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leisure activities when designing policy measures.

needs

Mobility-as-a-Service (Maa$) is a service that supports customers' transportation needs by providing information and
ticketing for a multitude of transport modes in one interface; thus, buy potentially fostering multimodality and
public transport, it represents an important lever to reduce negative transportation impacts such as emissions and
congestion. By means of an online survey conducted in Switzerland, we try to understand potential user needs as
well as factors that would motivate the use of MaaS. Comparing the openness to use Maa$ for specific trip
purposes like commuting and leisure activities, we find the lowest level of openness for commuting and the
highest for weekend leisure trips. Intention to reduce car usage was positively related to openness to Maa$ in
commuting. On the other hand, factors that positively influence openness to using Maa$ for leisure activities
include a higher education degree, experience with carsharing and the use of transport-related climate policy
announcements directly affecting consumers. These findings suggest focusing specifically on either commuting or
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1 Introduction

Mobility is a basic need of society in that it serves as a
connection between spatial structures that enables com-
muting to and from the workplace as well as leisure
trips, ultimately driving industry and society forward.
The demand for mobility is steadily rising while simul-
taneously posing serious environmental and societal
challenges such as local pollution, congestion and green-
house gas emissions. Mobility-as-a-Service (MaaS) is a
new concept that could address these challenges: a plat-
form providing customers with a holistic service that en-
ables the booking and planning of routes with just one

* Correspondence: raphael.hoerler@zhaw.ch

'Institute for Sustainable Development, Zurich University of Applied Sciences
(ZHAW), Technikumstrasse 9, 8401 Winterthur, Switzerland

Full list of author information is available at the end of the article

@ Springer Open

app that includes all mobility offers, such as buses,
trains, carsharing, ridesharing or bike-sharing. Sulffi-
ciency principles such as the sharing of cars or rides are
an integral part of MaaS and thus have the potential to
foster a transition towards sharing and reduction of car
use, potentially fostering car-free households and the re-
duction of the total vehicle kilometres driven [33, 41,
45]. Such schemes could prove particularly useful in re-
ducing vehicle kilometres driven when used for covering
“last-mile” situations and efficiently connecting users to
public transport hubs. Further, MaaS concepts might act
as enablers for alternative electric drivetrain technologies
by reducing common hurdles such as higher purchase
costs, range anxiety and mistrust towards new technolo-
gies due to lack of experience [43]. MaaS could thus
prove important in reducing CO, emissions and
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improving quality of life through reduced car usage [17].
Wilson et al. [55] foresee the greatest potential of MaaS
in CO, emission reduction from transport as well as
transformation capabilities created by the combination
of electric mobility and MaaS.

To date, a few studies have analysed the use patterns
and behaviour of carsharing users, finding that carshar-
ing could indeed serve a large share of current travel de-
mand, especially by bridging gaps in existing public
transportation networks [4, 5, 11, 53, 57]. Lempert et al.
[27] further investigated differences in travel patterns be-
tween one-way and two-way carsharing in Vancouver,
Canada, concluding that participants of a two-way car-
sharing service plan their trips more in conjunction with
public transport. The potential impact of MaaS on the
mobility system and willingness to pay and its relevance
to public transport are also increasingly being investi-
gated [20, 34, 40]. Still, to date, very little is known about
the general attitude and needs of society regarding these
services. Hoerler and Hoppe [23] and Hoerler et al. [22]
analysed the openness of commuters in Basel
(Switzerland) towards car- and ridesharing as well as the
openness of mobility-related stakeholders towards MaaS.
They found that the openness of the general public to
using these new services is still very low, although
mobility-related stakeholders would be open to actively
supporting such proposals. Further, the literature inves-
tigating user needs is still sparse. Especially when con-
sidering MaaS and its strong user focus, a better
understanding of user needs would help in providing
targeted services and achieving more widespread adop-
tion and diffusion of these new mobility services. This
paper explores the needs and expectations of potential
users in order to identify ways for increasing openness
to using MaaS services.

Mobility needs differ for commuting, short weekday
leisure trips and weekend trips. Separately analysing
these three travel situations, the present paper will elab-
orate: i) the demographic characteristics that are relevant
to openness to using MaaS and ii) the characteristics
that Maa$ (also referred to as a combined mobility ser-
vice within this paper) needs to have in order to achieve
higher acceptance and usage rates. Accordingly and
based on literature about MaaS, we derive six hypoth-
eses. In addition, two further hypotheses are then de-
rived to discuss behavioural mechanisms, which are
experimentally tested with respect to their potential to
increase openness to using MaaS: iii) whether peer ef-
fects play a role in stated openness to using combined
mobility services and, last, iv) whether respondents differ
in openness to using a combined mobility service when
they are informed about future policy measures. These
research questions are then investigated through the
statistical analysis of a representative survey of Swiss
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households within the Swiss Household Energy Demand
Survey (SHEDS) 2018.

The paper starts with an overview of current chal-
lenges and experiences with MaaS and reviews the litera-
ture pertaining to the two behavioural mechanisms
tested in this study. The section that follows sets out the
survey design and regression model used to estimate fac-
tors that might influence openness to using MaaS. The
results are presented and discussed in Sections 4 and 5,
respectively. Finally, the study provides conclusions and
recommendations for future research on how to effect-
ively increase the adoption of MaaS by the general
public.

2 Background

2.1 Openness to using Maa$S - current challenges and
experiences

MaaS is a relatively new concept. One of the first com-
prehensive descriptions of it is presented in a study by
Hietanen [19]. He summarizes the function of MaaS as a
“mobility distribution model in which a customer’s
major transportation needs are met over one interface
and are offered by a service provider” ([19], p. 3). Heik-
kila [18] further popularized the term MaaS, spreading
the notion across the personal transport sector. The core
idea is to integrate various transport options into a sin-
gle mobility service through a digital interface. It is ac-
cessible on demand and thus supposed to increase the
flexibility of public transport as well as provide alterna-
tives to the private car [29]. The digital interface, a
medium commonly used with smartphones or web
pages, allows trip planning, booking, ticketing, payment
and real-time information provision that can be person-
alized and customized to meet the end users’ needs [25].
The transport options offered within MaaS are not lim-
ited to public transport but aim to include taxis, carshar-
ing, ridesharing, and bike-sharing as well as other forms
of mobility services. This also allows for a multi-modal
approach to mobility in which various trip options are
available to the user, who can then make choices based
on personal needs. A comprehensive overview of MaaS
definitions is provided by Sochor et al. [46].

