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Abstract (English)

Mobility as a Service (MaaS) promises a competitive transportation alternative to the use of private
cars such that mobility services are combined and offered as flexible subscription transport services
to users on demand via a single platform. Recently, MaaS is attracting attention globally, whether it
is a one-stop solution for a sustainable society remains to be understood. MaaS has the potential to
reduce congestion and other transport related problems significantly by reducing the reliance on car
usage and car ownership. However, the service level of public transportation and transportation
behavior differ greatly between urban and suburban areas, and the feasibility of MaaS is highly
dependent on the built environment. Nevertheless, there are concerns about the acceptability of MaaS,
limited knowledge about the potential demand for MaaS and the willingness to pay for MaaS. This
thesis is a feasibility study that uses data extracted from an online stated preference survey in Shiga,
considered as a suburb and Kyoto, considered as an urban area, to understand the users preference,
potential demand for MaaS and willingness-to-pay for MaaS, also drawing comparisons regarding the
behavioral intentions to use MaaS between the suburbs and urban areas. Using a censored regression
model (Tobit type II) the findings indicate that the inclusion of train in a MaaS package as well as the
people’s travel behavior, especially the frequent use of public transport positively impacts the
adoption of MaaS, which suggests that there is a potential market for MaaS in rural/suburbs.
Furthermore, using Structural Equation Modelling along with multigroup analysis, we analyze the
relationships of latent constructs and the intention to use MaaS. The results revealed that car ownership
and attitudes towards car usage have a significant impact on the intentions to use MaaS. Also, the
structure of the intention to use MaaS is almost same between Shiga and Kyoto, however, the stated
intention to use MaaS, for what purpose and the willingness to pay differs in the questionnaire, which
implies that built environment plays an important role. This study provides insights like MaaS package
preference, age groups likely to use MaaS and the level of awareness of the MaaS concept, which

supports the implementation of MaaS and spurs further research.
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Chapter 1

Introduction

1.1  Background of the Study

The world’s population is increasing rapidly at a rate of 1.1 percent per annum and urbanization is
also on the rise (The World Bank, 2019). By 2050 it is projected that more than two-third of the
world’s population will live in urban areas (Ritchie & Roser, 2018). Also, with the advent of trends
in global public health challenges like the aging population, Covid19 pandemic just to mention a few,
the way we live, work, travel and do businesses is transforming. These trends have put immense
pressure on our environment, systems and services. For example, human population growth is a major
contributing factor to global warming, given that humans use fossil fuels to power their increasingly
mechanized lifestyles. The United States accounts for 4.25% of the total world population yet is the
second largest producer of greenhouse gases after China (Wikipedia, 2021). Similarly, urbanization
though a key to economic development, has some negative impacts on the society, like increase in
demand for urban spaces, air and water pollution, increase in population density and energy

consumption, increased demand for health and transportation services, just to mention a few.

Transportation is shaping our cities and suburbs and it plays a pivotal role in economic and sustainable
development. However, transportation challenges have impacts on the way we live and travel, as well
as the environment. Over the years as transport systems evolve, so also are their associated problems.
For example, traffic congestion adversely impacts quality of life and economic productivity, in that it
increases fuel consumption, cost of the traveler, cost of freight movement, road crashes and other

losses due to delays as well as contributes to CO2 emission that is harmful to the environment.



Consequently, cities have tried to manage these problems by introducing traffic management schemes,
yet at lot still needs to be done in providing a one stop solution to the transportation problem. These
schemes include, separate cycle lanes, traffic calming, low emission zones (London), congestion
charges, road pricing, prioritized road lanes, park and ride, vehicle exclusion zones, carpooling and
more recently smart mobility, on-demand transport services, Mobility as a Service (MaaS) scheme
etc. Therefore, it is imperative that, instead of building our communities around cars, it is important

to build and develop our transport systems around the built environment and communities.

Constantly, there have been emerging innovative mobility solutions to create a new experience for
urban mobility. Furthermore, one may argue that these smart mobility solutions have the potential to
substantially curbed traffic congestion and global warming (Tran & Brand, 2021), however, there are
still concerns about the unintended consequences of MaaS. In recent times, a new transportation
scheme commonly called Mobility as a Service (hereafter, simply called ‘MaaS’) is gaining attention
around the world because it presents a new paradigm to the transportation industry. Mobility as a
Service (MaaS) is said to provide a better alternative for our transportation needs than the use of
private cars such that mobility services are combined and offered as flexible packages to users on
demand via a single digital platform. MaaS has the potential to significantly reduce congestion, cut
down on CO2 emissions and promotes an environmentally friendly community that is inclusive and
sustainable by reducing car ownership (Goodall, Fishman, Bornstein, & Bonthron, 2017).
Nevertheless, implementing MaaS is a continuous process with several components which cannot be
achieved in one swoop. These components of the implementation include policy, demand/supply,
consumer behavior, market forces, MaaS package design, wholistic feasibility, built environment etc.
MaaS implementation comes with its challenges because a new service or technology will have to

gain public acceptance for it to thrive. This feeds into the debate whether MaaS can meet the
2



environmental goals, or whether MaaS is economically viable and sustainable, and can cause a shift

in habitual travel behavior. This is a significant undertaking of this thesis.

1.2 Motivation of the Study

Transportation plays a crucial role to the development of sustainable cities. In line with Sustainable
Development Goals (SDG) 11, which is to make cities and human settlements inclusive, safe, resilient
and sustainable, world leaders seek to strengthen the integration of all modes of transport to achieve
the Sustainable Development Goals (United Nation, 2021). It is hoped that these steps will promote
policy synergies, trade facilitation, infrastructure connectivity and sharing economy (UN General
Assembly, 2017). Therefore, concerted efforts are required by governments, transport planners and
transport service providers to implement sustainable mobility schemes like MaaS. In addition, the
feasibility of introducing these schemes is key to gaining good market penetration.

On the other hand, consumers have increasingly adopted new mobility schemes over the past decade.
For example, bike share and carsharing schemes are spreading rapidly across the globe. There are
bikeshare schemes in more than 50 countries and Uber (ride hailing service) have expanded to more
than 500 cities around the world (Goodall, Fishman, Bornstein, & Bonthron, 2017). This is a clear
indication that consumers travel behavior is evolving with global trends. Hence, there is potential to
encourage widespread shift in travel behavior towards sustainable travels. This step invariably meets
the goals for the development of a sustainable city.

Since MaasS is a new mobility concept, more user experience, data and literature around it will provide
useful insights to drive policies, provide higher quality of service, and enhance market penetration and

public acceptance. All these points necessitate the need for this study.



1.3  Purpose and Research Questions

The main purpose of this study is to introduce MaaS as one of the key components for developing a
sustainable city. More specifically, examine the feasibility of implementing MaaS in an urban setting
as well as non-urban areas which indirectly provides information about the potential demand. Also,
investigate the determinants of the intention to adopt MaaS by the potential users which will help in
designing a suitable MaaS package that is user centric as well as develop a good pricing strategy for
the scheme.

To achieve this, first, I collect data for two human settlements — urban and rural and analyze them to
ascertain the potential demand for MaaS in both cases.

Second, I investigate the factors that influences the user’s decision to take up MaaS.

The key research questions answered in this thesis are as follows.

I. Is there a market for MaaS in a non-urban setting?

2. What are the key elements to consider when implementing MaaS?

3. What are the important factors that influences users’ decision to adopt MaaS?
4. Will consumers ultimately give up their cars and take up MaaS?

1.4  Findings of the Study

Using a censored regression model, the findings of the first paper of this thesis indicates that there is
a market for MaaS in a suburban setting which is fueled by the people’s curiosity. This also implies
that more people are willing to try MaaS depending on the price. Nevertheless, the feasibility of
implementing MaaS should be examined further, considering different aspects of feasibility for
example, operational and economic feasibility.

The findings from the second paper of this thesis highlighted the strong affinity towards the private

car in relation to the users’ behavioral intentions to use MaaS. Using the theory of planned behavior,



these findings indicate that car ownership and people’s attitude towards the private car strongly
impacts the behavioral intentions to use MaaS. To encourage a shift from private car to subscription
transportation services like Maa$S, users’ habitual behaviors must be considered to formulate strategies

for a better market penetration.

1.5 Contributions of the Study

The above findings contribute to literature in three broad ways.

1. The rural MaaS context present an interesting discussion to investigate the feasibility, and
sustainability of the MaaS in different settings which has not been sufficiently explored. This
can contribute to literature over the debate on sustainable mobility vis-a-vis traffic congestion
solutions and environmental benefits.

2. These useful market insights will encourage transport planners and service providers to show
commitment in adopting new business models for the implementation of MaaS.

3. These insights will assist municipalities, authorities and governments toward policy

formulation and synergy.

1.6 Organization of the study

This study is divided into two main parts. The first part deals with the feasibility of mobility as a
service in a rural/suburban setting while the second part deals with the determinants that influences
the residents’ intention to adopt mobility as a service. Precisely, this thesis is outlined as follows:

Chapter 2 describes the concept of mobility as a service, its evolution and current scientific
advancement in the field. Chapter 3 lays down the theoretical and conceptual framework of this study
as well as the questionnaire design considerations and data collection process. Chapter 4 describes
the data collected and presents the preliminary results and brief comparative analysis between rural

and urban settlements. Chapter 5 examines the feasibility of implementing mobility as a service in
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suburban areas and discusses the empirical results. Chapter 6 investigates the determinants of the
intention to adopt MaaS and discusses the findings in relation to policy implications. Chapter 7
summarizes the findings of this study, highlights the policy implications, recommendations and
contributions to the development of rural MaaS. This chapter also outlines the limitations of this study

and prepossess future research works.



Chapter 2
Literature review

2.1 Introduction

In this chapter we discuss the importance of mode choice analysis in the traditional four step
transportation demand estimation for urban planning. Furthermore, we discuss the common factors
that influences the trip maker’s mode choice behavior as well as the common methods used for mode
choice analysis. In addition, we review the psychological and economic theories which forms the
basis for the development of mode choice models. Some of these theories and methods are the major
consideration of this study.

Next, we discuss the evolution of Mobility as a Service (MaaXS), its prospects, challenges and current
trends. Furthermore, we review the consumer behavior towards subscription services other than

transportation services and the lessons from these behaviors are examined.

2.2 Evolution of Mobility as a Service (MaaS)

During the industrial revolution, the invention of the railroad and steam locomotive opened up the
transportation landscape. Transportation systems were no longer limited to rivers and canals.
Subsequently, the invention of a vehicle powered by gas engine (by Carl Benz in 1886, the birthing
of the motor car as we have it in present day) opened up the urban space. Urbanization was on the
rise and sub urban areas also emerged, and this led to decentralizing activities outside cities or transit
corridors. Then, in the 21% century — the digital age, also the information era, access to information
technology everywhere opened up again the transportation landscape such there was a growing need
for existing transportation systems to be more effective, efficient, user-friendly and environmentally

friendly. Now, transport systems are becoming more tailored to what the user/consumer wants, and



how they want it — user centric. This have provided more convenience and consumption choices for
the users (Goodall, Fishman, Bornstein, & Bonthron, 2017).

Consequently, efforts have been made by experts and governments to solve the transportation problem.
These efforts birthed intelligent transportation systems (ITS), combined mobility, multimodal
integration, mobility on demand, paratransit, micro mobility, shared mobility and most recently
mobility as a service (MaaS) in a bid to manage the transportation systems network to deliver the
needed value to users and society at large.

Recently, with the rise of sharing economy, services like Netflix and Spotify emerged. In the music
industry this have also birthed a concept call Music as a Service (MaaS). This is a new form of
consuming music via online subscription streaming services (for example Netflix, Amazon video,
Hulu, Spotify etc.).

Netflix and Spotify have changed the way people search for and purchase and consume movies and
records/music albums (Dorr et al., 2013). Hitherto, people have to go to stores and buy CDs and
DVDs, and of course have the players that support them and by which these media are consumed.
Most people end up having a huge physical library that compete for spaces in their living rooms. Now
with the Netflix and Spotify platforms, most movies and music records are uploaded, and consumers
can access it via a monthly subscription. Also, playing these media do not require a big device like a
video player, but these can be consumed using smartphones, tablets, smart TVs, video game consoles
and personal computers. We do not need a physical space to store the movies and records but just
virtual storage. These technological innovations have changed consumer behavior across different
sectors of our society. Since the information era, consumer’s behavior has been changing and in
transportation field also, there is a shift of focus from purchasing means of transportation (private car)

to the purchase of transport services (Uber, Lyft, Whim-MaaS).



2.2.1 The concept of MaaS

Since mobility as a service (MaaS) is still evolving, there is still no universally accepted definition of
MaaS. However, the core characteristics of MaaS are; the integration of travel mode services, travel
information (fares, routes, schedules) and booking/payment systems (Sochor, Arby, Karlsson, &
Sarasini, 2018). (MaaS Alliance, 2019) defined Mobility as a Service (MaaS) as the integration of
various forms of transport services into a single mobility service accessible on demand while
(Hietanen, 2014) describes MaaS as the convergence of transportation services which are tailored to
users’ needs as monthly packages like a mobile phone contract. These offerings are packaged as
monthly subscription plans or pay-as-you-go. MaaS is being implemented around the world at
different integration levels. Figure 1 and 2 shows the basic architecture and topology of MaaS

respectively.

Figure 2. 1 Basic structure of MaaS (source: pixta.jp)



Governance & PP-cooperation

o
3 Integration of the service offer whlm
y OO0 LA IR
1 Integration of information:
W Googe

s‘“"‘?’ & m-m;w%

N

Figure 2. 2 Topology of MaaS showing the levels of integration

Source: adapted version from (Sochor, Arby, Karlsson, & Sarasini, 2018)

2.2.2 Benefits of MaaS

In principle, MaaS could be beneficial in the following ways:

1.

For the customer, it could provide flexibility of choice of the modes to include or remove in a
subscription package as the need arises. Also, it meets the mobility needs of users at the same
cost or lower than their current travel modes (for example the Whim unlimited plans).

For the transport operators, MaaS could increase the market penetration and market share of the
mobility services. It also boosts supporting services like payment systems, trip
information/planner apps. For example, trip planner apps like whim provide data on trips,
modes, routes, fares and subscription packages. This data is valuable to trip makers.

For government authorities, implementing MaaS can meet their long-term goals to reduce traffic
congestion, cut down on CO2 emissions and boost the economy (Rye, 2017). In addition, it

creates the possibility of reducing public subsidy for public transport (Hensher, 2017).

10



However, there are some disadvantages that implementation of MaaS brings. It has the possibility of
attracting more riders to auto based mobility services like ride hailing, car sharing and rental car
services which invariably defies the overall objectives of MaaS. Moreover, there are fears of social

exclusion for poor people or people without smartphones.

2.2.3 MaaS Acceptance

MaasS is not yet widely and consistently adopted globally, however significant progress has been made
in some cities across Europe and their experiences provide great insights for future implementation of
MaaS. Lessons from some of the operational MaaS schemes like Whim, UbiGo and Reach Now, all
in Europe can be used for trying out MaaS in other regions. A brief history of the major providers of

MaasS is shown in Table 2-1
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Table 2. 1 The key service operators of MaaS

S/No. MaaS scheme Description
1 Whim — mobility app i. Started operations October 2016 in Helsinki.
(MaaS Global Ltd-Finland) ii. Offers monthly subscription packages and pay-as-you-go.
iii. Modes included are public transport, taxi, rental car, e-
scooter and citybike.
iv. Whim cities: Helsinki, Turku, Vienna, Antwarp, West
Midlands and greater Tokyo.
v. Over 16 million trips since inception.

2 UbiGo — mobility app i. Field operational trial in Gothenburg 2013 — 2014, 97% of
(Swedish Joint venture: Via-ID, SL the participants wanted to remain customers after the
(Regional PTA) and selected experiment.
transport service providers) ii. Launched commercial operations in Stockholm in 2019 but

operating only in some parts of Stockholm.
iii. Offers mobility subscription packages with the following
modes: public tansport, bike, taxi, car sharing, rental car.
iv. Subscription packages can be shared among family
members and friends.

3 Reach Now — mobility app i. Formerly known as Moovel but renamed as “Reach Now”

(Corporate  start-up within the and establish in 2019.

Daimler and BMW ecosystem - ii.

Germany)

iil.

iv.

One of the five joint ventures Daimler and BMW group
namely, Free Now, Share Now, Reach Now, Park Now and
Charge Now.

Featured modes are public transport, car sharing, taxis,
bikes and e-scooters.

Services are offered in 22 cities and used by 7.5 million

people.

