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The current report represents my graduation project of the Master program Construction

Management and Engineering (CME) at Eindhoven UniyerfsiTechnology (TU/e). The aim

of the study was to investigate the choice behavior of the public transport travelers regarding
the route choices that are available with focus on the role of side and main railway stations.
The thesis was performed in coation with BonoTraffics BV.

Preface

Studying at TU/e was a very important experience for me and carrying out this research was
one of the most valuable components of this experience. Life in the Netherlands is definitely
associated with traveling by train aag | have personally spent many moments in the railway
stations, | was motivated to strengthen my knowledge on this specific topic.

First of all, I would like to thank dr. ing. Peter van der Waerden for his unlimited support from
the very first moment,his enthusiasm, his valuable guidance and comments, and his
important help throughout my graduation. | would also like to thank dr. Gamze Dane and
prof. Bauke de Vries for their helpful comments and the nice cooperation we had. Also, |
would like to thankloris Hoogenboom for his insights and advices of a technical point of view
and | am grateful for the opportunity to conduct my thesis at BonoTrafficsBV. | want to thank
Stephan Metz from OYureau GroningefDrenthe for his comments and help and ir. Joran
Jessurunfor helping me build my online questionnaire. | also want to thank the respondents
whose input was essential for my results. Finally | want to thankammly andfriends, who
made the difficult @th of the MSc look much easier, especially parerts, because nothing
would have happened without their unconditional support.

Sofia Tzouli,
Eindhoven, August 2016
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Transportation planners in the Netherlands have been constantly trying to provide high
guality public transport. Multimodal moliy holds a large part of public transportation and

this means that transfers need to me made while traveling. However, transfers cause high
disutility to the travelers. In order to attract more passengers into the public transportation
mobility and at tle same time decongest the most crowded railway stations, it is aimed to
findoutg KIF G Ay Tt dzSyoSa (NI @St SNEQ RSOAaAAZ2Y YI A
have. Therefore, the current research investigates the characteristics that have an impact
the route choice behavior of public transport travelers with special attention to the role of
the main and side railway stations. For this purpose, a stated choice experiment was designed
and data was mainly collected in the area of the Zernike canmpiieicity of Groningen. The
analysis of data was conducted by a Binary Logistic Regression Model and the results show
that time-related and crowdingelated characteristics were proved to be significant. The
estimated model showed that the facilities ofalway station are not influential. However,

some additional models with separate groups wesdimated, showing thasome socie
demographic attributes and travexperience characteristics proved to have an impact on

the outcome as well.

Abstract
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Thetravel behavior of the public transport users has been extensively studied in the past
because it can give understanding about what are the crucial measurements thadedetrs

are in need of. In order to provide a good quality of transportation, &t St SNBE Q LIS N &
and thoughts must be understood. In the Netherlands the public transportation system is
generally characterized of a high quality, with the train playing the dominating role. The Dutch
railways have passed through different phasesady since the nineteenth century, resulting

in an extensive and wetirganized railway network nowadays. However, the main focus still

lies in the centralized lines, who offer service of high capacity and high frequency, facilitating
mainly the Randstadraa in the northwest, while in the rest of th@etwork keeps a rather

steady course.

Summary

Moreover, the Dutch urban system has been organized in a way that avoids the urban sprawl
and the flows of passengers have formed a polycentric system. For the puwfp@seccessful

and efficient interaction of the separate systems and the fast mobility of the passengers, the
necessary measurements must be taken from the involved authorities. These circumstances
lead to multimodal mobility, that holds a large part dfet Dutch public transportationA
multimodal journey is a trip that consists of two or more vehicular modes and therefore at
least one intermodal transfer is necessitated during the journeRResearch has been
repeatedly proved the high disutility thatieceiveddue to these transfers.

Since the Dutch network is organized in such a way, it means that the travelers often have
Y2NB (KFy 2yS 2LJWA2y (2 FTNNAGS 4G GKSAN 22dz
and a transfer needs to me made, then yhean choose the route that is the optimal for them

based on personal tastes and perceptions. Despite the plentiful body of research about the

route choice behavior of drivers and car users, little insight has been gained for the public
transport travelers Transfers are perhaps the most distinctive characteristic that has been

found to have a negative effect in the route choice decision making process. An extensive
literature review is carried out in order to find the influential attributes on the routeich

behavior of public transport users.

At the same time, the main railway stations often suffer from congestion, as they are
dominantly chosen by the travelers as starting points or transfer points of the trip. The
governmental agencies in the Netharlds are aware of these dissatisfactions and in an effort
to result in content customers, they are searching the factors that can create a pleasant
experience to the travelemherefore, the aim of this research is to explore the factors that
play a role inthe decision making process regarding the public transport route choices, by
giving special attention to the role of main and side railway stations, in order to find the way
to decongest the most crowded of them and direct a portion of passengers toesrirathsfer
points.

In order to realize what influences the public transport route choice behavior, a stated choice
approach is selected, because it gardict the future demand and foresee how the travelers

would react in possible changes. Through aestechoice experiment, the most influential

attributes can be identified. For this purpose, a questionnaire was designed i¥thés NH
Enquée Systel® 2 F 9AYRK2OSYy ! yAGSNEAGE 2F ¢SOKy2f 2
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The first part includes questis related to the travel experience of the participants, the
second partontainsthe stated choice experiment with an explanation and a trial choice set
and the third part includegquestions related to sociodemographic information in order to get
a cleare idea of what sample spproached.

The collection of data took place mainly in the area of Zernike campus, which is situated in
the north-west of the city of Groningen. The selection of this case was based on the fact that
travelers from the city oféeuwarden face two routes that can choose from in order to arrive

in Zernike campus, so the participants were familiar with the investigated CHse.
participants were approached in the bus and were invited to take part in the survey through
a flyer whichcontained a QR code that was directing to the online questionnaire. In order to
increase the sample size, more respondents from similar cases in other regions of Netherlands
were asked to participate through social media networks. Finally, 204 peoplgssbk the
survey, and 170 of them filled in the main part, i.e. the choice experiment.

The cohort that participated was rather young, as four of five participants had an age lower
than 25 years, which was anticipated because of data collection irensity areas, but the
gender distribution was quite representative of the Dutch populatibime data was analyzed

by estimating a binary logistic regression model, which showed a satisfactory statistical fit.
The attributes that proved to be significantrfthe route choice decision making process were
time-related and crowdingelated.It is noted that the investigated case pertained to a route
which included the use of a train and then transferring at a railway station and embarking on
a bus More speciftally, it was found that headway of the bus, transfer time from train to bus,
crowding at the station, kvehicle time in the bus and walking distance from train to bus were
the characteristics with the highest influencBome facilities, namely informaticservice,
toilets, a kiosk and a heated waiting area, were also examined but they were not found to be
significant. However, estimation of different models by taking into account some separate
groups showed some different results, with presence of a kiaskng an impact on the route
choice of women, frequent travelers and travelers who do not make use of the train before
embarking to the bus.

Therefore, it is perceived thaime-related attributes dominate in the route choice behavior,

since public trasport passengers seek ways to minimize the overall time. Moreover,
crowding at the station also proved to be important, which should be taken into consideration

by the station planners, as well as the short walking distances to the bus. The involved
stakeholders are advised to include a kiosk, which offers some basic needs to the station
dza SNB>X Ay GKS &ARS NIAtgle adriaArazyas aayos
making. It is also recommended that when a good time planning of the rowgesised along

with a good collaboration of trains and buses, the design of the stations and the presence of
facilities should not be overlooked, as they can improve the overall experience at a transfer
station.
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This chapter introduces theopic of the thesis by defining and stating the problem,
formulating the research questiongxplaining the theoretical and practical relevance and
finally, providing a readig guide of the entire report.

1.1.Transportation planning and travehavior in the Netherlands
Nowadays, urban scientists are not unfamiliar with the fact that people tend to increasingly
move to the bigger cities. Human population will probably be larger by 2 to 4 billion people
by 2050 (Cohen, 2003) and public transgertonsiderably taken into account in the context
of urban and transportation planning, especially due to the strict environmental demands and
the emission reduction commitments (UNECE, 2012a; UNECE,2012b). This definitely leads to
many challenges that ban development faces and will face in the future. Zhang et al. (2004)
adriSR GKFG RSALAGS GKS IodzyREyd € AGSNI (dzNS
SYPANRYYSY(d I'FFSOG AYRADGARdAzZrf OK2A0OS 0SKLI OA s
do not explain this relation, so they suggest that the behavioral mechanisms of individuals,
which lead to specific choices, should be interpreted adequately.

The transportation planners in the Netherlands, through their enduring discussions about
resolvirg any kind of qualitative or quantitative problems that might appeared in the Dutch
transportation system and their focus on the constant improvement of the quality and the
policy aims, have managed to provide very important guidelines for adughty result

0! f LI 21AYZE HAnpLP® ¢KS F2FSNYyIFyOS 2F Lldzof A0 |
development and transportation planning is well established in the country, so there is a
constant need of identifying all the important characteristics @& transportation system in
order to make it functional and profitable (Veeneman and van de Velde, 2014). Many Dutch
public transport authorities and operators have to cooperate for that purpose and therefore
understanding the trends and needs within theban environment becomes more crucial
than ever before. Moreover, data are frequently collected due to various transportation
visions which are related with developing transportation applications and designing travel
diaries (e.g. Melnikov et al., 2015; HmmdoornLanser et al., 2015).

This extensive and thorough effort of many Dutch authorities to provide -igity
transportation services and willingness to investigate the elements that play a crucial role in
dzND Iy (NI @St SNBQ R SrévealsAiti@eyspedfrtin] afyirfportadbeRthas 4 & S &
characterizes the Dutch transportation system. It is realized that the travel behavior in the
Netherlands is definitely influenced by the actions of the planning authorities, which tried to
restrict the urban sprawih the past decades (Vos, 2015).

1.2. Problem Statement
The overall Dutch urban system was developed on the basis of flows between the separate
urban systemsaccording to Limtanakool et §2009) They foundhat the flows of commuters
established a polycentric system, although the developments were mainly occitastey
within the regions rather than between the regis. Leisure flows showed different results,
since they did not contribute to a polycentric, but moreadragmenting system. Therefore,
it becomes apparent that the commuting flows show the necessity of interaction between
the local systems, but at the same time improvements towards that direction might produce

10
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a pattern of change for flows of different nat as well However, this interaction cannot be
enabled exclusively with direct connections and for that purpose transfers need to be made,
g KA OK A yare geeriias a fie€essary evil in public transportGud and Wilson(2011)
described themIn an dfort to keep theDutchcities accessible and livabllne multimodal
movement is stimulated in the Netherlands, wherer fthe sake of efficiency and cost
consideration, the lines of the network are bundled instead of being direct, creating a
hierarchicalnetwork, consisted of higher and lowerder lines(ECORYS, 200&)owever,

& R A & dasdciatddiwidh the noseamlesstages and connections that characterize public
transport are very much to blande>~ I & Y NB 3 4)thtef] expiessingtthe addlitionah n
inconvenience that the public transport travelers receive from the transterside the effort

that they have to make in order to reach and leave the syswmympared to the docto-door
automobile traveling

Hence, tiis often the case that passengers have to make one or more transfers during their
journey. Multimodal trips had a 3% share of the totailps in the Netherlands in 2002. This
seemsminimal, but the share of the multimodal mobility among the trips longban 30
kilometers and the trips to and from the four main cities of the country was quite noteworthy,
representing 15% ah20% of thdotal trips respectivelyVan Nes, 2002 herefore the final
percentages show the high imgance of multimodal traveling and the special attention that
should be paid to the optimal design of this kind of transportation. This argument is further
supported when train trips are looked separately; 80% of the total amount of them
multimodal accodingtoM y b Sa Q T A ghBwestilep@miheyt Ple if Kaindravetig

in the multimodal mobilityFurthermore, it is often the case that the interchange occurs from
one mode of transport to anotheRelated to that, lhere is evidence thabvusbasd modes
cause higher transfer disutility in comparison to4zalsed mode¢Currie, 2005)Currie stated

that the reason for the higher transfer penalties that ensue from the use of bus services are
related to openair waiting lack of available facilities and crossing rogmsnting out the
significanceo¥ ( NI y & ¥ S NJ tozhe peicaiveg/tétsferRIiSulilifys v result, it is
relevant to investigate whether a combination of different modes might reveal new
relationships, since different factors seem to have an effect on trav@tksision making
processacross different modedt also emerges thathe transfer locations play a crucial role
as well In multimodal transport networks, choosing the most suitable sfen stations is
often a difficult taskasit is the outcome of a good coordination between the modes and
pertains to an essential element of the process (Wang et al., 2009).

