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QUALITY ASSESSMENT METHOD
FOR MOBILITY AS A SERVICE

ABSTRACT

The ongoing development of the concept ‘Mobility as
a Service (MaaS)’ along with Shared Mobility contrib-
utes to the integration of transportation systems. Several
MaaS or similar services are already in operation. The
perceived quality of MaaS by the users varies signifi-
cantly, and no general method is proposed to evaluate
the service quality. This scantiness is identified as the
research gap. The objective of the research is to elabo-
rate a quantitative method to assess MaasS services. The
research question is how to assess the quality of MaasS,
and how to transform the qualitative description into
quantitative numerical values, namely, the quality index
and the level of quality. Since user expectations towards
the importance of criteria are taken into consideration,
the modified triangular fuzzy analytic hierarchy process
method is introduced to calculate the weights of criteria.
A quantitative method to calculate the quality index and
to assign the quality level has been elaborated. Ten MaaS
services are assessed with the method. It was found that
the journey comfort is regarded with significant impor-
tance among the respondents. Furthermore, the quality
index of Maas$ services is not high; accordingly, the ser-
vice quality requires continuous improvement. Our meth-
od facilitates decision-making when planning MaaS to
identify the expected service attributes.

KEY WORDS
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1. INTRODUCTION

The integration in transportation system has
been a widely studied topic, which has been anal-
ysed mainly from the economic, social, and tech-
nological aspects. The development of infocom-

munication technology, especially smartphone and
applications, have been embedded into new mo-
bility solutions, such as car-sharing, ride-sharing,
bike-sharing, ride-sourcing services, which belong
to shared mobility forms. These private, semi-pub-
lic, or public services are required to be integrated
with conventional public transportation systems.

In Mobility as a Service (MaaS), a comprehen-
sive mobility and related services are provided [1].
The MaaS operator is regarded as a broker between
the users and the transport service providers. Bun-
dled services from public and private transport pro-
viders are accessed with a single user account. As
an alternative of private car ownership, the easy-to-
use, seamless and door-to-door mobility services
bundled into packages are tailored to cater for the
users’ travel needs [1, 2].

‘User’ and ‘traveller’ terms are used as syn-
onyms in this paper. The perceived quality of MaaS
by the users varies a lot and no general method has
been developed to compare the quality. The per-
ceived quality is derived from the evaluation of
end-users. The terms ‘quality’ or ‘service quality’
are used as synonyms in this context. The quality of
such innovative mobility service is a complex term
depending on its subjective and objective attributes.
The subjective attributes express the user experi-
ence-related service characteristics (e.g. comfort).
The objective attributes are specific, measurable
service characteristics (e.g. application functions).

The research question is how to assess and
quantify the quality of MaaS; namely, how to cal-
culate the quality index and the level of quality.
The quality index is the aggregated value of quanti-
fied attributes. The level of quality is a pre-defined
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hierarchy which contains the same attributes in or-
der to assign the appropriate level to the calculated
quality index. Several MaaS services have been se-
lected as ‘MaaS representatives’ to be assessed in
this work. Compared to ranking and benchmarking
the MaasS services, grouping them by the introduced
levels is more adaptable in practice to support the
decision-making (e.g. system planning and devel-
opment, quality improvement), since the preferred
service attributes could be collected from the same
level of MaasS services.

The main research question is unfolded into
three sub-questions:

- What are the assessment criteria and grading
rules?
- How to assign weights of criteria and grades to

MaasS services?

- How are quality index and level of quality to be
calculated?

Our method is elaborated to assess both subjec-
tive and objective attributes of MaaS. The major
parts of the proposed quality criteria and grading
rules are objective, which are applied to assess the
infocommunication background of MaaS. Since the
feedbacks from end-users regarding the subjective
attributes are not available, only the objective attri-
butes are considered during the application demon-
stration. The attributes are considered as evaluation
criteria. The corresponding websites and applica-
tions of MaaS services are assessed.

