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ABSTRACT

Mobility as a Service (MaaS) has been proposed
as a user-centric, data-driven and personalised ser-
vice. However, full personalisation is not available yet.
Customisation settings are developed in mobile appli-
cations, and several semi-personalised functionalities
are also involved. The quantitative analysis of relation
between these two could be the reference for further de-
velopment tendency of interface functions in mobile ap-
plications. Thus, the research objective is identified as:
the quantitative correlation analysis between semi-per-
sonalisation functionalities and customisation settings.
Accordingly, the multi-criteria qualitative analysis
method is applied to identify the assessment aspects
regarding mobile applications. The scoring method is
also introduced. Then the correlation quantitative anal-
ysis method is applied to calculate the correlation coef-
ficient. We have assessed 25 MaaS applications regard-
ing determined aspects. The correlation coefficients for
each application together with the overall coefficient
are calculated, the assessment results are summarised,
and the correlation tendency is interpreted. According
to assessment results, the correlation between custom-
isation settings and semi-personalisation is not strong
at current stage. Selected MaaS mobile applications
are customisation setting oriented applications. Fewer
manual selections are expected in further personalised
services. Our results facilitate development of further
personalised functions in MaaS mobile applications.

KEYWORDS

Mobility as a Service; mobile application,
customisation, semi-personalisation, correlation
analysis.

1. INTRODUCTION

The definition of a smart city is based on a digital-
ised liveable environment. It provides cyber-physi-
cal systems and subsystems. These systems and
sub-systems are available to be interconnected and
interacted with each other, via physical connection
and virtual information flow [1]. Smart mobility or
transportation is considered as a subsystem, and it
also has the property of a cyber-physical system [2].
Mobility as a Service (MaaS) is one of the represen-
tatives of digitalised mobility service provided by
the smart mobility system. Its aim is to “deliver” the
integrated service via a single platform.

The use of smartphones has changed people’s
lifestyle a lot, e.g. mobile payment, online social
life, fragmented reading. Various aspects of daily
life have been influenced by or depended on smart-
phones, as well as affecting mobility and travel be-
haviour [3]. Travellers interact with connected envi-
ronment via smartphones. Thus, travellers not only
participate in the physical movement of vehicles,
but they are also involved actively in information
flow exchange via mobile applications (MA), e.g.
online announcement of service request, real-time
network condition sharing. Citizens can be regarded
as “sensors” because of their smartphone use.

MaaS is promoted as a MA-based and new in-
tegrated mobility service [4]. The development of
interface functions is a challenging issue, not only
for software developers, but for mobility service re-
searchers as well. Smartphone MAs are expected to
serve as major intelligent travel assistants, especial-
ly considering the future autonomous vehicle-based
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mobility services [5]. Mobile phone data have been

used and analysed extensively in recent research pa-

pers [6].

Maas is also considered to decrease private car
use. How could private vehicles be replaced? Cus-
tomisation and personalisation of provided services
are the key: to provide the mobility service for us-
ers that is equally convenient and cheap as using
their own cars. Considering service management
processes, only smartphone MAs can provide such
quick real-time information exchange and interaction
opportunities.

Customisation and personalisation of services are
discussed in customer relationship management fo-
cusing on big data [7]. These two terms are presented
as the information customisation and personalisation
[8]. However, the exact definitions of customisation
and personalisation are not presented. The authors
of [7] have concluded that big data could facilitate
services to be more customised and personalised, but
how and from which aspects a service is “customised
or personalised” are not defined or summarised. Cus-
tomisation and personalisation as setting options are
discussed in a systematic analysis of MaaS services
[9], but the differences between them have not been
provided [10]. The results of these two may appear
similar: to optimise provided solutions, but different
input data require different design purpose of func-
tionalities. In most papers, these two terms are used
in a mixed way, but they are different. They do not
contradict with each other; they overlap with each
other in several aspects. Thus, to define the customi-
sation, semi-personalisation and personalisation, and
to identify the correlation intensity between customi-
sation and semi-personalisation in a MaaS MA is the
research niche of our paper.

Accordingly, the research questions are as fol-
lows:

- What are the aspects to be assessed regarding cus-
tomisation and semi-personalisation in a MaaS
MA?

- How to obtain the correlation coefficient?

- What is the applicability of the method?

