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ABSTRACT

Mobility as a Service (Maa$S) is an innovative concept, enabled by the ubiquitous availability of
digital technologies. Many cities around the world envision MaaS as a way to improve sustainable
transportation by reducing the use of fossil fuel-based transportation modes. However, MaaS may
also trigger users of environmentally-friendly transportation modes to switch to less sustainable
modes, such as taxi and ridesharing. The aim of this study is to explore how different bundling
and pricing schemes of MaaS contribute to improving sustainable transportation. In order to ana-
lyze individuals’ intended choice of MaaS$, a stated portfolio choice experiment was developed. A
mixed logit model is estimated to investigate the bundle of transportation modes individuals con-
figure when subscribing to MaaS. We explore empirical issues such as which transportation modes
they prefer to include in the bundle, and how pricing schemes affect the composition of the bun-
dle. Furthermore, scenario analyses are conducted to assess the impact of pricing schemes on sus-
tainable transportation. Results show that MaaS contributes to improving sustainable
transportation in a non-linear manner as a function of decreasing monthly subscription fees and/
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or increasing length of the subscription.

1. Introduction

Travel behavior is commonly seen as the result of individu-
als’ decisions that are triggered by their need or desire to
engage in activities and based on their expectations about
the state of the transportation system that are updated over
time through learned experiences. However, the recent ubi-
quitous availability of digital technologies allows individuals
to actively and dynamically acquire information about the
real time state of the transportation system in deciding
when, where, and/or how to travel. Moreover, digital tech-
nology allows travelers to book and pay for transportation
services with less effort and more convenience. Based on
these developments, Mobility as a Service (MaaS) has
emerged as a new, innovative concept. Heikkild (2014)
defined Maa$ as: “a system, which provides a comprehensive
range of mobility services to customers by various mobility
operators”. MaaS concerns a digital platform that integrates
a variety of public and private transportation modes, includ-
ing on demand transportation services. That is, depending
on their subscription, travelers subscribing to the service can
use the platform to access the different transportation
modes, included in their bundle, and order and pay for the
service through the same platform. Thus, Maa$S provides the
optimum combination of transportation modes at the

consumer’s request through searching, ticketing, and paying
for a combination of transportation services. This encour-
ages the concept of usership of transportation as an alterna-
tive to the classic concept of ownership of transportation
represented by private cars (Caiati et al., 2018).

In-depth discussions about the impact of MaaS on changes
in travel behavior and vehicle ownership have started only
recently. Most MaaS projects and studies concern European
countries, such as Sweden (Sochor et al, 2015, 2016;
Stromberg et al., 2018; Karlsson et al., 2020; Hesselgren et al.,
2020), the Netherlands (Meurs & Timmermans, 2017;
Jittrapirom et al., 2017; Ebrahimi et al.,, 2018; Feneri et al,,
2020; Meurs et al., 2020), the United Kingdom (Kamargianni
& Matyas, 2017; Matyas & Kamargianni, 2019a; Cottrill,
2020), Finland (Hartikainen et al., 2019), Austria (Konig et al.,
2016), Switzerland (Becker et al, 2020), Greece
(Polydoropoulou et. al., 2020a), Hungary (Esztergar-Kiss &
Kerény, 2019), and Germany (Schikofsky et al., 2020). Other
important MaaS$ studies relate to Australia (Wong & Hensher,
2020; Mulley et al.,, 2018; Merkert et al., 2020), the United
States (Beheshtian et al., 2020), Hong Kong (Pickford &
Chung, 2019), and India (Singh, 2020).

In this line of research, individuals’ preferences for particu-
lar MaaS$ bundles and their willingness to pay have emerged as
key research issues on the demand side. Consequently, several
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recent studies have designed stated preference surveys to pre-
dict consumers’ subscriptions to Maa$ and their willingness to
pay. Ho et al. (2018) investigated what kind of subscription
plans are most appealing to consumers in Sydney, Australia.
They argued that lowering public transport fares, especially by
implementing a daily and/or weekly cap, reducing operating
costs and/or offering individual plans that consider subscrib-
ers’ travel patterns would be necessary to increase the adoption
of MaaS. Matyas and Kamargianni (2019b) designed a stated
preference experiment that attempts to capture the complex
decision making process leading to the purchase of Maa$ prod-
ucts. They introduced a smartphone-based travel survey tool
for MaaS plan choices. Respondents could choose between four
hypothetical Maa$S plans, three of which were fixed and one
was a menu option. Caiati et al. (2020) explored individuals’
intention to subscribe to Maa$, preferences for bundle configu-
rations and willingness to pay for extra features of the service,
using a web-based survey, in the Amsterdam and Eindhoven
regions in the Netherlands. They developed an experimental
design approach based on portfolio choice. Results indicated
that the overall willingness to subscribe to Maa$S is limited.
Service attributes, especially the fee of a monthly subscription,
pricing schemes of the transportation modes, and socio-demo-
graphic characteristics significantly influenced the intention to
subscribe to MaaS. Ho et al. (2020) explored consumer
response to Maa$ in Tyneside, United Kingdom. Their results
showed that consumers value the convenience of MaaS.
However, they are not willing to pay for it, leading to the sug-
gestion that some discounts are necessary to guarantee a wide-
spread adoption of MaaS. Kim et al. (2020) explored
differences in Maa$S adoption behavior between car and public
transportation users in Seoul, South Korea and found that pub-
lic transportation users are more willing to adopt Maa$ plans.
This is caused by differences in not only their value of time but
also in their latent attitudes and work environments.
Polydoropoulou et al. (2020b) investigated individual preferen-
ces for Maa$ in Budapest, Hungary and Greater Manchester,
United Kingdom. They found that individuals who are more
prone to using multimodal mobility options are willing to pay
more for traditional and emerging mobility services as part of a
monthly MaaS$ plan.