At the time of writing, only a limited number of stud-
ies have considered the openness of the general public
to using MaaS. Sochor et al. [47] examined users’ mo-
tives for using the UbiGo service — a Maa$ project that
has been trialled in Gothenburg — before and after they
took part in a six-month field operational test. They
conclude that the users’ predominant motive before tak-
ing part in the trial was mainly curiosity, indicating that
MaaS users could be considered early adopters [47].
During and after the experiment, the participants had
the possibility to test living without a private car. Follow-
ing that, the motives convenience and flexibility
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increased substantially in contrast to the motives indi-
cated before participating in the field test. The aim of
city planners and the government to reduce private car
usage converge with the results of this MaaS field test
since the participants rated their use of carsharing and
rental services as more frequent and their attitudes to-
wards these services as more positive than before. Simi-
larly, Matyas & Kamargianni [31] find through a stated
preference survey covering the Greater London area that
respondents, once decided for a MaaS bundle, would be
willing to try sharing modes previously not used. How-
ever, Sochor et al. [47] also identified issues that would
need to be addressed for a successful implementation of
MaaS. These include the possibility of making a profit,
service providers losing their brand exposure (as they
were all summarized under UbiGo), defining a payment
procedure that suits low-income households, uniting
already available travel services and issues related to
smartphone technology, such as battery life, network ac-
cess and proof of a valid ticket.

A new study by Schikofsky et al. [42] investigated the
role of values in acceptance of several different hypo-
thetical Maa$ plans, finding that a mix between commu-
nicating functional benefits and emotional values would
be most effective. Also the feeling of being related to an
associated user group could spur adoption.

Ho et al. [20] conducted a stated choice study of 252
individuals in Sydney, Australia, to investigate the uptake
and willingness to pay for MaaS (the transport options
included public transport, carsharing, taxi and Uber-
POOL). In their study, the frequency of current car
usage significantly influenced the potential uptake level,
with the frequent car user (three or 4 days per week) be-
ing most open towards Maa$, the infrequent car user
(one or 2 days per week) slightly less so, the very fre-
quent car users (five to 7 days per week) exhibiting
below average openness and the car non-users being the
least likely adopters. Furthermore, participants aged be-
tween 35 and 44 showed a significantly higher likelihood
of subscription to the MaaS scheme as opposed to their
younger (18—24years) and older (55years or above)
counterparts. This result doesn’t reflect the generally
higher openness of the younger generations to using
new mobility concepts like carsharing or ridesharing
commonly found in other studies [35]. The only other
demographic influence that has been found is the num-
ber of children in the household, where households with
two or more children were significantly less likely to
subscribe to MaaS than households with only one child
or none. Building on this research, Ho et al. [21] con-
ducted a similar stated choice analysis in Tyneside, UK
comparing the new results to study previously done in
Sydney. They find similar motives and barriers for the
uptake of MaaS yet the actual adoption level strongly
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depends on local public transport and sharing offers.
MaaS travel bundles customized to the travel needs
would be key for adoption. Generally, MaaS plans in-
cluding public transport are strongly preferred over
plans with only sharing offers (e.g. bikesharing, carshar-
ing) [30]. Availability of child seats, reliability and secur-
ity were some of the reported caveats with carsharing
within a Maa$S bundle [30].

The above studies provide important insights into
challenges with designing MaaS subscription plans, busi-
ness models, socio-demographic characteristics of
adopters and, to some extent, specific needs that would
have to be fulfilled for higher acceptance rates. With this
paper we add a differentiated view to the adoption
intention by analysing the openness for Maa$S for differ-
ent trip purposes. We provide additional socio-
demographic and psychological factors not yet studied
in context of openness to use Maa$S and test two poten-
tial levers to increase this openness. Last, we provide a
thorough analysis of needs that could motivate the open-
ness to MaaS for the different trip purposes in an open-
ended design.

Based on the above experiments and results from
scholars, a review of the literature and general insights
obtained from technology diffusion, we hypothesize that
the openness to use a combined mobility service for
commuting, short weekday leisure trips and weekend
leisure trips is significantly higher for the following
groups:

H1) middle-aged (ages 35—54) participants as compared
to younger (ages 18—34) and older (55 and above)
participants;

H2) more educated participants, as they tend to exhibit
a higher awareness of sustainable innovations and
understanding of complex topics like MaaS [48]; and
H3) infrequent car users (predominantly using public
transport) as compared to very frequent car users
(predominantly using a private car).

Based on the research of Fairley [15], Schliiter and
Weyer [43] and Sovacool et al. [48], we further
hypothesize that openness to using a combined mobility
service for commuting, weekday leisure trips and week-
end leisure trips is significantly higher for the following
groups:

H4) participants that use carsharing (including peer-to-
peer carsharing) at least a few times a month compared
to those that never use carsharing (thus having experi-

ence with carsharing);

H5) participants with pro-environmental attitudes since
MaaS is thought to increase sustainability (by reducing

car usage, congestion and emissions); and
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H6) participants with the intention to reduce car usage.

2.2 Accelerating the uptake of innovations - two
behavioural mechanisms

In this section, two additional hypotheses related to
mechanisms which can accelerate the uptake of
innovation and, particularly, of Maa$ are derived. These
hypotheses have then been tested by means of two ex-
periments. Due to the increasing role of media and other
online information sites in shaping behavioural deci-
sions, the first experiment includes the widely encoun-
tered peer effects via online ratings. The second
experiment is based on providing information about fu-
ture policy measures. Both experiments and their treat-
ments are described in detail in section 3.1.