Sources: https://whimapp.com/helsinki/en/history-of-maas-global/, https://www.ubigo.me/en/about-ubigo,

https://www.daimler-mobility.com/en/innovations/mobility-services/history-of-the-dms/, https://www.reach-

now.com/about/
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2.2.4 A brief review of MaaS trends

Digitization and technological advancements have played a key role in the development of MaaS
(Transport Systems Catapult, 2016). This trend has increased the demand for new and innovative
transport solutions. An innovative solution like Mobility as a Service is a new concept that could
provide seamless door-to-travel that meet the needs of the people. However, there is limited data on
the user experience of MaaS on a large scale since most of the schemes are being piloted or operated
at lower levels of integration. Some examples of MaaS schemes are Whim, Ubigo, Smile, Navigogo,
HannoverMobil etc. Some of these schemes are implemented under a Public-Private Partnership
arrangement, bringing all stakeholders on board to collaborate in delivering MaaS to the users. Many
pilot projects are springing up around the world, like the Galileo for Mobility in Europe (UITP, 2019),
MaaS America Advisory Committee-MAAC (ITS International, 2019) and in Japan, Softbank and
Toyota’s joint venture-Monet technologies. Consequently, Softbank and Toyota group are creating
more alliance with other big players like Grab and Uber to provide ride-hailing services - Autono-
MaaS and MaasS to cover Southeast Asia markets (Nikkei Asia, 2018).

Other mobility schemes like flat-rate system or subscription transport service positively influence the
attitude towards the use of public transport, increases transit ridership and decreases the use of private
cars (Satoshi & Ryuichi, 2003). Research groups around the world have also been working on the
feasibility of implementing MaaS or subscription transport services to harness the benefits that come
with these schemes. For example, (Kamargianni, Matyas, Li, & Schéfer, 2015) revealed that there
seems to be a significant market for MaaS and even car owners are willing to make a shift to usage.
Furthermore, the presence of mobility services like car sharing, bike sharing, taxi and public transport
in a city or town makes it easier for MaaS to thrive (Kamargianni, Matyas, Li, & Muscat , 2018).

Although, there is a growing attractiveness of the MaaS concept, in some places frequent public
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transport users find it less attractive (Ho, Hensher, Mulley, & Wong, 2018). Also, in Paleiskwartier
Netherlands, most residents did not express interest to take up MaaS as revealed in the stated
preference survey conducted by (Fioreze, Gruijter, & Gaurs, 2019). Different places have their
peculiar issues, hence the feasibility, acceptability and market penetration of MaaS should be tested
considering these peculiar factors. An optimal MaaS model in one place may not succeed in another
place, for example in the case of developing versus developed countries. The following studies for the
introduction of MaaS provided insights particular to the intended place of implementation. They are
(Singh, 2019) in India, (Schikofsky, Dannewald, & Kowald, 2019) in Germany, (Fioreze, Gruijter, &
Gaurs, 2019) in the Netherlands, (Esztergar-Kiss & Kerenyi, 2019) in European cities, (Mulley, et al.,
2019) and (Vij, Ryan, Sampson, & Harris, 2018) in Australia.

MaaS still needs to be thoroughly researched if this will become a one stop solution to the
transportation problem. Many people, including the automotive industry still believes in the comfort
that private cars bring. Therefore, the idea of shifting completely from car ownership to usage as
MaasS offers remains to be desired. In some climes the priority on environmentally friendly behavior
has made automotive industries to invest in electric vehicles (EVs) and innovations in autonomous
vehicles (AVs) to improve the consumer experiences. These innovation stretches the debate whether
it supports the overall objective of MaaS. Since the inception of MaaS, there have been many trials
and pilots in cities around the world. The awareness is increasing, and the behavior of city dwellers
is changing significantly. However, most recently, with the covid19 global pandemic, there have been
a sharp decline in the use of public transport and shared mobility. For example, mobility for commute
to work in the US and Germany have decreased by 37% and 38% respectively. Also, Italy noticed a
60% decrease in the use of car sharing services due to the perceived risks by consumers (Garaus &

Garaus, 2021). This presents a draw back to the efforts made for the widespread adoption of MaaS.
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On the other hand, online subscription streaming services have benefited from the stay at home and
work from work adopted during the pandemic. The consumers who spend time on streaming services
have increase by 75% in 2020 (GlobalNewswire, 2022). Furthermore, telework and hybrid style of
working which has become popular and it is redefining the way we live and work. Other global trends
like climate change and urbanization are vital factors to be considered in implementation of MaaS.
More efforts are needed to improve the social image of MaaS and mitigate the perceived public health
risks. This study addresses the implementation and acceptance of MaaS considering these trends.
Specifically, the built environment that provides an interesting component since consumers behavior

differ in various human settlements or urban settings.

2.2.5 Implementing Mobility as a Service

The implementation of MaaS is a continuous process and requires a lot of investigation, feasibility
studies and decision making. At the inception of the concept vis-a-vis the needs assessment,
stakeholders especially government and private sectors collaborate to come up with a design. Many
studies have explored the feasibility of implementing MaaS in different cities before going to the pilot
stage. In most cases, these studies cover the big cities as a result, there is limited literature about the
prospects of MaaS in rural areas. This study contributes to providing insights for MaaS
implementation in the rural context. More so, this study explores a new area like Shiga which has not
been explored before, at same time makes a comparison with a nearby city — Kyoto. This research
uses the same survey design to compare two areas in proximity that are different in terms of built
environment. Also, the respondents are not asked directly if they will use MaaS but use the flat-rate
system, monthly subscription and the unlimited use features of a MaaS which serves as proxies to the

intentions to use MaasS.
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2.2.6 Attitudes towards MaaS adoption

Generally, there has been skepticism towards MaaS adoption, this may be due to fact that the idea of
MaasS is yet to be fully understood (Fioreze, Gruijter, & Geurs, 2019), (Schikofsky, Dannewald, &
Matthias, Exploring, 2019). Although some people find MaaS attractive because of the technology
and the comfort it may bring however, they are reluctant to pay for it (Ho, Mulley, & Hensher, 2019).
According to a stated preference survey conducted in Shiga-Japan, over 60% of the residents revealed
that they will not use MaaS packages regardless of the price. This was largely due to habitual behaviors
and strong reliance on the use of private cars (Agbe & Shiomi, 2021).

Notwithstanding, the curiosity about MaaS has been building over the years so it is crucial to dwell
on it and develop a scheme that is widely accepted and sustainable.

Since Sweden and Finland are the pioneers of MaaS, it is important to examine the MaaS scheme
operational in these countries to better understand MaaS acceptance and individual adoption. In
Gothenburg, Sweden, MaaS trial was first implemented for a period of six months with 195
individuals from 83 households. The results of this trial showed that car owners reduced the usage of
private cars and increased the use of public transport. Even non car owners who desired to purchase a
car admitted that they did not see the need to purchase it anymore. In fact, 20 households set aside
their cars completely during the trial period, 93% of the participants expressed satisfaction with the
service, 79% said they will continue using the service while 18% want to continue using it depending
on the cost. Overall, curiosity played a greater role in influencing decision to participate than the
perceived benefits that MaaS could bring (Stromberg, Karlsson, & Sochor, 2018), (Sochor, Karlsson,

& Stomberg, 2016).
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In Helsinki, Finland, MaaS app called Whim was introduced in late 2016 with a full launch coming
after in November of 2017. Since then, downloads of the app and subscribers have been growing
steadily over the years. A survey was conducted a month after the launch and the results revealed that
62% of Helsinki residents were aware of the app and 46% were interested in the concept (especially
people within the ages of 18-34). Furthermore, users increased their use of public transport from 48%
to 74% and the use of private cars reduced by half to one time in every five trips (ITS International
online magazine, 2018). Generally, the initial results show a positive attitude towards MaaS but
whether their decisions are driven by environmental concerns, technology, economy or curiosity
remains unclear.

Acceptance has often been highlighted as a key factor for a successful introduction and intended use
of a new technology/transport service. A similar study in Pakistan showed that gender, employment,
income, travel cost and travel time have a significant effect on the users’ acceptance and willingness-
to-use a new car sharing service (Ullah, Liu, & Vanduy, 2019).

In this study, we investigate the determinant for the intention to adopt MaaS in urban and rural areas
using stated preference survey data. We employ structural equation modelling approach to examine
the effects of the relationships between latent variables, observed variables and the intention to use
MaaS. Also, a comparison is drawn to understand the key elements that influences MaaS adoption in

urban and rural areas.

2.3  Transport mode choice

2.3.1 Background to travel mode choice

Transport mode choice is basically the decision a trip maker makes about the mode of transport to use
when embarking on a journey. This is one of the most important stages in the transportation planning

process because it directly affects policy direction. Mode choice analysis helps us understand the
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complex nature of human behavior in terms of the decision-making process (Minal & Ravi Sekhar,
2014). Understanding the traveler’s behavior in respect to mode choice is important because
customer’s satisfaction with transport services is a key performance indicator for transport service
providers (Mintesnot & Shin-ei, 2008), (Madhuwanthi, Marasinghe, Rajapakse, Dharmawansa, &

Nomura, 2016). Consequently, travel mode choice has received much research attention.

2.3.2 Factors influencing mode choice behavior

The factors that influences an individual’s travel mode choice behavior can be categorized into four
main groups namely, the characteristics of the trip maker, the characteristics of the journey, the
characteristics of the travel mode and land use/built environment respectively ( Ortizar & Willumsen,
2011), (Madhuwanthi, Marasinghe, Rajapakse, Dharmawansa, & Nomura, 2016) , (Lee, Nam, & Lee,
2014).

1. Characteristics of the trip maker: this includes but not limited to,

o Age
e Gender
e Income

e Vehicle ownership
e Household structure
e  Occupation
e Possession of drivers’ license etc.
2. Characteristics of the journey which includes
e Purpose of the trip
e Time of the day when trip is undertaken, for example peak and off-peak periods

e  With whom the trip is undertaken, for example, alone or with friends or family
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e Accessibility of the destination area, for example, mountainous areas, islands, remote
areas etc.
3. Characteristics of the travel mode which includes
e In-vehicle time
e Cost of the mode
e Availability
e Reliability
e Travel time and value of time (VOT)
e Comfort and convenience

e Safety

Level of service (LOS) of travel mode
4. Land use/built environment
e Population density
e Land use types like commercial or residential

e Intersection density for example, density of the road networks as well as connectivity

2.4 Considerations of the built environment

Built environment refers to the human-made structures, features and facilities that collectively
provides the setting for human activities. This encompasses all the physical parts of where we live,
recreate and work like homes, buildings, parks, green spaces, open spaces, public spaces, utilities,
streets, sidewalks, road network, water/electricity distribution systems, bridges and transportation
systems (Kaklauskas & Gudauskas, 2016). Particularly, accessibility to transport systems and the
structure of transport infrastructure influences mode choice and invariably travel behavior. For

example, the access and egress time can determine if a traveler will walk to the station/bus stop or use
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a bicycle as well as the availability of parking at a station can encourage travelers to drive, park and
transfer.

The built environment does not only affect mode choice, but it also influences the travel distance and
car ownership (de Vos et al., 2021). The components of the built environment are referred to as the
‘3Ds’ of built environment which are density, diversity and design (Cervero & Kockelman, 1997).
Later, these factors were expanded to include destination accessibility and distance to transit station
now referred to as the 5 Ds, factors of the built environment(Ewing & Cervero, 2010). These factors
have proven to significantly influence mode choice and travel behavior (Matthew McKibbin, 2011).
Density is the most researched variable of the built environment; it provides the compactness of the
living arrangement of people which may indicate that potential trip origins and destinations are
withing a neighborhood. The extent to which density affects mode choice and travel behavior is
unclear. Furthermore, it is unclear whether it is density or the associated variables like residential self-
selection, accessibility, generalized travel cost and access to transit stations that influences mode
choice and travel behavior. Diversity provides the access to activities on different land uses. This
potentially reduces long distance travels. Design deals with the aesthetics and character of the
neighborhood. It attracts people to explore the environment and it invariable promotes the use of non-
motorized modes of travel.

This study considered the aspects of built environment which are aggregated into urban, suburban and
rural area. It is widely believed that people who live in urban areas often use public transport due to
the proximity of origins and destinations to public places. Therefore, based on this assumption, it is

expected that more people who live in urban areas will adopt MaaS.
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2.5 The theory of planned behavior (TPB)

Consumer’s behavior has been studied to understand the choice decision making process. This
knowledge helps to improve the quality of the product or service rendered. In many studies in
transportation and economics, Theory of Planned Behavior (TPB), Technology Acceptance Model
(TAM) and Unified Theory of Acceptance and Use of Technology (UTAUT) are used to explain
consumers choice of a product or service. Theory of Planned Behavior (TPB) states that the likelihood
of an individual to engage in a logical behavior is strongly correlated to the strength of his or her
intentions to engage in that behavior (Kagee & Freeman, 2017). This theory is used to predict
behavioral intentions, which are determined by a combination of three factors namely, attitude towards

the behavior, subjective norms and perceived behavioral control.

Subjective
Norms

Behaviour

Perceived
Behavioural
Control

Figure 2. 3 The Theory of Planned Behavior (TPB) (Ajzen, 1991)

1. Attitude towards the behavior refers to the extent to which a person has an evaluation of the
behavior to be performed. That is whether the person has a positive or negative feeling towards

the behavior to be performed. This involves the consideration of the outcomes of performing the
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behavior of interest. For example, when someone believes that if he or she smiles often he or she
will make more friends.

2. Subjective norm refers to the social pressure to perform the behavior in question. For example,
all my friends use iPhones, so it normal for me to buy one.

3. While perceived behavioral control refers to the ease or difficulty of performing the behavior in
question which is based on past experiences or expected obstacles. For example, [ am most likely
to forget to turn off the lights when I leave my apartment for work. These factors have direct
impact on intentions and indirect impact on behavior. On the other hand, perceived behavioral
control has a direct effect on behavior (Figure 3).

4. Behavioral intention is predicted using a combination of the above-mentioned factors. The
assumption is that when one intends to do something, they actually do it, however, intention to
do something does not accurately predict the actual behavior. For example, someone with a
phobia may intend to remain calm, but when faced with the situation ends up with a panic attack.
Nevertheless, in accordance with TPB the stronger the intention the more likely to perform the

behavior of interest.

2.6  Addressing the knowledge gap

Even though the interest on MaaS amongst policy makers, experts and academics is rising, to date
there are still discussions and disagreements to the universal definition of what MaaS is and what the
core components should include. In this thesis we attempt to define MaaS and contribute to the
general debate on what MaasS truly represents. Also, more attention has been given to implementing
MaasS in cities/urban areas but there is limited research for MaaS in suburbs and rural areas. This
study also seeks to contribute to the existing knowledge about the role of MaaS in rural development

and social inclusion from a Japanese context. Furthermore, research is lacking in the returning of
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driver’s license by elderly drivers that is induced by the introduction of MaaS. It is not clear if the
introduction of MaaS will influence the return of licenses however this is subject to further
investigation. Evidently, there has been a rise in elderly Japanese voluntarily returning driver’s license
however more is still left to be desired since there are still significant amount of road accidents by
elderly drivers. In this study we attempt to test the strength of the user’s intention to adopt MaaS vis-

a-vis the return of drivers license especially by elderly drivers in Japan.
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Chapter 3

Study areas and conceptual framework

3.1 Introduction

This chapter gives a detailed description of the target areas under study and discuss the conceptual
framework as well as the research model approaches used to arrive at the outcomes of this study. Also,
discusses the survey considerations and finally present the questionnaire design used for data

collection.

3.2  Description of the study areas

The study areas are in the south-central part of Japan, also known as the Kansai (or Kinki) region of
Japan. The specific areas under research are categorized into two namely, rural/suburban and urban
respectively. This categorization is done based on the population densities of the areas of interest.
For the rural/suburban area Otsu and Kusatsu cities in Shiga prefecture were selected, which met the

criteria. Similarly, Kyoto city which also met the criteria for an urban area was selected.

3.2.1 Otsu and Kusatsu - General

These cities are the most populated areas of Shiga prefecture and are located at the southern part of
Biwako (lake Biwa is Japan’s biggest freshwater lake). Otsu city (35°1'N, 135°51°E) is the
headquarters of Shiga prefectural government with a population of 345,070 persons while Kusatsu
has a population of 143,913 persons. These cities share boundary and although, the area of Kusatsu
(67.82km?) is smaller than Otsu (464.5km?), Kusatsu has a population density of 2,122 persons per
square kilometer which is higher than that of Otsu city with 743 persons per square kilometer (City
population, 2020). Lake Biwa is a major tourism site which attract a lot of tourists who come for
sightseeing and other water sports.
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3.2.2 Transportation system

These towns (Otsu and Kusatsu) serve as bed towns to big cities in the Kansai region like Kyoto and
Osaka. There are two major transit corridors in this area that connects Kyoto city to the central region
of Japan and the Sea of Japan. Figure 3-1 shows the two major lines in Shiga which are Biwako line
and Kosei line as called by the operator Japan Railway Company (JR West). The road networks
provide access to the hinterland and serves are feeder into the main transit corridors.

Several transportation companies are providing mobility services in this area but the accessibility by
public transport as expected in any metropolitan city is limited. Table 1 shows the transport service
providers for the modes available in the area. However, some places are not accessible by these train
lines, so bus companies like Keihan, Teisan and Ohmi Tetsudo operate in this area and serve as feeder
modes to the main lines. Also, operating in this area are rental car services, rental bicycles as well as

taxis.