One of the major reasons for the widespread interest in
Maa$ in many countries around the world are policy mak-
ers” high expectations about the impact of Maa$S on reducing
the purchase and use of non-environmentally-friendly trans-
portation modes, which in turn leads to reduced congestion
and pollution, and an increasing attractiveness of cities
(Hensher, 2017; Jittrapirom et al., 2020). Thus, one of the
argued benefits of MaaS$ is that it will improve sustainable
transportation. Whether these claims are justified is, how-
ever, not immediately clear. Similar expectations have been
formulated about ride-hailing services, such as Uber and
Lyft. It was expected that many private car users would
switch to ride-sourcing services, leading to improved sus-
tainable transportation. However, Clewlow and Mishra
(2017) pointed out that in the United States the transition
to ride-hailing services was only marginally caused by car
users; public transportation users attributed to the major

share of the transition. In fact, these new services caused an
increase in the total miles traveled. Consumers were not just
substituting trips, but were adding new ones. Therefore, the
anticipated effects of the introduction of ride sourcing serv-
ices on sustainable transportation may have been exagger-
ated if these results can be generalized.

The same question can be posed about the impact of
MaaS. We should consider the nature of the transitions to
MaaS. A MaaS$ offering may also include non-environmen-
tally-friendly transportation modes, such as taxi and car ren-
tal. If current public transportation users choose these
modes in their MaaS bundle as replacement of their public
transportation trips, it will adversely affect sustainable trans-
portation. Therefore, in order to improve sustainability,
MaaS should achieve two objectives: 1) Maximize the use of
environmentally-friendly transportation modes by consum-
ers who previously used “non-environmentally-friendly”
modes for their daily travel and 2) Minimize the use of
“non-environmentally-friendly” modes by consumers who
used environmentally-friendly modes. The sustainability
effects of MaaS depend on how many people subscribe to
MaaS, their current transportation modes and which bundle
they choose and use. The fee setting and duration of the
subscription of Maa$ and the pricing schemes of each mode
included in the MaaS bundle influence these decisions.

The aim of this study, therefore, is to assess how much
different bundling and pricing schemes of MaaS contribute
to achieving a more sustainable transportation system. The
analysis focuses on transportation mode choice transitions,
derived from a stated portfolio choice experiment. We real-
ize the results of these analyses only give a partial answer.
More detailed analyses, based on actual MaaS use, are
planned for the future.

The reminder of the paper is organized as follows. We will
first investigate consumer interest to subscribe to MaaS and
preferences for bundle composition. Next, scenario analyses
will be conducted to assess the effect of transition probabilities
on sustainable transportation. The paper is completed with a
discussion of the results and avenues of future research.

2. Consumer choice of Maa$S

In order to analyze how the transition from the currently
used transportation mode to different configurations of
bundled public and shared transportation modes in MaaS
affects sustainable transportation, we need to first under-
stand how consumers compose their MaaS bundles when
they subscribe to MaaS. The chosen bundle of modes
depends on consumers’ inherent preferences for transporta-
tion modes, the pricing scheme of each mode, monthly sub-
scription fees, duration of the subscription, and consumers’
socio-demographic profiles.

2.1. Survey design

The data used in this study stem from a stated portfolio
choice experiment, which was administered in August 2017
and March 2018. Whereas classic stated choice experiments



Table 1. Attribute levels.
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Attribute

Attribute level

Platform attributes

Monthly subscription fee

Time commitment

Data required for the registration

Mode specific attributes
Public Transportation (bus, metro, tram)

E-bike sharing

E-car sharing

Taxi

Car rental

Ride sharing

On demand bus

Social influence attributes
Share among relatives

Share among friend

Share among colleagues

Service reviews from the general public

150 €/month 180 €/month

210 €/month

240 €/month

1 month

3 months

6 months

12 months

Full name, email address and phone number

Full name, email address, phone number and payment information
Full name, email address, phone number and permission to use GPS
Full name, email address, phone number, payment information and permission to use GPS

Unlimited rides (PT-1)

Unlimited rides in one zone and for the others pay per ride (PT-2)
Pay per ride with 20% of discount on standard fare (PT-3)
Pay per ride (PT-4)

Unlimited rides (EB-1)

1 free hours per day and then pay per ride (EB-2)

Pay per ride with 50% of discount on standard fare (EB-3)
Pay per ride (EB-4)

300 min included and then pay per ride (EC-1)

120 min included and then pay per ride (EC-2)

Pay per ride with 20% of discount on standard fare (EC-3)
Pay per ride (EC-4)

50 km included and then pay per ride (TX-1)

30 km included and then pay per ride (TX-2)

Pay per ride with 40% of discount on standard fare (TX-3)
Pay per ride (TX-4)

4 days included and then pay per ride (CR-1)

2 days included and then pay per ride (CR-2)

Pay per ride with 20% of discount on standard fare (CR-3)
Pay per ride (CR-4)

Unlimited rides (RS-1)

100 km included and then pay per ride (RS-2)

Pay per ride with 20% of discount on standard fare (RS-3)
Pay per ride (RS-4)

Unlimited rides (OD-1)

Unlimited rides in one zone and for the others pay per ride (OD-2)
Pay per ride with 20% of discount on standard fare (OD-3)
Pay per ride (OD-4)

0%

25%

50%

75%

0%

25%

50%

75%

0%

25%

50%

75%

Only positive reviews

Mainly positive reviews but also some criticisms
Mainly negative reviews but also some positive
Mainly negative reviews

ask respondents to choose a single alternative from sets of
choice sets, portfolio choice experiments are based on a
“pick-any” task (e.g. Wiley & Timmermans, 2009; Christelis
et al,, 2010; Charness & Gneezy, 2010; Bateman et al., 2016).
The main goal of the choice experiment was to investigate
individual preferences for Maa$S subscription options, with a
particular focus on bundle configuration. Choice of MaaS
concerns a mobility decision, in which the decision is
whether or not to subscribe to MaaS$, allowing users to pur-
chase a particular mobility package. Therefore, respondents
were requested to indicate whether they would subscribe to

the service under a set of specified features and, if so, to
configure their preferred bundle by picking from one to
four transportation modes from the given choice set com-
posed of seven available modes. The available options were
public transportation, e-bike sharing, e-car sharing, taxi, car
rental, ride sharing, and on demand bus. These are all serv-
ices currently available in the Netherlands. The choice situa-
tions systematically varied three platform attributes, seven
transportation modes attributes, and four social influence
attributes. Four levels were chosen for each attribute. Table
1 shows the attribute levels used in the choice experiment.
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Table 2. Percentage of chosen mode in MaaS bundles and possessed owner-
ship/membership of Maa$ adopters.

