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Abstract

The Mobility as a Service (MaaS) concept has recently taken the transport industry by
storm. However, as applications and research on it are limited, there is still little evidence
on what this new phenomenon could bring to the transport sector. This paper aims to pro-
vide initial insights into whether MaaS product bundles (monthly subscription plans) can
be used as a mobility management tool to promote shared modes. Data from an original
survey, specifically designed to study MaaS plans, was used with Greater London as the
case study area. The results show, that even though respondents do not prefer shared modes
in their MaaS plans, a significant number of them are willing to subscribe to plans that
include these modes. Once they have subscribed, over 60% of them indicated that they
would be willing to try transportation modes that they previously did not use if their MaaS
plans included them. These initial results show evidence that MaaS bundles can indeed be
used as a mobility management tool to introduce more travelers to shared modes.

Keywords Mobility as a service - Mobility management - Demand management - MaaS
subscription plans - Bundling - Choice modelling

Introduction

The past decade has brought about a significant shift in the way goods and services are pro-
vided. As millennials are approaching their prime spending years, their progressive attitudes
towards ownership have supported the evolution of the sharing economy and the emergence
of services such as Airbnb and Zipcar. Capitalizing on this and technological development,
the ‘as-a-service’ era has started to render traditional business models obsolete. Keeping up
with this trend, the transport sector is evolving towards the ‘Mobility as a Service’ (MaaS)
concept. MaaS aims to restructure the mobility distribution chain, by creating mobility
operators who integrate all the offerings of providers and supply them to users as a single
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service. A digital platform creates and manages trips which users can pay for via a single
account. A core part of MaaS is giving users the option to purchase MaaS products, such as
monthly subscription plans, which best fit their needs (Hietenan 2016). These subscriptions
include a certain amount of each transportation service (e.g. public transport, bike shar-
ing, car sharing, taxi) and are similar to other service bundles, such as mobile phone plans,
where the user pays one price for the combination of a variety of service elements.

Bundling products is not a new concept and is a frequently used method to increase
consumer acceptance and aid diffusion of currently underutilized products and services. In
a similar way, MaaS products could bundle less popular modes, such as bike sharing and
car sharing together with public transport, with the hope that this will result in increased
uptake of these modes. As such, MaaS can be viewed as a soft mobility management tool,
which aims to ‘repackage’ the way travel services are presented to users and thus alter the
way they are perceived by individuals (Headicar 2009).

If MaaS could aid an increase in the uptake of shared modes, it could have a number
of positive impacts. Many studies have shown evidence that both bike and car sharing sig-
nificantly reduce private vehicle use and VMT (Vehicle Miles Travelled; Fishman et al.
2014; Martin et al. 2010). In many cases, when individuals who own a private vehicle start
using shared services they end up selling their vehicles (Fishman et al. 2014; Shaheen et al.
2009). An even more important, long-term impact is that, if younger generations who do
not currently own a vehicle are able to solve all their door to door journeys without one
(for example, with a combination of public transport and car sharing), they may delay or
abandon purchasing a vehicle in the long run. As a result, shared services lead to a signifi-
cant reduction in GHG emissions (Martin et al. 2010; Chen and Kockelman 2016) and bike
sharing in particular, to a number of health benefits (Woodcock et al. 2014).

However, as the current MaaS implementations are limited, there is little evidence, that
MaaS could actually be used as a mobility management tool to influence people’s uptake
of shared modes. The most advanced applications to date, where MaaS ‘product bundles’
are used, are the Ubigo field trial, and Whim, the product of MaaS Global. The first MaaS
pilot, the Ubigo project, carried out a MaaS field trial in Goethenburg, Sweden (Sochor
et al. 2016). In this project, personalized combinations and amounts of public transport, car
sharing, bike sharing and car rentals were offered in prepaid tailored monthly plans. Dur-
ing the trial, users showed an increase in both bike and car sharing and a decrease in pri-
vate vehicle use (Sochor et al. 2016). The first commercial MaaS product is Whim, offered
by MaaS Global. Whim is now fully operational in Helsinki, is expanding to the West
Midlands (UK) and Amsterdam (Netherlands). They have proposed various approaches
for bundling mobility services into a MaaS product. For example, some of their publica-
tions indicate that they are in favor of plans that are tailored to different socio-demographic
groups (families, students etc.) (Hietenan 2016). However, there is no study about how
these could impact potential uptake of new modes. This minimal evidence leaves space for
further research into MaaS bundle’s role in aiding the uptake of shared services.

Against this background, this paper aims to present initial research into the possible
role Maa$S could have as a mobility management tool to promote currently underutilized
modes. The method used is based on stated preference survey data analysis, as such can be
completed in areas where there are currently no MaaS applications. This allows researchers
and the industry to gain insights into this up and coming phenomenon, prior to large-scale
implementations.