Railway
Keihan

Statior
= JR west I Station

— Railway network
Bus lines

Keihan
Omi

Kojaku P
Teisan (4 s

Population
0-500
500 - 1000
1000 - 1500
1500 - 2000
2000 - 2500

B 2500 - 3000

M 3000 - 3500

I 3500 - 4000
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To Osaka — =
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Figure 3. 1 Map of Shiga showing Otsu and Kusatsu and the two major transit lines
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Although, there is no shared micro mobility services yet in operation around the Biwako valley, in
recent times, taxi-hailing services-like DiDi, have also been introduced and this enhances the ease of
using taxis in the target area. Digital Payment systems like IC card apps on smartphones or the physical
IC cards (e.g., Suica, Pasmo, ICOCA) are used on trains in Shiga. In a few cases, the IC card is also
used for payment on buses like Keihan bus plying Ishiyama routes in Shiga. The payment system is
not fully integrated so the IC cards cannot be used on buses for some routes.

Also, commuter passes are available for trains and buses, with various subscription periods. Route
and fare information are integrated and so it can be accessed via trip planner apps like Google maps,
Jorudan, Navitime, Yahoo transit, etc. Public transport accessibility and connectivity is low in
comparison to Kyoto, Osaka and Kobe. Ritsumeikan university, Ryukoku university, Shiga university
teaching hospital, Panasonic company among others are located within the target area, and they
generate trips around this transit corridor. Therefore, the introduction mobility schemes (like shared
micro mobility, Mobility as a Service) to improve the door-to-door trip experience of the residents of

this area is highly desired.
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Table 3. 1 Transport service operators' in Otsu and Kusatsu

Rail (2) Bus (3) Rental Car (6) Taxi (10) Bicycle (10)
JR west ~ Ohmi Railway Co., Katata Tourism
Railway Ltd Toyota Rent-a-car Shiga MK Taxi Association
Teisan Hunan
Keihan  Transportation Co., Shiga Yasaka Motor Co., Ogoto Onsen Tourist
Railway Ltd Nippon Rent-a-car  Ltd Park
Station Rent-a-car Otsu Daiichi Kotsu Co. Sakamoto Tourism
Kojak Bus Co., Ltd  (Ekirentaka) Ltd Association
ORIX Rent-a-car Lake Biwa Taxi Co., Ltd Optex Co., Ltd
Kosei Transportation Nagisa Park Rental
Times Car Rental Co., Ltd cycle

Nissan Rent-a-car

Kyoritsu Taxi Co., Ltd

Miyako Taxi Co., Ltd
Omi Taxi Co., Ltd
Sakura Taxi Co., Ltd
Teisan Taxi Co., Ltd

JR station rent-a-car
(Station Rin-Kun)
Biwaichi Support
Salon

Biwako Hotel

Otsu Prince Hotel
Lake Biwa Otsukan

Sources: https://pluscycle.shiga.jp/, https://www.mapion.co.jp/phonebook/M12014/25206/, https://www.homemate-

research-rent-a-car.com/25/

! The list of the transport operators in this area is not exhaustive.
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Pwmm

Figure 3. 2 Map of Kyoto showing the area under survey

(Sources: lifebeyondtourism.org, VectorStock.com)

3.2.3 Kyoto city — General

Kyoto prefecture consists of many cities, towns and villages, however the main city center and the
seat of the Kyoto prefectural government is called “Kyofto city” (Figure 3-2). Kyoto city alone has a
population of 1,463,723 persons. Kyoto city of Kyoto prefecture was selected because it possesses
the features of an urban setting. Therefore, the coverage of the survey for this study was limited to
Kyoto city only. Kyoto city (35°0'42"N, 135°46'6"E) is the center of tourist activities in Kansai region
with numerous Japanese traditional sites. In 2019, about 88 million tourist who visited Kyoto for

sightseeing activities (Statistica, 2022).

3.2.4 Transportation system
Kyoto city is the seat of government and commercial center of Kyoto prefecture and therefore attracts
a lot of trips towards the central business district (Figure 3-2). The bus companies in Kyoto operate a
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flat rate system and the bus network is interconnected with the trains and subway stations. One day

passes and other commuter pass packages are available for both bus and trains within Kyoto. Recently,

micro-mobility shared services (for example, Luup e-scooters) have now been introduced in Kyoto

city, which is easy to use by residents and tourist. Table 3.2 shows a list of transport operators in

Kyoto; however, this list is not exclusive and exhaustive.

Table 3. 2 Transport service operators® in Kyoto city

Rail (5) Bus (4) Rental Car (8) Taxi (10) Rental Bicycle (10) E-scooter (1)
JR west Kyoto Luup.
Railway City bus Toyota Rent-a-car Shiga MK Taxi.  Fuune.
Keihan Yasaka Taxis. Kyoto Cycling Tour
Railway Kyoto Bus Nippon Rent-a-car Miyako Taxis. Project (KCTP).
Hankyu Keihan Hijirikyoto-
Railway Bus Budget car rental kanko Taxis. Kyo no Raku Chari.
West JR
Bus ORIX Rent-a-car Ecolo Taxi. Tabi Chari.
Kintetsu Gion Motor Co
Railway Times Car Rental Ltd. eMusica.
Eizan
Railway Nissan Rent-a-car Nagaoka Taxi. Carillon Kitaoji.
Keifuku Nagata Kyoto
Railway MK heart rental car ~ Taxi. J-Cycle.
Kyoto
City NicoNico rental car
subway Kyoto Ginrei Taxis. Kyoto rental cycle

Hyakuen rental car

Kyoto Teisan

Taxi.

Sources: https://guidetokyoto.com/kyoto-public-transport/system/bus-train/ , Google map,

http://www.cyclekyoto.com/bike-rental , https://luup.sc/#lp_area

2 The list of the transport operators is not exhaustive.
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3.3  Theoretical framework

Introducing a shared multi modal mobility scheme like MaaS comes in stages, each with its challenges
and it is a continuous process hence this study is captioned Implementing mobility as a service. 1
identify key stages of the implementation of MaaS, they are, exploration, initial implementation and
full implementation. At the exploration stage, the key stakeholders should define the terms of
reference and the agreement about the overall objectives reached. Also, needs assessment and the
feasibility of the project is done (putting the relevant considerations into account) to ascertain insights
that inform policy and strategies for implementation. Next, is the initial implementation stage where
pilots are conducted. Pilots presents an opportunity to implement at a small scale to evaluate the
feasibility of the project, the costs and adverse events. This helps to improve the design of the MaaS
package and business model prior to the full-scale implementation. Finally, the full implementation
stage comes with the launch of the mobility service into the market and available for public use. In
this study I focus on the exploration stage of MaaS implementation, where I conduct a feasibility study
to ascertain the potential demand for MaaS (MaaS acceptance) considering the dynamic of a rural and
urban setting. Hitherto, megacities and urban areas have been the focus for the implementation of
MaaS. Furthermore, there is limited study in extending MaaS to suburbs or rural areas. Therefore,
with these findings I contribute to literature and general discussion surrounding exploring MaaS
prospects in the Asian context and in rural or suburban context. Furthermore, I investigate the
determinants that influence the behavioral intention to use MaaS. Details of these peer reviewed
journal papers are discussed in the subsequent chapters. These outcomes help for the development
and conceptualization of sustainable MaaS models for both rural and urban areas. Implementing
MaaS also depends on the availability and management of data. The benefits of carrying out

feasibility studies on MaaS comparing rural and urban settings are, it reduces cost, saves time,
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encourages widespread adoption, improves livability in bed towns, provides strategies to improve

rural accessibility.

Implementing
MaaS

I’/ \\‘ l I
] . i Initial
i i | implementation . Full
| ! (Pilot) implementation
i [ |
i Feasibility study Attitudes |
i| (rural vs urban) towards MaaS i

_______________________________________

Expected

outcome

[p—

Figure 3. 3 Conceptual framework (source: Author)

3.4  Research models

I employ two research topics and by extension methods for this study. First, for the feasibility of
implementing MaaS in rural/suburban areas and second, for investigating the determinant for the
intention to use MaaS. I discuss the models used which are Tobit type 2 regression model also called
a censored regression model and structural equation modeling (SEM) which is a multivariate statistical
technique used to measure and analyze complex relationships of observed and latent variables. The

details of the research models are discussed in Chapters 5 and 6.
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3.5  Questionnaire design

3.5.1 Stated Preference survey

Stated Preference (SP) surveys have been used to examine consumer’s preference or intentions to use
a new service or willingness to pay for a product or service yet to be introduced into the market.
Therefore, I adopted the online SP questionnaire style because of its benefits of time savings, cost
savings and wider coverage. This online questionnaire is designed to primarily understand the current
situation of the respondents’ travel behavior, to examine their decision-making process when
presented with new mobility solutions and to gather data on individual characteristics. The online
questionnaire is structured as follows: Section 1 gathers information on travel characteristics of the
respondents which includes, commuting trips, shopping trips, leisure trips as well as the frequencies
and main modes used while making these trips. Section 2 presents the stated preference scenarios of
the six hypothetical MaaS plans, and the amount users are willing to pay for each MaaS plan, and
whether they will give up using car or return their licenses for these MaaS plans. The proposed plans
are set to operate as a flat rate system with unlimited rides within the target areas while section 3
collects the personal information of the respondents.

By using a Likert scale respondent were asked their intentions to use MaaS, willingness to give up car
or license. For example, I asked, if all trains, buses, taxis and rental bicycles providing unlimited
service, operating in the target area are available for one month, would you like to purchase this MaaS
plan? The respondents are expected to choose from the stated responses which are, “I will buy it
depending on the price” or “I will not buy it regardless of the price”. For those who indicated that
they would buy depending on the price, they are then expected to state how much they are willing to
pay for that plan. Also, a 5-point Likert scale was used to test the strength to which they are willing

to adopt MaaS. For example, to “give up car” or “give up license” the respondents answered by
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choosing from the following options. /) I do not think so at all, 2) Not so much think, 3) Neither 4) [
think so a little and 5) I think so. These tailored MaaS packages are proposed based on the envisaged

travel needs of the people and the transport services available and operational in the study areas.

3.5.2 Data collection

A structured online questionnaire containing six hypothetical MaaS subscription plans was
administered to residents of Otsu and Kusatsu cities hereafter referred to as Biwako valley in Shiga
prefecture (Figure 3-1) and Kyoto metropolitan City (Figure 3-2).

The respondents are persons who are registered as a web-monitor of Cross Marketing inc. (a survey
company in Japan), and the condition of participation is, the individual must be living in the target
areas. When these web-monitors are recruited, they are motivated to get rewards in the form of points
upon completion of the survey. A stratified sampling technique is used for data collection, Cross
Marketing Inc. ensured to reach same number of samples by gender and age groups.

In this study, the samples used consist of 560 individuals from the Biwako valley in Shiga prefecture
(rural/suburban), collected over a period of seven days (from 1st to 7th of July 2019) and 1,012
individuals from Kyoto city (urban), collected over a period of eight days (from 29th October to 5th
November 2019). The demographics of these samples are representative of the population of Shiga
and Kyoto based on gender and age. In this study, Kyoto metropolitan city is referred to as urban
while the Biwako valley area in Shiga prefecture is considered rural based on population density. The
next chapter presents the preliminary results with discussions and comparisons between Kyoto city
and Biwako valley. The sample of the online questionnaire is attached in the next section of this

study (see Appendix 3A and 3B).
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Appendix 3A
SURVEY

Questionnaire title: Questionnaire on a new fare system for public transportation*
Description: In this questionnaire, we will examine the acceptability of a new fare system for public transportation such

as buses, trains, and cabs (also known as Mobility as a Service) among residents.

All survey responses will be statistically processed, and no personal information will be used for any purpose other than

research. In addition, individual responses will not be leaked to outside parties or published in a form that identifies the

individual in any way.

Appeal: Please cooperate with this questionnaire, as it will be an important document for the improvement of the

transportation system in the Biwako valley area and Kyoto city.

Section one: Daily travel behavior

1. What’s your main trip purpose | Commute | Shopping | Hospital | Visiting family | Entertainment | Others
2. Do you have a driver’s license? Yes No

3. Do you own a Car? Yes No

4. How often do you drive? | Everyday | 5-6 times/week | 3-4 times/week | 1-2 times/week | Once a month
5. How much is monthly expense on your car? | 500 — 100,000 JPY

6. Which navigation app do you use while driving? | Google map | Navitime | Yahoo map | Others
7. What is your month expense on public transport? 500 — 100,000 JPY

8. Do you have train commuter pass? Yes | No

9. What is the origin and destination stations?

10. What is the validity of your commuter pass?

11. How much is the commuter pass?

12. Do you have a bus commuter pass? Yes | No

13. What is the origin and destination stations?

14. What is the validity of your commuter pass?

15. How much is the commuter pass?

16. Do you use shared car services? Yes No

17. Do you use shared bike services? Yes No

18. What is the nearest station to your work or school?

19. What is the nearest bus stop to you work or school?

20. How often do you go to work or school? | Everyday 5-6 times/week | 3-4 times/week | 1-2 times/week
21. What mode do you commute to school or work? | Bus | Car [ Train | Bicycle | Walk | Other
22. How long does it take?

23. Do you make shopping trips? Yes | No

24. What is the name of the store?

25. How often do you go shopping? | Everyday | 5-6 times/week | 3-4 times/week | 1-2 times/week

26. What mode do use for shopping? | Bus | Car [ Train [ Bicycle Walk | Other
27. How long does it take?

28. Do you make hospital trips? Yes | No

29. What is the name of the nearest station?

30. How often do you go to hospital? | Everyday | 5-6 times/week | 3-4 times/week | 1-2 times/week

31. What mode do use for hospital visits? | Bus | Car [ Train [ Bicycle Walk | Other
32. How long does it take?

33. What other purpose of travel do you make? |

Section Two: Proposed MaaS plans

34. Please check the map and confirm if the station, bus stop, taxi stand rental and bike are in your vicinity. |

35. Would you buy monthly plan of unlimited train + bicycle? | Yes, depending on price | No, regardless of price
36. If yes, how much will you pay for it? 500 — 100,000 JPY

37. For which purpose will you use it?

38.

Would you buy monthly plan of unlimited bus + bicycle? | Yes, depending on price

| No, regardless of price

39.

If yes, how much will you pay for it?

500 - 100,000 JPY

40.

For which purpose will you use it?
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41. Would you buy monthly plan of unlimited train + bus + | Yes, depending on price No, regardless of price
bicycle?

42. If yes, how much will you pay for it? 500 — 100,000 JPY

43. For which purpose will you use it?

44. Would you buy monthly plan of unlimited train + bus + | Yes, depending on price No, regardless of price
bicycle + taxi (1,000 JPY at Skm radius?

45. If yes, how much will you pay for it? 500 — 100,000 JPY

46. For which purpose will you use it?

47. Would you buy monthly plan of unlimited train + bus + | Yes, depending on price No, regardless of price
bicycle + taxi?

48. If yes, how much will you pay for it? 500 — 100,000 JPY

49. For which purpose will you use it?

50. Would you buy monthly plan of unlimited train + bus + | Yes, depending on price No, regardless of price
bicycle + taxi + rental car?

51. If yes, how much will you pay for it? 500 — 100,000 JPY

52. For which purpose will you use it?

Will you give up your car if these MaaS plans are introduced?

53. Train + bicycle I don’t think so atall | I don’t think so | Neither I think so a little | I think so

54. Bus + bicycle I don’t think so atall | I don’t think so | Neither I think so a little | I think so

55. Train + bus + bicycle I don’t think so atall | I don’t think so | Neither I think so a little | I think so

56. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so
(1,000 @ Skm)

57. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so

58. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so
+ rental car

Will you give up your driver’s license if these MaaS plans are introduced?

59. Train + bicycle I don’t think so atall | I don’tthink so | Neither I think so a little | I think so

60. Bus + bicycle I don’t think so atall | I don’tthink so | Neither I think so a little | I think so

61. Train + bus + bicycle I don’t think so atall | I don’tthink so | Neither I think so a little | I think so

62. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so
(1,000 @ Skm)

63. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so

64. Train + bus + bicycle + taxi | [ don’t think so at all | I don’t think so | Neither I think so a little | I think so
+ rental car

Section Three: Personal information

65. Age 20s | 30s | 40s | 50s | 60s | 70s | Above 80s

66. Sex Female | Male

67. Occupation Student | Full time worker | Part time worker | Others

68. Annual income Low | Middle | High

69.

Household size

*This questionnaire is originally in Japanese, it has been translated using the DeepL.com translator app.
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Appendix 3B

Screenshots of the MaaS plans as shown in the questionnaire
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Chapter 4
Basic results and comparative analysis

4.1 Introduction

This chapter focuses only on the description of the data collected and presents the results of descriptive
statistical analysis. Also, a basic comparative analysis between the two datasets is done. This includes
cross tabulations across the data of the Biwako valley and Kyoto city. The results from regression

models and structural equation modelling are presented in the subsequent chapters.