The remainder of the paper is structured as fol-
lows. State of the art is summarized in Section 2.
In Section 3, the service quality assessment method
is elaborated; namely, the criteria and grading rules
are introduced, the calculation steps of weights are
presented, the equation to calculate the quality in-
dex, as well as the equation to identify the level
of quality, are developed. As a case study to apply
the method, the assessment of ten MaaS services
are presented in Section 4, in which the results of
weight calculation are presented in detail. The paper
is completed by Section 5 as a conclusion, including
further research directions.

2. STATE OF THE ART

Literature has been reviewed, with the topics
of MaaS, quality assessment of mobility services,
methodology of combination of Analytic Hierarchy
Process (AHP) with fuzzy theory.

Maas is a user-centric, shared mobility-oriented,
real-time information-based mobility service. The
objective is that all modes of travel are integrated
into one unified system which is available via a
digital platform (e.g. smartphone application) [3].
Seamless journey is experienced before (journey
planning and booking), during (seamless transfers
both in time and space) and after (e.g. payment and
feedback). It was explored how public transport
service will be affected by MaaS, since private op-
erators would play a significant role to create pub-
lic value, to facilitate ‘the mobility for all’. Mar-
ket-driven, public-controlled and public-private
partnerships as predictive scenarios were identified
for future public transportation [4].

The typical operation fields of MaaS are inter-
and intra-city travels. However, the aim is to reach
the international and global MaaS operation [5].
Sweden and Finland are pioneer countries of MaaS
implementation [1]. The UbiGo of Sweden was the
first MaaS trial launched in 2014. The participants
had reported that they decreased the usage of pri-
vate cars and increased alternative modes such as
car-sharing usage [6]. The Whim pilot launched in
2016 by the MaaS Global has been operated in Hel-
sinki, the West Midlands, Amsterdam, and Antwerp
(https://whimapp.com/) .

Along with Europe, MaaS has been also launched
in North America and Australia. For example, the
TransitApp of America involves the Uber service
(https://transitapp.com/) . A stated choice face-to-
face survey was conducted in Sydney with 252
respondents, a preference model was estimated, to
reveal how large the potential market of MaaS and
how many potential users might value a MaaS plan.
It was found that the infrequent car users would be
the most likely adopters [3].

The quality assessment of public transportation
services was studied more. The bus service quality
was measured with AHP and Technique for Order
Preference by Similarity to Ideal Solution (TOP-
SIS), the AHP-TOPSIS method. AHP was applied
to prioritize the quality attributes and TOPSIS was
used to rank the bus transit routes. It was found that
the decision-making was supported by the calculat-
ed and ranked quality score of each bus transit route
[7]. The Artificial Neural Networks (ANN) method
was proposed to analyse the perceived quality of the
public transport service. It was found that frequency
was the most influential attribute. In addition, speed,
information and proximity were also important [8].
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A fuzzy integral-based information fusion model
was proposed to analyse the weight gap of criteria,
in order to evaluate and improve the service quality
of the transport systems [9].

A school transportation satisfaction index was
estimated by applying linear regression analysis;
the level of service was analysed but it was found
that passengers evaluated the school bus service
with low satisfaction level [10]. The integration of
MaaS was reviewed from Ticket and Payment, Mo-
bility package and Infocommunication technology
aspects. An index was introduced to evaluate the
level of integration based on the assumption that
higher level of integration was more preferred by
the users [11]. The level of MaaS integration was
identified by applying a topological approach. Lev-
els 0-4 were introduced to identify the phases of in-
tegration, how the service attributes were involved
[12].

The AHP method developed by Saaty is to facil-
itate the decision-making process; the overall ob-
jective is separated into sub-objectives and solved
in decreasing the hierarchy order [13]. AHP was
applied in a vehicle routing problem to select the
supplier [14]. Zadeh proposed the fuzzy set theory
to model the uncertainty of the real-world problem
[15]. The intersection of these two methods was ap-
plied as a new approach, such as fuzzy AHP method,
which was already applied in other subject studies.
Namely, AHP is widely applied as a semi-subjec-
tive method to calculate weights of factors; the
fuzzy theory is introduced to handle the existing
uncertainty. Considering the typical questions list-
ed in questionnaires, the answers of respondents are

Table 1 — Literature summary based on applied methodology

various and exact evaluation could not reflect the
results. Therefore, the fuzzy AHP is introduced to
reconcile and obtain rather objective weights from
the questionnaire results.

