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ABSTRACT
Travel patterns in European urban areas are becoming increasingly complex due to
a sustained increase in the urban population and the trend towards urban sprawl.
Consequently, many public transport users need to combine several modes or
transport services to complete their daily trips. Therefore, the challenge facing all
major cities is how to increase mobility while at the same time reducing congestion,
accididents and pollution (COM, 2006).
Reducing the inconvenience inherent in transferring between modes is a basic
principle for achieving sustainable mobility. In this regard, transport interchanges
play a key role as urban transport network nodes, and the quality of the service
provided in them has a direct influence on travellers' daily experience. As noted by
Terzis and Last (2000), an efficient urban transport interchange must be
competitive and, at the same time, be attractive for users given that their physical
experiences and psychological reactions are significantly influenced by the design
and operation of the interchange. However, yet there are no standards or
regulations specifying the form these interchanges should take in Europe.
This doctoral thesis provides knowledge and analysis tools addressed to developers
and managers in order to understand better the performance of an urban transport
interchange and manage the available resources properly. Likewise, key factors of
the design and operation of urban transport interchanges are identified and some
'Planning guidelines' are proposed on the basis on them.
Since the users' perceptions of their experience are particularly important for
achieving the most appropriate policy measures for interchanges, an ad‐hoc
travellers' satisfaction survey was designed and carried out in 2013 at three
European transport interchanges: Moncloa (Madrid, Spain), Kamppi (Helsinki,
Finland) and Ilford Railway Station (London, United Kingdom)
In summary, this thesis highlights the ambivalent nature of the urban transport
interchanges, i.e. as nodes within the transport network and as places where users
spending time and proposes some policy recommendations in order to make urban
transport interchanges attractive for users.

RESUMEN
En las ciudades europeas, los patrones de movilidad son cada vez más complejos
debido fundamentalmente a un crecimiento sostenido de la población así como a la
tendencia de dispersión de los núcleos urbanos. En consecuencia, muchos de los
usuarios del transporte público se ven obligados a combinar varios modos o
servicios de transporte para completar sus viajes diarios. Por tanto, el mayor reto
de las ciudades es conseguir una mejora e incremento en la movilidad mientras que
al mismo tiempo se reducen problemas como la congestión, los accidentes y la
contaminación (COM, 2006).
Un principio básico para lograr una movilidad sostenible es reducir los
inconvenientes y molestias derivados de la transferencia o ruptura del viaje. En este
sentido, los intercambiadores de transporte público juegan un papel fundamental
como nodos de la red urbana de transporte y la calidad del servicio prestado en ellos
tiene una influencia directa sobre la experiencia diaria de los viajeros. Como señaló
Terzis and Last (2002), un intercambiador de transportes urbano eficiente debe ser
competitivo y al mismo tiempo, debe ser atractivo para los usuarios dado que sus
experiencias físicas y sus reacciones psicológicas se ven influenciadas de manera
significativa por el diseño y operación del intercambiador. Sin embargo, todavía no
existen standards o normativas a nivel europeo que especifiquen como deberían ser
estos intercambiadores.
Esta tesis doctoral proporciona conocimientos y herramientas de análisis dirigidas
a planificadores y gestores de los propios intercambiadores con el fin de entender
mejor el funcionamiento de los intercambiadores y gestionar así los recursos
disponibles. Así mismo, esta tesis identifica los factores clave en el diseño y
operación de intercambiadores urbanos de transporte y proporciona algunas guías
generales de planificación en base a ellos.
Dado que las percepciones de los usuarios son particularmente importantes para
definir políticas adecuadas para intercambiadores, se diseñó y se llevó a cabo en
2013 una encuesta de satisfacción al viajero en tres intercambiadores de transporte
urbano europeos: Moncloa (Madrid, España), Kamppi (Helsinki, Finlandia) e Ilford
Railway Station ( Londres, Reino Unido).

En resumen, esta tesis pone de relieve la naturaleza ambivalente de los
intercambiadores urbanos de transporte, es decir, como nodos de la red de
transporte y como lugares en sí mismos donde los usuarios pasan tiempo dentro de
ellos y propone algunas recomendaciones para hacer más atractivos los
intercambiadores a los usuarios.
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Chapter 1 – INTRODUCTION

1. INTRODUCTION

“Public transport station areas are complex entities; they are nodes in transport networks, and
places in the city; permanently or temporarily inhabited with compact and varied collection of uses
and forms accumulated through time”

(Peek et al., 2006)

This chapter will act as an introduction to this thesis focused on ‘MAKING URBAN
TRANSPORT INTERCHANGES MORE ATTRACTIVE FOR USERS’. It should be noted
that this thesis is linked within the context of the European project called City‐HUB
(see Appendix I).
For addressing this research scope, the current situation in cities along with the
background on urban transport interchanges are established in Section 1.1 in order
to identify the research gap. As a result, the main objective of the thesis and some
research questions are formulated in Section 1.2. To meet these objectives, a
research methodological framework is set up in Section 1.3.
Finally, the thesis structure and its original publications and contributions are
presented in Section 1.4 and Section 1.5, respectively.
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1.1. Research background
Cities worldwide are undergoing clear and continuous growth. More than half the
world's population today lives in urban areas, and this trend is expected to continue
rising. According to Heilig (2012), by 2050, 86% of the global population in
developed regions will live in urban areas. Cities today are complex systems, with
massive numbers of interconnected citizens, businesses, transport modes, services
and utilities (Neirotti et al., 2014).
This sustained increase in the urban population and the trend towards urban sprawl
in European cities has led to a shift in mobility patterns. In urban areas – the
scenario of most daily trips –, distances travelled and travel times have risen
dramatically (Banister, 2011), resulting in fewer destinations that can be reached
within a limited time and forcing many public transport users to combine different
transport modes to complete their trips. As a consequence, the attractiveness of
public transport has been diminished versus the private car. The challenge facing all
major cities is therefore how to increase mobility while at the same time reducing
congestion, accidents and pollution (COM, 2006). For that, minimising the
inconvenience inherent in transferring between modes is a basic principle for
achieving sustainable mobility.
Several studies have dealt with the consequences of intermodal transfers and, more
specifically, the importance of optimising transfer time for multimodal journeys
(Bookbinder and Désilets, 1992; Knoppers and Muller, 1995; Deb and Chakroborty,
1998; Hall et al., 2001; Ting and Schonfeld, 2005; Duff‐Riddell and Bester, 2005;
Guihaire and Hao, 2008). In this respect, good connectivity at public transport stops
and stations is critical to the overall effectiveness of the transportation network
(Iseki and Taylor, 2010). Haywood (2005) highlighted that notwithstanding the
importance of cost, it is the overall journey time which defines the competitiveness
of transport modes, therefore, the spatial relationship between stations and the
ultimate origins and destinations of journeys needs to be managed so that these are
as convenient as possible. Likewise, Sun et al. (2012) stressed that a transfer
terminal is a fundamental node in a multimodal transportation network and it has a
direct impact on a traveller’s travel time. Therefore, it is crucial to establish the
‐4‐
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factors that optimize and determine the competitiveness of these terminals.
Moreover, Bertolini and Spit (1998) explored the relation between urban transport
and land uses in railway stations and their surrounding areas, concluding that
relative position of railway stations into the cities had a node and place scale. As a
result, they formulated the 'node‐place model’ which analyse and manage this
relation.
At the urban level, transport interchanges are vital to ensuring smooth journeys for
travellers and improving the overall efficiency of the public transport system (Abreu
e Silva and Bazrafshan, 2013; Li, 2013). Additionally, they are considered one of the
main measures deployed to enhance public transport use and encourage modal re‐
distribution (Lopez‐Lambas and Monzon, 2010). However, an urban transport
interchange is a more complex transport facility than a conventional station, not
only because they allow travellers to transfer among different transport modes and
services (Edwards, 2011); but also, they must be considered in general as
multimodal facilities where travellers not only are passing through, they are also
spending time there (van Hagen, 2011).
For this reason, public transport users are particularly affected by the quality of the
service provided which has a direct influence on their daily experience. Terzis and
Last (2000) highlighted that urban transport interchanges should meet
sustainability standards and also be attractive for users given that their physical
experiences and psychological reactions are significantly influenced by the design
and operation of the interchange. Usually, these multimodal transport facilities tend
to be designed and operated by multiple stakeholders and in this regards, several
authors conclude that an understanding of the users' views is essential for defining
and developing an efficient urban transport interchange (Durmisevic & Sariyildiz,
2001; Peek & van Hagen, 2002; Friman, 2010; Harmer et al., 2014). Capturing users’
experience and perceptions is therefore crucial to achieve the most appropriate
policy measures for public transport interchanges.
Consequently, European Commission has been addressing the upgrading of urban
interchanges in order to increase public transport use (EC, 2001) and several
European projects and initiatives have focused on this matter over the last few years
‐5‐
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as shown in Table 1‐1. However, the results in terms of impacts on increasing
intermodal trips remain for the time being very low (Monzon and Di Ciommo, 2015).
Table 1‐1: European projects and initiatives focused on traveller intermodality and transport
interchanges.
EU initiatives and projects

Objective

Source

MIMIC
(1996‐1997)
Mobility, intermodality
interchanges

MIMIC mission was to provide decision‐
makers with recommendations on how to
improve intermodality in urban areas, i.e.
attractiveness of passenger trip solutions
where demand is transferred through
interchanges to public transport.
Results showed that psychological
barriers tend to be invisible, but are often
as important as some of the more visible
ones, or more so.

http://cordis.europa.eu/trans
port/src/mimic.htm

PIRATE aimed to analyse a sample of
European interchanges to assess the
extent and efficiency with which the
needs of the various stakeholders are
actually being met, and then to develop
and test an innovative approach to
defining and providing for those needs.

http://www.transport‐
research.info/web/projects/p
roject_details.cfm?ID=593

GUIDE
(1998‐1999)
Group for urban interchanges
development and evaluation

The main objective of GUIDE was to
develop and disseminate guidance on
good practice in the functional
specification and design aspects of
passenger interchanges, based on case
study evidence, both for the network‐
wide level and for the individual location
level.

http://www.transport‐
research.info/web/projects/p
roject_
details.cfm?ID=366

PORTAL
(2000‐2003)
Promotion Of Results in
Transport
Research
And
Learning

PORTAL was a three year project co‐
financed by the European Commission
within the 5th RTD* Framework
Programme which aimed to accelerate
the take up of EU research results in the
field of local and regional transport
through the development of new
education and training courses and
teaching materials. Particularly, this
website collect some information related
to integrated transport chains and urban
transport interchanges

http://www.eu‐
portal.net/start.phtml?sprach
e=en

CIVITAS Forum Network
(2002‐ on going)
Cleaner and better transport in
cities

The CIVITAS Forum Network is an active
community that currently incorporates
232 cities. It is pioneering clean urban
transport in Europe and is committed to
the introduction of ambitious sustainable
urban transport policies.

www.civitas‐initiative.org

KITE
(2007‐2009)
Knowledge Base on Intermodal
Passenger Travel

The main objective of the KITE project
was the provision of a Knowledge Base on
intermodal travel in Europe and it was a
core
element
to
support
the
complementary project European Forum
on Intermodal Passenger Travel (LINK)

http://www.kite‐
project.eu/kite/cms/

and

PIRATE
(1998‐1999)
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LINK
(2007‐2011)
The European Forum for
Intermodal Passenger Travel

The LINK Forum aimed to be a
communication
node
between
authorities, associations, operators, user
as well as industry representatives and
research. The main tasks of this Forum
were to provide a platform for exchange,
knowledge transfer and the promotion of
intermodal solutions and strategies.

http://www.fgm.at/linkforu
m/index.phtml?ID1=984

TRENDY TRAVEL
(2007‐2010)

The main objective of TRENDY TRAVEL
was to show how sustainable travel can
be made more attractive by appealing to
and promising to satisfy people's
emotional needs, so as to affect a modal
shift from the car to more sustainable
modes. This means a general change
towards a more positive perception and
attitude towards sustainable transport
where transport stations play a key role.

http://www.trendy‐
travel.eu/

MEDIATE
(2008‐2010)
Methodology for Describing the
Accessibility of Transport in
Europe

The MEDIATE project provided a
framework for measuring accessibility to
public transport by developing a set of
tools: indicators, a self‐assessment
manual, a good practice guide, a web
portal and an end‐user platform.

http://www.mediate‐
project.eu/

NICHES+
(2008‐2011)
New and Innovative Concepts
for
Helping
European
transport
Sustainability
Towards implementation

The main objectives were to identify the
potential users and implementers and
promote a number of promising
innovative mobility concepts related to
accessibility to urban mobility, the use
and efficiency of infrastructure and
interchanges and so on.

http://www.niches‐
transport.org/

HERMES
(2010‐2012)
High Efficient and Reliable
arrangeMEntS for crossmodal
transport

The main goal of the HERMES project was
the development and analysis of new
mobility
schemes
and
related
organisational patterns at the interface
and interconnection between long
distance transport networks and local /
regional transport networks of all modes.
The main output of HERMES project was
a handbook of recommended practices
for cross modal transport arrangements.
It provided necessary knowledge and
tools for developing new business models

http://cordis.europa.eu/resul
t/rcn/52723_en.html

CLOSER
(2010‐2012)
Connecting LOng and Short‐
distance networks for Efficient
tRansport

Based on existing research and practice,
the project CLOSER focused on the
analysis of interchanges between short
and long‐distance transport of all
different modes for passengers and
freight. Innovative tools for this analysis
were developed and checked in a number
of case studies.

http://www.closer‐project.eu

CITY‐HUB
(2012‐2015)

The project aimed at contributing to the
design and operation of seamless, smart,
clean and safe intermodal public
transport systems, addressing, at the
same time, how these interchanges
should be designed in order to ensure that
“vulnerable” target groups, i.e. the elderly,
youth,
physically
and
mentally
handicapped people can adequately
benefit from these interchanges.

http://www.cityhub‐
project.eu/
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NODES
(2012‐2015)
New tOols for Design and
OpEration of Urban Transport
InterchangeS

*RTD

NODES aimed to provide a Guidelines and
a Toolbox to support European cities in
the design and operation of new or
upgraded interchanges, as a way to
provide greater support, services and
satisfaction to the travellers and users, as
well as to interchange operators and
those societal and economic actors
depending on the efficiency of
interchange operations.

http://www.nodes‐
interchanges.eu/

(Research and Technological Development)

Conclusively, there are currently few opportunities in urban areas for direct
journeys when opting to use public transport, i.e. most trips require a transfer
between different transport modes or services. This means that transport
interchanges are an everyday experience for many users and they have become, in
this respect, in fundamental elements to reduce transfer inconveniences and
improve user’s perceptions. Likewise, they should not act only as a place in the city
due to their relation to the land uses, but also they should act as a hub in urban areas.
They should be designed in a way that attracts people to the facility from the outside
area in order to connect them to the transport modes available there and increase
PT attractiveness.
However, there are no standards or regulations specifying which facilities and
services are required in urban interchanges. Although several studies have
researched methods for evaluating customer satisfaction with the quality of public
transport services (Stradling et al., 2007; Nathanail, 2008; dell’ Olio et al., 2011a; de
Oña et al., 2012, 2013a; Redman et al., 2013), evaluation methods have rarely been
adapted for measuring user´s needs and views with regard to multimodal terminals
(Dell’Asin et al., 2014).
Therefore, the main motivation of this research is to fill this gap: analysing the users'
role and their needs at urban transport interchanges and defining an efficient
transport interchange both from the functional and the psychological standpoints in
order to improve the users’ daily experience and reduce the transfer inconvenience.
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1.2. Objective and research questions
Based on the above background, the objective of this thesis is to provide assessment
tools to managers and developers of urban transport interchanges which allow
them, drawing on the user's experiences, a depth of knowledge of the interchange
in order to understand better its performance and manage properly the available
resources.
In order to comply with this central objective, a set of research questions are
proposed that need to be answered. These are stated below:
I.

What is an urban transport interchange? How are multimodal transport
facilities perceived by users? What are the most relevant aspects
affecting the users' experience during the transfer?

An interchange is an inescapable feature of public transport and various factors are
important to define properly an urban transport interchange, including: integrated
management of the interchange; integration with the local area; the relevance of
different typologies, (i.e. different interchanges need different facilities); essential
and desirable features; and the different zones of an interchange. However, services
and facilities required of transport interchanges are usually defined in terms of
functional specification and design. Therefore, the aim of addressing this research
question is to identify in the literature and previous studies the most relevant
aspects influencing the users' perceptions not only from the functional perspective,
but also considering the users’ needs, stressing their role at the urban transport
interchanges.
II.

How to capture the users’ views on site without distorting their daily

trip but by ensuring a good rate of response? How to implement travellers’
satisfaction surveys at urban transport interchanges?
Since urban transport interchanges are nodes on the public transport network
where users transfer rapidly from one mode of transport to another, giving an
answer to a 20‐minute questionnaire would be an unnecessary interruption to their
daily trip. As a result, it could be very difficult to capture the users' attention and
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therefore, their perceptions and needs. The objective of this question is to identify
the main survey methodologies applied at intermodal passenger terminals and
provide an implementation procedure which improves data collection rates and
thus, reflects the realities of urban transport interchanges.
III.

How IS the performance of an EXISTING transport interchange?

How

could resources be managed more efficiently?
Addressing this question should result in developing analysis tools which provide
managers and developers a comprehensive knowledge of an urban transport
interchange in order to understand better its performance and manage the available
resources properly, all of this from the users' experience.
IV.
How SHOULD the performance of an EXISTING or NEW transport
interchange BE?
As mentioned in background, urban transport interchanges are more complex
transport facilities where users are not only passing through, but also are spending
time inside. Therefore, the reason for this last research question is to identify what
factors make the use of the interchange more comfortable and reduce the user's
stress feeling, providing some 'Planning guidelines'.

It should be stressed that the specific objectives of this thesis are linked
directly to give answers to these research questions.
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1.3.

Research methodology

Once the research gap has been identified and both the main and specific objectives
have been established through some research questions, it is defined the layout of
the research methodological framework (see Figure 1‐1). This figure shows the two
main stages in the development of the thesis. First, a theoretical assessment is
carried out in Chapter 2 and Chapter 3 in order to give an answer to the research
questions I and II, respectively (see left side of the Figure 1‐1). Secondly, a practical
and scientific assessment is applied in order to answer to the last two research
questions.

Figure 1‐1: Layout of the research methodological framework

Regarding this second stage, a travellers' satisfaction survey was defined and
implemented in three European transport interchanges and an 'Assessment process'
is proposed and developed throughout Chapter 3, Chapter 4, Chapter 5 and Chapter
6 (see Figure 1‐2). This 'Assessment process' is structured in 4 research steps. It
should be mentioned that Step 1 and Step 2 are related to the data collection and
these previous steps will be inputs for defining and developing the ‘Assessment
process’.
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These 4 research steps are summarised as follow:


Step 1: Design and structure of the Travellers’ Satisfaction survey. Process
for collecting data at urban transport interchanges.



Step 2: Description and qualitative analysis of the European case studies



Step 3: Definition of the user profiles and their mobility patterns for setting
the context



Step 4: Development of the ‘Assessment process’ thought of three analysis
tools and their application to the selected European case studies

Figure 1‐2: Research steps

Step 1, Step 2, Step 3 and Step 4 are developed in Chapter 3, Chapter 4, Chapter 5
and Chapter 6, respectively. It should be mentioned that part of the ‘Assessment
process’ has been submitted and published in two scientific journals, which are
included as Appendices (see Appendix III).
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1.4. Thesis structure
This thesis is organised into nine chapters, according to the following structure:


Chapter 1 is the present introduction. It includes the background and a
description of the research gap, the objective and research questions which
this thesis intends to give answer and it describes the steps followed in the
research methodology. Finally, it is presented the list of original publications.

 Chapter 2 aims to address the first research question or specific objective.
Therefore, this chapter describes an urban transport interchange and how
users perceived these multimodal transport facilities based on the literature
review. Likewise, it highlights the most relevant aspects affecting the users'
experiences identified in previous studies.

 Chapter 3 describes the design and structure of the Travellers’ Satisfaction
survey which aims to collect the users’ views and needs about their
experiences at urban transport interchanges. Furthermore, a combined
survey implementation method at urban interchanges is proposed,
answering to the second research question.

 Chapter 4 describes in detail the selected case studies: three European
urban transport interchanges. According to literature review carried out in
chapter 2, draws out a qualitative analysis and identifies obstacles and
potential improvements.

 Chapter 5 presents the response rate obtained in each case study through
the combined implementation methodology proposed in chapter 3.
Additionally, this chapter analyses the samples in each case study and
describes the user profiles and their mobility patterns, setting the context of
each transport interchange.

 Chapter 6 provide an ‘Assessment process’ based on the users’ experience
and their perceptions. The methodological framework consists of three
analysis tools, which are explained in detail as well as the results obtained in
each case study. It should be noted that this chapter gives an answer to the
research questions III and IV. Additionally, these answers were developed in
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scientific papers and published in international journals. They are included
as Appendices.

 Chapter 7 is a summary of the main conclusions of this thesis and it provides
some policy recommendations extracted from this research work.

 Chapter 8 outlines the main contributions or research findings obtained and
proposes some future research lines which complementing and reinforcing
this thesis.

 Chapter 9 includes a compilation of all references uses in the thesis.
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1.5. List of original publications
The main contributions of this thesis are several research studies, some papers have
been published in scientific journals; other have been presented at International
Conferences. Finally, this thesis has also contributed to the development of two book
chapters focused on matter.
The mentioned contributions are detailed below:
Two papers published in the journals of 'Transportation Research Part A: Policy and
Practice' and 'Cities'. Both papers are included in thesis as appendices (paper A and
paper B – Appendix III), giving an answer to research questions III and IV,
respectively (see Figure 1‐1; Research methodology).
A. Hernandez, S., Monzon, A., de Oña, R. Urban transport interchanges: a
methodology for evaluating perceived quality. Accepted for publication in
Transportation

Research

Part

A:

Policy

and

Practice.

DOI

10.1016/j.tra.2015.08.008
B. Hernandez, S., Monzon, A. Key factors for defining an efficient urban
transport interchange: users’ perceptions. Accepted for publication in Cities.
DOI 10.1016/j.cities.2015.09.009
Two book chapters included in Section 2 of the edited book ‘CITY‐HUBs: Sustainable
and Efficient Interchange Stations’ published by Taylor and Francis.


Hernadez, S. and Monzon, A. (2015). Making the interchanges attractive for
users. In: A. Monzon and F. Di Ciommo, ed. 2015. CITY‐HUBs: Sustainable and
Efficient Interchange Stations. Oxford: Taylor and Francis. Chapter 6



Monzon, A., Di Ciommo, F., Hernadez, S., Andersen, J., Christiansen, P. and
Poppeliers, R. (2015). The City‐HUB Model. In: A. Monzon and F. Di Ciommo,
ed. 2015. CITY‐HUBs: Sustainable and Efficient Interchange Stations. Oxford:
Taylor and Francis. Chapter 7
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Finally, research studies presented at International Conferences during doctoral
thesis process have been:


Monzon, A., Hernandez, S. (2016). Sustainable and efficient urban transport
interchanges. Submitted to the XIX Congreso Panamericano de Ingeniería de
Tránsito, Transporte y Logística. 28‐30 September, 2016. Mexico D.F.



Monzon, A., Hernandez, S., Di Ciommo, F. (2016). Efficient Urban
Interchanges: the City‐HUB model. Submitted to the 6th TRA Conference:
Transport Solutions from Research to Deployment. Moving forward:
Innovative solutions for tomorrow’s mobility. 18‐21 Abril, 2016. Warsaw,
Poland



Hernández, S., Monzón, A. & De Oña, R., (2014). Urban transport
interchanges: Importance‐Performance analysis for evaluating perceived
quality. XVIII Congreso Panamericano de Ingeniería de Tránsito, Transporte
y Logística, Santander, Cantabria, 11‐13 June 2014. Available from:
http://www.panam2014.unican.es/index.php?option=com_remository&Ite
mid=562&func=startdown&id=279&lang=es



Hernandez, S.; Monzon, A. (2014). Efficiency of urban transport
interchanges: key factors for seamless urban mobility. Network on European
Communications and Transport Research Activities. Liège, Belgium, 24‐25
April 2014



Harmer, C., Millard, K., Palmer, D., Ubbels, B., Monzon, A., Hernández, S.,
(2014). What makes a successful urban interchange? Results from an
evidence review. Presented at the Transport Research Arena 2014, 14‐17
April in Paris. 5th TRA Conference: Transport Solutions from Research to
Deployment. Available from:
http://tra2014.traconference.eu/papers/pdfs/TRA2014_Fpaper_17961.pdf
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CHAPTER 2
URBAN TRANSPORT INTERCHANGES:
THE USER’S NEEDS
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2. URBAN TRANSPORT INTERCHANGES:
THE USER´S NEEDS

“Interchange within mode influences the demand for that mode through the effect it has on time
spent waiting, time spent transferring between vehicles and the inconvenience and risks involved,
whilst interchange between modes has additional implications in terms of information provision,
through ticketing and co‐ordination. The valuation and behavioural impact of each of these factors
will vary with an individual’s socio‐economic and trip characteristics as well as with the precise
features of the interchange”
(Wardman and Hine, 2000)

As mentioned above, a multimodal transfer terminal is a fundamental node in a
transport network and plays a significant role in the system in terms of its impact
on traveller's total travel time (Sun et al., 2012). Consequently, it is crucial to identify
the user's needs and define properly the aspects and elements affecting the transfer
experience at an urban transport interchange.
Therefore, this chapter aims to provide an answer to the First Research Question:
I.

What is an urban transport interchange? How are multimodal transport
facilities perceived by users? What are the most relevant aspects
affecting the users' experience during the transfer?

The chapter is structured as follow. Firstly, the concept of urban transport
interchange is established along with the main principles for its design and
operation. The second part is focused on a literature review of previous studies
about the analysis of the perceived quality of transport services and their facilities.
Finally, affective dimensions affecting to the user's experience at urban transport
interchange are identified.
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2.1. What is an urban transport interchange? Principles of design
and function
In urban areas – the scenario of most daily trips –, many public transport users today
need to combine several transport modes or services to reach their final destination,
and the inconvenience caused by these transfers has led to a decline in the
attractiveness of public transport (Guo and Wilson, 2011). Consequently, urban
mobility and the intermodality appear as fundamental components in the European
Commission’s policy agenda.
The European Commission’s White Paper on Transport Policy of 2001 (COM, 2001)
pointed out that intermodality is a key factor of daily mobility and identified it as the
means for ensuring seamless travel at metropolitan and urban level in Europe.
Likewise, intermodality continues appearing in subsequent documents of 2006,
with the Mid‐Term Review of the Transport White Paper of 2001 (COM, 2006), the
Action Plan for the Deployment of Intelligent Transport Systems in 2008 (COM,
2008), and the EU Transport Policy in 2011 (COM, 2011).
In this context, the Committee on Intermodal Transfer Facilities of the
Transportation Research Board (1974) already highlighted that the total
effectiveness of the transportation network is determined by intermodal transfer
facilities1. Nevertheless, although transport interchanges today are considered a
crucial element in sustainable urban transport policies (COM, 2007), still there are
no standards or regulations specifying the form these interchanges should take in
Europe. In fact, the literature review reveals that most studies and research focus
mainly on airports and railway stations (De Oña and De Oña, 2014).
The role of an interchange is to enable passengers to change from one route or mode
to another, taking into consideration that they may need to exit the system or wait
for their connection (Monzon and Di Ciommo, 2015). It is therefore necessary to
establish approaches for their design and management. But what makes an

Kittelson & Associates (2003) defined intermodal terminals “as a variety of stations and terminals
that provide key transfers between public transport modes. Such facilities may have a variety of other
services and connections, including parking, drop‐off, ticket purchasing and information booths, and
may be integrated with retail shopping, services and entertainment”.

1
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interchange successful? That is, which functional aspects and elements are
fundamental in the design, operation and management of an urban transport
interchange? It is important to bear in mind that the design of an optimal
interchange depends on the local framework, specific local circumstances and
local behaviour, as recognised by the KITE project (Grafl et al., 2009).
As a consequence, various factors are important, including: integration with the
local area; the relevance of different typologies, (i.e. different interchanges need
different facilities); essential and desirable features; and the different zones of an
interchange. Based on Wilson and Yariv (2011), three different zones can be
distinguished within an interchange from the user’s point of view: the Access/Egress
Zone; the Facilities and Retail Zone and the Transport/Transfer Zone, each with a
different focus of services (see Figure 2‐1).

Figure 2‐1: Interchange zones and their functional aspects

As shown in the Figure 2‐1, a transport interchange does not only serve as a node of
the urban network, it also serves an area from where people come or go on foot, or
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use other means to get to and from the station. This area is called ‘Catchment area’.
Van der Hoeven et al. (2013) set out that in this area, a city should take extra care of
the quality of public space leading to and from the interchange, and take care of the
efficiency of bus, tram, taxi and bike corridors serving the interchange. Additionally,
it is also relevant to consider how the interchange fits into its surrounding
environment, and design a structure according to local networks and destinations
(Monzon and Di Ciommo, 2015).
Moreover, interchanges should be designed to provide access for all users as part of
the European Disability Strategy 2010‐2020 (COM, 2010). Users can arrive and
leave the interchange by motorised and non‐motorised transport modes (walking
and cycling). Therefore, facilities and services should be adapted for all of them in
the Access/Egress Zone. Likewise, providing multiple access/egress points for
different modes can reduce the likelihood of conflicts and increases access to and
from the catchment area (Monzon and Di Ciommo, 2015). However, regardless of
the access/egress transport mode, some fundamental aspects should be provided
such as: convenient access for all, shelter and waiting areas, legibility2 and way‐
findings3 in order to ease movement in and outside the interchange and information
of the local area. Additionally, safety and security conditions are essential both in
the surrounding area and inside the interchange; particularly, at the entrance/exit
of the interchange where users can feel vulnerable. Therefore, adequate lighting,
clear sightlines, CCTV and staff presence can be effective in this regard.
The Transport/Transfer Zone is where users are waiting for transport modes or
transferring (i.e. walking between different transport modes or services for
boarding). As noted by NSW Ministry of Transport (2008), there is clear evidence
that time spent waiting and transferring are the main reasons why public transport
customers are averse to moving between modes. Harmer et al. (2014) highlighted
that design and operation should be focused around minimising distances

2 A legible interchange has common destination and pick up points, clear and uncomplicated transfer

paths and way‐finding and information signage (NSW Ministry of Transport, 2008)
3 Good way‐finding includes legible well designed spaces; signing and information when and
where passengers need it; and the effective use of surface treatments, materials and lighting (Harmer
et al., 2014)
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between modes and reducing journey times. Consequently, there should be here
convenient access for all, facilitating the movement through provision of travel
information and a clear signposting. Help points for users and presence of staff are
useful for decreasing the stress feeling; and secure waiting areas make the stay more
comfortable. Likewise, co‐ordination and integration between operators and
transport services are crucial aspects for travellers.
Finally, the Facilities/Retail Zone is the area where users spend time doing activities
such as shopping or eating while they wait for their transfer. Therefore, along with
integrated ticketing, one of the most important factors is the provision of facilities
appropriate to the public transport routes they connect, and to the environment,
they are located. This zone should also provide real time information to ensure users
are kept up to date with any delays or changes to their travel (Monzon and Di
Ciommo, 2015).
Summarizing, an urban transport interchange should provide to users the following
functional aspects as fundamental with regard to its design and operation:
-

Travel information

-

Co‐ordination between operators and transport services

-

Safety and security conditions

-

Accessibility

-

Shelter and waiting areas

-

Way‐findings and signposting

-

Facilities

Likewise, there are two functional aspects affecting negatively on the user’s
perceptions. They are directly related to the transfer conditions (do Carmo, 2004):
-

Transfer distance

-

Transfer time

It should be noted that this functional aspects are identified in several guidelines
such as:
-

‘The Transit Capacity and Quality of Service manual’ from the United Stated
(Kittelson & Associates, 2003)
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-

‘Guidelines for the Development of Public Transport Interchange Facilities’
from New South Wales, Australia (NSW Ministry of Transport, 2008)

-

‘Public Transport Interchange Design Guidelines’ from Auckland, New Zeland
(Turnbull, 2013).

-

‘Interchange Best Practice Guidelines 2009’ from London, UK (TFL, 2009)

-

‘Station Design Principles for Network Rail’ from London, UK (Wilson and
Yariv, 2011)
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2.2. Perceived quality of transport services and facilities
Travellers are particularly sensitive to waiting times, before, after and at
interchange points when using the public transport services (Friman, 2010), and as
stated by (Morfoulaki et al., 2010), it is a reason influencing on the perceived quality.
Therefore, a clear understanding of the users' needs and expectations is crucial to
define an urban transport interchange.
In order to achieve this purpose, it is necessary firstly to define the concept of
Service Quality (SQ). A service is a complicated phenomenon and there is no single,
unequivocally accepted definition of service quality (Hernon, Nitecki and Altman,
1999). Properties as intangibility, heterogeneity, and inseparability between
production and consumption mean that the concept of SQ is complex, fuzzy, and
abstract such as stated by de Oña and de Oña (2014). Therefore, several authors
highlighted the challenge of setting this concept (Parasuraman, Zeithaml, and Berry
1985; Gronroos, 1988). However, Parasuraman et al. (1985) defined SQ as “a
comparison between expectations and performance”. Based on this definition, it is
important to understand what users really are looking for and what they evaluate.
Likewise, it is also relevant to know the difference between the objective quality
(performance set by the provider) and subjective quality (expectations and
perceptions by users). However, it should be borne in mind that users often perceive
quality as a much broader concept, and non‐technical aspects may dominate the
quality experience (Gronroos, 1988).
Although several studies have dealt with the consequences of intermodal transfers
and, more specifically, the importance of optimising transfer time for multimodal
journeys (Deb and Chakroborty, 1998; Guihaire and Hao, 2008), there is conversely
little research into customer satisfaction and analysis of the service quality in the
context of urban transport interchanges. But what is the difference between both
concepts?
Hernon, Nitecki and Altman (1999) pointed out that service quality relates to
customer expectations, whereas satisfaction is a more short‐term measure focused
on a personal and emotional reaction to service. In this respect, Parasuraman et al.
(2002) set out a distinction between ‘perceived service quality’ and ‘satisfaction’:
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“… ‘perceived service quality’ is a global judgment, or attitude4, relating to the
superiority of the service, whereas ‘satisfaction’ is related to a specific transaction”
Particularly, the public transport certification process (UNE‐EN 13186, 2003)
defined the customer satisfaction measure as the difference between the level of
quality which implicitly or explicitly is required by the customer ('Expected quality')
and the level of quality perceived by the user, which is influenced by several factors,
such as their personal experience with the service ('Perceived quality'), as shown in
Figure 2‐2. Moreover, the ‘Targeted quality’ is the level of quality which the service
provider or manager of mobility system is aiming to provide to the customer; and
the ‘Delivered quality’ is effectively the level of quality achieved in the provision of
mobility services.

