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Mobility as a service is expected to contribute to a safer, more efficient and sustainable transport by putting the
right modes in the right places and connecting them intermodally. The aim ofmobility as a service in a local con-
text (MaaS-LC) is to build safety awareness and enhance road traffic safety, and it was developed by combining
both a Safety Index and aWalkability Index. The Safety Indexwas derived from traffic accidents and volume data
while theWalkability Index is the result of connections and places in the surroundings. As a case study, a trial ex-
periment was conducted in Phuket, Thailand, which depicted the characteristics of the South and Southeast Asia
region. The results showed that the usability and useful information on the MaaS-LC application could influence
and change the travel behavior of people. Moreover, the difference between transit users and private vehicle
users was how they consideredwalkability. This study concluded that this app could raise people's safety aware-
ness. Nonetheless, it has yet to show an influence on people regarding their choices of transportation.
© 2019 International Association of Traffic and Safety Sciences. Production and hosting by Elsevier Ltd. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

With the economic growth in the South and Southeast Asia region in
recent years, the inevitable consequences have been urbanization and
motorization. As cities get bigger, car ownership grows as a conse-
quence. Road infrastructure development, then, is focused on accom-
modating the rising demand for transportation and alleviating the
traffic congestion dilemma. Nonetheless,most of the road infrastructure
has been designed to prioritize vehicles of four wheels or more, at the
expense of vulnerable road users like pedestrians, cyclists, andmotorcy-
clists. Consequently, according to the WHO's road safety report [1],
among 316,000 global road traffic deaths each year, about 20% occur
in South and Southeast Asia with the largest portion of deaths in the re-
gion are among motorcyclists (34% and 43% in 2013 and 2016, respec-
tively) as shown in Fig. 1. Considering the majority of countries in
regionswhere there are low andmiddle-income countries, a fast and af-
fordable mode of transport like a motorcycle easily becomes the most
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dominant mode of transport. These make up 75% of all SE Asian regis-
tered vehicles for 2014. Without alternative means of transport such
as public transportation and proper road safety legislation and regula-
tion, this trend will continue.

In order to reduce both traffic congestion and accidents, public trans-
portation improvement always comes up as one of the solutions. It
might not solve both problems directly, but the fact is that increasing
the number of passengers on public transportation does not always
mean havingmore traffic congestion. Better yet, the travel time is likely
to be the same because it would take the same amount of space on
roads. This is unlike any other mode of transport for which the number
of people who move from place to place and the road space needed to
conduct themare directly correlated. Thus,finding away tomake public
transportationmore efficient is likely to be the key to achieving our goal.

2. Literature review

Recently, there have been many changes, among which are smart-
phone advancements that have made them much more powerful, af-
fordable, and ubiquitous. Everything is evolving around this and
toward taking advantage of new opportunities now available to people.
Additionally, urban lifestyles have become preferred by younger gener-
ations rather than living in suburban or rural areas. As a result, cars are
not as necessary as they once were [2]. These changes are forcing the
ting by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. Road traffic deaths per 100,000 population by WHO.
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transport sector to adapt and embrace the new opportunities as well.
Traditionally, there was no level of integration between transport pro-
viders resulting in inefficiency for both providers and customers.
Recently, transport integration has started to remove obstacles between
transport modes for better utilization [3]. This trend is moving from
basic integration toward such as cooperation between agencies to
provide discounts and a universal smartcard to access all modes.
Ultimately, projections include Mobility-as-a-Service (MaaS) by which
everything could be done in one single application including planning
multimodal trips, paying tickets or fares, and even subscribing to a bun-
dle to use unlimited transit, bike, taxi, and rental cars [4]. Recent find-
ings also support the notion that mobile applications (apps) could
significantly change travel behavior [5], particularly with a high level
of engagement [6] and that MaaS has the potential to influence travel
preferences, especially for those who are young and comfortable with
advanced technology [2,7,8].