In order to do this, we use data from an original survey, specifically designed to
study individual preferences of- and the effect that- MaaS bundles can have. First, using
this information, a MaaS bundle choice model is developed to identify which modes the
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individuals in our sample would and would not prefer in their MaaS plans. This will help
us understand preferences for the different shared modes. Next, a second bundle choice
model is developed with only those individuals who indicated that they would be interested
in actually purchasing their chosen MaaS plan (not just indicating their preference among
the options). By comparing the results of the two models, we can investigate whether the
preferences found in the initial model remain consistent for those who would actually pur-
chase their bundle. Finally, we examine whether those individuals who would purchase
their MaaS plan would start using shared modes as a result of their MaaS plans and how
this would affect the overall use of shared modes.

The paper is structured as follows. Section “Literature” provides a literature review of
mobility management and bundling to set the context of the paper. Section Survey design
and data describes the survey and data used for the paper, while section “Methodology for
bundle choice models” gives a brief overview of the methods used for the bundle choice
models. Section “Model estimation results and discussion” provides the analysis and sec-
tion “Conclusions” concludes and outlines next steps and further research.

Literature
Mobility management

Mobility management or demand management, commonly referred to as soft measures,
aims to alter the way people perceive travel alternatives as opposed to physically altering
the options themselves (Headicar 2009). While hard measures modify the objective envi-
ronment, for example through infrastructure improvements or prohibiting the use of cars of
certain streets, soft measures seek to change people’s perceptions of the available choices
(Bamberg et al. 2010). As stated by Borg (2004), whether travelers are ‘able’ to take a cer-
tain transport mode is determined by availability and individual constraints; while whether
they ‘want’ to take a certain mode is determined by information, perception and subjective
preference. This means that there is potential to influence people’s behavior without physi-
cally changing the objective conditions. Mobility management strategies can take the form
of carrots, that provide a reward for exhibiting desired travel behavior, or sticks, that use
disincentives to discourage undesirable travel behavior (Meyer 1999). However, research
has shown that carrots and sticks are frequently used in combination as this can provide
more effective results (Piatkowski et al. 2017). Some examples include information cam-
paigns, travel awareness campaigns, discounted travel passes, travel plans and travel feed-
back mechanisms (Bamberg et al. 2010; Tornbald et al. 2014; Cairns et al. 2004).

Soft measures can be used to support a number of transport policy initiatives and can be
implemented alongside hard measures or on their own. One important aim of soft meas-
ures is decrease private vehicle dependence and promote sustainable travel (Richter et al.
2011; Cairns et al. 2008; Taylor and Ampt 2003). To be successful at promoting sustain-
ability, mobility management campaigns need to be centered around social motivation and
making sustainable transport behavior the norm (Hiselius and Rosqvist 2016). For those
who use their private vehicles, it endeavors to make alternative options more appealing.
For example, a review of 19 studies by Scheepers et al. (2014) concluded that soft meas-
ures have positive results in shifting people from cars to active modes in nearly all studies.
However, once travelers have discovered the convenience of car driving it is difficult to
alter this behavior (Headicar 2009). As a result, these measures play a key role in keeping
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people who have not yet developed private car dependence from doing so. Although some
argue that soft measures on their own may not be enough to significantly reduce private
vehicle use, and as a result, CO, emissions (Mdser and Bamberg 2008; Santos et al. 2010),
others provide strong evidence of the opposite. Studies have shown that mobility manage-
ment can result in a 5-15% reduction in car trips sustained over time (Brog et al. 2009).
For example, in an application of personalized travel planning in Perth, vehicle kilometers
decreased by 17% (Brog 2002).

Ticketing schemes, when passengers can buy bulk tickets, passes or cards for public
transport or in some cases across modes, are also a mobility management tools (Cairns
et al. 2004; Kamargianni et al. 2016). These, together with smart cards, have proven to
have a significant impact on the use of public transport modes. When the new inter-modal
Travelcard season ticket was introduced in London, car use decreased by 9% while bus
and underground trips were up by 7% (White 1984). This suggests a shift from car to the
public transport modes. Similar trends were observed in other areas, for example, Paris’
Carte Orange increased overall ridership by 33% (NEA 2003). Scott and Axhausen (Scott
and Axhausen 2006) found that as the number of season tickets increased, car ownership
decreased in Germany. This means, that there is a strong substitution between these two
mobility tools. Further, introducing smart cards has also had very positive effects on public
transport patronage by easing the transitions at stations as well as the payments (Blythe and
Holm 2002; Prakasam 2009).

The presented literature shows how several aspects of mobility management have
already been studied. There are several characteristics of the Mobility as a Service concept
that make it fall under the mobility management umbrella term. For example, the personal-
ized multimodal journey planner can provide information about the available options to
users; and the integration of all modes can provide a viable and attractive alternative to
private vehicles (without actually altering the physical system or adding any new modes;
Kamargianni and Matyas 2017). In this paper, we focus on the MaaS subscription plans,
which by bundling various modes together, can alter users’ perceptions about what is avail-
able to them. To our knowledge, this has not yet been addressed in the literature.