Figure 2‐2: Measurement of customer satisfaction. Source: Dell’Asin, 2014 based on UNE‐EN 13186
(2003)

Generally, studies have tended to focus on the ‘on‐board’ services (dell’Olio et al.,
2011a; Cavana et al., 2007; Eboli and Mazzulla, 2007; Lin et al., 2007; Nathanail,
2008; Jen et al., 2010). However, the quality of a public transport system depends

Attitude is defined as the consumer’s relatively enduring affective orientation for a product or
service while satisfaction is the emotional reaction following a disconfirmation experience which acts
on the base attitude level and it is consumption‐specific (Parasuraman et al., 2002)

4
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on other aspects, such as the standard of the connections between different
transport modes (Guo and Wilson, 2007). Some recent studies have begun
investigating the quality of public transport infrastructures in response to the
growing interest in developing smart and efficient facilities for intermodal transfers.
Guo and Wilson (2011) concluded that improving the transfer experience could
significantly benefit public transport.
This section presents several studies that analyse user satisfaction with different
aspects of the design and quality of public transport infrastructures, and the
perceived quality of transport services, identifying which factors affect more
directly to the user satisfaction.
Hine and Scott (2000) carried series of focus groups and in‐depth interviews of both
public transport users and car users in Scotland in order to explore how interchange
is perceived and how this perception deters public transport use. They identified
some aspects associated with poor quality interchanges (see Table 2‐1).
Table 2‐1: Aspects influencing negatively on interchange quality. (Source: Hine and Scott, 2000)

Poor quality waiting environment
Paying for toilet facilities and inadequate toilet facilities
Poor provision of timetable information (outdated, difficult to get)
Unreliable telephone information services
Low levels of personal security
Poorly lit facilities in the evening
Confusing ticketing and pricing systems
Carrying luggage long distances
No public telephones
Poor signage within the interchange and for the bus or train services
No staff to ask for help
Large distances between different interchanges
Difficulty getting to the first vehicle and then finding the next service during the
interchange activity
For regular interchange passengers long boring waits were a daily experience

Iseki and Taylor (2010) used an importance‐satisfaction analysis and ordered
logistic regression models to examine transport users’ perceptions of services and
the built environment at stops and stations in the Los Angeles metropolitan area.
They concluded that the most important determinant of user satisfaction had little
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to do with the physical characteristics of stops or stations, and much more to do with
access to frequent, reliable service in an environment of personal safety. The same
methodology was applied by Cherry and Townsend (2012) to identify passengers’
perceptions of the intermodal connections between subway stations and bus
services in Bangkok, Thailand. They conducted a survey of subway and bus users
and discovered high levels of dissatisfaction with specific aspects of the transfer, and
also with the experience as a whole. The results indicated that improvements were
needed in coordinating subway and bus services –particularly in improving
accessibility to stops– and ensuring public safety.
Dell’Olio et al. (2011b) conducted a stated preferences survey in a multimodal area
in Santander (Spain) to estimate willingness to pay for improving service quality in
a multimodal area. This study concluded that the most important attribute for most
users was the quality of the travel information available (times, frequencies, bays,
delays and so on), regardless of their socioeconomic characteristics.
Cascetta and Cartenì (2014) proposed a quantitative analysis of the perceived
hedonic value of railway stations. The study compared two stations where the main
difference was the standard of the architecture. Their research concluded that a
station’s architectural quality had a substantial impact on users’ choices. Female
travellers in particular showed a significant preference for station quality,
approximately 33% more than for male travellers.
Finally, eight different urban transport interchanges in the Lisbon metropolitan area
(Portugal) were studied by Abreu e Silva and Bazrafshan (2013), who collected data
on user satisfaction with the intermodal transfer facilities. They applied a structural
equation model to determine the aspects of an interchange which most directly
affected customer satisfaction, and found that satisfaction levels were significantly
influenced by the presence of guidance signs, and negatively impacted by litter and
graffiti.
Some of these studies deliver contradictory results. This reflects a clear influence of
the users' socio‐cultural aspects along with the context and typology of the transport
interchange. In conclusion, these studies show that the quality of service provided
at an urban transport interchange has a direct influence on both travellers' daily
‐ 28 ‐

Chapter 2 – URBAN TRANSPORT INTERCHANGES: THE USER’S NEEDS

experience and their perception on the public transport service. These elements
have become fundamental tools for reducing transfer inconveniences. Capturing
users' perceptions is therefore crucial in defining an efficient urban transport
interchange.
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2.3. Analysis of the user experience at multimodal terminals
Usually, public transport users spend around 10‐30% of the total travel time waiting
for boarding at the connection points (Litman, 2010); therefore, it is crucial to
reduce their feeling of stress at the interchange and minimise the transfer
inconvenience. Likewise, as noted by Terzis and Last (2000), an efficient urban
transport interchange must be competitive and, at the same time, be attractive for
users given that their physical experiences and psychological reactions are
significantly influenced by the design and operation of the interchange. However, as
Barham et al. (1994) stated, little research is available on the reasons why
passengers fail to use ‐ or stop using ‐ public transport.
As previously discussed, the level of quality perceived by the users is influenced by
their personal experiences. But how can we define these personal experiences? As
stated by Law et al. (2009), despite the growing interest in user experience (UX), it
has been hard to gain a common agreement on the nature and scope of UX. ISO
(2008) defined the user experience5 as “a person's perceptions and responses that
result from the use or anticipated use of a product, system or service”. Moreover, these
authors carried out a survey that gathered the views on UX of 275 researchers and
practitioners from academia and industry. Most respondents agreed that UX is
dynamic, subjective and context‐dependent. It means that it is strongly affected by
contextual factors.
Based on this idea, urban transport interchanges are located within cities and play
a key role both as transport network nodes and as ‘meeting places’, thereby
enhancing their function as a place and not as a barrier, and creating synergies
unrelated to transport is key to improve the user experience. Peek and van Hagen
(2002) noted that this ambivalent nature creates opportunities for synergy between
both functions: moving and staying. Moreover, Desiderio (2004) pointed out that in

User experience includes all the users' emotions, beliefs, preferences, perceptions, physical and
psychological responses, behaviors and accomplishments that occur before, during and after use.
Conversely, usability is interpreted from the perspective of the users' personal goals, which can
include the kind of perceptual and emotional aspects typically associated with user experience.
Usability criteria can be used to assess aspects of user experience (ISO, 2008)

5
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urban environments, multimodal transport stations also establish relationships
between users and the territory, and should thus be considered as an element in
urban development strategies, due to their role as ‘city gates’. They should generally
be considered as multimodal facilities where travellers are not only passing through,
but are also spending time (van Hagen, 2011). It is therefore crucial to take into
consideration other aspects and elements that improve the users' experience. On
account of all this, an urban transport interchange should be defined seeking a
balance between this dual approach: functional and psychological.
The study by Hine and Scott (2000), above mentioned, highlighted that users in
Scotland found easier to identify 'bad' aspects of transport interchange and the
improvements that could be made instead of the positive aspects of the interchange.
They concluded that interchange, as an aspect of the public transport journey, is
perceived negatively by users. However, Friman (2010), who examined affective
reactions to waiting experiences relating to public transport to seventy‐five
undergraduates at Karlstad University, Sweden. She concluded that they can be
positive service experiences for users when waiting becomes time well spent and
the waiting scenario is positive, because the participants feel more pleased, glad, and
calm. Both studies highlight the strong influence of the contextual factors.
This section reviews the studies that identify the key aspects and elements for
defining, operating and managing multimodal transport stations, and the most
recent studies on the subject of urban transport interchanges, taking into account
the psychological aspects affecting to the users' experience.
The Station User Panel (2011) developed seven ‘Railway Station Usability Principles’
for the government of Victoria (Australia) in order to improve railway station
effectiveness taking into consideration the users' experience of the rail system.
These principles were: accessibility, ease of navigation, comfort & amenities,
information, safety, local area integration and community ownership & activity. Peek
and van Hagen (2002) also identified safety and comfort as important requisites in
railway station operation. However, visual features such as layout and visible
presence of staff were identified as key aspects for improving stations from the
'meeting place' perspective (Peek and van Hagen, 2002). Garmendia et al. (2012)
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concluded that the 'station as a place' approach produced different outcomes,
usually depending on the size of the city. Durmisevic and Sariyildiz (2001) focused
their research on analysing various techniques for building underground stations
and examined their efficiency, again taking into account the human factor. This
study defined important ‘functional aspects’ for the operation of the station –internal
connections of the spaces and efficiency of movement– and 'psychological aspects' –
such as public safety and comfort– that are more closely related to the user's
experience of a station as a space.
Terzis and Last (2000) carried out one of the first research works into the subject of
urban transport interchanges. This study concluded that accessibility, facilities,
image and information provision were the most relevant aspects in the design and
operation of interchanges. Desiderio (2004) focused on analysing the factors that
determine the quality of intermodal interchanges considering both users' and
operators' requirements. These factors were classified into six different categories:
accessibility & external circulation, physical design, shops & amenities, security &
psychological factors, information and ticketing.
At the time of this thesis, the latest research on urban transport interchanges found
that these multimodal facilities also depend on other factors such as the position in
the network, the urban environment and the modes involved (Harmer et al., 2014).
In summary, the literature review essentially reveals there are two types of aspects
to take into consideration in the design, operation and management of passenger
multimodal transport stations, and particularly in railway and underground
stations. Most studies identify information provision and accessibility as the most
relevant functional features, while safety & security and comfort as the most
important psychological aspects.
But, how should an existing or new urban transport interchange perform? Which
functional and psychological aspects are therefore fundamental from the users'
point of view? How to reduce the transfer inconvenience and improve the users'
experience? How to make more attractive urban transport interchanges for users?
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In the light of the literature review, an urban transport interchange must be defined
not only under functional perspective. As has been stressed, public transport users
are who finally determine the efficiency of an interchange and therefore, they should
be defined taking into consideration their needs and expectations. Conclusively, this
revision has identified some relevant aspects. Nevertheless, the users will determine
in how these aspects influence in their perceptions, and therefore which are more
priority and which should not be missing. This thesis aims to bring clarity to all these
issues.
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3. TRAVELLERS’ SATISFACTION SURVEY
TO CAPTURE THE USER´S EXPERIENCE

“The selection of a survey method depends not only on objective of the survey, but also on such factors
as content, required personnel and periods, available techniques, and target sample size”

(Park, 1999)

Traveller multimodal transport facilities tend to be designed and operated by
multiple stakeholders (e.g. policy makers, developers, transport operators and so
on). However, several authors conclude that an understanding of the users' views is
essential for defining and developing an efficient urban transport interchange
(Durmisevic and Sariyildiz, 2001; Peek and van Hagen, 2002; Friman, 2010; Harmer
et al., 2014)
This chapter presents the design and structure of the Travellers’ Satisfaction survey.
Likewise, a new combined procedure is described for collecting the data at urban
transport interchanges. The Travellers’ Satisfaction Survey is attached in Appendix
I.

Figure 3‐1: Research methodological framework: design and implementation of the travellers’
satisfaction survey (Step 1).
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3.1 Design and structure of the survey
The best way to collect and understand the users' views and needs about their
experience at an urban transport interchange is through a satisfaction survey. An
ad‐hoc questionnaire was therefore designed to capture the views, preferences and
level of satisfaction of travellers on different features of an interchange. The survey
was intended to provide a better understanding of the emotional responses to
interchanges, such as ‘perception of a secure environment’ and ‘an agreeable place to
spend time when not travelling’. This travellers´ satisfaction survey was designed and
carried out thanks to the financial support of the European Commission through the
City‐HUB project of the EU 7th Framework Programme.
Moreover, many relevant aspects affecting travellers' decision‐making in a
multimodal journey are related to their socioeconomic characteristics and trip
habits (Yang et al., 2015). The survey was therefore composed of three parts:

Figure 3‐2: Structure of the travellers’ satisfaction survey

3.1.1 PART A: Travellers’ satisfaction questionnaire
The aim of the satisfaction questionnaire was to understand travellers’ views of,
preferences for, and satisfaction with different aspects and elements of an urban
transport interchange. To this end, 37 observed variables or items were selected
based on the findings extracted from the literature review and previous studies
(PIRATE, 1999; Terzis and Last, 2000; Durmisevic and Sariyildiz, 2001; Iseki and
Taylor, 2010; Abreu e Silva and Bazrafshan, 2013; Monzon et al., 2013), and built to
consider the following eight categories: 1) travel information, 2) way‐finding
information, 3) time & movement, 4) access, 5) comfort & convenience, 6) image &
attractiveness, 7) safety & security and 8) emergency situations (see Figure 3‐3).
Each respondent was asked to rate their satisfaction with each item on a 5‐point
Likert scale from 1 (strongly dissatisfied) to 5 (strongly satisfied). One additional
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question was included regarding the overall satisfaction with the interchange. The
5‐point Likert scale was adopted because it is the most widely adopted in the
travellers’ satisfaction questionnaires, as de Oña expressly reflected in her doctoral
thesis (De Oña, 2013).

Figure 3‐3: List of observed variables in the traveller´s' satisfaction survey
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3.1.2 PART B: Trip habits
This part gathered some information about user´s trip habits. The most relevant
information is related to:
-

Trip stage

-

Trip purpose

-

Way of travelling1

-

Disability

-

Frequency of use of the interchange

-

Selected transport mode (from the origin to the interchange and from the
interchange to the destination)

-

Time (to/from/inside the interchange)

-

Use of time inside the interchange

-

Total number of transfer during the trip

-

Type of public transport ticket used

3.1.3 PART C: Socio‐economic characteristics
This part aimed to define the user profiles. Therefore, this part collected information
related to socio‐economic characteristics such as:
-

Gender

-

Age

-

Education level

-

Employment status

-

Household size

-

Household net income

-

Access to a private vehicle (car, motorcycle, bicycle).

Table 3.1, Table 3.2 and Table 3.3 show all variables included in the Part A, Part B
and Part C of the survey, respectively, along with their coding.

1 This question aims to know if

travellers live their experience at the transport interchange travelling
alone, with luggage, with children, with a pram/pushchair, with senior people or accompanying
another adult requiring assistance because of impaired vision or mobility.
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Table 3‐1: Variables included in the part A ‘Travellers’ satisfaction questionnaire’ and their coding
Variable
name
Item 1

Description
Availability and clarity of travel information at the interchange

Item 2

Availability of travel information before your trip

Item 3

Accuracy and reliability of travel information displays

Item 4

Ticket purchasing

Item 5

Signposting of different facilities and services

Item 6

Signposting for transfers between transport modes

Item 7

Information and assistance provided by staff

Item 8

Transfer distances

Item 9

Coordination between operators or transport services

Item 10

Time use at the interchange

Item 11

Distance between the facilities and services

Item 12

Number of elevators, escalators and moving walkways

Item 13

Ease of movement inside the interchange due crowding

Item 14

Ease of access to the interchange

Item 15

General cleanliness of the interchange

Item 16

Temperature, shelter, ventilation

Item 17

General noise level in the interchange

Item 18

Air quality and pollution

Item 19

Number and variety of shops

Item 20

Number and variety of cafés and restaurants

Item 21

Availability of cash machines

Item 22

Availability of seating

Item 23

Availability of telephone signals and Wi‐Fi

Item 24

Comfort due to presence of information screens

Item 25

Area surrounding the interchange

Item 26

Internal design of the interchange

Item 27

External design of the interchange

Item 28

Safety getting on and off transport

Item 29

Safety inside the interchange

Item 30

Feeling secure in the transfer and waiting areas (during the day)

Item 31

Feeling secure in the transfer and waiting areas (evening/night)

Item 32

Feeling secure in the area surrounding the interchange

Item 33

Lighting

Item 34

Information to improve sense of security

Item 35

Signposting of emergency exits

Item 36

Location of escalators in the event of an emergency

Item 37

Location of exits in the event of an emergency

Gen_Satisf

Overall satisfaction with the service provided at the interchange
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Table 3‐2: Variables included in the part B ‘Trip habits’ and their coding
Variable
name

Description

T_stage

Trip stage when the user is at the transport
interchange

T_purp

Trip purpose

W_travel

Way of travelling

U_dissab

The existence of any kind of disability to
access to the interchange

Freq

Frequency of use of the interchange

M_access*

Access transport mode to the interchange

M_egress*

T_total
T_access
T_egress
T_interch
T_use_t**
T_use_q**
T_use_s**
T_use_op**
N_transf

Code

Egress transport mode to the interchange

Total travel time from origin to destination
Travel time from origin to the interchange
Travel time from the interchange to
destination
Total time spent inside the interchange
Time spent at the interchange transferring
Time spent at the interchange queuing
Time spent at the interchange shopping
Time spent at the interchange in other
pursuits
Total number of transfer during the trip

1
2
3
1
2
3
4
1
2
3
4
5

=
=
=
=
=
=
=
=
=
=
=
=
=

Starting his journey
Transferring
Ending his journey
Work (trip to work / working trip)
Studies
Leisure
Other
Alone
With a pram/pushchair
With children
With luggage
With older people
Accompanying another adult requiring
6
assistance (impaired vision or mobility)
7 = Other
1 = No
2 = Temporary
3 = Permanent
1 = Daily (more than 4 days)
2 = 3 or 4 times a week
3 = Once or twice a week
4 = Few times a month
5 = Less frequently
1 = Train
2 = Subway
3 = Tramway
4 = Long distance bus
5 = Metropolitan bus
6 = Urban bus
7 = Bicycle
8 = Walking
9 = Car
10 = Other
1 = Train
2 = Subway
3 = Tramway
4 = Long distance bus
5 = Metropolitan bus
6 = Urban bus
7 = Bicycle
8 = Walking
9 = Car
10 = Other
Open question (minutes)
Open question (minutes)
Open question (minutes)
Open question (minutes)
Open question (minutes)
Open question (minutes)
Open question (minutes)
Open question (minutes)

Open question
1 = Single ticket
PT_ticket
Public transport ticket used for the trip
2 = Daily/Weekly/monthly/yearly pass
3 = Other
* ‘M_access’ and ‘M_egress’ variables should be customized per each case study
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**The

variables ‘T_use’ measure the distribution of time inside the interchange according to the following activities:
transferring (walking between transport modes for boarding), queuing, shopping or other pursuits (buying PT
tickets, seated at café or seated at waiting areas, etc).

Table 3‐3: Variables included in the part C ‘Socio‐economic characteristics’ and their coding
Variable
name

Description

Code

1 = Male
2 = Female
1 = Less than 17
2 = 18 to 25
3 = 26 to 40
Age
The travellers’ age
4 = 41 to 65
5 = over 65
1 = Primary school
2 = High school
E_level
Education level achieved by the user
3 = University degree
1 = Employed
2 = Unemployed
3 = Retired
Em_status The travellers’ employment status
4 = Student
5 = Housewife/‐man
6 = Other
H_size
Household size (number of members)
Open question
= Less or equal than 2 times minimum
1
revenue
H_net in*
Household Net‐Income per month
2 = 2‐4 times minimum revenue
= More or equal than 4 times minimum
3
revenue
1 = Driving license
2 = Own car
A_pveh
Access to a private vehicle
3 = Motorcycle/Moped
4 = Bicycle
5 = None of the above
* The variable ‘H_net in’ should be customized for each case study based on the minimum revenue of its country
Gen

The travellers’ gender
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3.2 Data collection process at urban transport interchanges
Urban transport interchanges are nodes on the public transport network where
travellers transfer rapidly from one mode of transport to another, and they would
thus be unlikely to participate in a 20‐minute questionnaire that would cause an
unnecessary interruption to their daily trip.
This section aims to provide an answer to the Second Research Question:
II.

How to capture the users’ views on site without distorting their daily
trip but by ensuring a good rate of response? How to implement
travellers’ satisfaction surveys at urban transport interchanges?

This section is structured as follow. Firstly, the main satisfaction survey
methodologies applied at intermodal terminals for passenger are presented.
Secondly, the new combined implementation approach about how conduct
satisfaction surveys at urban transport interchanges is described.
3.2.1 Background
Some recent studies have begun investigating the quality of public transport
infrastructures perceived by users in response to the growing interest in developing
smart and efficient facilities for intermodal transfers. Table 3‐4 shows the main
satisfaction survey methodologies applied at intermodal passenger terminals. It is
to be noted that this summary is a representative, but not a comprehensive list of
references.
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Table 3‐4: Summary of previous research: satisfaction survey methodologies applied at intermodal
terminals for passenger.
References

Park, 1999

de Barros et al.,
2007

Correia et al.,
2008

Perng et al.,
2010

Arif et al., 2013

Passenger
Intermodal
Terminal

Scope of study

Implementation process

Airport

This research aimed to provide a
graphical model which shown
the passengers' perceptions
about service level during their
spent time at an airport terminal

Tracing‐monitoring‐questionnaire
(TMQ) survey.
This technique was based on following
the passenger´s movement and
simultaneously, observing the service
performance (e.g. waiting time and
walking distances between facilities).
Finally, some questions were asked by
surveyors, at the departure lounge,
using a questionnaire about the
passenger's subjective perception of
service quality at each facility.

Airport

This study analyses transfer
passengers’ views on the quality
of services at the Bandaranaike
International
Airport
(Sri
Lanka). To this end, three
different questionnaires were
applied to arriving, departing
and
transfer
passengers,
respectively

Face‐to‐face interviews.
The surveyors were responsible for
reading the question to the passengers
and recording their answers. This way,
misinterpretation of questions by
passengers was minimized. Twenty‐
three complete interviews were
recorded.

Airport

This research provided a
methodology for estimating a
global index for level of service
at airport passenger terminals.
This study was carried out at the
Sao
Paulo/Guarulhos
international airport.

Face‐to‐face interviews.
119 passengers were interviewed.
Revealed preference technique2 was
employed and the interviews were
made by trained professionals. The
surveys were completed in the
departure lounge, five minutes before
the scheduled boarding time.

Airport

This paper was focused on
exploring shopping preferences
and the user's satisfaction with
retail products at Taiwan
Taoyuan International Airport
to determine the advantages
and opportunities enjoyed by
retailers.

Face‐to‐face interviews.
The questionnaires were distributed
and collected face‐to‐face in ticketing
areas, shops, and cafés on the landside
of the departure hall. These
questionnaires had five‐page around
15 min. No more than two
respondents
were
interviewed
simultaneously by one interviewer. Of
the 292 questioned, 237 provided
valid responses.

Airport

This paper developed a
framework to assess customer
service in the aviation sector in
the United Arab Emirates'
(UAE's),
which
was
subsequently used to analyse
and compare the three main
airports in the UAE based on the
passengers' feedback.

Face‐to‐face interviews
– Multi‐pronged approach –
Although the participants were
selected at random, they were asked
first if they had used more than one
UAE airport. Therefore 78 out of 120
interviewed who had used more than
one airport were selected. This sample
size enabled researchers to identify
issues that could be used in a more
comprehensive future study.

This survey technique means that the questions are concerned the evaluation of existing and
experienced situations (Correia et al., 2008).

2
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References

Celik et al., 2014

Lam et al., 1999

Cozens et al.,
2004

Yang et al., 2015

Iseki and Taylor,
2010

Passenger
Intermodal
Terminal

Scope of study

Implementation process

Rail network

This study presented an
assessment
framework
to
evaluate customer satisfaction
level for the rail transit network
of Istanbul and proposed several
strategies for the improvement
of network

Face‐to‐face interviews
– Control by phone –
Surveys were carried out in all
stations of the five rail transit lines
face‐to‐face with the passengers. The
40% of the conducted surveys were
controlled over the phone by
managers.

Railway
stations

This paper investigated the
important attributes relating to
the crowding effects at the Light
Rail Transit (LRT) stations in
Hong Kong and its relationship
with the dwelling time of trains.

Observation survey and Face‐to‐
face interviews
A total of 17 surveyors were
responsible for both surveys, 11 for
the observation survey and 6 for the
face‐to‐face interviews. Relevant
operational characteristics at LRT
stations were obtained by direct
observation, while the passengers'
travel behavioural data were obtained
from face‐to‐face interviews.

Railway
stations

This article discussed crime
prevention
through
environmental design and the
fear of crime as it relates to the
railway
station
and
its
immediate access routes and
presented an exploratory study
of passenger’ fear of crime in
Britain

Face‐to‐face interviews
– On‐board the train –
1,000 rail users were interviewed
while traveling on the network. To
monitor passengers’ fear of crime,
specific questions were included to
probe the issue of fear of crime while
waiting at the station

Metro
stations

The paper aimed to analyse the
commuters’ perceptions on
access and egress service quality
and measure their satisfaction
levels with the overall metro
network in Nanjing, China

Bus and Rail
stations

This research aimed to reduce
the perceived burdens of out‐of‐
vehicle time spent walking,
waiting, and transferring and to
improve users’ experience at PT
stops and stations around
metropolitan
Los
Angeles,
EEUU.
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Face‐to‐face interviews
‐ In major urban parks ‐
To reduce the possible rejection rate,
surveys were conducted in five major
urban parks in Nanjing during
weekends, when commuters could be
found in relaxed moods, instead of
conducting the survey at metro
stations on weekdays. This procedure
increased the challenges for the
interviewers because it was necessary
to identify the metro commuters prior
to each survey
Face‐to‐face interviews
A dozen of public transport stops and
stations were selected in metropolitan
Los Angeles. Passengers were
surveyed face‐to‐face at the stations.
1,023 passengers were approached
and a total of 749 riders participated.
However, it should be noted that not
all of the 749 surveys were fully
completed.
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References

Alonso et al.,
2015

Watkins et al.,
2011

Jiang et al., 2012

PIRATE, 1999

MIMIC, 1999

Passenger
Intermodal
Terminal

Scope of study

Bus and Rail
stations

This research developed a
methodology for homogenising
quality levels reported by the
customers in five passenger
stations. This study was based
on the HERMES passenger
survey and evaluated which
aspects should be improved for
each terminal

Bus stops

This study aimed to analyse as
the provision of real‐time PT
information
via
website,
telephone, text‐messaging, and
smart
phone
applications
combated the user's perception
of unreliability in an inexpensive
way for PT agencies from
Washington.

Bus stops

This study examined the walk
access patterns to the BRT
stations in China. Likewise, it
aimed
to
analyse
the
relationship between the BRT
station contexts and the
corridor type and the walking
distance to access the system
(i.e. catchment area)

Urban
transport
interchanges

This EU project developed an
'Evaluation approach' with the
main goal of measuring
consumer
attitudes
–
specifically
gaps
between
Importance and Satisfaction –
with regard to different
characteristics of a transport
interchange

Urban
transport
interchanges

This goal was to analyse barriers
to intermodality, with ‘barriers’
defined as all those interchange‐
specific factors that influence
travellers to choose single‐mode
(generally car‐based) options
instead of intermodal ones. The
project
was
structured
according to 4 study areas: door‐
to‐door factors and demand
responses, catchment area,
types of barriers, implementing
cost‐effective local solutions
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Implementation process
Face‐to‐face interviews
The surveys were conducted to
randomly selected passengers inside
the stations – precisely, at bus stops,
platforms, halls, ticket offices, waiting
areas, shops in the interchange ‐. The
interviews were distributed and
compiled manually by interviewers,
without any mechanical sampling
device.
Observation survey and Face‐to‐
face interviews
8 researchers worked in pairs at 14
bus stops in the vicinity of the
University of Washington. Each
surveyor member has a role; one was
the recorder and another one, the
questioner. Using a spreadsheet, the
recorder noted the arrival times,
gender and age group of all PT users
who approached the bus stop while
the questioner chose respondents
randomly for a series of questions
about waiting.
Face‐to‐face interviews
The survey collected information on
the users' origins and destinations and
their walking routes, as well as
information related to socio‐economic
characteristics and trip features.
Moreover, although the initial sample
was randomly chosen, approximately
one third of respondents was in a
hurry and refused the survey, leading
to a possible response bias towards
people with a lower value of time.
Face‐to‐face interviews
4 questionnaires were designed and
carried out to 4 different ‘reference
groups’: policy‐makers, interchange
managers and employers, users and
potential users. The questionnaires
were conducted in 13 case studies. It
was intended to achieve over 100
responses for groups at each site.
However, this was not achieved
everywhere.
Face‐to‐face interviews
‐ on‐site investigation of the
surrounding area ‐
Several surveys were developed and
tested in 7 case studies across Europe
to analyse the four MIMIC study areas.
All surveys were carried out face‐to‐
face. Additionally, the research was
completed
through
on‐site
investigation in order to identify and
evaluate
the
most
important
characteristics of the surrounding
area of an interchange
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Scope of study

Implementation process

This research evaluated the
users' satisfaction in intermodal
transfer facilities, and the
characteristics
of
these
infrastructures
that
could
influence passenger satisfaction

Face‐to‐face interviews
The surveys were made in eight of the
most important transit transfer
facilities located in the Lisbon
Metropolitan Area. The survey
questionnaire included two main
components. The first one which
described
the
respondent
socioeconomic characteristics, trip
characteristics and general travel
behaviour habits. The second part of
the survey, based on travel behaviour
literature and transfer penalties
framework, used a series of
statements to which the respondents
stated their agreement/disagreement
levels using a Likert scale of 6 levels.
Finally, 632 surveys were obtained

This study aimed to determine
the effects of uncertainty, in out‐
of‐vehicle
times
during
transfers, on transit users’
willingness to use transfer
routes and to determine the
influence
of
out‐of‐vehicle
facilities,
offered
by
PT
operators, on transit users’
perception of trip attributes
related to transfers

Face‐to‐face interviews
A user preference survey was
conducted at two major PT terminals
in Auckland, New Zealand. The
objective of the survey was to collect
data from stations with varying level
of
out‐of‐vehicle
facilities,
to
determine differences in transit users’
perception of out‐of‐vehicle trip
attributes given their current station
facilities.
Respondents
were
invited
to
participate in the survey while waiting
for the arrival of their vehicle

Most of the previous research studies underline the difficulty of capturing the users'
attention at multimodal transport facilities. Particularly, this difficulty is increased
at multimodal facilities where the waiting times are lower.
3.2.2 New implementation method proposed
Previous researches showed the difficulty of conducting travellers’ satisfaction
surveys at intermodal passenger facilities. Usually, it is due to the traveller is in a
hurry ‐ transferring or leaving the station ‐ or because the transport mode is arriving
or departing to the station. Watkins et al. (2011) highlighted that many users were
unwilling to participate because their bus was approaching and therefore they did
not have enough time.
As a consequence, traditional methods such as face‐to‐face interviews were not
considered appropriate for capturing the user's perceptions at urban transport
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interchanges. Likewise, Tracing‐Monitoring Questionnaire (TMQ) surveys were also
ruled out because although this technique allows comparing the passengers'
perceptions with actual measures of service performance, there are big barriers to
implement this technique and therefore, the response rate is usually low.
Therefore, a new implementation method is proposed to improve data collection
rates and reflect the realities of urban transport interchanges. This approach
combines traditional survey techniques (a face‐to‐face distribution process) with
computer‐assisted methods (web surveys). To apply successfully this combined
method, a pilot survey3 must be previously carried out to check whether the
questionnaire is comprehensible and correct any possible drafting error. The main
steps to be taken are summarized in Figure 3‐4.

Figure 3‐4: Main steps to implement a Travellers’ satisfaction survey at urban transport
interchanges.

It is proposed to do the travellers’ satisfaction survey using SurveyMonkey4, an
online software platform for conducting surveys. Respondents should be rewarded
for participating in the survey with a prize draw. The prize will be an important
incentive to capture the users' attention. The survey procedure is as follows. First, a
card marked with a number (Survey Number) is handed out to travellers; this should
include a brief description of the survey objectives, a link to the survey website and
information on the prize draw in order to capture the users’ attention. The Survey
Number provides each respondent with an individual access code to the online
survey which should be available on computers, smartphones and tablets. Each

Rossi et al. (1983) determined that a pilot test of 20‐50 cases is usually sufficient to discover the
major flaws in a questionnaire before conducting the main survey
4 SurveyMonkey: survey software tool for free professional research. www.surveymonkey.com
3
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person who receive a card should be also asked a few questions. Their answers are
recorded on a control sheet containing the following information: survey number,
date, time, location in the interchange, gender, age and other observations (carrying
luggage, pushchair, etc.).
The answers recorded by the SurveyMonkey tool are directly exported to an Excel
or SPSS database, first discarding any input errors and illegible responses.
Duplication of responses and incomplete surveys could be monitored by using the
individual Survey Numbers. Likewise, Trompet et al. (2013) highlighted that due to
the uncontrolled nature of an online user satisfaction survey, datasets should be
cleaned for:
 responses in patterns (e.g. 1,1,1,1,2,2,2,2,3,3,3,3… or 1,2,3,4,5,1,2,3,4,5… etc)
 responses that are only very satisfied/very dissatisfied on all questions and
are answered quickly
As a result, this new combined approach allows the survey team to reach a relatively
high response rate in a short period of time, thereby increasing the sample size.
However, the pure Computer‐Assisted Web Interviews have some limitations or
disadvantages in contrast to traditional methods (Greenlaw and Brown‐Welty,
2009). Table 3‐5 summarizes some of the advantages and disadvantages of this
approach.
Table 3‐5: Advantages and disadvantages of Computer‐Assisted Web Interviews. (Source: Greenlaw
and Brown‐Welty, 2009; Bonsall et al., 2014)
Advantages

Disadvantages

Greater flexibility in questions
More quickly to respondent
Flexible schedule
Cheaper: no costs associated with purchasing
paper or other materials for printing. Postage
costs are also mitigated
Design, dissemination, data storage, and data
analysis of more efficient and user‐friendly
Easier to correct
questionnaire

errors

on

an

Questionnaire has to be excellent to avoid
misunderstandings
Not everyone has access to the Internet, so the
response rate is limited
Lack of confidence
Young people are usually respondent
Pure Web surveys typically have very low
response rates, and can be very biased in
terms of self‐selection and inability‐to‐
respond

online
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4. DESCRIPTION OF THE EUROPEAN
CASE STUDIES

“Case studies (i) seek to develop logically consistent models, (ii) receive observable implications from
the model, (iii) test implications against empirical observations and (iv) use the results to improve the
model”

(George and Bennett, 2005)

A set of three European urban transport interchanges were selected as case studies
in order to capture the user´s views and experience and, in this way, assess good and
bad practices, obstacles and potential improvements of the daily operations at
existing public transport interchanges.

Figure 4‐1: Research methodological framework: Lessons from European case studies (Step 2)

‐ 53 ‐

ASSESSMENT METHODOLOGY TO MAKE URBAN TRANSPORT INTERCHANGES ATTRACTIVE FOR USERS

According to Pitsiava‐Latinopoulou and Iordanopoulos (2012), the location, the
transport modes involved and the passengers' characteristics are key variables for
determining the category of a multimodal transport station. European case studies
were therefore selected to provide a balance in terms of geography, seeking a
heterogeneous range of transport modes, size and the role of the interchange within
the city in order to evaluate different typologies of the interchanges. These case
studies are directly linked to the European project: City‐Hub. Additionally, the
typology was selected following the classification criteria developed by PORTAL
(2003) that defined the transport interchanges according to their location in the
network:


Peripheral interchanges: these interchanges can be positioned in or near a
town, or “in the middle of nowhere”. This depends on its function: e.g.
whether it is a pure intermodal node or whether it has the ambition to
become a new centre in a newly built area



Sub‐centre interchanges: they are mostly nodes of main links, disclosing local
services and generating a strong centripetal attraction in city districts or
suburbs



City centre interchanges.