To answer the research questions, the remainder
of the paper is structured as follows. Literature re-
view is summarised in Section 2. In Section 3, the
proposed evaluation aspects and the applied coeffi-
cient calculation method are described as the research
methodology. In Section 4, the assessment results are
presented and discussed. We have accessed 25 MAs
according to the introduced method, the coefficients

as results are obtained and interpreted. The paper is
completed by the concluding remarks including fu-
ture research directions.

2. LITERATURE REVIEW

The literature is reviewed in the following streams:
- scientific results of MaaS trials focusing on the

MAs,

- the MA in a MaaS service,
- applications of the correlation analysis.

MaasS has been implemented since 2015 [11, 12],
but it is not enough for a technology-enabled service
to assess its impacts. The trial studies of real MaaS
implementations are still very limited. Only the Ubi-
go from Sweden and the MaasS trial in Australia have
provided research results that MaaS has the potential
to decrease private car use [13, 14]. The change of
travel behaviour requires a long time period and a
wider user acceptance [15]. The Whim is regarded
as a successful MaaS mobile application, but there
are no scientific papers about the impact analysis of
the Whim smartphone application. MA was not de-
veloped in the Ubigo trial, but a modified MA was
provided in the Australian trial. The Ubigo is the ear-
liest trial focusing on combination of mobility modes
in monthly packages. To a certain extent, the Austra-
lian trial is a more complete trial in comparison with
the Ubigo. The Smile project from Austria was also
based on a MA, but no scientific papers were pub-
lished about results of the project [16].

The mobile Internet and mobile cloud are the two
most significant technologies that facilitate the MA-
based mobility services [17]. Travel planning is still
one of the important functions in MaaS MAs [18];
however, the notification of service, the information
about transfers [19], the travel tracking function etc.,
which are tightly related with real-time information
are to be put in the focus. Especially when the cyber-
security of autonomous vehicle based MaaS services
is taken into consideration [20]. The mobility-infor-
mation system and its interconnected network inter-
act with the MA in travellers' hands, via intensive
information flows.

Correlation coefficient is used to describe the sta-
tistical characteristics of two random variables. Typi-
cally, the scatter diagram is presented first to observe
the tendency of data, then the coefficient  is calcu-
lated to show the correlation intensity in numerical
values. In case of strong linear correlation, mostly
the regression model is applied for further demon-
stration purposes [21]. Correlation analysis has been
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widely applied in various science and technology-re-
lated fields; especially, the regression model is pre-
ferred [22, 23]. A literature overview and evaluation
has been presented to summarise the correlation be-
tween the analytical measurement and the operabili-
ty in real world regarding winter qualities of diesel.
The conclusion of this descriptive study is that the
correlation between theoretical and practical values
is getting weaker [24]. The correlation coefficients
are also used in one fuzzy set study to measure the
similarity instead of distance functions [25]. In order
to find a substitution parameter to represent the trans-
portation economy, the coefficients between several
parameters are calculated and presented in scatter
diagrams [26]. The authors of [26] found that the in-
troduced parameter “the order of the settlement” rep-
resents the correlation between public transportation
lines and transportation economy better, within their
research limitations.

MaasS is still in fast development stage. Increasing
attention has been paid to the MAs. As customisa-
tion and personalisation are used in publications in a
mixed way, we defined these two terms and quanti-
fied their relations.

3. METHODOLOGY

The correlation analysis in this work is not limit-
ed to statistical analysis, as the “customisation” and
“semi-personalisation” cannot be regarded as strict
random variables. Similar to [27], correlation exists
between “land use” and “urban public transport”;
the relation between these two terms is analysed. We
quantified the correlation intensity between customi-
sation and semi-personalisation as two variables, re-
garding same evaluation aspects of the MA.

Steps of the method are summarised in Figure 1.

Accordingly, evaluation aspects and scoring
scales are determined. Then, scores regarding the
selected MAs are obtained as input data set to calcu-

late coefficient. Then, the results are visualised in the
chord diagram. Finally, the results are explained. The
core of the method is to use numerical values to “de-
scribe” the qualitative aspects, in order to use values
to indicate the correlation intensity. The following
definitions are identified first.