The term peer effect reflects the idea that one’s own
behaviour is moderated by the actions of others, be they
family members, friends or complete strangers. A wide
range of studies finds that peer influence is a strong de-
terminant of social behaviour [36, 37, 39]. As such, fram-
ing social reference points is a way to provide
information on and ultimately influence other people’s
behaviour [52]. Gaker et al. [16] set up an experiment
with a job-and-housing scenario that set participants the
task of deciding whether to buy a conventional car, a hy-
brid car or no car at all. One group of participants were
told what other participants in the same experiment
chose to do (and thereby set a reference point). The re-
sults show that the auto-purchasing decision was signifi-
cantly adjusted and aligned to the decisions made by
peers. Other forms of peer effects are increasingly mag-
nified by online interaction and widespread access to the
internet and social media. Customers increasingly rely
on the internet for information as it greatly reduces the
effort needed to obtain desired content. Especially within
the tourism industry, positively framed reviews have
been demonstrated to significantly increase intention to
book. This effect was demonstrated to be even greater
with the addition of positive numerical ratings [49].
Likewise, although targeting the transport sector, Rasouli
and Timmermans [38] studied the effect of electric ve-
hicle (EV) car reviews on the intention to buy an EV
through a stated preferences survey. The results show
that positive reviews increase the utility of the intention
to buy an EV. Through this variety of studies, it becomes
apparent that the influence of social media, especially
through the effect of information about peer behaviour
and reviews, should not be neglected when promoting
sustainable alternatives to the car. Hence, we
hypothesize that peer reviews and ratings could also
positively affect the willingness to try Maa$S solutions.

H7) Showing participants a hypothetical top rating (for
example, five out of five stars) for a combined mobility
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service increases the likelihood of their being open to
using a combined mobility service as compared to
showing them a lower rating (four stars out of five).

Clear and transparent policy communication is gener-
ally regarded as key for industries and businesses to be
able to adapt to a new policy environment [32, 44]. Early
communication can help industries to plan investments
cost-effectively [7]. A well-known example is communi-
cation by central banks with respect to their future/
planned monetary policies [26]. In contrast, the effect of
policy announcements on individuals is not much ex-
plored. This is surprising because policies directly ad-
dressing consumers (product bans, restrictions in usage,
etc.) are being discussed more and more often in the
context of emission reductions regarding mobility and
transportation. Hence, it may well be that through cer-
tain policy announcements, people would also reflect
upon their proper mobility behaviour and change their
attitude towards new products and services [51]. Particu-
larly in light of future restrictions due to such policies,
people may consider accepting or at least trying other
transportation options where they would not face those
restrictions. This leads to the following last hypothesis:

HB8) the announcement of future policies directly
affecting consumers increases the willingness to try
MaasS solutions.

Table 1 provides an overview of all eight hypotheses.
3 Methodology
To examine these questions empirically, we developed a

set of questions that were embedded in the larger online
Swiss Household Energy Demand Survey (SHEDS). The

Table 1 Overview of hypotheses tested within this study

Openness to use a combined mobility service for commuting, short
weekday leisure trips and weekend leisure trips is significantly higher for
the following groups:

H1: Middle-aged (ages 35-54) participants as compared to younger
(ages 18-34) and older (55 and above) participants

H2: More educated participants
H3: Infrequent car users as compared to very frequent car users

H4: Participants that use carsharing (including peer-to-peer carsharing)
at least a few times a month compared to those that never use
carsharing

H5: Participants with pro-environmental attitudes
He6: Participants with the intention to reduce car usage

H7: Participants who were shown a hypothetical top rating (for example,
five out of five stars) for a combined mobility service compared to
showing them a lower rating (four stars out of five)

H8: Participants who receive an announcement of future decided
policies directly affecting them
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SHEDS is a sequential choice and socio-demographic as
well as attitudinal questionnaire that started in 2016. It
addresses the energy-related behaviour of Swiss citizens
in the three fields of heating, electricity and mobility,
providing insights into longitudinal changes and energy
consumption reduction potential. The respondents are
chosen randomly, with approximately 5500 participants
per year (wave). More details about the design of the
SHEDS can be retrieved in Weber et al. [54]. Overall, 5’
514 household individuals took part in the SHEDS 2018
wave, while 995 respondents were assigned to this pa-
per’s experimental study. In order to test H7 and H8
(peer and policy effects), two treatments for each hy-
pothesis (each treatment receiving a different set of in-
formation) were prepared. Among the 995 respondents,
288 subjects were selected randomly to receive the peer
and policy effect treatments, respectively.

Figure 1 represents the overall experimental setup,
which also addressed other aspects not investigated in
this paper. The introductory questions collected infor-
mation about demographics, mobility behaviour and
psychology. The 995 participants were then split into the
two peer effect treatments T1 and T2 (n =70 each), pol-
icy treatments T3 and T4 (n =74 each) and the control
group comprising the remaining 707 respondents. The
core exercise of the experiment was to choose a vehicle
(private car) from a list of cars with different engine
types (traditional fuel combustion, hybrid, electric) and
indicate how often they would use the vehicle for the
different types of trips (for commuting, weekday leisure
trips (less than 10km from place of residence) and
weekend leisure trips). At the end of the experiment, the
respondents were asked to state whether they would be
open to using a combined mobility service for the three
types of trips and had to answer some additional ques-
tions about MaaS. An informational text was shown to
all participants explaining the term combined mobility to
mitigate erroneous understandings.
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3.1 Description of treatments

In order to simulate the effect of peer assessment, a five-
star rating, frequently used in various rating systems,
was applied. After reading the general informational text
about “combined mobility”, the participants were told
that a survey about a number of different sharing sys-
tems in Switzerland had been conducted, resulting in a
satisfactory rating. In the first treatment (T1), four shar-
ing systems, namely public transport, carsharing, car
with driver (e.g. taxi, Uber) and a combined mobility ser-
vice were given a rating of three or four stars. In the sec-
ond treatment (T2), all modes received the same rating
as in T1 except the combined mobility service, which
was changed from four to five stars (see Appendix 1) in
order to enforce a stronger sense of satisfaction.

The policy treatment (T3 and T4) is designed as an in-
formational text that is shown before the core part of the
experiment. Participants are informed about the green-
house gas emission intensity of the transportation sector
and about the international climate targets agreed in Paris
2015. Following that, they are informed about emissions
in transportation in Switzerland and Swiss emission re-
duction targets. Then, they are presented with different
policies in other countries directly addressing consumers,
such as fossil-powered vehicle bans in city centres. Finally,
they are informed that the Swiss government has set an
EV quota to be reached by 2023. In T3, the specific policy
measures to achieve the target are not yet defined, while
in T4, measures are defined with implementation starting
in 2021. In T3, consumers are thus only informed about
potential consumer-addressing policies, while in T4, they
have to expect their implementation in the near future.
The exact wording can be found in Appendix 2.