In accordance with these criteria, the European case studies selected were:
-

Moncloa interchange as sub‐centre interchange (Madrid, Spain)

-

Kamppi interchange as city centre interchange (Helsinki, Finland)

-

Ilford Railway Station as peripheral interchange (London, United Kingdom)

All of these interchanges selected play a key role in multimodal trips in their
corresponding cities. Therefore, they cover a wide spectrum in interchange
typologies and geographical distribution.
It should be mentioned that five urban transport interchanges were selected within
the European City‐Hub project and these three case studies were among them. Two
case studies were rejected to analyse in this research work mainly because there
were some management problems which affected to the survey process. These
discarded case studies were:
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-

Köbánya‐Kispest interchange (Budapest, Hungary)

-

New Railway Station of Thessaloniki (Thessaloniki, Greece)

Figure 4‐2: Geographical distribution of the European case studies.
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4.1. Moncloa interchange (Madrid, Spain)
4.1.1. Background
The Moncloa transport interchange is located on the north‐west limit of the city of
Madrid (Spain), but in a built‐up area, providing a gateway to the city for over
287,000 people a day (Aldecoa et al., 2009). A Bus‐HOV (High‐Occupancy Vehicle)
lane directly connects the interchange to the A‐6 corridor (one of the major
corridors leading in and out of the city). Its surrounding area is characterized by an
intense traffic volume during rush hour. Likewise, the monumental urban
environment around the interchange influenced on the construction, the design and
location of the exterior elements. It was built in 1995 and subsequently refurbished
in 2008. This refurbishment involved an increased passenger demand, reductions
in surface‐level bus journeys and an improved journey times for both users and the
transport companies (Aldecoa et al., 2009).
4.1.2. Role of the interchange
The Moncloa interchange hosts mainly local and regional bus services, as well as a
few national bus lines. It is served by 56 regional bus routes, offering over 4,000 bus
journeys per day, with 310 journeys in the
morning peak hour. Urban bus routes serve
125,000 passengers daily, with a total of
4,141 journeys. Particularly, the Moncloa
interchange hosts 3 urban lines (53,000
people a day). Moreover, it is the metro
station with the highest daily demand to over
130,000 travellers in 2012 (Aldecoa et al.,
2009). It connects the metropolitan bus
services with the city centre through the
Circular metro line which also links all the major lines on the metro network.
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Figure 4‐3: Hall and access to the Metro station in the Moncloa interchange.

The interchange is designed with four entrances and is distributed over four levels.
The bus area is divided into three different islands with a total of 39 bus bays. The
bus lines are always allocated to the same bus bay, so travellers know where the
buses arrive or depart. Each island connects directly to the lowest level, containing
the metro station entrance hall, travel services (information desk, ticket purchase,
etc.) and the retail area. This retail area includes cafés, snacks and candy shops,
general stores, newspapers kiosks, book shops and cash machines. Furthermore, the
interchange is often used as an advertising window for promoting new technological
products.

Figure 4‐4: Bus Island 3 and retail area of the Moncloa interchange.

4.1.3. Analysis of the good and bad practices
The Moncloa interchange is part of the ‘Plan for Transport Interchanges’ developed
by the Madrid Public Transport Authority (CRTM). This Plan aimed to arrange the
public transport mobility within the region, and promote the functionality of every
transport mode, in order to improve the system efficiency (Aldecoa, 2002).
Additionally, a ‘Special Definition Plan’ was developed for this interchange in order
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to provide a feasible construction in terms of land use and achieve an integral
element in the public transport network within the municipal area of Madrid. This
‘Special Definition Plan’ was based on the location characteristics and a transport
and passenger demand study. In this connection, a 'User Perceived Quality and
Satisfaction Survey' was carried out prior to the interchange refurbishment. The
main purpose was to develop a quality assurance plan and set of actions for the
interchange.
Finally, the interchange was built up under a Contract for Public Work Concession.
This contract stated that the concessionaire consortium was responsible to cover
the construction costs as well as the responsibility for management and
maintenance of the interchange, while the Public transport authority was the
responsible for guarantying the compliance of obligations and the concession rules.
This contract also involved the responsibilities for commercial areas, which are
exploited by the concessionaire itself or contracted to a third party. The return on
capital investment is mostly through the fees paid by buses and coaches to the
concessionaire. However, there are different revenue sources such as the
commercial rents paid by shops and cafes inside the interchange and rents obtained
by advertising, vending machines and so on. All these revenues represent around
20% of the total for financing the interchange.
Moreover, the Moncloa interchange has developed an Integrated Management
System, which reports the monitoring of indicators specified in a 'User Services Plan'.
These indicators are related to information, customer services, accessibility, and
comfort (noise, air quality, lighting, cleanliness). Likewise, several measures were
introduced to improve the user´s sense of safety and security in the interchange.
Some of these measures are described below:
-

Bus services are distributed in different bus bays keeping separated flows of
passengers and vehicles. The design ensures that passengers do not cross or
use the areas where the buses are manoeuvring. This design is also beneficial
for environmental quality inside the interchange.

-

The design and size of the air‐extraction and ventilation facilities were
facilitated by a specific study performed in collaboration with the
Universidad Politecnica de Madrid on the behaviour of smoke in a fire.
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-

The emergency exits were carefully designed in order to be found more
easily by users. This was achieved through the use of a distinctive colour,
used only for this purpose, together with increased lighting in the evacuation
areas. The emergency exits are also highlighted through the use of horizontal
markings which are illuminated throughout their length to the evacuation
door.

-

There are several CCTV installed and constant presence of security staff.

Figure 4‐5: Design of the bus bays distribution and emergency exits in the Moncloa interchange.

The Moncloa interchange has high frequency of transport services and it has
generally quite short transfer distances (below 200 metres); therefore, transfers can
be done within 2 minutes. However, there is a lack of frequency coordination
between transport operators and transport services and there is a long distance
between Platform 1 respect to Platform 2 and 3. There is also a lack of electric
departure time displays based on real‐time (e.g. departure times or real time
disturbance information are not provided). Likewise, the interchange is equipped
with requisite signs and screen displays but most of the information is only found in
Spanish language. The routes through the station are instantly visible by means of
different colours on the floors, walls and ceilings, making it easier to identify
different areas. The transport operators are coordinated by the PT authority, which
is responsible for integrating tickets and fares for the regional public transport
network in Madrid.
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Figure 4‐6: Passenger information displays and panels located through the Moncloa interchange.
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4.2. Kamppi interchange (Helsinki, Finland)
4.2.1. Background
The Kamppi interchange is situated in the
basement of a new shopping centre in a
very central location in downtown Helsinki
(Finland). The interchange was designed
by Juhani Pallasmaa, a Finnish architect.
This case study involves both the Kamppi
terminal for local Western buses with a
metro station underneath and a separate
terminal for long‐distance buses in Helsinki. In addition, the Kamppi terminal is a
part of the city interchange area and has direct access to the Main Railway Station,
the city hub for all local railway lines, trams, city buses and two smaller bus
terminals, terminals for Northern and Eastern buses. The area of the
interchange/shopping centre is approximately 4 hectares.
The preliminary plans for the Kamppi interchange were completed in 1995, with the
project plan being ready in 1997. The construction of the interchange and shopping
centre started in August 2002. The Kamppi interchange started operation in June
2005 and the shopping centre was opened in March 2006. The shopping centre has
a wide selection of businesses, including 106 stores, 35 restaurants and cafés, and
29 services as beauty salons, gym, banks and laundry. Work on the roads and outside
areas were finalized in the summer of 2006.
4.2.2. Role of the interchange
The Kamppi interchange has three different terminals: local bus terminal, long
distance bus terminal and underground railway station. The local bus terminal is on
the first underground level. One level below, the long distance bus terminal, a public
car park and a large logistic goods zone are located. Last, the Kamppi underground
railway station is in the lowest level. Additionally, the central railway station is
approximately 500 meters away from the interchange.
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Figure 4‐7: Detail of the cross section of the Kamppi interchange.

Modes of transport at the interchange include local, regional, national and
international buses (to St. Petersburg, Russia), metro, tram, bicycle1, car and taxi.
The average number of visitors to Kamppi on working days is approximately
100,000, of which 84,000 use public transportation. Originally the interchange
operated only as a final destination (or origin) for buses. Nowadays passage from
the local terminal to the long‐distance terminal is allowed without stopping. The
purpose was to avoid congested traffic on the streets. This required changes to the
operating plans (schedules) but no structural changes to the terminal.
4.2.3. Analysis of the good and bad practices
Public transport and transport interchanges are subsidized at 50% by the Helsinki
Regional Transport Authority (HRT) throughout the Helsinki region (i.e. Helsinki,
Espoo, Vantaa and Kauniainen). HRT operates beyond municipality borders and it
is responsible for organizing local buses and some regional bus services. Likewise,
HRT plans the schedules and timetables and tenders out operation. The cooperation
between regional operator (HRT) and long‐distance buses operator (Matkahuolto)
consists only common information displays. Moreover, local rail traffic is organized
by co‐operation agreement with HRT and the national railway organization; metro
and tram are owned and operated by Helsinki City Transport.

A bicycle centre is located right next to the interchange in Kamppi. It provides rental bikes (during
summer), maintenance and repairs as well as a bike park monitored by cameras.

1
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In the case of Kamppi interchange, it was therefore subsidized at 50% by HRT and
their construction costs were covered by selling the properties for business
(shopping centre, offices and housing). Nevertheless, the Kamppi interchange is
responsibility of transport operators while commercial services are responsibility
of Kamppi business management. Housing has its own financing and maintenance
as well. Consequently, although the Kamppi interchange has shopping malls located
at or close to the interchange, these are not the interchange owners´ responsibility
and therefore, the interchange does not receive income from these services.
However, there is cooperation between stakeholders in many common functions
like parking, cleaning, waste management, safety and security and so on.
Moreover, the Kamppi interchange is currently operating near its maximum
capacity and thus, additional traffic is operated outside the terminal. For this reason,
a metro line extension is scheduled to be operational by the end of 2015 which will
bring significant changes to the bus lines that operate from the interchange. The
interchange has high frequency of PT services. The average waiting time between
transport modes is about 5 min with average transfer distances of 200 m between
them, approximately.
The interchange was built with the idea that ‘it’s like being at an airport’, meaning
that effectiveness, safety and comfort of waiting time inside the interchange were
relevant aspects in terms of design. All bus services have access to the interchange
through ramps and tunnels. Additionally, bus services are distributed in different
bus bays and a security system in doors has been established which only allows
doors open when buses are about to depart. These measures ensure that passengers
do not use the areas where the buses are manoeuvring and they also improve air
quality of the interchange.
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Figure 4‐8: Access ramp to the Kamppi interchange and design of the bus bays distribution.

Furthermore, all spaces have large windows that provide direct visual contact with
the bus access platforms. The whole complex is designed for the comfortable
movement of the disabled or people carrying luggage. Moreover, the routes and
entrances to the platforms are signposted with reliefs that can be read with the
fingers or a stick. It is worth noting that in 2005, the Kamppi interchange received
the ‘Well done diploma’ for taking the safe and independent mobility of the visually
impaired into consideration from the beginning of the planning.

Figure 4‐9: Signposting with reliefs located in each bus entrance.

The ticket system is integrated for local and some regional bus services, trams,
metro and trains. However, long distance buses use different fares. Timetable
information is available on general displays as well as for individual displays for
each gate – different transport operators share the same information screens –.
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Lastly, the interchange itself is an indoors complex including a shopping centre.
Therefore safety and security is handled very well, including video monitoring and
security guards.

Figure 4‐10: Passenger information displays and panels located through the Kamppi interchange.
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4.3. Ilford Railway Station (London, United Kingdom)
4.3.1. Background
Ilford is a large suburban town in the
London Borough of Redbridge, East
London. The town is a significant
commercial

and

shopping

district

surrounded by extensive residential
development. Redbridge is an outer
London borough with a population of
278,970 (Census 20112), having grown
rapidly in the early 20th century as a residential area serving as a satellite to central
London.
Ilford railway station is situated on the Great Eastern Main line and has regular local
train services (from Essex) to Liverpool Street station in central London. The station
opened in 1839 and subsequently refurbished in 1980. More than 10 bus stops are
located within walking distance of the station, with the town being a hub of the
London Buses network, providing buses to central London and various suburbs.
The station, located within TfL Zone 43, is considered to be a major public transport
interchange by Transport for London (TfL). Most trains stopping at Ilford run
between Shenfield and London Liverpool Street, with at least 6 trains per hour train
in each direction. As a consequence, the interchange is planned for re‐development
as part of the Crossrail project4. The existing station is to be re‐configured to serve
Crossrail trains from 2019. This will provide more than twice the current frequency
of trains from Illford to central London and is expected to encourage significant
increases in passenger numbers. The station improvements will provide a new

2

Key Figures for 2011 Census: Key Statistics, London Borough of Redbridge.

London Underground, Docklands Light Railway (DLR), London Overground and National Rail
services in London are divided into zones. Most services operate in zones 1‐6, with London
Underground, London Overground and National Rail also operating in zones 7‐9.
3

4 Crossrail is a railway, 118 km in length, currently under construction that will link Maidenhead and
Heathrow Airport to the west of London with Shenfield and Abbey Wood to the east via Greater
London with 42 km of new tunnels and new underground stations in central London.
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ticket hall layout with greater gate line capacity, passenger lifts, longer platforms
and a realigned station entrance and elevation to the street.
4.3.2. Role of the interchange
The interchange is predominantly a railway station, with bus services on the street.
The modes of transport available at the interchange are: main‐line rail, bus, cycle
(with cycle parking), pedestrian, private car with drop off, car parking and taxi.
Additionally, there is a shopping centre close to the interchange. The Ilford Railway
station is used mainly for local commuters’ trips, being the main access modes buses
and walking.
Ilford Railway Station has two entrances. There is a small ticket hall at the main
entrance with a gate through which passengers pass to access platforms. The station
has five platforms, two for trains into London (towards Liverpool Street) and two
out of London (towards Shenfield). The majority of passenger facilities are found on
platforms 2 and 3, including two indoor waiting areas, seating, a customer
information office, a newsagent, vending machines, and toilets. Limited on‐platform
cycle parking is available on platform 1 but additional facilities that can be used by
interchange users are available on surrounding roads. The 5th platform is a bay
platform that allows peak‐period services into London to start at Ilford.

Figure 4‐11: Views of the entrance hall and the gate line barriers in the Ilford railway station.

4.3.3. Analysis of the good and bad practices
Railways in the UK are currently in the private sector, but they are subject to control
by central government, and to economic and safety regulation by arms of
government. The Ilford Railway Station as well as the station lands and buildings are
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owned by Network Rail, the UK national rail infrastructure operator, and as
mentioned in the previous section, the station will be reconfigured as part of
Crossrail. This re‐development follows the principles included in Transport
Assessment Guidance5. Users have been involved in consultation with regard to this
new development that will take place at the station. It aims to improve public spaces
as well as the Ilford station itself. Improvements are expected to include wider
pavements, pedestrianized areas, traffic calming, improved transport interchanges,
trees, seating areas and meeting places designed to integrate with local character.
Urban improvements will be taken forward by the relevant local authorities who
will be able to bid to TfL for a share of the funding. However, the interchange does
not currently have yet a station travel plan.
In terms of the links between the Ilford interchange and the local retail and
commercial activities, it is not clear whether there is any co‐ordination that takes
place. Given the disparate nature of the interchange and the quite separate nature
of the modes and retail opportunities – such that they are not located in the same
building. It is unlikely that any co‐ordination takes place. Within the train station
itself there are very few retail opportunities due to the limited space and there is a
shopping centre close to the interchange – accessible within 2 minutes’ walk from
the main entrance.

5 Guidance on transport interchanges which aims at bringing stakeholders together, create a common
purpose and ensure that interchanges are integrated into the urban environment. It was developed
by Transport For London (TFL) (see https://tfl.gov.uk/info‐for/urban‐planning‐and‐
construction/transport‐assessment‐guidance)
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Figure 4‐12: The newsagent and one the vending machines located on the Ilford railway station

With regards to cooperation between modes, as the station is within the London
area the buses are all under the control of TfL, enabling them to be included within
TfL’s integrated transport initiatives such as the TravelCard, the Oystercard
smartcard, and TfL’s online journey planner. The maximum transfer distance
between trains is approximately 40 metres, while the maximum transfer distance
between local bus stops is approximately 500 metres. The transfer distance between
trains and bus stops will between 60 and 500 metres, depending on the location of
the bus stop. The transfer distance between trains and local cycle parking is
approximately 40 metres. Therefore, transfer times vary depending on which modes
are being transferred between and which services of those modes are being used. In
turn, the average waiting times vary depending on the time of the day, with waiting
times much reduced during peak hours (particularly in the morning). Generally
waiting times are 10 minutes or less for trains and 20 minutes or less buses. In
addition, the interchange is equipped with screen displays located both main hall
and platforms showing timetables and real time information. Within the main
entrance hall screens showed details for each of the platforms, with an additional
screen showing various items of passenger information, including safety messages
and information on the service status of the London Underground.
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Figure 4‐13: Real –time passenger information displays in the Ilford railway station

Moreover, various safety measures have been put in place within the Ilford Railway
Station in order to minimize the potential for accidents. For example, posters and
signs warning of various safety issues, markings on the platform to keep people
away from the edge, public announcements warning when fast trains will be going
through the station and so on. In terms of security, the train station has CCTV,
artificial lighting, and provides contact details for the British Transport Police on a
passenger display board. However, the design of the station suggests that users of
the interchange may feel less safe in the hours of darkness, especially women and
vulnerable people. Additionally, the station is run‐down due to its age and the
atmosphere is therefore intimidating.

Figure 4‐14: Entrance to the Ilford railway station during peak hour and platform 3

Regarding accessibility, some barriers are identified at the interchange before
travellers can access platforms from the main entrance:
-

Overcrowding at gate during the rush hour
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-

Conflicts between those queuing for tickets and those queuing at the ticket
barriers

-

A fairly small area exists for the ticket office and ticket machines

Finally, there is very poor access for those with mobility problems. In terms of
cycling accessibility, a limited on‐platform cycle parking is available on platform 1
but additional facilities that can be used by interchange users are available on
surrounding roads. Likewise, outside of the station there are numerous bus stops
which form part of the overall interchange facility, along with various car parks, a
taxi rank and cycle parking.

Figure 4‐15: Accessibility barriers in the Ilford Railway station
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4.4. Summary of the main features of the European case studies
As it has been shown, the selected European case studies cover a broad spectrum of
transport interchange typologies as much by design and ownership and
management structure as by passenger demand and transport services. Moncloa
and Kamppi are fairly new urban interchanges, built and refurbished in 2006 and
2008, respectively. Conversely, Ilford was built in 1839 and rebuilt in 1980.
Moreover, transport modes involved at the interchanges and transport services
vary. Users mainly travel by metro and bus in Moncloa and Kamppi while in Ilford
is by rail. The role of Moncloa interchange is basically local and regional with only a
few national services, while the Kamppi interchange comprises the main national
bus station as well. Additionally, there is one international bus service (i.e. to St.
Petersburg). With respect to the Ilford interchange, it focuses on local services,
mainly for local commuter trips. Table 4.1 provides a brief description of the
features of each interchange.
Table 4‐1: Main characteristics of the selected European case studies.
Urban
transport
interchange

Year built

Role

Modes of transport

Moncloa
Madrid
(Spain)

1995
Refurbishment
in 2008

Local
Regional
National

56 metropolitan bus lines
3 urban bus lines
2 metro lines
2 long distance bus lines

Kamppi
Helsinki
(Finland)

2005 (Started
operation)
2006
(Shopping
centre)

Ilford
Railway
Station
London
(UK)

1839
Rebuilt in
1980
Planned for
refurbishment

Local
Regional
National
International
(1 bus to St.
Petersburg)

21 local bus lines
40 regional bus lines
15 metropolitan bus lines
1 metro line
1 international bus line
2 tram lines
Cycle centre
Car parking
Taxi

Local
Regional

Rail
Bus
Cycle (with cycle parking)
Drop off and car parking
Taxi
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Daily Passenger
Demand
100,000
53,000
134,000
SUBTOTAL:
287,000
19,500
8,500
7,500
21,700
SUBTOTAL:
57,000

21,000
SUBTOTAL:
21,000
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5. SETTING THE CONTEXT

The data collection process is crucial for clearly establishing the context of an urban
transport interchange as well as analysing the users’ socio‐economic information
and their trip patterns. Therefore, the 'Traveller's satisfaction survey' was carried out
in the three European case studies.
This section presents firstly the response rate obtained in each case study with the
new implementation method proposed in Section 3.2.2. Secondly, a descriptive
analysis of the Part C 'Socio‐economic characteristics' and Part B 'Trip Habits' of the
survey is presented, respectively, for setting the context of each interchange.

Figure 5‐1: Research methodological framework: Setting the context (Step 3)
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5.1. Implementation and performance: response rate
The ‘Traveller's satisfaction survey’ ‐ described in Section 3.1 ‐ was conducted in the
three case studies: Moncloa (Madrid, Spain), Kamppi (Helsinki, Finland) and Ilford
Railway Station (London, United Kingdom), following the combined procedure
described above in Section 3.2. It should be noted that before conducting the survey,
a characterization of the population was carried out in each case study by gender
and age in order to prevent, as far as possible, bias into the sample. It was carried
out through a random procedure, taking notes of the five first persons every 15
minutes in the entrance/exit of the main transport modes.
The surveys were carried out between May 2013 and September 2013, by starting
and finishing at different times in each transport interchange. Likewise, the online
surveys were provided into the home language and kept open on the web for a
common period of four weeks at each case study. Via the online tool individual
survey links were created for all different cities and languages. Respondents were
rewarded for participating in the survey with a prize draw. The Sweepstakes Prize
was an iPad 2 at each case study. Both the selected prize and the face‐to‐face brief
interviews at the interchanges were crucial for achieving successful response rates.
It should be noted that a pilot test was previously conducted at each case study in
the national language of each country one month before starting the actual survey.
These pilot tests were carried out to 20 travellers in order to check whether the
survey was comprehensible and correct any possible drafting error. For this pilot
test, travellers were surveyed face‐to‐face at the three transport interchanges.
Moncloa interchange (Madrid, Spain)
The survey was conducted in the Moncloa transport interchange following the
combined procedure described in Section 3.2. Cards were handed out by a group of
four interviewers mainly in the three bus islands and at the metro entrance on five
working days and one weekend in May 2013 (see Figure 5‐2).
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Figure 5‐2: Card handed out at Moncloa transport interchange, Madrid (Spain)

Moreover, each person who received a card was also asked a few questions and
recorded on a control sheet (see Figure 5‐3).

Figure 5‐3: Example control sheet used in the Moncloa transport interchange, Madrid (Spain)

The response rate was really high (23.2%): 4,000 cards were distributed during this
period and 928 surveys were recorded on SurveyMonkey. A database of 865 valid
surveys was ultimately obtained, after checking and discarding any incomplete or
incorrectly answered surveys according to criteria described in section 3.2.2. Figure
5‐4 shows an example of the design of the online survey.
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Figure 5‐4: Cover of the online survey implemented at the Moncloa transport interchange (Madrid,
Spain)

Kamppi interchange (Helsinki, Finland)
The survey in the Kamppi transport interchange was also conducted following the
combined procedure described in Section 3.2. Cards were handed out mainly in the
three terminals on three working days and one weekend in September 2013. A total
of 1,874 cards were distributed during this period: 701 cards were delivered in the
Espoo bus terminal, 525 cards were handed out in the metro terminal and 648 were
distributed in the long distance bus terminal. Finally, 309 surveys were recorded on
SurveyMonkey and a database of 298 valid surveys was ultimately obtained. Figure
5‐5 shows an example of the design of the online survey.
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Figure 5‐5: Cover of the online survey implemented at the Kamppi transport interchange (Helsinki,
Finland)

Ilford Railway Station (London, United Kingdom)
Due to the role of the Ilford Railway Station in the city and its characteristics, such
as the quality of its facilities and its accessibility conditions, the survey was carried
out combining the new implementation method proposed along with traditional
method of postal surveys. The cards and postal surveys were handed out on two
working days in July 2013 covering both entrances of the station. Only a small area
behind the gate line (for both arriving and departing passengers) was available for
handing out the surveys. On the second survey day there were many repeated
passengers reducing the sample size available. It was noticed that generally, young
women had little interest in responding to the survey. Finally, 165 postal surveys
were received and 69 surveys were recorded on SurveyMonkey. A database of 226
valid surveys was ultimately obtained, after checking and discarding any incomplete
or incorrectly answered surveys. Figure 5‐6 shows an example of the design of the
online survey.
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Figure 5‐6: Cover of the online survey implemented at the Ilford Railway Station (London, United
Kingdom)

As can be seen in the table below, the highest response rates were reached in the
Moncloa and Kamppi interchanges, with values of 23.2% and 16.5%, respectively.
The lowest response rate was for the Ilford Railway Station with a value of 14.1%.
Table 5‐1: Response rates of the new implementation method of surveys at urban transport
interchanges

Case
study

Survey
tool

Cards
Delivered

Received
surveys

Valid
surveys

Response
rate (%)

Moncloa

Online

4,000

928

865

23.2

Kamppi

Online

1,874

309

298

16.5

Ilford
Railway
Station

Postal

226

14.1

Online

165
1,600

69
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5.2. Cross‐site comparison: user´s profiles and trip patterns
This section presents a comprehensive descriptive analysis of the Part C and Part B
of the ‘Traveller’s satisfaction survey’, respectively, such as users’ socio‐economic
information, including gender, age, employment status and household net‐income
and information related to users’ trip habits, including purpose of the trip, frequency
of use of the interchange and the selected transport mode (from origin to the
interchange and from the interchange to destination) at each case study.
There was a total sample of 1,389 valid surveys (NMoncloa=865, NKamppi= 298 and NIlford=
226). Importantly, all analysis are referred to the ‘Valid surveys’.

5.2.1. PART C: Which is the user’s profile?
Figure 5‐7 shows the characterization of each sample by gender and age. It was
found ‐ see Figure 5‐7 (a) – that 64.1% of the respondents were female at the
Kamppi interchange, whereas at the Ilford Railway Station only 39.9% of the
respondents were female. Conversely, the Moncloa interchange showed a more
homogenous sample, about 50%. There was no representative sample of younger
users (those under 17 years old) or older users (those above 65 years old) in any
case study. Therefore, the users from the three case studies are between 18 to 65
years old. At Ilford and Kamppi interchanges, most users are between 26 and 65
years old.

Figure 5‐7: Characterization of the samples by gender (a) and age (b)
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Figure 5‐8 shows that Kamppi has a higher users’ proportion with the highest level
of Household Net‐Income per month (34.5% of the sample) and a lower users’
proportion with the lowest level of Household Net‐Income per month (21.3% of the
sample). The weighted average household size is 2 people. Nevertheless, Moncloa
and Ilford interchanges have a more equal distribution and the average household
size is 3 people in both cases.

Figure 5‐8: Household Net‐Income per month

Regarding the level of Household Net‐Income
per month, and in order to compare all results
of the three case studies, three different levels
were considered, taking into account the
minimum revenue or alternative measure of
revenue of each country. Therefore, the
minimum level of Household Net‐Income per
month is less than, or equal to, 2 times the
minimum revenue; the average level is
between 2‐4 times the minimum revenue and
the maximum level of Household Net‐Income
per month is more than, or equal to, 4 times the
minimum revenue.

This information is complemented with the analysis of the users' employment
status. Figure 5‐9 evidences that the majority of users at the Ilford and Kamppi
interchanges are workpeople, about 83% and 72% respectively, whereas in
Moncloa less than 50% are workers and about 38% are students.

Figure 5‐9: Analysis of the users’ employment status
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5.2.2. PART B: Which are the trip habits?
By and large, travellers surveyed are habitual users (i.e. they use the interchange
daily or 3‐4 times a week) as shown in Figure 5‐10 (a). However, Kamppi has a
representative sample of infrequent users with almost 25% using the interchange
few times a month or less. Regarding trip purposes (see Figure 5‐10 (b)), work and
studies were generally the main purposes for all of the trips recorded in the case
studies. It should be noted that the Ilford Railway Station is mainly for commuter
trips (for local employees) as mentioned earlier and this explains the result that
more than 80% of the respondents were travelling for work.

Figure 5‐10: (a) Frequency of use of each interchange and (b) trip purposes

As well, for a better understanding of the urban mobility patterns and therefore, to
identify the role of each urban interchange within the transport network, it is
relevant to identify the main access and egress transport modes according to the
respondents' valid samples (see Figure 5‐11).
At the Moncloa transport interchange, the main access modes are Metro (51.9%)
and Metropolitan buses (23.7%), respectively. Nevertheless, the egress transport
mode is mainly by metropolitan buses (58.8%). Moreover, the daily passengers
departing from the Kamppi interchange is roughly the same by Local buses as by
Metro (see Table 4‐1; Chapter 4). However, the results obtained from the
respondents reveals that the main access and egress modes are the Long distance
and Metropolitan buses, respectively. This is maybe explained because the surveys
were handed out in the three terminals and the amount of valid surveys received
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from each of them was not homogeneous. Likewise, soft modes like Walking are also
representative in both scenarios ‐ access (18.5%) and egress (22.8%) ‐. Finally,
Ilford is predominantly a railway station, therefore the main egress transport mode
is by Train (64.4%) and the main access modes are Walking (37.8%) and Buses
(28.9%), respectively.

Figure 5‐11: Main access and egress transport modes at each case study
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5.3. Use of time inside the interchange
To make an interchange attractive for users is crucial to find out not only how long
they spent inside the interchange, but also how many users are spending time there
and how they use this time in order to allocate and manage the resources better.
This section looks at the users’ travel time, the time spent inside the interchange and
its distribution according different activities.
The travel time is the time travellers for the journey to and from the service provider
(van Hagen, 2011). Table 5‐2 shows the results obtained according to the time
TO/FROM the interchange, time INSIDE the interchange and TOTAL travel time.
Since the mean can be influenced by extreme scores and it is also affected by skewed
distributions, it should be noted that the median was selected to quantify better the
distribution centres. The median is relatively unaffected by extreme scores at either
end of the distribution and it is also relatively unaffected by skewed distributions
(Field, 2009).
Users travelling during more time are from Moncloa (50 minutes), where the time
spent inside the interchange is approximately 20% of the total travel time.
Moreover, users of the Kamppi interchange have travel times about 45 minutes and
the time spent inside the interchange is also 20% of the total. At Ilford Railway
Station, the travel time from the origin to the station is shorter than in the other case
studies (15 minutes) as well as the time spent inside the interchange (6 minutes).
However, the time inside the interchange comprises 17% of the total travel time.
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Table 5‐2: Characterization of user travel time at each transport interchange expressed as the median
(minutes).
Moncloa
interchange

Kamppi
interchange
Statistic.

Ilford Railway
Station
Statistic.

55.69
(2.823)

37.79
(1.920)

51.92

50.13

34.01

57.02

61.25

41.57

Median

50.00

45.00

35.00

Variance

1458.63

2366.85

814.46

38.20

48.65

28.54

1

0

0

540
26.08
(0.585)

350
28.06
(1.644)

120
22.17
(1.645)

24.93

24.83

18.93

27.23

31.30

25.42

Median

20.00

20.00

15.00

Variance

296.32

802.76

598.21

17.21

28.33

24.46

1

0

0

205
33.57
(1.029)

330
30.73
(2.354)

190
36.21
(1.825)

31.55

26.10

32.62

35.59

35.37

39.81

Median

30.00

20.00

30.00

Variance

916.25

1645.09

736.21

Std. Deviation

30.270

40.560

27013

0

0

0

365
14.31
(0.597)

346
13.82
(1.210)

190
7.42
(0.335)

13.14

11.44

6.76

15.48

16.20

8.08

Median

10.00

9.00

6.00

Variance

308.77

434.54

24.81

17.57

20.85

4.98

Minimum

1

0

0

Maximum

420

210

35

Statistic.
54.47
(1.299)

Time INSIDE the interchange

Time FROM interchange
(interchange to destination)

Time TO interchange
(origin to interchange)

TOTAL travel time
(origin ‐ destination)

Mean
(Std. Error)
95% Confidence Lower Bound
Interval for Mean
Upper Bound

Std. Deviation
Minimum
Maximum
Mean
(Std. Error)
95% Confidence Lower Bound
Interval for Mean
Upper Bound

Std. Deviation
Minimum
Maximum
Mean
(Std. Error)
95% Confidence Lower Bound
Interval for Mean
Upper Bound

Minimum
Maximum
Mean
(Std. Error)
95% Confidence Lower Bound
Interval for Mean
Upper Bound

Std. Deviation
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Additionally, Figure 5‐12 shows the distribution of journeys according to the travel
times TO and FROM the interchange. It should be noted that 40% of the journeys to
the Ilford Railway Station are less than 10 minutes. However, the journeys from the
interchange to the final destination are between 30‐60 minutes. Moreover, the
majority of trips are between 30‐60 minutes in the three case studies: Moncloa
(48%), Kamppi (42%) and Ilford Railway Station (41%).

Figure 5‐12: Characterization of the times TO the interchange (a) and FROM the interchange (b) by
intervals of time.

Concerning the time spent INSIDE the interchange, it is classified according to three
intervals of time (see Figure 5‐13): less than or equal to 5 minutes, between 5 and
15 minutes and more than or equal to 15 minutes. The Moncloa interchange has the
longest stays (41% of users are inside the interchange between 5‐15 minutes and
42% more than 15 minutes) whereas the Ilford Railway Station has the shortest
stays (48% of users are only inside the station less than 5 minutes). Likewise, this
time spent inside the interchange is distributed between different activities.
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TIME SPENT AT INTERCHANGES…
It could be distributed between
different activities such as:
-

Queuing

-

Transferring*

-

Shopping

-

Other pursuits**

TRANSFERRING: time spent walking
between different transport modes for
boarding.
** OTHER PURSUITS: time spent buying
transport tickets, seated at café or
seated at waiting areas, etc.
*

Figure 5‐13: Time spent inside each interchange

The time spent for each activity at each case study is shown in Table 5‐3. The
shortest queuing time is observed at Kamppi interchanges (86.1% of users are
queuing less than 5 minutes), whereas Moncloa transport interchange records the
highest queuing times (41% of users are waiting between 5‐15 minutes and 20%
more than 15 minutes). On the other hand, the shortest transfer time is in Ilford
being less than 5 minutes (86.7%). Conversely, 19.8% of users have a transfer time
longer than 15 minutes at Kamppi interchange. Moreover, the users who spend less
time shopping or other pursuits such as, buying transport tickets, seated at a café or
seated in waiting areas, are from Moncloa (92% and 82%, respectively). It should be
noted that users who spend more time shopping are from Kamppi interchange,
about 20%.
Table 5‐3: Percentage of users according their waiting time by time intervals and activities.

