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Abstract: Increasing the Quality of Service (QoS) of Public Transport (PT), in order to attract more
users, is one of the goals of transport companies and urban policy-makers. A continuous monitoring
of data on users’ satisfaction is desirable, but most of the time such process is costly. Finding
correlations between PT accessibility, user satisfaction and PT ridership might be the key to prioritize
where and how service quality improvements have to be put in place. The aim of this paper is
to investigate the correlation among PT use, user satisfaction and PT accessibility using a spatial
and statistical approach to find useful and simple indicators for sustainable mobility planning. The
case study is Catania, a medium-sized city located in southern Italy, with a focus on the mobility of
University students. In this respect, students experienced fare-free PT from 2018 to 2020 as one of the
main results of collaboration between the University and the two urban PT operators, providing free
access to bus and metro transport services in the city. Student satisfaction and relevant data regarding
their mobility behavior were constantly monitored via a web survey: the analysis conducted in
this study is based on a database of about 4000 responses collected between 2018 and 2019. Spatial
and statistical correlations between user satisfaction, transit ridership and accessibility will provide
useful information for a correct planning and management of PT networks by transport companies,
highlighting diverse insights for different PT options.

Keywords: GIS; accessibility; user satisfaction; travel demand management; university mobility;
multiple correspondence analysis

1. Introduction

Sustainable mobility is one of the main concerns of policy-makers. A good strategy
to reach this goal it is to reduce the imbalance between private vehicle use and transit
ridership [1,2]. In this respect, transport companies and policy-makers should pay attention
to guarantee a good level of Public Transport (PT) Quality of Service (QoS). QoS depends
on several parameters, differently perceived by users and operators: on one hand, users
want to be satisfied by the service offered (e.g., in terms of frequency, travel time, cost);
on the other, operators aim at increasing the ridership with the lowest possible cost.
Both issues should be satisfied to achieve a good quality of the system and affect PT use
and effectiveness.

In order to evaluate such parameters, a continuous monitoring of data on both demand
and supply sides should be performed. While the company itself often monitors supply
data, demand data and the customer point of view are sometimes neglected [3]. This is also
because traditional methods of acquiring information related to the demand and the user’s
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point of view (e.g., surveys, questionnaires) can be expensive and time-consuming. Finding
correlations between demand and supply data might reduce the need for surveys (and
their related cost and time) and facilitate the adoption of corrective measures to improve
the QoS and ridership as well. Some attempts head in that direction, by linking PT QoS
and accessibility [4,5]. However, they rely on data on perceived accessibility acquired with
the involvement of users, and they are not spatially based, making it difficult to derive
detailed spatially-located policy implications.

This paper aims at filling this gap by proposing a spatial and statistical approach
for the analysis of data of different sources to explore the correlation among PT use, user
satisfaction and service accessibility. The aim is to find useful and simple indicators for
sustainable mobility planning.

Accessibility can be considered a good supply indicator, being a widespread concept
in transport planning, particularly suitable to represent the potential of opportunities
provided by PT [6–8]. In more detail, in this paper, the research question is linked to the
potential use of the Public Transport Accessibility Level (PTAL) [6] as a proxy of the QoS.

The methodology will be applied to the case study of university students’ mobility in
the city of Catania (Italy), although it can be considered scalable to other contexts.

Correlations between PTAL, user satisfaction and other relevant data have been
investigated by a spatial data processing, a simple linear correlation analysis and a Multiple
Correspondence Analysis (MCA) [9].

To the best of the authors’ knowledge, no attempt has been made so far to link data
about user satisfaction with supply provision and accessibility indicators in a Geographic
Information System (GIS) framework. Due to the intrinsic spatial nature of mobility and of
the aforementioned parameters, a GIS-based framework is considered adequate to support
a correct planning of PT services oriented towards accessibility and quality [10].

The remainder of the paper is organized as follows. Section 2 introduces an overview
on the main literature related to university students’ mobility, PT QoS and PT accessibility.
Section 3 presents the materials and methods used for the study, based on a combination of
data from different sources and spatial and statistical analyses. Section 4 introduces the case
study, while Section 5 describes the results obtained and Section 6 discusses them. Section 7
concludes the paper by underlying the main limitations and future research endeavors.

2. Literature Review and Research Framework

This section aims at positioning the paper with respect to the three main issues that
are investigated, i.e., university students’ mobility, PT QoS and accessibility, as detailed in
the following subsections.

2.1. University Students’ Mobility

University campuses can be considered as small cities, reached by students with
different transport modes and with analogue mobility issues (e.g., modal imbalance in
favor of private cars, accessibility, congestions, and so on). In this respect, the analysis of
students’ mobility, and, in particular, of their travel habits, is fundamental for policy-makers
to identify priority interventions towards the promotion of sustainable mobility [11,12].