3.2 Overview of parameters and experimental study

The sample consisted of roughly 52% male participants,
with 51% living in the city, 28% in agglomerations and
21% in the countryside. More than 50% hold a higher

Treatment groups

Control group

T1 & T2 T1 & T2
Treatment groups Treatment groups
T3 & T4 T3 & T4
Introduptory Core questions MagS
questions questions

Fig. 1 Experimental setup. The treatment blocks with diagonal shading represent the time point of applying the treatment

Treatment groups

Control group
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education degree (university, university of applied sci-
ences or higher vocational school), 13.5% a high school
diploma and 32.7% an apprenticeship. The sample has a
medium gross monthly income range of 6'000-8°999
CHEF (30.1%). On average, there are two participants (2.25)
per household, and the average age is 49 years. Comparing
the study sample with the overall SHEDS sample, we see
that we have an overrepresentation of men and a slightly
older sample. Other characteristics, such as place of resi-
dence, education and household income do not differ sig-
nificantly. The SHEDS 2018 sample is representative for
the German-speaking and French-speaking populations of
Switzerland for the variables gender, age, language distri-
bution and residential ownership/tenant status (see
Table 2). On the other hand, the education level is signifi-
cantly higher than the overall Swiss population (x> (2, N =
890) = 34.4, p < 0.001).

The variables of interest (dependent variables: DVs)
are openness to using a combined mobility service for
commuting, weekday leisure trips and weekend leisure
trips, coded as a binary response variable (yes/no). In
order to test the hypotheses advanced earlier, we used a
binary logistic regression model. Therefore, we tested
the variables listed in Table 3 (independent variables:
IVs) to see whether they have a significant influence on

Table 2 Representativeness of study sample
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the outcome of the DV. If the answer to the DV was
“no”, we posed an open-format question asking the re-
spondent to state the characteristics that a combined
mobility service would need to have to be able to per-
suade him/her to use the service for the specific trip
purpose (commuting, weekday leisure trips, weekend
leisure trips). Each answer was grouped into one of 16
categories depicting common themes and meanings to
facilitate the evaluation process. For the analysis of ques-
tions related to commuting (both binary logistic regres-
sion as well as analysis of open-format questions), we
excluded retired participants as they often do not work
anymore.

We included common demographics such as age,
gender, place of residence and income in the study.
Together with the type of public transport tickets and
time from home to work/leisure/weekend destina-
tions, they ensure that the regression results are not
confounded by these variables. To investigate hypoth-
eses H1 to H6, we included (from the variables avail-
able in SHEDS) education, mode choice, carsharing
frequency, pro-environmental attitudes and plans to
reduce car usage, as described in Table 3. The vari-
able plans to reduce car usage was obtained through
a Likert scale from 1, very unlikely, to 5, very likely,

Study SHEDS 2018 Difference Study/SHEDS Swiss population
(n =995) (n =5'514)
Age
Average 48.65 4425 t(994) =9.20, p = < 0.001
Gender
Male 51.5% 47.3% % (1, N=995)=6.90, p =0.009 49.6%°
Female 48.5% 52.7% 504%°
Education
Apprenticeship 32.7% 33.3% x> (2, N=890)=0.19, p =091 41.19%°
High school 13.5% 136% 9.4%°
Higher education 53.8% 53.1% 49.5%"
Place of residence
City 50.9% 50.1% x> (2, N=995)=1.13, p=057
Agglomeration 28.3% 27.7%
Countryside 20.8% 22.2%
Gross Household income
Less than 3'000 CHF 4.1% 6.0% Xz (5, N=2845)=7.60, p=0.18 10'033 CHF (average)
3'000-4'500 CHF 10.3% 10.0%
4'501-6'000 CHF 18.9% 17.9%
6'001-9'000 CHF 30.1% 28.9%
9'001-12'000 CHF 21.9% 20.9%
More than 12'000 CHF 14.7% 16.3%

2[9); ° [10]; < [8]
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Table 3 Sample characteristics (n = 995) Table 3 Sample characteristics (n = 995) (Continued)
ltems Categories Distribution ~ 'tems Categories Distribution
Dependent Variable (DV) Mobility sharing: car® Never 61.1%
Openness to using a No 62.0% Every few months 22.6%
combined mobility Once a month 9.1%
service for commuting ves 38.0% ’
) One a week 44%
Openness to using a No 52.6%
i ili Several times a week 2.7%
CTENS TR e °
- - y Type of public transport  GA travel card 1st class 4.3%
leisure trips pass®
A | 2 | 19.49
Openness to using a No 46.1% GA travel card 2nd class 4%
combined mobility Regional pass 21.3%
A ’ Yes 53.9%
service for weekend trips None 55.0%
Treatment (V) Time used for commuting Average (standard 29.26
Policy and peer effects® Control 71.1% home-work (min)® deviation) (25.89)
4-star review (T1) 7.0% Time used for commuting Average (standard deviation) 17.56
h -lei tivit 20.62
5-star review (T2) 7.0% (rﬁir:)% elsure activity ( )
No policy yet (T3) 7:4% Time used for commuting Average (standard deviation) 50.59
Policy decided (T4) 7.4% hom%—weekend trip (57.00)
(min)
Socio-Demographics (IV)
. o Importance of mobility Availability of all possible 3.09 (1.31)
Age Average (standard deviation) 48.65 service attributes (Mean options
(15.09 (standard deviation) from
Age group® 18-34 years 249% !_ikert scale: 1, not at all Cheap price 355 (1.16)
important, to 5, extremely  Intuitive and easy to use 376 (1.19)
35-54 years 40.8% important)©
Route with lowest CO, 284 (1.24)
More than 55 years 35.2% emissions
b
Gender Male 51.5% Find fastest possible route  3.52 (1.21)
Female 48.5% Waiting time < 30 min 365 (1.26)
Education® Apprenticeship 32.7% Psychology (IV)
High school 13.5% Pro-environmental Mean Likert scale (1, totally ~ 3.66 (0.75)
Higher education 53.8% attitudes® disagree to 5, totally agree)
. from 12 items
Place of residence City 50.9%
. Plans to reduce car Likert scale (1, very unlikely, 2.58 (1.22)
Agglomeration 28.3% usage’ to 5, very likely)
Countryside 20.8% %Indicates variables included as hypotheses; Pindicates control variables;
Household income® Less than 3'000 CHF 41% indicates variables not included in the regression model
3'000-4'500 CHF 10.3%
4501-6/000 CHF 18.9% while the pro—env1r0nme.ntal atFltudes were calculated
, . as the mean of 12 questions with a range from 1, to-
6'001-9'000 CHF 30.1% . .
tally disagree, to 5, totally agree. Details on the de-
'001-12" 0 L. . .
9001121000 CHF 21.9% scription of the 12 pro-environmental questions can
More than 12'000 CHF 14.7% be found in Appendix 3.
Mobility behaviour (1V)
Dominant mode choice:  Private car 33.7% 3.3 Statistical analysis
o . . . .
commuting Public transportation 421% To decide Wthh‘ IVs to 1n.clude in . the mode.l, we
o followed four basic steps. First, continuous variables
Soft mobility (bike, foot) 17.1% .
were checked for outliers and extreme values. Second,
! . o . . .
Multimodal mobility 1:4% we checked for multicollinearity among explanatory
Does not work 57% variables through a correlation matrix and the inspec-
Dominant mode choice:  Private car 475% tion of the variance inflation factor (VIF). No correla-
S )
leisure Public transportation 99.1% tions above r=0.6 were detected nor were any VIF
Soft mobility (bike, foot) 201% hlgher thar} 2.5. .\X/e thus reason that‘multlcolllnearlty
, » is not an issue in our study [2]. Third, the assump-
Multimodal mobility 3.3%