5–15 min

≥ 15 min

≤ 5 min

≤ 5 min

5–15 min

39.0

41.0

20.0

71.0

13.0

16.0

92.0

6.0

2.0

82.0

13.0

6.0

Kamppi

86.1

9.4

4.5

67.3

12.9

19.8

53.6

27.0

19.4

71.4

9.2

19.4

Ilford
Railway
Stattion

73.2

21.1

5.6

86.7

2.2

11.1

68.3

29.0

2.8

75.6

15.4

9.0
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≥ 15 min

≤ 5 min

Moncloa

≥ 15 min

≥ 15 min

OTHER PURSUITS

5–15 min

SHOPPING

≤ 5 min

Case
Study

TRANSFERRING

5–15 min

QUEUING
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5.4. Setting the context
The identification of the users’ profile and their trip habits provides a better
understanding of their perception of the performance of the interchange, thereby
enabling policy recommendations to be developed for its management and
operation. Table 5‐4 presents the main characteristics of the users’ profiles
identified at each case study and their trip patterns.
The profile of the Moncloa interchange user is a habitual user –accounting for 85%
of the sample– travelling alone (95.6%), mainly for work (48.6%) and education
(34.5%). There were no major gender differences, although the percentage of
females (54.1%) was greater than males (45.9%). The age ranges of the respondents
were: 18‐25 (42.5%), 26‐40 (26%) and 40‐65 (27.9%). They used predominantly a
monthly pass (84.5%); 43% of respondents were in the lowest household net
income bracket, and 22.7% in the highest. More than seventy percent of the
respondents reported having a driving license, although 62% had no access to a
private car.
The Moncloa travellers reported spending most of their time inside the interchange
queuing and transferring from one transport mode to another. On average, 41% of
users spent between 5 and 15 minutes queuing and transferring per journey, while
another 42% reported spending more than 15 minutes on these activities. Transfer
times tended to be less than 5 minutes (92%), indicating that users spend most of
their time queuing. These results are directly linked to the queue management
strategy of the interchange. Finally, the main access and exit modes were by subway
and metropolitan bus respectively, and with an average of two transfers on each
daily trip. The main role of the Moncloa interchange is thus to connect the
metropolitan area with the city centre.
The profile of the Kamppi interchange user is a habitual user –accounting for 62%
of the sample– travelling alone (90.3%), mainly for work (55.4%) and with the
highest household net income bracket (34.5%). They used a monthly pass (61.7%).
However, it should be noted that 38% of the sample was a non‐habitual user and at
least 30.5% of the trips were for leisure purposes. Moreover, the percentage of

‐ 89 ‐

ASSESSMENT METHODOLOGY TO MAKE URBAN TRANSPORT INTERCHANGES ATTRACTIVE FOR USERS

females (64.1%) was greater than males (35.9%). The age ranges of the respondents
were largely between 26‐40 (33.8%) and 40‐65 (44.3%); only a small percentage of
younger people between 18‐25 years answered the survey (14.5%). More than
seventy five percent of the respondents reported having a driving license, although
37% had no access to a private car.
The Kamppi travellers reported spending most of their time inside the interchange
queuing and shopping, 39.4% and 25.2%, respectively. However, 42% of users spent
less than 5 minutes inside the interchange. These results are explained through the
trip purposes. Users travelling for work spent their time inside the interchange
queuing. Conversely, users travelling for leisure purposes spent their time shopping
in the shopping mall inside the interchange. Finally, the main access and exit mode
was by Metropolitan bus in both cases, and with an average of one transfer on each
daily trip.
Finally, the profile of the Ilford Railway Station user is commuter, (i.e. a habitual user
–accounting for 80.5% of the sample–) travelling alone (94.2%), mainly for work
(81.4%). The percentage of males (60.7%) was greater than females (39.3%). As
mentioned before, it was noticed that generally, young women had little interest in
responding to the survey. The age ranges of the respondents were mainly between
26‐40 (42.4%) and 41‐65 (42.0%). They used a monthly pass (65.5%); 44.6% of
respondents were in the lowest household net income bracket, and 24.9% in the
highest. About seventy percent of the respondents reported having a driving license,
although 43.4% had no access to a private car.
The passengers travelling through Ilford Railway Station reported spending most of
their time inside the station queuing and transferring from one transport mode to
another. However, 48.7% of users spent less than 5 minutes inside the interchange.
Finally, the main access and exit modes were by Walking and Train, and with an
average of two transfers on each daily trip. The key role of the Ilford Railway Station
is thus to connect the outer London borough, mainly residential, with the city centre.
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Table 5‐4: Setting the context: main characteristics of the users’ profiles and their trip patterns for
each case study
Moncloa

Kamppi

Ilford Railway
Station

Female

54.1 %

64.1%

39.3%

Male

45.9 %

35.9%

60.7%

(18‐25)

42.5 %

14.5 %

8.0 %

(26‐40)

26.1 %

33.8 %

42.4 %

(41‐65)

28.0 %

44.3 %

42.0 %

Lowest level

43.4 %

21.3 %

44.6 %

Middle level

33.9 %

44.2 %

30.5 %

Highest level

22.8 %

34.5 %

24.9 %

Employee

71.8 %

83.1 %

Student

49.0 %
38.0 %

16.1 %

4.9 %

Habitual user*

84.7 %

62.4 %

80.5 %

Monthly pass

84.5 %

61.7 %

65.5 %

Driving license

Yes

70.9 %

75.8 %

66.8 %

Access to
private vehicle

No

62.0 %

36.9 %

43.4 %

Starting
Transfer
Ending

34.9 %
56.9 %
8.2 %

38.6 %
36.9 %
24.5 %

72.1 %
11.6 %
16.0 %

‐‐‐

2.0

1.0

2.0

Train

‐‐‐

‐‐‐

28.4 %

Metro

51. 9%

25.2 %

‐‐‐

Metropolitan bus

23.7 %

46.3 %

28.9 %

Walking

10.4 %

18.5 %

37.8 %

Train

‐‐‐

‐‐‐

64.4 %

Metro

17.5 %

21.5 %

‐‐‐

Metropolitan bus

58.8 %

50.3 %

8.0 %

Walking
Work
Study
Leisure

8.9 %
48.6 %
34.5 %
11.1 %

22.8 %
55.4 %
10.7 %
30.5 %

24.0 %
81.4 %
3.1 %
12.4 %

Alone

95.6 %

90.3 %

94.2 %

‐‐‐

50 min

45 min

35 min

‐‐‐

10 min

9 min

6 min

17.6 %
39.4 %
25.2 %
17. 8%

39.1 %
38.5 %
4.6 %
17. 8%

Gen

USER PROFILE

Age

H_net in

Em_status
Freq
PT_ticket

T_stage
N_transf
(mean)

TRIP PATTERNS

M_access

M_egress

T_purp
W_travel
T_total
(median)
T_interch
(median)
Use of time
(inside the
interchange)

Transferring
18.2 %
Queuing
58.3 %
Shopping
6.8 %
Other pursuits
16.7 %
*Habitual user: user who uses the interchange daily or 3‐4 times a week
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6. ASSESSMENT
PROCESS
FOR
EXPLORING THE USERS’ EXPERIENCE
AND PERCEPTIONS
“Do not wait; the time will never be 'just right.' Start where you stand, and work with whatever tools
you may have at your command, and better tools will be found as you go along”

George Herbert (1875‐1957)

Once the context of an urban transport interchange has been properly set it is
possible to better understand the users' perceptions and their reasons for these
views.
This section aims to provide an ‘Assessment process’ to developers and managers of
urban transport interchanges for making them more attractive for users. The
previous research steps are therefore inputs for defining and developing the
‘Assessment process’ (see Figure 6‐1).

Figure 6‐1: Research methodological framework: Assessment process (Step 4).
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6.1. Introduction
This chapter aims to provide an 'Assessment process' to managers and developers of
urban transport interchanges for making them more attractive for users. To this
end, a methodological framework is proposed as shown in Figure 6‐2. This
methodological framework allows interchange managers to formulate appropriate
strategic decisions oriented not only to enhance the transfer experience but also to
improve the quality of the service at urban transport interchanges.
The 'Assessment process', based on the users’ experience and their perceptions,
generates answers to key questions oriented towards the management and
planning of an urban transport interchange, respectively:
III.

How IS the performance of an EXISTING transport interchange? How could
resources be managed more efficiently?

IV.

How SHOULD the performance of an EXISTING or NEW transport
interchange BE?

In this respect, the 'Assessment process' supplies managers and developers some
analysis tools which aim to provide a depth of knowledge of the interchange in order
to understand better its performance and manage the available resources properly.
The last step is to define some 'Planning guidelines' under a dual approach based on
'functional' and 'psychological' dimmensions in order to develop efficient
interchanges.

Figure 6‐2: Assessment process for exploring the users’ experience and their perceptions.
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To meet these objectives, this chapter is structured as follows: (i) analysis of the
satisfaction rates through a normalization methodology (Section 6.2); (ii)
development of the management tool and its application to the three case studies
(Section 6.3); and definition of the ‘Planning guidelines’ and identification of the key
factors of an urban transport interchange (Section 6.4)
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6.2. User satisfaction ratings: Analysis tool
This first analysis tool of the ‘Assessment process’ aims to know which particular
aspects and elements of an interchange are generally performing below the users'
expectations. Additionally, this tool provides overall insight about which attributes
are generally identified as controversial in an urban transport interchange,
regardless its cultural and social context.
6.2.1. Normalization methodology
A descriptive analysis of the Part A of the survey – ‘Traveller satisfaction
questionnaire’ – would allow to know the users’ satisfaction levels about an existing
transport interchange. However, users' satisfaction depend additionally on their
quality expectations which are directly linked to their cultural or personal
characteristics (Alonso et al., 2015). Likewise, comparing the users’ satisfaction
scores between transport interchanges located in different cities and countries, at a
disaggregated level, would not be directly possible due to socio‐political, structural,
cultural and adaptation differences (Elster and Roemer, 1993). Therefore, this
section proposes an analysis tool which goes a step further and applies a
normalization methodology that overcomes the problems of 'cultural bias' and
responds to the objectives above mentioned taking into account only the typology
of the urban transport interchange.
For this purpose, a normalization methodology is applied. It aims to understand
which transport interchanges are performing better than other interchanges
according to users' satisfaction. This normalization methodology was developed by
Trompet et al. (2013) to compare customer satisfaction scores between bus
operators in different cities and countries around the world. Subsequently, Alonso
et al. (2015) adopted this technique for the first time for analysing the perceived
quality of five passenger interchange stations in Europe.
This analysis tool or normalization methodology has two stages:


Firstly, average satisfaction levels are obtained from the traveller satisfaction
questionnaire data (see Table 6‐1). These average levels are denoted as
Perceived Quality (PQ) and are defined as follow:
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∑

(1)

where i is each one of the valuated aspects and elements (from 1 to 37); j
each transport interchange (from 1 to 3); k each user interviewed; nij the
number of users evaluating their satisfaction level on the aspect or element i
for transport interchange j; xijk the satisfaction score evaluated for the user k
for the aspect or element i in the transport interchange j (from 1‐strongly
dissatisfied to 5‐strongly satisfied).


Secondly, the next stage is to normalize, per transport interchange, the PQij
obtained by dividing it by the average of the scores of all aspects and
elements to define Satisfaction Indexes (SIij) (see Table 6‐2). Therefore, the
SIij are obtained as follow:
∑
∑

∑

(2)

where i, j, k, nij, and xijk have been previously described for equation (1); and
∑

is the total number of responses for all satisfaction question for

user j.
6.2.2. Analysis of users’ expectations in the European case studies
This normalization methodology was applied to the data collected in the European
case studies. The results obtained in all case studies revealed that users are
generally satisfied with an average satisfaction higher than 3 in a 5‐points Likert
scale; high average satisfaction rates in Kamppi (3.65 from 5) and Moncloa (3.61),
and acceptable average rate in Ilford Railway Station (3.06). It should be noted that
regarding the satisfaction rates by gender and age groups, no significant differences
were found. Table 6‐1 shows the aspects and elements of the interchange most and
least valued by users. Generally, aspects related to the design as 'Access to the
interchange' and 'Transfer distances' as well as 'Security in the transfer and waiting
areas during the day' were the best valuated aspects by users. In contrast, the worst
valuated elements were aspects like availability of both 'Seating' and 'Cash machines'
and 'External design'.

‐ 99 ‐

ASSESSMENT METHODOLOGY TO MAKE URBAN TRANSPORT INTERCHANGES ATTRACTIVE FOR USERS

Particularly, with an analysis for each interchange, ‘Access to the interchange’ and
‘Safety getting on /off transport’ achieved the highest average rates at Moncloa and
Kamppi. Conversely, although Ilford users showed a higher level of satisfaction with
the ‘Access to the interchange’ than with the rest of aspects, the best valuated were
'Transfer distance' and 'Ease of ticket purchasing'. Regarding the worst valuated
aspects, there were similarities once more between Moncloa and Kamppi. These
aspects are related to the availability of 'Seating' and 'Cash machines', respectively.
In both cases, their average rates were below the overall average rate. However, the
worst valuated aspects at Ilford Railway Station were directly related to the overall
design: both 'External design' and 'Internal design' and non‐availability of 'Elevators
and escalators'.
Table 6‐1: Perceived Quality (PQij) based on user satisfaction ratings
Independent variable

Moncloa
Std.
Mean
Dev

Kamppi
Std.
Mean
Dev

Ilford
Mean

Std.
Dev

Average
for each
aspect

3.60

0.942

3.99

0.829

3.49

1.156

3.69

2

Travel information at the
interchange
Travel information before trip

3.52

1.093

3.97

0.840

3.33

1.211

3.61

3

Travel information displays

3.85

1.042

3.96

0.846

3.33

1.222

3.71

4

3.78

1.133

3.76

0.903

3.63

1.113

3.72

3.91

0.925

3.65

0.942

3.28

1.118

3.61

3.99

0.914

3.68

0.944

3.16

1.117

3.61

3.54

1.085

3.17

0.950

3.35

1.220

3.35

3.97

0.879

4.02

0.789

3.78

1.073

3.92

3.61

0.951

3.41

0.865

3.38

1.110

3.47

3.48

0.954

3.64

0.962

3.36

1.106

3.49

3.74

0.905

3.84

0.833

3.45

1.119

3.68

12

Ticket purchasing
Signposting (facilities and
services)
Signposting for transfers
between transport modes
Information and assistance
provided by staff
Transfer distances
Coordination between
operators
Time use at the interchange
Distance between the facilities
and services
Number of elevators, escalators

3.85

0.943

3.88

0.922

1.92

1.208

3.21

13

Ease of movement (crowding)

3.51

0.955

3.37

0.974

2.65

1.180

3.18

14

Access to the interchange

4.19

0.792

4.29

0.740

3.33

1.222

3.94

15

General cleanliness

3.99

0.787

3.72

0.813

3.01

1.069

3.58

16

Temperature, ventilation

3.70

0.972

3.94

0.767

3.08

1.118

3.57

17

General noise level

3.43

0.967

3.49

0.904

3.15

1.030

3.35

18

Air quality and pollution

3.60

1.043

3.75

0.892

3.07

1.020

3.47

19

3.44

0.942

4.00

0.867

2.86

1.209

3.43

3.47

0.952

3.83

0.954

2.81

1.264

3.37

21

Number and variety of shops
Number and variety of cafés
and restaurants
Availability of cash machines

2.82

1.045

2.97

1.097

3.12

1.252

2.97

22

Availability of seating

2.72

1.154

2.74

1.109

2.92

1.091

2.79

1

5
6
7
8
9
10
11

20
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Independent variable

25

Availability of telephone signals
and Wi‐Fi
Comfort due to presence of
information screens
Area surrounding

26
27

23

Moncloa
Std.
Mean
Dev

Kamppi
Std.
Mean
Dev

Ilford
Mean

Std.
Dev

Average
for each
aspect

2.94

1.232

3.79

0.978

2.94

1.170

3.22

3.41

1.020

3.73

0.785

2.92

1.079

3.35

3.85

0.856

3.37

0.916

2.60

1.128

3.27

Internal design

3.80

0.911

3.24

0.921

2.46

1.050

3.17

External design

3.65

0.955

3.22

0.972

2.43

1.049

3.10

28

Safety getting on/off transport

4.14

0.841

4.13

0.762

3.18

1.131

3.82

29

Safety inside the interchange
Security in the transfer and
waiting areas (during day)
Security in the transfer and
waiting areas (evening/night)
Security in the area
surrounding the interchange
Lighting
Information to improve sense
of security
Signposting of emergency exits
Location of escalators in the
event of an emergency
Location of exits in the event of
an emergency

3.99

0.850

3.98

0.776

3.24

1.094

3.74

3.88

0.955

4.22

0.711

3.49

1.120

3.87

3.31

1.113

3.39

0.975

2.70

1.201

3.13

3.17

1.074

3.35

0.868

2.84

1.233

3.12

4.02

0.923

3.98

0.761

3.16

1.133

3.72

3.51

0.905

3.62

0.817

2.85

1.067

3.33

3.57

0.935

3.48

0.826

2.92

1.045

3.33

3.35

0.982

3.29

0.836

‐‐‐

‐‐‐

‐‐‐

3.36

0.998

3.27

0.814

2.87

1.075

3.17

24

30
31
32
33
34
35
36
37

Average for each interchange

3.61

3.65

3.06

3.44

(‐‐‐)= not asked; At Ilford Railway Station, there are not elevators and escalators. Therefore, it is not
possible to know the users' perception about their location.

Moreover, as direct comparisons of ratings between transport interchanges may
lead to wrong conclusions (heterogeneous users profiles, different cultural and
socio‐economic contexts and so on), normalized Satisfaction Indices (SIij) are
analysed in Table 6‐2 (stage 2 of the first analysis tool). According to Trompet et al.
(2013), a score of 1.0 means that the average score for aspect i at transport
interchange j equals the average score for all questions. A SI above 1.0 indicates that
users are relatively more satisfied with this aspect than other on average. Therefore,
these Satisfaction Indexes allow direct comparison between transport interchanges.
Likewise, these indices are strongly influenced by typology of interchange.
The best considered aspects at Moncloa interchange, (i.e. aspects which are
performing better than in the other interchanges), were strongly related to the
design ‐ 'External design', 'Internal design' and 'Surrounding area' ‐ as well as
'Lighting' and 'General cleanliness'. Such aspects were given careful consideration
when the Moncloa interchange was refurbished in 2008 (see Chapter 4). Conversely,
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the worst considered aspects were the provision of ‘Information before trip’ and the
‘Time use at the interchange’. It is important to highlight that the Moncloa transport
interchange has the longest stays (see Section 5.3) and there is not provision of real
time information.
Regarding the Kamppi interchange, the commercial supply is the most remarkable
aspect, particularly the number and variety of 'Shops' and 'Cafes and restaurants'
inside the interchange. This is because Kamppi is located in the basement of a new
shopping center (see Section 4.2.1). ‘Comfort due to information screens’ and
‘Temperature’ are also performing properly. However, Kamppi is integrating more
transport services and the cooperation between operators consists only common
information displays (see Section 4.2); therefore, ‘Coordination between operators’
is the worst aspect considered at the interchange.
Finally, the best considered aspects at Ilford Railway Station are ‘Travel information
at the interchange’, ‘Ticket purchasing’ and ‘Transfer distances’. It is explained
because, although Ilford is the oldest interchange, the information screens and ease
of ticket purchasing are key in the station performance. Likewise, 'Transfer
distances' is considered a good practice at the station (see Section 4.4.2 ‐ Table 4‐4).
In contrast, the worst considered aspects are the non‐availability of ‘Elevators and
escalators’, ‘Ease of movement due to crowding’ and ‘Surrounding area’. The last two
aspects are collected as bad practices of the station (see Section 4.4; Table 4‐5 and
Table 4‐7, respectively).
It is worth stressing that the availability of 'seating capacity' and 'cash machines'
could be considered as controversial aspects because independently of the
interchange typology, they are poorly considered. Likewise, ‘Information and
assistance provided by staff’ is an aspect worst perceived at large interchanges than
in small stations. Conversely, ‘Transfer distances’ and ‘Access to the interchange’ are
usually perceived positively by users. Lastly, there is a great difference in users'
security perception in the transfer and waiting areas depending on time of day. At
evening or night this security perception is poorly valuated.
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Table 6‐2: Normalized Satisfaction Indexes (SIij) based on user satisfaction ratings

1

Travel information at the interchange

1.00

1.09

1.14

Average
for each
aspect
1.08

2

Travel information before trip

0.97

1.09

1.09

1.05

3

Travel information displays

1.07

1.08

1.09

1.08

4

Ticket purchasing

1.05

1.03

1.19

1.09

5

1.08

1.00

1.07

1.05

1.11

1.01

1.03

1.05

7

Signposting (facilities and services)
Signposting for transfers between transport
modes
Information and assistance provided by staff

0.98

0.87

1.09

0.98

8

Transfer distances

1.10

1.10

1.24

1.15

9

Coordination between operators

1.00

0.93

1.10

1.01

10

Time use at the interchange

0.96

1.00

1.10

1.02

11

Distance between the facilities and services

1.03

1.05

1.13

1.07

12

Number of elevators, escalators

1.07

1.06

0.63

0.92

13

Ease of movement (crowding)

0.97

0.92

0.87

0.92

14

Access to the interchange

1.16

1.17

1.09

1.14

15

General cleanliness

1.11

1.02

0.99

1.04

16

Temperature, ventilation

1.02

1.08

1.01

1.04

Independent variable

6

Moncloa

Kamppi

Ilford

17

General noise level

0.95

0.95

1.03

0.98

18

Air quality and pollution

1.00

1.03

1.00

1.01

19

Number and variety of shops

0.95

1.09

0.94

0.99

20

Number and variety of cafés and restaurants

0.96

1.05

0.92

0.98

21

Availability of cash machines

0.78

0.81

1.02

0.87

22

Availability of seating

0.75

0.75

0.96

0.82

23

0.81

1.04

0.96

0.94

0.94

1.02

0.96

0.97

25

Availability of telephone signals and Wi‐Fi
Comfort due to presence of information
screens
Area surrounding

1.06

0.92

0.85

0.95

26

Internal design

1.05

0.89

0.80

0.91

27

External design

1.01

0.88

0.79

0.90

28

Safety getting on/off transport

1.14

1.13

1.04

1.11

29

1.11

1.09

1.06

1.08

1.07

1.16

1.14

1.12

0.92

0.93

0.88

0.91

0.88

0.92

0.93

0.91

33

Safety inside the interchange
Security in the transfer and waiting areas
(during day)
Security in the transfer and waiting areas
(evening/night)
Security in the area surrounding the
interchange
Lighting

1.11

1.09

1.03

1.08

34

Information to improve sense of security

0.97

0.99

0.93

0.97

35

Signposting of emergency exits
Location of escalators in the event of an
emergency
Location of exits in the event of an emergency

0.99

0.95

0.96

0.97

0.93

0.90

‐‐‐

‐‐‐

0.93

0.90

0.94

0.92

24

30
31
32

36
37
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6.3. Perceived quality of an urban transport interchange: Tool for
managing

“Improving transfer experience could significantly benefit the public transport”

(Guo and Wilson, 2011)

This section presents the second tool proposed in the ‘Assessment process’. It is a
novel and useful tool for assessing the perceived quality in an urban transport
interchange. Likewise, this management tool aims to provide an understanding of
the performance of an urban transport interchange in order to manage efficiently
the available resources. This tool not only analyzes the user´s satisfaction
concerning different aspects and elements of an urban transport interchange but it
also identifies the 'derived importance' of each of them, thus identifying the potential
strengths and weaknesses of an urban transport interchange. Part of this
methodological approach is based on previous research by de Oña, (2013) on the
assessment of service quality in public transport.
It should be noted that this section has been accepted for publication as (See
Appendix III):
A. Hernandez, S., Monzon, A., de Oña, R. Urban transport interchanges: a
methodology for evaluating perceived quality. Accepted for publication in
Transportation

Research

Part

A:

10.1016/j.tra.2015.08.008
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6.3.1. Methodological framework: two‐step analytical procedure
Several studies have researched methods for evaluating customer satisfaction with
the quality of public transport services (Stradling et al., 2007; Nathanail, 2008; dell’
Olio et al., 2011a; de Oña et al., 2012, 2013a; Redman et al., 2013). These evaluation
methods, however, have rarely been adapted to measuring users’ needs or their
perceptions of the quality of urban transport interchanges (Dell’Asin et al., 2014).
The proposed assessment framework are based on two‐step analytical procedure
and combines two powerful methodologies (see Figure 6‐3):
-

Classification and Regression Trees model (CART model)
o Objective  deducing the ‘derived importance’ of each observed
variable collected in the survey (see Section 3.1.2; Table 3‐1)

-

Importance‐performance analysis (IPA)
Objective  identifying which aspects or elements of an interchange
need improvement and which can be considered its strengths

Figure 6‐3: Two‐step analytical procedure to assess the performance of an urban transport
interchange.

First step: obtaining the ‘derived importance’
Asking travellers to rate each attribute on a scale of importance significantly
increases the length of the survey instrument, and could undermine the overall
response rate and accuracy of the survey, in addition to potentially failing to identify
the true drivers of overall satisfaction (Weinstein, 2000). De Oña and de Oña (2014)
highlighted also that this 'stated importance' yields insufficient differentiation
among mean importance ratings, with customers rating nearly all of the measures
near the top of the scale.
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This methodological framework therefore sets out to obtain the ‘derived importance’
in order to estimate the relative importance of each observed variable. The usual
methods for determining the ‘derived importance’ of individual attributes in public
transport service quality are regression models (Weinstein, 2000; Kim and Lee,
2011), structural equation models (Eboli and Mazzulla, 2007, 2012; Minser and
Webb, 2010; de Oña et al., 2013a) and discrete choice models (Huse and Evangelho,
2007; Tyrinopoulos and Antoniou, 2008; dell’ Olio et al., 2010; Hensher et al., 2010).
However, these techniques must meet a set of assumptions that are often invalid for
customer satisfaction research, such as normal data, linear relationships between
dependent and independent variables and low multi‐colinearity (Garver, 2003).
Additionally, de Oña (2013) concluded that the estimated relationships between
variables and the parametric model predictions could be erroneous whether the
model is misspecified.
The CART model is able to overcome these limitations as it is a non‐parametric
model with non‐predefined underlying relationships between variables. Besides,
Table 6‐3 summarizes some of the advantages of applying this model along with
some disadvantages.
Table 6‐3: Advantages and limitations of the CART model application. (Source: Lewis, 2000; De Oña,
2013)
Advantages

Disadvantages

Inherently non‐parametric (i.e., no assumptions
regarding the underlying distribution of values
of the predictor variables)

Decision trees are 'unstable' (i.e., both
structure and accuracy of the model depend
on the followed strategy for the sample
stratification)

Handle numerical data that are highly skewed or
multi‐modal, as well as categorical predictors
with either ordinal or non‐ordinal structure

No provide a confidence interval to the
splitters and predictions in the model

Handle co‐linearity problems and outliers

CART is not a standard analysis technique.
Therefore, it is not included in many major
statistical software packages

Relatively simple for non‐statisticians
interpret
Extract a setoff “If‐Then” Decision Rules
Nominal and numeric variables can be used

to
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The data‐mining technique was developed by Breiman et al. (1984) and is suitable
for deducing the importance of each independent variable –or ‘derived importance’.
It has been widely applied in different fields of transport engineering such as road
safety (Abdel‐Aty et al., 2005; Chang and Wang, 2006; Pakgohar et al., 2011), traffic
forecasting (Washington and Wolf, 1997), vehicle emissions (Washington et al.,
1997; Hallmark et al., 2002) and transportation choice behaviour (Xie et al., 2003).
It has also been used to analyse service quality in sectors other than transport
(Huang and Hsueh, 2010). This statistical technique is relatively new in public
transport; it was applied by de Oña (2013b) in the quality assessment of transport
services in Granada (Spain).
The basic concept of the CART model is to divide a dataset into ‘purer’ subsets1 than
the parent set. The most valuable outcome is the quantification of the ‘derived
importance’ of each independent variable, which reflects the impact of the predictor
variables on the model (Kashani and Mohaymany, 2011). The process begins with a
dataset concentrated in a root node (see Figure 6‐4). Then, a set of split rules is
established where all independent variables included in the analysis are possible
splitters2.

Figure 6‐4: General structure of a decision tree (Source: Kashany and Mohaymany, 2011)

1A

subset is considered pure when contains observations belonging to a single class (Breiman et al., 1984)
independent variable is considered as a splitter when it is able to create the greatest homogeneity in the
child nodes.
2An
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Since the CART algorithm is applied, the splitting criterion used to evaluate and rank
the splits is the Gini index. This criterion is applied recursively to the descendant
subsets to achieve child nodes of maximum ‘worth’ in terms of homogeneity. The
splitting process stops when the node is pure, either because its homogeneity
cannot be improved, or because a stopping criterion has been satisfied. The Gini
index measures the impurity of each split as follows:
∑

∗

(1)

where I(P) denotes the impurity of the parent node; P(b), the proportion of
observations in the node assigned to a branch b; and I(b), the impurity of a node b.
Thus according to the Gini index, I(t) –the impurity of a node t – may be defined as
follows:
1

∑

(2)

where J is the number of classes in the target variable, ni is the number of cases
belonging to class i, and n is the total number of cases. If a node is ‘pure’, all
observations in the node belong to one class, and I(t) will be equal to zero. In this
research work the classes represent the five satisfaction ratings from the Likert
scale.
Finally, in order to reduce the complexity of the resulting tree, a cost‐complexity
pruning algorithm is applied to remove branches that add little to the predictive
value of the tree. As more and more nodes are pruned away, simpler and simpler
trees emerge. The final step is therefore to select an optimal tree from the pruned
trees, using a new dataset (see Figure 6‐5). The original dataset is usually divided
into two subsets, one for ‘learning’ or ‘growing the tree’ and the other for testing or
‘validation’, determining the optimal tree as the only one able to offer the lowest
misclassification cost for the test data (de Oña et al., 2012). The predictive accuracy
of the tree is defined as the proportion of instances that are correctly classified for
the test data.
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Figure 6‐5: Relationship between tree complexity and misclassification cost: Optimal tree. Source:
(Lewis, 2000)

The k‐fold cross validation technique is an important statistical method used for
validating the model‐building procedure, and randomly divides the sample into k
subsets (Witten and Frank, 2005). Sequentially, each subset is conserved to be used
as a testing set against the tree model generated by the remaining k‐1 subsets,
thereby obtaining different k models with which to evaluate the accuracy of the
classifications in the training set (k‐1) and the testing subsets (k) and select the
optimal tree. The predictive accuracy of the final tree is calculated as the mean of
the accuracy rates of the k trees created with the cross‐validation technique.
Extensive tests on numerous datasets with different learning techniques have
shown that 10 is about the right number of folds to obtain the best estimate accuracy
(Witten and Frank, 2005). Therefore, 10‐fold cross‐validation has been selected in
this research work.
This thesis applies the satisfaction ratings (independent variables) along with the
overall satisfaction (dependent variable) collected in the surveys as input data of the
CART algorithm. The optimal tree is calculated through the 10‐fold cross‐validation
technique and applied to determine the ‘derived importance’ of the independent
variables. The Variable Importance Measure (VIM) or ‘derived importance’ of an
independent variable x is the weighted average of the reduction in the Gini impurity
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measure. This is achieved by all splits using the independent variable x across all
internal nodes of the tree, and the weight is the node size (Breiman et al., 1984).
Second step: Importance‐Performance Analysis (IPA)
Importance‐Performance Analysis (IPA) is one of the most widespread approaches
to evaluating service quality in public transportation (Martilla and James, 1977), and
among the preferred methodologies of transport company managers due to its
simplicity and graphic results (Foote and Stuart, 1998; Christopher et al., 1999;
Figler et al., 2011). It has been applied to evaluate different public transport services
such as the BART (Bay Area Rapid Transit) system in San Francisco (Weinstein,
2000), high‐speed railways in Taiwan and Korea (Chou et al., 2011), the quality of
airline services in Taiwan (Chen and Chang, 2005) and the quality of intercity
passenger road transportation in Brazil (Freitas, 2013).
IPA is a graphic technique that uses the importance and performance ratings of
different aspects of a service as coordinates on a two‐dimensional grid divided into
four quadrants. This quadrant chart quantifies the importance assigned to each
attribute (vertical axis) and shows the users' ratings of the quality of each element
(horizontal axis). This analysis is a useful tool for managers, as the position of each
attribute within the four quadrants of the IPA matrix reveals the relative urgency of
the improvement (see Figure 6‐6). Attributes placed on the right side of the
quadrant chart have high performance scores, while those on the left represent
score lows. The quadrants at the top of the chart contain the attributes that are most
important for users, whereas those placed on the bottom of the chart are of
relatively low importance.
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Figure 6‐6: Importance‐Performance Analysis (IPA). Source: Martilla and James, 1977.

The location of the axes that split the matrix into quadrants is critical, since it
determines the interpretation of the results (Chen and Chang, 2005). Several
authors establish the average value of both importance and satisfaction ratings as
the horizontal and vertical axes, respectively (Chen and Chang, 2005; Chou et al.,
2011; Freitas, 2013).
This thesis applies the ‘derived importance’ of the items obtained in the first step of
the analytical procedure along with the satisfaction rating for each one. A
performance threshold is established, and any attributes with satisfaction ratings
below this threshold require immediate improvement without any further
evaluation (Chou et al., 2011). The threshold was set at a satisfaction score of 3 on a
5‐point Likert scale.
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6.3.2. Performance assessment of the European case studies
The two‐step analytical procedure described in section 6.3.1 is applied to the
European case studies selected: Moncloa transport interchange, Kamppi transport
interchange and Ilford Railway Station, respectively. This section presents the
obtained results step‐by‐step in all case studies.
Step 1: Obtaining the ‘derived importance’
The optimal trees obtained at the Moncloa and Kamppi transport interchanges were
67.4% and 72.1% accurate, respectively, while at Ilford Railway Station, the optimal
tree found was less accurate (57.1%). Nevertheless, the accuracy rate of the CART
model could be considered acceptable in all case studies (Wong and Chung, 2007).
Additionally, they were higher than in other studies with a similar focus (de Oña et
al., 2012). Therefore, these global accuracy indicators indicated that the model is
stable.


Moncloa transport interchange
Figure 6‐7 shows the optimal tree obtained from the overall database from the
travellers' satisfaction questionnaire3. This decision tree produced six levels
(depth below the root node), 31 nodes (size of the tree) and 16 terminal nodes
or leaves. The root node (Node 0) is divided according to the Gini index into two
child nodes (Node 1 and Node 2). The splitter (independent variable that
maximises the ‘purity’ of the two child nodes) is item 34 –'Information to
improve your sense of security'–. Most of the sample (85.5%) is concentrated in
child Node 1, indicating that the splitter (item 34) is a key discriminant of the
model. When this item scores higher than 4 (see Node 2), the users have a 60.8%
probability of feeling ‘Very satisfied’. This splitter criterion is therefore applied
recursively until the optimal tree is obtained. During the procedure, other
attributes –such as item 26 ‘The internal design of the interchange’; item 14 ‘Ease
of access to the interchange’ and item 31 ‘Feeling secure in transfer and waiting

3 The rating 'Very dissatisfied' is not represented in the tree because there was no response rated 1 in

the sample collected.
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areas (evening/night)’, among others– act as splitters of the tree. Some items
were even selected repeatedly to divide the sample into two child nodes (e.g.
item 34 and item 31), demonstrating their importance in the model.

