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Mobility as a Service (MaaS) is a recent concept that is gaining momentum in both the scientific
world and the private sector. First studies and field trials — essentially conducted in developed
countries — suggest that MaaS can influence people’s mobility behavior and create more efficient
and sustainable transport systems for the future. We intend to contribute to the existing knowl-
edge about MaaS$ by extending the scope to the context of developing countries where Maa$S could
be a potential strategy to address existing transport problems. Our case study focuses on Metro
Manila (Philippines), an emerging Asian megacity. We analyzed its citizens’ (N = 238) readiness
for and attitude towards MaaS, and how a MaaS-system could influence users’ mobility behavior.
Considering mobility-related and socio-demographic characteristics, our statistical models give
preliminary insights about the potential MaaS users and how a Maa$S system would create value
for them. While the vast majority (84%) of respondents stated they were likely to use a MaaS app,
the main reasons for adoption appear to be reliability and cost savings. In addition, we found
evidence that MaaS could shift users’ mobility behavior towards more sustainable transport
modes (i.e., from private and low-capacity modes towards public transport). Policy implications
and future research paths for MaaS in developing countries are also discussed. Considering the
novelty and complexity of this research area, we call for additional research in this field.

1. Introduction

Many countries of the developing world are greatly affected by mobility problems induced by prevailing global mega trends such as
population growth and urbanization (Detter, 2015; Hayashi et al., 2004). In the Philippines, the National Capital Region — also referred
to as Metro/Metropolitan Manila (MM) - is experiencing what in the media is frequently described as a ‘transport crisis’. In this 13-
million population metropolitan area, urban sprawl, lack of coordinated transport policies at the Metropolitan level, absence of
adequate infrastructure and mass transit solutions, and rapid pace of motorization, amongst various other reasons, have led to an
inefficient transport system which continuously collapses under growing demand (Andong and Sajor, 2017). As is common in large
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developing cities, this resulted in premature traffic congestion, deterioration of the environment, safety and security issues, and
declining mobility of the poor (Gwilliam, 2003).

With traffic jams and gridlocks currently belonging to the region’s everyday picture, a recent report by the Asian Developing Bank
ranked MM as the most congested developing Asian city (ADB, 2019). Based on comprehensive navigation system data for 2019, MM
even experienced the second highest daily congestion worldwide (TomTom, 2020). Logically, this situation has led to increased calls
for transport reforms and changes in mobility behavior, which are urgent also for environmental reasons.

Indeed, transport and human mobility play a crucial role in the current climate debate (Wynes and Nicholas, 2017). We are
currently experiencing widespread protests around the world as part of the ‘Fridays for Future’ movement with millions of people
demonstrating for more climate action. During the global climate strike on September 20, 2019, the organizers counted 260,000
people in New York City, 230,000 people in Berlin, and 120,000 people in Melbourne. Their concerns and call for a rapid reduction of
greenhouse gas emissions (GHG) are supported by the majority of the scientific community who for a long time have warned about the
threats of global warming (Hagedorn et al., 2019; Ripple et al., 2019). As part of that, it has led large parts of the general public to
understand that we need to fundamentally change behavioral and consumption patterns. Taking into account that the transport sector
is one of the largest GHG emitters worldwide and that transport-related energy use continues to grow faster than in most other sectors
(IEA, 2019; IPCC, 2014), this also refers to our travel habits. Consequently, sustainable transport has not only become a major domain
in academic research (e.g., Gillis et al., 2016; Greene and Wegener, 1999), but also a frequent subject in the public discourse.

While these developments have mainly been observed in the Global North, elsewhere the status quo differs significantly (Lee et al.,
2015). In the Philippines, for example, it appears that climate change has not appeared yet as a crucial topic on the public agenda
(Franzen and Vogl, 2013; Reyes, 2014) even though more environmental and sustainability awareness are imperatively needed. Not
only is the Philippines currently one of the countries suffering the most from climate hazards (IEP, 2019), but is also one of the
countries most affected by the projected sea-level rise in the future (Kulp and Strauss, 2019). Cities that are located on the coastline are
highly vulnerable and could face drastic consequences (Meerow, 2017). Considering a relatively conservative scenario of expected
changes in global carbon emissions, by 2050 large parts of MM are expected to be permanently threatened by inundation’.

A potential solution often promoted by academic researchers and policymakers to tackle both transport and environmental
problems is the shift towards more efficient/sustainable transport modes (e.g., Creutzig et al., 2012; Nykvist and Whitmarsh, 2008). In
this context, several policy directions have been suggested and implemented. They encompass measures such as restrictions, bans,
taxation, pricing and subsidization, information campaigns to create awareness, and integrated transport and land-use planning. They
also encompass the improvement of services as well as the provision of adequate infrastructure (e.g., Banister, 2008; Hayashi et al.,
2004; Pojani and Stead, 2015). We would like to emphasize the role of the last types of measures, given their historical contribution to
the diffusion of transport systems (Leibowicz, 2018) and the results of case studies, for example, on biking infrastructure (Marqués
et al.,, 2015) and BRT systems (Wright and Fulton, 2005). Simply put, this means that providing the necessary infrastructure and
improving services precede and stimulate the change of mobility behavior.

Mobility as a Service (Maa$S) is a promising new transport solution that, according to first results from field tests and studies in
developed countries, could follow a similar rationale. For example, during a 6-month MaaS field trial in Sweden, it has been found that
“over time the participants became less positive towards private car and more positive towards alternative modes” (Karlsson et al.,
2016, p. 3269). As such, many users of a service called UbiGo changed their mobility behavior and increased patronage of bus/tram
(50% of participants) or bicycle sharing (23% of participants), while 48% claimed to have used private cars less frequently than prior to
the trial.

For this study, we collected online survey data in the Philippines from residents and commuters in MM. The questionnaire surveyed
respondents’ mobility-related and socio-demographic characteristics. Two binary response models have been specified with the
objective to investigate preliminary demand for Maa$S in developing countries and how it differs compared to findings in developed
contexts.

Specifically, we have addressed the following research questions:

e (RQ1) How strong is the willingness to use Maa$ in developing countries? Who are the potential adopters and what are their
motives to use MaaS?

e (RQ2) By integrating different transport services and making them accessible on demand, does MaaS have the potential to promote a
shift towards public transport and more sustainable mobility in developing countries?

This article complements the emergent literature on MaaS adoption and explores MaaS’ potential beyond the developed world.
Developing countries — which are home to the majority of the world’s population, are growing rapidly, and often face severe transport-
related problems - have so far been overlooked in existing studies. By focusing on a megacity that presents many of the prevalent
transport characteristics in developing countries, this study offers first insights into Maa$S in the context of the developing world —
which we consider a promising field of research.

The remainder of the article is structured as follows. Section 2 provides the background for this study. Our research methods are
presented in Section 3 and the study results in Section 4. We discuss policy recommendations in Section 5. Finally, Section 6 presents
concluding remarks and an agenda for future research.

1 We are referring to the Coastal digital elevation model (CoastalDEM) estimation by Kulp and Strauss (2019). A map for the area in MM
threatened by inundation can be generated with the Climate Central’s Coastal Risk Screening Tool available at https://coastal.climatecentral.org.
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2. Background

This section contains the relevant background information for this study. Section 2.1 summarizes recent developments in the
context of the emerging Maa$S concept. Section 2.2 contains the case study presentation of Metro Manila, a developing megacity in
Southeast Asia.

2.1. Mobility as a service (MaaS)

Mobility as a Service (MaaS) is a very recent concept. While a universal definition has yet to be developed, in the most prevalent
view, it describes a new transport solution that integrates public and private transport services from different transport operators and
service providers on a single platform (Jittrapirom et al., 2017).