Modes

Percentage in Maa$S bundles

Public Transport 61.0
E-bike sharing 358
E-car sharing 39.9
Taxi 33.6
Car rental 36.2
Ride sharing 37.2
On demand bus 273
Ownership/Membership Percentage in Maa$S adopters
Car ownership 55.3
Bike ownership 86.7
E-bike ownership 133
Car sharing membership 1.4
Public transport seasonal ticket 49.9

The first step in the design of a stated choice experiment
is to elicit the attributes that are assumed to influence the
behavior of interest. Usually, the elicitation process is based
on either original qualitative research or on an examination
of prior research. However, due to the limited number of
available studies on consumers’ preferences for Maa$, the
application of these elicitation methods seemed limited.
Therefore, we identified the attributes and their levels based
on the properties of MaaS schemes currently implemented
around the world. This was particularly useful to elicit the
core characteristics of this new type of service and create a
realistic choice for respondents. We then looked at the
emerging academic literature on Maa$, often based on indi-
vidual and household interviews and focus groups con-
ducted with some participants of a Maa$ pilot (Sochor et al.,
2016, Karlsson et al., 2016; Smile mobility, 2019). Lastly, we
looked at research streams, such as adoption of innovations,
bundling and multi-part tariff strategies, in fields other than
transportation, such as marketing and social science (Caiati
et al., 2020).

The combination of attributes and attribute levels gave
rise to a 4'* full factorial design. Because the number of pro-
files would be overwhelming and the experimental task
impossible to complete by respondents, an orthogonal frac-
tional factorial design in 128 runs was created to satisfy con-
ditions of orthogonality and attribute level balance. The
experiment was blocked into 16 orthogonal subsets, which
were randomly assigned to the respondents.

A total of 1078 respondents from the Amsterdam and
Eindhoven regions in the Netherlands were recruited
through a Dutch market research company that maintains a
representative online panel. Both areas currently have a var-
iety of shared transportation services, making it easier for
residents to imagine how Maa$S services will work once
implemented. In the experiment, respondents were asked to
configure a bundle of transportation modes they would
choose (they could choose up to four out of seven alterna-
tive modes). If they were not interested in MaaS, they did
not have to configure a bundle. Note this task differs from
the more commonly applied approach of choosing between
given menu choice options of MaaS (e.g. Ho et al,, 2018;
2020; Matyas & Kamargianni, 2019b). After having com-
pleted the bundle configuration task, respondents were pre-
sented a second choice experiment. Specifically, they were

asked to choose between two possible sets of extra features
to add to the basic service at an additional fee. A no-extra
features option was added to the choice set. However, since
this paper focuses on the mode choice perspective, only the
first choice experiment is used in the present analyses. Since
MaaS is still a largely unfamiliar concept, the survey started
with an explanation of the concept. Caiati et al. (2020) pro-
vide a more detailed description of the data collection and
the distribution of socio-demographic characteristics of
the sample.

2.2. Subscription

In this survey, only 17% of the choice sets led the respond-
ents to state their intention to subscribe to MaaS. This low
percentage may be indicative of the early stage of the adop-
tion of MaaS. Therefore, individuals may think it is too risky
to change their current travel behavior. If the theory of the
diffusion of innovations (Rogers, 1964) that classifies con-
sumers adopting new technologies into innovators, early
adopters, early majority, late majority, and laggards would
hold for Maa$, this percentage will likely increase once the
service is implemented and used by the early adopters.
Results also indicate that the probability of subscribing to
MaaS strongly depends on the monthly fee and con-
tract length.

2.3. Bundle choice

The percentage of the modes chosen in the MaaS bundles is
shown in Table 2. Public transportation was chosen the
most. It was included 831 times in a MaaS bundle out of
the total of 1362 times across all experimental conditions
respondents stated to take a subscription (61.0%). The least
chosen mode is on-demand bus. It was only included 372
times (27.3%). Taxi also has a low percentage (33.6%). The
other four modes (e-bike sharing, e-car sharing, car rental,
ride sharing) show similar percentages (between 35% and
40%). Table 2 also shows ownership or membership status
of MaaS adopters for current public and shared transporta-
tion services. Only 204 consumers out of 369 MaaS adopters
own a car (55.3%). Considering that 81% of the Dutch
population owns a car (CBS, 2018), it seems that MaaS is
preferred more among consumers who do not own a car.
The percentage of bike owners among MaaS adopters is
86.7%, which is slightly higher than the percentage (84%) in
the Dutch population (CBS, 2018). 13.3% of MaaS adopters
own an e-bike, which is slightly higher than the 12.5% for
the Netherlands (Kroesen & Harms, 2018). The percentage
car-sharing memberships is 11.4%, while about half of the
MaaS adopters (49.9%) own a season ticket for public
transportation.

To predict the probability of configuring a particular
combination of transportation modes (bundle), the portfolio
choice approach (e.g. Wiley & Timmermans, 2009) was
applied. Note that because the experimental task was to
choose one to four modes from seven possible mode alter-
natives in Maa$, the total number of possible bundles that



Table 3. Bundle configuration decision — estimation results.