While MaaS is an idea for unitingmanymodes of transport and pro-
viders through a single portal, MaaS options have been categorized by
their level of integration, herein defined as: (1) Level 1 provides integra-
tion of information, (2) Level 2 adds payment integration, (3) Level 3
adds to the other levels of service, the option of service bundles, and
last, (4) Level 4 includes integration of transport with societal goals
such as those usually tightly coupled with local or higher policies [9].
Currently, Whim is one form of Level 3 MaaS. It has been operated in
Helsinki, Finland since 2016 and offers bundles including public trans-
portation, taxis, rental cars, and bikes. Whim officials have reported
that users have already booked 3 million trips [10] and that it will be
expanding to other places, including both North America and Asia
[11]. Mobility Shop is another Level 3 MaaS with a subscription cost of
9.95 EUR. Mobility Shop has been operational in Hanover, Germany
since February 2016, has 28,000 registered users, and is adding 1500
new users every month [12]. There are many MaaS apps with payment
integration (i.e., Level 2) such as Tuup, My Cicero, Moovel, and
WienMobil Lab. All of these apps offer public transportation and some
other modes or perks for car owners, like parking [13]. A trip planner
app like Google Map belongs in a Level 1 MaaS, providing information
integration. At this level, it is significantly different than higher levels
of integration because it is unlikely to have any quality of service
involvement.

Within the context of South and Southeast Asia, the main issues are
lack of provisions for information. This forces people to use private vehi-
cles and to overusemotorcycles as door-to-doormovement solutions. It
would be better to use motorcycles only for last-mile transport due to
their vulnerabilities (e.g., accidents and exposure to weather). The
study by Fenwick et al. [14] showed that safety is one of the factors
that make public transportation preferred over private vehicles and
Doi et al. [15] found that for a transition to safer streets, risk recognition
and safety awareness were important. MaaS in a local context (MaaS-
LC) has the aim of resolving this issue in South and Southeast Asia.

In this study,we developedMaaS by combining two indicators. First,
a Safety Index would let people know how safe each trip is at a glance.
Therefore, they could decide if transport being considered is worth the
risk or if they should find a safer alternative. Second, the Walkability
Index would tell people how walkable the destination area is, so that
they could have a better last-mile experience. It was expected that our
app would be able to enhance the safety awareness of travelers and
let them have a better and safer travel experience than before MaaS.

3. Methodology

3.1. Local context and MaaS architecture

As a study area for MaaS-LC development and experimentation,
Phuket in Thailand was selected because Thailand is an extreme case
as far as road traffic issues are concerned. Thailand leads the world in
the number of road accident deaths (fatality rate of 36.2 per 100,000
population)while the global rate is 17.4. Phuket, which is one of the big-
gest tourist attractions in Thailand shares the same characteristics. For
the past seven years, as shown in Fig. 2, accidents have increased N1.8
times and in 2018, 86% of those accidents were motorcycle related.
Moreover, 87% of road traffic deaths in 2018 involved motorcycles.
Furthermore, although there is public transport all over the area, their
efficiency of provision is low. The primary choices of transport for
local people and for tourists are private vehicles and rental cars. For
these reasons, we aimed to provide MaaS-LC as a countermeasure and
see the effect it might have under such conditions. In this trial experi-
ment, we named the application GoTH.

The data used in this study consisted of traffic accidents, traffic vol-
umes, points of interest, and public transportation as shown in
Table 1. First, traffic accident data were collected under the name of
Thai Road Safety Collaboration (ThaiRSC) by Road Accident Victims
Protection Co., Ltd., which is Thailand's insurance agency association.
Accidents were recorded as either no-fault or fault claims categorized
by vehicle type, brief accident description, location, time, and whether
fatal. Second, the traffic volume data were provided by the traffic sur-
veillance CCTV system operated by Thailand's National Electronics and
Computer Technology Center (NECTEC). The system was capable of
both identifying vehicle types and counting traffic volume. However,
the coverage included only trunk roads. Third, point-of-interest data
were collected from multiple sources including OpenStreetMap,
GeoNames, and GoodWalk.org. Last, public transportation data were
initially collected from permit documents from the Department of
Land Transport (DoLT). However, those documents were outdated and
inaccurate. As a result, new data collection had to be performed because

http://GoodWalk.org


Fig. 2. Accidents and road traffic deaths related to motorcycles in Phuket.