Bundling

Bundling is a marketing method by which products and/or services are sold together as a
single product at a special price (Guiltinan 1987). It is a very common method used to sup-
port diffusion of new or underutilized products and services. The shared services discussed
in the context of Maa$ fall under this second category; despite the fact that they have been
around for a while, awareness of them and their usage is still limited. For example, even
though the case study city of this paper, London, is very open to innovative ideas, 42% of
our sample is not aware of what car sharing is. As such, methods to support their further
adoption would be beneficial to the industry.

Countless studies have shown that bundling products and services increases consum-
ers’ acceptance and willingness to pay for the elements of the bundles (Eppen et al. 1991;
Stremersch and Tellis 2002). In many industries, from telecommunications to medical
devices, bundles are often created with complementary products, which as a whole offer
added-value to consumers. These ‘solution bundles’ can be more competitive than the stan-
dalone products (Cusumano et al. 2015). However, this has not been studied yet in the case
of MaaS product bundles. Looking at the MaaS case, skeptics can argue that the transpor-
tation modes being bundled are substitutes, thus it is not a ‘solution bundle’. When we look
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at a single leg of a trip, this may be true as you could, for example, either take the train
from station A to B or a taxi. When we look at overall mobility, in fact, quite the opposite
is true. Public transport may provide solutions in some situations, while taxi in other situ-
ations. These can even be in a single trip from origin to destination. We argue that all the
modes offered via MaaS fogether can be substitutes for private vehicles.

When it comes to unknown products and services, offering them together with ones that
are familiar to the customer results in consumers evaluating the new product more favora-
bly (Reinders et al. 2010). Also, by bundling lesser known and trusted products together
with ones that are already part of consumers’ usage patterns, users’ perceptions of risk
associated with the new product decreases. For example, Sarin and Sego (2003) show, that
bundling high-tech products decreases consumers’ perception of risk, which in turn results
in increased acceptance of the products. In the case of Maa$, even though shared services
are gaining wider acceptance, their use could be accelerated by bundling them together
with more popular modes such as public transport and taxi. Further, people who would
most likely not be willing to ‘go out of their way’ to try shared services, could be intro-
duced to them in a simple manner.

While the potential of bundling to increase consumers’ acceptance of lesser known or
currently underutilized products has been widely studied, this has not yet been done in
the case of MaaS bundles. This paper aims to add to the existing literature on bundling by
providing initial insights into a product bundle that to the knowledge of the authors has not
yet been examined.

Survey design and data

The data used for this paper was collected as part of a wider transport study on new mobil-
ity services and concepts (such as MaaS and Maa$S products-subscription plans). The study
was made up of two data collection waves, where both completed a self-administered web-
based survey about Mobility as a Service. The overall survey is referred to as the Lon-
don Mobility Survey (LMS). LMS was also created with the aim to gather novel insights
into preferences for MaaS plans and overall attitudes and perceptions towards MaaS (for
detailed information about the survey, please see: Matyas and Kamargianni 2017; Kamar-
gianni and Dimakopoulos 2018). An overview of the survey sections is as follows:

e Section 1 is the individual questionnaire, which includes questions about the socio-
demographic characteristics, current use and ownership of mobility tools (e.g. license
and vehicle ownership), use of app-based mobility services and attitudes and percep-
tions towards these.

Section 2 presents respondents with stated preference (SP) scenarios about MaaS plans.
Section 3 gathers information about the expected impact MaaS would have on mode
choices, as well as respondents’ attitudes and perceptions towards the service.

This paper uses data from all three sections, although not every element therein.

Taking a closer look at the stated preference experiment used for this paper, respond-
ents were presented with a short description of MaaS (described as a subscription service
offering access to several transport modes via a single interface). The SP scenarios were
designed to test the importance of different elements within MaaS plans. For the sake of
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Plan A Plan B Plan C
£

£425 £6.0 o 170 joon
@ Unlimited access + 30 min E Unlimited public transport in your zones E Unlimited public transport in your zones
E 10 miles @ Unlimited access + 30 min m 12 miles

+ Only luxury cabs
( @ I'll Buy This
6 hours
8 1 our
@ I'll Buy This + Floating car sharing anywhere in London

ﬁ Free dinner for two (up to the value of £50)

Fig.1 MaaS SP example

Table 1 Transport mode attributes and levels

Public transport None
Unlimited bus (bus pass)
Unlimited public transport in your zones (travelcard, with access to bus, tube,
tram, overground, rail)

Bike sharing None
Unlimited access + 30 min use

Taxi If current taxi usage > 10 miles: None, current taxi usage*0.8, 1, 1.1, 1.3, 1.5
If current taxi usage < 10 miles: None, 5, 8, 10, 12, 15 miles

Car sharing If current car sharing time > 0: None, current car sharing time*0.8, 1, 1.1, 1.3, 1.5
If current car sharing time=0: None, 1 h, 2 h, 4 h, 6 h, 1 day, 2 days, 3 days+2 h

this paper, the choice set includes 3 MaaS plans which the individuals could choose from
(C5;={PlanA, PlanB, PlanC}; see Fig. 1).