MaasS springs from the ‘Everything as a Service’ (XaaS) paradigm, a huge stream known from cloud computing, where products,
processes, data, information, and so forth, are being provided as a service (Duan et al., 2015). It thus translates the XaaS-concept into
the context of transport, by promoting a shift from buying/owning means of transport towards servitized transport modes.

The MaaS concept originates from Finland where — since Hietanen (2014) — it has been strongly pushed and promoted by public and
private actors. Nowadays, it is a widely used term in the scientific and grey literature comprising several publications by academic
researchers (for recent reviews, see Calderon and Miller, 2019; Utriainen and Pollanen, 2018), government agencies (e.g., Finnish
Transport Agency FTIA, Transport Committee - UK Parliament, Dutch Ministry of Infrastructure and Water Management, and Swiss
Federal Office of Transport BAV), international organizations (e.g., ITF/OECD, UNECE), research, tech, and consulting firms (e.g.,
Accenture, Cisco Systems, Deloitte, KPMG), and interest and industry associations (e.g., AARP, EMTA, IET, UITP) - pointing to its
expected impact and market potential (see Appendix A for a comprehensive list of MaaS white papers and reports).

While integrated transport has been a goal of transport authorities for decades, Maa$S leverages on recent developments in digital
technologies as well as societal changes such as the sharing economy to bring this idea into reality. Maa$S incorporates new mobility
services (NMS) such as ride-hailing and car- and bike-sharing, makes services accessible on demand and on a single payment channel,
and converts them into so-called mobility packages (also MaaS plans, mobility plans, or bundles) (Jittrapirom et al., 2017).

As the number of Maa$S schemes and trials are rapidly increasing, it remains a difficult task to frame and categorize relevant MaaS
providers. We note that the presumed MaaS schemes differ greatly in terms of business models, service features, and the number and
types of integrated transport modes. One way to classify MaaS schemes refers to the degree of integration (Kamargianni et al., 2016)
distinguishes between partial/advanced integration and (Sochor et al., 2018) classifies them based on integration levels ranging from
0 to 4 (Table 1).

There are several operating MaaS schemes in different parts of the world that fall under the advanced integration category or the
MaaS level 2 type/class, respectively, including Free2Move?, moovel®, and Jelbi'. However, to the authors’ best knowledge, the only
provider offering advanced integration with mobility packages (or Maas level 3) is the Finnish start-up MaaS Global. Its service Whim®
has been officially launched in the Helsinki region in November 2017. Meanwhile, they have expanded internationally, for example, to
Birmingham/West Midlands (UK), Antwerp/Flanders (Belgium), and Vienna (Austria).

Due to the limited number of real-world applications, several scientific studies have focused on (possible) implications as well as
conditions for MaaS in the context of selected regions and countries — mainly in the developed part of the world. They include the
Alpine regions (Signorile et al., 2018), the UK (Enoch, 2018), Germany (Hasselwander, 2019), Australia (Mulley et al., 2020), and the
application of MaaS in rural areas (Eckhardt et al., 2018, Geurs et al., 2018).

The scientific community perception of the potential of MaaS to solve transport-related problems is rather positive. However, many
studies consist of reviews, theoretical discussions, and qualitative studies. Possibly because of the novelty of MaaS and the paucity of
available data, few studies provide empirical evidence about Maa$S (expected) market potential, outcomes, and benefits.

Many of the available quantitative studies so far have addressed the potential users of a MaaS system mainly through stated choice/
preference analyses (Table 2). A central issue of these articles refers to mobility packages and the question of how to bundle services,
which is therefore obviously considered as a relevant leverage point for MaaS providers. Guidon et al. (2020) found that once public
transport is offered in a bundle, it is valued higher compared to when valued individually. Matyas and Kamargianni (2019), in
addition, highlight mobility packages’ potential to introduce users to services they have not used before. Together with the results from
the Ubi-go trial (Karlsson et al., 2016; Sochor et al., 2016) these findings therefore support the idea that Maa$S could loosen people’s
reliance on private cars and increase the use of more sustainable transport modes (i.e., public transport and shared services).
Notwithstanding, other studies leave some doubt as to whether Maa$S can appeal to avid car users (e.g., Alonso-Gonzalez et al., 2020;
Fioreze et al., 2019; Ho et al., 2020).

A study commissioned by Maas Global examined the outcomes and effects of Whim’s first year of operation. Its results indicate that
Whim increased the use of public transport and promoted intermodal travel, and that the integration of NMS enabled the substitution of
private car trips (Ramboll, 2019). Other attempts to quantify outcomes and benefits of MaaS have been conducted through micro-
simulation. Djavadian and Chow (2017) used data from Oakville, Ontario (Canada), to model MaaS as a solution to tackle public

2 https://us.free2move.com/app

% https://www.moovel.com/en/our-products/for-public-transit-agencies-operators/mobility-app
4 https://www.jelbi.de/

5 https://whimapp.com/
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Typology of Maa$S schemes according to the level of integration.
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Integration Categories
(Kamargianni et al., 2016)

Integration Levels

(Sochor et al., 2018)

Examples

Advanced Integration with mobility packages

Advanced Integration
Partial Integration

4 - Integration of societal goals

3 - Integration of service offers (bundles)
2 - Integration of booking & payment

1 - Integration of information

0 - No integration

Whim, UbiGo (pilot)
Free2Move, moovel, Jelbi
Moovit, Qixxit, Google maps
Lyft, Hertz

Table 2

Overview of literature on Maa$S adoption.

Article Author Year Case study Research method Main findings

Developing the ‘Service’ in Mobilityas ~ Karlsson et al. 2016  Gothenburg, Mixed-methods Participants of the trial reported decreases in
a Service: experiences from a field Sweden approach based on private car use and increases in alternative
trial of an innovative travel field test (trial) mode use (particularly car sharing and public
brokerage transport).

Trying out mobility as a service: Sochor et al. 2016  Gothenburg, Mixed-methods Participants reported curiosity as the main
Experiences from a field trial and Sweden approach based on motivation to adopt MaaS.
implications for understanding field test (trial)
demand

Potential uptake and willingness-to- Ho et al. 2018  Sydney, Stated preference Car non-users and infrequent users are most
pay for Mobility as a Service Australia survey data analysis likely to adopt MaaS. However, frequent car
(MaaS): A stated choice study users seem to be interest in subscribing to

mobility packages.

Public preferences for mobility as a Ho et al. 2019  Tyneside, UK Stated preference Young smartphone users are likely to adopt
service: Insights from stated survey data analysis Maa$S. MaaS$ could be a substitute for the
preference surveys second household car, but not the only car in

the household.

The potential of mobility as a service Matyas and 2019  Greater London, Stated preference User, particularly those with lower
bundles as a mobility Kamargianni UK survey data analysis household incomes, prefer mobility packages
management tool that include public transport.

Mobility as a service in community Mulley et al. 2019  NSW and Stated choice The willingness to pay for bundled mobility
transport in Australia: Can it Queensland, experiment with services are substantially lower than the unit
provide a sustainable future? Australia survey data costs of provision.

Exploring motivational mechanisms Schikofsky 2019  Germany Partial least squares Psychological needs play a crucial role in the
behind the intention to adopt etal. analysis with acceptance of Maas$, such as anticipated
mobility as a service (MaaS): qualitative interview advantages of autonomy, competence, and
Insights from Germany data the feeling of being related to a social peer

group.

Transportation service bundling—for Guidon et al. 2019  Zurich, Discrete choice Transport services offered in a bundle may
whose benefit? Consumer Switzerland experiment with increase (e.g., public transport, car sharing)
valuation of pure bundling in the survey data or decrease (e.g., bicycle sharing, taxi) its
passenger transportation market perceived value compared to the stand-alone

service.