tion of linear relationships, that is, linearity of logit,
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has been tested using the model fit statistics (Hos-
mer-Lemeshow test). Fourth and last, all variables and
their two-way interactions were included in the
model. In a stepwise procedure, each interaction was
removed from the model if the p-value was above
0.05. Also, individual regression parameters were ex-
cluded from the model if they didn’t improve the
model significantly (i.e. model fit or pseudo R*). No
two-way interactions remained significant. Subse-
quently, we used the Wald chi-square statistic (Wald
X°) to test the statistical significance of each regres-
sion parameter. Furthermore, we accounted for the
accumulation of type 1 errors (rejecting the null hy-
pothesis when it is actually true) by using the
Bonferroni-Holm method. This is necessary when
testing several hypotheses with one model. The
Bonferroni-Holm method is slightly less conservative
than the Bonferroni correction yet also increases the
possibility of finding real effects [1]. The final set of
variables included for each DV is shown in the next
section.

4 Results

Overall, 53.9% of participants declared being open to
using a combined mobility service for weekend leisure
trips, which was significantly more open than for using
it for weekday leisure trips (47.4%), x2 (1, N=995) =
16.5, p < 0.001, or commuting (38.0%), x2 (1, N =995) =
106.5, p <0.001. The following section describes factors
that could increase this openness for all three trip
purposes.

4.1 Binary logistic regression

In order to test the hypotheses pertaining to the de-
mographical (H1 and H2), mobility-related (H3 and
H4) as well as psychological factors (H5 and H6) de-
scribed in Section 2.1 and the treatments mentioned
in Section 2.2 (H7 and H8), we conducted a binary
logistic regression model for commuting, weekday
leisure trips and weekend leisure trips (Table 4). The
Hosmer-Lemeshow test was non-significant for all
models, indicating that the models show good fit to
the data. Additionally, the Wald chi-square statistic
signals the significance of the effect for each variable,
whereas the Exp(B) reflects the odds ratio and CI
stands for the confidence interval of the odds ratio.
The reference category of each variable is written in
parentheses.

Odds ratios are defined as the likelihood of an out-
come occurring for one category of a variable versus the
outcome occurring for the reference category of the
same variable. For example, a public transport user has a
2.4 higher likelihood of being open to using a combined
mobility service for commuting than does a private car
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user. If the variable is continuous, which is the case for
“plans to reduce car usage”, the odds ratio indicates the
increase in likelihood of being open to using a combined
mobility service for commuting for a one-point increase
of the continuous variable (in this case, it would be one
point on the Likert scale).

The decisive variables for openness to MaaS ser-
vices vary among commuting, weekday leisure trips
and weekend leisure trips. Only the use of public
transport (H3) significantly increases the likelihood
of being open to Maa$S in all three scenarios. Thus,
we can be confident in not rejecting H3 (predomin-
antly use public transport). The hypotheses H1 (mid-
dle aged), H2 (higher education), H4 (experience
with carsharing), H5 (pro-environmental attitudes)
and H6 (intention to reduce car usage) cannot be
supported for all scenarios. For weekday and week-
end leisure trips, a higher education degree (H2) and
using carsharing at least every few months (H4)
positively influence openness. For weekend leisure
trips, the age group of 35-54 (H1) and pro-
environmental attitudes (H5) also positively influence
openness. For commuting, on the other hand, plans
to reduce car usage (H6) significantly increase the
likelihood of being open to using a combined mobil-
ity service.

The peer effects treatments (T1 and T2) and the un-
decided policy treatment (T3) have no significant effect
on openness to such services. On the other hand, T4 is
significant at the 5% level for weekday and weekend leis-
ure trips. Participants who were informed about future
policies and a fixed implementation plan of measures
that would affect their usage were thus more likely to be
open to a combined mobility service. We would there-
fore not reject hypothesis H8 for weekday and weekend
leisure trips.