Several studies in literature have dealt with this topic by analyzing student mobility
pattern through surveys [12–14], or trough spatial analysis [15,16] and suggesting interven-
tion plans to promote sustainable mobility. University students can also be considered a
suitable community to experiment innovative mobility concepts, e.g., demand responsive
transport services [17] or crowdshipping [18]. Investigating the characteristics of student
mobility can be useful both for transport planning at the University level and for extending
the results obtained to wider communities (e.g., entire city). In order to implement ad hoc
strategies aimed at reducing private transport and encourage the use of sustainable modes
it is important to investigate user satisfaction and accessibility to university venues [16].
In this respect, appropriate and simple indicators still need to be defined, evaluated and
monitored. This paper addresses this gap by linking PT user satisfaction with service
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accessibility to have simple indicators useful for sustainable mobility planning within
University communities.

2.2. Quality of Service in Public Transport

PT QoS can be assessed by the user point of view, in terms of gap between the
expected and perceived quality, and by the service providers, in terms of gap between
the targeted service and delivered one. While the former can give a measurement of the
satisfaction of service beneficiaries (i.e., customers and the community), the latter refers
to the performance of the service, which is important for service partners (i.e., operators,
authorities, police, road operators). Quality for users is directly linked to their level
of expectations: the more the gap between the sought and perceived quality, the less
users will be satisfied about the service. However, quality can depend on many factors,
and it is important to understand which of them mostly affects their satisfaction. The
European reference standard for PT QoS is the UNI EN 13816: 2002 [19]. Eight indicators
are defined, i.e., availability of transport mode, accessibility, information, time, customer
care, comfort, security, environmental impact. Surveys are typically used to assess QoS,
like the “Customer Satisfaction Surveys” (CSS), asking to evaluate the perceived/expected
quality according to the various indicators, the “Mystery Shopping Surveys” (MSS), based
on objective observations of travel experiences by qualified personnel, and the “Direct
Performance Measures” (DPM), to monitor the real performance of the service.

There is a wide literature regarding methods and tools to elicit and investigate user
satisfaction [20]. Among them, revealed/stated preferences surveys and discrete choice
models 22 [21–23], structural equation modelling [24–26], Classification and Regression
Tree analysis [20,27], multicriteria analysis [28] are widely used.

Eboli and Mazzulla [29] provide an overview of performance indicators for an objec-
tive evaluation of PT QoS by analyzing the relevant literature. They come up with nine
indicators showing their heterogeneity and the difficulty in some cases to objectively assess
some more qualitative aspects. The authors conclude that objective and subjective indica-
tors should be combined to provide a more useful and reliable tool of transit performance.
Objective data refer to the performance of the service and nowadays could be gathered
thanks to new information and communication technologies. In turns, CSS could also
benefit from them, via smartphones enabling low-cost surveys [30].

User perception of QoS in the transport sector can be heterogeneous and related to
different factors, e.g., the aim of the trip and type of service [31]. It is not an easy task to
evaluate the gap between the perceived and the expected quality of service, because of its
intrinsic subjectivity, though its great importance for PT operators to understand how to
improve the service quality by increasing user satisfaction [32].

Since it can be burdensome to constantly and accurately monitor user perception of
service quality, it becomes important to find correlations with data and simple indicators
referred to PT supply, e.g., accessibility.

2.3. Service Accessibility

Accessibility is a widespread concept in transport planning and it can be considered a
good indicator to uncover PT gaps [33]. It has been traditionally defined as “the potential
of opportunities for interaction” ([34], p. 73) and it can be seen as “the extent to which land-
use and transport systems enable (groups of) individuals to reach activities or destinations
by means of a (combination of) transport mode(s)” ([35], p. 128).

Planning for accessibility requires adequate indicators that can include the quantity
and quality of opportunities that can be achieved within a fixed threshold time or distance
or cost, available for a given social group. GIS are fundamental to visualize the impact of
transport solutions in terms of accessibility, and there is a growing literature on transport
studies related to this topic [7,8,35–38]. Recent studies propose an evaluation of accessibility
with the use of real-time data (e.g., travel time, speed) and large-scale GPS data [39,40],
showing the potential to assess the relation between supply and users experience also
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during the trip. There are several types of accessibility indexes and studies developed by
scholars [35,41–43].

The literature distinguishes two forms of accessibility [44–47]:

- Active accessibility (or person-based accessibility), which refers to the need to carry
out the activities located throughout the area by a user that is in a particular place
(generally the resident) and it evaluates the ease with which he can reach various
destinations from an origin. It is useful in locating settlement decisions;

- Passive accessibility (or place-based accessibility), which refers to the ability for the
various opportunities of a given area to be reached by the various users scattered
throughout the study area. In other words, it assesses the ease with which business
and services of a target area can be reached by the users. It is useful in the location
decisions of public services and economic activities.