INTERNATIONAL JOURNAL OF SUSTAINABLE TRANSPORTATION 355

Estimate p-value
Platform attributes

Mean of random parameter

Monthly fee

150 €/month 0.59 0.00

180 €/month 0.24 0.02

210 €/month —0.15 0.27

240 €/month —0.68

Time commitment

1 month —0.34 0.00

3 months 0.03 0.39

6 months 0.15 0.04

12 months 0.16

Standard deviation of random parameter

Monthly price

150 €/month 2.29 0.00

180 €/month 1.70 0.00

210 €/month 0.08 0.41

Time commitment

1 month 0.84 0.00

3 months 0.16 0.18

6 months 0.36 0.03

Mode-specific attributes
Indicator

Mean of random parameter

Public Transport 0.90 0.00

E-bike sharing —-2.25 0.00

E-car sharing —-2.54 0.00

Taxi —2.78 0.00

Car rental —-2.33 0.00

Ride sharing -1.75 0.00

On demand bus -1.92 0.00

Standard deviation of random parameter

Public Transport 3.39 0.00

E-bike sharing 2.65 0.00

E-car sharing 1.48 0.00

Taxi 2.80 0.00

Car rental 1.57 0.00

Ride sharing 1.23 0.00

On demand bus 1.91 0.00

Pricing schemes

Public Transport PT-1 0.40 0.00
PT-2 —0.16 0.02
PT-3 —0.03 0.19
PT-4 —0.21

E-bike sharing EB-1 0.25 0.00
EB-2 —0.07 033
EB-3 0.15 0.04
EB-4 —0.33

E-car sharing EC-1 0.13 0.25
EC-2 0.11 0.36
EC-3 —0.08 0.18
EC-4 —0.16

Taxi X1 0.36 0.00
TX-2 0.15 0.06
TX-3 0.20 0.36
TX-4 —0.71

Car rental CR-1 0.23 0.01
CR-2 0.13 0.02
CR-3 —0.11 0.16
CR-4 —0.25

Ride sharing RS-1 0.31 0.00
RS-2 —0.06 0.15
RS-3 —0.10 0.33
RS-4 —0.15

On demand bus OoD-1 0.27 0.00
0OD-2 —0.05 0.34
0OD-3 0.03 0.20
OD-4 —0.19

Socio-Demographics

Age 18-25 1.16 0.00
25-65 0.34 0.11
<65 —1.50

(continued)
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Table 3. Continued.

Estimate p-value

Gender Male —0.07 0.29

Female 0.07
Income 1250< —0.98 0.00
1250-3125 —0.25 0.31

<3125 1.23

Current mode choice behavior

Environmental friendly consumer 0.62 0.03

Non-environmental friendly consumer —0.62

Interactions
Cross-effect between modes
Public Transportation - E-bike sharing 0.19 0.14
Public Transportation - E-car sharing 0.63 0.00
Public Transportation — Taxi 0.17 0.22
Public Transportation - Car rental 0.27 0.08
Public Transportation - Ride sharing 0.39 0.00
Public Transportation - On demand bus -0.11 0.00
E-bike sharing - E-car sharing 0.69 0.00
E-bike sharing — Taxi 1.14 0.00
E-bike sharing - Car rental 0.39 0.00
E-bike sharing - Ride sharing 0.48 0.00
E-bike sharing - On-demand bus 0.06 0.11
E-car sharing - Taxi 0.36 0.00
E-car sharing - Car rental 1.26 0.00
E-car sharing - Ride sharing 0.73 0.00
E-car sharing - On demand bus 0.16 0.45
Taxi - Car rental 0.88 0.00
Taxi - Ride sharing 0.62 0.00
Taxi - On demand bus 0.42 0.27
Car rental - Ride sharing 0.67 0.00
Car rental - On demand bus —0.15 033
Ride sharing - On demand bus —0.26 0.19
Interactions between mode-specific indicator and socio-demographics