To choose the attributes and levels of the plans, two main resources were drawn upon.
First, MaaS developments, such as the ones mentioned in the introduction, were reviewed
to understand what potential elements could be included in the plans. Second, an assump-
tion was made that only existing transport services would be included in the plans, as such,
the currently available transport services in the case study city were collected. Some trans-
port modes were excluded from the study, including ride sharing, peer to peer car shar-
ing and demand responsive transport, as their business models proved too complicated to
include in this SP. The attributes in the SP can be grouped into transport mode specific and
non-mode specific attributes. The main transport mode attributes, which are the focus of
this paper, are the transport modes included in each plan: public transport, bike sharing, car
sharing and taxi. These modes were selected due to their prevalence and user awareness in
the London market as well as spatial/cognitive load restrictions. The levels are presented
in Table 1. The levels for public transport and bike sharing match up with those currently
offered in the city. For taxi and car sharing, a pivot design was used in order to create tai-
lored levels which will result in improved information gained through the SP. The levels
were pivoted around current travel behavior; that is, how much of these modes respondents
currently use. This information was available from earlier parts of the survey and the piv-
oting was done in real time as the respondent progressed throughout the questions. Other
mode-specific attributes were special features for some transport modes, however, analysis
on these are not included in this paper.

The most important non-mode specific attribute is the cost of the plan. We opted for
showing only the total cost of the plan (rather than a price for each element) for respondents
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to evaluate their willingness to pay for the bundle as a whole, rather than compare each
individual unit price. The price was based on the sum of actual service prices, and vari-
ous discount levels were the levels (as is a common feature of most product bundles). An
example of the plans can be seen in Fig. 1. As a side note, the reader may notice that there
are some ‘additional features’ such as “only luxury cabs” presented in Fig. 1. These were
included in initial modeling exercises, however they proved to be insignificant, thus will
not be discussed further in this paper.

Multiple focus group waves, as well as discussions with experts in the field, were con-
ducted to ensure that the design is both relevant for MaaS plan research and relatively well
understood by respondents. The scenarios were designed by randomly choosing one level
from each of the attributes, with the prerequisite that only 2 “none” levels were allowed.
Studies have revealed, that the random design performs as well as any other design
(Walker 2015; Lusk and Norwood 2005). However, this is only true if the sample size is
large, which is questionable in this study. As such, the results should be interpreted with
the caveat that they may be biased due to the non-efficiency of the design. Similar to all
designs, it performs even better if it is cleaned to remove choice tasks where one alterna-
tive clearly completely dominates the others (leading to no real trade-off for the respond-
ents). As such, a condition was imposed on the scenarios such that each has to be internally
consistent while making sense with regards to the research topic. In the design of the levels
for the costs of the plans, the costs were varied around the sum of the real prices of these
services in the market. The condition to ensure no dominating alternatives is as follows:
if the sum of the base prices of Plan A is greater than the sum of the base prices in Plan
B, then this also has to be true in the presented alternatives. This method helps minimize
the chance of having strictly dominating alternatives, which would be problematic as they
may lead to substantially biased estimates (Bliemer et al. 2014). These conditions could
easily be implemented instantaneously by the algorithm we wrote for the SP (the SP devel-
oped on Ruby on Rails programming language), while the respondent was completing the
survey.

Once the respondent chose their preferred plan in each SP task, they were asked about
their likeliness to subscribe to their chosen plan. Four answer options were presented: 1.
definitely subscribe, 2. consider subscribing, 3. use MaaS but as pay-as-you-go, and 4. no
MaaS. We opted for this two-step process, rather than adding the pay-as-you-go and no-
buy options in the SP, in order to gain more insights into user preferences. This is impor-
tant as there is little evidence about user preferences for MaaS plans.

Data was collected between November 2016 and March 2017 using consumer pan-
els (from Research Now and Exterion Media marketing firms). The two waves received
slightly different incentives; the first were entered into a lottery for vouchers and the second
received points for completion that could be cashed in for vouchers. The different incen-
tives and the different companies used were a result of the aims of the wider study (deeper
discussion on this is out of the scope of this paper; for more information see Matyas and
Kamargianni 2017). For the purpose of this study, a sample of 1068 people was used (3769
SP observations). We opted for a web-based survey with a panel of respondents as these
can be carried out with only limited resources. However, it is important to acknowledge
some disadvantages of this type of data collection. First, as this is an online survey, those
who are computer illiterate will not be represented in the sample. Nevertheless, this is a
fairly low fraction of the London population, as 92% of residents are internet users (ONS
2015). Second, it is frequently mentioned in literature, that online panel surveys may lead
to biases due to coverage, selection, non-response and respondent motivation (Spijkerman
et al. 2009; Mullinix et al. 2015). Third, results from online SPs, especially those using
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recruited panels, need to be viewed with caution as there is a panel attrition effect where
respondents are more likely to run through the survey without truly contemplating the
information (Olsen 2009; Campbell et al. 2013).