4.2 Data description

The same questionnaire (see Appendix 3A in Chapter 3) was administered to the. Biwako valley and
Kyoto city. The data in the Biwako valley area was collected via the online questionnaire for a period
of one week, precisely from the 1% to 7 of July in 2019. Similarly, the data from Kyoto city was also
collected for a week period, precisely from the 29" of October to the 5" of November in 2019. Even
though these data were collected at different months in the year 2019, the period of the survey covered
all the days of the week which may accounts for the daily travel patterns observed during weekdays
and weekends. July and November are not holiday periods nor peak periods, so it is expected that the
usual daily travel patterns would not be altered.

To draw a representative sample of the residents in these areas, a stratified sampling technique was
deployed so that all segments of the population is included in the sample. For example, from the least
driving age (18) to the elderly (over 80), and across all works of life, that is from students free-lance
workers, to full time housewives to full time workers and then to the retired population.

Data was collected from 560 respondents in Shiga while in Kyoto city 1012 responses was collected.

The questionnaire was originally in Japanese language; however, the responses were translated into
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English language for the sake of this analysis. The next sections show the summary of the data for
both Shiga and Kyoto.

The data collected comprises of personal information, travel characteristics and the attitudes towards
MaaS. The personal information collected are the basic attributes of an individual like age, gender,
occupation, income level, household composition, and car ownership. It is believed that the personal
attribute of an individual greatly impacts their travel mode choices (Madhuwanthi, Marasinghe,
Rajapakse, Dharmawansa, & Nomura, 2016). This categorical data was collected such that all the
subcategories of the variables were included. For example, the age groups included the young, middle
and elderly generations as shown in Table 4-1. The inputs of the elderly generation are needed because
a part of the study area is an aging society. Next, the information about the travel behavior of the
respondents were gathered. More specifically, I collected data about their habitual trip patterns. This
includes the travel mode, trip purpose, trip frequency, driving frequency, travel costs and travel time.
The data types here are a mixture of discrete variables (travel mode, trip purpose), ordinal variable
(driving/trip frequency) and continuous variable (travel time and cost). Finally, the attitudes towards
MaaS are measured via a stated choice and a 5-point Likert scale. Since MaaS is not operational in
the study areas, it is expected that the respondents will make their decisions based on the prior
knowledge of MaaS or from the information about MaaS provided in the questionnaire. Six MaaS
plans were presented as shown in Appendix 3B, the respondents had to choose these three options: /
will buy depending on the price, I will not buy regardless of the price, or leave it blank (no choice).
To evaluate their attitudes towards MaaS, they had to choose whether to give up using private car or
give up driver’s license for any of the six MaaS plans via a 5-likert scale with these options; /) I do
not think so at all, 2) I do not think so, 3) Neither 4) I think so a little, 5) I think so. After this they

had the choice to state their willingness-to-pay for MaaS.
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4.3 Shiga data
Table 4. 1 A summary of the descriptive statistics of the Biwako valley (Otsu and Kusatsu).

Demographic charateristics (Total: n = 560) Sample frequency (n) Percent sample (%)
Gender Female 286 51.1
Male 274 48.9
Age (years) Young generation (18-29) 109 19.5
Middle generation (30-59) 327 58.4
Elderly generation (60-80 and above) 124 22.1
Occupational status Full time worker 306 54.6
Part time worker 59 10.5
Student 36 6.4
Unemployed 33 5.9
Retired 8 1.4
Housewife 118 21.1
Annual income (JPY)  Low income (0~3M) 284 50.7
Middle income (3M~6M) 135 24.1
High income (6M and above) 116 20.7
No response 25 4.5
Household size 1 person 66 11.8
2 persons 324 57.9
3 or more persons 167 29.8
No response 3 0.5
Car ownership Car onwers 423 75.5
Non-car owners 137 245
Driver's license License holder 493 88.0
Non license holder 67 12.0
Trip planner app used ~ Google map 149 26.6
Navitime 64 11.4
Jorudan 76 13.6
Yahoo! Norikae annai 234 41.8
Ekispert 23 4.1
None 14 2.5
Commuter pass Holders 155 27.7
Non holders 405 72.3
Bus pass Holders 13 23

Non holders 547 97.7




The representativeness of Shiga data regarding age, gender and income was ensured (City population,
2020). As seen in Table 4-1 over 50% of the respondents are full time workers and from family
households. Also, most of the respondents (41.8%) use Yahoo! Norikae annai app for trip information.
It is not surprising that the Yahoo! Transit planner is more popular than google map in this part of the

world. In Japan this app is well integrated and conveniently used by many trip makers.

4.4  Kyoto data

Kyoto prefecture has many areas that are not urban, however, as mentioned in Chapter 3, the focus of
this study is the Kyoto main business district, that is Kyoto metropolitan city. Data was collected in
a similar manner, and it comprises of the same type of data as that of Shiga. It can be observed from
Table 4-2 that the composition of the characteristics of the respondents from Shiga and Kyoto city
follow a similar pattern. Similarly, more of the samples were drawn from the middle generation group
(that is between the ages of 30 to 59 years). About 40% of the respondents are full time workers while
44.3% are from family households. As expected, a greater percentage of the respondents (34.5%) use
the Yahoo! Transit planner app to support their trip making decisions. It is interesting to note that
with Kyoto data, there are more non-car owners (42.4%) in comparison to Shiga respondents (24.5%).
Also, in Kyoto more people (8.4%) do not use any trip planner app at all which is surprising since we
would expect the digital literacy in the urban areas to be higher. On the other hand, this could suggest
that people in Shiga have limited options especially low frequency public transport services, so they
are more likely use transit planner apps to assist for better decision making. The travel behavior of

the residents of Shiga and Kyoto city are compared in the subsequent sections.

41



Table 4. 2 A summary of the descriptive statistics of Kyoto city.

Demographic charateristics (Total: 1012) Sample frequency (n)  Sample percent (%)
Gender Female 501 49.5
Male 511 50.5
Age (years) Young generation (18-29) 190 18.8
Middle generation (30-59) 635 62.7
Elderly generation (60-80 + above) 187 18.5
Occupational status Full time worker 406 40.1
Part time worker 117 11.6
Student 99 9.8
Unemployed 50 4.9
Retired 15 1.5
Housewife 151 14.9
Annual income (JPY) Low income (0~3M) 557 55.0
Middle income (3M~6M) 268 26.5
High income (6M over) 183 18.1
No response 4 0.4
Household size 1 person 226 223
2 persons 333 32.9
3 or more persons 448 44.3
No response 5 0.5
Car ownership Car onwers 583 57.6
Non-car owners 429 42.4
Driver’s license Holders 800 79.1
Non-holder 212 20.9
Trip planner app used Google map 268 26.5
Navitime 122 12.1
Jorudan 132 13.0
Yahoo! Norikae annai 349 34.5
Ekispert 57 5.6
None 84 8.3
Commuter pass Holders 206 20.4
Non-holders 806 79.6
Bus pass Holders 68 6.7
Non-holders 944 933
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4.5 Comparative analysis of descriptive statistics

In this section I draw some comparisons between Shiga and Kyoto respondents in terms of their travel
behavior and their attitudes towards MaaS. This is to understand the determinant characteristics of
the individuals and have a sense of the likely factors that influences the decision to use MaaS in the

future before going into an in depth analysis.

4.5.1 Travel behavior analysis

I make some assumptions that people who use public transport frequently will be more likely to try a
new mobility scheme being introduced for public use. Also, IT enthusiast will be curious and more
likely to try ICT enabled mobility solutions. It is based on these assumptions that we examine the
respondent’s daily travel behavior like what kind of trips do they make? Which travel mode do they
use? Whether they have prior experience of using car sharing or bike sharing services. When focusing
on commuting trips it is observed that more people use public transport for commuting in Kyoto than
Shiga (Table 4.3). Furthermore, cycling to work is more convenient in Kyoto than in Shiga. This
suggests that the built environment greatly influences the travel mode choice of the people. This is
also buttressed in travel time for commuting and the monthly expenditure on travels as seen in Tables

4.4 and 4.5 respectively.
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Table 4. 3 Summary of travel mode for commuting

Area Bicycle Bus Bus/Train Private car Train
Shiga 15.2% 4.1% 6.1% 39.5% 35.1%
Kyoto 28.8% 13.1% 8.3% 19.7% 30.1%

Table 4. 4 Summary of commuting time by mode

Area Mode Avg, commute time (min) S.D max min

Shiga Car 32 20.44 150 5
Public transport 49 30.12 150 5

Kyoto Car 31 22.78 150 5
Public transport 44 24.90 150 5

Table 4. 5 Summary of monthly travel cost by mode

Area Mode avg. cost (JPY) SD Max Min
Shiga Car 10095.18 11537.10 100,000 500
Public transport 5548.81 8384.82 70,000 500
Kyoto Car 11486.79 13501.20 100,000 500
Public transport 5241.04 7319.23 70,000 500

4.5.2 Attitudes towards MaaS

The prior experience or behavior of the respondents towards shared mobility was examined to
ascertain if such experience may influence their decision or perception of MaaS. Even though, the
behavior towards Shared mobility is similar between Shiga and Kyoto, the nuances need in-depth
study. However, it can be noticed that in Shiga there is a greater use of car sharing services (Figures
4.1 and 4.2). Similar trends are noticed about MaaS in both Shiga and Kyoto city in that, the more
travel modes in the packages, the more the attractiveness, the more the acceptance and perceived

benefits (Figures 4.3 to 4.9). This suggests that the composition of the MaaS plan plays a key role.
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Figure 4. 1 Prior shared mobility experience in Shiga
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Figure 4. 2 Prior shared mobility experience in Kyoto city
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Figure 4. 3 MaasS acceptance in Shiga
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Figure 4. 4 MaasS acceptance in Kyoto city
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Figure 4. 6 Consumer attitude toward MaaS adoption in Shiga
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Figure 4. 7 Consumer attitude toward MaaS adoption in Kyoto city
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Figure 4. 8 Consumer perception about the impact of MaaS on public transport in Shiga
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Figure 4. 9 Consumer perception about the impact of MaaS on public transport in Kyoto city

4.6 Brief discussion

It is evident that there is a growing awareness for the need for sustainable means of travel. As the
dynamics of our living environment and work lifestyle is constantly changing people are becoming
more willing to evolve with the current trends. Even though people who mostly have never used
similar services and have strong attachments to the use of private cars, are curious enough to try MaaS.
A significant percentage in both Shiga and Kyoto are willing to try out MaaS if the pricing is
competitive. The MaaS plans with single modes (plan 1 and plan 2) were introduced as proxies to the
MaasS concept, since MaaS is new, and we could not guarantee absolute comprehension of the concept
from the respondents. These plans like the others still had the unique features like flat rate system and
unlimited use in a month. As expected, we noticed the consumer’s sensitivity to the price, and this
spurs the need for further investigation. It is interesting to note that a significant amount of the
residents believes that these schemes when introduced, it will have a positive impact on the use of

public transport.
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Chapter 5

Mobility as a Service in Suburban Areas: A focus on MaaS adoption and willingness to pay

5.1 Introduction

This chapter is based on the feasibility study to explore and understand the preferences of the intended
users, potential demand and willingness-to-pay (which also represents the value the consumer places
on ) for MaaS in suburban areas. A feasibility study is simply the analysis of the viability of a proposed
project. In this case, we hope to determine whether to go ahead with the idea of MaaS under
consideration in the suburbs. This study focuses on answering that question from a demand point of
view using Shiga as a case study. An online stated preference choice survey was conducted, and data

was collected from 560 residents in the Biwako valley? for this analysis.

5.2 Background

Transportation systems continue to evolve as time progresses. Most recently, global trends like
climate change, urbanization, digitization, sharing economy and technological innovations have
birthed a new mobility concept called Mobility as a Service also known as MaaS (Goodall, Fishman,
Bornstein, & Bonthron, 2017). Hitherto, mobility services were purchased separately but the advent
of MaaS brought in new players-mobility aggregators or integrators who combined transport services
into packages for users. Mobility aggregators like MaaS global in Finland have integrated shared
mobility and public transit into a single platform, allowing users to buy mobility packages for a month
according to their specific needs.

There is still ambiguity about the generally accepted definition of MaaS, however, some experts have

defined MaaS based on their objectives and priorities. For example, according to (IRU, 2019) and

3 For this study, this is a name referring to Otsu city and Kusatsu city in Shiga prefecture.
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(MaaS Alliance, 2019) Mobility as a Service (MaaS) is the integration of various forms of transport
services into a single mobility service accessible on demand. In the same vein, (Hietanen, 2014)
describes MaaS as the convergence of transportation services which are tailored to users’ needs as
monthly packages like a mobile phone contract. These offerings are packaged as monthly subscription
plans or pay-as-you-go. Furthermore, (Sochor, Arby, Karlsson, & Sarasini, 2018) proposed a MaaS
topology for better understanding of the MaaS concept. It has different levels of integration which
are as follows, integration of information (multimodal travel planner, price, info), integration of
payment systems, integration of offered services and integration of societal goals. This is in tandem
with the core characteristics of MaaS which are the integration of modes, travel information and
booking/payment systems (Sochor, Arby, Karlsson, & Sarasini, 2018).

In this study, we shall attempt to define MaasS as the integration of available transportation services in
any given place which is packaged into monthly plans so that customers can purchase according to
their travel needs.

Mobility as a service (MaaS) started in Helsinki, Finland in 2014 and has received great attention
around the globe. Consequently, MaaS has been piloted in Gothenburg, Vienna, Hanover among
others, while other cities are making plans to try it. Lessons learned from the field operational test of
MaasS pilots in Finland and Sweden showed increased usage of public transport and increased trips to
new destinations (Sochor, Karlsson, & Stromberg, 2016). Still, there is limited research in MaaS
schemes to adequately ascertain its successes. Transport planners, transport operators, authorities and
policymakers are interested and concerned about the sustainability of the MaaS business model,
demand for MaaS and users’ willingness to adopt MaaS. These concerns beg the following questions:
who will use MaaS and for what trip purpose? Where is it suitable to implement MaaS? What

combination is suitable in a MaaS package?
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MaasS has the potential of reducing traffic congestion and CO2 emission by significantly cutting down
on the use of private cars, which in turn makes a city more environmentally friendly. MaaS promises
to be a competitive alternative to owning a private car, for example, the Whim Unlimited Plan of
MaaS scheme operating in Helsinki offers unlimited rides on public transport and shared mobility for
a month. This plan provides convenience, flexibility and comfort that arguably meets every need for
private car and at a lower cost. In the development of sustainable societies/better livable environments,
shifting the people’s mindset from ownership to usage will have beneficial consequences in the long
term.

Traffic congestion has evolved in auto-reliant suburban areas because many people use their cars to
move around. Suburban areas with large car owners seek to explore MaaS as a possible solution to
reduce this trend.

The purpose of this study is to examine the possibility of introducing Mobility-as-a-Service (MaaS)
in suburban areas. This feasibility study aims to understand the residents’ attitude towards adopting
MaaS, the potential demand for MaaS, users’ perception/preferences for MaaS and the willingness-
to-pay for MaaS subscriptions plans. We take a case study of two cities Kusatsu and Otsu in Shiga
prefecture of Japan. It is hoped that useful insights will be utilized from this study for the development

and implementation of MaaS in suburban areas.

5.2.1 Implementing MaaS: prospects and challenges

Implementing MaaS requires governments, stakeholders and the private sector collaborating to
achieve a common goal. The authorities must enact laws or enabling policies that support MaaS,
transport operators and other key players must collaborate, share needed information to enable
aggregating these transport services (Hensher, 2017). For example, the open data policy helped in the

implementation of MaaS in Helsinki (Li & Voege, 2017).
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Even though the MaaS concept is still evolving, many MaaS pilots are springing up in a bid to
understanding the best model. MaaS aims to significantly cut down car ownership and encourage the
use of public transport and or shared mobility by providing flexibility and convenience with user
tailored mobility packages. On the other hand, MaaS has also been proposed as a catalyst for
promoting an environmentally friendly society. This concept could change the paradigm from owning
to usage. For the authorities, MaaS could reduce congestion, pollution and utilize urban space for
parking. For the operators increased usage would sustain the business model and create room for
innovative business solutions and the users it creates expanded destination choices, flexible options,
convenience, and seamless travel experience. Results from MaasS pilots in Sweden indicates a positive

shift towards public transport or shared mobility (Smith, Sochor, & Karlsson, 2018).

Since MaaS is new in most places, acceptability and market penetration is a real concern. Some of the

challenges of implementing MaaS are given below as follows:

1. Even though in most cases, already existing transport services are used for the integration, new
technologies must be procured like a smartphone app, webpage platform, payment systems,
devices, and equipment as well as investments in infrastructure. This comes with huge cost
implications which private companies or government are skeptical to bear.

2. Incentivizing the scheme is crucial to attracting users nevertheless, in a place where there is no
subsidy, profitability of the scheme is questioned.

3. More so, getting the operators to work together or share information to a third party is challenging.

4. Also getting the users who already use other transit apps to abandon them and adopt a new app is
difficult (Li & Voege, 2017).