Lei and Church [48] distinguish accessibility in:

• System accessibility that deals with physical access to a transport system, based on
the distance, time or effort to reach a system network,

• System-facilitated accessibility, which assesses a user’s ability to get to their destination
and include the travel time or cost spent in the transport network

• Integral accessibility, which is associated with calculating the access to a number of
possible destinations.

PT accessibility has been linked to social inclusion, quality and safety by Lättman et al. [4]
and Friman et al. [5]. They use the concept of perceived accessibility and, in particular,
the so-called Perceived Accessibility Scale (PAC), which is based on personal feelings to
measure the ease of travel, the ability to live the life one wants, and accessibility to activities.

In this work, the so called “Public Transport Access Level” (PTAL) developed by
Transport for London [6] has been chosen as a suitable indicator to be correlated with
user satisfaction of PT quality and ridership. PTAL is a recent indicator conceived as
a government tool to evaluate PT connectivity. However, its scientific value has been
widely recognized by scholars, in particular in recent studies [49–54]. According with the
aforementioned classifications, PTAL is an intermediate indicator between a system and a
system-facilitated accessibility and it can be considered an indicator of active accessibility in
its current formulation. Starting from PTAL, we performed some statistical correlation via
MCA to explore the possible relationship between access to service and users’ satisfaction.

The next section enters into the details the materials and methods used to perform the
analysis, starting from PTAL.

3. Materials and Method

The service accessibility index chosen for the purpose of this study, i.e., the PTAL,
represents the degree of connectivity by PT, with values ranging from 0 to 6, easily mapped
by a chromatic scale.

PTAL is a good indicator of PT efficiency and service coverage and it can give a clear
idea of the differences in a city giving easily understandable information on where to
improve the service. However, it does not take into account the destinations or the effort
users need to reach them from a specific node of the network, nor their satisfaction for
some quality attributes, such as information, comfort or safety.

It should be noted that PTAL can be associated to at least three of the attributes that
the European standards UNI EN 13,816 identify as relevant for PT quality of the service,
i.e., availability, accessibility and time, and to other quality factors that can be investigated
via ad hoc surveys, such as frequency and reliability.

In this paper, the potential of the PTAL as an indicator to be correlated with user
satisfaction of PT quality and ridership is investigated using spatial data. This is done
by using its active original formulation and a new passive formulation proposed by the
Authors, to understand if it can represent a good proxy of service quality.
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The methodology proposed is based on multiple datasets and steps here summarized
and described in Figure 1 and in the following subsections:

1. Zonation of the study area and construction of a network model of the transit system
2. Survey on users’ satisfaction
3. Active and passive PTAL calculation
4. Spatial data processing of PTAL and quality indicators of user satisfaction
5. Statistical analysis to correlate user satisfaction, transit ridership, and accessibility.
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3.1. Zonation and Transit Network Model

The first two steps set the preliminary phases needed to build the territorial and
transport context where to perform the analysis. The calculation of the PTAL relied on
a grid zonation with a squared-cell of size 400 m, performed through the use of QGIS
processing procedures. This size was selected since it allows a good level of detail for
the analysis and it is also considered in the literature one of the lowest walking distance
thresholds for users to choose a particular public transport stop [55]. The transit network
has been constructed starting from the data of the Urban General Transport Plan of the city
(dated 2013) and updated according to recent changes in routes and schedules; the final
network is referred to the transit scheme in 2019.

Data on the transit network are used to calculate active and passive PTAL indicators
and survey results are georeferenced to estimate main students’ trips origins and desti-
nations, resulting in the construction of a georeferenced database of information on both
service demand and supply.

3.2. Survey on Users’ Satisfaction

Surveys are useful tools to explore the service quality perceived by users. In particular,
in this study we used the results of a survey to university students, and its structure is
detailed in Section 4.2.

For the purposes of the study, the survey included three main sections:

1. Data on origin, final destination and eventual further destination within the typical day,
to build the student Origin-Destination (OD) matrix, as stated in the previous section;

2. Trip characteristics (time, mode, frequency in PT use)
3. General judgement on PT services in terms of: availability of direct PT lines, frequency,

reliability and punctuality, travel time shortness (in comparison to private car trip),
information provided to users, and comfort. All these data are useful as parameters
to evaluate users’ satisfaction.

3.3. Active and Passive PTAL Calculation

The PTAL is an effective service accessibility indicator, easy to calculate and to un-
derstand through visual maps. PTAL value is dimensionless, and it ranges from 0 to 6,
where 0 is the worst value and 6 the highest one, representing the best PT connectivity.
The factors that contribute to higher values of PTAL are: (i) a short walking distance to the
nearest stations or stops; (ii) high frequencies of PT during the morning weekday peak; (iii)
presence of major rail stations nearby. PTAL is calculated starting from the evaluation of
an Access Index (AI) according to the steps in Table 1 [6]. The AI is then converted into the
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PTAL through a chromatic scale according with color bands specified in Figure 2. More
information on PTAL method steps and color scale can be found in [6].