Figure 6‐7: Optimal tree for Madrid transport interchange users

Table 6‐4 shows the ‘derived importance’ obtained for each independent
variable. According to these results, the most important aspects for Moncloa
transport interchange users are related to ‘Safety and security conditions’,
‘Emergency situations’ and ‘Comfort and convenience’.
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Table 6‐4: ‘Derived importance’ based on Moncloa transport interchange users’ perception of quality
Independent variable
Item 24
Item 34
Item 37
Item 36
Item 19
Item 35
Item 29
Item 6
Item 30
Item 9
Item 20
Item 26
Item 25
Item 5
Item 17
Item 18
Item 1
Item 27
Item 33
Item 31
Item 14
Item 16
Item 13
Item 28
Item 22
Item 12
Item 2
Item 10
Item 15
Item 3
Item 32
Item 23
Item 21
Item 8
Item 4
Item 11
Item 7

Comfort due to presence of information screens
Information to improve your sense of security
Location of exits in the event of an emergency
Location of escalators in the event of an emergency
Number and variety of shops
Signposting of emergency exits
Safety inside the interchange
Signposting for transfers between transport modes
Feeling secure in transfer & waiting areas (during the
day)
Coordination between different operators or transport
services
Number and variety of cafés and restaurants
The internal design of the interchange
The area surrounding the interchange
Signposting of different facilities and services
General noise level in the interchange
Air quality and pollution
Availability travel information at the interchange
The external design of the interchange
Lighting
Feeling secure in transfer & waiting areas
(evening/night)
Ease of access to the interchange
Temperature, shelter, ventilation, air conditioning
Ease of movement inside the interchange due to the
number of people
Safety getting on and off transport
Availability of seating
Number of elevators, escalators and moving walkways
Availability of travel information before your trip
Use of your time at the interchange
General cleanliness of the interchange
Accuracy and reliability of travel information displays
Feeling secure in the area surrounding the interchange
Availability of telephone signals and Wi‐Fi
Availability of cash machines
Transfer distances between different transport modes
Ticket purchasing
Distance between the facilities and services
Information and assistance provided by staff
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Derived
importance
0.107
0.102
0.079
0.071
0.062
0.062
0.060
0.050

Normalized
(%)
100.0
95.0
74.0
66.4
58.2
58.0
56.2
46.4

0.049

45.8

0.048

45.2

0.047
0.046
0.045
0.043
0.041
0.041
0.041
0.040
0.040

43.5
43.2
42.1
40.5
38.5
38.2
38.1
37.4
37.3

0.040

37.2

0.039
0.039

36.8
36.5

0.039

36.4

0.039
0.038
0.037
0.036
0.033
0.031
0.031
0.029
0.028
0.028
0.028
0.025
0.023
0.022

36.1
35.2
34.5
33.7
30.6
28.7
28.7
27.3
26.5
26.0
25.8
23.2
21.8
20.6
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Kamppi transport interchange
Figure 6‐8 shows the optimal tree obtained from the overall database of the
sample collected at Kamppi transport interchange4. This decision tree produced
five levels, 17 nodes and 9 terminal nodes or leaves. The root node (Node 0) is
divided into two child nodes (Node 1 and Node 2). The splitter is item 13 – ‘Ease
of movement inside the interchange due crowding’ –. Most of the sample (89.3%)
is concentrated in child Node 1, indicating that the splitter (item 13) is a key
discriminant of the model. When this item scores higher than 4 (10.7% of the
sample, see Node 2), the users have a 68.8% probability of feeling ‘Very satisfied’
with the overall performance of the interchange, whilst if item 13 is rated lower
or equal 4, the users have a 71.1% probability of feeling 'Satisfied’. During the
procedure, other attributes acting as splitters of the tree are related to ‘Time &
Movement’ category – such as item 10 ‘Time use at the interchange’ and item 8
‘Transfer distances’ –, ‘Comfort & Convenience’ category – item 16 ‘Temperature,
shelter, ventilation’ and item 18 ‘Air quality and pollution’ – and ‘Image &
Attractiveness’ category – item 25 ‘Area surrounding the interchange’ –. This last
aspect (item 25) was selected twice to divide the sample, demonstrating their
importance in the model.

The rating ‘Strongly dissatisfied’ is not represented in the optimal tree because there was no
response rated 1 in the sample collected.
4
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Figure 6‐8: Optimal tree for Kamppi transport interchange users

Table 6‐5 shows the ‘derived importance’ obtained for each independent
variable. According to these results, the most important aspects for Kamppi
transport interchange users are attributes related principally to the ‘Image and
attractiveness’ of the interchange as well as aspects related to ‘Comfort and
convenience’ inside the interchange. Some safety and transfer attributes are also
relevant in their overall performance perception.
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Table 6‐5: ‘Derived importance’ based on Kamppi transport interchange users’ perception of quality
Independent variable
Item 16
Item 25
Item 27
Item 26
Item 13
Item 30
Item 28
Item 37
Item 29
Item 22
Item 19
Item 10
Item 33
Item 9
Item 14
Item 1
Item 34
Item 20
Item 8
Item 24
Item 23
Item 35
Item 17
Item 2
Item 4
Item 7
Item 31
Item 5
Item 18
Item 15
Item 6
Item 3
Item 36
Item 21
Item 11
Item 12
Item 32

Temperature, shelter, ventilation, air conditioning
The area surrounding the interchange
The external design of the interchange
The internal design of the interchange
Ease of movement inside the interchange due to the
number of people
Feeling secure in transfer & waiting areas (during the
day)
Safety getting on and off transport
Location of exits in the event of an emergency
Safety inside the interchange
Availability of seating
Number and variety of shops
Use of your time at the interchange
Lighting
Coordination between different operators or transport
services
Ease of access to the interchange
Availability travel information at the interchange
Information to improve sense of security
Number and variety of cafés and restaurants
Transfer distances between different transport modes
Comfort due to presence of information screens
Availability of telephone signals and Wi‐Fi
Signposting of emergency exits
General noise level in the interchange
Availability of travel information before your trip
Ticket purchasing
Information and assistance provided by staff
Feeling secure in transfer & waiting areas
(evening/night)
Signposting of different facilities and services
Air quality and pollution
General cleanliness of the interchange
Signposting for transfers between transport modes
Accuracy and reliability of travel information displays
Location of escalators in the event of an emergency
Availability of cash machines
Distance between the facilities and services
Number of elevators, escalators and moving walkways
Feeling secure in the area surrounding the interchange
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Derived
importance
0.091
0.087
0.062
0.060

Normalized
(%)
100
95.4
68.4
66.4

0.058

63.7

0.055

60.4

0.050
0.049
0.049
0.043
0.040
0.037
0.035

54.6
54.4
53.9
47.2
44.1
40.3
38.4

0.034

37.6

0.032
0.031
0.031
0.028
0.023
0.022
0.021
0.018
0.018
0.018
0.017
0.016

35.1
34.2
34.0
30.3
24.8
24.7
22.7
20.4
19.9
19.6
18.4
17.5

0.015

16.9

0.015
0.015
0.013
0.013
0.010
0.009
0.008
0.007
0.007
0.005

16.5
16.1
14.9
14.7
11.5
9.5
9.1
8.2
7.5
5.0
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Ilford Railway Station
Finally, Figure 6‐9 presents the optimal tree obtained from the overall
database of the sample collected at Ilford Railway Station. This optimal
tree had only two levels, 5 nodes and 3 terminal nodes. There are only
two splitters: item 29 ‘Safety inside the interchange’ and item 1 ‘Travel
information at the interchange’. When ‘Safety inside the interchange’ is
perceived lower or equal than 3, most of the sample (62.4%) have a
51.8% probability of feeling ‘Regular’ with the overall performance of the
interchange. Additionally, if ‘Travel information at interchange’ is valued
lower or equal than 2, 15% of these users have a probability of feeling
'Dissatisfied'.

Figure 6‐9: Optimal tree for Ilford Railway Station users
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Likewise, Table 6‐6 shows the ‘derived importance’ deduced for each
independent variable. At Ilford Railway Station, the most important
aspects concern mainly ‘Safety and Security’ conditions and provision of
travel and way‐finding information.
Table 6‐6: ‘Derived importance’ based on Ilford Railway Station users’ perception of quality
Independent variable
Item 29
Item 7
Item 28
Item 1
Item 5
Item 10
Item 6
Item 33
Item 30
Item 24
Item 26
Item 3
Item 14
Item 31
Item 18
Item 9
Item 13
Item 32
Item 35
Item 2
Item 17
Item 4
Item 8
Item 34
Item 16
Item 15
Item 11
Item 37
Item 22
Item 21
Item 20
Item 23
Item 27
Item 25
Item 19
Item 12

Safety inside the interchange
Information and assistance provided by staff
Safety getting on and off transport
Availability travel information at the interchange
Signposting of different facilities and services
Use of your time at the interchange
Signposting for transfers between transport modes
Lighting
Feeling secure in transfer & waiting areas (during the
day)
Comfort due to presence of information screens
The internal design of the interchange
Accuracy and reliability of travel information displays
Ease of access to the interchange
Feeling secure in transfer & waiting areas
(evening/night)
Air quality and pollution
Coordination between different operators or transport
services
Ease of movement inside the interchange due to the
number of people
Feeling secure in the area surrounding the interchange
Signposting of emergency exits
Availability of travel information before your trip
General noise level in the interchange
Ticket purchasing
Transfer distances between different transport modes
Information to improve your sense of security
Temperature, shelter, ventilation, air conditioning
General cleanliness of the interchange
Distance between the facilities and services
Location of exits in the event of an emergency
Availability of seating
Availability of cash machines
Number and variety of cafés and restaurants
Availability of telephone signals and Wi‐Fi
The external design of the interchange
The area surrounding the interchange
Number and variety of shops
Number of elevators, escalators and moving walkways
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importance
0.130
0.124
0.107
0.105
0.091
0.086
0.084
0.082

Normalized
(%)
100
95.6
82.8
80.7
70.1
66.5
65.0
63.5

0.081

62.8

0.079
0.074
0.073
0.072

61.0
56.9
56.1
55.9

0.071

55.1

0.064

49.4

0.062

47.8

0.061

46.8

0.060
0.059
0.058
0.058
0.057
0.056
0.054
0.053
0.051
0.046
0.045
0.035
0.035
0.035
0.032
0.031
0.028
0.021
0.018

46.6
45.2
44.9
44.4
44.3
42.9
41.4
41.0
39.4
35.4
34.6
27.4
27.3
26.7
24.4
24.1
21.9
16.6
14.2
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Step 2: Importance‐performance analysis
The IPA was applied to all case studies to identify their strengths and weaknesses.
The axes were established as the average value of ‘derived importance' normalized
(horizontal axis) and satisfaction ratings (vertical axis). The performance threshold
was set at a satisfaction score of 3 on a five‐point scale (red line).
Red quadrant (‘Concentrate here’): this quadrant contains the characteristics
which users feel are important but with which they are dissatisfied. It implies that
efforts toward improvement should be concentrated on these aspects of the
interchange.
Yellow quadrant (‘Possible overkill’): this area indicates attributes which do not
have a strong influence on users´ evaluations but nevertheless are perceived to be
of high quality; transport managers should consider reallocating their resources
elsewhere.
Green quadrant (‘Keep up the good work’): this section groups attributes which
are considered to be of high importance to users and which are also ranked high
in terms of performance, indicating that they are the greatest strengths of the
interchange.
Orange quadrant (‘Lower priority): other attributes that transport managers
should work to increase users´ satisfaction are allocated in this quadrant. These
elements do not play a key role in users´ overall evaluation, but their level of
quality is quite low.
The outcomes shows that the average satisfaction value perceived by users from
Moncloa and Kampi transport interchanges were higher than by Ilford Railway
Station users, 3.61 and 3.65 as compared to 3, respectively. However, the average
importance rate (x‐axes) was far higher at Ilford Railway Station, 0.49 as compared
to 0.42 and 0.34 at the Moncloa and Kamppi transport interchanges, respectively. It
indicates that Ilford users' quality criteria are more demanding.
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Moncloa transport interchange
Figure 6‐10 presents the IPA of the Moncloa transport interchange according to
users' perceptions. The outcomes show that most of the attributes were
perceived as being of high quality, above the performance threshold (red line).
However, aspects such as items 24 and 34 –‘Comfort due to presence of
information screens’ and ‘Information to improve sense of security’, respectively–
should be urgently addressed due to their high importance and relatively low
performance (see ‘Concentrate here’ quadrant). Specifically, these results are
closely related to the non‐availability of real‐time information at the Moncloa
interchange. Likewise, items 35, 36, 37, and 19 are also attributes that
interchange managers must work to improve in order to increase user
satisfaction, and are associated with certain aspects of emergency situations
and the number and variety of shops inside the interchange, as shown in the
figure.
Moreover, items 28 and 14 –‘Safety getting on and off transport’ and ‘Ease of
access to the interchange’, respectively– fall into the ‘Possible overkill’ quadrant
with the highest satisfaction values, although their importance almost brings
them within the limits of the green quadrant. Therefore, these could be
considered possible overkill of the interchange.
Items 5, 6, 25, 26, 29 and 30 are in the upper right‐hand ‘Keep up the good work’
section (green), and were rated as both important and performed satisfactorily,
indicating that they are the greatest strengths of the interchange. These
elements relate to the signposting of different facilities and transport services,
and to aspects such as the internal design of the interchange and the surrounding
area, and safety and security conditions.
Finally, three factors do not meet the basic performance standards; in other
words, these attributes scored below the performance threshold: items 21, 22
and 23. These aspects concern the availability of ‘Cash machines’, ‘Seating’ and
‘Telephone signals and Wi‐Fi’ inside the interchange. All these factors are related
to the 'Comfort and Convenience' category, defined by Durmisevic and Sariyildiz
(2001) as an important 'psychological aspect' to take into consideration. These
can therefore be categorised as the major weaknesses of the interchange.
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Figure 6‐10: Importance‐performance analysis of the Moncloa transport interchange



Kamppi transport interchange

Moreover, Figure 6‐11 presents the results obtained in the IPA of the Kamppi
transport interchange. The outcomes show that most of the attributes were also
perceived as being of high quality, above the performance threshold as in the
Moncloa interchange. However, two factors do not meet the basic performance
standards: items 21 and 22. These aspects concern the availability of ‘Cash
machines’ and ‘Seating’ inside the interchange. Both factors are related to the
‘Comfort and convenience’ category and they could therefore be categorized as
the major weaknesses of the interchange. It should be noted that item 22 should
be urgently improved because it has a high importance for users and therefore,
on their overall performance perception.
Likewise, aspects related mainly to the ‘Image and atractiveness’ category such
as items 25, 26 and 27 – ‘Surrounding area’, ‘Internal design’ and ‘External
design’, respectively – and ‘Time and Movement’ category such as items 9, 10
and 13 – ‘Coordination between operators’, ‘Time use at the interchange’ and
‘Ease of movement dua crowding’ – could be also categorized weaknesses of the
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interchange (see red quadrant). Specifically, these results are closely related to
the current operation state of the interchange, i.e Kamppi is currently operating
near its maximum capacity (see chapter 4 ‐ section 4.2.3) and this affects
directly on users' daily experience.
Furthermore, some attributes should be kept in mind because of their low
performance rate, although they do not play a high influence on users’ overall
satisfaction (see orange quadrant). The most noteworthy items were items 7,
32 and 36, related to information and assistance provided by staff, safety and
security and emergency situations.
Conversely, items 2 and 3 directly related to the travel information provision,
items 8 and 12 – ‘Transfer distances’ and ‘Number of elevators, escalators and
walkways’ – and ‘Number and variety of cafes and restaurants’ (item 20), among
others, fall into the yellow quadrant and these could be considered possible
overkill of the interchange.
Finally, items 14, 16, 19, 28, 29, 30, 33 are in the upper right‐hand ‘Keep up the
good work’ section (green quadrant), and were rated as both important and
performed satisfactorily, indicating that they are the greatest strengths of the
interchanges. These attributes are mainly related to ‘Comfort and convenience’
and ‘Safety and security’ aspects. It should be noted that item 14 ‘Ease of access
to the interchange’ was the attribute better perceived in terms of satisfaction.
Likewise, item 16 ‘Temperature, shelter, ventilation’ was a critical attribute on
users' overall evaluation. It had the highest 'derived importance' value.
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Figure 6‐11: Importance‐performance analysis of the Kamppi transport interchange



Ilford Railway Station
Finally, Figure 6‐12 presents the IPA of the Ilford Railway Station according
to users’ perceptions. The outcomes obtained show that most of the
attributes were perceived as being of low quality, below the performance
threshold. Therefore, they should be immediately improved without any
further evaluation. In this case, such performance threshold coincided with
the average value of satisfaction rates (y‐axis).
Particularly, aspects such as ‘Comfort due to the presence of information
screens’, ‘Internal design of the interchange’ and ‘Feeling secure in
transfer/waiting areas in the evening/night’ should urgently improve (see red
quadrant). This is because, although within the main entrance hall screens
are showing messages of travel or safety information (see chapter 4 – section
4.3.3), the design of the station suggests that users of the interchange may
feel less safe and the atmosphere in the hours of darkness is intimidating.
Therefore, they could therefore be categorized as the major weaknesses of
the interchange. Likewise, item 12 ‘Number of elevators, escalators and
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moving walkways’ is the aspect worst valued by the users. In fact, it should be
noted that there are none of these elements at the interchange.
Moreover, attributes related to the quality of time and movement inside the
interchange (both distances and coordination between operators) as well as
‘Ease ticket purchasing’ and ‘Availability of cash machines’ represented
overkill of the interchange (see yellow quadrant).
Conversely, some safety and security aspects such as item 28 ‘Safety getting
on and off transport’ and item 29 ‘Safety inside the interchange’ along with
item 30 ‘Security feeling during the day’ fall into the green quadrant, i.e they
are contemplated as the potential strengths of the interchange. Some
elements related to the categories of ‘Travel information’, ‘Time and
movement’ and ‘Way‐finding information’ also belong this group (see Figure
6‐12).
Lastly, other aspects as ‘Ease of movement inside the interchange’, ‘Number
and variety of shops and coffees’, ‘Surrounding area’ and ‘External design’ of
the interchange do not have a strong influence on users’ evaluations but are
nevertheless perceived to be of high quality (see yellow quadrant). It is
explained because, although within the train station itself there are very few
retail opportunities due to the limited space, there is a shopping mall close to
the interchange – accessible within 2 minutes walk from the main entrance.
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Figure 6‐12: Importance‐performance analysis of the Ilford Railway Station
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6.4. Key factors for defining an efficient urban transport
interchange

“The ambivalent nature of a transport station creates opportunities for synergy between both
connotations: moving and staying”
(Peek and van Hagen, 2002)

The literature review and previous experiences highlight that there are two types of
aspects to take into consideration in the design, operation and management of
passenger multimodal transport terminal: ‘functional’ and ‘psychological’ features
(see Chapter 2). This section seeks to identify the key factors to achieve an efficient
urban transport interchange under this dual approach.
Hence, this section first presents a useful methodology to obtain these key factors in
such way as to enable an effective implementation by policy planners and operators.
Secondly, section 6.4.2 presents the key factors identified in the three case studies.
It should be noted that this section has been accepted for publication as (See
Appendix III):
B. Hernandez, S., Monzon, A. (2016). Key factors for defining an efficient urban
transport

interchange:

users’

perceptions.

DOI:10.1016/j.cities.2015.09.009.
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6.4.1. Principal Component Analysis: step‐by‐step procedure
The assessment methodology applied in this research is based on a Principal
Component Analysis (PCA) covering the set of 37 observed variables described in
section 3.1.1. This analysis is a complex multi‐step process that aims to identify
groups or clusters of variables. These clusters help to reduce a data set to a more
manageable size and therefore, to understand and interpret the structure of the set
of variables (Field, 2009). This statistical technique has been widely utilized and
broadly applied in social sciences (Costello and Osborne, 2005), and particularly, in
the analysis of PT service quality

and customer satisfaction (Thompson and

Schofield, 2007; Lai and Chen, 2011; Noor et al., 2014; Hussain et al., 2015)
Several aspects and conditions must be borne in mind in order to apply correctly
this analysis technique. According to the nature of data and the study objective, a
step‐by‐step procedure is proposed below (see Figure 6‐13). This procedure is
based on a previous research about urban built environment analysis (Comendador
et al., 2014).
Step 1. Data consistency
Various conditions must be checked previously to ensure its correct application of
the PCA:


Sample size. There are many ‘rules of thumb’ about the proper sample size.
The common rule is to have at least 10‐15 participants per observed variable
(Field, 2009). Nevertheless, (Comrey and Lee, 1992) defined the following
ranges: 100 as poor, 200 as fair, 300 as good, 500 as very good, and 1000 or
more as excellent.



Reliability. Cronbach´s alpha is the measure of internal consistency reliability
and a value from 0.7 is generally considered to represent acceptable scale
(Wittwer, 2014).



Sampling adequacy. The index used to measure this feature is Kaiser‐Meyer‐
Olkin (KMO) index (Field, 2009). The KMO statistic varies between 0 and 1.
Hutcheson and Sofroniou (1999) defined values between 0.5‐0.7 as
mediocre, values between 0.7‐0.8 as good, values between 0.8‐0.9 as great
and values above 0.9 as superb.
‐ 128 ‐

Chapter 6 –ASSESSMENT PROCESS FOR EXPLORING THE USERS’ EXPERIENCE AND PERCEPTIONS



Significance. Bartlett´s test of sphericity is applied as quality criterion
(Jackson, 1993).

Step 2. Factor extraction method
The main goal of this step is to simplify the data set structure in a reduced number
of latent components or factors. There are two different criteria to extract the latent
factors: scree plot (Y‐axis represents each eigenvalue5 against its factor associated
X‐axis) and Kaiser´s criterion.


Scree plot: the cut‐off point for selecting factors should be at the point of
inflexion of the curve (Cattell, 1966).



Kaiser´s criterion. This method retains all factors with eigenvalues greater
than 1 (Yeomans and Golder, 1982).

Step 3. Rotational Method
This step aims to discriminate between factors in order to interpret more reliably
and correctly the loading of the variables on each of them. There are two types of
rotation: orthogonal rotation and oblique rotation. The main difference between
them is that orthogonal rotation ensures that latent factors obtained are
uncorrelated and in contrast, the oblique rotation assumes their correlation6 (Field,
2009). In addition, it is important to stress that orthogonal rotation allows knowing
the importance order of the factors extracted through the percentage of variance
accounted; however oblique rotation does not allow it.
Step 4. Interpretation
The results obtained from the PCA must reflect the theoretical and conceptual
assumptions. It should be noted that loadings of an absolute value of more than 0.3
may be considered important although the sample size also influence (bigger

‘Eigenvalue’ is the amount of variance accounted for by the component; the sum of all eigenvalues
equals the number of variables in a component analysis. Because the goal of a component analysis is
to reduce the set of variables, components with eigenvalues <1 do not serve these purposes (Floyd
and Widaman, 1995).

5

The component correlation matrix along with the theoretical and conceptual assumptions give a
guide to whether it is reasonable to assume independence between factors.
6
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sample sizes suppose statistically meaningful smaller loadings) (Field, 2009).
Likewise, the number of components is considered correct in the human sciences
when the underlying structure extracted explains at least 50‐60% of the variance
(Streiner, 1994; Wittwer, 2014).

Figure 6‐13: Step‐by‐step procedure to define ‘Planning guidelines’ of urban transport
interchanges.
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6.4.2. Identification of the key factors through the European case studies
The PCA were applied to the three samples obtained in each case study and
performed using the SPSS®v20 software package.
Step 1. Data consistency
The number of conditions, which must be checked previously to ensure the correct
application of the PCA, are shown in Table 6‐7. Bartlett's test showed highly
significant results in all cases, indicating that correlations among the 37 observed
variables are sufficiently large to apply a PCA. Excellent results were also obtained
for both the KMO index and the reliability of the sample.
Table 6‐7: Statistical criteria to be met before a Principal Component Analysis

Sample size
(Comrey & Lee, 1992)
Reliability
(Wittwer, 2014)
KMO index
(Hutcheson and Sofroniou,
1999)

Ilford
Railway
Station
(NIlford = 226)

Moncloaa
(NMoncloa=865)

Kamppi
(NKamppi= 298)

>200
Fair
0.967
Excellent

>500
Very good
0.948
Excellent

≈300
Good
0.953
Excellent

0.948
Superb range

0.950
Superb range

0.937
Superb range

p< 0.000
p< 0.000
2
chi (630)=15,99 chi2(666)=6,544.2
5.266
68
a Item 12 in the Moncloa transport interchange was excluded from the PCA as it had a loading of less
than 0.3 in all factors, and its communality was less than 0.4, meaning that this variable was not
properly classified in any factor extracted. The PCA was re‐applied to the 36 variables.
Bartlett’s test sphericity
(Jackson, 1993)

p< 0.000
chi2(630)=6,354.300

Step 2. Factor extraction method
Based on the sample sizes and the convergence of the Scree plot (Cattell, 1966) and
Kaiser's criterion (Yeomans & Golder, 1982), six factors were identified at the Ilford
and Kamppi interchanges, and eight components were obtained from the analysis of
the Moncloa interchange. The explained cumulative variance of the factors
accounted for more than 60% in the three case studies, which means that the
underlying structures can be considered correct in all cases.
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Step 3. Rotational method
Table 6‐8, Table 6‐9 and Table 6‐10 present the detailed results and the factor
loadings of each observed variable in all cases after rotation. Firstly, orthogonal
rotation method was applied. However, the correlation matrices7 indicated that the
factors were interrelated to some degree in all case studies. As a result, orthogonal
rotation method was dismissed and the oblique rotation was therefore selected as
the appropriate method. Interestingly, it should be noting that the same underlying
structures were obtained for both rotational methods in all cases studies which
highlights their robustness. Finally, the reliability of the internal consistency of each
factor obtained from the oblique rotation was checked (the Cronbach’s alpha of each
factor was greater than 0.7 in all cases).
Step 4. Interpretation
The results of the PCA must reflect theoretical and conceptual assumptions.
Loadings with an absolute value of over 0.3 can be considered important, although
the sample size also has an influence (larger sample sizes imply statistically
meaningful smaller loadings) (Field, 2009). The number of factors is considered
correct in human sciences when the underlying structure explains at least 50‐60%
of the variance (Wittwer, 2014; Streiner, 1994).

The component correlation matrix and the theoretical and conceptual assumptions are a guide to
whether it is reasonable to assume independence between factors. This matrix, the final output,
contains the correlation coefficients between factors (Field, 2009).
7
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Table 6‐8: Summary of the exploratory PCA of the travellers’ satisfaction survey at Ilford Railway
Station (London, UK)
Rotation Method
Factor

Observed variables

Orthogonal
Factor
loadings

Information &
Transfer
conditions

Variance
explained
(%)

Oblique
Factor
loadings

Cronbach's
alpha

Travel information before trip
0.812
0.878
19.354
0.938
Travel information displays
0.750
0.764
Travel information at
interchange
0.747
0.762
Co‐ordination transport
operators
0.721
0.703
Transfer distance
0.718
0.678
Use of time at interchange
0.673
0.641
Signposting to transfer
0.644
0.613
Signposting facilities and
services
0.638
0.565
Ticket purchase
0.618
0.550
Information provided by staff
0.621
0.546
Distance between facilities
0.510
0.424
Accessibility
0.641
0.409
Design &
External design
0.724
0.643
10.486
0.857
Image
Internal design
0.728
0.628
Number of elevators,
escalators
0.630
0.576
Surrounding area is pleasant
0.654
0.560
Movement (crowding)
0.536
0.428
Safety &
Security in transfer and
12.316
0.911
Security
waiting areas (evening/night)
0.752
0.814
Security surrounding area
0.747
0.812
Safety (inside interchange)
0.738
0.771
Security in transfer and
waiting areas (day)
0.713
0.750
Safety getting on / off the
transport mode
0.692
0.700
Lighting
0.587
0.555
Emergency
Signposting to emergency
7.410
0.940
situations
exits
0.787
0.851
Location of emergency exits
(emergency event)
0.773
0.834
Real time information to
improve sense of security
0.737
0.788
Services &
Shops
0.798
0.846
9.473
0.855
Facilities
Coffee‐shops and restaurants
0.791
0.833
Cash machines
0.745
0.783
Telephone signal and WI‐FI
0.479
0.447
Comfort (information
screens)
0.418
0.342
Environmental Noise
0.780
0.867
9.585
0.864
quality
Temperature
0.679
0.727
Cleaning (generally)
0.655
0.700
Air quality
0.624
0.665
Seating
0.402
0.355
Explained cumulative variance (%)
68.625
Extraction Method: Principal Component Analysis. Rotation Methods: Varimax & Oblimin with Kaiser
Normalization. Eigenvalue>1.
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Table 6‐9: Summary of the exploratoyry PCA of the travellers’ satisfaction survey at Moncloa
transport interchange (Madrid, Spain)
Rotation Method
Factor

Observed variables

Orthogonal
Factor
loadings

Information

Variance
explained
(%)

Oblique
Factor
loadings

Cronbach's
alpha

Signposting facilities and
10.038
0.814
0.692
services
0.671
Signposting to transfer
0.694
0.656
Travel information at
0.634
interchange
0.577
Ticket purchase
0.550
0.510
Information provided by staff
0.501
0.419
Travel information before trip
0.485
0.411
Accessibility
0.447
0.351
Transfer
Transfer distance
0.736
0.798
7.790
0.797
conditions
Co‐ordination transport
operators
0.718
0.755
Use of time at interchange
0.701
0.741
Distance between facilities
0.592
0.602
Movement (crowding)
0.438
0.412
Design &
External design
0.724
0.723
6.831
0.835
Image
Surrounding area is pleasant
0.697
0.700
Internal design
0.709
0.688
Safety &
Security in transfer and
11.013
0.881
0.794
0.831
Security
waiting areas (evening/night)
Security in transfer and
0.790
0.826
waiting areas (day)
Security surrounding area
0.740
0.784
Lighting
0.667
0.669
Safety (inside interchange)
0.618
0.638
Safety getting on and off the
0.641
0.607
transport mode
Emergency
Location of emergency exits
8.583
0.903
0.806
0.891
situations
(emergency event)
Signposting to emergency
0.783
0.862
exits
Location escalator case of fire
0.756
0.831
Real time information to
0.660
0.683
improve sense of security
Services &
Shops
0.798
0.822
6.003
0.757
Facilities
Coffee‐shops and restaurants
0.792
0.814
Cash machines
0.502
0.488
Environmental Air quality
0.740
0.789
7.464
0.793
quality
Noise
0.709
0.750
Temperature
0.668
0.684
Cleaning (generally)
0.565
0.548
Comfort of
Telephone signal and WI‐FI
0.630
0.603
5.843
0.707
waiting time
Travel information displays
0.564
0.539
Comfort (information
screens)
0.566
0.496
Seating
0.498
0.436
Explained cumulative variance (%)
63.566
Extraction Method: Principal Component Analysis. Rotation Methods: Varimax & Oblimin with Kaiser
Normalization. Eigenvalue>1
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Table 6‐10: Summary of the exploratoyry PCA of the travellers’ satisfaction survey at Kamppi
transport interchange (Helsinki, Finland)
Rotation Method
Factor

Observed variables

Orthogonal
Factor
loadings

Information

Variance
explained
(%)

Oblique
Factor
loadings

Cronbach's
alpha

Travel information displays
0.739
0.801
10.319
0.768
Travel information at
0.745
interchange
0.784
Travel information before trip
0.743
0.778
Co‐ordination operators
0.364
0.297
Transfer
Distance between facilities
0.679
0.747
17.165
0.877
conditions
Use of time at interchange
0.621
0.638
Transfer distance
0.602
0.626
Movement (crowding)
0.552
0.550
Signposting to transfer
0.556
0.531
Signposting facilities and
services
0.521
0.502
Number of elevators,
escalators
0.454
0.425
Ticket purchase
0.466
0.404
Accessibility
0.421
0.369
Information provided by staff
0.405
0.338
Design &
External design
0.818
0.856
7.705
0.801
Image
Internal design
0.806
0.837
Surrounding area is pleasant
0.663
0.669
Seating
0.346
0.308
Safety (inside interchange)
0.814
0.829
10.144
0.918
Safety &
Security in transfer and
Security and
waiting areas (evening/night)
0.728
0.745
Environment
Security in transfer and
al quality
waiting areas (day)
0.748
0.729
Security surrounding area
0.684
0.707
Safety getting on and off the
transport mode
0.680
0.636
Lighting
0.656
0.625
Air quality
0.618
0.568
Temperature
0.616
0.557
Cleaning (generally)
0.602
0.541
Noise
0.598
0.539
Comfort (information
screens)
0.496
0.412
Emergency
Location escalator case of fire
0.782
0.767
7.456
0.908
situations
Location of emergency exits
0.789
0.761
(emergency event)
Signposting to emergency
0.751
0.715
exits
Real time information to
0.622
0.548
improve sense of security
Services
& Coffee‐shops and restaurants
0.816
0.816
8.217
Facilities
Shops
0.807
0.807
0.747
Cash machines
0.545
0.509
Telephone signal and WI‐FI
0.369
0.334
Explained cumulative variance (%)
61.006
Extraction Method: Principal Component Analysis. Rotation Methods: Varimax & Oblimin with Kaiser
Normalization. Eigenvalue>1
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6.4.3. Interpretation and discussion of results
The quality of both the infrastructure (building, facilities and so on) and services
(information provided and so on) perceived by the users of a transport interchange
usually depends on the context of the interchange (Hine & Scott, 2000; Redman,
Friman, Gärling, & Hartig, 2013; Abreu e Silva & Bazrafshan, 2013; Harmer et al.,
2014). Some of the issues that can directly influence the users' perception include
the main modes of transport involved, location of the infrastructure, age of the
building, and user profiles and travel patterns.
However, an analysis of the results of this research points to some fundamental
elements in all case studies independently of the interchange context. Even though
the three transport interchanges are significantly different, they share certain key
factors and the observed variables that define each one (i.e. the variables with the
highest factor loadings8 –see Table 6‐8, Table 6‐9 and Table 6‐10). The factors that
define an urban transport interchange are:
-

Information

-

Transfer conditions

-

Safety & Security

-

Emergency situations

-

Design & Image

-

Environmental quality

-

Services & Facilities

-

Comfort of waiting time

Table 6‐11 summarizes these factors and the main observed variables in each case
study. It is also worth noting that some components or factors are influenced by
different aspects according to the context of the urban interchange. 'Information'
and 'Transfer conditions' are clustered in the case of the Ilford Railway Station and

8 Large

factor loadings indicate a significant influence of the variable on the latent factor. Conversely,
small factor loadings suggest that the variable is not substantially influenced by this factor
(Tyrinopoulos & Antoniou, 2008).
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'Environmental quality' is clustered with the 'Safety & Security' factor in the case of
the Kamppi interchange (see Table 6‐8 and Table 6‐10, respectively).
Table 6‐11: Key factors obtained from the oblique rotation and their main observed variables in each
case study

Key factors

Main observed variables
Ilford Railway Station
Moncloaa

Signposting
Information

Transfer
conditions

Travel information

Travel information
(at interchange)
Transfer distance

Transport operator
coordination

Transport operator
coordination

Kamppi

Travel information
(displays & at
interchange)

Distance
(facilities & transfer)

Use of time
(at interchange)

Safety &
Security

Emergency
situations
Design &
Image

Security in transfer &
waiting areas
(evening/night)

Security in transfer &
waiting areas

Security surrounding
area

Security surrounding
area

Emergency exits
Emergency exits
(Location & Signposting) (Location & Signposting)
Design
(External & Internal)

Comfort of
waiting time

Security in transfer &
waiting areas
Security surrounding
area
Escalators
(case of fire)
Emergency exits
(Location)

Design
(External & Internal)

Design
(External & Internal)

Air quality

Air quality

Noise

Temperature

Shops

Shops

Coffee‐shops &
restaurants

Coffee‐shops &
restaurants

Coffee‐shops &
restaurants

Noise
Environmental
quality
Temperature

Services &
Facilities

Safety
(inside interchange)

‐‐‐‐‐

Shops

Telephone signal & Wi‐Fi

‐‐‐‐‐
Travel information
displays
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser
Normalization. Eigenvalue>1.
a Factor ‘Comfort of waiting time’ was only identified in the Moncloa transport interchange

These factors define an efficient urban transport interchange from two different
perspectives, functional and psychological, confirming the previous theoretical and
conceptual assumptions based on the literature review (see Chapter 2). As a
consequence, an urban transport interchange should be conceived both as 'a
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transport node' and 'a place' (see Figure 6‐14). Factors such as ‘Information’
provision –travel information and signposting– and ‘Transfer conditions’ –distances
and coordination between transport operators– facilitate the use of the interchange
‘as a node of transport’. Iseki & Taylor (2009) concluded that physical conditions
such as transfer distances and adequate information can reduce perceived walking
times. Conversely, ‘Design & Image’, ‘Environmental quality’ –air quality, noise and
temperature– and ‘Services & Facilities’ –number and variety of shops and coffee‐
shops– are more closely related to the users' experience inside an interchange 'as a
place'. Iseki & Taylor (2009) concluded that these factors affect travellers'
perceptions of comfort and convenience and thus how they perceive waiting time.
Comfort at a transfer terminal is identified as a determining factor in PT users'
perceived ease of making a transfer (Guo & Wilson, 2011). Availability of telephone
signal, Wi‐Fi and travel information displays can also be oriented to improving the
quality of waiting time.
‘Safety & Security’ –both inside the interchange and in the surrounding area– are
crucial in both approaches, and is directly linked to the overall performance of the
interchange. Several authors have noted that personal security at terminals is the
most important factor in travellers' decision to use PT (Atkins, 1990).
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Figure 6‐14: Functional and psychological key factors in an urban transport interchange

Likewise, it should be borne in mind that both approaches are directly linked. For
instance, Monzon et al., (2013) concluded that providing real time information has
positive psychological effects such as reduced uncertainty, increased feeling of
personal security, creation of a general sense of trust in the PT system, increased
easiness of use, better overall image of the system, and greater passenger
satisfaction
Finally, ‘Safety & Security’, ‘Information’ and ‘Transfer conditions’ are identified as the
most important factors9 in all case studies.