Table 1
Data used in this research.

Data type Total

Traffic accident in 2018 5231
Traffic volume in 2018

Motorcycle 18,168,952
Car 20,306,458
Pickup 10,331,351
Van 4,419,123
Bus 1,275,455
Truck 2,836,076

Point of Interest
OpenStreetMap 2039
GeoNames 1886
GoodWalk.org 12,413

Public transportation
Agency 6
Transit line 16
Stop 412
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there was no such data available elsewhere. The collection started by
asking transit agencies directly to record manually all the information
needed. It took N5 days and 400 km driving to obtain the final routes
and stops.

The architecture included a user interface able to interact with
users and many services, as shown in Fig. 3. Most of the MaaS ser-
vices were similar to others; however, GoTH introduced two unique
services to target local issues: the Safety Index and Walkability
Index.

3.2. Safety Index

The Safety Index measured how safe each trip was using accident
statistics and traffic volumes in the area. Fundamentally, it was derived
from the probability of an accident on each road segment. Each trans-
port mode was categorized individually, and a fatal accident was
weighted 50 times higher than a regular one to reflect its higher impact.

In practice, there was no trip that consisted of only a single road seg-
ment and the probability of an accident on each road segment (Es) was
mutually independent. As a result, the Safety Index of a trip was the
probability of not having accident, calculated using the probabilities
for each road segment (1− Es).

Es ¼ Ais

V is
ð1Þ

Safety Index ¼
Yn

i¼1

P 1−Eisð Þ ð2Þ

where Es was the probability of having an accident on each road seg-
ment (s)

Ais was the number of accidents for a vehicle type (s) on a road seg-
ment (i)

Viswas the traffic volume for a vehicle type (s) on a road segment (i)
The Safety Index was provided as a 5-point grading system

(i.e., A, B+, B, C+, and C) that required little to no knowledge to
interpret, as shown in Table 2. A Natural Breaks (Jenks) classifica-
tion was used to arrange risk values into groups (Fig. 4). The rea-
son why Jenks was used was to minimize variation within each
group and maximize variation between groups, which served well
the purpose of the Safety Index. The results are shown in Figs. 5
and 6.

3.3. Walkability Index

From the assumption that a willingness to walk the last mile was on
themost influential factors on the lower ridership of public transport in
Thailand, the Walkability Index was introduced. It helped examine the
sensitivity of walkability to the choices of transportmode and alsomea-
sure how walkable the area was overall. This index included multiple
factors such as transit connectivity, interesting surroundings, level of
comfort, and how safe the area was for pedestrians. Each factor had its
own scale of 0 to 1 as shown in Table 3, and the overall average of
these four factors was the Walkability Index.

The study area was not a big city, thus transit choices were available
but limited. Transit connectivity would be closer to qualitative than
quantitative. For other factors, the scale was quantitative. Interesting
surroundings showed how dense business (including shops, cafes, res-
taurants, hotels, etc.)was in the area. Next, according to the TCRPReport
165 [16], 80% of transit users walked 400m or less to the bus stops, to a
maximum of 800 m. As a result, the level of comfort showed how com-
fortable (from 0 to 1) it was to walk based on distance from 800 m to
400 m, respectively. Last, the Safety Index represented how safe the
streets were for pedestrians by considering accident statistics that in-
volved pedestrians.