The common objective of customisation,
semi-personalisation and personalisation in mobile
applications is to provide additional input data to
functions considering traveller’s expectations and/or
behaviour. Travellers provide filter conditions to help
the system to “narrow” the range of provided solu-
tions. Accordingly,

- Customisation is achieved by manual selection
from lists of options according to travellers’ pref-
erences. The traveller provides data.

- Personalisation is achieved automatically by sys-
tem cognitive capability and advanced data pro-
cesses, by using passively collected, historical
personal travel related data.

- Semi-personalisation is achieved by less manual
input and more automatic, simple data process-
es, by using historical data from other database
if needed (e.g. the crowdsourced travellers: Waze
application). No passively collected personal
travel related data are used at the current stage.
To our knowledge, a fully personalised mobility

MA does not exist yet. Related to personalisation,
data privacy is one significant concern. Another
drawback is that the volume of individual mobility
related data is already quite large, but the optimisa-
tion ability of a MA is still rather limited. Thus, the
correlation between customisation and semi-person-
alisation is analysed in our work.

The Person coefficient and Spearman rank coet-
ficient are both widely used in correlation analysis.
Instead of the exact values or sample data, the ranks
of sample data are applied in the Spearman method.
The base formula is the same as in [28] and present-

1. Determine evaluation aspects Scoring ed in Equation 1.
and scoring scale
¥ ey = <21 (1)
Input| Scores of Ox Oy
2. Calculate coefficient - MaaS . . .
applif;ions Regarding the sample data, the equation is ex-
) 2 pressed in Equations 2 and 3. The upper “-* stands for
3. Obtain the adjacent matrix and chord chart the average values.

¥ (X %)-(3i- 7)

4. Explain the results Cov(X,Y) ,:1#
rxy = - = )2 >1\2 (2)

JVar(0) - Var (1) \/Z(x,-m 4\/2(&- 7)

Figure 1 — Steps of the method n-1 n-1
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:zl(xi-)‘()-(n-?)
V(XX )P /D (Yi- 1)

From the statistics point of view, the coefficient
r reflects the differences between sample data and
average values. The Equation 3 is applied in further
calculation. Considering the main functions such as
route planning, booking, ticketing and payment, i.e.
functions I-VII, the assessment aspects of a MA re-
garding customisation (X) and semi-personalisation
(Y) are summarised in Table I as Step 1.

The scoring method is objective: except addition-
al scale “0.5” is applied for aspects A9-A14 and A17,
other aspects Ai are scaled “1” for each when checking
the availability of functions in a specific MA (Step 1).

3)

rxy =

Table 1 — Aspects

Then, the selected applications are evaluated to
obtain input data. The scores are presented in the
scatter diagram first and then, the coefficients are
calculated if the correlation exists (Step 2). The ad-
jacent matrix R is obtained, and the chord diagram
is presented to visualise values of R (Step 3). Final-
ly, the results are explained (Step 4).
0 0 - 0

0m 0 - 0

R=|0 0 r;5 = 0 @)
00 0 - s

We introduce Figure 2 to support the distinction

of three terms in using a MA. Regarding the input

and processing, each aspect (Ai) has three situations:

Aspects (Ai) | Customisation (X) | Semi-personalisation (Y)
I. Base
Al | Service usage area Manual selection Automatic detection based on GPS location
A2 | Message notification Manual selection Automatic message sending, e.g. delay, alters.
1I. Route Planning
A3 | Favourite location saving Manual selection Frequently used ones are automatically saved
A4 | Preferred mode choice Selectable. e.g. bus, tram Providing multimodal route planning options
AS | Preferred route choice Selectable. e.g. best/fast/with- Optimal one based on current network condition
out transfer
A6 | Mobility-impaired information | Manual selection Providing wheelchair or relevant information
A7 | Preferred walking speed Setting is available Applying average speed of travellers
A8 | Preferred waiting time Setting is available Applying average acceptance time window
I11. Booking Availability
A9 | Public transport service
A10 | Taxi Separate booking is available
A1l | Car-sharing/rental in the same app (1); separate | Needed modes in a travel chain are booked by one
A12 | Bike-sharing booking turns to specific app | button push
A13 | Scooter-sharing (0.5)
Al4 | Ride-sourcing
IV. Ticketing
A15 | Electronic ticket rSneg);;:te tickets for different One ticket is available for a travel chain, e.g. QR code
Discussion with operator, tailored package is available
Al6 | Monthly package Selectable based on individu;)l real needs. b ¢
V. Payment
A17 | Pay per trip in a travel chain In the same application (1); . .
not the same (0.5) Credit card automatic payment
A18 | Monthly subscription Pay per month manually
VI. Feedback
A19 | Feedback opportunity Manual selection and input Automatic question before each payment
A20 | Statistics report Manual selection to display r?lz;(iﬁiltﬁl(r)ebliiﬁin(;;;%OCrtCs)zsi(I)lc()itISrgié:s.)g - weekly/
VII. Added value
A21 | Navigation opportunity Selectable for different Automatic. update acc.ording to involyed modes in a
modes travel chain (e.g. finding booked vehicles)
A22 | Incentive mechanism Manual adding Autqmatic mechanism. e.g. Bonus: green modes use,
and management walking more.
770 Promet — Traffic& Transportation, Vol. 34, 2022, No. 5, 767-777