For example, a rule-based decision-support
mechanism was introduced to emerge these two
methods to evaluate the influential factors in the In-
ternet of Things [16]. A triangular fuzzy scale was
proposed based on Saaty’s approach to analyse the
goal of companies. The intervals were applied to re-
place the exact values in pairwise comparison [17].
A fuzzy multi-criteria decision-making model was
proposed to select the best alternative. The trian-
gular fuzzy interval scale was also applied [18]. In
addition, the fuzzy AHP is proposed as a better ap-
proach to deal with uncertainty, when the fuzziness
of the decision maker or respondents is considered
[19, 20].

The reviewed literature is summarized regarding
the applied methodology in 7able 1.

It was concluded from the literature that many
researchers studied the service quality of the public
transport systems; however, MaaS is between pub-
lic and private mobility service during its transition-
al period. Thus, new criteria should be considered,
to involve private service attributes to assess the
quality of MaaS. Few authors [11, 12] have already
studied the integration level of MaaS by qualitative
approaches; however, the research about quality of
this service is still missing. This research gap was
identified and attempted to be filled in our work. In
addition, the importance of criteria is determined by
survey-based, calculated weights.

Fuzzy theory | AHP /(;i(iirti;z?éooé Focus
[7] v v Service quality score of bus route
[8] N Perceived quality of public transport service
[9] Y \ Weights gap of criteria; quality of transportation system
[10] \ School bus service; satisfaction index; level of service
[11] Y Integration index and assessment of MaaS
[12] \ Integration levels of MaaS
[14] S Ranking alternatives; satisfaction level
[16] \ \ Comparison of service attributes
[17] S S \ Weights calculation to rank alternatives
[18] Y \ \ A novel hybrid model to select equipment
[19] \ \ Comparison of AHP and fuzzy AHP
[20] Y \ Logarithmic fuzzy preference method
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3. METHODOLOGY

In an assessment method, typically, weights and
scores (grades) of criteria are multiplied, and the ob-
jective is to rank the alternatives [25]. Both weights
and grades can be subjective from the user evalua-
tion. By contrast, we elaborated an objective quality
assessment method. The weights are calculated with
the modified triangular fuzzy AHP (TFAHP) meth-
od. AHP is selected because it provides semi-objec-
tive results. Taking the characteristics of question-
naire data into consideration, the modified fuzzy
AHP method has been proposed. The grading rules
are introduced to obtain objective grades.

The user of our method is a decision maker, e.g.
MaaS developer or operator. Our aim is to group
and analyse MaaS services being in similar devel-
opment phase. In order to identify the common at-
tributes, the potential improvement aspects, as well
as the development consequences of the MaaS ser-
vices within the same level, and to better support
the decision making. The steps are introduced in
Figure 1.

The following steps are introduced:

1) quality criteria and grading rules are determined
according to the literature review and the exist-
ing MaaS solutions (applications, websites, etc.);
both public and private transportation character-
istics are taken into consideration;

2) the modified triangular fuzzy AHP method re-
garding weights calculation is introduced, which
is based on data from the questionnaire survey;

3) the equation to obtain the quality index is estab-
lished, and also the equation to identify the level
of quality is developed.

The introduced quality criteria and grading rules
are used in the questionnaire survey, to collect in-
put data of weights calculation, as well as to ob-
tain the grades of MaaS services. Steps 1 and 2 are
established as preparation work and inputs of step
3, since the calculation of the quality index and as-
signment of the quality level are considered as our
main task.

3.1 Quality criteria and grading rules

The quality criteria and grading rules are estab-
lished first. The major part of criteria is introduced
to assess the infocommunication background of
MaaS, which is important to ensure high quality,
because:

- several transitional services are only available to
be booked via applications, such as ride-sourc-
ing and car-sharing;

- the integration of transport modes and functions
is perceived by users via applications;

- the seamless transfer is significantly supported
by accessibility of real-time information.