The formula used to calculate the Walkability Index was

Walkability Index ¼ 1
4
� Wt þWi þWc þWsð Þ ð3Þ

where Wt was transit connectivity value
Wi was interesting surroundings value.
Wc was level of comfort value.
Ws was safety value.

http://GoodWalk.org


Fig. 3.MaaS-LC architecture.
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3.4. User survey

A survey was conducted in Phuket by interviewing people at the
airport and in downtown Phuket, and also by distributing questions
to students at Prince of Songkla University, Phuket Campus. Partici-
pants were asked to try GoTH for a couple of days and then com-
pleted the questionnaire. Questions focused on how usable the
application was and whether the information would be useful in
order to pick any mode of transportation. The survey consisted of
three main sections: (i) personal background regarding trip planner
applications andMaaS, (ii) usability and usefulness of GoTH, and (iii)
public transportation and safety awareness. Each section is de-
scribed below.

First, the personal background section included sex, education, cur-
rent choice in transport mode, familiarity with mobile applications,
especially trip planners and MaaS in general, and also expectations re-
garding the MaaS features. Second, the usability section inquired
about how easy it was to navigatewithin the app, whether the informa-
tion the app provided was new or useful, and also the level of user
satisfaction. Last, the awareness section included a user's point of view
before and after using the app, and factors that influenced decisions
before picking one trip over another, including time, cost, safety, or
walkability.
Table 2
Safety Index scale.

Safety Index (1 − Es) equivalent

A 0.990729–1.000000
B+ 0.973988–0.990729
B 0.943796–0.973988
C+ 0.891772–0.943796
C 0.000000–0.891772
Chi-square tests of independence were applied to determine the re-
lationship between the multiple pairs of questions. First was whether
the app usability was related to a change in traffic behavior, safety rec-
ognition, and app retention. Secondwaswhether a piece of useful infor-
mation on the app was related to app retention and to a change of
behavior. Third was whether consideration of walkability related to
people who did not use public transportation.

4. Results of the trial experiment

4.1. Trial experiment using the GoTH app

GoTH was a web application and supported responsive design that
could adequately adapt itself to suit either a large or small screen
on computers and phones. This was supposed to enhance usability
and lower the barrier for people to try it out. GoTH features were
(i) finding places, (ii) finding directions from place to place, and (iii)
comparing each trip by mode, time, cost, safety, and walkability.

There were things to consider before picking the trip, which in-
cluded trip start time, trip duration, line, fare, Walkability Index, and
Fig. 4. (1− Es) Histogram.



Fig. 5. Safety Index for motorcycles.

Table 3
Walkability factor scale definition.

Scale Definition

Transit
connectivity

0 No transit available
0.5 Viable transit connectivity, meaning there is at least 1

choice of transit available
1 Good transit connectivity, meaning there are at least 2

choices of transit and average headway of 20 min or less
Interesting
surroundings

0 No businesses around
1 The highest density of business in the study area

Level of comfort 0 Walking distance is 800 m or more
1 Walking distance is 400 m or less

Safety 0 The highest density of pedestrian accidents in the study
area

1 No accidents
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Safety Index. For example, in Fig. 7, the first choice seemed to depart
from the airport soon and would take about 70 min to the Patong
Beach area and have a fare of 50 THB. Both Walkability and Safety in-
dexes were great, while the second choice was likely to be the next
one available, in around 40–50 min. This trip would cost more (140
THB) and would take a bit more time (76min) to reach the destination.
Therewas no difference as far aswalkability and safetywere concerned.
The reasonwhy the Safety Index herewas A is because, according to the
statistics, bus accidents rarely happen in the Phuket area (in most
places). Consequently, risk values were very low, so the Safety Index
was as its highest value. The walkability around the beach was within
Fig. 6. Safety Index for cars.
a comfortable distance, had great business availability, andmany transit
options. Thus, the Walkability Index was also at its highest value.

4.2. User evaluation and awareness-related changes in behavior

Out of 181 people, which the questionnaire had been initiated, 105
participated in the first section and 69 participants completed the sur-
vey including taking time to try the app. According to the personal back-
ground section, the results (Table 4) showed that 60% of participants
were in the age group 20–29, and 52% were local people. A majority,
65%, used their own vehicles, with which their daily commute took
over an hour. While almost all participants (88%) were familiar with a
trip planner, Google Maps in particular, they did not use the app on a
regular basis. Most (87%) participants found that finding directions
was the most useful feature. Comparison of directions and time was
the secondmost useful feature, according to almost 60% of participants.
A real-time bus location was the least useful feature, appealing to 1.4%
(exactly 1 participant).