Table 1. Steps for the calculation of Public Transport Accessibility Level (PTAL).

Calculation Step Parameters Computation

WT—Walking times to Service
Access Points (SAPs)

Walking speed = 1.3 m/s
distance threshold:

- Up to 640 m to a bus service
- Up to 960 m to a metro service.
Services available at a longer distance do
not affect the PTAL of a selected location.

bus service = approx. 8 min
rail or metro service (12 min)

SWT—Scheduled Waiting Time

Peak-hour period: 08:15–09:15 on a
weekday.

Only the nearest stop of each route is
considered; if a service runs in both

directions, the most frequent direction is
used in the calculation.

SWT = 0.5 × (60/frequency)

AWT—Average Waiting Time *

Reliability Factor (RF):
• RF= 2 min for buses
• RF= 0.75 min for metro AWT = SWT + RF

TAT—Total Access Time * WT, AWT TAT = WT + AWT

EDF—Equivalent Doorstep
Frequency *

The EDF converts the TAT back into transit
frequency. It is a measure of what the

service frequency would be like if it was
continuously available over the space. It is

calculated for every transit mode

EDF = 0.5× (60/TAT)

AI—Accessibility Index

weight:
• 1 to the highest EDF per mode
• 0.5 to all other EDFs

AImode = max(EDF) + 0.5·∑(all other EDFs)
AItotal = ∑(AIall modes)

* minutes for each route at each Service Access Point (SAP).
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Based on the PTAL evaluation procedure, the authors introduced, for the scope of this
study, an active and a passive accessibility indicator for each university venue:

- The “active” PTAL is calculated using the conventional PTAL procedure for each
origin of the zoning grid;

- The “Passive” PTAL (that we called PPTAL) is referred only to the university venues
identified as main destinations from the students’ survey and it is calculated as the
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average value of active PTALs of the origin zones where students indicated that venue
as destination, as in Equation (1):

PPTALj =

Nj

∑
i=1

PTALi
Nj

(1)

being i the generic origin among the Nj zones paired with the destination j.

3.4. Spatial Data Processing

Spatial data based on the PTAL analysis and user’s surveys are included in a GIS
environment with the aim to build a multilayer planning-support tool, useful for decision-
makers to evaluate performance and quality of PT policies and interventions. Thematic
maps are used to analyze accessibility levels and present data on users’ satisfaction level
with reference to the quality of the service. They will be presented in the case study section.

3.5. Statistical Analysis

Finally, a statistical analysis is performed to gain more insight into the possible corre-
lations between users’ satisfaction, transit ridership and accessibility. Linear correlation
and MCA were used to find relationships between demand and supply data. MCA has
been chosen as the statistical method to analyze data, given the nature of the datasets
and the easiness to interpret the results in a graphical way. In the transport sector, MCA
is widely used in road safety analysis, to evaluate the main contributing factors causing
accidents [56–58] and investigating safety perception [59,60]. MCA has also been used to
obtain insight into the quality aspects of PT systems: Lombardo et al. [61] computed a
composite indicator of customer satisfaction based on the key characteristics for assessing
transport service quality found in literature; Grison et al. [62] analyzed users’ experience
of PT route choice on the basis of context and users profiles; citizens’ satisfaction for PT
through a survey has been investigated in a study conducted for the city of Bologna in
Italy [63]: MCA showed that punctuality, frequency of service and efficiency of buses were
among the main factors that affected the overall satisfaction.

MCA is typically used to analyze the pattern of relationship of more than two cate-
gorical variables, both qualitative and quantitative. The outputs are displayed in a map
where the correlations between the variables are expressed in terms of proximity of points.
The MCA is also applied with the aim of visualizing possible correlations between users’
travel habits and their stated opinions on the quality of PT service. The results of this
analysis allow to provide useful suggestions to identify the strengths and weaknesses of
each university venue taken into account, in terms of transit accessibility.