5. Most of the pilots were implemented in cities, urban areas with multimodal transport networks, it

is unclear if MaaS can be implemented in the rural or suburban areas.
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On the other hand, the highlighted prospects of MaaS includes but not limited to the following:

1. reduction in traffic congestion,

2. reduction in CO2 emissions and mitigating the impact of global warming,

3. improve the livability of a settlement and its environment,

4. increased ridership on public transport,

5. serves as a good catalyst for springing up new businesses within the ecosystem,

6. provide flexibility, convenience and seamless door-to-door travel and a better experience for the

users (Kamargianni , Li, Matyas, & Schéfer, 2016).

5.2.2 Willingness-to-pay for MaaS

The willingness-to-pay for goods or services to a greater extent reflects the value the consumer
attaches to it. In other words, the (potential) buyer makes a choice influenced by the attractive
attributes of that product, among other alternatives. WTP can be defined as the highest price an
individual is willing to accept to pay for some goods or services (Breidert, Estimation of willingness-
to-pay. Theory, measurement, and application, 2005). The knowledge of WTP from likely customers
plays a crucial role in pricing decision or strategy of the new product or service to be introduced.
Nevertheless, it is important to note that, WTP values from consumers under experimental conditions
may not be realistic to use in a real market situation.

Good WTP estimates test the customers’ perception of added value or unique attributes of the goods
or services against competing alternatives. Actual purchase data are good to derive WTP estimates,
however, for new or hypothetical products like introducing a new mobility scheme, observing
previous purchase behavior of similar service can be used to make predictions (Breidert, Hahsler, &
Reutterer, 2006). Studies have shown that 8 to 15% of all companies derive a pricing strategy based

on potential customers’ response behavior (Monroe & Cox, 2001). In transportation studies, discrete
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choice analysis is used in WTP estimations where the respondents choose between alternatives in a
choice set. The price variations are included as attributes contributing to the utility function at each
price level. The probability of choosing a particular alternative is expressed by the multinomial logit
model (Ben-Akiva & Lerman, 1985)

(Vij, Ryan, Sampson, & Harris, 2018) argued that in Australia, consumers prefer the pay-as-you-go
schemes more than the unlimited plans, whereas, in London, the reverse is the case. Creating MaaS
packages that is suitable for all proves to be challenging nevertheless, trying out MaaS in various cities
may be the only way to ascertain the sustainability of this scheme. Therefore, it is important to
understand the specific aspects that play out in any given city in terms of feasibility, acceptability,
behavioral aspects, package design, profitability and willingness-to-pay to successfully introduce

MaasS. In this study, we attempt to do this taking a case study of Otsu and Kusatsu.

5.3 Methodology

5.3.1 Data collection

Data was collected over seven days from 560 individuals living in the Biwako valley using an online
questionnaire. We adopted an online survey because of the wide reach, time and cost-efficiency. A
stratified sampling technique was used for data collection and ensured a representative sample for
gender and age groups.

The respondents were expected to choose from any of the six (6) MaaS plans proposed, comparing
them with their current travel mode (private cars for the case of car owners). The monthly costs on
cars as represented in the questionnaire, are estimates which considers purchase of the car, gasoline,
taxes, maintenance and parking fees. These MaaS packages are proposed based on the envisaged
travel needs and transport services operating within the study area. The proposed plans are set to

operate as a flat rate system with unlimited rides within the target area (Table 5.1).
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Table 5. 1 Proposed MaaS subscription plans

MaaS Plans (flat rate within the target area) Intention WTP (JPY)*
1. Train + Rental Bike obuy owill not buy 0-100,000
2. Bus + Rental Bike obuy owill not buy 0-100,000
3. Train + Bus + Rental Bike obuy owill not buy 0-100,000
4. Train + Bus + Rental Bike + Taxi (Skm @ ¥1000) obuy owill not buy 0-100,000
5. Train + Bus + Taxi + Rental Bike obuy owill not buy 0-100,000
6. Train + Bus + Taxi + Rental Car + Rental Bike obuy owill not buy 0-100,000

*Exchange rate: 1USD =108 JPY

Otsu-Kusatsu

— 0 4%

Kyoto A

Osaka —2A0% - 03%

Kobe 0% 03%
0% 20% 40% 60% 80% 100%

BTrain BBus @Private car EMotor bicycle BEBicycle [0 Walk Others

Figure 5. 1 Mode share in the Kansai region

The motivation for the combinations in the proposed packages is based on the modal share data in this
region. Train and bus are mostly used for commuting whereas bicycle and walking are mostly used

as an access and egress modes (Figure 5.1).

5.3.2 Background on mode choice methods

The concept of choice in the transportation and economics sectors is studied largely using discrete
choice models which includes multinomial logit model (MNL), nested logit models and probit models
(Ben-Akiva & Lerman, 1985) , (Bierlaire, 1998). These models are based on random utility
maximization which is derived from econometric theories. Furthermore, these models examine
consumer behavior which is applied in economics and transportation planning. However, they have

received some criticism because of its major limitations which are; model structure is predefined in
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advance which does not account for partial relationships between explanatory variables, inability to
model complex non-linear relationships and patterns cannot be extracted from subgroup of
observations except for conditions that hold across the whole population (Xie, Lu, & Parkany, 2003).
Consequently, soft computing techniques emerged and have been employed for travel mode choice
analysis. These machine learning techniques like artificial neural networks (ANN) and decision trees
(DT) have achieved better results and alleviates the aforementioned limitations (Xie, Lu, & Parkany,
2003), (Chalumuri, Errampalli, Bujangan, & Subamay, 2009). For example, a comparative study
conducted by (Xie, Lu, & Parkany, 2003) using work related travel data revealed that artificial neural

networks (ANN) yielded a better result compared to multinomial logit (MNL) model.

5.3.3 Discrete Choice Models
Disaggregated models also known as Discrete Choice Models refers to the choice behavior of the
decision-maker, in this case the individual. Discrete Choice Models (DCM) captures how individuals
make choices (i.e. the outcome of a successive decision-making process) and this is guided by a set
of assumptions. Referring to (Ben-Akiva & Bierlaire, 2017), (Bierlaire, 1998), (Ben-Akiva & Lerman,
1985) the assumptions are presented as shown below:
1. the decision-maker — defining who the decision-maker is and his/her characteristics,
ii.  alternatives — determining the available option to the decision-maker,
iii.  attributes — measuring the costs and benefits of any of the alternatives to the decision-maker,
iv.  the decision rule — describing the process the decision-maker uses in choosing an alternative.
1. Decision-maker: The decision-making entity can either be an individual or a group such as
family, household or an organization. In considering the decision-making entity as a group,

the internal interactions of group members or the differences in preferences of the members of
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the group are ignored. The outcome of their decision is usually influenced by the dominant
member, for example the breadwinner of the family. In the case where the individual is the
decision maker, usually referred to as disaggregate model, the individual’s characteristics such
as age, gender, education and income are considered to influence the outcome.

Alternatives: This refers to a set of alternatives available to the decision-maker during the
decision process. It is assumed that the decision-maker chooses an alternative from a universal
set of alternatives called the choice set. The choice set is termed as discontinuous because
there exist a discrete number of alternatives within the choice set. This is determined by the
environment of the decision-maker, feasibility of the alternative and knowledge of the
existence of an alternative.

Alternative Attributes: The attributes of an alternative are the characteristics or features of the
alternative that influences the utility function related to that alternative. This influences the
overall attractiveness of the alternative. Some of these attributes may be generic to all
alternatives or specific to a particular alternative. Examples of these attributes in relation to
travel demand modelling are travel time, travel cost, waiting time, number of transfers and
comfort levels.

Decision Rule: This is the process the decision-maker uses to evaluate the attributes of the
alternatives in the choice set and determines the outcome. There are many decision rules
proposed by researchers like (Ben-Akiva & Bierlaire, 2017), (Ben-Akiva & Lerman, 1985),
(Slovic, Fischhoff, & Lichtenstein, 1977) and (Svenson, 1979) some of which includes
dominance theory, satisfaction theory, utility theory and lexicographic rules. However, the

utility theory is more popular, and most models use it for travel behavior applications. It works
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on the assumption that the individual chooses the alternative with the highest utility (Ding &

Zhang, 2016).

5.3.4 Random Utility
The random utility approach as expressed by (Manski, 1977) corresponds with economic consumer
theory, in that the decision-maker has a perfect discrimination capability, in other words the decision
maker can choose the alternative that offers the highest utility. However, it is assumed that the
decision maker do not have complete information, hence, uncertainty must be taken into account. The
four sources of uncertainty or randomness as suggested by (Manski, 1977) are; unobserved alternative
attributes, unobserved individual characteristics (unobserved taste variations), measurement errors
and imperfect information and instrumental (proxy) variables.
The utility is modeled as random variable to show this uncertainty. Therefore, the utility U that the
individual n associated with alternative i in the choice set C, is given as

Uin = Vin + €in (5.1
Where V;,, is the deterministic or systematic part of the utility and ¢;,, is the random term which
captures the uncertainty. The utility with the highest utility is chosen, therefore, the probability that

alternative i is chosen by the individual # from the choice set C, is given as

P(IC) = P[Uin 2 UV j € Co] = P[Uy = max U] (5.2)
For logit models the means of the random terms are assumed to be equal to a convenient value c,
usually zero or the Euler constant y. Suppose we denote the mean of the error term of alternative i by
m; = E[¢&;,], then we can define a new random variable e;;, = ¢;, — m; + ¢ such that E[g;,] =c. So,

we have

PlUpn 2 UV j € Co| =PVin+my+ ey =V +mj+ €, Vj € Cp] (5.3)
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The deterministic part of the utility function is given as V;,, + m; and the random term are e;,(with
means c¢). the term m; are included as the Alternative Specific Constant (ASC) which captures the
mean of the random terms. Therefore, it is assumed without any loss of generality that the error terms
of random utility models have a constant mean ¢ by adding ASCs in the deterministic part of the utility
functions.
Generally, in terms of transportation analysis, the utility function is derived as the weighted sum of
attributes corresponding to the alternatives which can be expressed as;

U= a+ Bix1+ Laxy, + - + Lux, (5.4)
Where;
U is the utility corresponding to an alternative,
a is the Associated Specific Constant (ASC) which represent all the unobserved sources of the utility.
Including ASCs to the model allows for the control of the unobserved attributes that may corelate with
the observed covariates (Klaiber & Haefen, 2016),
B1, B2, B, are the parameters which defines the direction and importance of the effects of the
attribute on the utility of an alternative, and

X1, X, X, are the values of the attributes of an alternative.

5.3.5 Multinomial Logit Model

(Keane & Wasi, 2012) Pointed out that the random parts of the utility functions derives many potential
models like models within the logit family for examples Binary Logit Model, Multinomial Logit
Model, Nested Logit Model, Cross Nested Model and Generalized Extreme value Model, which are
based on the probability distribution of the maximum of a set of random variables, introduced by
Gumbel and while the Probit-like models used for binary outcomes which is based on normality

assumptions motivated by the Central Limit Theorem (Ben-Akiva & Bierlaire, 2017).
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Logit model was first introduced in the context of binary choice where the logistic distribution was
used. The generalization into more than two alternatives is referred to as Multinomial Logit Model
(MNL). The derivation of MNL assumes that the error terms of the utility functions are independent
and identically Gumbel distributed (Bekhor & Shiftan, 2009).
i.e. g, for all i,n is distributed as:
F(e) = exp[—e‘“(g‘")] ,u>0 (5.5
f(e) = pe EMexp [—e #E7] (5.6)
Where 1 is a location parameter and pu is a strictly positive scale parameter. The mean of this
distribution is
ntvy/u
Where
y = lim S, = —In(k) = 05772
Is the Euler constant. The variance of the distribution is
2 /6u?.
The probability of a an individual » who chooses an alternative i within the choice set C, can be
expressed as

ey'Vin
etVin’

P@|Cy) =

Yjecn

(5.7)

5.3.6 Estimation Methods

There exist many approaches to finding estimators however, most often, maximum likelihood

estimation and least squares estimation methods are used.
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5.3.6.1 Maximum likelihood

This is a general and straight forward method for finding estimators, simply put, a maximum likelihood
estimator is the value of the parameters for which the observed sample is most likely to have occurred.
The likelihood of the sample as a function of the parameters 8 can be expressed as, if the observations
are drawn independently and at random from the population and that the observed values (x,,'s) are
nonstochastic, thus;
L = [In=1f Onlxn, 0) (5.8)

The maximum likelihood estimators have some properties under the following general assumptions;

1.  they are consistent,

2. they are asymptotically normal,

3. they are asymptotically efficient, and hence their asymptotic variance is given by the Cramer-

Rao bound.

5.3.6.2 Least square

The least square estimation is mostly studied in cases of linear regression. Generally, the least square
estimators are referred to as those values @y that minimizes the sum of squared differences between
the observed and the expected values of the observation. This is expressed as @y is a least square
estimator for @ on the condition that it is solution to

minQ = minQ Xn_y(Vn — Elynln, xa])’ (5.9)
Where €[y, |0y, X,] is the expected value of y,, conditional on @y and x,,.
Details of these estimation methods are found in (Ben-Akiva & Lerman, Discrete Choice Analysis:

Theory and Application to Travel Demand, 1985).
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5.3.7 Estimation model

Discrete choice models like Logit, Probit and Tobit are used to estimate the relationships that contain
variables that are non-metric or consists of a lower or upper limit. Logit and Probit are used for binary
or two or more outcomes while Tobit is a form of linear regression that the dependent variable is
constrained or censored such that it takes a positive value for some observations and zero for other
observations. These models usually employ maximum likelihood estimation method to estimate the
parameters as discussed in the previous section.

This study uses the Tobit type Il model (also known as Heckman’s standard sample selection model),
which is a censored regression model. Tobit type II model is commonly used in economics and
transportation fields, especially in cases of sample-selection bias. Refer to (Heckman, 1976),
(Heckman, 1979) and (Amemiya, 1984) for details on this model.

In this method, we utilize the Maximum Likelihood Estimation (MLE) technique to estimate the

parameters in the model.

5.3.8 Tobit type II model

This regression model is suitable when the dependent variable is bounded at one of the extremes, that
is when the dependent variable is binary (bounded at between 0 and 1). It assumes normality however
has a limitation which is assumes that the processes in both regimes of the outcome are equal to a
constant of proportionality.

To account for the selection biases, we use the Tobit type Il model (also known as Heckman’s standard
sample selection model), which is a discrete-continuous model. Tobit type II model is widely used in
the field of economics and especially in cases of sample-selection bias. Refer to (Heckman, 1976),

(Heckman, 1979) and (Amemiya, 1984) for details on this model.
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In this study, we use the Maximum Likelihood Estimation (MLE) method to estimate the parameters
in the model. This is a two-part model where, a latent variable y; that determines whether or not the
outcome of interest is observed and y; also a latent variable of interest. For example, the outcome of
the intention to purchase a MaaS plan is given by y; while the amount consumers are willing to pay
is given by y,. The two latent variables are observed as shown in equations 1 and 2.

Vi =Pix1 + & (5.10)

Vs =Baxz + & (5.11)
Where; x; and x, are explanatory for the selection and outcome equation respectively, 5; and £,
estimated coefficients, while &; and &, are error terms. y; and y; are not completely observed,

instead we observe only their positive values as stated in the conditions in equations 3 and 4 below.

_(lify1>0
_(y2ify1 >0
2‘{0ifyi‘s0 (5.13)

The error terms are usually specified to be a joint normal.

G- () (2 o) 519
The maximum likelihood estimation maximizes the log-likelihood function and it is based on the joint
density f(y1,¥2) = f(y2|y1)f(y1). By definition the density f(yz|y, = 1) = f*(y2ly1 > 0) .
Hence, f(1,y,) = f*(y,|ly; > 0) X Pr[y; > 0]. Consequently, the density f(y,|y; = 0) has a
probability 1 on the value y, = 0 and the probability 0 on any other value since y, = 0 when y; = 1.
Thus, £(0,¥21) = f(¥2ly: = 0)f(y1 = 0) = Prly; < 0].

The likelihood function is given as,

L =T {Prly;; < O[}' 71 X f(yyilyy; > 0) X Prly;; > 0]t (5.15)
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54 Results

In this study, we collected data from 560 respondents and analyzed their characteristics and travel
behavior. First, descriptive analysis was used to examine the travel characteristic segment of the
sampled population that is willing to adopt MaaS, what trip purposes will be suitable for MaaS, and
the factors influencing their decisions. This is based on a premise that; frequent trip makers will likely
adopt MaaS if they perceive it to be more attractive. This is also indicative of the potential demand
for MaaS in Shiga should it be introduced. Second, Heckman’s standard sample selection model is

used to estimate the regression model, taking into account the sample selection bias that exists.

5.4.1 Descriptive analysis

The summary of the respondent’s demographics is shown in Table 5-2. Respondents were presented
with six hypothetical MaaS plans and responses from 560 respondents were collected and analyzed
with respect to their current travel behavior and personal characteristics. From the results shown, 75%
of the respondents fall within the ages of 20 to 59 years, which is the working class and 88% of them

are family households.