The study area was defined as Greater London (within M25 corridor) to capture also
those who commute to the city from outer London. Only those over the age of 18 were
eligible to participate. The sample characteristics can be seen in Table 2 alongside their
2011 Census, or if this was unavailable, their 2014 London Travel Demand Survey (LTDS)
equivalent (ONS 2011; TfL 2014). Please note, that the Census and LTDS percentages
were adjusted to exclude under 18 s. Regarding age and gender, the sample is representative
of the wider population. When looking at employment status, students and self-employed
are slightly under-represented, while full-time employed and retired people are over-repre-
sented in the LMS sample. There are significant differences in the household income char-
acteristics of the sample compared to that in the LTDS however, this could be explained by
the very high percentage of respondents who did not respond to this question in the LTDS.
Regarding household vehicle ownership and licenses, the sample is over-representative of
those with licenses and those who own household vehicles compared to the LTDS. Finally,
looking at awareness and use of shared modes, those who have used London’s bike sharing
scheme before are overrepresented, while car sharing awareness cannot be compared as it
is not in the dataset.

Methodology for bundle choice models

The empirical analysis of bundle choice in this paper applies the random utility framework
(Manski 1977). In these models, the utility is decomposed into two additively separable
parts, a deterministic component which is a function of measured attributes and a stochas-
tic error component representing unobserved attributes affecting choice (Manski 1977).
The most commonly used family of models is the logit (MNL) model, which due to its IID
properties assumes constant variances and zero covariances. However, the restrictive char-
acteristics of this model do not take into account the repeated nature of SP data that result
in each respondent being recorded in multiple-choice situations. This means, that there are
unobserved effects which remain constant within an individual between replications lead-
ing to correlations among these observations (Hensher 1994; Ortuzar and Wilumsen 2011;
Kamargianni 2015). To account for this panel/agent effect we follow a Mixed MNL model
with random coefficients specification. This allows tastes to be constant across replications
for the same respondent (intra-respondent taste homogeneity) but with variation in tastes
across respondents (inter-respondent taste heterogeneity; Hess and Rose 2007; Kamar-
gianni et al. 2014). The resulting utility, U,,, that decision-maker # receives from alterna-
tive i in choice situation ¢ is assumed to be:

U=V +a, + ¢

int in int> l € Cnt (1)
where the term «;,. corresponds to an additional additive common error term, which rep-
resents random taste variation across individuals. We assume a,,. is normally distributed
with a zero mean and ¢,,,,, standard deviation. o,,,,,, becomes an additional parameter to
be estimated. Following the MMNL framework, the systematic utility functions for mod-

eling MaaS plan choice are now defined as:

VPltml = ﬁ Xln + apanel (2)
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Table 2 Characteristics of sample

Variable Percentage of Census LTDS 2014 (%)
sample 2011 (%)
Age
18-29 22 24
30-39 24 24
40-49 18 19
50-59 15 14
60-69 14 10
<70 7 11
Gender
Female 53 51
Male 47 49
Employment status
Full time paid employment (304 hours a week) 50 40
Part-time paid employment (less than 30 h a week) 10 11
Self employed 7 12
Student 6 12
Retired 17 8
Other 10 17
Household income
<£19,999 20 20
£20,000 - £34,999 22 12
£35,000 - £49,999 17 9
£50,000 - £74,999 16 10
£75,000 - £99,000 9 5
£100,000 or more 7 6
Prefer not to answer/Don’t Know 9 38
Household vehicle ownership
Household owns vehicle 72 66
Household does not own vehicle 28 34
Driving license
Individual has driving license 87 67
Individual does not have driving license 13 33
Car sharing awareness
Individual previously aware of car sharing 50 N/A
Individual previously not aware of car sharing 50 N/A
Bike sharing
Individual has previously used London bike sharing 19 4.1
Individual has previously not used London bike sharing 81 95.9

_
VPlanZ - ﬁ X2n + apanel

VPlan3 = ﬁ,X3n

3)
4
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where f8 are vectors of unknown parameters and X;, are vectors of observed attributes of
each plan, which in our model are the modes included in the plans. The individual-specific
error terms were added to only two alternatives as we need to normalize one.

Model estimation results and discussion

In the following section, we present the results of two bundle choice models. The first
model is estimated using the whole sample, to identify which modes the individuals in our
sample would and would not prefer in their MaaS plans. This model also helps us under-
stand the socio-demographic, and current mobility habits that influence preferences for
MaasS plans. The second model is estimated with only those individuals who indicated that
they would be interested in actually purchasing their chosen MaaS plan. We follow this
two-step approach to be able to compare the results and investigate whether the preferences
found in the initial model remain consistent for those who would actually purchase their
bundle.

Whole sample Maa$ Plan choice model

To start our analysis, a bundle preference model is created with the whole sample (3769 SP
observations). The core variables in the model are the transport modes that are included in
the plans. Bike sharing is entered into the model as a dummy variable (1 =included, O=not
included), as this transport mode attribute takes only these two levels in our SP. The public
transport mode attribute is split into two dummy variables: 1. bus pass (unlimited access
to buses), and 2. travelcard (London’s public transport pass that allows unlimited travel on
all modes). Car sharing is split into two continuous variables: 1. car sharing hours, and 2.
car sharing days. This is done because car sharing services in London charge by the hour
and the day. Also, people perceive these two durations differently (car sharing hours is for
short trips, while days is more like the traditional car rental for longer trips). In addition, a
dummy variable for car sharing is also included, to help understand the overall preference
for car sharing. The last transport mode, taxi, is entered into the model as a continuous
variable (distance based). The coefficients for the modes are generic as there are no signifi-
cant differences between respondent preferences if entered into each alternative separately.
This was tested by running models with alternative specific constants and examining the
sign and significance of the coefficients. This is what we would expect as the plan names
themselves do not carry any meaning.