After givingGoTHa try, the results (Table 5) showed howusable and
useful the GoTH was as follows: 68% of participants found that this app
was easy to use and 59% wanted to continue using it after the trial
ended. In contrast, a large minority (45%) did not find this app provided
any more useful information than they already knew; however, 42%
agreed that this app gave information they could not find anywhere
else. Regarding how accurate the time and cost information in the app
was, although 46% found the app was good, half of the participants
either found that it was inaccurate or did not care to check.

In the last section, the results (Table 6) showed that half of the par-
ticipants found that buses were an inferior choice compared to other
modes; only 27% took a bus based on the information this app gave.
This app suggested that 39% of users switch to another route or trans-
port mode because there were better alternatives. In addition, a major-
ity of participants started to think of safety (78%) and walkability (80%)
in order to select their trips.

A chi-square test of independence was performed against pairs of
the survey. The results (Table 7) showed there was statistical signifi-
cance for relationships between app usability and traffic behavior
change (X2 = 15.869, p = .000), recognition of safety (X2 = 6.948,
p = .008), and application usage retention (X2 = 8.729, p = .003).
This implied that the usability of the app was important because it
had an influence on all three values. Similarly, if users thought the app
provided useful information (Table 8), this would influence both reten-
tion rate (X2= 16.864, p= .000) and a change in traffic behavior (X2=
4.305, p = .038). The result additionally revealed that walkability was
one of the factors considered by people who decided not to take public
transportation (X2 = 7.591, p= .006). This could imply that areas hav-
ing a low Walkability Index would be avoided by people in transit
(Table 9).

The most negative feedback for the app was about search results for
particular places (specific Points of Interest data). Participants found
that this app lacked adequate information in this area and,



Fig. 7. Example of route recommendations (from the airport to Patong Beach area).
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consequently, that they could not find places they wanted to go, includ-
ing hotels and tourist attractions. The other significant feedback was
about language: GoTH only had an English interface. While English
seemed to be a good balance between users who included local people
and tourists who were both foreign and Thai, Thai people wanted the
app in Thai.

5. Discussion and conclusions

In this study, aMaaS application to begin transitioning to safer travel
choices was developed and had a trial experiment in Phuket, Thailand.
The area has characteristics that well represent the South and Southeast
Asia region, especially regardingmotorcycles, which are involved in the
majority of accidents and road traffic deaths. From the experiment, the
results showed that the usability of the app and useful information
could elicit changes in the travel behavior of users. Walkability was
also a key difference between those using public transit and those
Table 4
Survey results.

Demographic Percentage of total

Age
b20 23.2%
20–29 60.9%
30–39 4.3%
40+ 11.6%

Tourist
Yes 47.8%
No 52.2%

Primary mode of transport
Private vehicle 65.2%
Public transportation 34.8%

Weekly travel expenses
b200 THB 14.5%
b500 THB 18.8%
500+ THB 66.7%

Familiarity with MaaS or any trip planner
Google Maps 80.0%
Apple Maps 8.4%
None 11.6%

MaaS or trip planner usage frequency
Everyday 7.2%
5 days a week 2.9%
b3 days a week 17.4%
Once in a while 66.7%
Not at all 5.8%
using private vehicles. Although the app did raise safety awareness, it
did not show sufficient influence over people that they would utilize
public transportation in their commutes. One of the reasons for this
could be that motorcycles were the primary means of transport avail-
able. Theywere themost convenient choice andwould take the shortest
time from door-to-door, particularly compared to mass transit.
Additionally, to increase influences, the app might need to supply
some incentives to secure more reasons people would open the app.