Bundling, pricing schemes and extra Caiati et al. 2019  Netherlands Sequential portfolio The price of the monthly subscription is a key
features preferences for mobility choice experiment adoption factor. Public transport is the most
as a service: Sequential port-folio preferred mode for bundles.
choice experiment

On the likelihood of using Mobility-as-  Fioreze et al. 2019  Netherlands Mixed-methods Residents show a significant interest in trying
a-Service: a case study on approach based on out MaaS$ but are not likely to use it in the
innovative mobility services survey/focus group long run. Unlike demographics, attitudes (e.
among residents in the NL data g., environmental awareness) determine

adoption of MaaS.

Drivers and barriers in adopting Alonso- 2020  Netherlands Latent class cluster The cluster of individuals with multimodal

Mobility as a Service (MaaS)-A
latent class cluster analysis of
attitudes

Gonzélez et al.

analysis of attitudes

weekly mobility patterns is most likely to
adopt MaasS.

transport’s first/last mile problem at a train station. Results from a case study of the Greater Zurich area, Switzerland, suggest that the
integration of various transport services leads to efficiency gains and reduction of energy consumption (Becker et al., 2020).
Kamargianni et al. (2019), in addition, have proposed a framework to simulate the entire Maa$S ecosystem incorporating the decision
makers and the interaction of involved stakeholders in the short- and long-term. The application of this framework could deliver first
insights on the long-term impact of Maa$S on transport systems and user behavior.

However, many of the aforementioned findings are likely not transferable — or are transferable only to a certain degree — to the
context of developing countries, considering significant variations in available transport infrastructure and citizens’ travel behavior

(Gwilliam, 2003).
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Indeed, the literature in the context of developing countries is yet incipient. Singh (2019) reports insights from the Kochi One®
scheme in Kochi, India, and the city’s transition towards MaaS which provides preliminary evidence about the feasibility of Maa$ in
developing countries. Adjustments to the MaaS model in Kochi involve the use of smart cards (along with the Kochi One app) and the
integration of informal transport services. In the context of Phuket, Thailand, Khaimook et al. (2019) studied the potential of Maa$S not
only to contribute to more efficient and sustainable transport, but also to increase road safety. They concluded that MaaS, indeed, can
break travel habits and encourage people to make safer travel choices (e.g., using public transport instead of traveling by motorcycle).

Nevertheless, little is known about potential users’ intentions and preferences and how MaaS can be established in developing
countries. The success and rapid diffusion of ridesharing and other internet-enabled services provides an analogy that underlines the
potential and demand for NMS (including Maa$) in the developing world (Hasselwander et al., 2022). Several case studies found that
socio-demographic characteristics — such as age and income level — are decisive adoption factors in developing context (e.g.,
Acheampong et al., 2020; Lesteven and Samadzad, 2021). Experience from ride-hailing, moreover, provides evidence for the
mode-substitution effect of NMS (Tirachini, 2020).

However, with public transport trips often being substituted, it is argued that many NMS rather increase negative transport ex-
ternalities and do not contribute to a sustainable transition in developing cities (Suatmadi et al., 2019; Tirachini, 2020).

With regards to implementing Maa$ in developing cities, the literature suggests that the translation of transport policies settings —
especially from a developed to a developing context — remains a difficult task (Canitez, 2020). Pojani (2020) argues that rather than
policy transfer, putting the acquired knowledge into practice and implementing it locally is the critical step. This would require the
consideration of local socio-cultural heritage, traditions, and citizens preferences, amongst others (Sharmeen et al., 2021).

Hence, the lack of insights regarding demand side peculiarities in the developing world causes a significant knowledge gap in the
Maas literature, also leaving many issues for policy and practice unanswered.

2.2. Case study presentation: Metro Manila

The Philippines is an archipelagic country in Southeast Asia with a population of well over 100 million. Ranked by the World Bank
as a lower-middle income country, it is one of the fastest growing economies in the world. Metro Manila (MM), located on the island of
Luzon in the Northern part of the country, represents the Philippines’ center of culture, economy, education, and the seat of gov-
ernment. It comprises 16 cities and one municipality, and occupies an area of about 620 km? (Fig. 1). The urbanization process,
however, has spilled out of MM borders into the adjoining provinces (also referred to as Mega Manila) from which a huge number of
common trips are generated. With a population of around 13 million (and a daytime population reaching up to 15 million), MM is one
of the most crowded and dense urban areas in the world. According to the latest census data from the Philippine Statistics Authority
(PSA), the population is very young (in 2010, 58.9% were younger than 30 years) and is growing extremely fast (1.58% annually
during the period 2010-2015).

In MM, vast social and spatial inequalities are observed, as well as an increasing gap between rich and poor. This development can
be read off by a comparison of the current urban transformation with, at both extremes, locally dissmbedded wealthy enclaves on one
side and low-income, informal settlements on the other (Kleibert, 2018). Also, citizen’s mobility characteristics and travel behavior are
very diverging (Hickman et al., 2017). Abad et al. (2019) found that low-income neighborhoods in the periphery lack adequate access
to transport services, while locations with high housing prices (e.g., in proximity to the CBDs) provide the best accessibility. In
addition, Andong and Sajor (2017) highlight a long-term trend that employees move farther away from their workplaces and that
commuting distances are increasing accordingly. Vehicle ownership in MM, according to Rith et al. (2019), correlates to socioeco-
nomic characteristics and land use patterns. Given the positive impact of income on car/vehicle ownership and motorization (Dargay
and Gately, 1999; Kutzbach, 2009), it is not surprising that rising per capita income in recent years has boosted private car sales in MM.
Unlike in most Western countries, however, the private car is not the most dominant transport mode in MM. In fact, its modal split
share is still relatively low (20.4%) (JICA, 2015) and yet accounts for 72% of road traffic (NEDA, 2014). Due to the rapid pace of
motorization and declining occupancy levels, car trips have increased by 69% between 1996 and 2012 (NEDA, 2014). Nevertheless,
88.6% of households do not own a car. More than two-thirds of the estimated 12.8 million daily trips in MM are, therefore, made by
public transport (NEDA, 2014). According to different classification frameworks, there are numerous developing cities around the
globe with similar transport characteristics and conditions to MM (Table 3).

The public transport system in MM includes buses (regular and P2P buses), jeepneys (a country-specific paratransit service — the
cheapest and most popular mode of transport in the Philippines), UV Express (a point-to-point service with air-conditioned utility
vehicles), a rail transit network with three lines (LRT1, LRT2, MRT3), and a commuter rail line (PNR Metro Commuter Line). In
addition, more than 21,000 taxis ply the streets of MM, while tricycles (the local auto rickshaw version operated as shared taxis or
private hire) and pedicabs (nonmotorized three wheelers) are readily available as first/last mile options.

Shortly after the launch of the first transport network companies (TNCs) in MM in 2014, the Philippines’ government created a
regulatory framework for these companies to legally operate in the country. Since then, several internet-enabled ridesharing services
(i.e., taxi-hailing, ride-hailing, and carpooling) gained great popularity. Grab’, the leading TNGC in Southeast Asia, for example, claims
that it occupies 60,000 active driver-partners in the country and that one out of six Filipinos has installed the Grab app (Grab, 2019).
Yuana et al. (2019) explain that the insufficient provision and access to public transport in MM forces commuters towards the use of

6 https://kochimetro.org/kochi-1-card/
7 https://www.grab.com/sg/
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Fig. 1. Map of Metro Manila (dark grey) and its adjoining provinces (light grey). Outside the map section but part of study area: Pampanga
Province in the north and Batangas Province in the south of the metropolitan area. Data from PhilGis.org.

Table 3

Transport- and mobility-related city typologies and categorizations.