9 The

variance considered for each factor determines its importance in an orthogonal rotation; that
is, when there is not a high correlation between factors or it is not taken into account.
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7. CONCLUSIONS
RESEARCH

AND

FUTURE

This chapter summarizes the compliance with objectives, main conclusions
concerning of this thesis and further research that could follow up. Likewise, some
policy recommendations, which could be implemented as considerations in the
design and management of urban transport interchanges, are proposed.
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7.1. Fulfilment of research objectives
Having analysed the context of the European cities and their mobility patterns, a
clear need of improving the PT attractiveness is evidenced. Currently, most urban
trips require a transfer between different transport modes or services. This means
that urban transport interchanges are an everyday experience to users and
therefore, play a key role to reduce the transfer inconveniences. Under these
premises, some research questions were raised and they have been developed
through this thesis.
As previously explained in Chapter 1, the main motivation of this thesis was
therefore to analyse the users’ needs at urban transport interchanges in order to
improve their daily experience and reduce the transfer inconvenience. For this
purpose, the research has been comprised of two main scopes:
Table 7‐1: Main stages in the thesis for the compliance with research objectives
Scope

Research objectives

Assessment theory

To identify the most relevant elements of urban transport interchanges
influencing on the users' perceptions ‐ from both a functional and a
psychological perspective
To capture the users' perceptions and views at urban transport interchanges
without distorting their daily trip and ensuring a good response rate

Assessment
practice

To provide a depth of knowledge of an existing urban interchange in order
to understand better its performance and manage the available resources
properly
To define some planning guidelines in order to develop new urban transport
interchanges efficiently

Regarding the first scope, a theoretical assessment was carried out in Chapter 2 and
Chapter 3.

 Chapter 2 presented an in‐depth literature review about urban transport
interchanges and which are the users' needs at multimodal transport
facilities. First, the concept of urban transport interchange was established
along with the main principles for its design and operation. Second, the most
commonly used methods for the analysis of the perceived quality of transport
services and their facilities were identified. Underlining the users' role, some
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psychological dimensions were identified which have an impact on their
experience at urban transport interchange.


Moreover, an ad‐hoc questionnaire was designed to capture the user’s
perceptions at urban transport interchanges (see Chapter 3). Likewise, a
combined implementation method was proposed to conduct surveys in these
facilities which was implemented in some European case studies. The
response rates were high in all case studies in a short period of time.

Concerning the second scope, it was focused on a more practical assessment (see
Chapter 4, 5 and 6). In this thesis stage, an 'Assessment process' was developed in
order to reach a deep and real knowledge of urban transport interchanges and
provide some planning guidelines for future developments. Additionally, two papers
were developed applying some of the analysis tools.
A. The first study presented a useful methodological framework to identify the
potential strengths and weaknesses of urban transport interchanges and to
manage resources more efficiently. In this study, the management tool
developed was applied to the Moncloa transport interchange (Madrid,
Spain). Moreover, Chapter 6 presented the results obtained for the three
European case studies
B. The second study identified the key factors both from a functional and
psychological perspective for defining an efficient transport interchange and
provided some ‘Planning guidelines’ or policy recommendations extracted to
the analysis results in the three European case studies as well.
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7.2. Conclusions and research findings
The following is a summary of the main contributions and findings obtained from
this research. On the one hand, the conclusions are divided into the following areas:
conclusions extracted from the assessment theory and extracted from the practical
assessment. On the other hand, the research findings are structured into two areas:
methodological and theoretical contributions and contributions extracted from the
practical assessment.
7.2.1. Conclusions from the ‘Assessment theory’
This section presents some relevant conclusions extracted from the first stage of the
thesis 'Assessment theory':
 Cities worldwide are undergoing clear and continuous growth. This
sustained population increase along with the trend towards urban sprawl in
European cities has led to more complex travel patterns, and diminished the
attractiveness of public transport. Therefore, as stated by Hine and Scott
(2000), to reduce the deterrence effects associated with interchange, so that
increasingly seamless public transport journeys, is now a key policy goal.
In this regard, urban transport interchanges are an everyday experience for
users and have become fundamental elements in reducing transfer
inconveniences. Likewise, they are located within cities, so they play a key
role not only as transport network nodes but also as meeting places.
Enhancing their function as a place and not as a barrier and creating
synergies unrelated to transport are fundamental keys in the design,
operation and management of urban transport interchanges.
 Van Hagen (2011) concluded that multimodal transport facilities are places
where travellers not only are passing through, they are also spending time
there. This means that public transport users are particularly affected by the
quality of the service provided which has a direct influence both on their
daily experience and their travel decisions. Additionally, it should be noted
that this perceived service quality has a subjective component by each user,
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most notably in aspects such as safety and security or comfort and
convenience.
Therefore, capturing the travellers’ perceptions are of particular importance
in determining the best policy measures for urban transport interchanges.
The best way to collect and understand users’ views and needs is through
attitudinal surveys. They should provide a better understanding of the
emotional responses to interchanges, such as ‘perception of a secure
environment’ and ‘agreeable place to spend time when not travelling’.
 The results obtained from this research work show that the time spent inside
the interchange is approximately around 20% of the total travel time.
Therefore, to make an interchange attractive for users is crucial to find out
not only how long they spent inside the interchange, but also how many users
are spending time there and how they use this time in order to allocate and
manage the resources better. Likewise, own management and operation
model of the transport interchange has a direct influence on how to use this
time.
 According to Do Carmo (2004), there are two functional aspects affecting
negatively on the users’ perceptions which are directly related to the transfer
conditions. These are transfer distance and transfer time. However, aspects
related to the comfort and convenience during the waiting time are also
relevant in the travellers' decision‐making.
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7.2.2. Conclusions from the ‘Assessment practice’
This section presents some general conclusions extracted from the second stage of
the thesis ‘Assessment practice’. These should be taken into account in the design,
operation and management of urban transport interchanges:
 ‘Seating capacity’ and ‘availability of cash machines’ at an interchange could
be considered as controversial aspects because independently of the
interchange typology, they are usually poorly evaluated.
 ‘Information and assistance provided by staff’’ is an aspect worst perceived in
general at large interchanges than in small stations. It increases the feeling of
stress to users.
 There are significant differences as regards the users’ security perception in
the transfer and waiting areas depending on time of day. At evening or night
this security perception is poorly valuated.
 As noted by Terzis and Last (2000), an efficient urban transport interchange
must be competitive and, at the same time, be attractive for users given that
their physical experiences and psychological reactions are significantly
influenced by the design and operation of the interchange. Some key factors
and attributes are identified as fundamental in the design, operation and
management of urban transport interchanges from the users' point of view,
despite significant differences in the features and context of each
interchange. Consequently, they can be considered explanatory factors of the
design and functionality of urban transport interchanges. These factors
define an efficient transport interchange ‐considering them not only 'as
nodes' within the transport network, but also 'as places' ‐ (see Figure 7‐1).
 Improving aspects such as ‘Safety and Security’, ‘Emergency situations’ and
‘Comfort’ would lead to a reduction in the perceived waiting time. Moreover,
improving aspects such as ‘Information provision’ ‐ before trip and at the
interchange ‐ and 'transfer conditions' ‐ particularly, distances and co‐
ordination between operators – would lead to a reduction in the perceived
walking time (see Figure 7‐1).
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Figure 7‐1: Key factors identified to make urban transport interchanges attractive for users
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7.2.3. Methodological and theoretical contributions
The following section describes some theoretical and methodological contributions
when multimodal terminals are under review based on the users' needs and views.
–

According to the literature review and previous experiences, multimodal
transfer facilities are considered ‘as a place’ within the city, and the
relationships between them and the territory have been studied and
developed in some research works (Bertolini and Spit, 1998; Peek et al.,
2006). However, this research sets out for first time the role that urban
transport interchanges have ‘as a place’ themselves, where users spend time
inside besides a node within a transport network.

–

Traditional methods for implementing surveys at interchanges are not
considered appropriate. This research provides a new implementation
procedure for surveys at multimodal transport facilities which improves data
collection rates and thus, reflects the realities of urban transport
interchanges. This process combines computer‐assisted methods (web
surveys) with traditional survey techniques (a face‐to‐face distribution
process). It should be noted that it reached a relatively high response rate in
a short period of time, thereby increasing the sample size.

–

There are very few evaluation methods for measuring user’s needs with
regard to urban transport interchanges. This thesis develops an ‘Assessment
process’ addressed to managers and developers of urban transport
interchanges which allows them, drawing on the users’ experiences, a depth
of knowledge of the interchange performance. This methodological
framework integrates three different analysis tools:
1. The first analysis tool aims to know which particular aspects of an
interchange are generally performing below the users' expectations.
This tool provides insights into controversial attributes at urban
transport interchanges, regardless its cultural and social context.
2. The second tool (management tool) aims to identify the potential
strengths and weaknesses of a transport interchange from the users'
point of view, and manage resources more efficiently. This
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methodological framework consists of combining two powerful
methodologies in a two‐step analytical procedure.


Step 1: ‘derived importance’
According to Weinstein (2000), asking travellers to rate each
attribute on a scale of importance significantly increases the
length of the survey instrument, and could undermine the
overall response rate and accuracy of the survey, in addition to
potentially failing to identify the true drivers of overall
satisfaction. Consequently, this research proposes the CART
model to estimate the relative importance of each observed
variable. This methodology is able to overcome statistical
limitations as it is a non‐parametric model with non‐
predefined underlying relationships between variables.



Step 2: ‘Importance‐Performance Analysis (IPA)’
This graphic analysis provides information for prioritising the
actions to be taken and to allow the most urgent needs to be
addressed first.

3. There are no standards or regulations specifying the facilities and
services required in urban transport interchanges. The third tool
provides general guidelines for improving their performance. Both
functional and psychological aspects are identified as fundamental in
the design, operation and management of efficient transport
interchanges.
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7.2.4. Research contributions for improving practice
All the proposed methodological developments and analysis were applied to the
three European case studies. So, the following conclusions include a summary of
main research findings and some contributions for improving practice at urban
transport interchanges.
–

Regarding satisfaction rates by gender and age groups, no significant
differences were found.

–

In general, the most highly rated aspects by urban transport interchange
users are related to the ‘Design’ ‐ access and transfer distances‐ and ‘Safety &
Security’, particularly in transfer and waiting areas during the day. On the
contrary, the aspects most undervalued are usually: seating capacity,
availability of cash machines and external design of the interchange.

–

According to the specific typology of each interchange some specific findings
are identified:
1. Ilford is predominantly a railway station where the user’s profile is a
commuter. As a result, the aspects identified as most important at
Ilford Railway Station are directly linked to the transport activity such
as: ‘Information provision’ and ‘Safety and Security’. This means that
users perceive the interchange more 'as a transport node'
2. Conversely, the Kamppi interchange is characterized by its
commercial activity due to its location is in the basement of a new
shopping centre in a very central location in Helsinki (Finland). This
explains why the most important aspects identified by the users are
related to the 'Image and Attractiveness' and 'Comfort and
Convenience'. In this case study, users perceive the interchange more
'as a place' instead of 'as a transport node'.
3. Nevertheless, the Moncloa interchange balances these two
approaches as it is seen in the results obtained. The most important
aspects identified by users are on the one hand, ‘Safety and Security’
along with ‘Emergency situations’ and ‘Information provision’,
particularly signposting at the interchange. These aspects define an
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interchange from the perspective of a transport node. On the other
hand, 'Comfort and Convenience' is the most important aspect from the
perspective of 'as a place'.
–

The efficiency of an urban transport interchange is analysed as a whole, i.e.
not only considering users’ satisfaction, but also understanding the
importance they attribute to the aspects and elements of an interchange. The
results and their relation to the context of the interchange highlight the
effectiveness of the ‘Assessment process’, particularly the management tool.
1. The major weaknesses identified in the analysis of the Ilford Railway
Station are related to 'Comfort due to the presence of information
screens', 'Internal design of the interchange' and 'Feeling secure in
transfer/waiting areas in the evening/night'. This is because, although
within the main entrance hall screens are showing messages of travel
or safety information, the design of the station suggests that users
may feel less safe and the atmosphere in the hours of darkness is
intimidating.
2. Moreover, at the Kamppi interchange the results are closely related to
its current operation state. The Kamppi interchange is currently
operating near its maximum capacity and this affects directly on
users’ daily experience. Aspects related to ‘Time and Movement’
category such as ‘Coordination between operators’ and ‘Ease of
movement due to crowding’ are identified as the major weaknesses of
the interchange.
3. Finally, the weaknesses identified in the analysis of the Moncloa
transport interchange are related to the lack of the real time
information provision at the interchange.

All in all, the results obtained in the different analysis confirm that the assessment
methodology proposed and developed through this thesis can be considered an
appropriate methodology for making urban transport interchanges attractive for
users.
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7.3. Policy recommendations for improving users’ experience
Some policy recommendations, which could be used as considerations in the design,
management and operation of urban transport interchanges, have arisen
throughout this thesis:
-

Policy, governance, organization and finance are interrelated and these
foster or hinder the promotion of an efficient and attractive interchange.
Likewise, management involves the rights and responsibilities of the
stakeholders involved related to issues such as maintenance, finance and
operation at a transport interchange. Regarding these aspects, Table 7‐2 and
Table 7‐3 summarize some good and bad practices identified on ‘policy and
management’ at the European case studies selected and some
recommendations are given:

Table 7‐2: Good practices on ‘policy and management’ identified at the European case studies
Good Practice

Development of
‘Plan for
Transport
Interchanges’

Urban
transport
interchange

Moncloa

Development of
‘Special
Definition Plan’

Moncloa

User
involvement in
the planning
process

Moncloa

Why is it a good practice?
It is a comprehensive strategy
which analyses jointly both the
public transport and the land
uses. It thereby contributes to
improving the region's planning
regarding not only land‐uses and
accessibility for public transport,
but also developing an overall
transport system more efficient
within cities.
This measure contributes to
develop a more logical and
individualised
transport
interchanges strategy. This plan
aims to cover and analyse
particular characteristics of a
transport interchange related to
its location, transport services,
passenger demand and so on,
establishing
greater
understanding of needs and
challenges.
The user´s satisfaction and his
perceptions determine whether a
transport
interchange
is
successful or unsuccessful. Thus,
this measure aims to develop a
quality assurance plan and set of
actions for improving the
performance of a transport
interchange, while satisfying the
user´s requirements and needs.
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Recommendations
A joint planning strategy for land
uses and urban transport promotes
the use of public transport through a
higher
interaction
between
transport modes. This, in turn, is
directly related to the coordination
of the urban transport network as a
whole.
It is crucial to engage stakeholders
(e.g. public transport authorities,
policy makers and so on) in the
planning process in order to secure
coordination and integration of
transport systems. In this sense,
these special plans should ensure a
clear organisation and management
of the project in order to reduce
barriers connected to unclear and
fragmented responsibilities.

The user involvement helps to
identify the key aspects and
elements for the development an
efficient transport interchange.
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Good Practice

Public realm
improvement
scheme

Urban
transport
interchange

Ilford

Moncloa
Integrated
ticketing

Monitoring
performance
and feedback
from users

Private
financing for
infrastructure
investments

Revenue
generation
through fees
and commercial
rent

Kamppi*
Ilford

Moncloa

Moncloa

Moncloa

Why is it a good practice?

Financial contributions given to
local authorities within whom
interchanges are located may
provide incentives for making
necessary upgrades.

Integrated ticketing is one of the
most important aspects for
promoting seamless trips and
increasing use of public transport.
Additionally,
it
reduces
uncertainties about fares, costs
and time to passengers.

The
establishment
and
monitoring of quality indicators
are useful to alert and reveal what
aspects of a transport interchange
require improvements.
Construction or refurbishing of a
transport interchange is costly
and obtain financing can be
especially challenging. In this
sense, the private sector provides
an
additional
investment
reducing the amount of public
funding needed.
The interchange by itself does not
receive rents generated. This
practice ensures incomes from
the fees paid by transport
operators using the interchange
and the commercial leasing.

Recommendations
Responsibilities for adjoining areas
to an interchange are often different
from the owner of the interchange.
Interchange owners have little
influence on needed improvements
in areas connected to pavements,
accessibility, traffic calming and
surrounding areas. This practice,
therefore, contributes to improve
the interchange conditions
One crucial challenge is promote co‐
modality within cities. Some
transport modes are currently in
direct competition and therefore,
incentives of coordinating schedules
or promoting cooperation are
reduced. In this sense, an
overarching
regional
public
transport authority responsible for
all public transport might facilitate
the cooperation and integration of
transport modes at an interchange.
This indicator system can also
highlight
status,
performance,
progress and efficiency of a
transport interchange.
Transport interchanges can be
attractive for private investors as a
business opportunity due to their
locations and their number of
habitual user.
This revenue generation covers a
financing percentage of the
construction/refurbishment of the
transport interchange. It could be
also used for management and
maintenance of the transport
interchange.

* The ticket system at the Kamppi interchange is integrated for local and regional services. However,
long distance buses use different fares
Table 7‐3: Bad practices on ‘policy and management’ identified at the European case studies
Bad Practice

Fare structure

Urban
transport
interchange

Why is it a bad practice?

Recommendations

Kamppi

This practices means that fares vary
between municipalities and regions.
This leads to a complicated fare
structure where they are set
according to municipality borders
instead of more natural factors such
as distance.

Passengers travelling across
municipalities have significantly
more expensive fares compared
to people travelling within a
municipality. A “border free” fare
structure contributes to fair
charging and it promotes the use
of public transport within the
region.
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Bad Practice
Cover
construction
costs by selling
properties

-

Urban
transport
interchange

Why is it a bad practice?

Recommendations

Kamppi

This
practice
reduces
the
construction costs. However, these
properties are not therefore the
interchange owner´s responsibility.
As a result, the interchange does not
receive income from these services.

Each interchange should have a
clear business model

Public transport interchanges need a clear image and identity so that arriving
passengers get a sense of having arrived at a specific place and can easily
access available transport modes (NSW Ministry of Transport, 2008).
Therefore, it is crucial to pay attention to the ‘design and modal integration'
aspects in the planning phase. Regarding these aspects, Table 7‐4 and Table
7‐5 summarize some good and bad practices identified on ‘design and modal
integration'

at

the

European

case

studies

selected

and

some

recommendations are given:
Table 7‐4: Good practices on ‘design and modal integration’ identified at the European case studies
Good Practice

Urban
transport
interchange

Moncloa
Transfer
distances

Capacity, open
space and
logical
movement

Bike & Ride
facilities

Shopping
facilities at
interchange

Kamppi
Ilford

Moncloa
Kamppi

Kamppi*
Ilford

Moncloa
Kamppi

Why is it a good practice?
Distances between transport modes
influence on overall time spent on a
trip. Therefore, shortest transfer
distances enable lowest transfer
times. Additionally, during peak
hours transport services are
frequent making waiting times
short.
Providing a logical and an easy
movement
at
a
transport
interchange reduces transfer times
and stress levels to travellers,
improving comfort and efficiency of
the transfer.

Recommendations
Distances between transport
modes are of great importance
because travellers accumulate
substantial time in each transfer,
thereby increasing their total
travel time. Likewise, it is
necessary to balance short
distances with wide spaces for
waiting areas.
Making it easier to use the
interchange and reducing the
users' stress levels is an essential
principle in the design of a
transport interchange. Likewise,
travel
information
and
signposting are useful elements
here.

It is of great importance to provide
and cycles facilities in order to
promote the mobility combined
between bicycle and public
transport

The use of the bicycle in access
and/or egress trips reduces the
door‐to‐door travel time of public
transport trips (Martens, 2007).

Shopping
facilities
at
the
interchange gives travellers the
opportunity of using productively
their waiting time. It is also
important element to reduce the
transfer penalty, being particularly
important in high waiting times.

Since users have to conduct
several errands every day,
services
located
at
the
interchanges could provide them
the opportunity to shop necessary
commodities during their regular
travel and can thereby be an
incentive for increased use of
public transport.
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Good Practice

Clear strategy
for retailer
quality

Urban
transport
interchange

Moncloa

Moncloa
Trip planning
tools

Real time
information

Kamppi
Ilford

Kamppi
Ilford

Moncloa
E‐ ticketing

Ilford
Kamppi

Why is it a good practice?

Recommendations

The concessionaire authorizes
which types of services and
activities are allowed to take place
within the interchange. The quality
of services, and compliance with
regulations, can be supervised and
monitored
by
interchange
employees. It helps to ensure high
standards of retailer quality and a
logical progression of the facilities.

Connecting the design of the
interchange and its facilities has
likely a positive impact on
traveller satisfaction and their
value of time. It is particularly
important to reduce the perceived
time spent on a journey.
Additionally, information, toilets,
ticket machines and other retail or
services should be located in
sequence based on the traveller’s
needs. It would minimize
distances and therefore walking
time.

Local and long‐distance pre‐trip
planning is possible through web
and applications. This prior
planning is often crucial to PT users.
It allows travellers to modify their
journey plans as the need arises.
Additionally, it facilitates a better
use of their waiting time.
Providing real time information at
interchanges
reduces
the
uncertainty of waiting time, which is
very negatively weighted by PT
users.
From
the
operators´
standpoint, it is useful for managing
bus schedules, routes, incidents and
thus improving the reliability and
punctuality of the bus services

Electronic
ticketing
reduces
barriers connected to the problems
of buying tickets and it also reduces
the transfer time.

These trip planning tools includes
maps, public transport timetables
and fares, destination information
including
tourist
facilities,
booking
and
reservations
services, and alerts on traffic
delays and road works
An important part of these
systems for public transport is to
provide real time information to
travellers
with
updated
multimodal information about
routes, departure times, possible
disruptions
and
connecting
services
Electronic ticketing across modes
is essential. This mean of payment
provide huge amount of useful
information for making public
transport easier to use, to manage
and to control. Likewise, it allows
an integrated pricing structure
that is not easy to implement with
traditional payment tools.

Table 7‐5: Bad practices on ‘design and modal integration’ identified at the European case studies
Bad Practice

Accessibility
barriers

Overcrowded
areas at peak‐
hours

Urban
transport
interchange

Why is it a bad practice?

Ilford

Accessibility barriers increase
travel time and reduce PT
attractiveness.

Ilford

High crowding levels affect the
station itself and the surrounding
environment. Increased risk to
personal safety and security,
increased anxiety, stress and feeling
of exhaustion, a feeling of invasion
of privacy and propensity to arrive
late at work are effects caused by
high crowding levels
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Recommendations
Establishing sufficient capacity
for
ticket
offices/machines.
Likewise, barriers related to
validate or buy PT tickets could be
reduced through e‐ticketing.
To reduce crowding levels
improves the attractiveness of PT.
Possible
measures
include
establishing sufficient capacity for
ticket
offices/machines,
management of the passenger
flows, coordination between
modes
or
reduction
of
accessibility barriers.
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Bad Practice

Rundown
facilities within
the station.

-

Urban
transport
interchange

Ilford

Why is it a bad practice?

Recommendations

Retail and facilities in need to
improvement cause the interchange
is currently not an enjoyable place
to be.

The image of an interchange is
affected by the quality of services
provided within it and the
surrounding area as well.
Likewise, it is important to
provide enjoyable areas to relax
or make better use of waiting
time. Therefore, this should be
rectified once the station is re‐
developed as part of the of
Crossrail development.

Safety and security aspects ‐ both inside the interchange and in the
surrounding area – are crucial to users and they are directly linked to the
overall performance of the interchange. Consequently, it is also necessary to
carefully consider these aspects during the planning phase of the interchange
(construction /refurbishment). Several authors highlighted that personal
security at terminals is the most important factor in travellers´ decision to
use PT (Atkins, 1990; Eboli and Mazzulla, 2012; Kumar et al., 2011).
Regarding these aspects, Table 7‐6 and Table 7‐7 summarize some good and
bad practices identified on ‘safety and security’ at the European case studies
selected and some recommendations are given:

Table 7‐6: Good practices on ‘safety and security’ identified at the European case studies
Good Practice

Keeping
separated flows
of passengers
and vehicles

CCTV, warnings
and presence of
police/staff

Urban
transport
interchange

Moncloa
Kamppi

Moncloa
Kamppi
Ilford

Why is it a good practice?

This design is considered a good
practice not only because reduce
risk of accidents but also it is
beneficial for environmental quality
inside the interchange.
These measures minimize risk of
conflict and insecurity such as
threat and crime. Additionally,
safety measures minimize the
potential for accidents
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Recommendations
This
design
ensures
that
passengers do not cross or use the
areas where the buses are
manoeuvring. It is recommended
that a security system in doors be
installed which only allows doors
open when buses are about to
depart.
A safe environment promotes a
greater
use
of
transport
interchanges. These measures
also result in increased safety in
cases of emergency situations.
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Table 7‐7: Bad practices on ‘safety and security’ identified at the European case studies
Bad Practice

Secluded areas

Urban
transport
interchange

Ilford

Why is it a good practice?

Recommendations

Users feel unsecure in secluded and
dark areas and darkness, especially
women and vulnerable people.
Design hinders good practice. Poor
maintenance.

Feeling insecure can lead to lower
levels of comfort and make public
transport
less
attractive,
especially during hours of
darkness. All access points should
be safe and secure. Secluded areas
and tunnels cause more insecurity
sensation than wide and open
spaces.

Finally, general guidelines can be extracted in order to improve the design,
operation and management of an urban transport interchange. Since travellers
make decisions based on perceived walking and waiting times, it is crucial to reduce
the inconvenience of transfers in order to increase the attractiveness of PT.
Therefore, an efficient urban transport interchange should fulfil four essential
principles under the dual approach described above:


‘As a transport node’
–

Reducing waiting time. Transfer distances and co‐ordination between
operators are crucial.

–

Making it easier to use the interchange and reducing the users' stress levels.
Travel information and signposting are the most important aspects here.



‘As a place’
 Making the stay more comfortable. Fundamental aspects are external and
internal design, air quality, temperature and noise, information displays.
 Improving the use of time in the interchange. Services & facilities and the
availability of a telephone signal and Wi‐Fi could help achieve this
purpose.

In both cases, Safety and Security are psychological features that are indispensable
to users and are directly linked about how users perceive the overall performance
of the interchange. It is particularly important to pay special attention to security
aspects in transfer and waiting areas and in the surroundings, and the emergency
exits should be clearly located and signposted, and perfectly identified.
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In conclusion, current urban transport interchanges can host other type of activities
and act not only as transport nodes, but also as meeting places within cities. As noted
by (Scott, 2003), urban transport interchanges are therefore key features for the
future development of cities. Likewise, transport interchanges should act as hubs in
urban areas, and be designed in a way to attract people to the facility from outside
in order to connect them to the transport modes available inside. Larger
interchanges are increasingly incorporating a variety of retail and commercial
opportunities for travellers, allowing passengers to use their time between
connections for shopping, eating or meeting people. This also creates opportunities
for more attractive business models and encourages the participation of the private
sector. However, the design of an urban transport interchange should always be
focussed on transport transfers, otherwise the facility would be merely a shopping
centre with good transport access.
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7.4. Future developments
The results of the studies in this thesis have shed light on the users' role at urban
transport interchanges and some analysis tools have been developed and oriented
to developers and managers for making them more attractive for users. However,
the results also raise new questions that future research can answer.
–

To analyse the influence of the waiting time on the perceived quality by users
and therefore, evaluating its impact on the design, operation and
management of an urban transport interchange.

–

To analyse the influence of the users' profile and their trip patterns on their
overall satisfaction with regard to the urban transport interchange
performance and their perceptions about the provided service quality.

–

To establish the causal relationship between functional and psychological
aspects and therefore, to identify the underlying relationship among key
factors set out in this thesis.

–

Urban transport interchanges may have positive and negative impacts, both
social, economic and environmental, depending on where and how they are
integrated into the urban location. Therefore, other future research proposed
might be to analyse the role of urban transport interchanges as social enclave
and determine their local impacts.

–

To analyse the influence of the service provided at urban transport
interchanges on modal choice and in general, on travellers' decision‐making.

–

To compare several transport interchanges of the same typology in order to
develop standards or regulations specifying the facilities and services
required.

–

To develop a methodological framework which integrates the users' needs
with the service providers' requirements establishing a relation between the
subjective and objective quality. It should be addressed to establish a relation
between 'perceived quality' by users and the 'delivered quality' (i.e. the level
of quality really achieved in the provision of mobility services), and find out
the level of quality which should be provided ('targeted quality') according
to the 'expected quality' by users.
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–

To design an adapted survey to capture current urban transport non‐users'
profile along with their trip preferences and to identify their views about
transfer inconveniences. To develop a methodological framework which
integrates the users' needs with the non‐users views in order to define
efficient urban transport interchanges from both perspectives.
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8.1.

Websites

MIMIC

http://cordis.europa.eu/transport/src/mimic.htm

PIRATE

http://cordis.europa.eu/transport/src/mimic.htm

CITY‐HUB

http://www.cityhub‐project.eu/

CIVITAS Forum
Network

www.civitas‐initiative.org

CLOSER

http://www.closer‐project.eu

GUIDE

http://www.transport‐
research.info/web/projects/project_details.cfm?ID=366

HERMES

http://cordis.europa.eu/result/rcn/52705_en.html

KITE

http://www.kite‐project.eu/kite/cms/

LINK

http://www.fgm.at/linkforum/index.phtml?ID1=984

MEDIATE

http://www.mediate‐project.eu/

NICHES+

http://www.niches‐transport.org/

NODES

http://www.nodes‐interchanges.eu/

PORTAL

http://www.eu‐portal.net/start.phtml?sprache=en

SurveyMonkey

https://es.surveymonkey.com/

TRENDY TRAVEL

http://www.trendy‐travel.eu/
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APPENDICES
I.

City‐HUB project

The thesis leading to these results has received funding from the European
Commission through the City‐HUB project. This research project was financed by
the 7th R&D Framework Programme of the European Union. The project aimed to
address, in a practical way, the research topic “Innovative design and operation of
new and upgraded efficient urban transport interchanges”. The EU support made it
possible to gather together practitioners, experts and researchers working together
from the years 2012 to 2015.
The project followed a dynamic process involving the expertise of almost one
hundred stakeholders, information from surveys and data collected in eleven case
study locations and lively discussions during four workshops held in four different
countries.
Table 0‐1: City‐HUB project Consortium
Partner name

Country

Work team
Prof. Andrés Monzón

Transport Research Center (TRANSyT)
Universidad Politécnica de Madrid (UPM)
(Coordinator)

Dr. Floridea Di Ciommo
Spain

Sara Hernández
Dr. Rocío de Oña
Nuria Sánchez
Gábor Albert
Dr. Imre Keserű

KTI Közlekedéstudományi Intézet
Nonprofit Kft, (KTI)

Nóra Fejes
Hungary

Ádám Pusztai
Álmos Virág
Dr. Attila Vörös
András Munkácsy
Dr. Jardar Andersen

Transportøkonomisk Institutt (TOI)

Norway

Petter Christiansen
Dr. Beate Elvebakk
Julie Runde Krogstad

Centre for Research and Technology Hellas
(CERTH)

Eftihia Nathanail
Greece

Giannis Adamos
Maria Tsami
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Partner name

Country

Work team
Dr. Barry Ubbels
Ricardo Poppeliers

Panteia BV (NEA)

Netherlands

Arnoud Muizer
Konstantina Laparidou
Menno Menist
Derek Palmer

Transport Research Laboratory Limited
(TRL)

Marcus Jones
United Kingdom

Heather Allen
Clare Harmer
Katie Millard
Tuuli Järvi

VTT Technical Research Centre of Finland
Ltd (VTT)

Finland

Juho Kostiainen
Marko Nokkala
Armi Vilkman

Institut Français des Sciences et
Technologies des Transports, de
l'Aménagement et des Réseaux (IFSTTAR)

France

Dr. Odile Heddebaut
Jan Spousta

Centrum Dopravního Výzkumu v.v.i. (CDV)

Czech Republic

Jan Vasicek
Michal Váňa

Figure 0‐1: Main objectives of the City‐HUB project
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II.

Travellers’ satisfaction survey

This ad‐hoc survey was carried out within the City‐HUB European project in order
to identify best practices in themes as connectivity between modes, information
systems and distribution of facilities and services.
The survey was conducted at the five selected Pilot Case Studies with a collected
data sample of over two thousand travellers in total. Primarily, the population inside
of the interchange was characterised for each case study by age and gender. In order
to obtain a valid sample of the population, a minimum number by group was
collected so the survey was defined by stratified random sampling. Some questions
were customized for each case study, highlighted in the questionnaire.
The survey form reproduced below includes three parts:
A. Travellers´ satisfaction questionnaire
B. Trips habits
C. Socio‐economic characteristics
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Please write the SURVEY NUMBER as appear in your card:

A. Travellers´ satisfaction Survey
1.

Your satisfaction level with regard to TRAVEL INFORMATION:

– Level of satisfaction +
1
Availability and ease of use of travel information (timetables,
routes…) at the interchange
Availability of travel information (timetables, routes…) before
your trip
Accuracy and reliability of travel information displays for
bus/trains/metro at the interchange
Ticket purchase (ticket offices, automatic machines, etc)

2.

2

5







































Your satisfaction level with information on how to find your way around the station and
associated transport facilities:

Signposting to different facilities and services (retail, catering
facilities, waiting areas, toilets, etc.)
Signposting to transfer between transport modes in all parts
of the interchange. E.g. to buses, metro, taxis, cycle parking,
etc.
Information and assistance provided by staff, e.g. at customer
information desks

2

3

4

5































Your satisfaction level with regard to TIME & MOVEMENT aspects inside the interchange:
1

Transfer distances between different transports modes. E.g.
to buses, metro, taxis, cycle parking, etc.
Co‐ordination between different transport operators or
transport services
Use of your time (transferring & waiting) at the interchange
Distance between the facilities and services (retail, catering
facilities, waiting areas, toilets, etc.)
Number of elevators, escalators, and moving walkways
Ease of movement due to number of people inside the
interchange

4.

4



1

3.

3

2

3

4

5





























































Your satisfaction level with regard to ACCESS:
1

Ease of access to the interchange
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5.