Most of the studies related to the concept of muttiodal transport, typicallgefine the multi
modal trips as journeys which are consisted of ehdbstinctive parts, the accessigegress

and the main leg (e.g/an Nes, 2002)Thereforehe approach the topic by focusing on one
mode which pertains to the main leg and assign thp towards and after this leg to the
additional modes. However, there is a different concept of rmmultidal transport, which
focuses on the interchange that happens between two modes during adivent trip.
Therefore the connection of this fragmented ube takes place in one transfer point
(Mahrous, 2012) Thiswas introducedrom Lu(2010)F & a{ A 0 OK t 2Ay (¢ X
who are planning a multimodal route can switch frame mode to another mode. Public
transit stationswere expectedly included in the list of switch pointshere travelers can
perform this action. & it becomes evident that the stations which serve as transfer nodes, as
already mentioned above, play a crucial role.

11
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Bovy and Hoogendoorhanser (2005) in their analysis about multimodal traveling,
distinguished the homend and activityend of the trip and formulated the behavioral
hypotheses oFigure 1showing the choices that a ntithodal traveler has to make, adopting
the idea of Van Nes (2002) that the train trip covers the main rofitde entire trip.Figure
1 reveals that a multimodal traveler has to choose, apart from the train rdbhéeaccess and
egress route as well asdtboarding and alighting station

Figurel. Choice dimensions in multi-modal train alternatives. Source: Bovy and Hoogendoorn-Lanser (2005)

CHOICE OF CHOICE OF CHOICE OF
BOARDING STATION TRAIN SERVICE / ROUTE ALIGHTING STATION
N/ \_/ TRAIN N/ \

CHOICE OF CHOICE OF
ACCESS MODE /ROUTE EGRESS MODE/ ROUTE
NT T NT T NT T NT T
NT =NON TRANSIT
ORIGIN T =TRANSIT DESTINATION

Therefore multimodal traveling requires a plethora afecisions about the routesand

stations. On top of that, #&ention should bepaid to the design, use and planning of the

railway stations.It is not surprising thatthe stations compete with each other about
dominating in one area by having more passengers as it is quite often the cagpetpde in

the same region have the possibility to choose different train stations. Givoni and Rietveld
(2014)state that even in the periphery of Amsterdam, people nipstnd to use the central

railway station as thestarting point of their trip instead of the closest located statidiney

suggest that congestion in the most crowdeabscan be relieved by opening more stations

2NJ £t SGdAy3a GKS GNIXAya aid2L) Ay Y2NB aidldAazy
overaowding is an issue that is holding attention in the transportation planning science. The

traffic flows of passengers must be managed effectively in the congested places in order to

avoid inconvenience. In addition, safety issues are usually arisen iardas that allow

Ydzf GAY2RIE GNIyaLRNOFGA2Y oO0¢lF AA 0 ImgvBment2 NIi S NI
to railway stations that do not face the problems of overcrowding, could also enable the
magnitude of thee concerns to be reduced.

Therefore the outstanding importance of the topic in combination with personal interest on
the factors that underlie this kind of decisiostimulatedthe author to study the relationship
between the chosemultimodal routes within public transpodnd the variousttributes of
both the travelers and the transportation system.

But how willing are the passengers to adjust their trip in a way that they will avoid a main
train station and choose a smaller oménile making a transfeét During thigesearch project
the way of choosing a multimod#iain trip in the Dutch railway systemill be investigated
in order to understand the nature of the decisions regarding route choigeiblic transport
travelers.Cities with more than one railway station will be observearder to make the

12
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comparisorof the different routesbetween thevariousstations Randstad, which comprises
over 5 million inhabitants, has definitely a polycentric system and offers developed services
(Van der Burg and Dieleman, 200fihe Dutch Railway®NS) is accountable for the majority

of railway transport in the NetherlandMinisterie van Infrastructuur en Milieu, 2018hd
investigation of the possible stations and routes in the official websitaetompany made

it clear thatexceptfor Amsterdamand other cities of Randstad, which possgage a large
number of stations, several smaller Dutch cities have more than one train station aEavell.
instance, in the city of Eindhovgihere arethe main train station irthe centerand the Strijp

S station in the north, facilitating the newly developed St8j@rea. Tilburg has two train
stations, apart from the main central one, facilitating the Tilburg University and the Reeshof
district in the west. Groningen used have two railway stations, one in treenterand one

in the north of the city, but a new station was opened in 2012 near the Euroborg football
stadium in the south east. Nijmegen is also facilitated by five train stations in total spread
around the city. iese are just a few examplaad itappears that this is quite common in the
Netherlandsln addition,as already mentionedhere is interest innvestigating the situation

out of the main Randstad areayhich apart from densely populated, is also an emoic
center of advanced financial and business services (Limtanakool et al., R00&y density
areas often hold importance, due to the fact that the public transport system has to be
managed in a way that is not castefficient, mainly because of thadk of massive flows that

are met inthe large centerg¢De Jonget al, 2011)

It can be very likely that the neighborhoods served by the smaller stations are also
approached by travelers from different cities or areas for various reasons, and nosigrty

from the inhabitants of the neighborhood itself. It is of a certain interest that travelers to
theselower-densityneighborhoods might be confronted with two choices; arriving by train
to the mainrailway station and continuing their trip by bus dram to get at their final
destination or clanging from fast to slow train some stops before arriving in the main railway
station and heading to their destination with a different vehidir instance, people who
travel between Rotterdam and Tilburg Uergity can choose to take the train to the central
station of Tilburg and then arrive at the University of Tilburg by Bigu¢e 2 or they can go

by train to Breda and then take a local train that arrives at Tilburg UnivefSigure 3.
Choosing the ssnd option enables them to avoid walking at the main train station of Tilburg
as well as avoid making use of a different transport mode (bus) and in addition, the time spent
during the second option can be less than the one spent during the first opflus.is just

one of many examples with similar route choice combinations which appear in Dutch cities
and towns.

Figure2. Multi-modal trip Rotterdanlilburg University with a transfer in Tilburg statior
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Figure3. Train trip Rotterdanlilburg University with a transfer in Breda station.
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It should kept in mind that wén passengers, and especially commuters, have to make
transfers, their dissatisfaction increas@berefore they would readily walk longer distances

in order to avoid transfers (Alshalalfah and Shalaby, 2007). A transfer between train and local
public trarsport feeder modes (such as bus, tram and metro) was perceived as
counterproductive, when Schakenbos et@016)tried to examine this transfer disutility in

a public transport trip. Hine and Scq®000)F £ 42 a i dzRASR (KS LI} aasSy3as
interrupting trips andfound out that interchange is generally not appreciated, especially by
commuters, due to various reasons such as delays, lack of information on changing points or
long walking distances. Similar findings appeared in the study of Wardma(R804l) where
convenience and cleanliness proved to be crucial requirements for avoiding negative feelings
towards interchanges in the triftherefore, evidence emerges about general dissatisfaction
regarding necessity of changing from one conveyance to the other. It needs to be clarified
which characteristics havie L2 &A G A GBS AYLI Ol 2y (NI @hdf SNBEQ
they have to ma& these transfersit needs to be identified whether, by avoiding the
congested railway stations, this option seems to be more ideal than choosingténehiange

in a crowded station. In addition, it is necessary to iderttiy attributes that could attact
passengers to ahangein their behavior However, it can also be the cadeat passengers

decide to make &ansferin a major train hub due to several needs they have during the trip,
which probably cannot be satisfied at a station of a lower level.

As thereasonsthat a passenger chooses a specific railway station can be very complex,
gaining understanding in #t directioncan obviously help the railway planners to manage
the railway system more effectively. Debrezion et (@D09)showed that the derived rail
service quality index (RSQI) had a positive effect on the choice of a railway station, and
although the study washkmut departure station choiceat provides an evidence that a good
accessibility to dier stations increases the possibilities that a station will be chosen. Similarly,
Shaoa et a2015)supported that it should not be assumed that every commutgnoses to

travel efficiently. fiey found thatthe railwaystation in the vicinity of origin is not necessarily
chosen from the total amount of commuters, indicating that station service and facilities had
a stronger impact instead.

w A R S Nahdick tlé€isionsan also be affected by broader factors such asarévolution

and new forms of city development. For instance, growth and decentralization of population
and employment has caused changes in the patterns of transit customers as well as in their
behavior, such as decrease of transit patronage in the tiaall centralized lines, demand
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growth in more fafflung regions and tendency to return to personal motorized vehicles
(Brown and Thompson, 2008As a result, taking into account all the new circumstances,
identifying the important characteristics of thisocedure can be quite complex.

According to ¥n Acker et al(2010)there is not yet a theoretical framework justifying the
relationships between daily travel behavior and spatial, seconomic and socio
psychologtal characteristics, pointing out the importance of understanding the complexity of

GKS ONIYyaLRNIIFIGA2Y aeadisSya IyR OK2A0Sa IyR

decisions in regard to this. They considered travel behavior as an outcome oftestmor
activity decisions, mediurterm location decisions and lortgrm lifestyle decisions (adapted
from (Handy, 1996)showing the intricacy of interrelations that exist during decision making
process of each individual. Tkdéore, despite the accumulated evidencexploring the
reasons behind these decisions is deemed to be very interesting, yet quite convoluted.

In a nutshell, it becomes apparetitat multimodal transport is necessaity order toservea
polycentric systemwhere for various reasons people can easily move from one place to
another. This kind of transpodemands various decisions to be made from the travelers.
These decisions pertain to the choséravel modes, routes, railway stations and a
combination of d of them. Also, constant efforts of the Dutch plannergésult in satisfied
users andprovide a weHfunctioning transportation system, prescribes théte transfer
nodesshouldbe carefully designed and become more appealing, relieving in that way the
undesired congestion of the most crowded hubkwever, the motives behind the various
choices of the public transport travelers are difficult to identify clearly, since many and
complex factors underlitheir decisions. So, understanding the nature adsl decisions and
realizingwhichattributes play a crucial rol@ the choices related to multimodal traveling will
0S I @Grftdza o6tS FAR (2 GKS 2@0SNYftf LI FYyyAy?3

1.3.Research questions
The problem that needs to be idafied is which attributes o& trip andrailway station have
an influence orpublic transporti NI @ Séitéchdicgbehaviorand therefore howtravelers
can betriggered to choose a certain railway station and a certain routeen they have to
make oneor more transfers to reach their destination. The main research question that arises
is the following:

27

f Which are the influential characteristics in tpeblic transportpassg’ ISNBE Q RSOA &

making process whilehoosing the route and theailwaystation(9 that theywill use
during a multmodal trip?

az2NB &ALISOAFAOLIffeées (GKS 202S00A@0S 2F (KAaA
behaviorregarding the choice of gpecific multimodal route when one or more transfers are
necessary to be mad& addition, it is tried to understangthy a main or a side railway station

is preferredas transfer point.Thiswill provide understanding in the attributes that are
important for thetravelers when they have to change transport modes to reach thieal
destination. In addition, knowledge needs to be gained in the combinations of modes that
passengerprefer to choose, when taking only one train is not an option to arrive at their
22dz2NySeQa SyR>X YR GKSNBT2NB LIS NookhatignSof K 2 ¢
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modes and routeshat are facilitated bysidetrain stations. For the purpose of that, more
research questions arise and are presented below.

1 How can railway stations be characterized?

1 How cantravelera @ute choicebehaviorbe investigatd?

1 Do the sociodemographic characteristics or the travel experience of the public
transport passengers have an impact on the route choice behavior?

1.4 Practical and theoretical relevance

Conducting research on this topic holds both theoretical and pracetevance, since it can
provide contribution to the scientific knowledge of the investigating field and at the same
time it can yield findings that are important to the related stakeholders that are directly
involved in thesubject.