Table 5. 2 Summary of results (demographics)

Demographic characteristics sample n = 560 percent % Residents to adopt MaaS n=191
Gender

Female 286 51.1 55.5
Male 274 48.9 44.5
Age

Young generation (<20 ~ 29) 109 19.5 23.6
Middle generation (30 ~ 59) 327 58.4 52.4
Older generation (60 ~ >80) 124 22.1 24.1
Occupation

Full time workers 306 54.6 57.6
Part-time jobs 59 10.5 9.4
Students 36 6.4 7.9
Unemployed 33 59 2.1
Retired 8 1.4 2.1
Housewife 118 21.1 20.9
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Annual Income (JPY)

Low income (<Im ~ 3m) 284 50.7 44.5
Middle income (3m ~ 6m) 135 24.1 19.9
High income (6m ~ >12m) 116 20.7 30.9
No response 25 4.5 47
Household size
1 person 66 11.8 11.0
2 persons 324 57.9 30.4
3 or more persons 167 29.8 58.6
No response 3 0.5 -
60.0
50.0
o 40.0
8
5 30.0
5
A~ 20.0
10.0 I I
) m . 0 _ - - []
Bicycle  Bus Bus/Train Private Private  Taxi Train  Walking

car car/Train

m Commute ® Shopping

Figure 5. 2 Mode share for commuting and shopping trips

Figures 5.2 and 5.3 show the travel characteristic of the respondents. It can be observed that there is
a strong reliance on the private car for commuting and other trips like shopping. The strong affinity
toward the use of the private car is buttressed by the information from Figures 5.4 and Figure 5.5
showing that over 35% and 80% of respondents drive every day and possess a driving license,
respectively. The commuter pass in Figure 5.5 refers to users of public transport. It is observed from
Figure 5.6 that, for the respondents who belong to the category of frequent trip makers, over 50% of

them commute and over 30% do shopping trips, respectively. In the same vein, Figure 5-7 shows the
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average monthly cost of a private car, which is 10,095.18 yen ($93.50)* while the average monthly

cost on public transport is 5,548.81 yen ($51.40).

5.4.2 Insightful responses from the SP survey

A greater percentage (over 60%) of respondents did not wish to purchase MaaS packages regardless
of the price. However, between 24% and 34% were willing to buy depending on the price.

The willingness-to-pay for the MaaS plans increases as the level of service and the attributes of the
packages increases. Details are shown in Table 5-3 and Figure 5-8.

The WTP values placed on MaaS plans are lower than their current average monthly spending on
travel, hence this is indicative of the fact that the price of the packages or its affordability will play a
key role for the residents to take up MaaS (Ho, Hensher, Mulley, & Wong, 2018) . Figure 5-9 shows
that the respondents were more eager to give up using their private cars for MaaS but skeptical to
return their driver’s license.

In the survey, a question was asked of the respondents if they were willing to give up the use of the
private car and their driver’s license for the proposed MaaS plans. Surprisingly, the results reveal that
the elderly generation was more willing to give up their cars for MaaS. It is also observed that the
respondents in their 20s who have recently obtained their driver’s license and are at their early stage
in career may want to continue driving or keep their license for future use, which is consistent with
the concept of peak car. This trend is shown in Figure 5-10; the histogram shows the percentage of

respondents who agree about giving up their cars for MaaS across the age groups.

Table 5.3 WTP for MaaS subscription plans

4 The exchange rate at the time of this study is 1 USD = 108 JPY
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WTP Mean values

MaasS Plans (flat rate within the target area) (IPY) Std. dev. \K:{IO"P :12=e
1. Train + Rental Bike 2583.33 2278.04 30 168
2. Bus + Rental Bike 2257.58 1962.22 24 132
3. Train + Bus + Rental Bike 3022.22 2576.51 32 180
4. Train + Bus + Rental Bike + Taxi @ ¥1000 (5km) 3406.25 3311.53 29 160
5. Train + Bus + Taxi + Rental Bike 4086.39 3874.22 34 191
6. Train + Bus + Taxi + Rental Car + Rental Bike 4465.97 4475.66 34 191

80.0
70.0
60.0
50.0
40.0

Percentage

30.0
20.0
10.0

5 Exchange rate: 1USD =108 JPY

Car Motorcycle

None

Figure 5. 3 Car ownership of the respondents

68



(O8] P
()] (e}

(O8]
(e}

—_
(=]

Percentage

Percentage %
[\ [\
W

—
()}

Very frequently (5~7days/week)
Moderate (3~4days/week)

I Less frequently (1~2days/week)
0 I I I

Very frequently Moderate Less frequently Never

(=]

()}

Figure 5. 4 Driving frequency
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Figure 5. 5 Driver’s license versus the commuter pass
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Figure 5. 6 Trip frequency by purpose
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Figure 5. 7 Average monthly cost on travels.
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Figure 5. 8 Willingness-to-pay averages across the MaaS subscription plans
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Figure 5.9 Choice of giving up car or driver’s license for MaaS subscription plans

71



While Figure 5-11 shows a closer look at the respondent who agreed to give up using their private car

for MaaS shows that at least over 30% of them use their cars very frequently (almost every day).

35.00
30.00
25.00
S
s 20.00
=
3
5 15.00
~
10.00
5.00
20s 30s 40s 50s 60s 70s/above
Age
Figure 5. 10 Willingness to give up the car for MaaS by age
80
70
60
£ 50
S
5 40
5
~ 30
20
10
0
Plan 1 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6

m Less frequently  m Very frequently

Figure 5. 11 Driving frequency for respondents who agreed to give up their car for MaaS
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5.4.3 Model estimation results

The sample selection model was estimated for the cases of Kyoto and Shiga respectively, and the

results are shown in Table 5-4.

Table 5. 4 Model estimation results

Probit selection equation:

Kyoto  Shiga  Kyoto  Shiga  Kyoto  Shiga  Kyoto Shiga
Variable Estimate Std. Error t. value Pr(>[t]) L
(Intercept) -8.741  -1.183 5962 1.104  -14.66 -10.71 <2e-16 <2e-16 = =
Train 1755 2574 2748 6.856 6385 3.754  1.84e-10 0.0001
Bus 1582 6.882 2737 655 5782 1.05 7.77e-09 0.2939
Taxi @ 5km -5.648 <1121 2,629 6566  -2.149 -1.708 0.0317  0.0878 »
Rental car 9.941 1.628 2.656 6.451 0.374 0.252 0.7081 0.8007 .
Gender -2.004 2403 1695 4885 -1.182 4919 02370 9.12¢-7
Age-middle -4.16 2468 2157 5291  -1.928 -4.665 00538 3.2le-6
Age-elderly -1.095  1.047 2767 6.614 3956 1.583  7.71e-05 0.1134  *==
Commute freq. 7.24 2863 3502 5424 2067 5279  0.0387 1.38¢-7 *  *
Shopping freq. 4332 1.932 2.135 5.244 0.203 3.684 0.8392 0.0002 ks
Commuter pass 3719 3227 4128 575 0901 5.612 03675 2.17¢-8
Cost-public trans. ~ 2.237 8819 1857 3.206 12.04 2.75 <2e-16 0.0059 == =
Outcome equation:
(Intercept) 10387 8213 0.102 0.1837  101.30 43.861 <2e-16  <2e-16 =+ ==
Rental car use -0.099 -0.061 0.116 0.058  -0.86 -1.05 0.3896 0.2939
Commuter pass -0.043 -0.349 0.048 0.071  -0.898 -4.905 0.3695  9.78e-7
Commute freq. 0.038  -0.063 0.098 0.066 0387 -0.965 0.6987  0.3347
Household size 0.050 0.116 0022 0037 2256 3.127 0.0241 0.0017  * =
Income (high) -0.155 0.159  0.063 0.066 -2436 2421 00149 0.0155 + *
Error terms:
Sigma 2858 0993  0.052 0056 5453 17.767 <2e-16 <2e-16 =
Rho -0.990 -0.564 0001 0.098 9133 -5.741 <2e-16 1.02e-8 =+ =

Significant codes: “***’ 0.001, “**’ 0.01, “** 0.05, *.” 0.1

Model summary:

Tobit 2 model (sample selection model - Kyoto)

Maximum Likelihood estimation

Newton-Raphson maximisation, 7 iterations
Log-Likelihood: -7485.828

6072 observations (3949 censored and 2123 observed)
21 free parameters (df = 6051)

Tobit 2 model (sample selection model - Shiga)

Maximum Likelihood estimation

Newton-Raphson maximization, 4 iterations
Log-Likelihood: -3281.865

20 free parameters (df = 3340)

3360 observations (2343 censored and 1017 observed)

It can be observed that using Tobit type 2 model, the estimation results for Kyoto and Shiga are fairly

the same with a few variations. The bus mode in Kyoto has a positive estimate as expected and is
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significant. In Kyoto city bus seems to be attractive because of its connectivity, same fare system and
well multimodal integration. Also, the estimate for gender is significant in Shiga but not significant
in Kyoto. Furthermore, the dummy variable for elderly generation has a negative sign for Kyoto and
is statistically significant whereas in Shiga it has a positive sign and not significant. These little
differences and variations give the need for further investigation.

The estimation results from Table 5-4 are consistent with logic as the train and taxi have positive and
negative signs for Kyoto and Shiga respectively. Because using the train is convenient especially
commute around the city, so it affects the choice positively whereas taxi negatively affects the choice,
and they are both significant. This provides initial insights about the modes that should be included
in a MaaS package for Shiga. It is worthy of note that bus, rental car and age are not statistically
significant parameters for this model for Shiga. This is not surprising more so that the use of the rental
car is seasonal or occasional. The trip frequency, commuter pass and cost on public transport have a
positive relationship with choosing MaaS plans and are statistically significant. As expected, the
respondents who use public transport often are more likely to try out MaaS. In respect to the
willingness-to-pay, income, household size and possessing a commuter pass plays a significant role.
The later has a negative relationship whereas income and household has a positive relationship. The
use of the rental car and commuting frequency were not statistically significant in predicting the

willingness-to-pay.

5.5 Discussion

From the descriptive analysis, we can see that over 50% of the respondents are full-time workers, have
at least a family of two and fall within the low-income bracket. Their affinity to the private car is
logical in the sense that there is poor connectivity of public transport in Shiga. Consequently, it is

more convenient to use a private car to meet travel needs. This strong reliance on the private car can
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be seen in the travel characteristics of the respondents and the expenditure on travel. The average
amount for the willingness to pay for MaasS is below their current spending on travel which shows the
value they place on MaaS vis-a-vis the current mode. Therefore, pricing will play a key role in those
who will adopt MaaS. The trend in Figure 5-8 shows that the more attractive the MaaS plan is, the
more likely the people will accept it and will be willing to pay for it.

Even though most of the respondents do not wish to take up MaasS, it is imperative to carefully examine
the subset of about 30% who agreed they have the intention to use MaaS. It is interesting to note that
the respondents who agreed to use MaaS, over 50% of them are full-time workers who make trips
frequently and belong to a household of at least 3 members. Besides, about 75% of respondents are
car owners, however, 45% of this group accepted to buy MaaS unlimited plan but only about 20%
went further and agreed to give up their car completely for MaaS.

From the model estimation, which is in two parts; selection equation (discrete) and outcome equation
(continuous), the results in Table 5-4 shows that train mode has a significantly positive parameter
(2.574), indicating that the inclusion of train mode in the MaaS packages makes it attractive to the
users. Moreover, since the Shiga cities are bed towns, some residents commute with the train out of
Shiga to the city for work. Whereas the bus mode has similar estimate but is not statistically significant
hence less attractive and is perceived as inconvenient since the bus services have a comparatively
lower frequency and do not operate a flat rate system as it is done in Kyoto city. The estimate for taxi
mode has a negative sign (-1.121) and is statistically significant at the 10% level. This implies that
the taxi mode is less attractive and expensive. This perception of taxi been expensive is consistent
with logic since cost plays a key role in the selection process. In tandem with the premise that the

frequency of trips will positively affect the likelihood of selecting MaaS, the estimates for commuting
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and shopping frequencies conforms to the above premise and are both significant. On the other hand,
rental car mode and the age of the elderly people is not a significant predictor of the model.

The second part of the model (outcome equation) shows the predictors for the willingness to pay
should a MaasS plan be selected. The results show that the higher-income people (0.159) and bigger
households (0.116) are more willing to pay for MaaS. This is positively significant and conforms
with the logic that people with higher income level and households may have the luxury to try out a
new mobility scheme than others in the lower income levels. In the same vein, commuter pass (-0.349)
has a negative relationship with the WTP and is statistically significant. This is indicating that those
with commuter passes are skeptical to try out MaaS because of their current subscription to a mobility
service. Note most of these subscriptions sometimes have an effective period of three months and
above and customers will want to have value for money before trying something new. Finally,
commuting frequency and rental car usage are not significant predictors for the WTP and are not
statistically significant as shown in Table 5-4. Even though a greater percentage of the residents stated
they will not use MaaS, this model reveals the factors that influenced the decision to take up MaaS or
not. Having in mind that these MaaS packages were hypothetical, a lot is still desired to ascertain the
feasibility, profitability and sustainability of MaaS, especially in an auto reliant suburban settlement

like in the Biwako valley.

5.6 Limitation of the research

In this research, the sample size is constrained to the budget provided by the Shiga local authority.
Also, the sample may not have been a representative subset of the residents as such the results may be
biased. Similarly, explaining the concept of MaaS via this only survey to the residents may not have
provided enough understanding for them to make informed choices as such some irrational responses

were noticed. This may have influenced the outcome since the MaaS packages were merely
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hypothetical. As a result of the following limitations, it should be considered that these findings may

have some bias.

5.7 Future research directions

This research has drawn attention to some key areas which need more investigation. First, it is one
thing to claim to have demand for MaaS and another thing to operate a MaaS scheme successfully.
Therefore, there is need to research on the operational feasibility of MaaS in Shiga and Japan at large.
Second, it is clear that the residents in the Biwako valley heavily rely on the car mode for most of
their trips, so it will be important to research on the possibility of incorporating the private car in the
MaaS package to attract car owners to use MaaS. For example, considering free parking for car
owners who subscribe for MaaS so that they can only use the car for the first/last miles part of the trip.
Third, since most people who accepted MaaS in this research are family households, the viability of
family MaaS packages should be examined. Finally, a field operational test should be carried out for
some time and results compared with an SP survey. There is reason to believe that the concept of
MaaS may not be fully understood by the residents and this may have affected their choice. Also, the

extent of the impact of the built-in environment on implementation of MaaS is desirable.

5.8 Conclusion

In this paper, we seek to provide insights/understanding of the implementation of MaaS in Shiga,
Japan. This includes the acceptability of MaaS (which is judged by their choices vis-a-vis their current
travel behavior), the potential demand for MaaS, the composition of the MaaS package suitable for
Shiga residents and the willingness to pay which also reflects the value individuals place on MaaS.

A stated choice survey administered online was conducted of 560 individuals who indicated their
choices for MaaS and the willingness-to-pay for it. MaaS packages were designed based on the

envisaged travel needs of the residents of Shiga. A unique feature of the survey is, we adopted a flat
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rate system within the study area, which is not currently operational, rather than stating prices for each
MaasS plan.

In this study, our results show that over 60% of the respondents are more likely not to use MaaS.
About 30% of respondents accepted the proposed MaaS plans and also expressed the willingness to
pay for it depending on the price, therefore we came to a conclusion that there is latent demand for
MaasS in both Shiga and Kyoto should it be introduced. Frequent trip makers, higher-income earners
and households of at least two members and above are more likely to take up MaaS. Also,
interestingly, the willingness to give up a private car and adopt MaaS has a linear relationship with
age.

Hence, from the demand standpoint, there are indications that MaaS seems to be feasible in Shiga.
The operational feasibility is yet to be thoroughly investigated, however, there are indications that it
is also feasible. Currently, trip/route information and payment system have a reasonable level of
integration which is a good enabler for MaaS. In terms of the policy, governments in Japan have made
serious steps towards the implementation of MaaS, like this project was sponsored by the Shiga

prefectural government to provide insights for policy direction.
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Chapter 6

Investigating the Determinants of Intention to Adopt Mobility as a Service using Structural
Equation Modelling

6.1  Introduction

This chapter investigates the determinant factors that influence the intention to use MaaS. Since this
is a hypothetical scenario, users indicated their intentions under experimental conditions however, we
seek to understand factors that influences their decision by examining their daily travel behavior as
well as their personal attributes. A structural equation modeling technique is employed for this

analysis.

6.2 Background

Since the inception of Mobility as a Service (MaaS) scheme in 2014 named UbiGo-launched in
Gothenburg Sweden, this concept has gained interest around the world. In 2016 MaaS Global launched
their MaaS scheme called Whim in Helsinki Finland and over the following years extended its services
to the United Kingdom, Belgium and Austria (Whim, 2019). Also, researchers around Europe,
America, Asia and Australia have been discussing the possibility of implementing MaaS.