4.2 The ideal characteristics of a combined mobility
service

Sixty-two per cent of the “commuting” group, 53%
of the “weekday leisure” group and 46% of the
“weekend leisure” group were unwilling to use a
combined mobility service for commuting, weekday
leisure trips and weekend leisure trips, respectively
(refer to Table 3). To better understand the reasons
and needs that would motivate them to use such a
service, we posed an open-format question. The re-
spondents were asked to specify what characteristics
such a combined service would need to have in
order to make them willing to use it for the said
purpose (either commuting, weekday leisure trips or
weekend leisure trips). The results are shown in
Fig. 2, in which, from the answer totals of 369
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Table 4 Results of the binary logistic regression

Treatments/ Wald P-value Exp(B) 95% Cl for Exp(B)

Hypotheses X2 Lower Upper
Commuting (Nagelkerke R* = 12.9%)
Treatment (control) 2.863 0.581
4 stars T 0.044 0.834 1.067 0581 1.961
5 stars T2 (H7) 1.559 0212 0.642 0320 1.287
Policy planned T3 0.077 0.781 1.096 0.575 2.086
Policy decided T4 (H8) 0.928 0335 1338 0.740 2420
Age group (55+) 6.409 0.041
18-34 4386 0.036 1.680 1.034 2.730
35-54 H1 0.125 0.723 1.083 0.696 1.685
Gender (Male) 0.163 0.686 0.934 0.669 1.302
Education (Apprenticeship) 1.344 0.511
High school 0502 0479 1.223 0.701 2135
Higher education H2 1.317 0.251 1.258 0.850 1.861
Place of residence (City) 3.921 0.141
Agglomeration 3.549 0.060 1478 0.984 2219
Countryside 1.583 0.208 1.325 0.855 2055
Household income (CHF) 2.369 0124 1.048 0.987 1.113
Mode choice (Private car) 12528 0014
Public transport H3 8.924 0.003** 2.358 1.343 4141
Soft mobility (bike, foot) 1.099 0.294 1318 0.787 2.208
Multimodal mobility 2471 0.116 2772 0.778 9.881
Does not work 0913 0339 0632 0.247 1.620
Mobility sharing: Car (Never) H4 8.829 0.066
Every few months 1.285 0.257 1.257 0.846 1.868
Once a month 2.833 0.092 1.586 0927 2713
Once a week 2.305 0.129 0.524 0227 1.207
Several times a week 2.747 0.097 2.110 0873 5.100
Public transport passes (None) 8388 0.039
GA 1st class 0.230 0.632 1.241 0513 3.007
GA 2nd class 6.244 0.012 0488 0.278 0.857
Regional pass 1.665 0.197 0.697 0402 1.206
Time home-work (min) 1.978 0.160 1.005 0.998 1.012
Pro-environmental attitude H5 1.085 0.298 1.128 0.899 1415
Plans to reduce car usage Hé6 8.592 0.003** 1.227 1.070 1.407
Constant 6919 0.009 0.171
Weekday leisure trips (Nagelkerke R? = 14.1%)
Treatment (control) 9404 0.052
4 stars, T1 T 0.618 0432 1.243 0.723 2136
5 stars, T2 T2 (H7) 0271 0.603 1.166 0.654 2081

Policy planned, T3 T3 0.381 0.537 1.192 0.683 2.080
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Table 4 Results of the binary logistic regression (Continued)

Treatments/ Wald P-value Exp(B) 95% Cl for Exp(B)

Hypotheses X2 Lower Upper
Policy decided, T4 T4 (H8) 9.034 0.003** 2.321 1.340 4.019
Age group (55+) 3332 0.189
18-34 3.053 0.081 1423 0.958 2114
35-54 H1 1.763 0.184 1.254 0.898 1.752
Gender (Male) 0.001 0972 1.005 0.751 1.345
Education (Apprenticeship) 10474 0.005
High school 0.141 0.707 1.094 0.684 1.749
Higher education H2 9.208 0.002** 1.675 1.200 2337
Place of residence (City) 0.181 0914
Agglomeration 0.160 0.689 0.933 0.662 1313
Countryside 0.075 0.784 0.947 0.642 1.397
Household income (CHF) 4.943 0.026 1.062 1.007 1.119
Mode choice (Private car) 10.522 0.015
Public transport H3 7.804 0.005** 1.666 1.165 2.384
Soft mobility (bike, foot) 0.018 0.894 1.026 0.699 1.508
Multimodal mobility 2.858 0.091 1.985 0.896 4.396
Mobility sharing: Car (Never) 22.260 0.000
Every few months H4 13.453 0.000%** 1.936 1.360 2.755
Once a month 13.252 0.000 2616 1.559 4.389
Once a week 0.340 0.560 1.234 0.609 2.501
Several times a week 0308 0579 1.287 0528 3.138
Pro-environmental attitude H5 4.712 0.030 1.247 1.022 1.522
Plans to reduce car usage H6 2559 0.110 1.103 0978 1.244
Constant 28554 0.000 0.098
Weekend leisure trips (Nagelkerke R? =19.9%)
Treatment (control) 6.908 0141
4 stars T 0.670 0413 1.264 0.721 2214
5 stars T2 (H7) 0.045 0.832 1.068 0.583 1.955
Policy planned T3 0217 0.642 1.146 0.645 2.038
Policy decided T4 (H8) 6.538 0.011** 2.124 1.192 3.785
Age group (554) 6454 0.040
18-34 4.468 0.035 1.555 1.033 2.343
35-54 H1 5.071 0.024* 1.480 1.052 2.082
Gender (Male) 0.007 0.933 1.013 0.750 1367
Education (Apprenticeship) 12.899 0.002
High school 0.004 0951 1.015 0.632 1.630
Higher education H2 10.590 0.007*** 1.752 1.250 2.456
Place of residence (City) 5.857 0.053
Agglomeration 3712 0.054 0.710 0.501 1.006
Countryside 4212 0.040 0.661 0.445 0.982
Household income (CHF) 4269 0.039 1.058 1.003 1.116

Mode choice (Private car) 17.979 0.000
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Table 4 Results of the binary logistic regression (Continued)
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Treatments/ Wald P-value Exp(B) 95% Cl for Exp(B)

Hypotheses X2 Tower Upper
Public transport H3 12.384 0.000%** 1.936 1.340 2.798
Soft mobility (bike, foot) 3.368 0.066 1442 0.975 2133
Multimodal mobility 7987 0.005 3.732 1497 9.301
Mobility sharing: Car (Never) 26.240 0.000
Every few months H4 22.425 0.000%** 2483 1.704 3.618
Once a month 7.106 0.008 2.063 1211 3514
Once a week 1.922 0.166 1676 0.808 3479
Several times a week 0214 0.643 1.240 0499 3.085
Pro-environmental attitude H5 7.984 0.005%* 1.344 1.095 1.649
Plans to reduce car usage H6 2956 0.086 1.116 0.985 1.265
Constant 29.586 0.000 0.089

Wald x2, Wald chi-square statistic; Exp(B), odds ratio; CI confidence interval; ¥, ** and *** significant at p < 0.1, p < 0.05 and p < 0.01, respectively (after

Bonferroni-Holm correction)

(commuting), 404 (weekday leisure) and 346 (weekend
trip), those related to being more ecological, usable with-
out a smartphone, more comfortable, usable without a
driving licence, wheelchair accessible and promoting ac-
tive mobility were mentioned too few (fewer than 10)
times and were thus excluded from Fig. 2. On the other
hand, Fig. 3 depicts those participants that either do not
see the necessity of a combined mobility service or just
cannot be motivated to use one. The answers provide in-
sights into the specific needs of the society concerning this
new mobility service, thus supporting decision-makers
and transport planners in the design and implementation
of related proposals.