In addition, systematic taste variations are included via interactions between the attrib-
utes of the MaaS plans and socio-demographic variables. A number of individual charac-
teristics were tested including age, gender, employment status (e.g. full time employed,
student) education level, household composition (e.g. children in the household) and
current mobility patterns (mobility tool ownership and use); however, only a few proved
significant.

The results of the MMNL choice model are presented in Table 3 and were estimated in
Pythonbiogeme v2.6 (Bierlaire 2016).

Firstly, we obtain a highly significant coefficient for the standard deviation of the ran-
dom panel effect 6,,,;, Which means that this model allows for capturing intrinsic correla-
tions among observations of the same individual.
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Table 3 MaaS plan choice model: full sample results

Name Coefficient t test

Plan cost —0.411 —9.15%%*
Bike sharing (dummy) —0.388 —6.11%%%*
Bus pass (dummy) 0.532 6.5 %%
Travelcard (dummy) 0.532 8.12%**
Car sharing—days (continuous) —0.437 —13.04%%%*
Car sharing—hours (continuous) -0.022 —1.95%
Car sharing (dummy) -0.517 —6.61%**
Taxi (continuous) —-0.069 —12.18%%*
Household cycle ownership interacted with bike sharing in plan 0.253 2.347%%
Santander cycles use interacted with bike sharing plan 0.321 2.7 1%
Travelcard ownership interacted with travelcard in plan 0.273 2.36%*
‘Frequent taxi user’ interacted with taxi (continuous) in plan 0.056 5.47k%
Household income under £25,000 interacted with bus pass in plan 0.402 2.74% %
Over 65 interacted with bike sharing in plan —0.266 —2.00%*
Over 65 interacted with taxi (dummy) in plan —0.299 -1.70

c 0.758 9.46%**

panel

Sample size: 3769

Initial log likelihood: —4140.67

Final log likelihood: —3384.36

Likelihood ratio test for the initial model: 1512.61
Rho-square for the initial model: 0.183

*Significant at 90%, **significant at 95%, ***significant at 99% level of confidence

Turning to the plan characteristics, as presumed, the cost coefficient is negative and sta-
tistically significant at the 99% confidence level. This means that as plans become more
expensive, people prefer them less. Regarding the transport modes in the plans, all of them
are statistically significant. This shows that the type- and amount of transport modes in the
plans are important to users and should be carefully considered in the design of plans. Only
the public transport options (bus pass and travelcard) have positive coefficients, meaning
that people prefer plans when one of these are included (in the SP design, these were mutu-
ally exclusive). This result shows two things. First, it demonstrates the importance of pub-
lic transport as the backbone of MaaS. Second, it supports the fact that the public transport
system in London has very good coverage and is very popular among the city’s residents.

Looking at the other modes, all of the remaining coefficients are negative. For the
dummy variables bike sharing and car sharing, this means, that when these modes are
included, people tend to prefer them less. For the continuous variables car sharing day,
car sharing hour and taxi, this means that the more that is included of these modes, the
fewer people will prefer them. The fact that only the public transport options are preferred
may seem alarming at first to those questioning MaaS plans; however, this result is not
unexpected, in a city where 54% of overall journeys are conducted with public transport
(excluding walking; Transport for London 2015). It is well known that travel is a habitual
behavior and it has been shown many times that much of travel behavior is driven by pure
repetition and habit rather than by conscious deliberation (Schlich and Axhausen 2004;
Klockner and Matthies 2004; Friedrichsmeier et al. 2013). This same idea can also be seen
if we look at the interaction terms between the respondent’s current mobility patterns and
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the modes in the plans. For example, the interaction term between travelcard ownership
and travelcard in the plan is positive and significant. This means, that those respondents
who currently own travelcards prefer to have these in their plans more than those respond-
ents who currently do not own one. Along the same lines, a variable about the frequency
of taxi use is interacted with taxi. A frequent taxi user was defined as someone who uses
taxi at least once a week. The interaction term is positive and significant at the 99% confi-
dence level; that is, people who use taxi frequently prefer to have more taxi in their plans
compared to those who use taxi less. In addition, two variables were interacted with bike
sharing. When household cycle ownership is interacted with bike sharing, the coefficient is
positive and significant. This means that those people who have bikes in their households
prefer to have bike sharing in their plans more than those people who do not own bicycles.
The same positive and significant coefficient can be seen when the variable ‘previous use
of Santander Cycles’ is interacted with bike sharing in the plans. This indicates that those
who have previously used Santander Cycles (London’s bike sharing scheme) prefer to have
bike sharing in their plans more than those who have not used this service before.