Your satisfaction level with regard to COMFORT&CONVENIENCE:
1

General cleanliness of the interchange
Temperature, shelter from rain and wind, ventilation, air
conditioning
General level of noise of the interchange
Air quality, pollution. E.g. emissions from vehicles
Number and variety of shops
Number and variety of coffee‐shops and restaurants
Availability of cash machines
Availability of seating
Availability of telephone signal and Wi‐Fi

6.

2

4

5





























































Your satisfaction level with regard to the attractiveness of the station and associated
transport facilities:
1

The surrounding area is pleasant
The internal design of the interchange (visual appearance,
attractiveness, etc.)
The external design of the interchange (visual appearance,
attractiveness, etc.)

7.

3

2

3

4

5































Your satisfaction level with regard to SAFETY & SECURITY:
1

2

3

4

5

You feel safe getting on and off the transport mode (train, bus,
metro, etc)











You feel safe while inside the interchange









































You feel secure in the transfer & waiting areas (during the
day)
You feel secure in the transfer & waiting areas (during the
evening/night)
Lighting

8.

Please, give a final overall value of your satisfaction with the service of this interchange:

Strongly
dissatisfied
1

2

3

4

Strongly
satisfied
5
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B. Your Trip
9. When you were invited to participate in this questionnaire, were you? TICK
ONE ONLY


Starting your journey



Transferring



Ending your journey

10. What was the main purpose of your journey today? TICK ONE ONLY


Work (trip to work and working trip)



Education



Leisure or visiting family and friends



Other

11. Did you travel…?


Alone



With a pram/pushchair



With children



With luggage



With senior people



Accompanying another adult requiring assistance because of impaired vision or mobility

12. Do you have any kind of disability?


No

Temporary

Specify:



Permanent

13. Which was the overall duration of your trip (from origin to destination)?
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14. How did you travel TO this interchange (please state your previous transport
mode)?
(Customized for each pilot case study).


Long distance train



Taxi



Commuter train



Car as driver



Tramway



Car as passenger



Long distance coach



Motorcycle/Moped



Local bus



Bicycle



Subway



Walking



Airport bus



Other, please name:

15. How long was your trip TO this interchange (from the origin)?
TOTAL TIME
(minutes)

16. How are you travelling FROM this interchange (please state your next transport
mode)?
(Customized for each pilot case study).


Long distance train



Taxi



Commuter train



Car (driver)



Tramway



Car (passenger)



Long distance coach



Motorcycle/Moped



Local bus



Bicycle



Subway



Walking



Airport bus



Other, please name:

17. How long will your trip FROM this interchange (to your final destination)?
TOTAL TIME
(minutes)
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18. Number of total transfers in your trip:

19. Public transport ticket used for your trip:


Single ticket



Daily/Weekly/monthly/yearly pass



Customized for each case study



Other (specify)

20. How much time did you spend within the interchange?
TOTAL TIME
(minutes)

How did this time break down? Please provide your answer in minutes.
TRANSFERING
MODES*

QUEUING FOR
BOARDING

SHOPPING

*TRANSFERING

OTHER
ACTIVITIES**

MODES: Walking between different transport modes for boarding. E.g. transferring between train
and bus stop.
**OTHER ACTIVITIE: buying tickets, seated at café, seated at waiting areas, etc.

21. How often do you use this interchange? TICK ONE ONLY


Daily (more than 4 days)



3 or 4 times a week



Once or twice a week



Few times a month



Less frequently
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C. Socio‐economic information
26. What is your employment
status?

22. Gender:


Male



Female

23. Do you have…?


A driving license



Access to a own car



Access to a motorcycle/moped



Access to a bicycle

17 or less



18 to 25



26 to 40



41 to 65



66 or more



Would prefer not say

25. Education level achieved:
(Customized for each case study)


Primary school



High school



University degree

Employed



Unemployed



Retired



Student



Housewife/-man



Other (specify)

27. Household Net‐Income per
month
(Customized for each case study based
on the minimum revenue of each
country)

24. How old are you?






≤1,300 €
(≤ 2 times minimum revenue)



1,300 – 2,600 €
(2-4 times minimum revenue)



≥2,600 €
( ≥4 times minimum revenue)

*(minimum revenue for Spain: 650€)
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a b s t r a c t
Travel patterns in urban areas are becoming increasingly complex, and many public transport
users need to transfer between different modes to complete their daily trips. Transport interchanges play a key role as urban transport network nodes, and the quality of the service provided in an urban transport interchange therefore has a direct influence on travellers’ daily
experience. This study proposes a useful methodological framework to identify the potential
strengths and weaknesses of urban transport interchanges and to manage resources more
efficiently. It is based on a two-step analytical procedure combining the classification and
regression tree model and importance-performance analysis. A travellers’ attitudinal survey
was carried out in the Moncloa transport interchange (Madrid, Spain) and the methodological
framework was applied to the data collected. The greatest strengths of the interchange from
the users’ point of view are the information provision through signposting, the features of the
internal design of the interchange which have a direct influence on aspects related to safety
performance, and security conditions, particularly during day-time.
Ó 2015 Elsevier Ltd. All rights reserved.

1. Introduction
The trend towards urban sprawl in European cities has led to more complex travel patterns, and diminished the attractiveness of public transport. Travel times and distances travelled are increasing in urban areas, resulting in fewer destinations that
can be reached within a limited time (Gakenheimer, 1999; Banister, 2011). Sustainable urban mobility is therefore one of the
current priorities for European policy-makers. In this context, the EU Green Paper on Urban Mobility (COM, 2007) emphasised
that sustainable mobility aims to tackle three challenges: reducing congestion; improving the quality of public transportation
services to achieve a modal shift from private car to public transport; and promoting soft modes such as walking and cycling.
These three challenges must be addressed with measures designed to improve the quality of PT services. Many public transport users today need to transfer between different modes to complete their daily trips, and thus the top priorities in the field of
urban mobility are currently to streamline transfers and provide a seamless travel experience. Beirão and Sarsfield Cabral (2007)
pointed out the need for a clear understanding of travel behaviour and consumer needs and expectations. Another key variable
influencing trip choices is total travel time, which includes in-vehicle, transfer and waiting times. Good connectivity at public transport stops and stations is therefore critical to the overall effectiveness of the transportation network (Iseki and Taylor, 2010).
Several studies have dealt with the consequences of intermodal transfers and, more specifically, the importance of optimising transfer time for multimodal journeys (Deb and Chakroborty, 1998; Guihaire and Hao, 2008). Transport interchanges
⇑ Corresponding author. Tel.: +34 91 3366795; fax: +34 91 3365362.
1
2

E-mail addresses: sara.hernandez@upm.es (S. Hernandez), andres.monzon@upm.es (A. Monzon), rociodona@ugr.es (R. de Oña).
Tel.: +34 91 3365373.
Tel.: +34 958 244950; fax: +34 958 246138.
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play a key role as urban transport network nodes, and are one of the main measures deployed to enhance public transport
use and encourage modal redistribution (Lopez-Lambas and Monzon, 2010).
This research aims to identify the potential strengths and weaknesses of urban transport interchanges. For that, it proposes a methodological framework based on a two-step analytical procedure to allow interchange managers to formulate
adequate strategic decisions designed to enhance the transfer experience, improve the quality of service, and manage
resources more efficiently. The study looks at a set of attributes related to infrastructure design and user efficiency and
accessibility. These elements were collected in an ad-hoc survey designed to capture users’ needs and perceptions, and identify current levels of satisfaction with the services and facilities at urban transport interchanges.
This paper is organised as follows. Section 2 presents a review of the literature on customer satisfaction with public transport services and facilities. The design of the travellers’ attitudinal survey and method of implementation are shown in Section 3. Section 4 describes the methodological framework developed to identify the potential strengths and weaknesses of
urban interchanges. Sections 5 and 6, respectively, contain a description of the case study and the main results of the analysis. Finally, some recommendations for transport interchanges are provided along with the main conclusions of the study.
2. Perceived quality of transport services and facilities: background
There is little research into customer satisfaction and service quality in the context of urban transport interchanges. Studies have tended to focus on the ‘on-board’ services (dell’ Olio et al., 2011a). However, the quality of a public transport system
depends on other aspects, such as the standard of the connections between different transport modes (Guo and Wilson,
2007). Some recent studies have begun investigating the quality of public transport infrastructures in response to the growing interest in developing smart and efficient facilities for intermodal transfers. Guo and Wilson (2011) concluded that
improving the transfer experience could significantly benefit public transport.
The travellers’ perspectives are of particular importance in determining the best policy measures for transport interchanges, as travel decisions are often motivated by the perceived quality of the services provided. Terzis and Last (2000)
emphasised that transport interchanges should meet sustainability standards and be attractive to users, given that travellers’
physical experiences and psychological reactions are significantly influenced by the design and operation of the interchange.
This section presents several studies that analyse user satisfaction with different aspects of the design and quality of public
transport infrastructures, and the perceived quality of transport services.
Iseki and Taylor (2010) used an importance-satisfaction analysis and ordered logistic regression models to examine transport
users’ perceptions of services and the built environment at stops and stations in the Los Angeles metropolitan area. They concluded
that the most important determinant of user satisfaction had little to do with the physical characteristics of stops or stations, and
much more to do with access to frequent, reliable service in an environment of personal safety. The same methodology was applied
by Cherry and Townsend (2012) to identify passengers’ perceptions of the intermodal connections between subway stations and
bus services in Bangkok, Thailand. They conducted a survey of subway and bus users and discovered high levels of dissatisfaction
with specific aspects of the transfer, and also with the experience as a whole. The results indicated that improvements were needed
in coordinating subway and bus services – particularly in improving accessibility to stops – and ensuring public safety.
Dell’ Olio et al. (2011b) conducted a stated preferences survey in a multimodal area in Santander (Spain) to estimate willingness to
pay for improving service quality in a multimodal area. This study concluded that the most important attribute for most users was the
quality of the travel information available (times, frequencies, bays, delays and so on), regardless of their socioeconomic characteristics.
Cascetta and Cartenì (2014) proposed a quantitative analysis of the perceived hedonic value of railway stations. The study
compared two stations where the main difference was the standard of the architecture. Their research concluded that a station’s architectural quality had a substantial impact on users’ choices. Female travellers in particular showed a significant
preference for station quality, approximately 33% more than for male travellers.
Finally, eight different urban transport interchanges in the Lisbon metropolitan area (Portugal) were studied by Abreu e Silva
and Bazrafshan (2013), who collected data on user satisfaction with the intermodal transfer facilities. They applied a structural
equation model to determine the aspects of an interchange which most directly affected customer satisfaction, and found that
satisfaction levels were significantly influenced by the presence of guidance signs, and negatively impacted by litter and graffiti.
In conclusion, these studies show that the quality of service provided in an urban transport interchange has a direct influence on travellers’ daily experience. These elements have become fundamental tools for reducing transfer inconveniences.
Capturing users’ perceptions is therefore crucial in defining an efficient urban transport interchange.
3. Design and implementation of travellers’ attitudinal surveys
The best way to collect and understand users’ views and needs is through an attitudinal survey. An ad-hoc survey was
therefore designed to capture traveller’s perceptions of the various aspects and elements of an interchange. The survey
was intended to provide a better understanding of the emotional responses to interchanges, such as ‘perception of a secure
environment’ and ‘an agreeable place to spend time when not travelling’. This section presents the design and structure of the
survey, and describes the procedure for collecting the data.
3.1. Design and structure of the survey
A number of aspects affecting travellers’ decision-making are related to their socioeconomic characteristics and trip
habits. The survey was therefore composed of three parts:
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Part A: Travellers’ satisfaction questionnaire

Fig. 1. List of observed variables (items) in the travellers’ satisfaction questionnaire.
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The aim of this part of the survey was to understand travellers’ views of, preferences for, and satisfaction with different
aspects and elements of an interchange. To this end, 37 observed variables or items were selected based on the findings
extracted from the literature review and previous studies (PIRATE, 1999; Terzis and Last, 2000; Durmisevic and Sariyildiz,
2001; Iseki and Taylor, 2010; Abreu e Silva and Bazrafshan, 2013), and built to consider the following eight categories:
(1) travel information, (2) way-finding information, (3) time & movement, (4) access, (5) comfort & convenience, (6) image
& attractiveness, (7) safety & security and (8) emergency situations (see Fig. 1). Each respondent was asked to rate their satisfaction with each item on a Likert scale from 1 (strongly dissatisfied) to 5 (strongly satisfied). One additional question was
included regarding the overall satisfaction with the interchange.
Part B: Trip habits
This part gathered information on the user’s trip habits, including trip purpose, the selected transport mode (from the
origin to the interchange and from the interchange to the destination), time (to/from/inside the interchange), the use of time
inside the interchange and the type of public transport ticket used.
Part C: Socioeconomic characteristics
This part aimed to define the user profiles by collecting socioeconomic information on gender, age, education level,
employment status, household net income, availability of driving license and access to a private vehicle (car, motorcycle,
bicycle).
3.2. Process for collecting data at urban transport interchanges
Interviewees’ interest and concentration tend to be limited when faced with an extensive questionnaire (Ortuzar and
Willumsen, 1994). Moreover, urban transport interchanges are nodes on the public transport network where users transfer
rapidly from one mode of transport to another, and they would thus be unlikely to participate in a 20-min questionnaire that
would cause an unnecessary interruption to their journey. Traditional methods such as face-to-face interviews were therefore not considered appropriate for this survey. A new implementation method is proposed to improve data collection rates
and reflect the realities of urban interchanges. This approach combines computer-assisted methods (online surveys) with
traditional survey techniques (a face-to-face distribution process). For assuring a rigorous understanding, a pilot survey
was carried out before the actual survey and thus, check whether the questionnaire was comprehensible and correct any
possible drafting error. According to Rossi et al. (1983), it was conducted to 20 travellers, which should be usually sufficient
to discover the major flaws in a questionnaire before conducting the main survey.
The survey was done using SurveyMonkey, an online software platform for conducting surveys. Respondents were
rewarded for participating in the survey with a prize draw (iPad 2). The survey procedure was as follows. First, a card marked
with a number (Survey Number) was handed out to travellers (see a sample card in Fig. 2); this included a brief description of

Fig. 2. Card handed out at the Moncloa transport interchange, Madrid, Spain.
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the survey objectives, a link to the survey website and information on the prize draw in order to capture the users’ attention.
The Survey Number provided each respondent with an individual access code to the online survey which was available on
computers, smartphones and tablets. Each person who received a card was also asked a few questions. Their answers were
recorded on a control sheet containing the following information: survey number, date, time, location in the interchange,
gender, age and other observations (carrying luggage, pushchair, etc.).
The answers recorded by the SurveyMonkey tool was directly exported to an excel database, avoiding any input errors
and illegible responses. Duplication of responses and incomplete surveys could be monitored by using the individual Survey
Numbers. This new approach allowed the survey team to reach a relatively high response rate in a short period of time,
thereby increasing the sample size.

4. Methodological framework: two-step analytical procedure
Several studies have researched methods for evaluating customer satisfaction with the quality of public transport services
(Stradling et al., 2007; Nathanail, 2008; dell’ Olio et al., 2011a; de Oña et al., 2012, 2013; Redman et al., 2013). These evaluation methods, however, have rarely been adapted to measuring users’ needs or their perceptions of the quality of urban
transport interchanges (Dell’Asin et al., 2014).
This section presents a useful methodological framework to analyse user satisfaction with different aspects and elements
of an urban transport interchange. Part of this methodological approach is based on previous research by de Oña (2013) on
the assessment of service quality in public transport.
The proposed assessment framework consists of combining two powerful methodologies in a two-step analytical procedure to identify the potential strengths and weaknesses of a transport interchange from the users’ point of view, and manage
resources more efficiently (see Fig. 3). The first step of this procedure is to deduce the importance of each observed variable
or item collected in the survey (see Fig. 1) by applying a data-mining algorithm, specifically a classification and regression
tree model (CART model). An importance-performance analysis (IPA) is then done to identify which aspects of a transport
interchange need improvement and which can be considered its strengths.

Fig. 3. Two-step analytical procedure to assess the performance of an urban transport interchange.

4.1. First step: obtaining the ‘derived importance’
Asking travellers to rate each attribute on a scale of importance significantly increases the length of the survey instrument, and could undermine the overall response rate and accuracy of the survey, in addition to potentially failing to identify
the true drivers of overall satisfaction (Weinstein, 2000). This methodological framework therefore sets out to obtain the
‘derived importance’ in order to estimate the relative importance of each observed variable. The usual methods for determining the ‘derived importance’ of individual attributes in public transport service quality are regression models (Weinstein,
2000; Kim and Lee, 2011), structural equation models (Eboli and Mazzulla, 2007, 2012; Minser and Webb, 2010; de Oña
et al., 2013) and discrete choice models (Huse and Evangelho, 2007; Tyrinopoulos and Antoniou, 2008; dell’ Olio et al.,
2010; Hensher et al., 2010). However, these techniques must meet a set of assumptions that are often invalid for customer
satisfaction research (Garver, 2003).
The CART model is able to overcome these limitations as it is a non-parametric model with non-predefined underlying
relationships between variables. The data-mining technique was developed by Breiman et al. (1984) and is suitable for
deducing the importance of each independent variable – or ‘derived importance’. It has been widely applied in different fields
of transport engineering such as road safety (Abdel-Aty et al., 2005; Chang and Wang, 2006; Pakgohar et al., 2011), traffic
forecasting (Washington and Wolf, 1997), vehicle emissions (Washington et al., 1997; Hallmark et al., 2002) and transportation choice behaviour (Xie et al., 2003). It has also been used to analyse service quality in sectors other than transport (Huang
and Hsueh, 2010). This statistical technique is relatively new in public transport; it was applied by de Oña (2013) in the quality assessment of transport services in Granada (Spain).
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The basic concept of CART model is to divide a dataset into ‘purer’ subsets3 than the parent set. The most valuable outcome
is the quantification of the ‘derived importance’ of each independent variable, which reflects the impact of the predictor variables
on the model (Kashani and Mohaymany, 2011). The process begins with a dataset concentrated in a root node. Then, a set of
split rules is established where all independent variables included in the analysis are possible splitters.4 Since the CART algorithm is applied, the splitting criterion used to evaluate and rank the splits is the Gini index. This criterion is applied recursively
to the descendant subsets to achieve child nodes of maximum ‘worth’ in terms of homogeneity. The splitting process stops when
the node is pure, either because its homogeneity cannot be improved, or because a stopping criterion has been satisfied. The
Gini index measures the impurity of each split as follows:

Worth ¼ IðPÞ 

B
X
PðbÞ  IðbÞ

ð1Þ

b¼1

where I(P) denotes the impurity of the parent node; P(b), the proportion of observations in the node assigned to a branch b;
and I(b), the impurity of a node b. Thus according to the Gini index, I(t) – the impurity of a node t – may be defined as follows:

IðtÞ ¼ 1 

J  2
X
ni
i¼1

n

ð2Þ

where J is the number of classes in the target variable, ni is the number of cases belonging to class i, and n is the total number
of cases. If a node is ‘pure’, all observations in the node belong to one class, and I(t) will be equal to zero. In this research work
the classes represent the five satisfaction ratings from the Likert scale.
Finally, in order to reduce the complexity of the resulting tree, a cost-complexity pruning algorithm is applied to remove
branches that add little to the predictive value of the tree. As more and more nodes are pruned away, simpler and simpler
trees emerge. The final step is therefore to select an optimal tree from the pruned trees, using a new dataset. The original
dataset is usually divided into two subsets, one for ‘learning’ or ‘growing the tree’ and the other for testing or ‘validation’,
determining the optimal tree as the only one able to offer the lowest misclassification cost for the test data (de Oña
et al., 2012). The predictive accuracy of the tree is defined as the proportion of instances that are correctly classified for
the test data.
The k-fold cross validation technique is an important statistical method used for validating the model-building procedure,
and randomly divides the sample into k subsets (Witten and Frank, 2005). Sequentially, each subset is conserved to be used
as a testing set against the tree model generated by the remaining k  1 subsets, thereby obtaining different k models with
which to evaluate the accuracy of the classifications in the training set (k  1) and the testing subsets (k) and select the optimal tree. The predictive accuracy of the final tree is calculated as the mean of the accuracy rates of the k trees created with
the cross-validation technique. Extensive tests on numerous datasets with different learning techniques have shown that 10
is about the right number of folds to obtain the best estimate accuracy (Witten and Frank, 2005). Therefore, 10-fold crossvalidation has been selected in this research study.
This study applies the satisfaction ratings (independent variables) along with the overall satisfaction (dependent variable)
collected in the survey as input data of the CART algorithm. The optimal tree is calculated through the 10-fold crossvalidation technique and applied to determine the ‘derived importance’ of the independent variables. The Variable Importance
Measure (VIM) or ‘derived importance’ of an independent variable x is the weighted average of the reduction in the Gini impurity measure. This is achieved by all splits using the independent variable x across all internal nodes of the tree, and the
weight is the node size (Breiman et al., 1984).
4.2. Second step: importance-performance analysis
Importance-performance analysis (IPA) is one of the most widespread approaches to evaluating service quality in public
transportation (Martilla and James, 1977), and among the preferred methodologies of transport company managers due to
its simplicity and graphic results (Foote and Stuart, 1998; Christopher et al., 1999; Figler et al., 2011). It has been applied to
evaluate different public transport services such as the BART (Bay Area Rapid Transit) system in San Francisco (Weinstein,
2000), high-speed railways in Taiwan and Korea (Chou et al., 2011), the quality of airline services in Taiwan (Chen and Chang,
2005) and the quality of intercity passenger road transportation in Brazil (Freitas, 2013).
IPA is a graphic technique that uses the importance and performance ratings of different aspects of a service as coordinates on a two-dimensional grid divided into four quadrants. This quadrant chart quantifies the importance assigned to each
attribute (vertical axis) and shows the users’ ratings of the quality of each element (horizontal axis). This analysis is a useful
tool for managers, as the position of each attribute within the four quadrants of the IPA matrix reveals the relative urgency of
the improvement (see Fig. 4). Attributes placed on the right side of the quadrant chart have high performance scores, while
those on the left represent score lows. The quadrants at the top of the chart contain the attributes that are most important for
users, whereas those placed on the bottom of the chart are of relatively low importance.
3
4

A subset is considered pure when contains observations belonging to a single class (Breiman et al., 1984).
An independent variable is considered as a splitter when it is able to create the greatest homogeneity in the child nodes.
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Fig. 4. Importance-performance analysis (IPA) (Martilla and James, 1977).

The location of the axes that split the matrix into quadrants is critical, since it determines the interpretation of the results
(Chen and Chang, 2005). Several authors establish the average value of both importance and satisfaction ratings as the horizontal and vertical axes, respectively (Chen and Chang, 2005; Chou et al., 2011; Freitas, 2013).
This study applies the ‘derived importance’ of the items obtained in the first step of the analytical procedure along with the
satisfaction rating for each one. A performance threshold is established, and any attributes with satisfaction ratings below
this threshold require immediate improvement without any further evaluation (Chou et al., 2011). The threshold was set
at a satisfaction score of 3 on a five-point scale.
5. Application to a real case: the Moncloa transport interchange
The Moncloa transport interchange was chosen as a case study to test the methodological framework described in this
paper. This interchange is located on the northwest limit of the city of Madrid, Spain, providing a gateway to the city for over
265,000 people a day. It hosts mainly local and regional bus services, as well as a few national bus lines. A Bus-HOV (HighOccupancy Vehicle) lane directly connects the interchange to the A-6 corridor (one of the major corridors leading in and out
of the city). This feature has produced a significant increase in the demand for regional bus journeys while reducing the total
number of car journeys in the area. The interchange was refurbished in 2008 and is served by 56 regional bus routes, offering
over 4,000 bus journeys per day, with 310 journeys in the morning peak hour. Urban bus routes serve 125,000 passengers daily,
with a total of 4141 journeys. Metro demand (metro lines 3 and 6) has also increased, from 44,076 passengers per day in 1995 to
over 170,000 in 2012. The Moncloa metro station currently has the highest daily demand as it connects the metropolitan bus
services with the city centre through the Circular line which also links all the major lines on the metro network.
The Moncloa interchange is designed with four entrances and is distributed over four levels. The bus area is divided into
three different islands with a total of 39 bus bays. The metropolitan buses are distributed on each island according to the
most common routes. The bus lines are always allocated to the same bus bay, so travellers know where the buses arrive
or depart. Each island connects directly to the lowest level, containing the metro station entrance hall, travel services (information desk, ticket purchase, etc.) and the retail area.
The Moncloa interchange is equipped with the requisite signs and screen displays. The routes through the station are
instantly visible by means of different colours on the floors, walls and ceilings, making it easier to identify different areas.
The transport operators are coordinated by the PT authority, which is responsible for integrating tickets and fares for the
regional public transport network in Madrid.
5.1. Data collection: setting the context
The data collection process is crucial for clearly establishing the context of an urban transport interchange and analysing
the socio-economic information and trip patterns. This section describes the procedure for implementing the survey in the
Moncloa interchange and the analysis of the sample.
The survey was conducted in the Moncloa transport interchange following the procedure described in Section 3.2. Cards
were handed out by a group of four interviewers mainly in the three bus islands and at the metro entrance on five working
days and one weekend in May 2013. The response rate was considerable (23.2%): 4000 cards were distributed during this
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period and 928 surveys were recorded on SurveyMonkey. A database of 865 valid surveys was ultimately obtained, after
checking and discarding any incomplete or incorrectly answered surveys.
The analysis of the sample (see Table 1) revealed that the profile of the Moncloa interchange user is a habitual user –
accounting for 85% of the sample – travelling alone (95.6%), mainly for work (48.6%) and education (34.5%). There were
no major gender differences, although the percentage of females (54.1%) was greater than males (45.9%). The age ranges
of the respondents were: 18–25 (42.5%), 26–40 (26%) and 40–65 (27.9%). They used predominantly a monthly pass
(84.5%); 43% of respondents were in the lowest household net income bracket, and 22.7% in the highest. More than fifty
per cent of the respondents reported having a driving license, although 62% had no access to a private car.
The travellers reported spending most of their time inside the interchange queuing and transferring from one transport
mode to another. On average, 41% of users spent between 5 and 15 min queuing and transferring per journey, while another
42% reported spending more than 15 min on these activities. Transfer times tended to be less than 5 min (92%), indicating
that users spend most of their time queuing. Finally, the main access and exit modes were by subway and metropolitan bus
respectively, and with an average of two transfers on each daily trip. The main role of the Moncloa interchange is thus to
connect the metropolitan area with the city centre.
Table 1
Main characteristics of the profiles and trip patterns of Moncloa transport interchange users.
User profile
Gender
Age
Household net income
Employment status
Frequency of use of the interchange
PT ticket
Driving license
Access to private vehicle
Trip patterns
Journey stage
Average total transfers
Trip purpose
Trip conditions
Total travel time (mean)
Time inside interchange (mean)
Use of time (inside the interchange)

a
b

Female
Male
(18–25)
Lowest level
Employee
Student
Habitual usera
Monthly pass
Yes
No
Transfer
–
Work
Study
Alone
–
–
Transferring
Queuing
Shopping
Other activitiesb

54.1%
45.9%
42.5%
43.4%
49.0%
38.0%
84.7%
84.5%
70.9%
62.0%
56.9%
2.0
48.6%
34.5%
95.6%
54.5 min
14.3 min
18.2%
58.3%
6.8%
16.7%

Habitual user: user who uses the interchange daily or 3–4 times a week.
Other activities: buying PT tickets, seated in cafes or waiting areas, etc.

The identification of the users’ profile and trip habits provides a better understanding of their perception of the performance of the interchange, thereby enabling policy recommendations to be developed for its management and operation.
6. User satisfaction ratings: performance assessment
The methodological framework was applied to the sample. The accuracy rate of the CART model (first step of the analytical procedure) was acceptable: the optimal tree obtained was 67.4% accurate, indicating that the model precision was also
acceptable (Wong and Chung, 2007) and higher than in other studies with a similar focus (de Oña et al., 2012).
Fig. 5 shows the optimal tree obtained from the overall database from the travellers’ satisfaction questionnaire.5 This decision tree produced six levels (depth below the root node), 31 nodes (size of the tree) and 16 terminal nodes or leaves. The root
node (Node 0) is divided according to the Gini index into two child nodes (Node 1 and Node 2). The splitter (independent variable that maximises the ‘purity’ of the two child nodes) is item 34 – ‘Information to improve your sense of security’. Most of the
sample (85.5%) is concentrated in child Node 1, indicating that the splitter (item 34) is a key discriminant of the model. When
this item scores higher than 4 (see Node 2), the users have a 60.8% probability of feeling ‘Very satisfied’. This splitter criterion is
therefore applied recursively until the optimal tree is obtained. During the procedure, other attributes – such as item 26 ‘The
internal design of the interchange’; item 14 ‘Ease of access to the interchange’ and item 31 ‘Feeling secure in transfer and waiting
areas (evening/night)’, among others – act as splitters of the tree. Some items were even selected repeatedly to divide the sample
into two child nodes (e.g. item 34 and item 31), demonstrating their importance in the model.
Appendix A includes a table with the ‘derived importance’ obtained for each independent variable. According to these
results, the most important aspects in an urban transport interchange concern safety and security conditions, emergency
5

The rating ‘Very dissatisfied’ is not represented in the tree because there was no response rated 1 in the sample collected.
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Fig. 5. Optimal tree for Moncloa transport interchange users.

situations and comfort and convenience. Several authors have underlined that personal security at terminals is the crucial
factor in a traveller’s decision to use PT (Atkins, 1990; Eboli and Mazzulla, 2012; Kumar et al., 2011). Likewise, Iseki and
Taylor (2009) concluded that improving aspects related to comfort and convenience would lead to a reduction in perceived
waiting time.
Finally, Fig. 6 presents the IPA of the Moncloa transport interchange according to users’ perceptions. The outcomes show
that most of the attributes were perceived as being of high quality, above the performance threshold (red6 line).
The red quadrant (‘Concentrate here’) contains characteristics that are considered important, and yet are perceived as
being performed poorly. This implies that efforts towards improvement should be concentrated on these aspects of the interchange. Aspects such as items 24 and 34 – ‘Comfort due to presence of information screens’ and ‘Information to improve sense of
security’, respectively – should be urgently addressed due to their high importance and relatively low performance. Specifically, these results are closely related to the non-availability of real-time information at the Moncloa interchange. Items 35,
36, 37, and 19 concern attributes that interchange managers must work to improve in order to increase user satisfaction, and
6

For interpretation of color in Fig. 6, the reader is referred to the web version of this article.
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Fig. 6. Importance-performance analysis of the Moncloa transport interchange.

are associated with certain aspects of emergency situations and the number and variety of shops inside the interchange, as
shown in the figure.
The yellow quadrant (‘Possible overkill’) indicates attributes which do not have a strong influence on users’ evaluations but
are nevertheless perceived to be of high quality. Items 28 and 14 – ‘Safety for getting on and off transport’ and ‘Ease of access to
the interchange’, respectively – fall into this category with the highest satisfaction values, although their importance almost
brings them within the limits of the green quadrant. That means all elements included in this quadrant are performing properly from the user’s point of view and thus, transport managers should consider reallocating their resources elsewhere which
may require urgent action.
Items 5, 6, 25, 26, 29 and 30 are in the upper right-hand ‘Keep up the good work’ section (green), and were rated as both
important and performed satisfactorily, indicating that they are the greatest strengths of the interchange. These elements
relate to the signposting of different facilities and transport services, and to aspects such as the internal design of the interchange and the surrounding area, and safety and security conditions.
Finally, three factors do not meet the basic performance standards; in other words, these attributes scored below the performance threshold: items 21, 22 and 23. These aspects concern the availability of ‘Cash machines’, ‘Seating’ and ‘Telephone
signals and Wi-Fi’ inside the interchange. All these factors are related to the ‘Comfort and Convenience’ category, defined by
Durmisevic and Sariyildiz (2001) as an important ‘psychological aspect’ to take into consideration. These can therefore be categorised as the major weaknesses of the interchange.
In conclusion, the efficiency of an urban transport interchange is analysed as a whole, i.e. not only considering users’ satisfaction, but also understanding the importance they attribute to the aspects and elements of an interchange. This management tool is useful for measuring the performance of an interchange and efficiently managing the available resources.
7. Conclusions and policy recommendations
There are currently few opportunities for direct journeys when opting to use public transport; most trips require a transfer at a stop or interchange at one point or another. Urban transport interchanges therefore play a key role in public transport
networks in cities, streamlining the transfers between the routes and different public transportation modes (Vuchic, 2005).
However, there are very few evaluation methods for measuring users’ needs with regard to urban transport interchanges.
This study proposes a useful methodological framework to identify the potential strengths and weaknesses of a transport
interchange from the users’ point of view, in order to recommend strategies for new and upgraded urban transport interchanges. Given that urban transport interchanges are nodes where users transfer rapidly from one mode to another, a
new procedure is proposed for implementing travellers’ attitudinal surveys at transport interchanges.
The results from the application of this methodology reveal that the most important elements to users – ‘derived importance’ – concern the comfort inside the interchange, number and variety of shops, and all aspects relating to emergency situations. However, these all received low performance ratings despite their high importance; these attributes therefore
require urgent improvement. In contrast, the information provision through signposting, the features of the internal design
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of the interchange, which have a direct influence on aspects related to safety performance, and security conditions particularly during day-time are considered the potential strengths of the Moncloa interchange.
The results also show that this methodological framework allows interchange managers to formulate adequate strategic
decisions to improve their operations, overcome barriers and enhance the attractiveness of public transport. The graphic
analysis provides information for prioritising the actions to be taken and to allow the most urgent needs to be addressed
first.
Transport interchanges should act as hubs in urban areas, and be designed in a way to attract people to the facility from
the outside in order to connect them to the transport modes available inside. Larger interchanges are increasingly incorporating a variety of retail and commercial opportunities for travellers, allowing passengers to use their time between connections for shopping, eating or meeting people. This also creates opportunities for more attractive business models and
encourages the participation of the private sector. However the design of the interchange should always be focussed on
transport transfers, otherwise the facility would be merely a shopping centre with good transport access.
Interchange managers must therefore focus their attention on the aspects of the travel experience that are most important to passengers and use the tools available to them – such as the evaluation method proposed here – to prioritise and
address users’ needs.
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Appendix A. Results obtained from the CART model application
See Table A1.
Table A1
‘Derived importance’ based on users’ perception of quality.
Independent variable
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item
Item

24
34
37
36
19
35
29
6
30
9
20
26
25
5
17
18
1
27
33
31
14
16
13
28
22
12
2
10
15
3
32
23
21
8
4
11
7

Comfort due to presence of information screens
Information to improve your sense of security
Location of exits in the event of an emergency
Use of escalators in the event of fire
Number and variety of shops
Signposting of emergency exits
Safety inside the interchange
Signposting for transfers between transport modes
Feeling secure in transfer & waiting areas (during the day)
Coordination between different operators or transport services
Number and variety of cafés and restaurants
The internal design of the interchange
The area surrounding the interchange
Signposting of different facilities and services
General noise level in the interchange
Air quality and pollution
Availability travel information at the interchange
The external design of the interchange
Lighting
Feeling secure in transfer & waiting areas (evening/night)
Ease of access to the interchange
Temperature, shelter, ventilation, air conditioning
Ease of movement inside the interchange due to the number of people
Safety getting on and off transport
Availability of seating
Number of elevators, escalators and moving walkways
Availability of travel information before your trip
Use of your time at the interchange
General cleanliness of the interchange
Accuracy and reliability of travel information displays
Feeling secure in the area surrounding the interchange
Availability of telephone signals and Wi-Fi
Availability of cash machines
Transfer distances between different transport modes
Ease of ticket purchasing
Distance between the facilities and services
Information and assistance provided by staff