Regarding the theoretal relevancethis study willattempt to provide a concrete insight into

the consequential characteristicef the public transporation system, the station
environment and the route choices context, trying to consider and measure their influence

on the fnal route choice behavior @ublic transporipassengers. In additiod, 2 § KS I dzi K 2
knowledge, the scientific information that is available today is mainly approaching the route
choice matter from a more general viewpoint including driving and othermaed transport.

The focal point of this research is the puliiansport, so the study aims in increasing the
knowledge related to this specific kid transportation.

Besides, the study results in a practical contribution as the outcome can prove verj
AYF2NXYIEGAGS F2NI Hff GKS Ay@2f SR aidl {1 SK2ft RS
behaviors and the characteristics of the transpgystem can be a powerful tofdr both the

Dutch railwaysperatorand the regional public transport corapies, which in cooperation

can be aware of the necesgaconditions that their ridership is in need of. Furthermore, the

regional governments can get benefit by possessing some insightful comments regarding the
opinion of their residents. In this way, foation of their policies related to use of public

transport and regional mobility can be improvedadedr y 3 G2 GKS LI aaSy 3 SNE

1.5.Thesis outline

The thesis consists of five distinctive chapterbere different topics are discussed. The first

onepert Aya (2 G(KS Ayl NSbRdr® inkldiyg tie Problef Statein&n§ a A & Q&
the research questions that arise from this problem and the practical and theoretical
relevance of the thesis. The second chapter includesotiteomes of theliterature study

about multimodal traveling and route choice behavior. Various previous studies related to
multimodal transport andridership reactionstoward transfers in public transporare

reviewed. In addition, a literature study related to route choice decisi@king process is
conducted in order toretrieve the most valuable attribute, crucial for constructing an
experiment.

Next, the third chapter followsvhere the research method selectedand presented. The

advantages and disadvantgof the metlod aredescribed the experimental design process
is explained and the case that is examined in this study is introduced. Moreover, the design
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of the experiment is thoroughly outlined and the data collection is shown. The forth chapter
includes information abouthe outcome of the data collection, describing the data that is
gathered, the sample that is obtained and the outcome of the analysis. The built model is
explained and the research questions are answered through the results that emerge from the
analysis.In addition, a simulation example is shown in order to understand how the results
can be applied.

Finally, there is a conclusion that arises in the fifth chapter, along wibme
recommendations. This is the point where the final results are collectesgliained in order

to draw the conclusions, while recommendation is helpful for the stakeholders and the
potential future researcherd.ast but not least, the limitations of the current research are
discussed, explained by possible flaws and possibleovapnents of this study.

17



2. Theoretical framework

Thischapterpresents all the important and relevant subjects that this researdject deals

with. First, he chaptemprovidessome generainformation about the Dutch public transport,
giving a historial overview of the Dutch railways and explaining some characteristics of the
train, the bus and the railway stations. Next, multimodal transport is introduced and the
disutility of transfers is explained. Finally, the route choice concepkpdicatedand the
attributes that werefound in the literature study tglay a crucial role in the route choice
dedsion making process are recorded.

2.1 Dutch public transport

2.1.1. History of Dutch Railways

The Dutch railway network has been developed through various plsases 1839, when the
first railway was createdbetween the cities of Amsterdam and Haarlem. Kasraian et al.
(2016) on their research about the impact tfe Dutch railway system on the urbanization
in the Randstad areaexplainedthis developmentby presenting foumrmain periods, that
fundamentally influenced the railway growth in thHéetherlands.A closer look to these
periods can béound inAppendix 1 , where Figure 2fgpictsthe most prominent features of
the Dutchrailway development across these years.

The Memorandum Infrastracture and Space that was approved by the Dutch governement in
2012 gives some guidelines for the Dutch spatial planning by 2040, with an aim to bring the
local authorities to the frontline fothe spatial developmengVos, 2015)In this manner, the
concept of urban network will be neglected for the sake of a new plan with clustering areas,
depicted in Figurd.

Figure4. Main connecting corridors for ila

Figureb. Desired Dutch urban networks accorc roads. Source: MVW (2004), retrieved from
to the Memorandum SpacéSource: MVROM (Vos, 2015) '

(2004), retrieved fronfVos, D15)

=
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""" Missing link in connecting co|rridors
Remaining primary railroads
Railroads in foreign countries
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TheMemorandum shows that the nia focus of the rail traffic is apparent in some specific
connecting corridors, showin Figureb. It is quiteremarkable that the priorities of the public
transportation lie in these corridors, resulting in their optimization and improvement, instead

of expansion of the network, which means that less attention is given to the lines that do not
belong in this group. Thereforthere is high quality of public transportation provided in the
main areas of the Netherlands, but since the focal point is the sifnature that facilitates

the largest group of passengers, this leaves less space for enhancement of the systems that
serve areas with smaller potential for travel€k&s, 2015)

2.1.2. Current situation

The changes that have agted throughout this period have inevitably caused alterations in
the way the Dutch population travels. There is a considerable increase in the kilometers
traveled per person for each purpog®an der Waardet al., 2012) The main reasons of
mobility are leisure, shopping, education, hngss and commuting. Commutirghows a
remarkable increase from 1985, as can be sedfigure 6

Figure6. Kilometres by trip purpose per pers@uurce(Van der Waard et al., 2012)
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It canbe observed that business, education and shopping trips have had a rather steady
course. The new conditions of urban growth in the end of 20th century, with development
and creation of job opportunities taking place around the transport hubs led to the
augmentdion of the workrelated trips. In total, mobility for commuting, business and
education, which can be divided from the shopping and leisure trips, possesses around 40%
of the kilometers being covered.

These distances are traveled by car, train, BTM/{Basi/Metro) and bicycle. Available data
AaK2¢g GKS LINPINBaa 27F 0KSa SFigure Rieitddal amaudt ofi A y OS
distance covered by public transport reaches the substantial number of around 23 billion
kilometers in 2011, representing3% of the totaldistance traveledut it can be observed

that the use of car has a prominent roleafVder Waard et al., 2012A notable increase in

the use of public transport in the last 30 yedias been recordedout this increase actually

pertains totravelers who changed their previouslyalking and cycling trips as well as to
studentswho acquired free transportation cards for public transport travel{Adpkokin,

2009) Therefore, there is still much room for improventetoncerning the stimulation of

public transportation use, since the use of car still helggedominant portion.
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Figure?. Kilometres per mode (in billionSource(van der Waard et al., 2012)
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On the other hand, looking @$erto the car traveleramore specificallyit appearsthat the
young adults between 180 years old have decreased the use of car between 1995 and 2009
according to analysis of data from the Transportation Behavior Survey-2885 and the
Netherlands Mollity Survey 20042009 possibly due to the fact that more women are
involved in the working environment or because there is an increase in the young adults
studyingandworking(Jorritsma et al., 20)3Specifically, young adults have reduced the use
of every mode of transport, apart from the train, accordittgVVan der Waard et al2012)
which they used 31% more in 2009 compared to 199&wever, it should be kept in mind
that students, vino form a big amount of youngdults, are supplied with a free public
transportatlon card while thewre studying in the Netherlands, therefotigis feature might

0S I RSGOSNNAYIl y( ingBehaviardeirdNesd, 02). 1 3 Q (G NI 0SSt

2.1.3. Trainand busn the Netherlands

The vast majority forail transport in the Netherlands, specifically around 95%, is facilitated by
the Dutch Railways (Nederlandse SpoorwegBi®), while the rest of traveled kilometers is
accounted for other operators (Veolia, Arriva, Connexxion and Syntus), which tekef tiae
so-called decentralizedailwaylines (Ministerie van Infrastructuur en Milieu, 2015).
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Figure8. Overview transporcompanieson The Dutch railway network is divided into the
decentralized linesSource(Ministerie van

Infrastructuur en Milieu, 2015) main rail lines and 22 decentralizethe process
Arriva . of decentralization began in 1998 with the
o omesien il . AlmeloMariénberg railroad and completed in
NS « 1 2014 with the line ZwolkEnschedeNS has the
- Lol ~ responsibility fortransportation to most of the

: main rail network on the basis of a transport
= . concession from the government and is also
© N\__. 7\ accountable forfour decentralized lines i.e.
RotterdamHoek van HollandiGoudaAlphen aan
den Rijn, Zwoll&ampenand ZwolleEnschede
The other four operators serve mobility of the rest
of the decentralizedailwaylines, as can be seen
in Figure 8 (Ministerie van mfrastructuur en
Milieu, 2015)

Due to lack of public data since 20t2used by the full implementation of the &@¥Wip card
system,2011 is the last year for which a complete list is available on the volume of traffic on
the decentralized lines. RomondNijmegen (130 millionkilometers) and Leeuwarden
Groningen (140 million kilometers) had the largest share, partly due to the longer average
travel distances on these linesaiV Ooststroomand Savelberg2008) Between 2002 and
2006, the rise in trai usage was much larger in these lines in comparison to the rest of the
Dutch network. Some quality improvements, such as increase of frequency and integration of
train and bus, were the possibt&auses Moreover, he Netherlands Institute for Transport
Pdicy (KiM) assigns thiourteen regional public transport authoritiegvhichare responsible

for the development of public transport in their regipto implement their own policies for
2020 which are tailored to thespecific situation in each argMinisterie van Infrastructuur

en Milieu, 2015)

Because of the integration of the @¥ip cardsystem and cessation of tt/ROOVesearch
that was taking place in the buhere is not a clear view available for the developmeht
bus, tram and metro (BTMThe use oBTMincreased from about 6.3 billion kilometers in
2004 to 7 billion in 2011This growth took plae mainly between 20® and 2011(Ministerie
van Infrastructuur en Milieu, 2015)

The emyhasis on highguality public transportation in the Netherlands has resulted in railways
of high frequency and high capacity. However, these characteristics mainly apply to some
centralized lines between the major cities, while the public transportatiotesyss more
limited in smaller cities or the countrysid@/os, 2015)So, tvo types of trains can be
distinguished in the Dutch public transport netwdikansTec adviseurs BV, 2Q09)

1 Intercity trans, which are mainly met in the fast and ledigtance routes of the main

corridors;
1 Stop trains, which are available in the local routes and can be met in every station.
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Figured® t | a4 Sy 3SNRQ &abicN. |t should be mentioned that the local operators of
transportin the Netherlands. Sour¢EROW, 201€ e decentralized lines tentb call these two types
GaySt iNBAYE YR Gaili2LIINBAYE

The bus service in the Netherlands is available both
at a regional and city public transport leyeut there
isminimallong-distance bus service provided due to
the high quality and brod use of railway services
throughout the country.Overall, passengers are
satisfied by the regional public transport because of
the quality improvements that have occurred in the
last fifteen yearCROW, 2016}igure9 shows he
W alh total scores for the entire country. The results show
o2y an increase in the valuation of the BTM, especially in
comparison with therelated figures of previous
/i years, which shows that BTM is gaining recognition
as improvements are established in the orgaation
of the service.

2.1.4. Railway g&tions

ProRailis a government agency, responsible for the maintenance of RDéch railway
network infrastructure (apart from metro and tram) as well as for traffic control and allocation
of rail capacity. In a partnergh with NSstations, they are in charge of providiriean,
reliable,durable and comfortable stationslong withgood transfer facilitiethat make the

trip of the passengers as comfortable as possipi®Rail(a), 2015 They are aware that the
experience of travelers determined by a combination of factoaadnot only the quality of

the transfer is of importance, but the quality of tiséation as a whole.

Because the basic facilities are not enough in order to mai&euktomers, i.e. thpassengers

and theusers of the stations, satisfied, NS has formulated ten basim@andments in order

to becomea customerdriven railway operator and thus result in content users (Van Hagen
and Bruyn, 201R shown inFigure 10 Theypresentedthese commandments in the form of
rules which lead to a highuality service and therefore to satisfied users. For this reason, the
customesarethe centerof attention, so their expectations, wishes and needs are defined in
order to achieve th desired result. These needs are depicted in a hierarchical pyramid that
reflectsthe way the customers realize and measure the quality that is offered to them by the
railway operators.
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FigurelO. Hierarchical pyramid of the varis quality dimensions. Sourd&an Hagen and Bruyn, 2012).