Framework

Variables/Indicators

Comparable Cities to MM
[Category]

Categorization of City Circumstances (
Gwilliam, 2002)

Global urban typology framework for
sustainable mobility futures
(Oke et al., 2019)

Megacity Clusters (Priester et al.,
2013)

Urban Transport Development Paths (
Barter, 2004)

Income (Motorization); Size and size distribution; Political history;
Population growth rates

Metro propensity; BRT propensity; Bikeshare propensity; Development;

Sustainability; Population; Congestion; Sprawl; Network density

General city characteristics; Transport supply indicators; Mobility
indicators

Ownership of passenger modes; Urban mobility level

Bangkok, Hong Kong

Bangalore, Delhi, Dhaka, Lagos, Lahore,
Karachi, Kinshasa, Kolkata, Pune, etc.
[Congested Boomers]

[MM identified as an outlier]

Bangkok, Jakarta
[Traffic-saturated bus cities]

ridesharing services, which in turn increases private vehicle utilization and traffic congestion.

The overall transport system in MM, with a railway network of only 75.2 km and a road network operating at capacity limit, is
considered very inefficient and not able to accommodate the citizen’s mobility needs. Thus, several measures have been implemented
and even more proposed to ease the metropolis’ transport woes (Boquet, 2013). Many of these measures center around the Epifanio de
los Santos Avenue (EDSA) — the main north-south artery and most important and frequented road in MM. Aiming to reduce the number
of cars on the streets, the Unified Vehicular Volume Reduction Program (UVVRP) came into force in 1995. This program, also known as
‘number coding’, bans certain vehicle types (based on the last digit of the license plate) from EDSA and other major public roads at
certain times. In 2018, the Metropolitan Manila Development Authority (MMDA) proposed the implementation of a high-occupancy
vehicle (HOV) lane, which after a short trial phase, however, has been discarded. Other policies target buses, which — while striving for
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passengers along EDSA — contribute to traffic congestion. In this context, the ‘Yellow Lane Policy’, which allows buses to occupy only
certain lanes, and the ban of provincial buses have recently been tested on EDSA.

Other attempts refer to the construction and expansion of transport infrastructure, particularly as part of the current adminis-
tration’s ‘Build! Build! Build!” infrastructure plan. This includes the Metro Manila Subway and the Southeast Metro Manila Expressway
projects as well as the LRT1 Cavite extension and other projects aiming to increase the transport system’s overall capacity.

In addition to planned short-term improvements and longer-term infrastructure projects increasing the efficiency of the public
transport system could provide a remedy (Batalla, 2005). MM currently lacks a centralized and holistic plan for the road public
transport network. The operator landscape is very fragmented. Buses, jeepneys, and tricycles are all privately owned and operated
without subsidies. The provision of services depends on private sector initiatives and is not subject to any quality control, while
franchises are issued in a rudimentary manner without considerations of road capacity constraints or changes in demand. These
conditions result in a poorly managed public transport system with inadequate intermodal integration, high transport-related GHG
emissions, and major traffic safety concerns. Operators have established competitive practices that disrupt vehicle flow, while com-
muters complain about declining service levels (increasing waiting and travel times, overcrowded means of transport, train break-
downs, etc.) and political failure.

Parallel to the ongoing Public Utility Vehicle Modernization Program (PUVMP) (Sunio et al., 2019), institutional and regulatory
reforms could address the lack of rationalization and planning. The Department of Transportation (DOTr) commissioned the Metro
Manila Road Transit Rationalisation Study completed in 2014. Research initiatives such as the government funded PUBFix® project, in
addition, propose optimal schedules, routes, and integration schemes for public transport.

3. Research methods

This section describes the research methods used in this study. The following subsections detail the survey design (3.1.), variables
and data (3.2.), model estimation and analysis (3.3.), and research limitations (3.4.).

3.1. Survey design

With support from the University of the Philippines - National Center for Transportation Studies (UP-NCTS), we conducted a small-
scaled pre-survey with face-to-face interviews on two days in January 2019 at the Mall of Asia in Pasay City, MM. We used the inputs of
the small sample to identify weaknesses regarding the formulation and comprehensibility of our questions as well as the response
options to improve the survey design.

The final survey has been conducted online. Online surveys have become a popular tool for researchers from different scientific
areas, including the field of transport research, as well as for different study purposes. Compared to other survey methods (e.g., face-to-
face interviews and telephone surveys), their cost advantage and time saving benefits, the opportunity to address respondents from
distant locations, as well as lower socially desirable responding bias are pointed out (Lindhjem and Navrud, 2011). On the other hand,
uncertainty over the validity of the data and sampling issues remain as common shortcomings (Ilieva et al., 2002). This also applies to
our study, as we discuss in more detail in Section 3.4.

The questionnaire was created using the Google Forms tool. We used a convenience sampling and snowballing technique - during a
research stay of the first author at the UP-NCTS, the survey link was shared in social media networks and respondents were asked to
share it with their contacts. The survey targeted respondents residing within MM (relating to 87.4% of the sample) or living in one of
the adjoining provinces and commuting regularly to MM (e.g., for work or school) (12.6%). Answers have been accepted between
February and July 2019, resulting in a total of 238 completed questionnaires.

3.2. Variables and data

The final questionnaire included a total of 20 questions. It first addressed transport- and mobility-related characteristics such as the
number of available cars/motorcycles in the household (Table 4). We also surveyed the total distance and time the respondents have
traveled on the previous day. We deliberately referred to the previous day, which we expected to be easier to answer rather than asking
for abstract typical or average travel distances and times. While this could potentially bias the observed modes, we note that the mode
distribution in our dataset is comparable to the numbers that are reported in a recent large-scale transport study in MM. That is, about
half of all trips in MM are covered by public modes, followed by walking (about 30%), and private modes (about 20%) (JICA, 2015).
With the same rationale, we asked about the respondent’s last trip (instead of a typical trip) and the number of required transfers
(considering the use of public transport even if the respondent used other modes). In order to record the degree of multimodal travel
behavior, we asked which types of transport modes the respondent is using regularly (i.e., at least once a week). Finally, we also asked
the respondents for the factors they valued most when choosing a transport mode for a trip (e.g., the availability of travel information®)
as well as their main trip purpose.

In addition, we surveyed the respondents’ socio-demographic characteristics as summarized in Table 5. This also covered

8 http://pubfix.transfix.ph/about.php
° Note that in the Philippines, public transport is mostly informal, without timetables and detailed route information available. On the other hand,
internet-enabled alternatives such as ride-hailing provide detailed information on travel and arriving times.
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Table 4
Descriptive statistics for respondent’s transport- and mobility-related aspects (N=238).
Variable Description Category Observations Mean
(Measurement and value) (percentage) (SE)
RESID Respondent’s residence (=1 if he/she resides in MM, otherwise = 0) - 203 (87.4) -
HCARS Number of cars available in the household - - 1.27
(1.42)
HMOTOS Number of motorcycles available in the household - - .42 (.86)
MODES Number of different transport modes used at least once a week - - 3.42
(2.09)
PRICE Factors that determine respondent’s transport mode choice. Respondents could select up to  Price/Costs 148 (62.2) -
TIME three unweighted factors. Time 179 (75.2) -
COMFORT (=1 if the respondent chose the respective factor, otherwise = 0) Comfort 129 (54.2) -
SAFETY Safety 99 (41.6) -
TRAVELINFO Avail. Travel 20 (8.4) -
ENVIRON Info. 5(2.1)
RELIABILITY Environm. 40 (16.8) -
impact
Reliability
TRIPS-PV Number of single trips per transport mode made on the previous day Private vehicle - .99
TRIPS-PT Public transport - (1.47)
TRIPS-TX Taxi - 1.15
TRIPS-RH Ride-hailing - (1.349)
TRIPS-SM Soft modes - .15 (.60)
.63
(1.15)
1.33
(1.60)
TOTDIST Total distance in km travelled on the previous day (business day/weekend) (1-4) [1] <15 107/12 -
[2] 15-35 (50.0) —
[3] 36-55 73/11 (35.3) -
[4] >55 16/3 (8.0) -
15/1 (6.7)
TOTTIME Total time in hours spent travelling on the previous day (continuous variable) Business day - 2.36
Weekend (1.67)
2.55
(1.53)
WORK Main purpose for the last trip made Work/School 176 (73.9) -
BUSINESS (=1 if the respective trip purpose is the respondent’s main trip purpose, otherwise = 0) Business 31 (13.0) -
FF Family/Friends 12 (5.0) -
PERSONAL Personal 13 (5.5) -
SHOPPING Shopping 6 (2.5) -
TRANSFERS Number of transfers required for the last trip - - 1.13
(1.29)

smartphone availability and whether the respondents had any transport applications installed on their mobile device. We assume that
when respondents are already using a similar app (e.g., a ride-hailing or carpooling app), it is more likely that they would use a Maa$S
app as well.