The groups and hierarchy of criteria have been
established and presented in Figure 2. We have intro-
duced the criteria structure considering both sides:
service provision from the operators and service
perception from the users, namely, what kind of
service is provided and perceived. Since MaaS is
expected to be an integrated service, which is in-
formation-based, spatial seamless transfer-ensured,
as well as comfort-providing; the criteria groups are
determined.

Data from survey

v v
TFAHP
) I ' ;
Quality criteria Weights Quality index
and — > and — and
Grading rules Grades Level of quality
Aggregation

Maas services

Input

Output

1 Method

Figure 1 — Steps of assessment method
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Quality

C, Integration C, Information

C,, real-time

C,, functions - .
information

C,, transport modes C,, time (estimated)

C,, (personal data)

C,, tariff structure .
sharing

C,, with other
services

C,, feedback and
extra information

Objective criteria group

[ Subjective criteria group

C, Connectivity
(Transfer)

C,, accessibility C,, vehicle interior

C,, stop and transfer

C,, availability i
acility

C,, user care

Criteria

Figure 2 — Hierarchy of criteria

The C, Integration group is established accord-
ing to specialties of MaaS. Multimodal journey-re-
lated passenger handling functions are considered
through C,, [12]. Typically, the application func-
tions such as journey planning, booking, ticketing,
reminder are taken into account. Transport modes
integration and tariff are considered by C,, and C|,
[11, 22]. Integration with other services (e.g. rel-
evant information provision, recommendation of
food/drinks/Point of Interests) is to be assessed by
Cy

The C, Information group, criteria C,, and C,,
are applied by quality assessment of the public
transportation service [23]. Real-time and estimat-
ed information are significantly important to the
users, especially regarding multimodal journey,
such as network condition, time of vehicle arrival.
Since data are to be provided by the users as well
(crowdsourcing), the C,, is included, to collect e.g.
real-time congestion information of the user posi-
tion. In addition, the user’s real-time feedback is
applied as the recommendation information. C,, is
introduced for extra information, such as report of
CO, emission and energy consumption, which facil-
itate the sustainable mobility [24].

The Connectivity (Transfer) is identified in
conventional public transportation to enhance the
connection between different public modes; for
example, the smart stop concept is proposed and
implemented in Singapore and in the Netherlands
[25, 26]. The Cj, accessibility and C,, availability

are introduced in public transportation [23]. How-
ever, these two terms with MaaS are emphasized
on transfers between public and private modes. For
example, the transfer may be between conventional
stop/station and free-floating cars.

The grading proposal of objective criteria is pre-
sented in 7able 2. Criteria factors are introduced as
the detailed grading rules of the criteria.

Values of 0 or 1 are assigned to criteria factors.
The grades represent whether the target object
(MaasS service) fulfils the criteria factor or not, e.g.
a check list. The grades of criteria are calculated as
the sum of values assigned to the criteria factors.

The C, Comfort group is used in quality assess-
ment of public transportation service, which con-
tains subjective criteria [23]. As shared mobility
(e.g. car- or ride-sharing) is provided with small-
sized vehicles, the service users may care more
about the interior of vehicles C,, [27]. The comfort
at stop is considered through C,,. User (custom-
er) care as C,; includes e.g. management of com-
plaints or a guide for the disabled to car-sharing or
bike-sharing facilities.

The grading proposal of subjective criteria is
presented in Table 3. As 1 or 0 (equal to “yes’ or ‘no’)
are not appropriate to describe the subjective attri-
butes, a middle evaluation value (0.5) is also intro-
duced. Accordingly, three values are assigned to
subjective criteria. This proposal can be used in the
user satisfaction evaluation as well (e.g. revealed
preferences).
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Table 2 — Grading proposal for objective criteria