Analysis Method of Customisation and Semi-Personalisation in Mobility as a Service

0on

C. Correlati

1Szar

HeY, Cs

FIA D Ul $192dsp uo1nsiypuos.iad puv uonnsypuos2d-1uas ‘uoynsuosn)) — 7 andi,]

saAanudoul parjddy ‘zz

uonesIARU POPIAOIL] [T

syrodal papIaoid "0

[oeqpas) [emniN ‘6|

QOIAIOS PAqLIOSANS "§]

juowked /1

ued Aqypuows parddy ‘91

010 P00 YO ST

901AI0S padjooq “t]

QIAISS pavjoog "¢ “TI 11

91AIOS podjooq 0]

(@) 991A10s paxjooq 6

own Suprem parddy g

poads Sunyem parjddy -/

UOTRULIOJUT PAPIAOIJ "9

SOINOI PApIAOI S

sopowt parddy ¢

ooed paaeg ¢

SI9)[e PapIAOId T

BOIB POS) [

(puduoty) ndinQ

1 paauou
UIBYD [9ABI] B 10} 13321} dUO

l [ENPIAIPUI 10} UOI1BWLIOJUI JUBAD|DI

Aunioe jeuosiad papuswiwiodas
wsleuydsw SuiAjdde

uondaes SulAjdde

|oneay aanua ul Suiping SuiAjdde
3uipiroud J1jewoine

uonaa|as SulAjdde

Suijesauasd podau pazieuossad
Suipuas J1jewoine

uonoa|as SuiAidde

NIBqPIDY JaAIIRP

PEEL [ EETBENIET

uonaaas 3ulAjdde

Aed Jnewoine

p4e3 upaJid wouy Aed ainewoine
uonaaas Suldidde

paau ou

Aed ojjewoine

juswAed 8uiAjdde

(jeuosiad) adesoed paiojier
a8esoed paJojiel

uonoa|as SulAjdde

uor39)9s SuiAldde
08-noA-se-Aed
08-noA-se-Aed

Bupjooq SujAjdde
Ajiqejiene Suooq

S9pOoW pPaAjoAul Joj Sunjooq
Bunjooq SulAjdde
Aipgejieae 3unjooq

S9pOW paAjoAul Jo) Suijooq
Bunjooq SulAjdde
Aijgejreae 3uiyooq

S9pOW PaAjoAul Jo) uijooq
Bupjooq SujAjdde

aw pardane |euosiad
2w paydaocoe afesane
Suniass/uonoz|as SulAidde
paads Bupjjem |euosiad
poads Supjjem a8esane
Suniss/uonodsjas SuiAjdde

UOBWIOJUI JIBYI[@ayM
uonoajas SuiAdde

S9)N0J pasayly

sainos SulAjdde

uoia|as Suidjdde

S9poW paJal|y

sopow 3uih|dde

uonoda|as SulAjdde

8uines o1jewoINe ‘pasayly
Suines oijewoine

uonda|es SuiA|dde

U0BII1OU Jl1eWOINE ‘PIBYIY
uoilediyiou dnnewolne Suiddde
(9so)2/uado) uonaa|as uik|dde
uoI12919p JlleWoINe