5 Discussion and limitations

With the present study, we are able to discuss factors
influencing openness to combined mobility services. It
has to be noted that the results do not give a clear-
cut interpretation of the decisive variables. The non-
rejection of H3 may be interpreted as MaaS being
perceived as an addition to current public transporta-
tion offers rather than an overall new mobility con-
cept, which is in line with public transport users
being more open to it. Similar to Ho et al. [20], we
find that participants over 35 and under 55 years old
are more open, in contrast to multiple studies on
general innovation diffusion. A higher education de-
gree, using carsharing at least every few months, the
intention to reduce car usage and pro-environmental
behaviour also seem to partly influence openness to
MaaS. Interestingly, the higher the level of carsharing
use, the less significant were the results (here, sharing
refers to both general peer-to-peer sharing through
family or friends as well as company-based carshar-
ing). This might be explained by the very few

participants that actually use carsharing once a week
(4.4%, n=36) or several times a week (2.7%, n=23);
thus, the sample size might be too small for a signifi-
cant effect. An alternative explanation could be that
people that already use carsharing very frequently do
not need a MaaS platform to use a specific service
they are already very accustomed to. One of the core
expectations of MaaS$ is that it may reduce the use of
private cars. It is thus promising that those who aim
to reduce their car usage are more open to using
MaaS in their daily commute as they might perceive
MaaS as a suitable alternative [50]. The reasons that
the intention to reduce one’s own car usage is not
significant for weekday and weekend leisure trips
might stem from the fact that congestion levels are
highest during commuting [6] and thus negatively in-
fluence the satisfaction level of travel and, in turn, in-
crease the intention to reduce car wusage in
commuting, although not for leisure trips, during
which congestion is less prevalent [56].

The significantly higher probability of choosing MaaS
solutions following T4 but not T3 supports the hypoth-
eses that people would take into account policy an-
nouncements directly addressing them as consumers.
The clear announcement of implementation plans for
policy measures may represent a promising lever to
reduce the emissions of the transportation sector by in-
fluencing openness to changing mobility behaviour.
Nevertheless, the variable is only significant for weekday
and weekend leisure trips. One reason may be that
people (who do not want to reduce their car usage, as
discussed above) do not see any suitable alternative to
the car with respect to commuting and are thus less will-
ing to change their current routine [12]; however, this
has to be analysed in future research. A promising
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Commuting
(n=217)

Weekday leisure
activities
(n=269)

Weekend trips
(n=240)

32

0% 20% 40%

Characteristics that would motivate the use of a combined mobility service

60% 80%
Fig. 2 Characteristics that would motivate the use of a combined mobility service for commuting, weekday leisure and weekend leisure trips

B Spontaneously
available

Cheaper than current
way of travelling

B Fast/short transfer
time

H Independence

B Simple/easy to use

H Close to
residence/door-to-
door service

B [uggage storage

B Privacy

100%

alternative might be vanpools integrated into MaaS, as
Ditmore and Deming [14] report consequently reduced
commuter stress levels.

The peer effect treatment of a better rating for a
combined service (T2) did not increase openness to
using such a service and therefore cannot provide con-
firmation of previous findings of scholars [38]. How-
ever, the present work only includes ratings without
reviews. The influence of ratings could be amplified

when shown together with reviews [49]. Furthermore,
the difference between already positively framed ratings
of four to five stars might be perceived as too small to
have a significant effect. Especially with a small sample
size of n=74, finding a significant effect is difficult.
Last, when lacking personal experience with such a ser-
vice, hypothetical ratings may be perceived as less trust-
worthy and therefore hamper the positive valence of
the rating [28].

Commuting

(n=127) &l

Weekday leisure
activities 52
(n=110)

Weekend trips

(n = 80) 2

0% 20% 40%

not necessary or they have no interest

Participants that can't be motivated to use a combined mobility service

Fig. 3 Number of participants that did not mention any reason that could motivate them to use a combined mobility service, either saying it's

16

Not necessary

58 )
No interest

58]

60% 80% 100%
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For those participants that were not open to trying
a MaaS service, the most important aspects to poten-
tially change their minds are spontaneous availability/
flexibility, cheaper price than current modes and be-
ing independent. This is not surprising since the ma-
jority of participants use their car predominantly for
leisure activities, which have a high level of flexibility
and independence. Due to the user-centric approach
of MaaS as well as the strong focus on sharing, cost
reductions are possible [3, 13]. Clear communication
of these cost reductions might be helpful since the
price of mobility is generally perceived as high in
Switzerland [24] and lower prices would have a posi-
tive effect on openness to using MaaS. What is most
striking, however, is the high number of participants
who feel there is no need for such a combined mobil-
ity service for commuting (81 in Fig. 3). Respondents
in this study claimed to use public transport for com-
muting more often than using a private car. As such,
people might not see the need for an additional ser-
vice when the train, bus or tram they usually take
already satisfies their travel needs (see also Ho et al.
[21]). The lack of need for MaaS declines for weekday
leisure trips and even more for weekend leisure trips.
This is encouraging since nearly half of the partici-
pants currently use a private car for leisure trips (see
Table 3), a trend which could be effectively countered
by the flexibility and mode variability of MaaS con-
cepts in leisure route planning. Luggage storage possi-
bilities and, to a lesser degree, privacy were also
mentioned as motivators to use MaaS for leisure ac-
tivities, although they do not seem to be relevant to
commuting. A constant number of 46 to 58 partici-
pants could not be motivated to use a combined mo-
bility service in any way (no interest), reflecting
aversion to change. However, in relation to the total
of 995 study participants, the actual number of “un-
changeable minds” is quite small.