Public Transportation - Age 18-25 —0.25 0.00
25-65 —0.14 0.02

<65 0.39
Public Transportation - Gender Male 0.24 0.00

Female —0.24
Public Transportation - Income 1250< 0.57 0.00
1250-3125 —0.15 0.07

<3125 —0.42
E-bike sharing — Age 18-25 —0.27 0.04
25-65 0.39 0.00

<65 0.12
E-bike sharing - Gender Male —0.04 0.13

Female 0.04
E-bike sharing - Income 1250< 0.12 0.09
1250-3125 0.71 0.00

<3125 —0.83
E-car sharing - Age 18-25 0.15 0.00
25-65 —0.06 0.00

<65 —0.09
E-car sharing - Gender Male 0.03 0.24

Female —0.03
E-car sharing - Income 1250< 0.40 0.03
1250-3125 —0.21 0.22

<3125 —0.19
Taxi — Age 18-25 -0.73 0.00
25-65 0.99 0.11

<65 —0.26
Taxi — Gender Male —0.15 0.30

Female 0.15
Taxi — Income 1250< -0.77 0.00
1250-3125 —0.50 0.00

<3125 1.27
Car rental - Age 18-25 0.34 0.02
25-65 0.40 0.14

<65 —0.74
Car rental — Gender Male 1.22 0.01

Female —-1.22
Car rental - Income 1250< —0.45 0.00
1250-3125 —-0.33 0.00

<3125 0.78
Ride sharing - Age 18-25 0.45 0.03

(continued)
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Estimate p-value
25-65 —0.14 0.16
<65 —0.31
Ride sharing - Gender Male —0.58 0.00
Female 0.58
Ride sharing - Income 1250< 0.28 0.02
1250-3125 —0.03 033
<3125 —0.25
On demand bus - Age 18-25 0.1 0.45
25-65 —0.41 0.00
<65 0.30
On demand bus - Gender Male —0.27 0.20
Female 0.27
On demand bus - Income 1250< 0.26 0.00
1250-3125 0.15 0.25
<3125 —0.41
Interactions between platform attributes and pricing schemes
Public Transportation PT-1 - Monthly price 0.19 0.00
PT-2 - Monthly price 0.06 0.50
PT-3 - Monthly price 0.17 0.09
PT-4 - Monthly price —0.42
PT-1 - Time commitment 0.74 0.00
PT-2 - Time commitment —0.55 0.16
PT-3 - Time commitment 0.23 0.23
PT-4 - Time commitment —0.42
E-bike sharing EB-1 - Monthly price 0.46 0.00
EB-2 - Monthly price 0.14 0.09
EB-3 - Monthly price 0.21 0.20
EB-4 - Monthly price —0.81
EB-1 - Time commitment 0.27 0.24
EB-2 - Time commitment 0.31 0.16
EB-3 - Time commitment 0.36 0.00
EB-4 - Time commitment —0.94
E-car sharing EC-1 - Monthly price 0.20 0.25
EC-2 - Monthly price 0.03 033
EC-3 - Monthly price 0.26 0.00
EC-4 - Monthly price —0.49
EC-1 - Time commitment 0.07 041
EC-2 - Time commitment 0.15 0.59
EC-3 - Time commitment 0.18 0.00
EC-4 - Time commitment —0.40
Taxi TX-1 - Monthly price 0.85 0.00
TX-2 - Monthly price 0.53 0.54
TX-3 - Monthly price 1.21 0.00
TX-4 - Monthly price —2.59
TX-1 - Time commitment 0.63 0.00
TX-2 - Time commitment —-0.77 0.00
TX-3 - Time commitment 1.08 0.00
TX-4 - Time commitment —0.94
Car rental CR-1 - Monthly price 0.79 0.01
CR-2 - Monthly price 0.70 0.04
CR-3 - Monthly price —-0.29 0.00
CR-4 - Monthly price —1.20
CR-1 - Time commitment —0.17 0.1
CR-2 - Time commitment —0.10 0.60
CR-3 - Time commitment 0.78 0.00
CR-4 - Time commitment —0.51
Ride sharing RS-1 - Monthly price 0.63 0.00
RS-2 - Monthly price 0.20 0.00
RS-3 - Monthly price 0.28 0.00
RS-4 - Monthly price —1.11
RS-1 - Time commitment 0.36 0.10
RS-2 - Time commitment —0.25 0.57
RS-3 - Time commitment 0.20 0.00
RS-4 - Time commitment —0.31
On demand bus OD-1 - Monthly price 0.16 0.00
OD-2 - Monthly price 0.05 033
OD-3 - Monthly price 0.36 0.07
OD-4 - Monthly price —0.57
OD-1 - Time commitment 0.19 0.00
OD-2 - Time commitment —0.29 0.27
OD-3 - Time commitment 0.54 0.02
OD-4 - Time commitment —0.44

(continued)
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Table 3. Continued.

Estimate p-value
Model fit
Number of parameters 170
Final loglikelihood value —4806.396
McFadden Pseudo R-squared 0.227
AIC/N 7.307

Note: Estimates whose p-values are less than 0.05 are marked in bold.

respondents could configure is 98 {C(7,4)+ C(7,3)+
C(7,2) + C(7,1) =98} Two combinations were never
chosen, implying the total number of observed bundles of
different composition equals 98 — 2 = 96.

A mixed logit model was estimated to investigate the
stated configuration of the bundles for the total of 369
respondents who indicated interest in MaaS. It should be
noted that these data have been used before to estimate a
portfolio choice model with a slightly different specification
(Caiata, et al., 2020). More precisely, the specification of this
study is extended with additional consideration of i) effect
of platform attributes (monthly price and time commit-
ment), ii) direct effect of socio-demographics, iii) effect of
current mode choice behavior (environmentally friendly
consumers vs. non-environmentally friendly consumers),
and iv) interactions between platform attributes and pric-
ing schemes.

The utility of each bundle can be formulated as:

Uin = Vin + &in (1)

where, Uy, is the utility of bundle i (i=1, ..., 96) in the
MaaS plan for individual #n. V represents the deterministic
utility and ¢ is an error term.

The deterministic utility V is specified as:

Vin=Vs + VM L vZ )

The first part V3 indicates the total utility of subscription
plan attributes I. Two such attributes were included in the
model: monthly subscription fee and duration (contract
length) of the subscription

Vi = BiXi (3)
1

The second part VM is the total utility of modes m that
are included in bundle i configured by individual n. Mode-
specific constants f3,, and the pricing scheme Xj,, of mode
m in bundle i are considered. That is,

Vil,\q/[ = Zlinm(ﬁm + ﬁpXinpm) (4)
mei
where, I, equals 1 if mode m is included in bundle i of
individual n, and zero otherwise.

Equation 4 assumes that the alternative specific utility for
each mode in a bundle is independent of the composition of
the bundle. To account for possible competition or synergy
effects, cross effects between modes were estimated. A cross
effect measures the change in utility of a mode due to the
presence of another mode in the bundle. Thus,

V,‘IZI = Zlinm <(ﬁm + ﬁpXinpm + Z Iinm’(me’)) (5)

mei m'm#€i

Further, allowing for the common finding that the utility
of mode may vary across individuals with a different socio-
demographic profile and that the utility of subscription plan
attributes may depend on socio-demographic characteristics,
we estimated interaction effects between mode m and socio-
demographic characteristics z, and between platform attrib-
utes / and pricing schemes.

Vi = Z Lium (Z Oz Xinz + Z Z wpleinmeinl> (6)
z

mei pem |

Finally, we assumed that individual preferences for both
subscription plan attributes (monthly subscription fee and
subscription duration) and mode-specific utilities are hetero-
geneous. Therefore, random parameters for these attributes
were estimated.

exp(Vin|B)
Pin =
JZjE Cexp(an|ﬁ

)f(lflﬂ)dﬂ @)

where f denotes the vector of means values of random coef-
ficients. Choice probabilities were computed based on the
simulated likelihood maximization approach with 2000
Halton draws using Nlogit 5 (Greene, 2012). Linear utility
functions were estimated for subscription fee and duration
of the subscription. All remaining categorical variables were
effect-coded.