The questionnaire included a written explanation of the MaaS concept, an explanatory image (Fig. 2) and a link to a short video'®
about MaasS. It described an app that would suggest the best (multi- and intermodal) travel alternative and would also provide real-
time travel information before and during the trip. It also explained that all available transport modes and services would be included,
and that it would only require a single payment for the entire journey. Moreover, it referred to the possibility of subscriptions and to
pre-purchase limited or unlimited services on a monthly basis (mobility packages).

After this background information was provided, the participants were asked whether they would use a Maa$S app and how a MaaS
system would influence their mobility behavior. The answers contained the following options with the respective frequencies in
parentheses:

e [ would probably use this app and use public transport more often (61%)

e [ would probably use this app, but wouldn’t increase the use of public transport (23%)
e I would probably NOT use this app, because I don’t find it useful (3%)

10 https://www.youtube.com/watch?v=WXkJSppY5XU
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Table 5
Descriptive profiles of the sample compared with Metro Manila census data.

Variable Description Sample (N=238) Metro Manila*

SEX Male .46 497
Female .54 517

AGE Age Group
-Under 20 .04 .39%
-20-29 .58 207
-30-39 .24 .16%
-40-49 .08 122
-50-59 .03 .08
-60 and above .03 .06%

EDU
Highest education .00 .00°¢
-No Grade Completed .00 .09¢
-Elementary .06 44¢
-Highschool .75 42¢
-College .19 .05°¢
-Post Secondary

OCCUP Occupation
-Student 21 n/a
-Working (full-time) .68 n/a
-Working (part-time) .04 n/a
-Unemployed .03 n/a
-Retired .02 n/a
-other .03 n/a

HINCOME Household annual income
-less than 40,000 .05 .00P
-40,000 - 59,999 .07 .00®
-60,000 — 99,999 .08 .00°
-100,000 — 249,999 .18 14b
-more than 250,000 .61 .85P

HSIZE Household size 4.4 4.1°

PHONE Smartphone availability .99 n/a

APPS Number of transport apps 1.4 n/a
Sample size 238 12,877,253"

*Source: PSA; ? Data from 2010; b Data from 2015; € Data from 2016.

Fig. 2. Explanatory image about the integration of different transport modes in a Maa$S scheme.

e [ would probably NOT use this app, because I don’t have a smartphone/mobile internet (0%)
e I would probably NOT use this app for other reasons (5%)
e I’'m not sure (7%)

3.3. Model estimation and analysis

Utility theory and discrete choice analysis are frequently used in transport research to explain choices between two or more discrete
alternatives (e.g., mode choice). For comprehensive presentations on this subject the reader is referred to Ben-Akiva and Lerman
(1985), Train (2009), and de Dios Ortuzar and Willumsen (2011). In this study, we conduct a binary choice analysis in which exactly
two discrete alternatives are available.

First, we model the overall willingness to use MaaS (Model 1). For this purpose, we consider two groups: those willing to use a Maa$S
system (84%) and all others (16%). Note that we therefore initially do not take note of potential changes in mobility behavior (i.e.,
using public transport more often). At this point, we also do not account for the respondents’ underlying reasons not to use MaasS (e.g.,
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because they do not find it useful).

In the second part of our analysis, we take a closer look on the respondents willing to use MaaS. We therefore draw on a subset of the
sample consisting of the 84% that responded accordingly (i.e., N = 199). Here, we intend to model the potential MaaS-users’ likelihood
to use more public transport (PT) in a MaaS system (Model 2). We again consider two groups: those who would use PT in a MaaS system
more often (73%) and those who would not (27%).

We relate the respondents’ willingness to use MaaS (Model 1) or the likelihood of using PT more often (Model 2) to their individual
mobility, socio-demographic, and household characteristics:

¥, = B+ ¢, (€8]

where y” is an unobserved latent variable, 4 a vector of estimated coefficients, x; a vector of the values of the j-th observation, and ¢;
the unobserved error term. The relation between the unobserved latent variable y* and the observed binary variable y indicates
whether the relative perceived utility of respondent j to use MaaS (Model 1) or more public transport in a MaaS system (Model 2) is
positive:

y:{l iy >0 @)

0 otherwise

In short, Model 1 relates a stated intention to use MaaS with individual, household, and mobility-related characteristics. The latent
variable y* measures the perceived utility that each user associates with using MaaS (following a written explanation about the MaaS
concept and characteristics, a visualization, and a video presentation). This utility is not directly observable. What we observe is the
stated intention to adopt MaaS, that we denote by the dichotomous variable y = 1 if the perceived benefit of using MaaS (as opposed to
not using) is positive. Similarly, Model 2 relates the stated intention of using more public transport (PT) in a MaaS-system with in-
dividual, household, and mobility-related characteristics of the respondents.

We use the software package NLOGIT 4.0 to perform the maximum likelihood estimation of both a standard probit model (equation
(3)) and a heteroscedastic probit model (equation (4)). The latter accounts for possible heteroscedasticity — which is frequently
encountered in micro-level data — and allows the error variance to depend on some of the independent variables in the regression
model (Alvarez and Brehm, 1995). The key difference, therefore, is the inclusion of the variance model in the denominator of the latter
equation.

n

I (Blxi,yi) = > _(vilngp(xip) + (1 = y)In(1 — p(x:) ) ) 3

i=1

I (Brbnnz) = Y (y,-zw (ex;(i . ) +(1 = y)in (1 —4 (ex;"é > ) ) > @

For the selection of variables in the model, we follow the purposeful selection process which is a widely used approach to identify
significant covariates and confounders (Bursac et al., 2008). For the univariate analysis, it recommends a p-value cut-off point of 0.25.
For our models, we use a slightly higher value (0.28) to be able to include relevant variables for this study (e.g., the respondents’
residence).

The McFadden Pseudo R? is frequently used as a goodness-of-fit metrics in logistic regression and reflects the degree of
improvement over a base model. Here, we rely on the adjusted version to penalize for the number of predictors in the model. Note that
this index can yield negative values, and that regarding its interpretation, it cannot be compared to the (adjusted) R? of linear models.

Finally, we validate the results of the models. We note that while a structured approach towards model validation is not frequently
applied in the transport literature (Parady et al., 2021), the models’ effectiveness should indeed be analyzed before the models can be
used. Besides the common interpretation of the models’ parameters (that provide initial insights about the accuracy of the models’
specification), cross validation is used to detect overfitting. As no other similar data is available, we use the k-fold method to split the
original data into k mutually exclusive data sets. Considering the small size of our sample, we define k = 3 to ensure there remain full
representation of conditions in all data sets. Each data set is once defined as a hold out (validation data set), while the remaining data is
used for the model estimation (training data set). We then regard the model evaluation scores to summarize and compare the skill of
the model on new data. In addition to the percentage of correct predictions (actual 1 s and O s correctly predicted), we also report the
negative predictive value (predicted O s that were actual 0 s) to account for the fact that our samples are rather skewed (e.g., recall that
84% stated that they would likely adopt MaaS) and that a trivial model that always predict "1" would thus obtain a high correct
prediction score. The interpretation of the negative predictive values, therefore, helps to further evaluate that the models can really
discriminate actual 1 s and actual O s (due to the explanatory variables included in them).