4. Case Study

Catania is a medium-sized city of about 300,000 inhabitants located in Sicily, in the
south of Italy (Figure 3a). It suffers from many transport problems, mainly related to the
high usage of private cars for systematic trips. This can be ascribed to lack and poor quality
of infrastructures for active mobility and low provision of PT dedicated infrastructures,
resulting in a low usage of surface PT, except for some specific lines. A 9 km metro
line is also present and its extension is under construction to connect the airport and
some big residential sites in the next years [64]. Catania can be considered a student
city because of the presence of the University of Catania (UNICT), which counts about
40,000 students, 1200 professors and researchers and 1200 employees. In total, there are
22 different university venues sprawled around the urban area of the city and 15 of them
include facilities attended regularly by the students (Figure 3b). For the statistical analysis,
only three main university venues (i.e., the most attended by students) will be considered,
which are those indicated with the blue circle in Figure 3b. One of UNICT’s missions is to
increase the accessibility of University sites by PT [65]. Several collaboration initiatives with
the Municipality and the two PT operators have been put in place in the last years. The last
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one, launched in October 2018, granted unlimited access to all regularly enrolled students
to urban PT, both weekdays and weekends (the initiative has been operating between
2018 and 2020. Changes are being currently undertaken also due to COVID-19 pandemic
and related mobility restrictions with consequences on student mobility). The initiative
went well beyond the mobility context, with many social, environmental and economic
implications. In this respect, it had a social transformative potential for a transition to
a sustainable society since students were encouraged to leave their private vehicles and
find opportunities to socialize while travelling to and from universities [65]. However, the
effectiveness of the initiative requires ad hoc strategies to monitor transit ridership, and
the quality of service from both the supply and demand side. Simple and easy to evaluate
indicators would be effective in understanding where and how to improve the service.
This motivates the choice of correlating PTAL, which is mainly based on supply indicators,
with demand data. In this respect, student satisfaction and relevant data regarding their
mobility behavior are constantly monitored via a web survey. The analysis is based on a
database of about 4000 interviews collected between 2018 and 2019, hence the results are
not influenced by restrictions due to the pandemic situation.
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4.1. Characterization of the Study Area and Construction of the Network Model

PT stations and stops in Catania were mapped, according to the information provided
by the transport operators in their websites. We refer to such facilities as Service Access
Points (SAPs) of the model. A transport network model has been built that includes: all PT
routes in Catania (both bus and metro, updated at 2017, Figure 4) and related frequencies,
the pedestrian network (updated on the General Urban Traffic Plan of 2013) and the SAPs
that each one of them serves. In particular, the pedestrian network was used to calculate
the walking time from the origin of students’ trips to the PT network’s SAPs.
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located all around the city) and potential further destination within the typical day 
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4.2. The Survey: Public Transport Quality of Service

In order to evaluate both accessibility and user satisfaction, information were extracted
from the survey administered since May 2018 to all students. This study used results based
on data until July 2019, counting with a database of almost 4000 respondents (3910 at
7 February 2019). The survey was administered via the student portal and students had to
be logged in with their personal account in order to access it.

The survey was structured according the following three sections, already introduced
in Section 3.2:

1. Data on origin (residential area), final destination (e.g., one of the university venues
located all around the city) and potential further destination within the typical day
(some departments are located in multiple venues): these georeferenced data were
used to build the student Origin–Destination (OD) matrix, as stated in Section 3.1;

2. Trip characteristics: time spent for OD trip; mode of transport used; frequency of
use of PT; most used PT lines; use of park-and-ride facilities. Among these, time
spent per OD trip, mode of transport and frequency of use of PT were correlated
with accessibility.

3. General judgement on PT services in terms of: availability of direct PT lines, frequency,
reliability and punctuality, directness, information provided to users, comfort.

The first three sections were structured with closed-format questions, while the last one
was an open question regarding general suggestion on how to improve students’ mobility.

OD matrix estimation refers to the peak-period considered in the time range between
7:00 and 9:00 AM for home-based trips to the University venues, taking into account also
intermediate trips between different destinations within the day. Matrices both for private
transport and PT were created based on survey’s results and were projected on the entire
student population by multiplying the values obtained by the survey by corrective factors.
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4.3. Active and Passive PTAL Calculation

In order to carry out the PPTAL analysis, since active PTAL was analyzed only in the
urban area, PTAL values for each survey respondent were assigned as follows:

- Respondents that indicated an address in the province of Catania were assigned with
the PTAL of the related zone;

- Respondents that indicated an address outside the province of Catania were assigned to
the value of PTAL of the main city station (because it is considered that the stated address
is the home and not the actual place where a student lives and also because the station is
considered a necessary passage point for all those who come from outside the city).

4.4. Statistical Analysis

While PTAL and PPTAL have been evaluated for all the different venues, detailed
statistical analysis have been performed on the three main university venues. They differ
in terms of city location (Figure 3b) and PT supply.

• The Science and Technology Campus is in a peripheral part of the city. It is a nerve
center of the university community of Catania as it attracts many students. The
Campus is well served by the bus and metro services and there are also many parking
lots to foster the car–PT intermodality. Thanks to a feeder service (called “metro
shuttle”), it is well connected to the closest metro station (1.6 km);

• The Humanities venue is located in a central area within the historical center. However,
the PT supply in this case is more lacking than the Campus one and the distance
from/to the nearest metro stop is about 1 km;

• The department of Economics can be considered as the main venue of the Social
Science pole, also located in the city center, but better served by PT supply. The closest
metro stop is 200 m away.

The first step of the MCA is to categorize the variables that are taken into consideration
(Table 2).