Pyramid of CustomerNeeds

Emotions
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Physical effort;
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Mental effort:
Mo hassle, no stress

Satisflers

ez e Travel time door to door:

The faster, the better

Dissatisfiers

Trust;

~ellab Safe and secure joummey
Get what you expect

Safety and reliability create the foundation of the offered qualities, implicating that these are
the cornerstones of satisfaction while using a railway service. Whisrbasis i€nsured, the
customersmeasure the received quality in more aspects. Speed and ease are the next
prerequisiteghat theydemand, andvhen these are not elements of the offered service, this
leads to dissatisfaction. This is why they are called dissatisfiers; itstastibl that a trip is

fast and that little effort has been made from the traveler. On top of that, the structure of
this hierarchical pyramid is complete when comfort and experience are provided; the so
called satisfiers. This is due to the fact that whihese characteristics define a trighe
customers perceive an extra gratification. Therefore, not only has the trip to be safe, reliable,
fast and easy, but the conditions must also be comfortable and pleasant, such-asowated
environment in trainsaand stations, where various facilities are also offered, that enable the
users toexperience a complete servi¢gan Hagen and Bruyn, 2012).

The extent to which these preconditions will be applied at a railway station certainly depends

on the degree of neessity that exists there.h€re are differences between the railway
adrFdA2yas gKAOK Ay (GKS bSGKSNI I y RcthedralB Of | 3
dYyS3al Uz WYdnif YaairAidesdhasadio®®le number of pasgers per day, with

values 0f<1000, 10,000, 25,000, 75,00875,000respectively(ProRail(b), 2015 Classifying

the railway stations into groups means thébe attributes and the facilities of each station

will vary depending on the level ofdtstationand uwndoubtedly, the higher the level, the more

carefully will the pyramid of customer needs will be implemented

However, classifying the stationsolely by their passenger frequencies forbids the
consideration of other crucial characteristigghich are not comparable between staticersd
allow for inclusion of functioning, context and system structy#&empet al., 2011) This
statement isfurther supported by Zemp et al. (2011) who argue that in order to achieve a
strategic planning in theraa of railway stations, these need to be classified according to the
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Figurell. Possible interactions between functions of railway
stations.Source(Scholz et al., 2011)
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2.2 Multimodal transport
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relevant demands instead of the current
AYRAOIFG2N) 2F aLJ aaSy3as
Scholzt al.(2011)identified a framework
of five generic functions of the railway
stations, shownn Figue 11, in order to
develop assessment criteria on a more
solid basis rather than simply looking at
the station from a passenger frequency
perspective.This enables théntegration

of more factors in the development of the
railway stations, taking into aount all
the interactions that exist in the
catchment aea Transfer between modes
of transport is one of them, as well as the
overall transport network, so the
multimodal transportation can definetely
KFE@S |y AYLI OGO 2y
and developmenh

iKS

As mentioned above, the Dutch public transportation is tightly linked with multimodal
mobility. A multimodaljourneyis a trip that consists of two or more vehicular modes in order

G2 NBIFIOK GKS
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the journey (e.gCarlier et al 2003 van Nes, 2002tc.). In addition, a specific mode or service
serves as the main one, covering the biggest distance, while the rest of the modes or services
are the ones sed to access and/or egress from the main mode. Thus, the transport networks

are characterized by a hierarchical aspect.

The main focus of this resear@hto investigate multmodal trips where the main part of the
journey is covered by train. Therefordaetmost important definitions are adopted from the
study ofHoogendooraLanserand Van Nes(2005)where the main parts of such a trip are

defined. They describe that a trip where the origin or destination is the tr&&e

K2YS

address is callelomeboundand in the specific case that the train is the main means of
transport that the traveler uses, then the journey is divided into three elements; a train trip

part and two nontrain trip parts.

HoweverHoogendoorALangr andVan Negpropose two different ways afistinguishinghe

two non-train trip parts but only one is adopted here, namely a distinction betweaeness

and egress The former refers to the trip being madeom the originof the travelerto the
railwaystation while the latter refers to the trip being madem the railway station to the

final destination The reason of such a selection lies in the willingness to examine chses o

trips being made specifically from origin to destination and the adoptibn ai K S |

K2 NAQ

distinction, i.e.homeend and activity-end parts, would dictate the inclusion of exclusively
directionfree atrributes in the utility specification.
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Inevitably, making a multimodal trip prescribes that the traveler isgellito make at least
one transferNecessity of transfers in a public transport network is often more tqgrarent
since they offer the possibility of various connections within the network and therefore they
enlarge it. However, this opportunity is prdblg not appreciated by potential users, since
they can compare it with an undisturbed car trip that offers a dtmsdoor mobility(Guoand
Wilson 2011)

Transfers may cause an additional disturbance to the passengers in cases of extra delays or
lost cannections,which decreases the attractiveness of public transport in genénantze

and Molin2013) so a transportation network designed with transfers needs to be accurate
and reliable. In the beginning of 2006, 1 out of 8 trains of the Dutch railystgrs were
reported with a belated departuréMolin et al.,2009) whichimplies that in cases of short
connections or transfers to low frequency trains, the final delay might be quite longer.

| SYyOSs GNIyaFSNB LX & | nChddg€rtaih b ondBf the mdsty (1 NI
determining elements of a multimodal trigh KS A YLER2 NIy OS 2F (Nryat
decision making becamevidentalmost 30 years ago when Hufit990)formulated a logit

model and foud out that minimizing the transfer waiting times can prove to be unsuitable,
especially at the expense of increasing the need to transfer, implying that number of transfers

is much more influential than the transfer waiting timat the same time, it becoes

F LILJ NByd KSNB (GKFd GKS GARSEFE¢ GNIyaFtTSNI dAd
However, his findings were quite preliminary and pertained to traditional characteristics such

as, apart from number of transfers and transfer time, headwayeinicle time, walking

distances from home and to final destination, repeatedly examined from following
researchers.

Taking into account the disutility that passengeexeive while making transfersome
advantages must be offered to them in such a c&eduction in travel time and cost seems

to counteract the dissatisfaction that a transfer can cause as it has been found in an attempt
to gain patronage for a new route which includes a transfer and abandon an already existing
route option(Chowdhury et b, 2015).

In addition, this perceived disutility can be reduced by other means of improvement, related
to the environment that the passengers make their transfer. Public transport in general or
specific multimodal routes could significantly benefit byproving the transfer experience,

so taking care of the facilities that the ridership can enjoy would reduce the figurative cost
that somebody pays while making transfé¢@uo et al., 2011)rain station attributes play a
significant role in thelzd SdNdc@ decisionswhich calls for thoughtful awareness of which
facilities should be available in the transfer hi{dsderson, 2013)

2.4.Routechoicebackground
One d the main questions that arisss how travelers are making tiredecisionsin cases
where more than one routes are available for theirtip ¢ KS A Y RAGARdzI £ aQ | ({
have certainly a determining &f€t on every choice being madeowever habitual behavior
is noticed when a chosen action is repeatedylag doubts about the welleasoning nature
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of these decisiong/an Acker et al., 2010Me et al(2014NB Ff SOGSR G KS { NI
generally and described the diversity of route choice behaviors also g givecial attention
to the habitual or deliberate aspect of these decisions.
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Lindsey et al(2014)showed the importance and effects of ptep information on route
choice decisions, but referred to driving condition I Y R I R2 ENRPSIRI SI yBW B2 NJ
model by treating drivers and ngoublic transport users. Manley et §2015)also dealt with
route choice complexity in urban areas but outlined a heuristic rule to reflect th@ SIlNE Q
route choice decision as well. Similarly, Prato and BekRo07)estimated the important
parameters in the actual route choice behaviohabitual commuters that driveroan urban
network. Although focused on diing as well, their results can be auxiliary for route choice
modeling since they suggest guidelines for prediction of route choice behavior, while
observing the actual one. Freijng007)proposed a stochastic path geration algorithm,
trying to propose the number of necessary paths to obtain objective estimates, focusing on
drivers as well.

Bekhor and Alber{2014)also analyzed route choice behavior of drivers and tried to show
which latent variables, especially those related to sensation seeking, can be included in the
models and combined with the traditional ones, such astpgetravel information, can give
more valuable and realistic results. Physical feelings and emotiomadessions were
therefore incorporated in the models, in an effort to realize to which extent human sensations
can play a prominent role tilis kind of decisiondHowever, it can be assumed thihe above
attributescan only be apparent in drivirgdhoicedecisions, where there is more freedom and
variety of choosing the different routes. Route options in public transport are somehow pre
defined, leaving small space for sensation seekamggbles which cannot be included that
easily, since public transpausers act more passively by default.

Handy (1996) classified the choices made by individuals into kemgn, intermediate and
short-term, namely lifestyle choices (e.g. family formation, labor force participation,
orientation toward leisure), mobilt choices (e.g. employment, residential location, housing
type, automobile ownership, mode to work) and daily travel choices forwork purposes
(e.g. activity type, activity duration, destination, route, mode) respectively, explaining that
the shortterm choices are made in order to satisfy the ldegm. Therefore, there is a link
between every choice that is madbgy the individuals and it can prove very useful to realize
the factors that underlie the observed relationships. It can be seen in the atassification

that route choice decisions are part of the shtgtm group of choices. The link between this
specific shorterm decision and the factors that motivate it has not been studied thoroughly
from previous researchers. There is great abundanteesearch about transportation
choices and there has definitely been an extensive effort to draw conclusions about mode
choice decision motives in general and about route choice decisions as wedls lstated
before not about the choice betweemoutes within public transportsolely. Attention is
therefore drawn abouthow the choices are been made exclusively in the public transport
context and the question that arises here is not whether e.g. a commuestgavork by car

or by train, but how a publittansport passenger decid®en which of the routes, available to
him between his fixed origin and fixed destination, to take.
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Route choice in a public transport network is defined by Guo and W(aihl)as a choice
among various services, even in cases where they follow the same physicdbpatistance
the choice of a passenger whether to board in the arriving vehicle or to wait for a later one,
which wil have a lower irvehicle time or else taking a slow or atf&rain for the same route.

P
>
ax
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behavior is significantly different than the one of drivers and dissimilar approach might be
necessary. Undoubtedly, common geal characteristics appear in these cases, but attention
should certainly be devoted in the way of treating each scenario. Moreover, necessity to
include multiple modes in the models of public transport route choices and combine them for
the various routeoptions, instead of introducing inflexible separations between them while
making the models, is frequently proposed in transportation studies Brands et al., 2014)

2.5. Routechoice influential éributes
A thorough research of relevant to the ruchoicebehaviorcharacteristichias been carried
out in an effort to reveal relationships betwedhese attributesand the decision making of
the travelers. An abundance of pertinent scientific papers is available nowadays, since
examining the complexsaociations between thmain featuresof route choicebehaviors was
always of particular intergsn the field of transportation plannindt becomes quite evident
from previous researds that the authors fervently support the need to focus on
explanatiors from a behavioral perspective and not only justify the travel choices by looking
at the time and fare differences. Some of the most important findings are presented below.

2.5.1. Transferelatedattributes

Transfers concern the travelers of multimodal triggce they constitute one of the main

elements ofthesejourneys.Guo and Wilsorf2011)0 2 y Of dzRHe traingfer dost ¢oimes

from three differentd 2 dzZNOS&ayY GNI YAFSNI gl f {Ay3IZ GNFyaFsSN
so attributes related to these three pillars can definitely be expecteddalready mentioned,

transfer disutility is one of the biggest ones that the passengers seem to receive. Therefore,

it needs to be examined which are the most influential attributelsted totransfers while

traveling.

Thenumber of transferss one of the most important attributes for the route choice models

in the regional and long distance railway traffic (Aghausen and Vrtic, 200Bovy et al.,

2005 Axhausen et al., 2008Vt y 2 ON | 2 @t Ho&énddorLérser et al.M1988There

are plenty of more researchevgho agree thamnot only the total number of transfers, but the

time that is necessary for the transfes the least appreciated part of a tr{p.g.Schakenbos

et al.; 2016, Carlier et al., 2002&nderson, 2018 Investigation on multimodal transport by

using a fuzzy logic approafHoogendoorA_anser et al., 1988) and logriving data from a

smart cardbased fare payment systemWt y 2 ON1 2 @t S (thatiwalking timeat mn 0 & K
transfer points is also influential.