The basic idea of the MaaS concept is to integrate public transport, taxi and shared mobility (car
rentals, ride-hailing, bike and e-scooter share services) into subscription packages that users can
configure based on their travel needs, usually via a mobile application (MaaS Alliance, 2021). So far
MaaS promises to significantly reduce car dependency and create business opportunities within the
mobility ecosystem. Furthermore, MaaS promises to boost public transport ridership and meet
sustainability goals of cities in the long term (Rye, 2017). However, the extent of the impact of MaaS

on the environment and transportation industry in general is still unclear. Due to environmental
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concerns, traffic congestion and urbanization, there has been an increasing need for innovative and
sustainable mobility solutions.

Implementing MaaS can be considered in three aspects namely, regulator, supplier (operator) and
demand (user). The regulator is usually the government agencies or authorities/municipalities which
are responsible for policies and regulations that will support the implementation of MaaS. The supply
side deals with mobility operators that provides the services. It is important to ascertain the operational
feasibility, profitability and technological prerequisites required to deliver a MaaS scheme to the
public. On the other hand, the demand side tells whether there is a potential market for MaasS to thrive.
Public acceptance, adoption of MaaS and the willingness to pay for it are key factors to tell if MaaS
is viable in a particular environment. In general, the users’ acceptance of MaaS largely depends on
their attitude, quality of service and the built environment.

In this paper we explore the users’ behavior towards MaaS to examine the attributes that significantly
influence their intention to adopt MaaS. Through a stated preference survey, structural equation
modelling which uses the theory of planned behavior as an initial framework is used to analyze these
causal relationships. The comparison of the attitudes and daily travel habits of individuals living in
urban areas versus those living in rural/suburban areas is done to better understand MaaS adoption.
In many parts of the world, where MaaS is not operational, this concept is neither known nor well
understood. One of the core characteristics of MaasS is that it is user centric, therefore it is imperative
to examine the potential users across specific target groups to strategically position it in a competitive

market.
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6.3 Theoretical framework

In many studies on technology adoption in transportation field, theories such as Theory of Planned
Behavior (TPB), Technology Acceptance Model (TAM) and Unified Theory of Acceptance and Use
of Technology (UTAUT) are used to explain users’ intention to adopt/use a technology or new service.
In this study, we rely on the Theory of Planned Behavior (TPB) which states that the likelihood of an
individual to engage in a logical/reasoned behavior is strongly correlated to the strength of his or her
intentions to engage in that behavior (Kagee & Freeman, 2017) to explain the determinants of the
intention to adopt MaaS. The concept of the TPB is illustrated in the diagram (Figure 1). This theory
is used to predict and understand behavioral intentions, which are determined by a combination of
three factors namely, attitude towards the behavior, subjective norms and perceived behavioral control.
Attitude towards the behavior refers to the extent to which a person has an evaluation of the behavior
to be performed. Subjective norm refers to the social pressure to perform the behavior in question
while perceived behavioral control refers to the ease or difficulty of performing the behavior in
question which is based on past experiences or expected obstacles. These factors have direct impact
on intentions and indirect impact on behavior. On the other hand, perceived behavioral control has a
direct effect on behavior as shown with the dotted line, as well as an indirect effect on behavior, which

is the dependent variable and outcome.

6.4  Research hypothesis

In the framework of this study, we assume that the car ownership (CO) status of residents affects their
current travel behavior (TB) and their attitudes toward private car (ATC). Also, we assume that the
current travel behavior (TB) of the residents has a direct effect on their intentions to use MaaS (IUM).
In the context of the theory of planned behavior, “Attitude” is represented by the attitudes of the

respondents to stop using car (ATC). For example, whether they will give up the use of car for MaaS

81



or whether they will give up their driver’s license too. “Subjective norms” is represented by the latent
variable-travel behavior (TB) which is measured by the driving frequency of the respondents. Since
the built environment influences the daily trip patterns, we assume this to be a social norm, for
example Shiga residents mostly use car for commute. For the “perceived behavioral control”, we
assume that car ownership (CO) has great control over our own behavior in terms of choosing similar
or alternative modes.

These relationships between the latent variables can be tested using observable endogenous or
exogenous variables generated by the respondents. Furthermore, we introduce a moderating effect
(location of the residents) to test the strength or direction of the relationships and whether there are

differences in outcome within the subgroups. The hypothesis we test on these relationships are as

follows.

1) H1: There is a significant relationship car ownership (CO) and intention to use MaaS.

2) H2: There is a significant relationship between TB and intention to use MaaS.

3) H3: There is a significant relationship between ATC and intentions to use MaaS.

4) H4: There is a significant difference between the relationships of the latent variables and the

The first hypothesis implies that the individual characteristics like age, gender, income etc.
significantly influences the decision to use MaaS. The second hypothesis suggest that the daily travel
behavior of an individual significantly affects the intentions to use MaaS. Likewise, the third
hypothesis implies that the attitudes towards the use of private car, significantly affects the intentions
to use MaaS. The fourth hypothesis implies that individuals living in urban areas are more likely to

use MaaS.
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6.5  Methodology

6.5.1 Structural Equation Modelling (SEM)

Structural equation modelling (SEM) is a common statistical analysis technique that measures and
analyses complex relationships between observed variables and latent constructs. SEM incorporates
several statistical methods such as regression analysis, discriminant analysis, factor analysis,
confirmatory analysis, path analysis among others (Westland, 2015). Related research on the
application of SEM includes (Si, Guan, & Cui, 2019) who analyzed the relationship between the latent
variables and the behavioral intentions of using taxis and online car-hailing services in China,
(Schikofsky, Dannewald, & Kowald, 2020) who identified the key motivational mechanisms behind
the intention to adopt MaaS in Germany, and (Acheampong & Siiba, 2020) who investigated the car-
sharing adoption intention among young people in Ghana, west Africa.

Similarly, a multigroup analysis (MGA) is applied to test whether there exist significant differences
within subgroups in a single population. Many studies report their findings from a single population
without exploring whether they are significant differences across two or more categorical groups (like
age, gender, occupation, status, location etc.) within the dataset and this can be misleading. Group-
specific path analysis are done using these categorical moderating variables mentioned earlier to
account for the observed heterogeneity and this reduces the risk of misinterpreting the outcome
(Matthews, 2017). Many feasibility studies about the implementation of MaaS are done in urban
areas, therefore, it will be interesting to know the situation in rural or suburban areas.

The greatest advantages of SEM are that it examines linear causal relationship among variables while
simultaneously accounting for measurement error. SEM test complex patterns of relationships
simultaneously including mean structures and group comparisons and test for compatibility of the
model with the data. Conversely, SEM comes with some challenges which includes, sometimes SEMs

give unreliable results due to small sample sizes and nonnormal data. Also, sometimes two model
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with different assumptions gives same model fit, so it becomes difficult to interpret the results and
base a decision by it.
The procedure to evaluate model fit for SEM is not straightforward because there is no single index
or test that can check the consistency of the model with the empirical data. Usually, the goodness-of-
fit indices used depends on the estimation procedure used in the model. These fit criteria show how
the model fits the empirical data. Generally, a y? (chi-squared) test statistic is used for statistical
hypothesis testing to evaluate the appropriateness of SEM. Given that the assumptions of SEM (large
sample size and normally distributed) still hold, y? test is used to evaluate whether the population
covariance matrix X is equal to the model-implied covariance matrix £(6). y? invariably tests the
null hypothesis, given that the differences between the elements of X and X(0) are all zero: ¥
- X¥(0) = 0. The matrices are unknown because these are population parameters, as a result, the
sample counterparts are examined. The empirical covariance matrix § and the model-implied
covariance matrix X(8), where 0 is the (t X 1) vector of estimated parameters. Assuming that the
null hypothesis is correct, then the minimum fit function value times (N - 1) convergestoa y? variate
(Schermelleh-Engel, Moosbrugger, & Miiller, 2003). This is expressed in equation (3.7) given as
x*(df) = (N =1 F [S,2(0)] (6.1)
Where, df = s — t degrees of freedom,
s represents the number of nonredundant elements in S,
t represents the total number of parameters to be estimated, while
N is the sample size,
S represents the empirical covariance matrix and

X(0) represents the model-implied covariance matrix.
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6.5.2 Data collection

Inhabitants of the Biwako valley in Shiga prefecture and Kyoto metropolitan City (see map; Figure 6-
1) were surveyed using online questionnaires. We adopted an online survey because of the wide reach,
time and cost efficiency.

In this study, the samples collected consist of 560 individuals from the Biwako valley in Shiga
prefecture (rural/suburban), collected over a period of seven days (from 1st to 7th of July 2019) and
1,012 individuals from Kyoto city (urban), collected over a period of eight days (from 29th October
to Sth November 2019). The demographics of these samples are representative of the population of

Shiga and Kyoto based on gender and age.

Kyoto city ' . { Otsu[Kusatsu Yod P 8

Figure 6. 1 Map of Kyoto and Shiga showing the bus lines within the coverage area of the survey

For example, in Shiga we have 51.1% and 48.9% for females and males respectively, while in Kyoto
we have 49.5% and 50.5% for females and males respectively. The coverage area for this survey is
seen in Figure 6-1 showing the map of Kyoto and Shiga with their bus networks. In this study, Kyoto
metropolitan city is referred to as urban while the Kusatsu and Otsu area in Shiga prefecture is

considered rural based on population density.
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6.5.3 Stated Preference survey

SP surveys have been used to examine consumer’s perception/preference or intentions to use a new
service or willingness to pay for a product or service yet to be introduced into the market. By using a
Likert scale respondent were asked their intentions to use MaaS, willingness to give up car or license.
For example, we asked, if all trains, buses, taxis and rental bicycles operating in the target area are
available for one month, would you like to purchase the ticket? The respondents are expected to
choose from the stated responses which are, “I will buy it depending on the price” or “I will not buy
it regardless of the price”. For those who indicated they will buy depending on the price, they are
expected to state how much they are willing to pay for that plan. These MaaS packages are proposed
based on the envisaged travel needs and transport services available in the study areas. Also, for ‘give
up car or license’ the respondents answered using a 5-point Likert scale as follows. 1) I do not think
so at all, 2) Not so much think, 3) Neither 4) I think so a little and 5) I think so.

The online questionnaire is structured as follows: Section 1 gathers information on travel
characteristics of the respondents which includes, commuting trips, shopping trips, leisure trips as
well as the frequencies and main modes used while making these trips. Section 2 presents the stated
preference scenarios of the six MaaS plans, and the amount users are willing to pay for MaaS, give up
car or license. The proposed plans are set to operate as a flat rate system with unlimited rides within

the target areas (Table 6-1) while section 3 collects personal information.

Table 6. 1 Proposed MaaS subscription plans as presented in the SP survey.

MaaS Plans (flat rate within the target area) Intention WTP (JPY)
1. Train + Rental Bike O yes O no 0-100,000
2. Bus + Rental Bike O yes O no 0-100,000
3. Train + Bus + Rental Bike O yes O no 0-100,000
4. Train + Bus + Rental Bike + Taxi (5km @ ¥1000) O yes O no 0-100,000
5. Train + Bus + Taxi + Rental Bike O yes O no 0-100,000
6. Train + Bus + Taxi + Rental Car + Rental Bike O yes O no 0-100,000

Exchange rate: 1USD =108 JPY (2019)
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6.6 Results and Discussion

6.6.1 Descriptive analysis

After cleaning the data of outliers, irrational responses and errors, and then sorting and organizing it,
we had a total of 1,308 respondents. Their individual characteristics and travel behavior was analyzed
in relation to their choices of the proposed MaaS packages. In this study, we selected the packages
which has all the modes included (for example, plan 5 or 6 in Table 6-1) for analysis. This package is

believed to be more attractive and comparable to owning a car.

Table 6. 2 Summary of demographic information

Kusatsu and Otsu

Demographic characteristics n=560 percent (%) Kyoto n=1012 percent (%)
Gender

Female 286 51.1 501 49.5
Male 274 48.9 511 50.5
Age (vears)

Young gen. (18~29) 109 19.5 190 18.8
middle gen. (30~59) 327 58.4 635 62.7
Elderly gen. (60~above 80) 124 22.1 187 18.5
Occupation

Full time worker 306 54.6 406 40.1
Part time worker 59 10.5 117 11.6
Student 36 6.4 99 9.8
Unemployed 33 59 50 4.9
Retired 8 1.4 15 1.5
Housewife 118 21.1 151 14.9
Annual income (JPY)

Low income (0~3M) 284 50.7 557 55.0
Middle income (3M~6M) 135 24.1 268 26.5
High income (6M ~ above) 116 20.7 183 18.1
No response 25 4.5 4 0.4
Household size

1 person 66 11.8 226 22.3
2 persons 324 57.9 333 329
3 or more persons 167 29.8 448 443
No response 3 0.5 5 0.5
Car ownership

car owners 423 75.5 583 57.6
non-car Owners 137 24.5 429 42.4
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From the results shown in Table 2, the actively working class which belong to the young and middle
generation, falls within the ages bracket of under 20 to 59 years. This amount to over 75 percent (Table
6-2. 19.5% + 58.4%) of the respondents and 88 percent of them are from family households.

The stated WTP by Kyoto residents was higher (plan 6 = ¥5,286) than Shiga residents (plan 6 =
¥4,466) which may be an indication that they place a higher value on shared mobility schemes.

Furthermore, people in Kyoto were more willing to adopt MaaS® than people in Shiga (Figure 6-2).

75% 5500
65%

4500
55%
3500

45%

35% 2500

Japanese yen

25%
1500

15%

500
5%

Plan 1 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6
-5% -500

mmmm Kyoto (Adopt MaaS) Shiga (Adopt MaaS) e K yoto (WTP) e Shiga (WTP)

Figure 6. 2 MaaS acceptance and willingness to pay

¢ Adopt Maas$ in this case refers to those accepted to purchase the Maa$S packages depending on the price.
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Table 6. 3 Percentage of willing to adopt MaaS by Kyoto and Shiga residents (combined data)

number (Kyoto and Shiga) % Residents to adopt MaaS n =
Demographic characteristics n=1308 514
Age (vears)
Young generation (18-29) 239 20.4
middle generation (30-59) 982 73.3
Elderly generation (60-80 above) 87 6.2
Occupational status
worker 910 72.2
non-worker 398 27.8
Annual income (JPY)
Low income (0~3M) 595 42.0
Middle income (3M~6M) 441 33.1
High income (6M ~ above) 272 24.9
Car ownership
Car owners 966 73.5
non-car Owners 342 26.5
Living environment
rural/suburbs (Biwako valley) 466 31.9
urban (Kyoto city) 842 68.1

In Table 6-3, the data from Kyoto and Shiga was merged (n=1308) after deleting irrational responses.
From the initial analysis, it could be seen that 73% of the middle-aged people within the ages of 30 to
59 as well 72% of the respondents who are actively working are willing to use MaaS. Interestingly,
about 74% of car owners are willing to try out MaaS with a greater percent of this group coming from
Shiga (rural/suburban). Meanwhile residents from Kyoto (urban) are more willing to try MaaS than

residents of Shiga (rural/suburb) with percentages of 68% and 32% respectively (Table 6-3).

6.6.2 Comparison between Shiga and Kyoto using cross tabulation

The classification of urban (Kyoto) versus rural/suburban (Kusatsu/Otsu) was done based on
population density and person trips in these areas. We compared the daily trip behavior of the
residents in Shiga and Kyoto using cross tabulation. Detail of the results are found in Figures 6-3, 6-
4, 6-5 and 6-6. The cross-tabulation results show that 66.5% and 62.4% of respondents residing in

Kyoto and Shiga respectively commute daily (Figure 6-3). In Kyoto, 30% of the residents commute
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using train followed by about 29% who use bicycle (Figure 6-4). On the other hand, Shiga residents
commute mainly using private car followed by train. Specifically, 39.5% use car for commuting while
35.1% use the train. This is not surprising since Shiga is an auto reliant community, also Shiga serves
as a bed town to the big cities like Kyoto and Osaka. In Kyoto it is evident that the residents prefer to
shop at stores closer to their homes hence about 37% walk to do shopping activities (Figure 6-5). Also,
noticeably, in Shiga private cars are used for shopping. This is consistent with the common knowledge
that Shiga is more auto reliant when compared to Kyoto city. In Figure 6-6 most of commute time
values fall within the lower end of the range. Shiga has a higher median value than Kyoto for
commuting with public transport (same with the means; Shiga = 49mins, Kyoto = 44mins), implying
better access in Kyoto. Even though both have same value at third quartile (Q3/75th percentile) and
outliers within same range, it still supports the perceived attractiveness of public transport services in

Kyoto city vis-a-vis Shiga.