Table 3 shows the estimation results. The upper part lists
the parameter estimates of the platform attributes (V3 ;
equation 3). The results indicate that consumers tend to pre-
fer cheaper MaaS product bundles. This is consistent with
our intuition and results of other studies (Ho et al., 2018,
2020; Matyas and Kamargianni, 2019a,b). More specifically,
the sign of the mean parameter is positive when the price is
150 €/month (0.59) and 180 €/month (0.24), whereas it is
negative for a price of 210 €/month (—0.15) and 240
€/month (-0.68). Note the part-worth utility function is non-
linear with increasing price. In addition, consumers do not
prefer MaaS product bundles with a subscription duration
of less than 6 months. For subscriptions lasting longer than
6 months, their preferences become almost invariant. When
the time commitment is 1month, the mean parameter is
negative (—0.34). i.e. lower than the average across all obser-
vations. Otherwise, it is positive: 0.03, 0.15, and 0.16 for
respectively for 3, 6 and 12months subscriptions. To the
best of our knowledge, the effect of time commitment on
the preference for MaaS product bundles has not been
examined before, and hence this finding cannot be com-
pared with the results of other studies.

The middle part of Table 3 shows the parameter esti-
mates of the mode indicators and pricing schemes of each
mode (VM; equation 4). The parameters for the mode



indicators were estimated using the random parameter
approach and the pricing schemes were effect-coded. The
parameters for the mode-indicators show that public trans-
portation is most preferred in the bundle. This is consistent
with a previous finding (Matyas and Kamargianni, 2019a,b).
The mean of the parameter for the public transportation
indicator is positive (0.90), whereas the means of the param-
eters for other mode indicators are all negative. Taxi is the
least preferred mode (-2.78). The standard deviations for the
mode indicators are statistically significant, implying that
consumer preferences for modes are heterogeneous. The
results of pricing schemes indicate that the largest negative
value is for “pay per ride” for all alternative modes (PT-4,
EB-4, EC-4, TX-4, CR-4, RS-4, and OD-4). This implies that
consumer preferences for a mode strongly decrease for the
“pay-per-ride” scheme. Also, if a mode includes the
“unlimited rides” option (PT-1, EB-1, RS-1, and OD-1), that
mode is the most preferred one, compared to the other pric-
ing schemes. The results of socio-demographics reveal that
MaaS bundles are more preferred by younger consumers
(18-25). Also, they are less preferred by lower income con-
sumers (< 1250 euros per month). The results of the cur-
rently used mode reveal that the MaaS bundles are more
preferred by environmentally friendly consumers.

The lower part of Table 3 shows the estimated cross-
effects and interactions. Most cross-effects between modes
are statistically significant. The cross-effect is highest for the
combination e-bike sharing and taxi. This result indicates
that respondents prefer to include both E-bike and taxi in
their bundle. The cross-effect is most negative for the com-
bination of car rental and on-demand bus. This result
implies that respondents tend not to include both these
modes in their bundle, suggesting substitution between these
modes. Results show significant interactions between modes
and some socio-demographics and transportation-related
characteristics. The preference for public transportation is
higher for the elderly (older than 65years) and lower for
younger consumers (younger than 25years). Moreover, it is
higher for males and low-income earners (less than
1250 euro per month). Shared E-bike is chosen less in the
bundle by both younger and older consumers. On the other
hand, female consumers and lower income groups (less than
1250 euro per month) tend to include this mode in their
bundle. Shared E-car is chosen more by the group aged
between 25 and 65, males, and the lower income group.
High-income earners are more likely to include taxi in their
bundle, while the lower income group is less likely to
include it. A similar interaction is found for car rental. In
addition, the elderly are less likely to include car rental in
their bundle. Ride sharing is preferred by younger consum-
ers, females, and the lower income group. On demand bus
is preferred more by the elderly, while high-income earners
prefer it less.

The results of the estimated interactions between plat-
form attributes and pricing schemes are listed in Table 3.
Common across the modes, the interactions are most nega-
tive for the pricing scheme of “pay-per-ride” (PT-4, EB-4,
EC-4, TX-4, CR-4, RS-4, and OD-4) and monthly fees/time
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commitment. Interactions are most positive between the
pricing scheme of “unlimited rides” (PT-1, EB-1, RS-1, and
OD-1) and monthly fees/time commitment, meaning that
the preference of the mode increases for the pricing scheme
“unlimited rides”, as the fee increases and/or time commit-
ment is longer. The pricing schemes involving a discount on
the standard fare (PT-3, EB-3, EC-3, TX-3, CR-3, RS-3, and
OD-3) have positive interactions with time commitment.

3. Scenario analysis

As discussed, policy makers are interested in the introduc-
tion of MaaS because this smart mobility solution is
expected to decrease the purchase and use of private cars.
That is, drivers are expected to shift their mode choice to
environmental-friendly modes provided in MaaS bundles.
The transition to the environmental-friendly modes is
expected to decrease pollution, improving sustainable trans-
portation. However, MaaS may also include non-environ-
mental-friendly modes such as taxi and car rental. If current
environmentally-friendly consumers who currently use
environmentally-friendly modes such as bus, metro and bike
switch to non-environmental-friendly modes (e.g. taxi and
car rental), it has adverse effects on sustainability. Therefore,
to maximize sustainable transportation, 1) the transitions of
current non-environmentally-friendly consumers to MaaS
bundles with only environmentally-friendly modes should be
maximized, and 2) the transitions of current environmen-
tally-friendly consumers to non-environmentally-friendly
modes in their MaaS bundle should be minimized. These
transitions depend on which bundles consumers subscribe
to and their current transportation modes. Bundle choice in
turn depends on pricing schemes and time commitment of
the subscription. Therefore, scenario analyses were per-
formed to assess the contribution of Maa$ to improving sus-
tainable transportation. Using the parameter estimates listed
in Table 2, we will explore how consumer bundle choice
will vary for different scenarios.