Therefore, if we want people to break their habits based on this app,
it will have to improve in many ways in the future. First, the data accu-
racy must be sufficient to gain the trust of the people; then, we might
expect more popular engagement. Second, attractive reasons must be
provided for people to use MaaS, such as ticket or bundle offers that
would either give users more comfort or better solve their problems.
Third, the usability of the app would need to improve. This is because
the result revealed that the easier an app is to use, the more influence
Table 6
Changes in awareness and behavior from using the application.

Yes No Not
sure

Have you taken a bus following the information this
app provided?

27.54% 68.12% 4.35%

Have you changed your mind not to use a bus because
you found using a bus a worse option than others?

50.72% 34.78% 14.49%

Have you changed the route or traffic mode because the
app provided good trip options?

39.13% 44.93% 15.94%

Have you thought of safety when you chose the trip
option?

78.26% 17.39% 4.35%

Have you thought of walkability when you chose the
trip option?

79.71% 13.04% 7.25%

Table 5
Application evaluation results.

Agree Neutral Disagree Not
sure

The app is easy to use 68.12% 4.35% 20.29% 7.25%
This app provides information I cannot find
anywhere else

42.03% 7.25% 44.93% 5.80%

Time and cost information provided by this
app is accurate

46.38% 2.90% 39.13% 11.59%

I want to continue using this app 59.42% 0% 36.23% 4.35%



Table 7
Chi-square test of independence between app usability and others.

I want to
continue using
this app

Have you taken
a bus following
this app?

Have you
thought of
safety when
choosing trip?

Yes No Yes No Yes No

The app is easy
to use

Yes 36 11 18 29 42 5
No 5 17 1 21 12 10

X2=15.869,
p = .000

X2=6.948,
p = .008

X2=8.729,
p = .003

Table 8
Chi-square test of independence between useful information and others.

I want to
continue
using this
app

Have you changed the
route or traffic
mode because the app
provided good
trip options

Yes No Yes No

This app provides
useful information

Yes 26 3 16 13
No 15 25 11 29

X2=16.864, p = .000 X2=4.305, p = .038

Table 9
Chi-square test of independence between walkability and decision not to use transit.

Have you changed your mind
not to use a bus because you
found using a bus worse option
than others?

Yes No

Have you thought of walkability
when choosing trip?

Yes 33 22
No 2 12
X2 = 7.591, p = .006
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the app can provide. Last, better collaborationwith all parties is required
to ensure timely service alerts and data updates.
Acknowledgements

This study was supported by the East Asia Science and Innovation
Area Joint Research Program (e-ASIA JRP) and Research Project 1841
by the International Association of Traffic and Safety Science.

References

[1] J. Breene, M. Khayesi, R. McInerney, A. Sukhai, T. Toroyan, D.Ward, Global Status Re-
port on Road Safety 2018, World Health Organization, 2018.

[2] Y. Li, T. Voege, Mobility as a Service (MaaS): challenges of implementation and pol-
icy required, J. Transp. Technol. 7 (2017) 95–106.

[3] M. Kamargianni, M. Matyas, W. Weibo Li, A. Schäfer, Feasibility study for “Mobility
as a Service” concept in London, UCL Energy Inst. Rep. (2015). https://www.ucl.ac.
uk/bartlett/energy/sites/bartlett/files/maas.pdf, Accessed date: 20 October 2019.

[4] W. Goodall, T.D. Fishman, J. Bornstein, B. Bonthron, The rise of mobility as a service,
Deloitee Rev. 20 (2017) 113–129.

[5] S. Gössling, ICT and transport behavior: a conceptual review, Int. J. Sustain. Transp.
12 (3) (2018) 153–164.

[6] A. Andersson, L. Hiselius, E. Adell, Promoting sustainable travel behaviour through
the use of smartphone applications: a review and development of a conceptual
model, Travel Behav. Soc. 11 (2018) 52–61.

[7] C. Matt, Mobility as a Service: Putting Transit Front and Center of the Conversation,
Cubic Transportation Systems, Inc., 2018, Cubic website www.cubic.com/maas (re-
trieved, July 16, 2019).