Grading values
Criteria Criteria factors 0 .
C,,, |journey planning single mode multimodal
C,,, |journey booking single mode multimodal or a chain
C,,; |journey ticketing single mode pay-as-you-go or subscription
cy, C,,4 | ticket payment single mode one-off payment
C,, 5 | ticket validation paper/card ticket by smartphone
Cy, | reminder not included e.g. calendar, boarding
C,,, | customization without setting preference setting, e.g. walking time
C,,, | public transportation no integration e.g. integration of bus, tram, metro
5 C,,, | car-sharing not included included
% C,,5 | bike-sharing not included included
E_ C, C,,, | ride-sourcing not included included, e.g. Uber
> C,,5 |ride-sharing not included included, e.g. Blablacar
C,¢ | train not included included, e.g. timetable
C,,, |flight not included included, e.g. timetable
Ci5, | pay-as-you-go no e-ticket with electronic ticket
C,5, | other service packages no package with monthly passes, subscription, etc.
N Ci55 | dynamic pricing not included with variable price
C5, | discount not included included, e.g. for students
C, Cy,, | value-added services not included gg)slé;mugzigg};eslei;\ffigza:(g)hfood/drink
C,,, | position tracking no GPS records mobility track records
G, C,,, | network condition no updated map real-time network
C,,5 | timetable (static) timetable with updated information
C,,, | total travel time no estimation with estimation
-é c Cy,, | transfer time no estimation total and each transfer
g - Cy,5 | walking time no estimation total and each walking
i\. Cy,, | waiting time no estimation total and each waiting
Cy;, | with social network not included connect with social net
@ Cy;, | personalization not included e.g. recommendation
C,,, | user evaluation not included e.g. satisfaction feedback
G C,,, | statistics report not included e.g. consumption report
C5,, | number of transfers no information offered information
- 5, C;,, | walking distance no information for total and each transfer
% (5,5 | navigation no navigation transfer navigation
;M C,, | technical support no human help available human support
~ C;, Cs,, | ensure booking no information available vehicle tracking
C;,, | alternatives no information offer alternatives in case transfer has failed
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Table 3 — Grading proposal for subjective criteria

Grading values
Criteria Criteria factors
0 0.5 1

Cyy cleanness dirty acceptable clean
Cyis temperature not acceptable acceptable good

Ca Cyis leg room narrow acceptable good
Coa information screen without screen voice reminder with screen
Cpy cleanness dirty acceptable clean

Cyp Cpo seating opportunity no seat with seat seat with cooling/heating
Chprs weather protection no protection with protection good protection
Cis, staff attitude bad neutral good

Cs Cy, (help) in time no help delay in help help in time

3.2 Weights and grades

The importance of the criteria varies; therefore,
weights of criteria have to be identified. AHP is a
widely applied method to calculate the weights
based on the questionnaire data. Thus, the user ex-
pectations are considered [19, 28]. Because of the
fuzziness of the surveyed data, a modified TFAHP
method is introduced to calculate the weights of the
criteria.

The grades are calculated according to the grad-
ing rules when assessing the selected MaaS services
in application demonstration. Grades are aggregat-
ed according to the specific MaaS service.

The 1~5 scale representing weight importance
is proposed to be applied in the survey replacing
Saaty’s 1~9 scale approach (7uble 4). Considering
that the number of criteria is small in each group,
the span of 1~5 scale is easier to be applied by the
respondents.

The novelty of the method lies in the introduced
triangular interval number in the data process. The
characteristics of the collected data have been consid-

Table 4 — Scale

ered. A questionnaire survey has to be performed to
collect pairwise comparison values regarding criteria
from various respondents. The respondents are to be
selected among the university students, researchers,
service providers, or operators in the transportation
field, who are familiar with the base knowledge of
transportation. Since the respondents have to under-
stand the data collection method, general user groups
are not appropriate for the survey purpose.

The triangular fuzzy number is used in TFAHP
as an interval value to replace the single judgement
value in AHP; the span of data is better processed
with TFAHP [19]. The length of the interval re-
flects the coverage of the data, which is to indicate
the fluctuation of importance towards the com-
pared criteria. In theory, a triangular fuzzy number
F=(I,m,u), where 0</<m<u<1, [ and u are introduced
as lower and upper limit of m, the |/-u| is the size of
F 29, 30]. A triangular fuzzy number represents a
numerical interval. Since the pairwise comparison
and interval value are applied, the fuzzy comparison
matrix M, is presented as:

Scale

In questionnaire Saaty

Importance of one element compared with the other

1 1

equal

marginally strong

strong

very strong

O | Q| | W

2
3
4
5

extremely strong

1.5,2.5,3.5,4.5

2,4,6,8

intermediate values to reflect fuzzy inputs

reciprocals

reciprocals

the importance of two compared elements is opposite

Promet — Traffic& Transportation, Vol. 32, 2020, No. 5, 611-624

617




He Y, Csiszar C. Quality Assessment Method for Mobility as a Service

I xi2 o X X
7 Y T S Y 5.1
Xkl Xkt Xk ot Xka
Xnl X2 =0 Xpe e 1

(1,1,1)
(L21,ma1,u21)

(LinyMinytt1n)
(ZZna man, MZH)

(Loymiz,uiz) -+ (Liymisuie) -
(1,1,1) - (lbymanuz) -+

N Cmaun) (eymizyue) - (Lemusune) == (L Moy )

(Lnymum,um) (Losmuzyune) -+ (Lymaun) - (1,1,1)

1 1 1
U M Ly ) k,t are the in-

teger corner marks /<k<t<n; n is the number of C

in C,, n=<9 in AHP. I, e, mie,mMsic, thica, C[S 5]

integer is from 1 to 5, inverse, reciprocal is from

% to 1; M. is the fuzzy comparison matrix of crite-

ria group C;; x,, is the pairwise comparison interval
value of C,, and C,.

The modified data processing is described as
follows. For one specific pairwise comparison x,,,
[,, refers to the average value of the collected data
which are less than or equal to 1; u,, is the average
value which is more than 1; m, is the average value
of all values. The F=(I, m, u) is regarded as an in-
terval number. For example, the triangular interval
value x,,=(l,,, my,, u;,) in matrix M, is a result of
pairwise comparison of C\, and C,,, Wthh is deter-
mined from: /,,=average (value <I in collected x,,),
u ,=average (value >1 in collected x,,), m ,= verage
value of collected x ,.

First, the comprehensive importance interval
value of each criterion C; compared with all other
criteria within the same criteria group C, is calculat-
ed. The aggregated value is calculated as [29] Equa-
tions 1 and 2.

where: (L, mu, un) :<

Ar=In+lp+ -+l Be=mu+mp+ -+ mu,

1

Di=up+up~+ -+ um ( )
n of Mi n of Mi n of Mi

= > An B= Y Bi,, D= Y, Dy ()
k=1 k=1 k=1

where 7 is the rank of specific matrix M,. The im-
portance interval value S, is calculated as [29]
Equation 3; S, is a column vector.

S =[(4:B:D)) ®(55) = (4x-LBe 5D L) = 3)

= [(LkMkUk)]T

Then the interval value is transformed into sin-
gle average value s; with Equation 4; s, 1s the column
vector.

- g-{(sg) -]

“4)

Local weight W of C with respect to the corre-
sponding criteria group C In normalization step, WJ.
is calculated according to Equation 5. 0< Wl.j<1. k rep-
resents the row number in the specific matrix; i and
Jj represent index corner mark of criteria Cl.j. 0<k<n
of M. The corner mark i of bracket in Equation 5 is
highlighted; it indicates that w; is the local weight.

Wi=j

3
Wi = Crer ®)

3

k=1 i

The global weight w; of C; with respect to the
service quality Q; W 1s calculated according to
Equation 6. Here, Z Wi and Z Z Wi represent

i=1 =1
the same summation procedure. 0<wl.j<1.
Wi

WU:ZZW[/

i=1j=1

(6)

The upper boundary of i and j depend on the
number of C in the criteria table. In this work,
1<i<4, 1<]<4

3.3 Quality index and level of quality

Quality index Q is introduced to transform the
qualitative description of quality to quantitative nu-
merical value for comparison purpose. Equation 7 to
calculate Q is introduced first.

10
Z &ijk Vlz/k

ij=1

=[§§Wij'gif=zwif' )

Q=1
where g is the grades of C , according to the grad-
ing proposal C] &k is a551gned to the assessed
MaaS service; s ny, is the number of Cy i is the
number of C;, in Cl.j.