Based on the choice situations in the stated portfolio
choice experiment, we varied the monthly subscription fees
and time commitment from -30% to 30% at 10% intervals
based on the interpolation or extrapolation of parameter
estimates. Four scenarios were examined. Table 4 shows the
scenario settings. Scenario 1 varies only the monthly sub-
scription fee. Scenario 2 varies only time commitment.
Scenarios 3 and 4 vary both the subscription fees and time
commitment. Specifically, Scenario 3 considers both changes
in the same direction: monthly subscription fees and time
commitment both increase or decrease. Scenario 4 varies the
attributes in oppose direction: i) monthly subscription fee is
increased and time commitment is decreased, and ii)
monthly subscription fee is decreased and time commitment
is increased.

To quantify the effect, we first classified the 369 MaaS
adopters (N) into two classes, based on their current trans-
portation mode choice behavior: i) Current non-environmen-
tally-friendly ~ consumers (N;=249), and ii) Current
environmentally-friendly consumers (N,=120).
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Table 4. Scenario settings.

Scenarios Variation

Scenario 1 Change monthly fee

Scenario 2 Change time commitment

Scenario 3 Change monthly fee & time commitment (same direction)
Scenario 4 Change monthly fee & time commitment (opposite direction)

Environmentally friendly consumers were defined as
respondents who do not use a private car, while all other
respondents were classified as non-environmentally friendly
consumers. The stated portfolio experiments led to 1362
cases, in which respondents indicated to subscribe to MaaS.
Of these 1362 subscriptions, 837 subscriptions (O;) con-
cerned non-environmentally-friendly consumers, while 525
subscriptions (O,) involved environmentally-friendly con-
sumers. Next, the seven transportation modes provided by
Maa$S were categorized into two groups: a) non-environmen-
tally-friendly modes, which included taxi, car rental and ride
sharing, and b) environmentally-friendly modes, which
included public transportation, e-bike sharing, e-car sharing
and on-demand bus. Of the 837 subscriptions of current
non-environmentally-friendly consumers (O;), 379 subscrip-
tions (X;) only involved environmentally-friendly modes,
while of the 525 subscriptions of environmentally-friendly
consumers (O,), 184 subscriptions (X,) included non-envir-
onmental-friendly modes in their MaaS bundle.

To assess the effect on sustainable transportation, the fol-
lowing index was constructed:

o= (KN, —Xen)t 8)
“\o,"' 0, )N

where, N; denotes the number of current non-environmen-
tally-friendly consumers, O, indicates the number of Maa$
subscriptions of current non-environmentally-friendly con-
sumers, X; refers to the number of MaaS subscriptions of
current non-environmentally-friendly consumers only com-
posed of environmentally-friendly modes in scenario s.
Likewise, N, represents the number of current environmen-
tally-friendly consumers, O, indicates the number of Maa$
subscriptions of current environmentally-friendly consumers,
X5 refers to the number of MaaS subscriptions of current
environmentally-friendly consumers that include non-envir-
onmentally-friendly modes in scenario s. N denotes the total
number of respondents. Therefore, by definition, Xj < O,
and Xj <O, Vs, N; and N, are relative weights, and the
term 1/N normalizes the scale of the index.

By normalizing the scale, index Q has a value between -1
and 1. There are two extreme cases: (i) when there are no
current non-environmentally-friendly consumers (N; = 0),
indicating that all the respondents are current environmen-
tally-friendly consumers (N, = N), and they always include
non-environmental-friendly modes in their MaaS bundle
(X5 = 0,). Consequently, Q = —1, and ii) when there are
no current environmentally-friendly consumers (N, = 0),
indicating that all respondents are current non-environmen-
tally-friendly consumers (N; = N), and they only include
environmentally-friendly modes in their bundle (X; = O).
Consequently, Q=1. Thus, a higher value of index Q indi-
cates more sustainable transportation.

Table 5 shows the number of MaaS subscriptions X for
the different scenarios. First, the number of Maa$S subscrip-
tions in which current non-environmentally-friendly con-
sumers only consider environmentally-friendly modes in
Maa$S (X,) are shown in Table 5-a. In scenario 1, current
non-environmentally-friendly consumers more include non-
environmentally-friendly modes in their MaaS bundle with
an increasing monthly subscription fee. As time commit-
ment is longer in scenario 2, current non-environmentally-
friendly consumers tend to select MaaS bundles with only
environmentally-friendly modes. The number of Maa$S sub-
scriptions in which current non-environmentally-friendly
consumers include only environmentally-friendly modes is
more sensitive to differences in the monthly subscription fee
than to differences in time commitment. When the monthly
fee increases and time commitment is longer (scenario 3),
the number of MaaS subscriptions of non-environmentally-
friendly consumers that only include environmentally-
friendly modes slightly. As the monthly subscription fee
becomes more expensive and time commitment becomes
shorter (scenario 4), current non-environmentally-friendly
consumers dramatically include non-environmentally-
friendly modes in their bundle.

Second, the number of MaaS subscriptions of current
environmentally-friendly consumers that include non-envir-
onmentally-friendly modes via MaaS (X,) is reported in
Table 5-b. As the monthly subscription fee becomes more
expensive in scenario 1, current environmental-friendly con-
sumers choose more non-environmental-friendly modes,
whereas they choose less non-environmental-friendly modes
as time commitment becomes longer in the scenario 2. The
number does not change much as the monthly fee increases
and time commitment is longer in scenario 3. This may be
because the effects of a higher expensive monthly subscrip-
tion fee and longer time commitment are at odds with each
other. In scenario 4, as the monthly subscription fee
becomes more expensive and time commitment becomes
shorter, current environmental-friendly consumers dramatic-
ally choose more non-environmental-friendly modes.