u0I123)3p JljeWwone

uo1329|3s Suihjdde

TTTTTTTTTTTTTTTTTTTT

(puayoeq) 3uissad01g

. elep panydie jeuossad

/ wisleuydaw dljewone

. uo1123|as uondo

/ joAesy 21nua Ul UORESIARY ‘PIBU OU

: UlBYD [9ARJ) B Ul SOPOW PIAJOAUL

/ uo1323|3s uondo

sjuudiooy 20D 89 ‘e1ep |aneny jeuostad

\ syodau pajesausd

\. uonda|as uorydo

i Yoeqpaa) aAIReIRIUI

/ jJuswAed yoea aiojaq Supjse djewoine

. uo1323|as uondo

/ Aed onjewoine

- pJed upaid wouy Aed ojewoine

/ (8uiysnd uonng jenuew) uonaalas uondo

: paau ou

/ paed 1paId Woiy Aed dljewoine
10u Jo uonealdde awes ulyim uawAied

/ 28exoed paJojiey jeuossad
/ (Auedwoo) a8exoed paiojiel
uo1323|3s uondo

9p0od Yy uondudsqns Ajyyuow 33
UleYD [9ARI] B 10J 133211 BUO

uonoda|as uondo

|12neny sad 1oy Sujooq

urey [anesy e uiyum suryjooq

10u Jo uonedydde swes uiyyum Sujooq
Bupjooq pasu ou ‘Sunayd Ajljiqejieae
uleLp [aAe1) B Ulypm surjooq

j0u 10 uonedijdde swes uiypm 3uiyooq
[oAeuy 1ad 1oy Sujooq

uleyp [aAeJ4} B UIyHM Sunjooq

10u Jo uonedidde awes ulyym sujooq
[2Aeay 1ad Joy Sujooq

uleyp [aAeJ4} B UIyHM Sunjooq

10u Jo uonedidde awes ulyym sujooq
awin paidasoe |euosiad

aw paidaooe adelane
Bunias/uondsaes uondo

paads Supj|em |euosiad

paads Supjem a8eiane

Bunias/uonds|ss uonydo
uoiewiojul jeuosiad ‘patojiel
UOIJBULIOJUI JUBAS|2] 10 JIRYD[@aym
\ (asoja/uado) uondass uondo
. $31n04 pasn Ajpuanbaly ‘passsead
\ s2In01 3|qe|leAe ||B
- (1s@110ys/1sey) uonde|es uondo
\ sapow pasn Apuanbaiy ‘pasaald
4 3

. sapouwl 3|ge|ieAe [je
\ (238 ‘0133w ‘snq) uon3|es uondo
. sauo pasn juanbauy ‘pasayly
sauo pasn Ajjuanbauy
\ (52) uondajas uondo
a|npayos [euos.ad
\ UOIJIPUOD }I0M]BU “JEPU[ED

p 3 pus|
’ (asoj2/uado) uondass uondo
/. B1ED UOIIEIO| SdD
\ Blep uoiedo| sdo
uoi23|as uondo

(puayoeq 1o pudjuoiy) nduy

WISTUBYIAW JAUOU] "7T

Ayunzoddo uonesiaeN 1¢

yo0dar sonsnels "0g

Ayunuzoddo yoeqpadg ‘61

uonduosqns A[JIUOIN "S ]

ureyd [oaen e ur din 1od Ked /|

a8exoed AjyiuoN 91

101 OIUONIIY ‘G

Suroinos-apry ‘y1

SuLreys 100008/319/18D) "€1 “TT “T1

IXeL 01

201A10s Jodsuen orqng "6

own Sunrem parjold g

paads Sunjjem parRjRId L

uonewojul parredwi-AI[IQOIN "9

Q010D 9JN0I PALIdJoId G

901010 OpOW POLIRJAId “f

SurAes UOT)BOO] OIINOAR, “€

uonesyTou 95eSSO 7

TTTTITTITITIITTIITT T

BaIE 9FROSN AJIARS -

771

Promet — Traffic& Transportation, Vol. 34, 2022, No. 5, 767-777




He'Y, Csiszar C. Correlation Analysis Method of Customisation and Semi-Personalisation in Mobility as a Service

customisation, semi-personalisation and person-
alisation. The main differences among these three
terms are distinguished regarding the input and pro-
cessing procedure.