Finally, out of all of the tested socio-demographic characteristics, only three proved to
create significant differences between preferences for modes included in the MaaS plans.
The variable ‘household income under £25,000’ is interacted with bus pass, and its coef-
ficient is positive and significant. This means, that people with lower household incomes
prefer to have bus passes more than those with higher incomes. The explanation for this is
that bus passes are much less expensive than the other public transport option, travelcards,
but at the same time have similar coverage. Individuals with lower household incomes have
a lower willingness to pay for transport and a higher willingness to accept increased travel
time that comes with using buses. Next, the ‘over 65’ variable is interacted with both bike
sharing and taxi and both are significant and negative (although the latter only at 90% con-
fidence). This indicates, that people over 65 gain less utility from both bike sharing and
taxi in their plans compared to younger people.

Maas plan subscriber choice model

Next, the same model was estimated with only those people who indicated that they would
subscribe or consider subscribing to their chosen plan. These people were identified via a
follow-up question after each SP task, asking whether they would subscribe to their chosen
plan. In total, 403 respondents (in 834 choice tasks) indicated that they would definitely
purchase or consider purchasing their chosen MaaS. By focusing solely on this subsample,
we can identify whether the preferences outlined above for the whole sample persist or
change when we only look at those who declared that they would purchase (or consider
purchasing) these plans. The model results are presented in Table 4.

Comparing the model results alongside each other, we can see that almost all the coeffi-
cients remain the same sign when looking at the subsample who would subscribe. The only
one where this does not hold is the car sharing hours, but this coefficient has also become
insignificant. In fact, all the transport mode related coefficient ¢ test values drop, which
could at least partially be a result of the smaller sample. This shows, that the fact that indi-
viduals do not prefer certain modes in their plans, does not necessarily mean they will not
buy them. In 22% of the cases (834 out of 3769), the MaaS product, which includes the
bundling, discounts and other aspects of MaaS, provided enough added value to respond-
ents that they would actually buy or at least consider buying these. Even though detailed
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Table 4 MaaS plan choice model: full sample and subscriber-only model results

Variable Full sample-model’  Subscriber only-
model!
Value  ftest Value  ftest
Plan cost — 0411 —9.15%* —0310 — 3.81%**
Bike sharing (dummy) —0.388 —6.11%%*  —0.491 — 3.59%%*
Bus pass (dummy) 0.532  6.51%%* 0459  2.64%%*
Travelcard (dummy) 0.532  8.]2%** 0.066  4.66%**
Car sharing—days (continuous) —0.437 —13.04%** —0.335 — 5.35%%*
Car sharing—hours (continuous) —0.022 —1.95* 0.001 0.06
Car sharing (dummy) —0.517 —6.61%* —0.689 —4.12%**
Taxi (continuous) —0.069 — 12.18%** —(0.068 — 5.77%*%**
Household bicycle ownership interacted with bike sharing in ~ 0.253 2.34%* 0.342 1.57
plan
Santander cycles use interacted with bike sharing plan 0.321 2.71%%* 0.519  2.43%**
Travelcard ownership interacted with travelcard in plan 0273 236 0.664  4.66%%*
‘Frequent taxi user’ interacted with taxi (continuous) in plan ~ 0.056  5.47%%%* 0.054  2.97%%*
Household income under 25 interacted with bus pass in plan ~ 0.402 ~ 2.74%%%* 0.605 2.10%*
Over 65 interacted with bike sharing in plan —0.266 —2.00%* —0.234 -0.58
Over 65 interacted with taxi (dummy) in plan -0.299 - 1.70* —-0.292 -044
Cpanel 0.758  9.46%** —0.605 — 2.74%%*
Sample size: 3769 834
Initial log likelihood: —4140.67 —916.243
Final log likelihood: — 3384.36 — 772.005
Likelihood ratio test: 1512.61 288.475
Rho square: 0.183 0.157

*Significant at 90%; **significant at 95%; ***significant at 99% level of confidence

'When comparing the models, please only refer to the sign of the coefficients, not the relative magnitudes.
Due to the differences in sample sizes these should not be directly compared

analysis on how much each of these elements individually sways people is out of the scope
of this paper, the overall finding still has important implications for MaaS developments.

Next, we take a closer look at the presence of shared modes in the plans that respond-
ents would subscribe to. Overall, 83.5% of the chosen plans include car sharing (either
day or hour) while 46% had bike sharing in them. Dissecting the car sharing into days and
hours, car sharing hours is the more popular choice with 68% of people choosing a plan
with this in it, while car sharing days was only chosen by 28.1% of respondents. 15.3%
chose plans with only car sharing days in them, while 55.4% chose plans with only car
sharing hours in them. This shows that car sharing hours seems to be more attractive to
potential MaaS users. The reasons behind this may include: (1) having more need for a car
only for a couple of hours at a time rather than a whole day; and (2) the increased cost from
hiring a car for a full day or days increase the cost of the plans too much. Only 8.6% of
chosen plans did not have bike or car sharing in them.