In more detail, we decided to take into account the A category since it resulted from the
survey that students use to change venue during the day; in particular, the survey revealed
that the distance of 1.5 km is the average travelled distance for these trips. The time classes
have been chosen by considering the average time required to reach a destination according
to the origin localization (urban, extra-urban). Regarding the frequency of use of the PT,
“rarely” refers to a low use of the PT (some days in a month). For PTAL values we used
the same classes range suggested by Transport for London [6]. The ratings from 1 to 5
assigned by respondents were maintained for the judgements related to PT service quality.
The PPTAL is not included in the analysis since it only changes with the venue, and it is
the same for all the people attending the same venue.
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Table 2. Categorization of the variables used for the Multiple Correspondence Analysis (MCA) analysis.

Variables Categorization of Variables

A: Refers to the change of venue during the day by users.
It is evaluated according to the distance travelled.

0–1.5 km
>1.5 km

B–C: Refer respectively to the mode of transport used to
go to the venues (B) and to return to one’s residence (C).

Walking
Metro

Car
Bus

Car–Metro
Car–Bus

Metro–Bus
Bike

Motorcycle

D–E: Refer respectively to the time (in minutes) necessary
to go to the venues (D) and return to one’s residence (E)

0–20
21–30
31–50
>50

F: Refers to the frequency of use of PT

Every day
3–5 times a week
<3 times a week

Rarely
Never

PTAL (Access Index values): Access Index was used in the
MCA. A value from 1 to 5 was assigned to AI values

classified with a 6-point score interval

0–6→ 1
6.1–12→ 2

12.1–18→ 3
18.1–24→ 4
24.1–30→ 5

5. Results
5.1. Quality of Service in Public Transport

As far as demand is concerned, perceived quality was derived from the analysis of
the survey results with 3910 answers. Students of the sample provided an estimate of their
level of satisfaction on a 1–5 scale (from low to high) for the overall service, and for specific
quality criteria: (1) lines availability, (2) frequency, (3) reliability, (4) directness, (5) customer
information, and (6) travel comfort. Some of the results are summarized with respect to
the main destinations (Figure 5a) and the PT used (Figure 5b) (only considering the most
used lines):
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Figure 5. Students’ satisfaction of PT quality factors: (a) over the destinations; (b) over the PT systems
(adapted from [65]).

The most satisfied students use the metro line in combination with the metro-shuttle
feeder service (metro + Metro Shuttle -MS) to access the science and technology campus,
being frequency, directness and line availability the most satisfactory attributes. Directness,
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information and travel comfort get a good evaluation by students going to the destinations
in the city center (humanities and social science). This is due to the availability of the metro
line with direct access to the social science pole and of the extensive bus network, even
if characterized by a low frequency of the service. It is worth noticing that comfort has
the lowest score for the Bus Rapid Transit (BRT) line. This is a relevant issue that needs
specific attention considering that this is one of the most used lines by students. A specific
investigation of this factor is done in Fazio [3].

5.2. Active and Passive PTAL and Spatial Data Processing

Figure 6 shows the Active and Passive accessibility for different university sites:
departments located in the city center (sites 2,8–9,15–18) record good values of both ac-
cessibility indicators, because of the high density and coverage of the transit network,
that is typical of a transit grid network serving a many-to-many mobility demand pat-
tern. On the contrary, the scientific department locations (all other sites), mainly sited
beyond the northern ring road of the city, are easy to reach from everywhere in the city
centre, while the reverse is not always guaranteed (Figure 6); this is consistent with the
ring-radial form that the transit network assumes as the distance from the city center
increases and the development of some lines dedicated to the scientific campus (BRT, metro
and metro-shuttle).
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sional); (b) codes used for each university venue.

The following thematic layers have been added to the GIS: (i) Active PTAL (Figure 7a)
for each zone; (ii) average score of students’ service quality satisfaction for each zone
(Figure 7b); as indicated in the legenda, for each zone a small number indicates the number
of respondents, while the color scale indicates the indicator values; nothing is mapped in
case of no respondents.

A first spatial data processing shows that in the south of the city low PTAL values
correspond to low satisfaction scores. This is in fact one of the most peripheral areas of
the city where there are mostly industrial activities. In the city center, where instead the
highest PTAL values are recorded, a homogeneous distribution of average satisfaction
scores is observed. There are peaks of satisfaction scores in the suburbs: in any case, the
number of respondents to the survey located in these areas is certainly lower, so individual
judgments have a great influence on the mapping of the results. This result confirms the
need for a more detailed analysis of the answers.
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Figure 7. (a) Catania’s PTAL map; (b) satisfaction indicator map in comparison with PTAL values

5.3. Linear Correlations between Users’ Satisfaction and Accessibility

In this study, data related to user satisfaction and accessibility have been used. How-
ever, the analysis shows that there is no direct correlation using the average values. Specif-
ically, the only indicator of accessibility that seems to be correlated with specific charac-
teristics of PT service quality (especially comfort) is the PPTAL, even if it has a very low
correlation with the overall satisfaction of service (Figure 8). This can be explained by the
level of aggregation used for this analysis, since satisfaction values are averaged and, thus,
tend to hidden the heterogeneity of answers and preferences. These points to the need to
do more detailed statistical analysis.
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5.4. Analysis of Correlations between Users’ Satisfaction, Accessibility and Travel Behavior
via MCA

The potential correlation between PTAL, users’ satisfaction and travel habits was
investigated performing a MCA considering the three main sites. The first analysis carried
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out correlates PTAL with user’s satisfaction and travel habits (see Figure 9). In the figure,
the symbols indicate the variable taken into account (as explained in the legend), while the
numbers are associated to the categorization of variables, as presented in Section 4.4.