4. RESULT AND DISCUSSION

The applicability of the method is demonstrated
in this section. The assessment results of 25 MaaS
MAs are summarised and discussed.

4.1 Selected MaaS applications and scoring

The major application developers of selected
MaaS MAs are located in Europe (18). Mostly,
worldwide operated ones (7) are found in Amer-
ica. The relevant information is summarised in
Table 2. As the public transportation is the backbone

Table 2 — Information of selected MAs

of MaaS, the city which has an integrated public
transportation service has a bigger opportunity to
launch the MaaS.

The selected MAs had been downloaded from
Google Play. They were tested and scored by the
authors according to the aspects table (7able 1) and
scoring method, to obtain the input data of Step 2.
Namely, regarding aspect Ai, for specific MAj, the
scores of XI.J., Y;J are assigned, respectively. Values
are 0, 0.5 or 1. The structure of scoring data set is
presented in Figure 3.

Scores of the selected MAs regarding customi-
sation X and semi-personalisation Y are presented
in Table 3.

The scores of XJ and Yjare calculated as Equation 5.

22 22
X/ZZTXU’ Y/:,;Yi’/ (5)

j Name Main operational area Website link

1 Combitrip Netherlands https://www.combitrip.com/en

2 DiDi worldwide https://www.didiglobal.com/

3 Hely Netherlands https://hely.com/

4 HVV Germany https://www.hvv.de/

5 Jelbi Germany https://www.jelbi.de/

6 Kyyti Finland https://www.kyyti.com/

7 Leipzig Move Germany https://leipzig-move.de/

8 MyCicero Italy http://www.mycicero.eu/

9 Mobility Stuttgart Germany https://www.s-bahn-stuttgart.de/
10 Mozio worldwide https://www.mozio.com/en-us/
11 Moovit worldwide https://moovit.com/

12 Mein GVH Germany https://www.gvh.de/home/

13 MVG Germany https://www.mvg.de/

14 Optymo France https://www.optymo.fr/

15 Omio worldwide https://www.omio.com/

16 PubliCar Swiss https://www.postauto.ch/

17 ReachNow Germany https://www.reach-now.com/
18 Transit worldwide https://transitapp.com/

19 Trip worldwide https://www.trip.com/

20 TripGo worldwide https://skedgo.com/tripgo/
21 UbiGo Sweden https://www.ubigo.me/en/home
22 Urbi Europe https://en.urbi.co/

23 Whim App Finland https://whimapp.com/

24 Wegfinder Austria https://wegfinder.at/

25 Wien Mobil Austria https://www.wienerlinien.at/
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VA Aspect Al A2 Ai A22
Koty K0 () (0 7,0 () (Ko Vo)
2 X2 115) X0 132) () X Y0 ¢ (Xp20 13)
(...) (...) (...) (...) (...) (...)
j (X, ¥,) (X, Y,) ) (X, ¥,) () (K ¥y
(...) (...) (...) (...) (...) (...)
25 Xy 25 ¥125) (X250 ¥35) () Kizs» Yias) () X225 Ya25)
Figure 3 — Structure of the scoring table
Table 3 — Obtained scores of the MAs
MA, j 1 2 3 4 5 6 7 8 9 10 11 12 13
X 5.5 9 9 11.5 14 17 11 9 11 7 14 9.5
Y, 2 5 1 5 4 10 6 4 5 4 3 3
MA, j 14 15 16 17 18 19 20 21 22 23 24 25
X, 11 7 10 9.5 8 8 6 8 14 14 11.5
Y, 2 1 3 5 3 8 6 6

The scores of customisations (Xj) and semi-per-
sonalisation (Y;.) of each MA indicated by j as ()(;., Y})
are presented in the scatter diagram (Figure 4). Typ-
ically, the scatter diagram is used for data visuali-
sation, to determine whether the correlation exists,
and whether the further analysis is needed.