3.4. Research limitations

As we noticed during the pre-survey, a Maa$S scheme in MM and especially the introduction of mobility packages'' would be a novel

1 Note that nowadays in MM there do not even exist seasonal tickets of any kind (e.g., monthly passes, etc.).
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and revolutionary scenario. While we have made every effort to describe the MaaS concept as aptly as possible — given the fact that
MaaS is still a near to unknown phenomena in the Philippines — we cannot guarantee that the respondents fully understood the MaaS
concept and what it could mean to them. Note that we therefore included the “I’'m not sure” option in the survey.

The online data collection implies that we could not reach citizen without internet access (and smartphones). Instead, the online
survey primarily reached internet-affine individuals (‘digital natives’) which might have skewed the results towards positive views for
MaaS. However, under consideration of the current conception of MaaS which requires smartphone possession and internet coverage,
the potential user target group for MaasS is de facto restricted (Schikofsky et al., 2019). Hence, while our sample is not representative of
the MM population, it is a subset of a potential user segment for MaaS wherein digital natives and so-called choice-riders might be
overrepresented. Choice-riders can and do afford motorized private vehicles and they therefore need to be addressed when promoting
a paradigm shift — which corresponds to one of the research questions that we explored in this study.

There are also some biases that we cannot control for, which is why the results of this study should be considered as preliminary.
First and foremost, this relates to the use of a small sample size, which typically leads to higher variability. Another potential issue
relates to endogeneity. In discrete choice models, endogeneity arises when some explanatory variables are correlated with the error
term. This is almost unavoidable in transport modeling and can occur due to omitted variables, measurement or specification errors,
and/or self-selection (Guevara, 2015). In our study, one can expect that particularly the mode choice indicators (travel cost, travel
time, reliability, comfort, safety, etc.) are prone to endogeneity (Guevara, 2015).

Since there is currently no operational MaaS scheme in MM, our modeling approach is based on a stated intention to use MaaS,
which does not necessarily align with the respondents’ actual behavior. This is due to, for example, hypothetical biases (e.g., re-
spondents overreport “desirable” behaviors), changes in explanatory variables (e.g., unanticipated income shifts), and the imperfect
correlation between intentions and actions (Sun and Morwitz, 2010). Also, even though the concept of mobility packages was
explained, we did not explicitly asked respondents whether they in fact would subscribe to a MaaS-plan and how much they would be
willing to pay.

Nevertheless, since we analyze a premature market (i.e., Maa$ in a developing country), we argue that these limitations are not
critical at this point and, instead, should be addressed in future research (as discussed in Section 6).

4. Study results

This section describes the study results. Results of the first model are provided in section 4.1. and those of the second model in
section 4.2.

4.1. Model 1: Willingness to use MaaS (whole sample)

The first model includes eight independent variables: the respondents’ residence (RESID), Number of modes (MODE), ride-hailing
trips (TRIPS-RH), distance traveled (DISTAN), number of transfers (TRANSF), price and reliability factors (PRICE, RELIABILITY), and
gender (SEX) (Table 6).

For the heteroscedastic probit model, we include the respondents’ gender and age in the variance model which are frequently
detected with heteroscedasticity for many kinds of behavioral variables (Goldstein, 2014). Considering the log likelihood for the
standard probit (-90.37) and the heteroscedastic probit model (-90.17), we can use the likelihood ratio test to validate whether the
error variances are homoscedastic. The value of 0.4 (distributed chi-squared) with 2 degrees of freedom is clearly below the critical
value of 9.21 (at p < .01). We can therefore not reject the null hypothesis and conclude that heteroscedasticity is likely not an issue in
our data and that the standard probit model is sufficient.

Model 1 gives insights about the potential MaaS users in MM considering mobility-related and socio-demographic characteristics.
The variables PRICE and RELIABILITY are both significant and have a positive coefficient, which indicates that price-sensitive citizens
are a potential target group. For them, MaaS would be an opportunity to plan trips, compare travel alternatives, and choose the best
option. The significance of TRIPS-RH suggests that frequent ride-hailing users are willing to use MaaS. Ride-hailing services are
typically used for short social and leisure trips (Rayle et al., 2016), for which Maa$S could provide suitable and more sustainable travel
alternatives. The negative coefficient of the SEX variable shows that females in our sample are more likely to adopt MaaS, which aligns
with studies related to public and soft modes suggesting that males attach a higher psychosocial value to cars and drive more often
(Vance and Peistrup, 2012).

The number of transport MODES used regularly has a slight positive impact (though not statistically significant), while TOTDIST
traveled shows a negative correlation. Taken together, the model therefore provides some (weak) evidence that MaaS attracts citizens
that already rely on multiple transport modes and that MaaS is seen as an opportunity to facilitate multimodal travel on short distances.
Citizens living in MM (which corresponds to RESID = 1), furthermore, show a greater interest to adopt MaaS compared to those living
in the adjoining provinces. A possible explanation relates to the main trip purpose of respondents. Those living in the provinces
typically travel to MM for work/business or school (94.3%) suggesting that they use the same daily routes. MM residents show a higher
variety in trip purposes including those related to social and leisure activities (11.6%), which often implies that they travel to varying
destinations and may be willing to use MaaS as a trip planner.

Interestingly, the willingness to use Maa$S did not correlate to the responds’ age. We report strong interest in MaaS across all age
groups — the lowest percentage of respondents that stated that would probably use MaaS was as high as 74% for the age group 40-49
years old. The highest percentage (86%) was recorded for respondents between 20 and 29 years of age. This contrasts with what has
been observed in previous studies, for example in Germany and the UK, where the older segments showed a significantly lower interest
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Table 6

Estimated results of the standard probit model on the decision to use MaaS (Model 1).
Variable Description Coefficient SE
(Constant) .48069 .49185
RESID Place of Residence 34267 .30899
MODES Number of modes .07761 .05504
PRICE Price (Mode choice) .62325%** .22402
RELIABILITY Reliability (Mode choice) .81071%** .35258
TRIPS-RH Ride-hailing trips .39262** 17911
TOTDIST Distance travelled —.20023* 11784
TRANSFERS Number of transfers —.04058 .07882
SEX Gender —.47887** .21663
Model Summary Statistics
Number of observations: 238
Number of model parameters: 9
LL(B) ~90.36884
LL(c) —106.1539
McFadden Adjusted Pseudo R-squared: .0733374

* 90% Confidence Level; ** 95% Confidence Level; *** 99% Confidence Level.

in Maa$ (Ho et al., 2018; Schikofsky et al., 2019). We further note that there was no correlation found with regards to the household’s
vehicle ownership or income levels.

With regards to the cross validation, the estimated models of the training data set provide an average predictive accuracy of 83.82%
which is comparable to the predictive performance of Model 1 (83.61%) and a model without predictors (83.61%). Similar results are
obtained for the validation data sets (83.18%, on average). The negative predictive values show robust results for both the training
(46,20%, on average) and validation data sets (48,33%, on average), which are roughly comparable to the results of Model 1 (50,00%)
and a significant improvement over a constant model (0,00%). We conclude that the variables contribute to the predictive performance
of Model 1 and that overfitting is not an issue.

4.2. Model 2: Likelihood of increasing the use of public transport (among MaaS adopters)

The independent variables included in the second model are the following: the respondent’s residence (RESID), modal choice
factors such as PRICE and RELIABILITY, the number of trips by PT and taxi (TRIPS-PT, TRIPS-TX), the trip purposes PERSONAL and
BUSINESS, gender (SEX), and the number of transport applications installed on the respondent’s smartphone (APPS) (Table 7).