Derived importance

Normalised (%)

0.107
0.102
0.079
0.071
0.062
0.062
0.060
0.050
0.049
0.048
0.047
0.046
0.045
0.043
0.041
0.041
0.041
0.040
0.040
0.040
0.039
0.039
0.039
0.039
0.038
0.037
0.036
0.033
0.031
0.031
0.029
0.028
0.028
0.028
0.025
0.023
0.022

100.0
95.0
74.0
66.4
58.2
58.0
56.2
46.4
45.8
45.2
43.5
43.2
42.1
40.5
38.5
38.2
38.1
37.4
37.3
37.2
36.8
36.5
36.4
36.1
35.2
34.5
33.7
30.6
28.7
28.7
27.3
26.5
26.0
25.8
23.2
21.8
20.6
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a b s t r a c t
The sustained increase in the urban population and the trend towards urban sprawl in European cities has led to a
change in mobility patterns, and many public transport users now need to combine several modes or transport
services at urban transport interchanges before they reach their ﬁnal destination. Therefore, they have become
an everyday experience for users where, in addition, users spend time inside. This paper aims to identify the
key factors both from a functional and psychological perspective for deﬁning an efﬁcient transport interchange.
Since the users' perceptions of their experience are particularly important for achieving the most appropriate
policy measures for interchanges, an ad-hoc travellers' satisfaction survey was designed and carried out
in three European transport interchanges. The assessment methodology used here – Principal Component
Analysis – is proposed as a useful step-by-step procedure. The results of this research highlight the ambivalent
nature of the urban transport interchanges. The key functional aspects identiﬁed contribute to make easier the
transfer and reduce the waiting time, while the psychological factors make the stay more comfortable for users.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Cities worldwide are undergoing clear and continuous growth. More
than half the world's population today lives in urban areas, and this
trend is expected to continue rising. According to Heilig (2012), by
2050, 86% of the global population in developed regions will live in
urban areas. Cities today are complex systems, with massive numbers
of interconnected citizens, businesses, transport modes, services and
utilities (Neirotti, De Marco, Cagliano, Mangano, & Scorrano, 2014).
This sustained increase in the urban population and the trend towards
urban sprawl in European cities has led to a shift in mobility patterns. The
challenge facing all major cities is how to increase mobility while at the
same time reducing congestion, accidents and pollution (COM., 2006).
This rapid growth has gone hand in hand with greater demand for transportation facilities (Debnath, Chin, Haque, & Yuen, 2014). In urban areas –
the scenario of most daily trips – distances travelled and travel times have
risen dramatically (Banister, 2011), forcing many public transport users to
combine different transport modes to complete their trips and decreasing
the attractiveness of public transport versus the private car. Reducing the
inconvenience inherent in transferring between modes is a basic principle
for achieving sustainable mobility.
The Committee on Intermodal Transfer Facilities, Transportation
Research Board (1974), already pointed out that the total effectiveness
⁎ Corresponding author. Tel.: +34 91 3365266; fax: +34 91 3365362.
E-mail addresses: sara.hernandez@upm.es (S. Hernandez), andres.monzon@upm.es
(A. Monzon).
1
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0264-2751/© 2015 Elsevier Ltd. All rights reserved.

of the transportation network is determined by intermodal transfer
facilities. Iseki and Taylor (2009) noted that the attractiveness of Public
Transport (PT) can be substantially increased by reducing the burden of
walking, waiting and transferring. It is therefore crucial to establish the
factors that optimize and determine the competitiveness of these terminals. At the urban level, transport interchanges are vital to ensuring
smooth journeys for passengers and improving the overall efﬁciency
of the public transport system (Abreu e Silva & Bazrafshan, 2013; Li,
2013). As deﬁned by Edwards (2011), a transport interchange is a
more complex transport facility than a conventional station, and allows
travellers to transfer from one mode to another. Intermodal transfers
are more onerous than intramodal transfers (Liu, Pendyala, & Polzin,
1997). Urban transport interchanges are located within cities and play
a key role both as transport network nodes and as ‘meeting places’,
thereby enhancing their function as a place and not as a barrier, and creating synergies unrelated to transport. Peek and van Hagen (2002)
noted that this ambivalent nature creates opportunities for synergy between both functions: moving and staying. This dual approach can also
be compared with the new concept of High Speed Rail stations within
cities deﬁned by Bertolini and Spit (1998).
As noted by Terzis and Last (2000), an efﬁcient urban transport
interchange must be competitive and, at the same time, be attractive
for users given that their physical experiences and psychological reactions are signiﬁcantly inﬂuenced by the design and operation of the interchange. Therefore, the main goal of this paper is to identify the key
factors from the users' point of view that deﬁne an efﬁcient urban transport interchange, i.e. seeking balance of this dual approach: functional
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and psychological. This was done by conducting a travellers' satisfaction
survey in three European transport interchanges.
The paper is structured as follows. Section 2 presents the review of the
literature into the key aspects and elements identiﬁed as important in the
design, operation and management of multimodal passenger transport
stations. Section 3 deﬁnes the main features of each case study. The data
collection procedure and assessment methodology are described in
Sections 4.1 and 4.2 respectively. The analysis of the key factors obtained
and the interpretation of the results are presented in Section 5. Finally,
Section 6 summarizes the main conclusions and offers some essential
principles for deﬁning an efﬁcient urban transport interchange.
2. Multimodal transport stations: review of previous studies
Transport interchanges today are a crucial element in sustainable
urban transport policies (COM, 2007), and yet there are no standards
or regulations specifying the form these interchanges should take in
Europe. In fact, the literature review reveals that most studies and
research focus mainly on railway and underground stations. This section reviews the studies that identify the key aspects and elements for
deﬁning, operating and managing multimodal transport stations, and
the most recent studies on the subject of urban transport interchanges.
A survey carried out in the United States and Canada identiﬁed
covered waiting areas and passenger information as the most common
amenities provided at transfer facilities (Stern, 1996). This study
analysed these facilities as transport nodes within a network, but
disregarded other aspects. Desiderio (2004) pointed out that in urban
environments, multimodal transport stations also establish relationships between users and the territory, and should thus be considered
as an element in urban development strategies, due to their role as
“city gates”. They should generally be considered as multimodal facilities
where travellers are not only passing through, but are also spending
time (van Hagen, 2011). It is therefore crucial to take into consideration
other aspects and elements that improve the users' experience.
The Station User Panel (2011) developed seven ‘Railway Station
Usability Principles’ for the government of Victoria (Australia) in order
to improve railway station effectiveness taking into consideration the
users' experience of the rail system. These principles were: accessibility,
ease of navigation, comfort & amenities, information, safety, local area
integration and community ownership & activity. Peek and van Hagen
(2002) also identiﬁed safety and comfort as important requisites in railway station operation. However, visual features such as layout and visible presence of staff were identiﬁed as key aspects for improving stations
from the ‘meeting place’ perspective (Peek & van Hagen, 2002).
Garmendia, Ribalaygua, and Ureña (2012) concluded that the ‘station
as a place’ approach produced different outcomes, usually depending
on the size of the city. Durmisevic and Sariyildiz (2001) focused their research on analysing various techniques for building underground stations
and examined their efﬁciency, again taking into account the human factor. This study deﬁned important ‘functional aspects’ for the operation of
the station – internal connections of the spaces and efﬁciency of movement –
and ‘psychological aspects’ – such as public safety and comfort – that are
more closely related to the user's experience of a station as a space.
Terzis and Last (2000) carried out one of the ﬁrst research works into
the subject of urban transport interchanges. This study concluded that
accessibility, facilities, image and information provision were the most relevant aspects in the design and operation of interchanges. Desiderio
(2004) focused on analysing the factors that determine the quality of
intermodal interchanges considering both users' and operators'
requirements. These factors were classiﬁed into six different categories: accessibility & external circulation, physical design, shops &
amenities, security & psychological factors, information and ticketing.
The latest research on urban transport interchanges found that these
multimodal facilities also depend on other factors such as the position in
the network, the urban environment and the modes involved (Harmer
et al., 2014). Hernandez, Monzon, and De Oña (2015) proposed a
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methodological framework to identify the strengths and weaknesses
of transport interchanges. The results showed information, transfer conditions and safety & security to be the most relevant aspects.
In summary, the literature review essentially reveals there are two
types of aspects to take into consideration in the design, operation and
management of passenger multimodal transport stations, and particularly
in railway and underground stations. Most studies identify information
provision and accessibility as the most relevant functional features, while
safety & security and comfort as the most important psychological aspects.
The other relevant aspects identiﬁed are listed below:
-

Layout
Internal connections
Ease of movement
Waiting areas
Services and facilities

But, how should an existing or new urban transport interchange
perform? Which fundamental functional and psychological aspects are
fundamental from the users' point of view? This study aims to identify
the key factors and provide essential principles for reducing the transfer
inconvenience and thus, improving the user's experience at urban
transport interchanges.
3. Description of the case studies
According to Pitsiava-Latinopoulou and Iordanopoulos (2012), the
location, the transport modes involved and the passengers' characteristics are key variables for determining the category of a multimodal
transport station. European case studies were therefore selected to provide a balance in terms of geography, seeking a heterogeneous range of
transport modes, size and the role of the interchange within the city in
order to evaluate different types of the interchanges. Additionally, the
typology was selected following the classiﬁcation criteria developed by
PORTAL (2003) that deﬁned the transport interchanges according to
their location in the network: peripheral interchanges, sub-centre interchanges and city centre interchanges, respectively. The interchanges
selected were Ilford Railway Station (London, UK), Moncloa (Madrid,
Spain) and Kamppi (Helsinki, Finland). Table 1 provides a brief description of the main features of each interchange. Additionally, it shows the
transport modes involved at each case study and indicates the daily
demand of the main modes in each transport interchange.
Kamppi and Moncloa are fairly new urban interchanges, built and
refurbished in 2006 and 2008 respectively. Conversely, Ilford was built
in 1839 and rebuilt in 1980. The transport modes and services involved
in the interchanges vary. Users travel mainly by metro and bus in
Kamppi and Moncloa, and by rail in Ilford. The role of the Moncloa interchange is basically local and regional with only a few national services,
while the Kamppi interchange also includes the main national bus station. There is also one international bus service (i.e. to St. Petersburg).
The Ilford interchange is predominantly a railway station and focuses
on local services, mainly for local commuter trips.
It is worth noting that all three interchanges play a key role in multimodal trips in their corresponding cities and cover a wide spectrum of
interchange types and geographical distributions.
4. Methodological framework assessment
The above review highlights several points that are relevant to
travellers' decision-making, and particularly that they ﬁnd transfers to
be stressful and/or time-consuming, thus discouraging PT use (Iseki &
Taylor, 2009). It is therefore essential to determine which attributes
and factors deﬁne an efﬁcient urban transport interchange from the
users' point of view. This section presents the data collected in each
case study in order to capture the users' views, along with the targeted
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Table 1
Main characteristics of the case studies.
Urban transport
interchange

Year built

Modes of transport (1)

Passengers/day Role/place
(2013)

Description surrounding

Ilford Railway Station

1839
Rebuilt in 1980
Planned for
refurbishment

22,405

Local + Regional

Large suburban town in the London borough
of Redbridge. Located in the town centre.
Shopping centre opposite the station.
(Peripheral interchange)

Moncloa

1995
Refurbishment in
2008

59,989
96,789
109,321

Local + Regional + National
(2 lines)

Entrance gateway to Madrid, near city centre
and area with historic monuments. Metro
line 6 connects all central points in Madrid
(Sub-centre interchange)

Kamppi

2005
(Started operation)
2006
(Shopping centre)

Rail
Bus
Bike (with bike parking)
Private car with drop off
Car parking
Taxi
56 metropolitan bus lines
3 urban bus lines
2 metro lines
2 long distance bus lines
No private car parking
21 local bus lines
40 regional bus lines
15 metropolitan bus lines
1 metro line
1 international bus line
2 tram lines on street
network
Bike centre
(parking, rental, service)
Car parking
Taxis

19,360
8,500
7,500
21,700

Local + Regional + National +
International
(1 bus to St. Petersburg)

Central location in downtown Helsinki.
Shopping centre.
Railway station is 500 m from the Kamppi
interchange.
(City centre interchange)

(1) The most relevant transport modes in each case study and their daily demand are indicated in bold.

analytical methodology that was applied to obtain these factors, thus
enabling its effective implementation by policy planners and operators.

Table 2 presents the main characteristics of the user proﬁles and trip
patterns obtained from the analysis of samples.

4.1. Data collection through a travellers' satisfaction survey

4.2. Principal Component Analysis: step-by-step procedure

Passenger multimodal transport facilities tend to be designed and
operated by multiple stakeholders. However, several authors conclude
that an understanding of the users' views is essential for deﬁning and
developing an efﬁcient urban transport interchange (Durmisevic &
Sariyildiz, 2001; Peek & van Hagen, 2002; Friman, 2010; Harmer et al.,
2014).
A travellers' satisfaction survey was designed and implemented in
the three case studies described above. This ad-hoc survey contained
primarily 37 observed variables relating to different aspects and elements of an interchange (see Fig. 1), based on the ﬁndings of the literature review and previous studies (PIRATE, 1999; Terzis & Last, 2000;
Durmisevic & Sariyildiz, 2001; Iseki & Taylor, 2010; Abreu e Silva &
Bazrafshan, 2013) and built to consider the following eight categories:
1) travel information, 2) way-ﬁnding information, 3) time & movement,
4) access, 5) comfort & convenience, 6) image & attractiveness, 7) safety
& security, and 8) emergency situations. Each respondent was asked
to rate the level of satisfaction with each of the 37 variables on a Likert
scale from 1 (strongly dissatisﬁed) to 5 (strongly satisﬁed). The 5-point
Likert scale was adopted because it is the most widely adopted in the
traveller's satisfaction questionnaires (De Oña, 2013). Additionally, the
survey also contained some questions related to socio-economic characteristics and trip habits in order to deﬁne user proﬁles and mobility
patterns.
A new implementation method was applied to do the survey in
urban transport interchanges combining computer-assisted methods
(online surveys) with traditional techniques (face-to-face interviews).
Firstly, a short face-to-face interview was conducted to travellers in
order to explain them the main objectives of the survey and secondly,
they were given a card which included a link to the survey website
and a survey number to monitor the received surveys and avoid duplication of responses. They were carried out between May 2013 and October
2013. They were received 1471 surveys (NIlford = 234, NMoncloa = 928
and NKamppi = 309) and by ruling out any incomplete or incorrectly
answered surveys, there was a total sample of 1389 valid surveys
(NIlford = 226, NMoncloa = 865 and NKamppi = 298).

The methodology applied in this study is based on a Principal
Component Analysis (PCA) covering the set of 37 observed variables
described in Section 4.1. This analysis is a complex multi-step process
that aims to identify groups or clusters of variables. These clusters
help reduce a dataset to a more manageable size in order to understand
and interpret the structure of the set of variables (Field, 2009). This
statistical technique has been widely used and broadly applied in social
sciences (Costello & Osborne, 2005).
Several aspects and conditions must be considered to ensure the
correct application of this analytical technique. A step-by-step procedure is proposed in view of the nature of the data and the study objective, based on previous research on the urban built environment
(Comendador, López-Lambas, & Monzon, 2014). The PCA were applied
to the three samples obtained in each case study and performed using
the SPSS®v20 software package.

4.2.1. Step 1. Data consistency
A number of conditions must be checked previously to ensure the
correct application of the PCA as shown in Table 3. Bartlett's test showed
highly signiﬁcant results in all cases, indicating that correlations among
the 37 observed variables are sufﬁciently large to apply a PCA. Excellent
results were also obtained for both the KMO index and the reliability of
the sample.
4.2.2. Step 2. Factor extraction method
The main aim of this step is to simplify the dataset structure into a
reduced number of latent factors or components. Based on the sample
sizes and the convergence of the Scree plot (Cattell, 1966) and Kaiser's
criterion (Yeomans & Golder, 1982), six factors were identiﬁed at the
Ilford and Kamppi interchanges, and eight components were obtained
from the analysis of the Moncloa interchange. The explained cumulative
variance of the factors accounted for more than 60% in the three case
studies, which means that the underlying structures can be considered
correct in all cases.
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Fig. 1. List of observed variables in the travellers' satisfaction survey.

4.2.3. Step 3. Rotational method
This step discriminates between factors in order to ensure a more
reliable and correct interpretation of the loading of the variables on

each one. There are two types of rotation: orthogonal rotation and
oblique rotation. The main difference is that orthogonal rotation ensures
that latent factors are uncorrelated while the oblique rotation assumes
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Table 2
Main characteristics of the user proﬁles and trip patterns for each case study.

USER PROFILE

Gender
Age

Employment status

TRIP PATTERNS

Frequency of use of the interchange (1)
PT ticket
Driving licence
Access to private vehicle
Journey stage

Number of transfers (mean)
Main access mode

Main egress mode

Trip purpose

Total travel time (median)
Time inside the interchange (median)
Use of time
(inside the interchange)

Female
Male
(18–25)
(26–40)
(41–65)
Employee
Student
Habitual user⁎
Monthly pass
Yes
No
Starting
Transfer
Ending
–
Train
Metro
Metropolitan bus
Walking
Train
Metro
Metropolitan bus
Walking
Work
Study
Leisure
–
–
Transferring
Queuing
Shopping
Other pursuits

Moncloa

Kamppi

Ilford Railway Station

54.1%
45.9%
42.5%
26.1%
28.0%
49.0%
38.0%
84.7%
84.5%
70.9%
62.0%
34.9%
56.9%
8.2%
2.0
–
51. 9%
23.7%
10.4%
–
17.5%
58.8%
8.9%
48.6%
34.5%
11.1%
50 min
10 min
18.2%
58.3%
6.8%
16.7%

64.1%
35.9%
14.5%
33.8%
44.3%
71.8%
16.1%
62.4%
61.7%
75.8%
36.9%
38.6%
36.9%
24.5%
1.0
–
25.2%
46.3%
18.5%
–
21.5%
50.3%
22.8%
55.4%
10.7%
30.5%
45 min
9 min
17.6%
39.4%
25.2%
17. 8%

39.3%
60.7%
8.0%
42.4%
42.0%
83.1%
4.9%
80.5%
65.5%
66.8%
43.4%
72.1%
11.6%
16.0%
2.0
28.4%
–
28.9%
37.8%
64.4%
–
8.0%
24.0%
81.4%
3.1%
12.4%
45 min
6 min
39.1%
38.5%
4.6%
17. 8%

(1) Habitual user: user who uses the interchange daily or 3–4 times a week.

Table 3
Statistical criteria to be met before a Principal Component Analysis.

Sample size (1)
Reliability (2)
KMO index (3)
Bartlett's test sphericity
(Jackson, 1993)

Ilford Railway Station
(NIlford = 226)

Moncloaa
(NMoncloa = 865)

Kamppi
(NKamppi = 298)

N200
Fair
0.967
Excellent
0.948
Superb range
p b 0.000
chi2(630) = 6354.300

N500
Very good
0.948
Excellent
0.950
Superb range
p b 0.000
chi2(630) = 15,995.266

≈300
Good
0.953
Excellent
0.937
Superb range
p b 0.000
chi2(666) = 6544.268

(1) There are many ‘rules of thumb’ about the proper sample size. The common rule is to have at least 10–15 participants per observed variable (Field, 2009). Nevertheless, Comrey and Lee (1992)
deﬁned the following ranges: 100 as poor, 200 as fair, 300 as good, 500 as very good, and 1000 or more excellent
(2) Cronbach's alpha is the measure of internal consistency reliability and a value from 0.7 is generally considered to represent an acceptable scale (Wittwer, 2014).
(3) The index used to measure the sampling adequacy is Kaiser-Meyer-Olkin (KMO) index (Field, 2009). The KMO statistic varies between 0 and 1. Hutcheson and Sofroniou (1999) deﬁned values
between 0.5–0.7 as mediocre, values between 0.7–0.8 as good, values between 0.8–0.9 as great and values above 0.9 as superb.
a
Item 12 in the Moncloa transport interchange was excluded from the PCA as it had a loading of less than 0.3 in all factors, and its communality was less than 0.4, meaning that this variable was
not properly classiﬁed in any factor extracted. The PCA was re-applied to the 36 variables.

their correlation (Field, 2009). It should be stressed that orthogonal
rotation reveals the order of importance of the extracted factors according to the percentage of variance, whereas oblique rotation
does not.
Appendix A presents the detailed results and the factor loadings of
each observed variable in all cases after rotation. Firstly, orthogonal
rotation method was applied. However, the correlation matrices2 indicated that the factors were interrelated to some degree in all case studies. As a result, orthogonal rotation method was dismissed and the
oblique rotation was therefore selected as the appropriate method.
2
The component correlation matrix and the theoretical and conceptual assumptions are a
guide to whether it is reasonable to assume independence between factors. This matrix, the
ﬁnal output, contains the correlation coefﬁcients between factors (Field, 2009).

Interestingly, it should be noting that the same underlying structures
were obtained for both rotational methods in all cases studies (see
Table A.1, Table A.2 and Table A.3), which highlights their robustness.
Finally, the reliability of the internal consistency of each factor obtained
from the oblique rotation was checked (the Cronbach's alpha of each
factor was greater than 0.7 in all cases).

4.2.4. Step 4. Interpretation
The results of the PCA must reﬂect theoretical and conceptual
assumptions. Loadings with an absolute value of over 0.3 can be considered important, although the sample size also has an inﬂuence (larger
sample sizes imply statistically meaningful smaller loadings) (Field,
2009). The number of factors is considered correct in human sciences
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Table 4
Key factors obtained from the oblique rotation and their main observed variables in each case study.
Main observed variables
Key factors
Information

Ilford Railway Station
Travel information
Transport operator coordination

Transfer conditions

Safety & Security

Emergency situations
Design & Image
Environmental quality
Services & Facilities

Comfort of waiting time

Security in transfer & waiting areas
(evening/night)
Security surrounding area

Moncloaa
Signposting
Travel information
(at interchange)
Transfer distance
Transport operator coordination
Use of time
(at interchange)
Security in transfer & waiting areas
Security surrounding area

Emergency exits
(Location & Signposting)
Design
(External & Internal)
Noise
Temperature
Shops
Coffee-shops & restaurants

Emergency exits
(Location & Signposting)
Design
(External & Internal)
Air quality
Noise
Shops
Coffee-shops & restaurants

—–

Telephone signal & Wi-Fi
Travel information displays

Kamppi
Travel information
(displays & at interchange)
Distance
(facilities & transfer)

Safety
(inside interchange)
Security in transfer & waiting areas
Security surrounding area
Escalators
(case of ﬁre)
Emergency exits
(Location)
Design
(External & Internal)
Air quality
Temperature
Coffee-shops & restaurants
Shops
—–

Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser Normalization. Eigenvalue N 1.
a
Factor ‘Comfort of waiting time’ was only identiﬁed in the Moncloa transport interchange.

when the underlying structure explains at least 50–60% of the variance
(Wittwer, 2014; Streiner, 1994).

The quality of both the infrastructure (building, facilities and so on)
and services (information provided and so on) perceived by the users of
a transport interchange usually depends on the context of the interchange (Hine & Scott, 2000; Redman, Friman, Gärling, & Hartig, 2013;
Abreu e Silva & Bazrafshan, 2013; Harmer et al., 2014). Some of the
issues that can directly inﬂuence the users' perception include the
main modes of transport involved, location of the infrastructure, age
of the building, and user proﬁles and travel patterns.
However, an analysis of the results of this research points to some
fundamental elements in all case studies independently of the interchange context. Even though the three transport interchanges are
signiﬁcantly different, they share certain key factors and the observed
variables that deﬁne each one (i.e. the variables with the highest factor
loadings3 – see Appendix A). The factors that deﬁne an urban transport
interchange are ‘Information’, ‘Transfer conditions’, ‘Safety & Security’,
‘Emergency situations’, ‘Design & Image’, ‘Environmental quality’, ‘Services
& Facilities’ and ‘Comfort of waiting time’. Table 4 shows these factors
and the main observed variables in each case study. It is also worth noting that some components or factors are inﬂuenced by different aspects
according to the context of the urban interchange. ‘Information’ and
‘Transfer conditions’ are clustered in the case of the Ilford Railway Station
and ‘Environmental quality’ is clustered with the ‘Safety & Security’ factor
in the case of the Kamppi interchange (see Appendix A – Table A.1 and
Table A.3).

These factors deﬁne an efﬁcient urban transport interchange
from two different perspectives, functional and psychological,
conﬁrming the previous theoretical and conceptual assumptions
based on the literature review. As a consequence, an urban transport interchange should be conceived both as ‘a transport node’
and ‘a place’ (see Fig. 2). Factors such as ‘Information’ provision –
travel information and signposting – and ‘Transfer conditions’ – distances and coordination between transport operators – facilitate
the use of the interchange ‘as a node of transport’. Iseki and Taylor
(2009) concluded that physical conditions such as transfer distances and adequate information can reduce perceived walking
times. Conversely, ‘Design & Image’, ‘Environmental quality’ – air
quality, noise and temperature – and ‘Services & Facilities’ – number
and variety of shops and coffee-shops – are more closely related to
the users' experience inside an interchange ‘as a place’. Iseki and
Taylor (2009) concluded that these factors affect travellers' perceptions of comfort and convenience and thus how they perceive
waiting time. Comfort at a transfer terminal is identiﬁed as a determining factor in PT users' perceived ease of making a transfer (Guo
& Wilson, 2011). Availability of telephone signal, Wi-Fi and travel
information displays can also be oriented to improving the quality
of waiting time.
‘Safety & Security’ – both inside the interchange and in the surrounding area – are crucial in both approaches, and is directly linked to the
overall performance of the interchange. Several authors have noted
that personal security at terminals is the most important factor in
travellers' decision to use PT (Atkins, 1990).
Finally, ‘Safety & Security’, ‘Information’ and ‘Transfer conditions’ are
identiﬁed as the most important factors4 in all case studies.

3
Large factor loadings indicate a signiﬁcant inﬂuence of the variable on the latent factor.
Conversely, small factor loadings suggest that the variable is not substantially inﬂuenced
by this factor (Tyrinopoulos & Antoniou, 2008).

4
The variance considered for each factor determines its importance in an orthogonal
rotation; that is, when there is not a high correlation between factors or it is not taken into
account.

5. Interpretation and discussion of results
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Fig. 2. Key factors in a transport interchange.

6. Conclusions and policy recommendations

‘As a place’

Many PT users today need to combine several transport modes or
services to reach their ﬁnal destination, and the inconvenience
caused by these transfers has led to a decline in the attractiveness
of PT (Guo & Wilson, 2011). Urban transport interchanges are an everyday experience for users and have become fundamental elements
in reducing transfer inconvenience and improving user experience.
This research has identiﬁed the key factors from the users' point
of view that deﬁne an efﬁcient transport interchange – considering
them not only ‘as nodes’ within the transport network, but also ‘as
places’ – and the most relevant elements and aspects in both
approaches.
The results highlight common key factors and attributes in all the
case studies, despite signiﬁcant differences in the features and context
of each interchange. General guidelines can be extracted in order to
improve the design, operation and management of an urban transport
interchange. Since travellers make decisions based on perceived walking and waiting times, it is crucial to reduce the inconvenience of transfers in order to increase the attractiveness of PT. An efﬁcient urban
transport interchange should fulﬁl four essential principles under the
dual approach described above:
‘As a transport node’

• Making the stay more comfortable. Fundamental aspects are external
and internal design, air quality, temperature and noise, information
displays.
• Improving the use of time in the interchange. Services & facilities and the
availability of a telephone signal and Wi-Fi could help achieve this
purpose.

• Reducing waiting time. Transfer distances and co-ordination between
operators are crucial.
• Making it easier to use the interchange and reducing the users' stress
levels. Travel information and signposting are the most important
aspects here.

The authors acknowledge the ﬁnancial support of the European
Commission which enabled this research into the data collected in the
City-HUB project of the EU 7th Framework Programme. We would
also like to thank Ms. Prudence Brooke-Turner for her revision of the
English manuscript.

Finally, Safety & Security are psychological features that are indispensable to users and are directly linked to the overall performance of
the interchange. It is particularly important to pay special attention to
security aspects in transfer and waiting areas and in the surroundings,
and the emergency exits should be clearly located and signposted, and
perfectly identiﬁed.
In conclusion, current urban transport interchanges can host other
type of activities and act not only as transport nodes, but also as meeting
places within cities. As noted by Scott (2003), urban transport interchanges are therefore key features for the future development of cities.
Acknowledgements
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Appendix A. Results of the PCA: factor loadings
Extraction Method: Principal Component Analysis. Rotation Methods:
Varimax & Oblimin with Kaiser Normalization. Eigenvalue N 1.
Table A.1
Summary of the exploratory PCA of the travellers' satisfaction survey at Ilford Railway Station (London, UK).
Rotation Method

Orthogonal

Oblique

Factor

Observed variables

Factor loadings

Variance explained (%)

Factor loadings

Cronbach's alpha

Information & transfer conditions

Travel information before trip
Travel information displays
Travel information at interchange
Co-ordination transport operators
Transfer distance
Use of time at interchange
Signposting to transfer
Signposting facilities and services
Ticket purchase
Information provided by staff
Distance between facilities
Accessibility
External design
Internal design
Number of elevators, escalators
Surrounding area is pleasant
Movement (crowding)
Security in transfer and waiting areas (evening/night)
Security surrounding area
Safety (inside interchange)
Security in transfer and waiting areas (day)
Safety getting on/off the transport mode
Lighting
Signposting to emergency exits
Location of emergency exits (emergency event)
Real time information to improve sense of security
Shops
Coffee-shops and restaurants
Cash machines
Telephone signal and WI-FI
Comfort (information screens)
Noise
Temperature
Cleaning (generally)
Air quality
Seating

0.812
0.750
0.747
0.721
0.718
0.673
0.644
0.638
0.618
0.621
0.510
0.641
0.724
0.728
0.630
0.654
0.536
0.752
0.747
0.738
0.713
0.692
0.587
0.787
0.773
0.737
0.798
0.791
0.745
0.479
0.418
0.780
0.679
0.655
0.624
0.402
68.625

19.354

0.878
0.764
0.762
0.703
0.678
0.641
0.613
0.565
0.550
0.546
0.424
0.409
0.643
0.628
0.576
0.560
0.428
0.814
0.812
0.771
0.750
0.700
0.555
0.851
0.834
0.788
0.846
0.833
0.783
0.447
0.342
0.867
0.727
0.700
0.665
0.355

0.938

Design & image

Safety & security

Emergency situations

Services & facilities

Environmental quality

Explained cumulative variance (%)

10.486

12.316

7.410

9.473

9.585

0.857

0.911

0.940

0.855

0.864

Table A.2
Summary of exploratory PCA of the travellers' satisfaction survey at Moncloa transport interchange (Madrid, Spain).
Rotation method

Orthogonal

Factor

Observed variables

Factor loadings

Information

Signposting facilities and services
Signposting to transfer
Travel information at interchange
Ticket purchase
Information provided by staff
Travel information before trip
Accessibility
Transfer distance
Co-ordination transport operators
Use of time at interchange
Distance between facilities
Movement (crowding)
External design
Surrounding area is pleasant
Internal design
Security in transfer and waiting areas (evening/night)
Security in transfer and waiting areas (day)
Security surrounding area
Lighting
Safety (inside interchange)

0.692
0.694
0.634
0.550
0.501
0.485
0.447
0.736
0.718
0.701
0.592
0.438
0.724
0.697
0.709
0.794
0.790
0.740
0.667
0.618

Transfer conditions

Design & Image

Safety & Security

Oblique
Variance explained (%)
10.038

7.790

6.831

11.013

Factor loadings
0.671
0.656
0.577
0.510
0.419
0.411
0.351
0.798
0.755
0.741
0.602
0.412
0.723
0.700
0.688
0.831
0.826
0.784
0.669
0.638

Cronbach's alpha
0.814

0.797

0.835

0.881

(continued on next page)
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Table A.2 (continued)
Rotation method
Factor

Orthogonal
Observed variables

Safety getting on and off the transport mode
Emergency situations
Location of emergency exits (emergency event)
Signposting to emergency exits
Location of escalators in the event of an emergency
Real time information to improve sense of security
Services & Facilities
Shops
Coffee-shops and restaurants
Cash machines
Environmental quality
Air quality
Noise
Temperature
Cleaning (generally)
Comfort of waiting time
Telephone signal and WI-FI
Travel information displays
Comfort (information screens)
Seating
Explained cumulative variance (%)

Factor loadings
0.641
0.806
0.783
0.756
0.660
0.798
0.792
0.502
0.740
0.709
0.668
0.565
0.630
0.564
0.566
0.498
63.566

Oblique
Variance explained (%)

8.583

6.003

7.464

5.843

Factor loadings
0.607
0.891
0.862
0.831
0.683
0.822
0.814
0.488
0.789
0.750
0.684
0.548
0.603
0.539
0.496
0.436

Cronbach's alpha

0.903

0.757

0.793

0.707

Table A.3
Summary of exploratory PCA of the travellers' satisfaction survey at Kamppi transport interchange (Helsinki, Finland).
Rotation method
Factor

Orthogonal
Observed variables

Information

Travel information displays
Travel information at interchange
Travel information before trip
Co-ordination transport operators
Transfer conditions
Distance between facilities
Use of time at interchange
Transfer distance
Movement (crowding)
Signposting to transfer
Signposting facilities and services
Number of elevators, escalators
Ticket purchase
Accessibility
Information provided by staff
Design & Image
External design
Internal design
Surrounding area is pleasant
Seating
Safety & Security and
Safety (inside interchange)
Environmental quality
Security in transfer and waiting areas (evening/night)
Security in transfer and waiting areas (day)
Security surrounding area
Safety getting on and off the transport mode
Lighting
Air quality
Temperature
Cleaning (generally)
Noise
Comfort (information screens)
Emergency situations
Location of escalators in the event of an emergency
Location of emergency exits (emergency event)
Signposting to emergency exits
Real time information to improve sense of security
Services & Facilities
Coffee-shops and restaurants
Shops
Cash machines
Telephone signal and WI-FI
Explained cumulative variance (%)

Oblique

Factor loadings

Variance explained (%)

Factor loadings

Cronbach's alpha

0.739
0.745
0.743
0.364
0.679
0.621
0.602
0.552
0.556
0.521
0.454
0.466
0.421
0.405
0.818
0.806
0.663
0.346
0.814
0.728
0.748
0.684
0.680
0.656
0.618
0.616
0.602
0.598
0.496
0.782
0.789
0.751
0.622
0.816
0.807
0.545
0.369
61.006

10.319

0.801
0.784
0.778
0.297
0.747
0.638
0.626
0.550
0.531
0.502
0.425
0.404
0.369
0.338
0.856
0.837
0.669
0.308
0.829
0.745
0.729
0.707
0.636
0.625
0.568
0.557
0.541
0.539
0.412
0.767
0.761
0.715
0.548
0.816
0.807
0.509
0.334

0.768

17.165

7.705

10.144

7.456

8.217

0.877

0.801

0.918

0.908

0.747

Extraction Method: Principal Component Analysis. Rotation Methods: Varimax & Oblimin with Kaiser Normalization. Eigenvalue N 1.
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Chapter 10 – APPENDICES

C. Two book chapters of the edited book ‘CITY‐HUBs: Sustainable and Efficient
Interchange Stations’ published by Taylor and Francis.
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