The upper boundary of i and j depend on the
number of Cl.j in the criteria table as well. In this sec-
tion i<3, j<4, as C, group is eliminated. We propose
the level of quality L (Figure 3) to group alternatives
(MaaS services):

The type, length, and colour of arrow present the
criteria factors C, ik involved in each level. The same
level is as51gned to similar MaaS services. The lev-
el is identified according to the emerging phase of
infocommunication background and the implemen-
tation of the existing MaaS. For example, regrading
C,,, public transportation is integrated first typical-
ly, then taxi, then car- and bike-sharing, then other
transitional service, and train/flight service. Levels

618
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Ao

B

0
a 0

w
be)

—» Level 1

Level 4

->

A

Yy

9
Yy

Y

Y

Y

Level of
quality

Y

Y

Y

—— » Level3

—»  Level5

Add aggregated value of current level into next level

Figure 3 — Identified levels of quality regarding weights and grades

1~5 are introduced according to literature review
[1, 11, 12, 24], websites and reports of MaaS
schemes, e.g. MaaSiFiE [31], maas4EU [32].

Generally, the upper level fulfils the function-
alities of lower level. For example, regarding C,,
Functions, C,,,, C,,, and C|, ; are included in
Levels 1, 2 and 3; ticket validation and application
reminders are included in Level 4; the artificial in-
telligence-based function (e.g. C,,; and C,;, ) is
included in Level 5. If a MaaS service is assigned
Level 4, regarding C,,, journey planning, booking
and ticketing functions are available.

According to the increasing integration of
modes, personalization of functions, flexibility of
information provision from lower to upper level, the
levels are established as follows:

Level 1: integration of public transportation; appli-
cation is available to plan travel; base information
provision;

Level 2: one or two private modes are included; ap-
plication support travel; detailed information provi-
sion;
Level 3: more private modes are included; applica-
tion is regarded important in travel; E-payment is
introduced;
Level 4: road transport modes are integrated; appli-
cation is essential support to travel; comprehensive,
dynamic information provision;
Level 5: modes are integrated; using application is
regarded as a component of travel; comprehensive
mobility information service (digital mobility).

Based on criteria weights and the grading pro-
posal, the equation to identify the endpoint value of
L is presented as Equation 8. Each level is introduced
as an interval with two endpoints.

100

nij
Xi=2 2wy g Gkt X
i=1j=1 ’

@®)
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where: /=0,1,2,3,4, ij are determined according to
Cij_ , included in each level, a; , is the number of Cl.j. P
assigned in the same level, nil.=10 in this context.
X, is the endpoint value of the previous level. The
upper boundary of i and j are i<3, j<4 in this section.

For example, endpoint value X, is determined as

follows.
Level 1: [0, X|]

X1:Wn'%'lez'%*‘wls'%"‘wzl'13—0><2+W22'%

Level 2: [X, X,]
Xo=wn '17—0X2+W12'$X2+W13'14—0+W21 '%-ﬁ-
JrW22'14—0>< 3+W24'%+W32'13—0+X1

The MaaS services are to be assigned to levels
according to interval endpoints [X, |, X, X, | <O<X,.
Since weights are regarded as variables in our meth-
od, the ranking of alternatives may change along
with the change of weights. The identified equation
of endpoints contains weights. The weights may be
different, the assigned level remains the same.

4. RESULTS AND DISCUSSION

The demonstration contains two parts: weights
calculation and assignment level L to the MaaS ser-
vices according to index Q. The assessment method
is to be applied in two ways:

a) accept weights we calculated from our surveyed
data;

b) perform survey to collect data and calculate new
weights.

Table 5 — Weights of criteria Cl.j

The application of (a) case is detailed in the re-
maining part of the paper.

The input data were collected among 74 students
and 12 experts at the Faculty of Transportation En-
gineering and Vehicle Engineering, Budapest Uni-
versity of Technology and Economics, Hungary.
MaaS has not been launched in Budapest yet; how-
ever, the public transportation is highly integrated
and operated by one unified service operator. Ac-
cordingly, the users have similar service experience.
Eighty-six survey results have been received and
the pairwise comparison of numerical values have
been processed to obtain weights. For comparison
purpose, the weights of criteria have been derived
from three groups: student group (SG), expert group
(EG), and together (TG).