MaaS is a new concept for most people. Despite
the short text explaining the MaaS concept to all
participants, it is possible that not all of them fully
understood its potential. As it is based on an online
survey, the current study certainly has some add-
itional limitations with respect to its validity. The
share of higher education graduates, for example, is
above the Swiss average, and one has to be aware of
common biases of participants when responding to
surveys. Furthermore, the treatment samples were ra-
ther small. Last, it has to be noted that we conducted
the survey in Switzerland, where digital travel infor-
mation platforms are well developed but no fully op-
erational MaaS service exists. Despite a long history
of carsharing, strong popularity of scooter-sharing
and a reliable public transport network, the
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awareness of the MaaS concept might be different
than in other countries.

6 Concluding remarks

With this paper, we provide an important addition
to the literature on MaaS by investigating factors
and needs that would motivate the use of such a
combined mobility service. By separately analysing
three distinct trip purposes, commuting, weekday
leisure trips and weekend leisure trips, we provide
additional insights into potential MaaS users com-
pared to previous studies.

Based on a comprehensive online survey in
Switzerland, we find that openness to using MaaS for
commuting is lowest. Still, those who plan to reduce
their car usage might be motivated to switch to a seam-
less travel service if it is sufficiently flexible and fast. For
leisure activities, on the other hand—for which most
people use their private car—a different set of factors is
relevant. Here, higher education and previous experience
with carsharing significantly increased openness to using
MaaS. Further, the participants see MaaS as a sustain-
able alternative; as such, pro-environmental attitudes as
well as announcements of future consumer-addressing
policy measures would increase openness to use. Gener-
ally, participants that predominantly use public transport
for travelling are more open to using MaaS than those
who predominantly travel by private car. This result im-
plies some challenges for one of the core expectations of
MaaS—to reduce private vehicle ownership. We would
thus encourage an increased focus on this group as well
as develop Maa$ services that target the following three
key commuting needs: spontaneity, lower costs and
short transfer times. For leisure trips (both weekday and
weekend trips), we emphasize not only looking at spon-
taneity and lower price but also independence and lug-
gage storage possibilities.

Overall, we conclude that providing information
and experience is key in designing such combined
mobility services. Future studies should pay attention
to the differences in needs and motives for using
MaaS for commuting and leisure trips. Once Maa$
services become more widely available, large-scale
surveys could benefit from a more established tech-
nical jargon that could mitigate biases due to misun-
derstandings. Furthermore, MaaS also benefits from
the increasing popularity of sharing systems such as
car-, bike- and scooter-sharing. Having some experi-
ence with such programs has been shown to increase
openness to using MaaS. As MaaS is still in its in-
fancy, preferences might continuously change, calling
for regular research into these preferences and the
needs of potential users.
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Table 5 Example of treatment 2 (five-star rating of a combined mobility service)

Y7 Y0 Y Y 7
Car with driver <7 / / \/ \/ \/
(e.g. Taxi, Uber) I o S
Combined mobility services \A/ \A/ \ A/ \A / \A/

1 Appendix 2
Table 6 Example of treatment 3 & 4

T3 (policy planned)

T4 (policy decided)

With the Paris Climate Agreement the international community of states
aims to keep global warming below 2 degrees. Following that, the Swiss
government has defined a target to reduce national emissions by 50%
compared to 1990 levels. Since the transportation sector is responsible
for a large share of total CO2 emissions in Switzerland, one central
climate policy pillar addresses mobility and transportation.

Across the world one can observe similar efforts. The Chinese
Government aims to achieve a quota of at least 8 percent of electric cars
by 2019, rising up to 20% in 2025. To fulfil this target, they introduced a
fixed sales quota for car suppliers, but also implemented various policies
directly addressing consumers, such as the introduction of different
number plates (with restricted quantities for non-electric cars). Other
countries abolished highway fees for electric cars (Norway) or increased
fuel levies (France). Oxford decided to ban all diesel and fuel-powered
cars in the city centre from 2020 onwards and similar policies are dis-
cussed in several German cities.

Assume now, that the Swiss government has announced, that it wants to
achieve a new sales quota of 20% of electric cars by 2023.

The policy to achieve this target has not been defined yet and is
matter of discussion in the parliament.

With the Paris Climate Agreement the international community of states
aims to keep global warming below 2 degrees. Following that, the Swiss
government has defined a target to reduce national emissions by 50%
compared to 1990 levels. Since the transportation sector is responsible
for a large share of total CO2 emissions in Switzerland, one central
climate policy pillar addresses mobility and transportation.

Across the world one can observe similar efforts. The Chinese
Government aims to achieve a quota of at least 8 percent of electric cars
by 2019, rising up to 20% in 2025. To fulfil this target, they introduced a
fixed sales quota for car suppliers, but also implemented various policies
directly addressing consumers, such as the introduction of different
number plates (with restricted quantities for non-electric cars). Other
countries abolished highway fees for electric cars (Norway) or increased
fuel levies (France). Oxford decided to ban all diesel and fuel-powered
cars in the city centre from 2020 onwards and similar policies are dis-
cussed in several German cities.

Assume now, that the Swiss government has announced, that it wants to
achieve a new sales quota of 20% of electric cars by 2023.

From 2020 onwards several measures will be implemented step-
wise, such as increasing fuel levies, vehicle import restrictions and a
ban of non-electric vehicles in the city centre.

1 Appendix 3

Table 7 Wording of environmental attitude questions
summarized as one pro-environmental attitude variable

Likert scale: 1- totally disagree to 5 - totally agree

PROUD when | act in an environmentally friendly manner
HAPPY when | conserve or avoid wasting natural resources
GUILTY when | harm the environment

APPRECIATION towards others when they act in an environmentally
friendly manner

WARM towards others when they conserve or avoid wasting natural
resources

Table 7 Wording of environmental attitude questions
summarized as one pro-environmental attitude variable
(Continued)

CONTENT when [ act in an environmentally friendly manner

INDIGNANT when others act in an environmentally unfriendly manner
REGRET when | waste natural resources

ANGRY when others act in an environmentally unfriendly manner
ASHAMED when | act in an environmentally unfriendly manner
DISGUSTED when others waste natural resources

POSITIVE towards others when they act environmentally friendly
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