2

8
4
3

2
0
.3

4
6
7

0
.3

0
6
4

2
0
.1

9
0
0

Fr
eq

u
en

cy
an

d
p
re

ci
si

o
n

co
n
tr

o
lli

n
g

th
e

ti
ck

et
s

2
0
.1

0
16

0
.1

2
7
5

2
0
.4

3
6
3

2
0
.2

3
8
7

0
.4

5
6
9

2
0
.2

7
1
5

C
o
u
rt

es
y

an
d

co
m

p
et

en
ce

o
f
th

e
st

at
io

n
p
er

so
n
n
el

2
0
.2

3
16

0
.4

3
1
4

2
0
.2

8
4
3

2
0
.3

0
4
6

0
.3

9
0
6

2
0
.2

1
9
0

V
U

S:
ve

ry
u
n
sa

ti
sf

ie
d
;B

S:
b
as

ic
sa

ti
sf

ie
d
;
V

S:
ve

ry
sa

ti
sf

ie
d
.

Fu et al. 11



Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Ieda H, Kanayama Y, Ota M, et al. How can the quality
of rail services in Tokyo be further improved? Transp

Policy 2001; 8: 97–106.
2. Liu LW. Comprehensive evaluation method of the

improvement degree of the quality of passenger transport
service of rail. Sci Technol Manage Res 2007; 6: 83–85.

3. Nathanail E. Measuring the quality of service for passen-
gers on the Hellenic railways. Transport Res Part A 2008;
42: 48–66.

4. Nocera S. The key role of quality assessment in public
transport policy. Traffic Eng Control 2011; 52: 394–398.

5. Nocera S, Tonin S and Cavallaro F. Carbon estimation
and urban mobility plans: opportunities in a context of
austerity. Res Transport Econ 2015; 51: 71–82.

6. Xuan H. Research on the multiple-attribute evaluation
method of quality of passenger transport service of the
rail station. China Sci Technol Inf 2010; 13: 278–279.

7. Cao C and Chen J. Analysis on service quality, passenger
satisfaction and passenger loyalty relationship of railway.
J China Railw Soc 2012; 34: 1–6.

8. Eboli L and Mazzulla G. Structural equation modelling
for analysing passengers’ perceptions about railway ser-
vices. Proced: Soc Behav Sci 2012; 54: 96–106.

9. Eboli L and Mazzulla G. Relationships between rail pas-
sengers’ satisfaction and service quality: a framework for
identifying the key service factors. Publ Transport 2015;
7: 185–201.

10. De Oña R, Eboli L andMazzulla G. Key factors affecting

rail service quality in the northern Italy: a decision tree

approach. Transport 2014; 29: 75–83.
11. De Oña J, De Oña R, Eboli L, et al. Heterogeneity in per-

ceptions of service quality among groups of railway pas-

sengers. Int J Sustain Transp 2015; 9: 612–626.
12. Fu Y, Chen Z and Zhao X. Multilevel extensible syn-

thetic evaluation of the quality of passenger transport ser-

vice of high-speed rail. Res J Appl Sci 2013; 5: 654–658.
13. Eboli L and Mazzulla G. Performance indicators for an

objective measure of public transport service quality. Eur

Transp 2012; 51: 1–21.
14. Eboli L, Fu Y and Mazzulla G. Multilevel comprehen-

sive evaluation of the railway service quality. Proced Eng

2016; 137: 21–30.
15. Redman L, Friman M, Garling T, et al. Quality attri-

butes of public transport that attract car users: a research

review. Transp Policy 2013; 25: 119–127.
16. Zehrer A and Raich F. The impact of perceived crowding

on customer satisfaction. J Hospit Tourism Manage 2016;

29: 88–98.

17. Ho TK, Tsang CW, Ip KH, et al. Train service timeta-

bling in railway open markets by particle swarm optimi-

sation. Expert Syst Appl 2012; 39: 861–868.
18. Vansteenwegen P and Van Oudheusden D. Developing

railway timetables which guarantee a better service. Eur J

Oper Res 2006; 173: 337–350.
19. Vromans MJCM, Dekker R and Kroon LG. Reliability

and heterogeneity of railway services. Eur J Oper Res

2006; 172: 647–665.
20. Wall G and McDonald M. Improving bus service quality

and information in Winchester. Transp Policy 2007; 14:

165–179.
21. Corriere F and Di Vincenzo D. The rail quality index as

an indicator of the ‘‘global comfort’’ in optimizing safety,

quality and efficiency in railway rails. Soc Behav Sci

2012; 53: 1090–1099.

12 Advances in Mechanical Engineering