Therefore, it becomes clear that there is a variety of attributes, associated with the necessity

to make transfers that are included in the models of route choice studiEsvever,
HoogendoorrLarser (2005)suggests that attentionns demanded on their inclusiotue to
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expectancy of high correlations between the parameter estimates. This is the reason that a
limited number of transferariablesshould beincludedin travel choice modelgttention is
specifically called to the number of transfers, because they might highly correlate with other
transfer characteristics, therefore careful inclusion of a combination of these attributes
should be considered in order tesult in smaller correlations.

It shouldalsobe remembered that transfer disutility varies significantly between different
trip purposes and various groups of passengers. For instance, traagjedsnore than 60
years, probably perceive short transfémes as stressful due to fear that they will lose the
transfer (Schakenbos et al., 2016Jherefore, in order to improve the quality of public
transport by reducing the transfer disutility, consideration must be taken on the various
groups and needs thiare associated with the specific public transport lines, connections and
time slots. Short transfers might be desired during peak hours, while more time might be
necessary on the offeak hours (Schakenbos et al., 2016¢leed Axhausen and Vtr{2002)

state that seasonal ticket holders find transfer time more important than other grafps
travelers Consequently, &ravel card possessian implied to be one attribute that can be
considered in the route choice modadj. Findings of Van Nes (2002) support this further, as
availability of the students public transport card, which is provided in the Netherlands, found
to have a substantial (positive) influence, compared to sdeimographic characteristics, in
the determnation of multimodal travel sharddore examples of a different transfer valuation
can be found in other aspects as well, such as between low and high quality level of traffic
supplyor between a frequent and nofrequent servic§Axhausen and Vtric, 202

2.5.2. Travel attributes

Thein-vehicletime, as anticipatedis also highly relevani the context oimultimodal choice
decisions. It was mentioned as a major factor in various studies, where the route choice
decision making process was investigatesing a Multi-Nested GEV model (Bovy and
HoogendoorALanser(2005) a stated choice experiment ®valuate the travel time savings

in Switzerland (Axhausen et al., 200&tomparativestudy between themetro systems of
Londonand SantiaggRaveau et al., 2014)r a qualitative study in an effort to determine the
factors of the passenger transpdf@e Jong antfan de Riet, 2008). Hence, thevehick time

that the passengers spenthile traveling is definitely one of the leadjdeterminantsin their
decision making, since definesin a large extent the final travel time and consequently the
total time that they lose by making a specific choice.

The aforementioned studies reveal a considerable numbetlodr influential atributes, able

G2 RSUOSNXYAYS (KS Lzt AO NI yHeddiRakppeaisNjbigd St S NA -
frequently to be one of thend | EKI dzA Sy YR *NIAOZ HnaHT W y2C(
Anderson, 2018 This refers to the frequency of the contieg vehicle that a passenger

needs to board in after the transfer. Therefore, ieigpectecthat large headways, i.e. vehicles

arriving infrequently are notembracedby the ridership, due to the potential increase that

this can mean for the duration dfieir entire trip.

Similarly, as with the transfer attributes, valuation of each characteristic might be interpreted

differently between various groups, for instance commuters showed a significantly higher
price parameter, probably stemming from theimter willingnesgo-pay for improvements.
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Travel costs and faremppeared to be significant as well in the conclusions of the previous
researchers, whicks not surprising, since somebody would expect that one route wbald
preferred over another if therevas a difference in costHowever HoogendoorALanser et

al. (1988) while studying interurban multimodal trips in the Netherlands, excluded cost
variables and socieconomic characteristics from their models. Tdunsideredroute choice
problem waswith respect to public transport and the cost of urban public transportation in
the Netherlands solely depends on the trip's origin and destination, regardless of the
transportation modethat the traveler takegfor instance fast or slow trainHence, the
researchers wanted to examine the problem without including influences from cost
differences between alternates and income of the travelers andthe currentresearch will

be conducted in the same area, the same consideration will be taken.

The researchahe by Axhausen and Vtii2002)unveils more attributes thainfluencepublic
transport users tradeoff during their route choice decision makindpart from the
aforementioned onesieliabilityandtype of trainseem b be included in the most prominent
showing that passengers care for the high quality offered to thehile number of station
stops in-train services, landscape viewand general cleanliness of the system become a
second priority.

In the study ofRavew et al.(2014) apart from the traditionally significant attributes, some

more importantattributesthat proved to have an influence refer to tieenditions in the train

and the station(i.e. mean occupancy, possibiliof getting a seat, possibility of not boarding

the first train) as well as to thieansfer environmentHence, not only the time and fare related

OKI N} OGSNAadAOa OFry LXI& | LNRPYAYSY(d NRtS Ay
for the environment that is encountered while making the trip (boththre train and in the

railway station). In addition, sociodemographic characteristics were found to be significant

this study such agiender and age.

2.5.3. Sociedemographiaattributes

So, sociodemgraphic characteristics also form a group of attributes that might have an
2dziadl yRAY 3 Ay Tt dzSy Orstherdyaft of RFBAcTek &t.(2D16)about RS OA & .
Intercity Passenger Rail, research has shownghasengers using buses tend to be younger

and have less income than the general population, therefore it is apparentatatand

incomeare two of sociedemographic variables that play a role in mode choices and as a result

in route choices as well. Sonmeore findings of the research with respect to bus traveling,

suggest a few more attributes that are relevant with public transport choices, suelielof
educationandemployment® { LISOAFAOI ff &> Al ¢l a F2dzyR GKI
to pasengers who are employed and/or highly educa{®EG Inc. et al., 20138us is also

ranked lower than other modes from passengers who are accompanied by more passengers,
hence it should be investigated what behavior is encountered whether travelers move in
groupsand if so, if there are exact formations of groups or number of accompanying travelers

that lead to a change in travel behavior

Household incomappears to have an influence of route choice decisions due to the fact that

people with higher income seek fast routes without paying special attention to the price of
the trip, but, instead, caring more aboutdhncrease in the value of tin{f®e Jon@nd van de
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Riet,2008)5S w2y 3 yR @Fry RS wASO Ffaz2 adagridSR (K
characteristics affect the route choice and other decisions as well, many of these attributes

may work through car availability or income, therefore in order to avoid further correlations,

it can be supposed that income is one of the most important sociamgaphic attributes

that can be includd in the route choice modeling.

2.5.4. Advanced technology/informatioattributes

Van Acker et al2010)RS @St 2 LJISR | 02y OSLJidz2rf Y2RSt Ay |y
trip decison making by assessing and explaining the reasoned and unreasoned factors
influencing the choices made by travelers. Supporting the idea that travel choices are made

0l &SR dzLl2Y AYRAGARdzZ £ 3Q LINBFTFSNByOSa theyR GKS
generated a model to unravel the link between the observed daily travel behavior and the
combination of attributes related to spatial, socioeconomic and spsichological nature.

Some important findings promulgate the emergenceadécommunicatioriechnologiesand

GKS ySg OANDdzvyaldlyOSa 2F AYRAODGARIzZEfAQ AydSNY
Thus, travethoice behaviors definitely modified, since the recently intensive use of these
technologies has altered joint activities withhetr individuals such as colleagues and friends

guite impressively and as a consequence it has led to an alteration in the travel behavior.

Not only this advanced technology environmemis an influence onLJ- 8 8 SY ISNE Q | C
individually but it also has an important effect onLJS 2 LI S Q& . Nohédays]) Ol A 2y
smartphone ownership is booming in most developed countries and the Netherlands rate
reaches 59%, outperforming Germany, France, FinlandjuBeland even the United States

(Deloitte, 2013) This fact combined with smartphone applications, which inform about
transportation alternatives that a user has from origin to destination, form a new base of
mobility, since travelers are equipped with all the available tools that enidem to instantly

be aware of various options they have while traveling, enriched with plenty of information

about fares, times, durations and transfers. These circumstances, emerged and settled in the
beginning of the 2% century,probably have an impa on travelers decision making process

that should not be neglectedrhe importance of using information technology has already

been highlighted and a difference between trains and buses has been discovered,awith tr

users showing more interesin thisattribute, probably due to the fact that train passengers

have a more business profile and show a biggepensity to train than to bu$RSG et al.,

2015) Therefore, as railway services offer quite often the possibility to information
technology accesthere is an even higher value that passengers receive, a situation that does

not count many years in the forefront of transportation systemshould be tested whether

advanced technologies, for instance availableeéhicle WiFi connection, are influgral in

the choice of modes and routes.

2.5.5. Station/environment/facilitiesattributes

Despite the recent trends and the tendency to frenetic use of wireless internet, it is found

that this is not the only amenity thadublic transport passengecare aboutFacilitiesoffered

during the transfersre also a determiningatureas already mentioned abové.¢ NJ y & F S NNJ
is a less significant barrier to travel when quality stations and interchange facilities are

LINE @A RS R ¢ R2005) mentiordxNN #fs0 showed that penalties associated with
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transfers decrease when higher quality interchange facilities such as platforms and protected
walkways are providedlhe travelers anticipate a certain degree of physical comfort, while
making use of the stations and the trains. Protected waiting areas and food facilities, shops
and cafes at the station are elements that can increase the user satisfati the overall
experience.

In spite of the extensive transfer experience, therdéaisk of knowledge about how specific
investmentswithin the station environmenheed to be managed in an effective way (MIMIC,
1999). Solutions regarding the offered facilities and investments at the transfer points must
be proposed in respect to the needs$ the users and should not emerge as opportunistic
decisions.

{2YS AYLRNIFIYG FAYRAYy3IaA Fo2dzi GKS NRES 2F N
choice behaviomwere presented in the research done by Fiorefzatalano et al(2003)

namelya strong preference for both boarding and alighting at train stations that are served

by Intercity train services, although Intercity train is not necessarily .UAdtdht is indicated

hereis that some characteristics of the stations might be important for the travelers even

if they do not make use of the main Intercity service component, which is the use of Intercity

train itself, meaning that these stations are preferred due to the facilities being off@edy

et al. (DO5) also mentioned that the stronger preference that is recorded for the Intercity

railway stations is not only related to the observed leokervice attributes but to
unobserved variables as well, such as availability of various facilities or sefleéystation.

Certain aspects of the built environment, such @esssenger densitieand the physical
characteristics of the stationsvere also proved to have an influencRaveau et al(2011)

have shown that inclusio of nontraditional variables in public transport route choice
experiments is quite beneficial fabnsequentiatesults. Valuable findings of this study reveal
GKFGO dzaSNJ {y26fSR3IS 2F GKS ySig2N] Qa NRdziS
information of a transit system is presentedle also of a great importanceeinforcingthe

statement made beforethat the way information is presented and provided in the railway
stations can contribute with a considerable impactin addition, providing accurate
information is essential while making transfers due to anxiety that adigect trip causes,
especially in comparison to eonvenient and direct automobile trifRSG et al., 2015)
Information was also proved to be an important facility on the researfctwardman et al.
OHnnmu | o2dzi GNIF @St S N@&nQublicBanNgp@titdavaliggyn @iditionk vy G S NX
agood sheltewas also included in the finding$ the aforementioned studyshowing that a
protectedarea is quite important while travelerserd to wait while making the transfer.

Crowdingh & £ 42 I RSUOSNXNAYLFY(d FFLOG2NI 2F adGladAazy
travel experiencgVan Hagen and Bruyn, 2012). Since a crowdedt®n might be tolerated

to a limited extent, the passnger densityin the stations is an important element of the

0N @St SNEQ LISNOSLII A2y @ sredaiding 2cowded opnditiok &an dza S NE
be measured? Verslu§2010)conducted research about pedestrianenaction behavior and

some important features that influence the pedestrian interaction process have been stated.

Age, gender, body size, cultural aspects are some of them. Travel purpose is also mentioned

as influential on the walking speed, with businéss/eling pedestrians showing the highest

one, followed by commuters, shoppers and pedestrians walking in leisure. However, not
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much evidence has been gathered about influence of the travel purpose in the interaction
process. In addition, familiarity witthe environment also plays a significant role in the
pedestrian interaction proceg$-ruin, 1971)etrieved from(Versluis, 2010)Users of public
infrastructure tend to focus their attention on derstanding the surrounding environment
rather than on their interaction with other users, so it can be comprehended that when
pedestrians are familiar with the space, their mutual interaction process is smoother.