ISPRS Int. J. Geo-Inf. 2021, 10, 235 14 of 20 
 

 

 
Figure 9. MCA analysis of PTAL satisfaction and travel habits for (a) science and technology cam-
pus; (b) humanities; (c) economics (social science). 

There are several conclusions that can be derived from the analysis. 
For the science and technology campus there is a very good correlation between high 

value of PTAL and users’ satisfaction. This finding is also linked with people who use 
frequently metro and bus and spend a medium-short time to reach their destination. On 
the contrary, low values of PTAL and satisfaction are correlated with users who travel by 
car. These results suggests that PT for this venue offers an efficient and suitable service. 
Furthermore, users move easily from one location to another during the day, and this can 
be interpreted by a good level of connection. 

The analysis for humanities follows a different trend. Low satisfaction and PTAL val-
ues are correlated with people who regularly use PT or a combined car-bus trip to get to 
the destination. Medium-low PTAL values are correlated with users who do not use PT 
but, at the same time, expressed a positive opinion on satisfaction. This can be interpreted 
as a judgment given to their overall experience of the PT service and not that specifically 
offered to access this venue. Hence, this result points to the need to define intervention 
strategies to improve the humanities’ PT supply and service quality. 

Results for the economics venue are quite different: the satisfaction and PTAL values 
have a high level for those who use PT for long distances (corresponding to longer time 
in the survey). This result is certainly related to off-site users who make long-term trips. 
On the other hand, people who go to university with an intermodal car-bus trip are not 
very satisfied, due to a low PTAL. This makes it clear that even in this case the PT supply 

Figure 9. MCA analysis of PTAL satisfaction and travel habits for (a) science and technology campus; (b) humanities;
(c) economics (social science).

There are several conclusions that can be derived from the analysis.
For the science and technology campus there is a very good correlation between high

value of PTAL and users’ satisfaction. This finding is also linked with people who use
frequently metro and bus and spend a medium-short time to reach their destination. On
the contrary, low values of PTAL and satisfaction are correlated with users who travel by
car. These results suggests that PT for this venue offers an efficient and suitable service.
Furthermore, users move easily from one location to another during the day, and this can
be interpreted by a good level of connection.

The analysis for humanities follows a different trend. Low satisfaction and PTAL
values are correlated with people who regularly use PT or a combined car-bus trip to get to
the destination. Medium-low PTAL values are correlated with users who do not use PT
but, at the same time, expressed a positive opinion on satisfaction. This can be interpreted
as a judgment given to their overall experience of the PT service and not that specifically
offered to access this venue. Hence, this result points to the need to define intervention
strategies to improve the humanities’ PT supply and service quality.



ISPRS Int. J. Geo-Inf. 2021, 10, 235 15 of 20

Results for the economics venue are quite different: the satisfaction and PTAL values
have a high level for those who use PT for long distances (corresponding to longer time
in the survey). This result is certainly related to off-site users who make long-term trips.
On the other hand, people who go to university with an intermodal car-bus trip are not
very satisfied, due to a low PTAL. This makes it clear that even in this case the PT supply
should be improved and better linked with other modes of transport so as to discourage
users from using private cars.

A more detailed analysis on service satisfaction and its use was conducted using the
judgments assigned to the characteristics related to the PT quality and users’ travel habits
(Figure 10). This type of analysis is useful to identify the specific problems in a particular
site. This must be done both with a view to improving users’ current satisfaction, but also
trying to attract future users, students in this case, and encouraging them to use PT.
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The results of this analysis show a common trend for the three venues, i.e., users are
highly satisfied (in terms of comfort, reliability, availability and frequency of the line) by
the service offered by the metro while the opposite occurs for the bus service. This finding
demonstrates the need to pay more attention to the bus transport service, by improving
those characteristics that have been taken into consideration in this second MCA.

6. Discussion

From the results obtained it is possible to draw some conclusions both related to the
research question, and with respect to practical implications for the case study.

First, we found some interesting correlations between accessibility and user satisfac-
tion, also in relation to travel habits and site location as shown in Figure 11. As already
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said at the beginning of this work, the authors are not aware of any study that links these
variables with respect to University students’ mobility. Therefore, it is not easy to compare
the results obtained with other similar studies.
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In more detail, we identify three clusters:

• On the left, the sites located in the historical city centre record low values of PPTAL
and low to medium satisfaction, mainly because they are served by a bus network
with good coverage but low service frequency.