Two dashed lines on the diagram: X=10.02 and
Y=4.32 are there to indicate the average value of X,
and Yj, respectively. The overall tendency shown by
the trendline is almost a positive linear correlation,
but both the correlation and linear tendency are not
strong, as MAs are scattered on both sides of the
trendline. According to the diagram, the correlation
exists between X and Y. The coefficients r between
Xj and YJ can be calculated to continue the analysis,

10 ' Q
9+ 1
8t : 5}
) :
= 7t
.S 1
g8 o6t @ @ 00 o
= |
E s oo 0o
5 e mmmmcmmmmmmmaa-
R Y S o e [6)
E 1
3 3 e o oo )
2 (0] . @
1 PN ® ; . . . ,
4 6 8 10 12 14 16 18

Customization (X)

o MA Average value of ¥
- Average value of X Tendency line

Figure 4 — Scatter diagram

to determine what kind of correlation (positive or
negative) exists, and what the intensity of a correla-
tion (strong or weak) is.

4.2 Correlation coefficient

The correlation coefficient is the ratio of covari-
ance and variance of two variables, which indicates
the relative difference compared with the average
value. As only the correlation direction is shown in
the scatter diagram, the coefficient is a supplement
value to show the intensity of the correlation. The
calculated coefficients rj:(Xj, Yj) regarding each MA
according to Equation 3 are presented in Tuble 4. Xj and
Yj are calculated using Equation 6.

1 22 B 1 22
XF@'I;X[,/, YF@'I; Yi (6)

Step 2: The iy for each MAj is calculated accord-
ing to Equation 7 regarding data in Table 3.

i(Xu-X/)'(Yf,/-YJ)

i=1

22 22
2 (Xiy-X) 2 (Y- )
i=1 i=1

(7

rx;y; =

Considering the requirement of the software to
generate the chord diagram: the name of the row
and the column of input matrix should be differ-
ent. Thus, both in the following matrix and in the
chord diagram, the capital letters as 4,B,...,Y are
used to stand for each MA indicated by 1,2,...,25.
A01,B02,...,Y025 symbols are introduced to show
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the row name of the R, and A1,B2,...,Y25 symbols
are introduced to show the column name of the R.
The obtained adjacent matrix R is as follows:

Al B2 Ci --- Y25
A0l
R = BO% "
C0i i ®)
Y025 725

Step 3: As X, and Y, refer to MA j, the coeffi-
cients g only exist on the diagonal of the R. Ac-
cordingly, the obtained chord diagram is presented
in Figure 5.

Step 4: The absolute values of r; are used in the
chord diagram to show the results of correlation
analysis. The correlation intensity is shown by the
width of the ribbon. Different colours are applied to
distinguish the elements (MAs in this work, MA is
also indicated by capital letter), which is the default
setting of the software. As the matrix is a diagonal

Table 4 — Values of coefficient r

matrix, no crossing ribbon exists. According to the
diagram, r values of certain MAs are very weak
(L,M, U, V: 12 Mein GVH, 13 MVG, 21 Ubigo, 22
Urbi), and some are relatively strong (B, G, O, R,
T, W: 2 DiDi, 7 Leipzig Move, 17 ReachNow, 18
Transit, 20 TripGo, 23 Whim App). The compari-
son among values or “ribbon width” is not needed,
as each g value only reflects the correlation be-
tween X] and YJ of that corresponding MAj. For
example, the r,; of Whim is -0.411, which indi-
cates that the X, and Y,; have negative correla-
tion regarding each X, ,; and Y, ,;. The tenden-
cy is: customisation setting obtains higher scores,
semi-personalisation obtains lower ones, and vice
versa. The r,, value in the case of Ubigo is “0.054”,
the correlation is slightly positive, which indicates
that customisation and semi-personalisation obtain
either higher or lower scores at the same time. Re-
garding aspects Ai, the aggregated scores are pre-
sented in Table 5.

MA, j 1 2 3 4 6 7 8 9 10
r,. 0219 | -0451 | 0262 | -0359 | -0379 | -0376 | -0408 | -0.153 | -0.325 | -0.281
MA, j 11 12 13 14 15 16 17 18 19 20
r]. 025 | -0.085 | 0113 | -0316 | -0.149 | -0363 | -0.484 | -0.463 0.3 0.437
MA, j 21 22 23 24 25
r 0.054 | 0.028 | -0411 | -0.386 0.19

Figure 5 — Chord diagram
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Table 5 — Scores of aspects

Ai 1 2 3 4 5 6 7 8 9 10 11

X, 13 13 16 18 8 9 5 1 21 115 15
Y, 6 10 2 13 13 5 15 15 1 1 1

Ai 12 13 14 15 16 17 18 19 20 21 22

X, 13.5 75 4 19 10 19 4 23 2 9 9
Y, 1 1 0 3 3 0 5 1 0 5 7
35, 4.3 Discussion

i

i

Scores of X, and Y

0 5 10 15 20
Aspects Ai

B Scores of X, m Scores of ¥,

Figure 6 — Comparison scores of X and Y, regarding Ai

The comparison of values is presented in Figure 6.