2.6.Conclusions

It is realized thathie Dutch public transportation has been developing since the nineteenth
century with constant efforts of optimizing it. There is however a lot of room for improvement
because the car still holds the leading position of mobility in the Netherlands. Debpite
focus on quality of all aspects of public transportation mobility, the increase in public
transport usethe last decadesias only been recorded for youraglult travelers who are
equipped with free transportation cards. In addition, the most of improeeaimactions are
concentrated in the main corridors which facilitate the biggest cities of the Randstad area,
while the rest of regions come nexh any case, the planning authoritiabvays seek for the
NEFrazya 2F adldAirzy dza &kedplace avery year ink ald indagsyof | y R
transport in order to observe the course of public transport use and understand the
demanded improvements.

At the same time, theirbanformation in the Netherlands has been organized on the basis of
flows between theseparate urban systems so a polycentric system has been developed. This
entails that quite often the public transport passengers cannot travel seamlessly to their
destination because few network lines are direct, while the majority of them are bundled
Transfers need to be made from one vehicle to another, which cause a disutility to the
ridership. In additia, due to inability of traveling directly from origin to destination, various
route options can be available, with different combinations of usedalesiand/or transfer
stations. Because of thdisturbancethat is caused by the transfers and based on the
continuous effort of optimizing the Dutch public transport network, the route choice behavior
is tried to be investigated. Special attention is giterthe role of main and side railway
stations in order to understand how this differentiation affects the decision making process
of the pulic transport passengers. Acknowledgement of the most influential factors that are
related with theenvironment ofthe railway stations can lead to policy making which can
allow the redirection of travelers to the side railway stations and decongest the main ones.

A literature review about route choice behavior has been carried outiameas tried to
identify the influential characteristics of the public transport @5t SNEQ RSOA&AZ2Y
process. The attributes related to-uehicle travel times and transfers appear to be the ones
with the highest impact. The environment in the statipige crowd conditionsand te
facilities that are provided have also been reported to be of a considerable influence and can
mitigate the dissatisfaction that is received with interchanges. The costs and fares are
inevitably influential as well for the route choice decisions. Moexpthe headways of the
required vehicles have been continuously stated from previous researchers to highly affect
the route choice behavior. Some more elements that have proved to be important for this
behavior are the age, the income, the travel cardgession, and the level of education and
employment of the travelers as well as the relidpiof trains, the way of presenting
information andthe presence of telecommunication technologies
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This chaptemprovides information about theesearch approach that is chosen in order to
answer the research questions. It is explained why stated choice approach is selected. In
addition, the case study is described and the experiment is explained thorouggtéjlsDpf

the questionnairewhichwasdesigned in order to conduct the experimeate also provided

as well as the way the data was collected. Finally, the chosen method for the data analysis
and the proposed modes$ introduced.

3. Research approach

3.1.Stated choice

Route choice modeling has been approad by many researchers due to its complexity and
various methods have been used in order to get a valuable insight in this p{ecgs&uo et
al., 2011;Frejinger et al., 20QYitetta, 2016 Jayasinghe et al., 201@rtic et al., 200). But
finding theright approach which will help in drawing tldesiredresults is the key ingredient
of a valuable outcomeln the current research the aim is to find out what are the key
characteristics that influence the route choice behavior of the public transpoxtetess.
According toArentzeand Molin (2013 hé siated choicemethod is a weHestablished
method to estimate travel choice models empirically

When there is need of predicting how various transportation polieiesld affect the travel
demand, then employingtated choice surveys proves to be a powerful tool (Fujii and Garling,
2003) The current study seeks to identify the attributes that have an impact on route choice
decision makingrocess, in order to reakzhow would the public transpottsersbe triggered

to redirect from main to side railway stations and establish successful policies based on these
findings.The stated choice approatias been deployeuh various transportation studies that
aimed topredict the future demand and foresee how the involved travelers of each case
would react in possible changes, such as the studylabit et al. (2013)who investigated
international longdistance travel preference3herefore, since it needs to be captured how
the individuals make their specific choices, hypothetical situations will be presented to them
in the form of a stated choice experiment.

But a question thasometimesarises in similar approaches is whether stafg@ference
should be preferred owerevealed preference. Statgareference data are gathered by
presenting hypothetical situations to respondents, where they havstate their choice in
the given circumstances. On the other hand, revegleseference data refer to the ones
gathered throudp the actual choices that people make, tgvealingtheir real preference
(Train, 2009)

Janosikova et a{2014)estimated a public transport route choice problem by using archived
data fram a smart carébased system and showed thiits modeled with higher accuracyuB
HoogendoorrLanser et al. (1988), who considered a similar problem in urban areas, after
classifying the travelers to regular and incidental, recognized the problem trsssairom
collecting revealed preference data only. Regular travelers are more familiar with a specific
trip alternative than incidental travelers, but on the other hand, habitual behavior is likely to
bind them from exploring different travel alternativeAs a result, observed travel behavior

of regular travelers may not correspond to their actual preferences, so setting revealed
preference questions exclusively prevenise researcherfrom approaching the topic
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thoroughly and understanding how ridershigll react in possible alterations, not only by
relying on their repetitive behavior, which is probakdriven by habitual forcesThe most
prominent advantages and disaaivages of stated preferenceompared to revealed
preference are presented below.

Advantages of SP
1 While RP only shows choice results, SP shows ranking, rating and choice information;
1 While RP only captures existing alternatives and observable behavior, SP captures
non-existing alternatives and hypothetical behavior;
There is not measureemt error in SP data;
While the range of attributes in RP is limited, in SP situations it can easily be extended;
In SP it is possible to control mutillinearity among attributes;
More responses can be obtained from each respondent due to brevity amnitlyabf
the choice set

= =4 4

Disadvantages of SP

1 While there is consistency in RP since it is obtained from observed behavior, this might
not be the case in SP because there is not real correlation between real behavior and
answers;

1 Because respondents mighiytto justify their actual behavior or to control policies,
biases are likely to occur;

1 In order to avoid biases, SP data must be collected in a highly specific fashion.
(Adapted from Sanko, 2001 (hem, 2014)

Therefore, stated choice approach iselectedand various individualsvill be invited to
participate into astated choiceexperiment in which they will have to choose between a
specificset of hypotheticalalternatives. Each alternative is described by its attributegcivh
in turn are explained by their levels. Hensk#994)stated that choice responses are directly
translated into predictions anthat making a choice ilatively easier for the respondent.
First, it is important to clarify the procedure that a researcher needs to follow in order to
generate valuable choicalternatives andsets and in consequence useful data and results.
Hensher et al(2005)summarized the process to generate tetd preference experiments in
an experimental design processheme as can be seen kgure 12. Firstof all, the research
problem is clarified, so it is unambiguous what results need to be achewvée end of the
research. In this case, as mentionabtove, the factors that influencéJ- 8 8 Sy 3 S NA Q
choices in the context of public transport is the main research dpialalso underlined that
attention will be given to the role of side and main railway stations as \Melhce, tke
research problents properly efined.

Next, stimuli refinement follows in the process. The researcher has to refine the list of
alternatives and attending the location of the study can be an initial step. In addition, the
alternatives need to be further limited down irrder to result ino a manageable size of
choicealternatives In this way, each decision maker is presented with a differentsgtlof
alternatives. A second approach of limiting down the alternatives is to exclude the
GAYAAIAYATAOLI y (the redearshierdhaslio/act Sdnkhdw sDbjedti@ely and place
more weight in practical considerations.
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The next task of the stimuli refinement refers to attribute and attribute level identification.
The relevant attributes need to be assignedrefully to ead alternative because the
conditions are rather vague. For instance, one researcher might attach a different marginal
utility to time spent walking to a station than they do to #nspent waiting at the statiorAs

a result, this is a very crucial step ditdrature review can give an important insight into the
issue. At this point, inteattribute correlation must also be considered, which refers to the
cognitive perceptions the decision makers bind to the attribute descriptions provided. This
means thatwhile an experimental design is generated by estimating some attributes
independently, the respondents may not necessarily treat these attributes asgbei
independent, so in this caseested designs might be dictated. If nested structures are not
used, then a rather safe solution is to identify the attributes that probably act as proxies for
other attributes and choose the most appropriate ones for the research.

The identification and refinement of the attribute levels and attribute level labels is the nex
important step, which also requires much attention. We are forced to compromise in terms

of the number of attribute levels to use and we also have to identify the extreme ranges of

the attribute levels. Examining the experiences related to the attribuieshe decision

makers being studied is very helpful to attribute level labeling, as well as deriving the
extremes of them. However, if it needs to be examined which the travel behavior will be in

case of alterations of the current situation, attentionshto be kept because using values

outside ofthe identified rangey A 3K Ol dzAS NBALR YRSy GaQ ai SLIiA

After having identified the aforementioned elements, the next step that the researcher needs
to take pertains to the consideration of the experiment@ddsign. This is the moment when

the type of design is chosen and the model is specified so the analyst needs to take decisions
such as whether to use a full factorial design or not, whether to present a labeled or unlabeled
experiment, whether the numberfdevels should be reduced or not etc. In addition, the
reduction of the experiment size should be considered here, since it is possible that a fraction
of the treament combinations is used arttle degrees of freedom are also calculated.

The fourthand fifth step occur simultaneously and refer to the actual generation of the
experimental design, so the design strategy is adopted, and the attributes are allocated to
design columns, so the attribute levels are coded. As a consequence, the sixth step takes
place, which means that the choice sets are generated.

The choice sets that can be recognized are the subjective and the objettinice set,

consisting of thealternatives known to the traveler and of all the feasible alternatives
considered relevant byhe researcher for the travelerespectively(Bovy and Stern, 1990).
FiorenzeCatalano et al. (2003) stuetl the characteristics of muttiodal choice sets by
generating objective alternative sets for each individual and realistic alternative sets for
goudd 2F GNI} St SNE® ¢KSe Schdsifichtibn/ofSaRernatdé®d | y R
the feasible, the knownand the consideredetso 2 G K FNR2Y | (NI @St SN
perspective, showing the differences in the two approaches and the uifés that might
a0SY FTNRY GKS RAFTFSNBYOG AYyF2NNIOGA2Yy 20601 A
1y26t SR3IS | 62dzi GKS A prideddrs twssNdew@lopadNd Feserkatey O S &
estimated objective choice sets and there was a comparison tetween them and the

a
y S
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reported subjective choice sets. However, the big number of possible alternatives involved
means that generating objective choice sets might not be quite appropriate and therefore
FiorenzeCatalano et al(2003) developed an alternafie approach, estimating subjective
choice sets and comparing these wilie reported sets.

Qubsequently the choice sets are randomized in order to result in a random selection and to
be presented to the respondentsvhich refers to the seventh stage ofetiprocedure When

all the steps are followed and completed it is time for the survey to be constructed. The
SELISNAYSYyGlIf RSaAdy LINROSaa AyadNdHzySyd OF
to result in a valuable outcome, by providing a sequent steps thafacilitate a careful
design.

Figurel2. Experimental Dégn ProcessHensher et al., 2005)

Stage 1 Problem refinement e ——

v

Stage 2 Stimuli refinement
» Alternative identification
» Attribute identification <
» Attribute level identification

v

Stage 3 Experimental design consideration
» Type of design

» Model specification (additive vs interactions) +
» Reducing experiment size

v

Stage 4 Generate experimental design
Stage 5 Allocate attributes to design columns |

» Main effects vs interactions

Stage 6| Generate choice sets ‘
Stage 7 Randomize choice sets
Stage 8 Construct survey instrument

3.2.Casestudy

The main case that selected to be studieth this research pertains to the Zernike campus
in the city ofGroningen, which accommodates tlate University of Groningen (RUG) and

y I

the Hanze University of Applied Sciences (Hanze). The route choices that are examined refer

to the public transport connection between the city ofdusvarden and the Zernike campus.
This case is chosen due to the fact that the travelers between this pair of-degtination

have more than one route option to choose fro@V bureau GroningeBrenthe, which is a
cooperation entity between the provinces Groningen and Drenthe and thaeicipality of
Groningen (De Jong et al., 2011), is responsible for the organization of public transport in
these provinces and needs ientifyi KS Y2 GA@Sa 0SKAYR (GKS LI
to facilitate the area in the most proper way.
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The targegroup thatwill be examined pertainsainly to student@nd employeesvhotravel
between the city of Leeuwarden anlde Zernike campusThe total number of students and
employees of Hanzexceeds the 3000(Hanzehogeschddstudent Information 201:2016)
while this number is bigger than 43000 for the case of RR¥@ual Review University of
Groningen) but there is not a clear figure of the exact number of the students who travel
from Leeuwarden.