• In the middle, the sites mainly located in the eastern part of city centre record a higher
PPTAL and an extended range of satisfaction, because of the different locations of the
metro stations, at 2 min of walking in the case of sites 4 and 7 and 9 min walking for
sites 15–18.

• On the right, all sites of the scientific campus outside the ring road benefit from the
combination of the metro line and integrated shuttle services, and show the highest
scores of accessibility, even if with slightly lower level of satisfaction, probably due to
the need of line transfer.

For what concerns the link between accessibility and satisfaction, we observed that
they tend to be more correlated for frequent PT users, even if there are some differences
that can be ascribed to the judgments given to PT service quality, which in some cases
may be considered representative of the overall PT experience and not of the level of
service of PT lines to access the venues. This confirms the idea that accessibility can be
considered as a good proxy of PT level of service, both from the supply and demand
point of view. This result was not clear using a simple linear correlation, while became
clearer using a MCA, allowing to infer about correlation between multiple and individual
heterogeneous attributes.

From the point of view of the specific results of the case study and related implications
for policy-making, there are some differences among the three analyzed venues and the
different transit modes available. In particular, while for the science and technology campus
the level of service is quite good, recording high levels of PTAL and satisfaction for PT
users, the opposite can be said for humanities. Different results can be found for economics
(social science) where PTAL values have a high level only for those who use PT for long
distances. As for the different PT services, a much higher satisfaction is recorded for the
metro service, which is however limited to only one line, with respect to the much wider
bus service network.

Policy implications can be drawn from these results. In particular, specific improve-
ments can be planned, starting from the two venues in the city center, where PT should
be combined with other modes of transport to increase its coverage. The same applies
to the science and technology campus, which is actually the best in terms of PTAL and
satisfaction, but which has a lower PPTAL, meaning that it is not easily accessible from
everywhere. More effort should be put in making the mostly used bus lines more efficient,
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e.g., by introducing more reserved lanes or increasing service frequency. Some efforts go in
this direction, i.e., with a BRT line from the city center to the campus that is highly used by
students. However, results of the survey show that comfort is not satisfactory and specific
analyses need to be done to further investigate this issue [3]. It is under discussion a wider
project of renewal of all the PT lines, with a reduction of the number of lines aimed at
improving the headways of the new ones, the introduction of 4 new BRT lines and the
concentration of bus terminals.

7. Conclusions

This paper explored the potential of accessibility indicators to reflect the satisfaction
of public transport users and how this is affected by the spatial characteristics of the site
location and transit connectivity.

The work posed the question of considering PT service accessibility as a good proxy
of PT QoS, considering both the demand and supply perspective. To test it, we presented a
procedure based on a spatial and statistical analysis applied to the case of university student
mobility in Catania (Italy). The case study is particularly interesting since the University of
Catania has provided unlimited access to PT to all the students and continuously monitored
student satisfaction and PT use via a survey. The methodology consists of multiple steps,
from the evaluation of both active and passive accessibility indicators based on the PTAL
indicator, to the analysis of survey data related to user satisfaction and PT use, with the
creation of a multi-layer GIS that allowed a visual representation of all the data, and a
statistical analysis based on linear correlation and a MCA. The analysis performed via the
MCA allowed to unveil correlations between the different attributes, especially between
satisfaction and PTAL, while this result was not clear using a simple linear correlation.
Some differences were found among the three analyzed main venues and the different
transit modes available, which allow to elaborate on specific implications on how to
improve the services for students.

The main policy implication of the results we found is that when university sites are
located in the city center (where active and passive accessibility are highly correlated) and
especially if they are served by a direct metro line, a high level of global satisfaction is quite
likely and the need for frequent customer satisfaction survey can be reduced.

The main limitation of the work relies on the data used for the analysis, which are
case-specific. It is worth noticing that the results relating to the trips with origins located
in more peripheral areas of the city are influenced by a limitation in the calculation of
the PTAL, which assumes the same reliability factor for all areas, while in these areas a
lower reliability of PT service could occur: this issue might be investigated in the future
with a dynamic index, based on real-time data on delays of the service. It would be
also interesting to compare data on the demand as extracted from survey results and ex
post demand data resulting from the PT operators. The comparison of the results with
a survey conducted before the introduction of the free PT would have been interesting,
since it would show if the satisfaction of users improved: however, these data were
not available in this case study, but this analysis could be useful for other applications.
Other types of advanced analyses could be performed to further explore the correlations
among the relevant variables. It would be interesting to understand user perception about
accessibility, as done by Lättman et al. [4]. From the analysis performed, it can be concluded
that accessibility can be used as a proxy of service quality for the specific case study.
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