[8] A. Durand, L. Harms, S. Hoogendoorn-Lanser, T. Zijlstra, Mobility-as-a-Service and
changes in travel preferences and travel behaviour: a literature review, KiM
Netherlands Institute for Transport Policy Analysis Report, 2018.

[9] J. Sochor, H. Arby, M. Karlsson, S. Sarasini, A topological approach to Mobility as a
Service: a proposed tool for understanding requirements and effects, and for aiding
the integration of social goals, Res. Transp. Bus. Manag. 27 (2018) 3–14.

[10] J. Shieber, Whim, the all-in-One Mobility App for Ridesharing, Public Transit and
Rentals Is Coming to the US, TC website https://techcrunch.com/2019/01/24/
whim-the-all-in-one-mobility-app-for-ride-sharing-public-transit-and-rentals-is-
coming-to-the-us/ 2019.

[11] K. Pohjanpalo, How Helsinki Arrived at the Future of Urban Travel First, Bloomberg
website https://www.bloomberg.com/news/articles/2018-07-15/how-helsinki-ar-
rived-at-the-future-of-urban-travel-first 2018 (retrieved July 16, 2019).

[12] L. Marzloff, Going towards MaaS transit, Le Lab Report, 2017. http://www.
slideshare.net/EhabELIA/le-lab-ouishare-x-chronos-presentation.

[13] P. Jittrapirom, V. Caiati, A. Feneri, S. Ebrahimigharehbaghi, M. González, J. Narayan,
Mobility as a Service: a critical review of definitions, assessments of schemes, and
key challenges, Urban Plan. 2 (2017) 13–25.

[14] I. Fenwick, R. Heeler, P. Simmie, Switching commuters from car to public transit: a
micro modelling approach, J. Econ. Psychol. 3 (1983) 333–345.

[15] K. Doi, T. Sunagawa, H. Inoi, K. Yoh, Transitioning to safer streets through an inte-
grated and inclusive design, IATSS Res. 39 (2) (2016) 87–94.

[16] Transportation Research Board and National Academies of Sciences, Engineering,
and Medicine Transit Capacity and Quality of Service Manual, Third edition, 2013.

http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0005
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0005
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0010
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0010
https://www.ucl.ac.uk/bartlett/energy/sites/bartlett/files/maas.pdf
https://www.ucl.ac.uk/bartlett/energy/sites/bartlett/files/maas.pdf
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0020
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0020
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0025
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0025
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0030
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0030
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0030
http://www.cubic.com/maas
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0040
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0040
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0040
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0045
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0045
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0045
https://techcrunch.com/2019/01/24/whim-the-all-in-one-mobility-app-for-ride-sharing-public-transit-and-rentals-is-coming-to-the-us/
https://techcrunch.com/2019/01/24/whim-the-all-in-one-mobility-app-for-ride-sharing-public-transit-and-rentals-is-coming-to-the-us/
https://techcrunch.com/2019/01/24/whim-the-all-in-one-mobility-app-for-ride-sharing-public-transit-and-rentals-is-coming-to-the-us/
https://www.bloomberg.com/news/articles/2018-07-15/how-helsinki-arrived-at-the-future-of-urban-travel-first
https://www.bloomberg.com/news/articles/2018-07-15/how-helsinki-arrived-at-the-future-of-urban-travel-first
http://www.slideshare.net/EhabELIA/le-lab-ouishare-x-chronos-presentation
http://www.slideshare.net/EhabELIA/le-lab-ouishare-x-chronos-presentation
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0065
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0065
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0065
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0070
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0070
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0075
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0075
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0080
http://refhub.elsevier.com/S0386-1112(19)30132-3/rf0080

	Mobility as a service for road traffic safety in a high use of motorcycle environment
	1. Introduction
	2. Literature review
	3. Methodology
	3.1. Local context and MaaS architecture
	3.2. Safety Index
	3.3. Walkability Index
	3.4. User survey

	4. Results of the trial experiment
	4.1. Trial experiment using the GoTH app
	4.2. User evaluation and awareness-related changes in behavior

	5. Discussion and conclusions
	Acknowledgements
	References