Among the respondents that would adopt MaaS (84% of the total sample), almost three forth stated that they would use PT more
often. The significance of PERSONAL implies that trip purpose is relevant, and its negative coefficient further indicates that additional
PT trips are expected to be made for motives other than personal trips. Based on the variable RESID, we further find strong evidence
that citizens living in the adjoining provinces are willing to use more PT. This could relate to the current lack of adequate access to PT
in the periphery and in the provinces (Abad et al., 2019). This suppressed/latent demand could be addressed by MaaS through the
integration of shared and on-demand services (as a feeder to the mass transit hubs). Additionally, we find that price-sensitive citizens
(PRICE) and females (SEX) are not only more willing to adopt Maa$ (recall Model 1 above), but they also refer to the users who would
use PT more often. In contrast, users seeking for RELIABILITY would likely not increase the use of PT. Another important finding refers

Table 7

Estimated results of the standard probit model on the decision to use public transport more often in a MaaS-system (Model 2).
Variable Description Coefficient SE
(Constant) 1.12008** 45470
RESID Place of Residence —.95301** .39062
PRICE Price (Mode choice) .37428* .22129
RELIABILITY Reliability (Mode choice) —.57037** .26736
TRIPS-PT Public transport trips —.03972 .08347
TRIPS-TX Taxi trips .30441 .31494
PERSONAL Trip purpose “personal” —1.00121** 41405
BUSINESS Trip purpose “business” .32823 .36389
SEX Gender —.39427* 21341
APPS Number of transport apps .35247%* 15282
Model Summary Statistics
Number of observations: 199
Number of model parameters: 10
L) -92.81975
LL(c) —106.1539
McFadden Adjusted Pseudo R-squared: .040829

* 90% Confidence Level; ** 95% Confidence Level; *** 99% Confidence Level.
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to the number of transport apps (APPS) that the respondents have installed on their device. We find evidence that with increasing
number of installed apps, the willingness to use more PT increases. Maa$ could therefore be a solution to consolidate the growing
number of NMS and different service providers and reduce barriers to use PT for ‘digital natives’ who prefer to plan, book, and pay
services online.

The different model specifications in the cross validation show a roughly comparable predictive accuracy (78.36%, on average)
compared to Model 2 (77.39%), and an improvement over a constant model without predictors (72.86%). However, while we observe
that the results for the validation data sets are rather unstable, we argue that they are reasonably close to the predictive performance of
Model 2 (within 3-10%). With regards to the negative predictive values, the average results for the training (68,94%) and the vali-
dation data sets (65,65%) are roughly comparable to Model 2 (64,52%). If compared to the result of a model without predictors
(0,00%), it suggests that the variables contribute to the predictive performance of Model 2. We again conclude that overfitting is not an
issue.

5. Policy implications

In our sample, half of the respondents traveled less than 15 km in MM on the previous day while the average travel time corre-
sponded to 2.39 h. This describes the current traffic situation in MM very accurately and stresses why citizens (who can afford it) rely
on private cars and low-capacity for-hire services such as taxis and ride-hailing. Yet, we found evidence that both the willingness to use
Maa$ (84%) and the willingness to increase PT usage in a MaaS-system are high (61% of the total respondents which corresponds to
73% of the potential MaaS users). This indicates that MaaS has the potential to be an effective strategy to promote public (and non-
motorized) transport modes and tackling GHG emissions and other car-related social costs (e.g., traffic congestion, accidents, and
noise) through modal shifts.

Accordingly, the study results provide important implications for public policy and practice, and influence how MaaS can be
implemented in the developing world.

The most important question, in this context, relates to who should plan and implement the MaaS scheme. Essentially, previous
research suggests two scenarios: a public or a private pushed development (or a combination of both) (Smith et al., 2018).

Findings from ride-hailing show that the private sector usually follow economic rather than sustainability objectives and thus
contribute to increases in traffic congestion and overall vehicle-miles traveled (VMT) (Tirachini, 2020). These findings have been
confirmed in the developing world, particularly in the context of Southeast Asian megacities (Suatmadi et al., 2019; Yuana et al.,
2019). Under a private pushed MaaS development, therefore, the risk could be that the MaaS operator compel occasional PT users
towards the use of less sustainable (and more expensive) transport modes of the MaaS-mix (e.g., carsharing or ride-hailing).

Thus, we argue that transport agencies should anticipate and address the existing demand for multimodal transport. Ambrosino
et al. (2016) highlight the crucial role of transport agencies with regards to the integration and co-ordination of different modes and
operators, which is urgently needed in cities such as MM. Ideally, we therefore envision a scenario in which the public sector plans and
governs the MaaS scheme under consideration of sustainability goals. The available levers (e.g., pricing and bundling techniques),
hereby, should be used to promote and favor environmentally friendly transport modes.

Nevertheless, the question arises as to whether emerging cities in developing countries, such as MM, can implement a complex
project of this kind. Existing research has pointed out that the institutional setup in MM is extremely slow and convoluted, which has
hampered the implementation of previous sustainability transport projects (e.g., cycling networks, BRT, etc.) (Pojani, 2020). Experts
additionally point to barriers related to technology (e.g., available ICT infrastructure, the need for standardized open data) and the
external environment (e.g., highly fragmented operator landscapes, auto-centric developments) that developing cities have to face
(Hasselwander and Bigotte, 2021).

A window of opportunity for MaaS implementation, however, could lay in the current COVID-19 crisis. It is believed that pandemic
response measures, amongst others, propel digital transitions and a shift towards sustainable transport (Megahed and Ghoneim, 2020).
Indeed, despite the overall decrease in travel demand, several transport policies in favor of Maa$S have recently been introduced in MM
(Hasselwander et al., 2021). In Resolution No. 69 dated September 7, 2020, for example, the Inter-Agency Task Force for the Man-
agement of Emerging Infectious Diseases (IATF-EID) ordered the establishment of an interoperable automatic fare collection system
and the promotion of cashless payments. Whereby the National Transport Policy (NTP) and its Implementing Rules and Regulations

Table 8
User motivations and reasons to adopt MaaS.

Findings based on trials and research in Developed Countries =~ New user perspectives for Maa$S in Developing Countries (Metro Manila)

Curiosity (Sochor et al., 2016) Expectation of a more reliable service (e.g., through the integration of different

services, travel information, and identification and comparison of travel

alternatives)
- Convenience/flexibility and (re)discovery of — Expectation of cost-savings
alternative modes (Karlsson et al., 2016)
— Increased accessibility (Fioreze et al., 2019; Sochor — Mobility solution for all age groups

et al., 2016)
- Environmental awareness
(Fioreze et al., 2019)

Consolidation of different services in a single app
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(IRR) stipulate efficient data collection and an open database system for all governmental transport agencies.

For the successful implementation of Maa$ in developing countries, it is important to notice that different user motivations and
reasons to adopt MaaS compared to findings in developed countries have been identified (Table 8). For example, citizens in MM would
not adopt MaasS for environmental reasons but rather for reliability and cost saving reasons. Accordingly, the Maa$ providers should
leverage on users’ practical concerns and economic motivations.

Indeed, MaaS delivers much potential to make user travel more reliable. ICT integration would enable the provision of all relevant
travel information (e.g., travel and arriving times, transfer points, and costs) and would always suggest suitable, multi-modal travel
alternatives. This could potentially also deliver an improved travel experience as users would have the chance to avoid overcrowded
transport means, long waiting/loading times, and traffic jams.

With regards to the potential of cost savings, it is argued that MaaS could significantly reduce costs as a substitute to private cars (i.
e., by eliminating the sunk cost of vehicle ownership), even though it is not clear whether car owners would really dump their cars for
MaaS. Through the introduction of mobility packages, also households without cars could potentially undercut their current mobility
costs. This depends very much on the design of the mobility packages and potential subsidies of services, which should therefore be the
subject of future studies.