As statedchoice approachis chosento obtain the desired information regarding the

AY Tt dzSyaal t Tl Ol 2 NE a quéstionniird i e SoNskr@techadS K I A 2
respondents will bénvited to evaluate differenthoice sets with alteratives between which

they will have to choose the one they prefer. Afterwards, the completed questionnaires will

0SS FylFrftel SR Ay 2NRSNJ (2 3Si NBadzZ Ga 02y OSNYA
transport routes.

Description of available rows

The experiment is focused on people whose destination is the Zernike cam@ussningen

and their origin is Leevarden or one of the followingstations: Leeuwarden
CamminghaburenHurdegaryp, Feanwalden, De YWereen, Buitenpost, Grijpskerk, or
Zuidhan. The aforementioned railway stations refer to the intermediate stops that exist
between Leeuwarden and Groningen and passengers who make use of them have to choose
between different routes in orer to arrive at Zernike camputkie end of their trip. Thenain

goal of the research is to clarify all the factors that play a role irctiméce behavioof these
passengers during their muttiodal trip and whether and which of the station characteristics
have a strong influence as well on the selection procedur

Thecapitalcities of Leeuwarden and Groningen are connected by trains from Aupiator.
The line has an increasing function for the accessibilityotth centersandis 54 kilometers
long, not electrified, secuewith the train control systemATB-NG and partially (about 30
kilometers between Grijskerk and Zwaagwesteinde two-track (Van Ooststroom and
Savelberg2008)

Thetwo types oftrain that a passenger can talkee: the fast traind & { y S foitheIStapy € 0

0 N¥ Ay 6 aThé@rmkr bdcanyiects te two cities almost directly, since there is only

2yS ad2L) 60SG6SSy GKSYZ Ay .daAdSyLRaid FyR (GKS
latter one follows the same railway line, but stops in many poirdsetween and the whole

trip lasts49 minutes. Connection from Leeuwardenttee Zernike campus in Groningen is

therefore dependent on this connection (between Leeuwarden and Groningen) and it is
facilitated by two main different routeswvhich arellustratedin Figure 13
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Figurel3. Route options between Leeuwarden station and Zernike campus in Groningen.
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The first option that traglers are given is to take thstop train from Leeuwarden and
disembark from the vehicle at Zuidhorn station, after 38 minutes. Afteds, there is a bus

(no. 11) connecting Zuidhorn station with Zernike campus in 13 minutes. It should be noted
here that this route takes in total approximately the same time with the second route that
will be explained afterwards, which is about 1 howmparking in Leeuwarderand
disembarking at Zernike campus).

The second choice is take thefast trainfrom the beginning till the end of thérain route

(from Leeuwarden tahe main station of Groninggrand then continue the trip to Zernike

campus byous (no. 15) fronthe bus station, which is locadl next to the railway station, in a

gt 1Ay3 RAaAGlIYOS 2F | o02dzi H YAydziSad ¢KA& NI
noted that stoptrain can also be usefr this route but this trip lastsl4 minutes more, so it

will not be taken into account, since the time difference with the other two routes, compared

to the time difference they have with each other, is not negligible.

According to data gatired from OVoureau in 2013, 83% of the traelers cloose the first
option (Route A in Figure }4therefore travel to Zernike campus through Zuidhorn. 15,9% of
them chose the second option (Route B1), selecting to travel thrdlgimain train station

of Groningen (from now orisroningen QSand takng the bus no.15, hile a very small
percentage (6%) cloose to head to Zernike by another route, which is to travébtoningen

CS but then continue to Zernike campus by taking another train to Groningen Noord station.
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Figureld. Passengers distribution in the available routes. Sourcéau®dau GroningeiDrenthe, 2013
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As it can be perceived, bothforementionedroutes initially require taking the train and
afterwards the busThe third option that seems to exist in thetddrom OVbureau, will not

be taken into account in this research due to its Istatusand because it cannot compete
satisfactorilywith the other two routes.The situation regarding the buses within the city of
Groningen can be morelosely looked irFigure 15, where it isvisible that the green line
represents the route of bus no.11 that starts in Zuidhorn, and the orange line represents the
route of bus no. 15 that starts at Groningen CS. $tleeme shows roughly the available
routes, with Zernike cams onthenorthig S& G 6 SAy 3 NBLINBaASyiadSR | a
only one of the four available bus stops in the entire area of the campus.

Figurel5. Buses route scheme in the city of Groningelni(* retrieved frongbuzz.i/g-link/ )
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Finally,the two routes that are investigated refer to the connectifiom Leeuwarden
through Zuidhorn station with bus no. 11 and through Groningen CS with bus ri@ghdésing
the first option allows passengers to leave the train in Zuidh@0 minutes before it reaches
the final destination and therefore board in the bus while having covelatbstfour fifths
of the entire route. On the other hand, choosing the latogation means that they have to
cover the whole distance till the citf Groningen and then also board in a bus.

One more difference that can be marked between the two choices is the walking distance
from disembarking point tadhe bus stop. In Zuidhorn travelers have to walk 50 meters to
reach the bus, while iGroningen Sthey have to walk 20800 meters, crossing the train
station, which requires about 2 more minutes walking. However, this fact finally makes the
two routes quite equal concerning the waiting time between the train and the bus, since in
Zuidhorn the bus laves 5 minutes after the train arrives, while in Groningen this happens
FFAGSNI T YAydziSad h¥ O2dzNBES>S GKAA | faz2 RSLISy
capability, conditions in the station etc. In addition, it is important to note that the bus f
Zuidhorn (no. 11) departs every 30 minutes, while the headway of bus no. 15@irenmgen

CS is every 5 minutes in the morning rush hour between 078680 (but every 10 minutes
before the morning rush hour and every8/minutes after the morningush hour). The latter

one is very frequent, leaving less space for uncertainty and minimizing the waiting times in
case of train delays or overcrowding in the bus.

Figurel6. Zuidhorn train station (only two train tracks)

Noteworthy difference can also be observed

in terms of available facilities in the trafer

points. In Zuidhorn station, which simply
facilitates the line Groningebheeuwarden,

serving the village and the surrounding area,

there are no facilities offered to the travelers,
aryoS Al o6Sftz2y3a G2 (K
category, which is the Weest mne, according

to the classification of ProRa{ProRail(b),

2015) On the other hand, irGroningen CS

plenty of facilities are offered to the
passengers due to the magnitude of the
ridership and the quantity of connections and
fAySa GKIFG Fdz FAEf GKS ySSRa Ay GKS FNBF 27
category. Shops, cafes, toilets and supermarkets can be fouaningen CSgiving the
opportunity to the passengers to satisfy their most anticipated and cominavel needs

(food, drinks, toilet, tickets etc.).

The two aforementioned routes have been observed during weekdays and attention has been
given on the morning rush hours which peal to be the most problematic. Extensive
information about the outcomef the observations is provided in Appendix 2.
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3.3.Stated choice experiment

The questionnairdas a special focusn students, since the vast majority of the travelers to
the university campus are expected to belong in this grdondeed, acustomer satisfetion
survey that took place in the entire country about the city and regional transport shows that
guite an outstanding percentage of passengers using thie€buses in Groningen (both lines
11 and 15 are @ne) refers to people younger than 27 years ¢79% in 2015) and the
percentage of Qine travelers that was using the @wdent card (free tragportation) is 48%

in 2015 (CROW2016).

Personal and triprelated questionsre included in addition to thetated choice experiment.
The survey is vitten in Dutch and the study is caspecific with young participants, since the
guestionnaire is designed to be distributed mainly to students who travel to and from
university and have to take thelevant route choice decisions as mentioned ahove

Accading to Klgjgaard et ak2012) who demonstrated the significance of a thorough
qualitative process in a discrete choice experiment and the necessary steps during this
procedure, it is very important to include the nto®teworthy attributes that are relevant to

the majority of the respondents, because validity of the experiment should not be affected.

The combined set of attributes is presented in a clear and concise manner to the respondents,

who haveto make tradeoffs betweenthe attributes It has to be ensured that individual

OKIF NI OGSNRAGAOAE NBGSIFt GKS NBaLRy®&ustiom Q G NIz
depends on the levels of these attributeghichare changed across the sets. They have to be
definedcarefully in order to guarantee the willingness of the respondents to make ‘oéide

Therefore, the questionnaire was constructed according to the aforementioned guidelines.
Design of the questionnbliS (2271 LI | OS teiSystend EpScialdeSgNdgd fo® v |j dzS
Built Environment students of TU/e. The survey presented different choice situations to the
respondentsfor which they havdo make a choice of one out of two alternativés.every

choice situationthe first alternative pertained t@ roue with a transfer at a side railway

station and the second alternative alluded to the connection througlmain station
(representing the cases of transferriagthe station of Zuidhorn an@roningerrespectively)

It was made clear that the first casercerned a route with use atoptrain, while the second
alternative dealt with use ofast train. The two alternatives were roughly presentedan

picture in order to give an estimation of tlehoicesituation, as can beeen in Figurd?.

Flageket al. (2015) also used binary stated choigesrder to build a forecasting model, which
would help them predict the future demand of a nemtisting travel mode in comparison to a
current one. Similarlythe currentexperimentis built in such a way that itiesto understand
which characteristics should be given to a route choice with transfer at a side station in order
to surpass the probability of an existing route choice through a main railway station.
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Figurel?. The 2 differehchoice situations as presented to the respondents of the survey.
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Therefore, the respondents were asked to make a choice between two alternative routes
from home to their final destination, where the cases were similar, showing a trip initially by
train and then changing to bus. The main differetiesin the type of train, showing that the
stop train alternative overs a shorter route than the fast traione. For the purpose of
unbiased results, the two choices were presented solely by mentioningypiedf train and

not the names othe real train stationsSince the focus dhe experimentwas tounderstand

how the public transport usersould be redirected to a side railway statiand how this
choice can be more appealingwas decided to keefne second alternative always the same,
with specificand predefined attribute levels. These levelsre selected from the situation
that can be metn Groningen CS'he idea behind this decision is that the characteristics that
are apparent ira station like Groningen C8re difficult to alter, as they depend on a large
guantity of multiple, complexand already decidediactors, and on the other hand was
desired to investigate how we could instigateetpassengerto be more keen orstations
similar to theone in ZuidhorHence, it was tried to elicit information by showing only one
level of thefast trainvariablesand manipulating 2 or 3 levels tife stop trainvariables.

The various profiles were generated by combining attribute leviedsich attribue with other
attribute levels The total number of attributes, incled in the questionnairewas 10,
however the first ondtime in train) was always 35 minutes and was only presented in order
to make the respondents aware that the two options had exatite sameW AiyWNJI Ay Q G NI @
time. As a result the attributesicluded in the experiment were 10 in totdlore specifically

5 of them had 3 levels and 5 of them had 2 levels. This means tha2&03) treatment
combinationswould arise with a full factrial design This would enable the estimation of all
possible main and interaction effects, but it could not be easily handled by the respondents
(Hensher et al., 2005}t is possible to use partial profile experiments with only a subset of
the studied #ributes (Chrzan and Orme, 20QQherefore, a fractional factorial design is
preferredand the number of profiles that were finally generateds 27

Each respondent was introduced to the choice situations with one example and then they
were invited to evaluate 5 random profiles. Ormg1998) proposed a rule of thumb to
estimate the required number of respondents while conducting a stated choice experiment
(retrieved from Rose anBliemer(2013) The proposed equation is the following:
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where,

Nis the required sample size;

0 isthe largest number of levels for any of the attributes;

Jis the number of alternativemcludedin the choice experimentand
Sis the number of choice sets that are presehte each respondent.

As will be explained in the following section, the largest number of leveld)was= 3, the
number of alternatives for each set wd=2 and there were five choice sets presented to each
participant soS=5. As a result, theasiredminimum sample ge for the current research is
equal to 150 respondents.