Figure 1 shows the effect of each scenario on the index
of sustainability (equation 7) by combining changes in both
X, and X,. In scenario 1, the value of the index decreases
with increasing monthly subscription fees. This implies that
higher fees undermine sustainable transportation. This is
because both current non-environmentally-friendly consum-
ers and environmentally-friendly consumers tend to include
more non-environmentally-friendly modes in their MaaS
bundle as shown in Table 5. On the other hand, the value of
the index only slightly increases as the monthly subscription
fee decreases. In scenario 2, the longer time commitment
leads to improved sustainable transportation. However, the
effect of varying time commitment is smaller than the effect
of monthly subscription fee. In scenario 3, the change in the
value of index Q across the selected variables is smaller than
for any other scenario. Especially when the monthly sub-
scription fee becomes cheaper, and time commitment
becomes shorter, only a marginal change in the value of
index Q is observed, implying their effects largely canceled



Table 5. Changes in frequencies by scenario.@) The number of times non-
environmentally-friendly consumers compose a MaaS bundle with only
environmentally-friendly modes (X7)(b) The number of times environmentally-
friendly consumers include non-environmentally-friendly modes in a MaaS
bundle (X3)

(@)

X; —30% —20% —10% Base 10% 20% 30%
Scenario 1 391 389 386 379 369 340 311
Scenario 2 369 373 377 379 383 386 389
Scenario 3 382 382 380 379 378 375 372
Scenario 4 398 395 387 379 363 342 319
(b)

X —30% —20% —10% Base 10% 20% 30%
Scenario 1 153 156 168 184 202 233 262
Scenario 2 236 211 193 184 173 159 158
Scenario 3 161 166 175 184 188 206 226
Scenario 4 105 118 144 184 204 251 306

0.3 7

Index Q

-30%

-20% -10% Base 10% 20% 30%

M Scenariol M Scenario 2 Scenario3 M Scenario 4

Figure 1. The effect of the scenarios on the index of sustainable transportation.

out each other. The change in the value of index Q is the
biggest for scenario 4. The synergy effect of a higher
monthly subscription fee and a shorter time commitment is
smaller, compared to the effect of a higher monthly
subscription fee in scenario 2. In summary, the monthly
subscription fee and time commitment of MaaS have a non-
linear effect on the index. Lower subscription fees and lon-
ger time commitment contribute most to a change toward
improved sustainable transportation.

4. Concluding remarks

Very recently, MaaS has attracted the attention of many
researchers and policy makers as an innovative solution to
improving sustainable transportation systems. It is expected
that the use of state-of-the-art technology to book, schedule
and pay for door-to-door transportation services will reduce
the need of consumers to use private cars, and even post-
pone and ultimately stop buying a car, leading to an
improvement of sustainable transportation. This study critic-
ally examines this expectation. We argue that MaaS may
indeed improve but also deteriorate the sustainability of the
transportation system, depending on the kind of transitions
between transportation modes that are induced. In turn,
subscriptions to the new service depend on attributes such
as monthly subscription fee, time commitment, and pricing
schemes for the transportation modes, associated with
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particular MaaS bundles. On the one hand, current car own-
ers may switch to MaaS and choose bundles that only
include public and active transportation modes. On the
other hand, current users of public transportation and slow
modes may choose bundles that include car-rental and car-
sharing options. The ultimate effect of Maa$S on the sustain-
ability of the transportation system then depends on the
magnitude of these two different transitions.

In order to understand these conflicting processes, a
stated portfolio choice experiment was designed, and admin-
istered in two main regions in the Netherlands. The survey
results show that at the current state of development
respondents are not inclined to subscribe to the new service
in large numbers, implying that more publicity is required
to help consumers understand the service. Respondents who
indicate to subscribe to the new service mostly include pub-
lic transportation in their MaaS bundle. It suggests that pub-
lic transportation is the key to implementing MaaS. The
estimated cross effects between transportation modes are
significant. Whereas the cross-effect is most positive for the
combination of e-bike sharing and taxi, it is most negative
for the combination of car rental and on-demand bus. The
interactions between pricing schemes of different modes and
platform attributes (monthly subscription fee and time com-
mitment) are statistically significant. Especially the pricing
scheme of non-environmentally-friendly modes (taxi, car
rental) show significant interactions with platform attributes.
Some socio-demographic characteristics show significant
interactions with the modes.

The estimated portfolio choice model was used as the
basis for scenario analyses which were performed to assess
the contribution of MaaS to improved sustainable transpor-
tation. The impact of MaaS was quantified in terms of the
difference in expected number of transitions of current non-
environmentally-friendly consumers to environmentally-
friendly modes in MaaS, and the number of transitions of
current environmentally-friendly consumers to non-environ-
mentally-friendly modes. The results show that the effect of
Maa$S is non-linear. With decreasing monthly subscription
fees between 105 and 312 euro and/or increasing time com-
mitment between 0.7 and 15.6 months, the results of the
scenario analyses suggest an increasing contribution of MaaS
to improved sustainable transportation.

To complete this paper, some final comments are in
order. First, although the focus of the present paper is about
sustainability, this is not the only policy goal underlying
MaaS. Although the overall effect on improving sustainable
transportation systems may be small, there may be other
good reasons for implementing MaaS. Second, it should be
emphasized that the current scenario results are based on
the data collected in two regions in the Netherlands. Further
analyses are needed to differentiate between areas, differing
in terms of degree of congestion, ease of finding a parking
lot, price of parking, quality of the public transportation sys-
tem, etc. Third, the adoption of Maa$ and its effect on sus-
tainable transportation highly depend on the share of the
current modes in the targeted city/region. As discussed, the
early adopters of MaaS are expected to be current public
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transportation users. Therefore, if the share of public trans-
portation is high in the target city, we expect the adoption
rate to be higher. However, in this case, the impact of MaaS
on improving the sustainability of the transportation system
would be lower, or even worse. Vice versa, a lower share of
public transportation likely leads to a lower adoption rate,
but to a higher impact of Maa$S on the sustainability of the
transportation system. Fourth, the transitions between
modes are based on consumers’ stated choices. Finally, and
most importantly, the current analyses are based on bundle
composition and thus do not relate to changes in the use of
transportation modes and activity-travel patterns and the
associated changes in emissions. For a more elaborate ana-
lysis of the effects of MaaS on sustainable transportation,
future studies should collect such behavioral data and
incorporate these in the scenario analysis.
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