6. Conclusion and future research

MaasS is still a developing concept and academic research on MaaS is in its early stages. From both practical and theoretical
standpoints, findings regarding developing countries are particularly limited. We addressed this knowledge gap with an analysis on the
demand side in Metro Manila, Philippines.

Two binary probit models have been estimated that help transport authorities and Maa$ stakeholders (operators, aggregators, etc.)
identifying (i) who the potential Maa$ users are, and (ii) whether they would be willing to use more public transport in a Maa$S scheme.
The models were validated using a cross-validation approach.

In our study, the vast majority (84%) stated that they would probably use a MaaS-app. Even though this percentage appears
surprisingly high, the fact that more than 90% of respondents already have at least one transport app installed on their device rela-
tivizes this number. Many citizens in MM are familiar with transport apps, especially ride-hailing (e.g., Grab and Angkas), and are
aware how to plan, book, (and pay) trips online using smartphones. We need to emphasize that in order to reduce complexity,
however, we only asked users if they would generally use MaaS$ - be it a ‘pay-as-you-go’ or a subscription-based alternative.

While environmental awareness does not appear to be a relevant aspect in the adoption process, we conclude that MaaS could
provide added value to users by increasing reliability, reducing costs, and facilitating multimodal trips. In addition, we found evidence
that MaaS has the potential to shape more sustainable transport systems in developing countries as it could help to make PT more
attractive and induce a modal shift. MaaS could furthermore promote more inclusive mobility by addressing latent demand in the
periphery and in adjoining provinces that often lack adequate access to PT.

The results of this study provide preliminary insights for transport planners and policymakers on how Maa$S can promote sus-
tainable transport and are replicable in the context of comparable developing cities. We conclude that MaaS can be a potential strategy
to tackle both mobility and environmental issues. In face of the diverse transport problems that developing cities such as MM are
currently facing, we highlight the upmost importance of these preliminary findings.

In order to build a future with MaaS in developing countries where it can deliver on its full promises, we stress that comprehensive
research is still very much needed. While our research gives initial insights about Maa$ in developing countries, it is also meant to be as
a door opener for additional research.

More attention on MaaS$ in the media landscape and additional pilots and trials in the region would contribute to the dissemination
of the MaaS concept, which would facilitate a more profound investigation of MaaS adoption in developing countries. A larger and
more representative sample is needed to obtain fully conclusive results. We recommend stated choice/preference experiments (as well
as other suitable methods, see Table 2) to investigate the demand and the willingness to pay (WTP) for different mobility packages. As
is crucial for quality forecasting, future research should also address the endogeneity problem and (if necessary) correct this possible
bias — for example, using instrumental variable techniques.

As our sample is skewed towards rather young (20-39 years) and tech-savvy adults, the particular needs of children and teenagers
(Casado et al., 2020), elderly citizens (Mulley et al., 2020), and the lower-income groups merit additional attention. Considering that in
social terms the current transport systems in many developing cities are disproportionately affecting lower income groups (Hickman
etal., 2017), one of the most important research questions relate to how these groups (that often do not have access to the internet) can
benefit from MaaS.

Other promising lines of future research relate to governance, the supply side, and how MaaS$ can be implemented in developing
countries. In this context, scholars should identify suitable governance approaches, optimal business models, and necessary adapta-
tions of the MaaS$ concept.

Finally, large-scale simulation studies that quantify MaaS-related benefits and costs (under different scenarios) could deliver
additional knowledge to promote MaaS schemes in developing countries.
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Appendix A. . MaaS in the grey literature: Overview of white papers and reports

Organization Title Year
Dutch Ministry of Infrastructure and Water Blueprint for an Application Programming Interface (API): From Transport Operator to MaaS 2019
Management Provider
Finnish Transport Agency FTIA MaasS Services and Business Opportunities 2015
Transport Committee - UK Parliament Mobility as a Service (Eighth Report of Session 2017-19) 2018
Urban Redevelopment Authority of Singapore How Mobility-as-a-Service Will Change Urban Mobility 2019
URA
Switzerland Federal Office of Transport BAV Literaturrecherche Handlungsempfehlungen «Mobility as a Service (MaaS)» (in German) 2018
Accenture MOBILITY AS A SERVICE: Mapping a route towards future success in the new automotive 2018
ecosystem
Arcadis Mobility as a Service: Navigating the challenges of a Maa$S data sharing future 2018
Arup The Future of Mobility and Maa$S: Governance and Orchestration 2019
Atkins Exploring Mobility as a Service 2016
Cisco Systems Enabling Maa$S Through a Distributed IoT Data Fabric, Fog Computing and Network Protocols. 2018
Cubic Transportation Systems Mobility as a Service: Putting Transit Front and Center of the Conversation 2018
d-fine Mobility-as-a-Service: Creating mobility platforms for tomorrow 2019
Deloitte The rise of mobility as a service: Reshaping how urbanites get around 2017
Dornier Consulting Mobility as a Service — Challenges and Opportunities for Airports 2017
KPMG Reimagine Places: Mobility as a Service 2017
L.E.K. Consulting Mobility as a Service: The next transport disruption. 2017
Lynxx Mobility as a Service (Maas): Government, Provide the Right Rules for the Game! 2017
Juniper Research Why Mobility-as-a-Service is the Future of City Transport 2018
Juniper Research/moovel Exploring Mobility-as-a-Service (MaaS) — The New Era of Urban Mobility 2018
PhocusWire/ SilverRail How Mobility as a Service is bringing rail to the forefront 2019
Teradata Optimizing Mobility as a Service to Drive Smart City Initiatives: Leveraging Teradata for First-to- 2018
Last Mile Traveler Insights
AARP Public Policy Institute Universal Mobility as a Service: A Bold Vision for Harnessing the Opportunity of Disruption 2018
APTA - American Public Transportation Being Mobility-as-a-Service (MaaS) Ready 2019
Association
Austroads Opportunities in Mobility as a Service (MaaS) 2019
Bitkom White Paper MaaS — Mobility-as-a-Service: Chancen fiir Mobility-as-a-Service-Geschéftsmodelle (in 2018
German)
Calypso Ticketing for Maa$, best practices for durable systems 2019
CERRE - Centre on Regulation in Europe Mobility as a Service (MaaS): A digital roadmap for public transport authorities 2021
EMTA - European Metropolitan Transport Mobility as a Service: A perspective on MaaS from Europe‘s Transport Authorities 2019
Authorities
ERTICO - ITS Europe Mobility as a Service (MaaS) and Sustainable Urban Mobility Planning 2019
IET - Institution of Engineering and Technology Could Mobility as a Service solve our transport problems? 2019
ITF/OECD Pricing and Efficient Public Transport Supply in a Mobility as a Service Context (Discussion Paper) 2020
ITF/OECD Integrating Public Transport into Mobility as a Service 2021
ITS AUSTRALIA Mobility as a Service in Australia: Customer insights and opportunities 2018
NADTC - National Aging and Disability Bringing Mobility as a Service to the United States: Accessibility Opportunities and Challenges 2017
Transportation Center
Polis Network Mobility as a Service: Implications for urban and regional transport 2017
Transport Data Initiative Mobility as a Service (MaaS) for Local Authorities 2019
UITP READY FOR MAAS? EASIER MOBILITY FOR CITIZENS AND BETTER DATA FOR CITIES 2019

(continued on next page)
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(continued)
Organization Title Year
United Nations Economic Commission for Europe Transport Trends and Economics 2018-2019: Mobility as a Service 2020
UNECE
Urban Transport Group MaaS MOVEMENT? — ISSUES AND OPTIONS ON MOBILITY AS A SERVICE FOR CITY REGION 2019
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