3.3.1. Setting up the experiment

Attributes

The selection of attributes that were included in the stated preference experiment was based
on the most important features that needeid be examined for the caséased on the
literature review of the previous researches about route choice behathermostimportant
attributes that were related with the investigated problem were added in the experimast.
already mentioned above, #hfirst attribute, which was novariedin the analysis but was
only presented to the respondents, is tltene in the train.The only reason to display this
factor isto make clear that there is no difference in the totaMehicle time(in the train)

Next,transfer time between train and bus was included. Passengers are generally disturbed
when there is need of making transfers, as already stated in theature review (e.g.
Schakenbos et a016, Carlier et al., 200Bnderson, 2013)The examinedase involves one
transfer in the route between the boarding train station and the destination, therefore
number of transfers is not included as an attribute, but the time necessitated for this transfer
is investigated.

Hereupon, thein-vehicle bus timeattribute follows In that way, it needs to be examined
whether the time spent in the bus substantial for a route choice decision like this and
therefore, if passengers can be attracted to a route due to smaller times spent in the bus.
Concerns about govenience personal safety issues have been reported in relation to bus
traveling (RSG, Inc. et al.,, 201950, the purpose of including this attribute is to realize
whether the statement is true and indeed makes a difference incth@ce behavior.

After thesethree time-related attributes, thetotal travel time was also added in the choice

set in order to let the respondents be instantly aware of the entire time difference between
the two alternatives. This was the second and last attribute, apart fioaime in the train,
which was only depicted in the choice set to let the respondents have a concrete idea of the
travel times, and was not included in the analysis. Therefore, onlyrémsfer time and the
in-vehicle bus timewvere the ones really insegtl in the experiment.
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The following attributes were related to the features of the station and the characteristics of

the bus service. Overcrowding situations, met in the platform of Zuidhorn station during the

rush hours, led to the consideration ofapancy rateqcrowdingat the platform)within the

research which was also found in previous researches @ayeatet al.,2014 Van Hageret

al.,2012F YR Ay @SaidAalrdArzy 2F GKAA& OKFNIOGSNRAGAC
the passenger while making a transfer during their trip, that isrealizethe magnitude of

effect of crowded platforms. In order to make it clear and unambiguous to the respondents,
GKA& T GGNRGdzG S ¢ R NHANBRSIS fiss)Shiinfordal tarfidvias dpdNR ¢

for to avoid any misunderstandings.

Next, due to absence of any facility at the station of Zuidhaord similar side stations in the
NetherlandE Al 61 &4 RSOARSR (2 &dhavigrivoll8 bedgnfuencddS NJ LJI
by someF I O A firgsehdeBréviaus studies have mentioned the importance of facilities that

are apparent in the railway statiorizcause they satisfy some basic needs amgrovethe

overall experience of a station useas it was reported in section 2.55.0m the varietyof

facilities normally offered at a railway station, four of them were selected and included in the
experiment; namelypresenceof:

Toilets

Information desk
Kiosk

Heated waiting area

= =4 -4 -4

Instead of the four different attributes, it would be possible teliude only one that could
explain the level of the station, possibly derived from the distinction tratrail(2015)has
indicated. However, it is quite dubious whether the respondents would be able to realize the
differences between types of stations and it would also definitely need more time to describe
the characteristics of the types as well as more effort on behalf of the respondents to
interpret this variation. It is certainlyequired to provide easy and comprehsible

j dzZSadA2yylANBa (KIFG R2 y;ahérefdridNest2dcifties MEré L2 Y RS
simply presented as different independeatributes. It was sought to understand if there is
any precise prierence on a specific facility, soaif the faciities were included as a unique
attribute, no insights would be gained about which of them is indeed necessary at a side
railway station.Thisconcern issupported byHensher et al(2005) who pointed out the
attentionthat needs to be kept in cases like these. More specifically,dtagdthat attribute
ambiguity should be avoided, because different respondents might interpret differently
one single attribute. As a consequence, this will also lead to difficultysimg the results
regarding this attribute after model estimation and in providing meaningful
recommendations.

Wt vy 2 ON{ 2@#4)shénied thaf tde wélking time during the transfers is influential for
the route choice behavior. Sdhe¢ next attribue that was included is thevalking distance
from train to bus.This refers tothe distance that a passenger needs to walk after
disembarking from the train in order to board the bus and continue their Triere is amall
but not negligibledifferencebetween the distance that a passenger needs to wallkatch
the bus in Zuidhorn and the distance that they need to cover in Groni@gim the former
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case the buses set out almost a few steps further than the entrance of the Zmdhorn
station, whilein the latter case, passengers need to traverse a bigger distance in order to walk
out of the station. Passing through Groning€%is undeniably grater in extent and in
duration. Similar cases might resemble the above station designs.

Afterwards,the attribute headway of the busvas includedThis pertains to the frequency of

the vehicle after the transfer, which was found to be a very important characteristic
(Axhausert YR NI AOZ HAnuT HtIOOMJese} 2018Regadrdingb~  H 1 m
the investigated casehere is asubstantial difference between the hdways of the buses

offeredin GroningerCSand in ZuidhornWhile, in the former station the bus rumglite often

(almost every 5 minutes), in the latter one there are only two buseshper heading off to

the university. Hence, it was decided to test out whether more frequent bus service would
attract more pasengers to Zuidhorn statia@r other side stations

The lastattribute is related to the bus experience and more specificatythe level of the

bus serviceSince the type of train was fourtd be a prominent attribute byAxhausen and
Vrtic, 2002) it will be investigated if this also applies for the case of the buslooked into

if travelerscan be triggered to use a sgéc route due to a better level of the running buses.
Attention is necessary here, in order to avoid the ambiguity issues mentioned while describing
the stationfacility attributes above. Since it is decided to make use of this attribute in the
survey, i is necessary to make clear that it is conceived in a similar manner from the entire
group of respondents. Luckily, this attribute, expressinglével of buseshas a more limited
extend than the one expressing thevel of stationPresence of a \Akiconnectionseems to
increasingly influence the route choice behavior of travelers nowadays, as mentioned in 2.5.4,
so this can be one of the included features.

Attribute levels

The two alternatives that the respondertgdto make a choice from are similin terms of
transport modes and core characteristics. Therefore, the attributes that are assigned to each
of them are exactly the same. Thereby, it is easier for the respondents to make a direct
comparison. In additiorit is reminded thathe attribute levels of the second alternative are
unchangingfurther facilitatingthe choice procedure, since the respondents aresanted
various pairs of choice optionsvhere thedescription of thesecond option of the pair is
always the same. The attribute legelhat are assigned to the attributes of the constant
alternative simulate the real situation of Groning€® It should be recallethat this decision

was baed on readiness to realize what changes can be made in Zuidhorn (and in Sheilar
stations examples all over the Netherlands) taking into account the predefined and
considerably difficulto-change conditions of a relating main statidrne included attributes
were given 2 or 3 lels. It should be noted that inclusion of 2 levels only will lead to
estimation of linear effects, so inclusion of 3 levels might seem appropriate for a more realistic
estimation. However, thedecision to include 2 levels was made for the facility attributes,
because it was simply presented to respondents that thesetiasilivere present or not.

The attribute levels of each variable are presented belbwe reasoning behind the selection

of these specific levels stems from the case study that is used in the Zernike campus, and is
provided in Appendix 3.
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Transfer tine:
1 3 minutes
1 6 minutes
1 9 minutes

Time in the bus:
I 12 minutes
1 14 minutes
1 16 minutes

Headway of the bus:
1 Every 10 minutes
1 Every 20 minutes
1 Every 30 minutes

Walking distance:
T 20m
1 100m
1 200m

Crowding in the station:
1 Lowlevel
1 Mediumlevel
1 Highlevel

Presaceof toilet/information deskkiosk heated waiting area
T Yes
1 No

Levelof the bus:
M Basic
1 Comfort

3.3.2. Questionnaire design
In order to conduct the survey questionnaire was designed in Dutch, since most of the
students who travel between Leeuwarden and Zkencampus are coming from the
Netherlandsinternational students alsstudy in Rijksuniversiteit Groningen (RUG), however,
it is assumed thamost of them live irthe area or city of Groningenh@&refore they are not
part of the current research groupsAa result, the questionnaire was only provided in Dutch.

The sirvey contains three main partsach of them has a purpose of collecting data regarding
different aspects. More specifically, the first part includes questions regarding the travel
behavior d the respondents in order to get information about the preferences and habits of
the travelers as well as their familiarity with the reseaodntext The second partontains

the stated choice experiment, where the respondents make thkeaices for thepresented
sets. e final part consists of personal related questions in order to get information about

46



TU/e

sociademographic characteristics of the respondents. The total questionnaire is depicted in
Appendix4.

Thefirst part includes triprelated questions in whichthe respondens are askedo give
information about theircommontravel behavior. All the questions are presented below
while a clear idea about the setting of questions, with the levels of possible answers, is given
in Appendix 5

1. How often doyou travel by train?

2. Which transport mode do you mostly use from home to the train station (pre
transport)?

3. Which transport mode do you mostly use from the train station to your
school/work(after transport)?

4. When do you travel by public transport twhsol/work?

5. In this question it is asked how often the respondent makes use of the following
railway stations:

6. Do you ever travel by bus to Zernike campus?

If the answer in the previous questibghA T F SNB SBENRB Y §KSy (KS ySE
7. Through vihich station do you mostly travel to Zernike campus?

8. How often do you use the following facilities in a train station?

9. When you have to change from train to bus in a train station, how important are the
following aspects for you?

Thesecad partof the questionnaire includedhe choice experiment. This is the parhere

the respondents arenvited to evaluatefive choice situations The respondenthiave to
choose one of the two alternativabat are presentedin order to ensure that everything is
clearto them, a short and concise explanation of the experiment is included in the first page
of this second paralong with a picture, where the respondents csee a visual athe two
alternatives andvill not be confused witltoo many details. It was made itain that the text

and description of the casare sufficiently succinct in order to avoid any possible
misunderstandings, while at the same time the text needed to be short to ward off
NBaLR2yRSydaQ FlFdA3adsSo

In the next pag®f the questionnaireafterletting the respondents have an initial idea of the
experiment, the attributes and attribute levelgere presented to them. Once again,vitas

tried to give a brief and concise explanation, avoiding in such a way to make the respondents
tired. Next, one eample of a choice situatiofollowed in an effort to make the respondents
familiar with the different alternatives and give them a firstigsdtion of the experiment. The
answerof the examples not included in the final responses since it plays the oble first
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trial. The real answers that were included in the data come from the five choice situations
that follow this initialtrial.

Thethird and last parbf the questionnairgeflects the personal status of the respondents. It

is asked from them tgive answersbout their personadttributesin order to get an overview

of the characteristics of our research group. The reason of asking these questitresend

of the survey is due to the fact that the respondents are less focused towards the ¢mel of
guestionnaire and they can easily respond this kind of questions. It is important to note that
their anonymity is clearly pointed out in this paifthe included questions are mentioned
below, while a thorough explanation is provided in Appendix 6.

1. What is your age?

2. What is your gender?

3. Which is the level of achieved education?
4. How is your busehold compositich

5. Which is your pstcode

6. Can you sometimes travel for free by public transport?

3.4Data collection
The datavasobtained at the area of Zeilke campus andhainly in the bus connecting Zernike
campus with Zuidhorn statioinsuch away, it wasmore likely that respondents accustomed
to the researched situationouldbe found.Because thease that is investigated refers to the
area of the camps, the main target group of respondenis students who are traveling
between these areas. That was the reason tthas specific group of passengers had to be
found, acquainted with the choice possibilities and with a situation where a transfer from
train to bus had to be made while traveling to school or work.

Data collection took place in 4 consecutive daggweenMay 17" and May20" 2016.The
respondents were approacheay distributing a small flyemwhich can be found in Appendix

7, and explaimg what the research was about. The flyer also included information about the
survey as well as the linkat the respondents had to use in order to fill in the questionnaire.
In addition, a QR (Quick Response) code was generated anpriweed along withthe rest

of informationin the flyer in order to give the possibility to the potential respondents, who
had installed the QR reader application in their mobile phone, to scan the code and fill in the
survey immediately. This turned out to be very sucagdssfince most of the approached
individuals were students who were technologically updated, and combined with the fact that
the biggest percentage of them were found in the bus, where they were aratthad the
time to fill it in, resultedn a fulfillment rate of about 356 (around 420 flyers were distributed
and148individualsfinally responded).

Because the desired size of the sample was at leastalb@lreadynentioned in sectiorB.3,
in order to get reliable results, it was decided to distribthe survey to more people, who
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