Comparing the results to the prior behavior of these respondents (please note, that at
this point we are only talking about those who would definitely subscribe or consider
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Table 5 Percentage of chosen MaaS plans where shared modes were included and prior behavior of
respondents towards shared services

Modes Percentage in
chosen plans

Bike sharing 46.0

Car sharing (either days or hours) 83.5

Car sharing — days 28.1

Car sharing - hours 68.1

Car sharing — days (only) 15.3

Car sharing — hours (only) 55.4

Both car sharing days and hour 12.7

Prior behaviour Percentage of

respondents

Have car sharing membership 8.9

Aware of car sharing 57

Have used Santander cycles before 30.4

Have Santander cycles yearly pass 54

"I would be willing to try transport modes I previously didn’t use if
my MaaS plan included them"

12% 19% 33% 18% 9% 5% 4%

I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly agree 6 5 [INeutral @3 m2 mStrongly disagree

Fig.2 Attitudes towards trying new modes included in Maa$S plans

subscribing to their chosen plan) as little as 8.9% of them had car sharing memberships
and only 57% were even aware of car sharing before. Looking at bike sharing, 30.4% of
these respondents had used Santander cycles before (this includes those who have only
used it a couple of times) and 5.4% had a yearly pass to it. This means, that many people
who previously did not use car sharing and bike sharing would be willing to purchase
MaasS plans with these modes in them. These results are summarized in Table 5.

This so far is promising, but a further question needs to be addressed: will these
people actually start using these modes or just purchase access to them and not use
them? To help answer this, an attitudinal statement was added after the SP experiments,
to gain an insight into the overall outlook of respondents to trying new modes. Out of
the 403 respondents who, in at least one SP task, indicated that they would subscribe
or consider subscribing to their chosen plan, 64% responded positively to the statement
“I would be willing to try transport modes I previously didn’t use if my MaaS plan
included them”. 12% strongly agreed, while only 4% strongly disagreed. The breakdown
of responses can be seen in Fig. 2.
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The results provide some encouraging insights into the potential role that MaaS plans
(bundles) can have as mobility management tools to help expose more travelers to shared
modes. However, the results do need to be interpreted with caution as these are responses
to a survey, rather than an actual implementation. Survey bias, which results from the
hypothetical nature of questionnaires, tends to skew results. In this case, for example, some
respondents may get overly excited about MaaS and say they would purchase their chosen
plan, but in reality, if they would actually need to pay, they may hesitate.

Conclusions

This paper presented initial evidence to indicate that MaaS subscription bundles can be
used as a mobility management tool to promote the use of shared modes. We used data
from an original data collection effort in London, which includes specifically designed
questions and a stated preference experiment about MaaS plans. Using the collected data,
a bundle choice model was created to help us understand individuals’ preferences towards
transportation modes in the plans. The model results based on the whole sample show, that
in general, the individuals’ in our sample prefer the public transport options in their plans,
while they prefer plans less when bike sharing, car sharing and taxi are included (please
note, that due to the sample characteristics, this cannot be generalized to the wider popula-
tion). These results were not unexpected, due to the habitual behavior of travelers. Further,
they indicate that public transport should be the backbone of MaaS.

In order to examine whether the preferences are alike for those who would purchase or
consider purchasing their chosen MaaS plan, we ran a second bundle choice model. The
results from this are also used to test whether people would be willing to purchase plans
that include modes they may not necessarily prefer in their plans. The results from this
second model align very closely with those from the full sample model: respondents who
would actually buy their plans still had similar preferences. This shows, that even though
individuals do not prefer certain modes (including the shared modes), the MaaS product,
can in fact, provide enough added value to respondents that they would buy or at least
consider buying these. Upon deeper analysis of the chosen plans that respondents would
subscribe to, we found that a high percentage of them include car and bike sharing, which
are modes that are overall beneficial for society and the transportation system. Finally,
responses to an attitudinal statement indicated that, over 60% of respondents would be will-
ing to try transportation modes they previously did not use if their MaaS plans included
them.

Overall, these results are promising and show the potential of MaaS bundles as a mobil-
ity management tool to introduce more travelers to shared modes. The outcomes are espe-
cially important to raise awareness about the decoupling between mode preferences in
bundles and people’s willingness to purchase these in a number of cases. We foresee that
these, albeit initial, results can be of value to the industry and transport operators as well as
academia.

To further this paper, one of the next steps is to increase the details of the modes that
are presented in this paper. Here, we were just interested in individuals’ preferences for the
modes in the plans. However, there is room for further analysis about the discount level
and other features of the plans and their influence on plan preferences. As this paper is
part of the initial stages of a wider research effort into MaaS plans, there are other tan-
gential analyses planned and in progress. For example, besides the above-mentioned plan

@ Springer



Transportation

characteristics, other—potentially latent—factors are examined that can influence people’s
willingness to subscribe. In general, MaaS development, as well as research, are still in
their preliminary stages, and there is still much to learn about this continuously evolving
concept.
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