Regarding aspects Ai, X, obtains higher scores
than Y, which indicates that development of cus-
tomisation settings first is still the current tenden-
cy. The values of X, and Y are calculated by using
Equation 9.

25 25
Xi= 3 X ¥i= 320 ©)
j=1 j=1

The overall result of r is 7=0.313 calculated ac-
cording to Equation 3, where X and Y are calculated

by using Equation 10.
22 25
$(5)
1

B 1 22 25
r=4r | (2 x) 2.
i=1\ )=

i=1\,j=1

(10)

The scores regarding main functions are also
summarised in 7able 6.

Regarding the 25 selected MAs, the scores of
semi-personalisation are relatively low compared
with those of customisation. It can be stated, that
the selected MaaS MAs are customisation setting
oriented applications.

S
. =23

Table 6 — Scores of main functions

F 1 1I 1 v \Y VI VII

26 57 72.5 29 23 25 18
16 63 5 6 5 1 12

o~ |

The obtained coefficients indicated by r; are
to present the descriptive correlation in numerical
values, which is a quantitative method to show the
correlation intensity. From the results, all obtained
rj<0.5, which means the correlation between cus-
tomisation and semi-personalisation is not strong,
whether in each MA (r.) or from an overall () point
of view. Positive values are obtained in the case of
6 MAs, the others are negative values. The positive
correlation indicates that functionalities of customis-
ation settings and semi-personalisation are developed
together. The negative correlation indicates that the
functionality development is in opposite direction,
one of which is developed first. The absolute values
show the correlation intensity: strong or weak.

The customisation setting options are well devel-
oped among the selected MAs. However, the avail-
ability of semi-personalisation is to be improved. In
the recent development phase, detailed customisation
settings are recommended to collect data, and fewer
manual selections from options are expected in the
more personalised services.

Compared with the work of other authors [7, 8],
we have distinguished customisation and semi-per-
sonalisation of MAs in a quantitative way. We have
assessed the selected MAs regarding customisation
and semi-personalisation. Furthermore, the correla-
tion intensity 7 has been calculated and interpreted.

5. CONCLUSION

In our research, we addressed the following ques-
tion: what kind of input activities are needed from
travellers to achieve customisation or personalisa-
tion. Regarding an entire travel process, the virtual
information management together with the vehicle
movement is experienced by the traveller as a cus-
tomised and/or a personalised mobility service.

The main contributions of our work are:

- definitions of customisation and semi-personal-
isation regarding the MA,
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- determined assessment aspects and the objec-
tive scoring method,

- correlation  between  customisation and
semi-personalisation is quantitatively analysed.

The key findings regarding the assessed 25 MAs
are:

- the values of coefficients are small (r<0.5),
the correlation between customisation and
semi-personalisation is not strong,

- the selected MAs are customisation setting ori-
ented applications,

- the aspects that obtained lower scores regarding
Y semi-personalisation could be further devel-
oped in a MA, e.g. feedback interaction, statis-
tics report provision.

The purpose of customisation and personal-
isation is to provide additional input data either
actively or passively and to optimise the informa-
tion management. The continuous development
of functions supported by personalisation is rec-
ommended, as the tendency of a MaaS MA is to
provide information about personalised services.
Fewer manual inputs are expected in the future.

What we found out is that the definitions of
terms are changing along with the development.
For example, customisation and personalisation
are considered in a different way in a traditional
mobility service and in a digitalised service.

The further research direction is to introduce a
mobile application concept for the MaaS service
based on autonomous vehicles. The results ob-
tained in this work support interface function anal-
ysis of MAs. Both backend functions and frontend
interface functions will be analysed, the informa-
tion flows regarding travel phases will be present-
ed. In addition, the input data which connect fron-
tend and backend functions will be summarised.
The differences between MaaS and MaaS based
on autonomous vehicles will be summarised from
the information system point of view, focusing on
MAs.
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