Pearson chi-square = 11.8; df = 3; P value = 0.0081 Pearson chi-square = 60.59; df = 4; P value = 0.0001
0.9% 3,79 4.1% 6.1%
/ |
Shiga Shiga 39.5% -
1.9% 5.8% 8.3%
KyOtO _ / KyOtO - 197% -
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m Commuting ™ Shopping ™ Hospital = Entertainment/hobbies mBicycle ®mBus mBus/Train ®Private car ®Train
Figure 6. 3 Trip purpose Figure 6. 4 Commute mode share
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Pearson chi-square = 94.43; df = 4; P value = 0.0001

0.8% L7%

/

3.2% 1.2%

/

0% 20% 40% 60% 80% 100%

mBicycle mBus mPrivate car mTrain mWalk

Figure 6. 5 Shopping mode share

6.6.3 Base model of SEM
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Figure 6. 6 Commuting travel time by mode

We utilized a partial least-square (PLS) structural equation model estimation to test the relationships

between the postulated latent constructs as well as the behavioral intention to use MaaS. We used the

software package SmartPLS 3.0 for the data analysis and benefited from its advantage that it does not

require any specific distribution assumptions like normal distribution of the variables.

The latent variables consist of attitudes to stop using car (ATC), travel behavior (TB), car ownership

(CO) and intention to use MaaS (IUM). ATC is measured by the observed variables “give up car” and

“give up license”, TB is measured by the driving frequency of the respondents while the measure

variable “car ownership dummy” represents the latent variable “car ownership”. The intention to use

MaaS (IUM) is measured by the dummy variable “adopt” as shown in Figure 6-7. The cross-sectional

data was then analyzed in SmartPLS.
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6.6.4 Model fit
According to (Henseler, et al., 2014) and (Lohmdller, 1989) the Standardized Root Mean Square

Residual (SRMR) and Normed Fit Index (NFI) are indices used to evaluate the approximate model fit.
The values of these criteria are usually within a certain threshold (SRMR < 0.08) and (NFI > 0.9)
whereas, in this study the SRMR is 0.021 and NFT is 0.991 (Table 4), which indicates a good model
fit. The saturated model assesses correlation between all constructs while the estimated model which
is based on a total effect scheme and takes the model structure into account is a more restricted version
of the fit measure (SmartPLS, 2021). Squared Euclidean distance (d_ULS) and geodesic distance
(d_G) are other criteria for model fit. These criteria define a perfect model fit when they are both

equals to zero (Dijkstra & Henseler, 2015).

Table 6. 4 Fit summary

Saturated Model Estimated Model
SRMR 0.014 0.021
d ULS 0.003 0.006
dG 0.001 0.001
Chi-Square 6.996 9.534
NFI 0.994 0.991

6.6.5 Construct Reliability and Validity

In SmartPLS, a reflective model’s construct reliability is tested through composite reliability with a
preferred minimum threshold value of 0.5 while the convergent validity is checked using Cronbach’s
alpha with a threshold value (>0.60). This proves that the model is internally consistent. In this study,
the value of Cronbach’s alpha for the latent variable ATC is 0.736. the other latent variables have a

value of 1 since they were measure by a single variable.
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6.6.6 Structural Equation Modeling (SEM) results

Figure 8 shows SEM results, with path coefficients after running a consistent PLS algorithm on
SmartPLS ver. 3.0. The SEM results show that the model is compatible with the data. The intention
to use MaaS is positively affected by car ownership (0.096) and attitudes to stop using car (0.400).
Also, travel behavior is positively affected by car ownership (0.424) while IUM is positively affected
by TB (0.023). Afterwards, we ran a bootstrapping which computes the statistical significance of the
PLS-SEM results. The result demonstrates that indeed car ownership significantly affects the intention
to use MaaS (Table 6-5). In addition, other paths like ATC to [UM, CO to TB and CO to ATC are all
statistically significant. Consequently, the results support the hypothesis HI and H3 while H2 is
insignificant and not supported. Furthermore, there is an indirect effect of CO on IUM, and the path

CO — ATC — IUM is statistically significant.

6.6.7 Multi-Group Analysis (MGA) results

We also seek to investigate if there is a significant difference in the paths if we consider subgroups
like built environment within the sample. Therefore, we considered the subgroup of those living in
the city (Kyoto) and rural areas (Shiga). In our analysis the results in Table 6-5 show that there was
no significant difference in the path estimates except for the path CO — ATC which conforms with
logic. It is obvious that the attitudes of residents in urban and rural areas towards using and or owning

a car will differ largely due the built-in environment. Consequently, the hypothesis H4 is not supported.
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Table 6. 5 PLS-SEM results

Standard
Original Sample Mean T Statistics
Path Deviation P Values’
Sample (O) ™M) (JO/STDEV))
(STDEV) Remark
ATC - ITUM 0.400 0.399 0.031 13.055 0.000***  supported
CO - ATC -0.279 -0.279 0.031 8.960 0.000***  supported
CO - IUM 0.096 0.096 0.030 3.183 0.001***  supported
CO-TB 0.424 0.424 0.018 23.462 0.000***  supported
not
TB - IUM 0.023 0.022 0.028 0.790 0.429
supported
Table 6. 6 Specific indirect effect
Original Sample Sample Mean  Standard Deviation T Statistics
Path P Values
0) ™) (STDEV) (JO/STDEV))
CO - ATC - IUM -0.111 -0.112 0.016 6.987 0.000%x**
CO-TB - IUM 0.010 0.009 0.012 0.787 0.431

7 Significant codes: *** 0.001; ** 0.01; * 0.05
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Figure 6. 7 SEM with path loadings
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Table 6. 7 PLS-MGA — (urban vs rural)

p-Value original 1-

Path Coefficients- p-Value new
Path tailed (urban vs Remark

diff (urban - rural) (urban vs rural)

rural)

ATC - IlUM -0.062 0.872 0.255 not supported
CO - ATC -0.170 0.998 0.004** support
CO - IUM 0.028 0.330 0.660 not supported
CO-TB 0.263
TB - IUM -0.032 0.689 0.622 not supported

Significant codes: *** 0.001; **0.01; * 0.05

6.7 Discussion

In this study, we set out to investigate the determinants that influences the intention to adopt a
proposed MaaS scheme. From the results, we observed that the car ownership status of respondents
is a strong determinant for the intention to use MaaS. The latent variable CO has both direct and
indirect effects on the variable [UM as shown in Table 6-5. The path estimates of CO — [UM has
a positive coefficient (0.096) which implies that car owners are becoming more curious to try out
MaaS. From the descriptive analysis (Table 6-3) it could be seen that over 70% of car owners are
willing to try MaaS. However, it is important to note that, this result from Table 6-3 is the outcome
of a combined data sample of Kyoto and Shiga. More specifically, even though percentage of car
owners in Kyoto is less, the sample sizes are not the same and Kyoto car owners are more likely
to give up their cars and adopt MaaS. It is logical because, they live in the city and are already
accustomed with shared mobility services.

Travel behavior (TB) which comprises of driving frequency is not a significant determinant for
users’ intention to adopt MaaS. In this case, how often the respondents drive has no effect on
adopting MaaS. This is possible scenario since there seems to be many “paper drivers” in Japan,

that is people who have driver’s license yet do not own or drive a car.

97



The latent construct, attitudes towards car (ATC) was considered to investigate the effects that
habitual behavior/strong reliance on the use of private car has on the intention to use MaaS. The
residents were asked if they will give up their private car and or driver’s license to gauge the
strength of their intentions. This is justified by the theory of planned behavior (Kagee & Freeman,
2017). The SEM results revealed that ATC has a positive effect on IUM, and this relationship is
statistically significant. The measured variable “giveup car” is a strong contributor to the
construct as shown in Figure 6-7 with an outer loading of 0.928.
Next, multigroup analysis MGA was done to explore further the data for salient relationships that
may exist among certain groups in the sample population. The built environment, that is urban,
rural/suburban areas were considered. Subsequently, the data from residents in Kyoto (urban) and
Shiga (rural) were compared and analyzed. The result revealed that there is no significant
difference between urban and rural dwellers in the path estimates. It implies that regardless of
residential area, the effects of CO, TB and ATC on IUM remain the same. However, there appears
to be a significant difference on the path CO — ATC as expected but this relationship was not
hypothesized.
The main elements which can be drawn from these results that could drive policy are, car
ownership strongly influences travel behavior. Therefore, attractive incentives should be provided
to influence a behavioral change.

More specifically, the policies that may be inferred from the results of this study are,
1. Governments should incentivize the return of licenses by elderly drivers. This is crucial to

improving both traffic safety and the implementation of Mobility as a Service schemes.
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2. Since we compared the acceptance of MaaS adoption and users’ intention in both Kyoto
and Shiga, mobility management policies should be tinkered and domesticated for each
case to encourage a widespread use of MaaS.

Also, since there exist some differences in travel behavior between urban and rural inhabitants,

different approach or strategies should be adopted. More persons in Kyoto use train or bus

regardless of the trip purpose, so the built environment plays a vital role in policy direction. In

Shiga, which is more auto reliant, emphasis should be made on the first and last mile trips to

encourage a shift towards public transport, especially encouraging the use of micro mobility and

paratransit services which could be a mode to collect people to the main stations or transit hubs.

6.8  Conclusion

After investigating the factors that influences the adoption of MaaS we can conclude that car
ownership and users’ attitude toward private car significantly influences the decision to adopt
MaaS. Car ownership and attitudes toward car have a positive relationship with the intention to
use MaaS while travel behavior effect on the intention to use MaaS is insignificant. From the SEM
results in Figure 8, it is revealed that car ownership and attitudes toward car are strong determinants
of MaaS adoption. In addition, from the descriptive analysis we discovered that the built
environment is a strong determinant for MaaS adoption. In contrast to Shiga residents, Kyoto
residents showed a positive attitude toward MaaS and are more likely to adopt MaaS.
Subsequently, from the MGA there is no significant differences in the paths estimates across the
subgroups like the built environment (urban vs rural).

In conclusion, two hypotheses were supported which include H1 and H3 while H2 and H4 were

not supported.
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This study has some limitations which are vital to how the outcome of this research is applied.
The sample size was restricted due to budgetary constraints. The findings of this research apply
only to Kyoto and Shiga prefectures in Japan. Other cities or rural areas in other countries may
have different dynamics and these results may not apply due to cultural and societal differences.
It is also worthy to note that under experimental conditions, respondents may state intention to
engage in an action but will differ when presented with the real experience. Since the proposed
MaaS scheme was presented in a stated choice format, a field trial will provide better insights for
the implementation of MaaS in Japan. Nevertheless, the findings of this study give us useful

insights towards the development of a sustainable MaaS scheme for Japan.
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Chapter 7
Conclusion and implications
71 Introduction
This chapter concludes the study by summarizing the key research findings that addresses the
research aims and objectives as well as the scientific contribution thereof. It also proposes the
policy implication and recommendations of the study. Finally, it reviews the limitations of the

study and proposes areas for future research.

7.2 Summary: Research objectives and main findings

In line with the current global trend that everything is moving towards a subscription economy and
SDG number 11, this research investigated the possibility of introducing a innovative mobility
service often referred to as Mobility as a Service (MaaS). More specifically, this study addressed
these questions, whether there is a market for this new mobility scheme in urban as well as
suburban areas. Also, who are the people that are more likely to use MaaS and what factors
influences their decision to use MaaS. Addressing these questions requires conducting a survey
to examine the people’s willingness to accept MaaS or not, and their habitual behavior or attitudes
that may hinder or influence MaaS adoption.

This study addressed these research questions by using a stated preference survey conducted in
Biwako valley and Kyoto city. Data was collected from the residents in these areas which included
their daily travel behavior, stated choices and personal attributes. A censored regression as well
as structural equation modelling was employed to analyze the data. The main findings of this
research are summarized below.

First, from the descriptive analysis, the results show that about 30% of the respondents in the

Biwako valley and 68% of respondents in Kyoto city accepted to use MaaS depending on the price
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of the package. This suggest that there may be a significant potential demand and a growing
market for MaaS to thrive in the study areas and that the curiosity of the people poses as potential
demand for MaaS should it be introduced.

Second, in case of the Biwako valley, the estimation results from the Tobit type II model show
that the travel mode train, has a positive effect on users choosing the MaaS packages whereas taxi
had a negative effect. Rightly so because of the perception that taxis are expensive for daily trips.
Furthermore, the monthly cost on using public transport and trip frequency also has a positive
impact on choosing MaaS. The second part of the equation deals with the willingness-to-pay, in
this case, the income, household size and possession of a commuter pass had positive effects on
the willingness-to-pay for MaaS.

Third, to ascertain the determinants of the intention to use MaaS and the relationships between the
latent variables and intention to use MaaS, structural equation modelling was used for this analysis.
The SEM results show that car ownership and attitudes toward the use of private car are strong
determinants for the intentions to use MaasS.

Furthermore, the research hypothesis and findings from Chapter 6 are as follows.

102



Table 7. 1 Summary of research hypothesis and findings

Hypothesis Expectation Findings Decision

1 H1: There is a significant relationship car ownership and Positive Positive Do not
intention to use MaaS. reject

2 H2: There is a significant relationship between TB and Positive Negative Reject
intention to use MaaS.

3 H3: There is a significant relationship between ATC and Positive Positive Do not
intentions to use MaaS. reject

4 H4: There is a significant difference between the relationships  Positive Negative Reject

of the latent variables and the intention to use MaaS when

considering urban residents and rural/suburban residents.

7.3 Contribution of the study

The main findings of this thesis contribute to literature in three broad ways.

1. These findings especially about the dynamics of the Biwako valley’s built environment

will help to develop strategies to integrate transport services in this area in a suitable and

sustainable way. Should a pilot project be executed, these findings will form the basis for

the inception and design of the MaaS packages that are well targeted towards the potential

users. For example, creating a MaaS package around family households, care®, and the

first and last mile trips. This could improve accessibility, promote social inclusion,

8 This refers to care and support for the elderly and disabled persons. For example, including ambulances, demand
responsive transport to hospitals and supportive facilities for disabled persons to access public transport or share

mobility.
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improve quality of life and ultimately create a more environmentally friendly community
(Barreto, Amaral, & Baltazar, 2018). The rural MaaS context present an interesting
discussion to investigate the feasibility, and sustainability of the MaaS in suburbs or rural
areas which has not been sufficiently explored. This can contribute to literature over the
debate on sustainable mobility vis-a-vis traffic congestion solutions and environmental
benefits.

2. These useful market insights will encourage transport planners and service providers to
show commitment in adopting new business models for the development and
implementation of MaaS.

3. These insights will assist municipalities, authorities and governments toward policy

formulation that supports multi-modal integration.

7.4 Implications and recommendations

The findings of this research have the following implications which dwells on policy, MaaS
development and the need for further research.

First, the results show that there is a market for MaaS in the study areas therefore, there is enough
justification to go to the next stage of the implementation which is the pilot stage. With the
percentage of respondents that stated intention to use MaasS, it is obvious that a pilot project will
create more awareness about MaaS and its benefits, and it will create a better perception for value
of MaaS after experiencing it for a certain period. Even though, there may be a demand for MaaS,
nevertheless the operational feasibility still needs to be investigated. This is to ensure that the
technology and systems support the implementation of MaaS.

Second, the results also reveals that the built environment plays an important role for the intention

to adopt MaaS. Biwako valley has limited options in terms mobility services, accessibility,
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availability, and frequency of public transport, whereas the reverse is the case with Kyoto city.
Therefore, it is not surprising that Kyoto city result shows a higher MaaS adoption in comparison
with the Biwako valley. The people in Kyoto city are exposed to more mobility options especially
the availability of shared micro mobility services improves accessibility. This implies that micro
mobility could provide some level of convenience that is not found in the Biwako valley, as such
shared micro mobility services should be introduced in the Biwako valley to cater for the first and
last mile trips.

Lastly, the SEM results show that, car ownership and the peoples’ attitude towards car usage are
strong determinants of the intention to use MaaS. It is evident that in the city car ownership comes
with associated cost which could be overbearing hence, single person household in Kyoto city are
most likely not to own a car. This is due to the dynamics of the built environment; city residents
naturally adopt public transport for obvious reasons. This also explains their willingness to use
MaaS however the case is different especially within the Biwako valley since it is an auto reliant
community. Since the residents already developed a habitual behavior of commuting or going for
shopping with their private cars, it becomes difficult to change such behavior. In order to reduce
car ownership in the Biwako valley and promote MaaS and make it attractive, government should
adopt strategies like investing in non-motorized transport, educating the population to become part
of the solution and formulate policies that should incentivize the return of license by elderly drivers,
the use of cleaner vehicles and or public transport, and that improves digital accessibility of public

transport services.
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7.5  Limitations and future research

In this research, the sample size was constrained by the budget provided by the Shiga local
authority. Also, the sample may not have been a representative subset of the residents. As such
the results may be biased. Similarly, explaining the concept of MaaS to the residents only via this
survey may not have provided sufficient understanding for them to make informed choices as such
some irrational responses were noted. This may have influenced the outcome since the MaaS
packages were merely hypothetical. As a result of these limitations, it should be considered that
these findings may have some inherent bias.

On the other hand, the particular built environment attributes that strongly impacts the adoption of
MaasS is still unclear and subject to further studies. Also, using tour or trip based origin and
destination (for example work trips, non-work trips) as an analysis unit for MaaS adoption in the

context of the built environment will provide more desired insights in the future.
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