4.1 Weights from questionnaire survey

Weights have been calculated according to Equa-
tions 1-6. Weights from SG and EG vary consider-
ably. Weights of TG are not simply calculated as
mean values of SG and EG; the data of SG and EG
are used as input data in the calculation of weights
of TG. The numerical values of weights are listed
in Table 5.

The weights show the relative importance of
criteria. It was found that Information is regarded
as the most important criteria group among poten-
tial users, followed by Comfort group (aggregation
of wl.j). C,4 C,5, C,, are the obtained higher values
of weights from SG. Since travellers can share their
mobility data, value-added service (C,,) and personal
data-sharing (C,;) are preferred with respondents

Group | Cy Cp Cis Ciy Gy Cy Cy3 Cy Gy G5 o Cp Cys
SG 0.073 | 0.069 | 0.068 | 0.090 | 0.076 | 0.064 | 0.082 | 0.073 | 0.090 | 0.094 | 0.071 | 0.074 | 0.076
EG 0.078 | 0.033 | 0.041 | 0.067 | 0.068 | 0.080 | 0.079 | 0.087 | 0.102 | 0.091 | 0.120 | 0.077 | 0.077
TG 0.089 | 0.036 | 0.044 | 0.065 | 0.074 | 0.073 | 0.084 | 0.084 | 0.100 | 0.098 | 0.094 | 0.079 | 0.081

Table 6 — Weights comparison of criteria group
c c c c,
FQ SUM FQ SUM FQ SUM FQ SUM
SG 0.240 0.300 0.212 0.295 0.240 0.184 0.308 0.221
EG 0.269 0.219 0.229 0.313 0.219 0.193 0.284 0.274
TG 0.254 0.234 0.219 0.315 0.226 0.198 0.302 0.254

Note: FQ (from questionnaire); SUM (summation of w,.}.)
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Figure 4 — Weights comparison of criteria group

from SG. In addition, feedback opportunity (C,,) is
preferred in the service-oriented mobility system,
too.

The last question ‘what do you think about the
importance of the criteria group? Please score the
pairwise comparison values in the corresponding
table’ was surveyed. Hence, the weights of criteria
group C, have been assigned two sets. The numeri-
cal values are listed in Tuble 6.

The comparison regarding two sets of weights of
C, is presented in Figure 4.

One set contains values calculated from the ques-
tionnaire, the other contains the sum of correspond-
ing W The differences resulted mainly because of
the number of calculations. The respondents scored
higher values to C4j; namely, journey comfort is
regarded significantly important (bars in FQ of C,
are the highest). In a service-oriented mobility sys-
tem, it is not enough to simply transport passengers
from A to B, they require high-quality service. From
the summation values, the criteria C2j of C, Infor-
mation are assigned higher values (bars in SUM of
C, are the highest). It is concluded that the respon-
dents consider journey information more.

4.2 Assessment of MaasS services

Because w,; are eliminated, the global weights
of the remaining criteria are re-calculated and
re-assigned. Global weights of Clj, Czj, C3j from
TG are applied. Ten MaaS services are selected
and assessed, which have been operated in a rela-
tively wide area and over a long period: (I) Qixxit,
Germany, https://www.qixxit.com/, (II) Mobility
Stuttgart, Germany, https://www.stuttgart.de/, (III)
Smile, Austria, http://smile-einfachmobil.at/, (IV)
Switchh, Germany, https:/www.switchh.de/, (V)
Whim, Finland, https://transitapp.com/, (VI) Wien-
Mobil, Austria, https://www.wienerlinien.at/, (VII)
Moovel, Germany, https://www.moovel.com/en,

(VIII) Kyyti, Finland, https://www.kyyti.com/, (1X)
Transit, USA, https://transitapp.com/, (X) My Cice-
ro, Italy, http://www.mycicero.eu/.

Qixxit is introduced as the collector of web-
site links regarding mobility services in Germany.
Smile project is highly considered as the first MaaS
in Austria. Since no smart device applications are
developed from Ubigo project, it is not involved in
this assessment; Ubigo and Whim are MaaS imple-
mentations with monthly subscription [6]. Transi-
tapp is widely available in the USA, and in other
countries as well, e.g. Australia, Canada, France.

Smartphone applications of 9 MaaS services are
downloaded and tested by the authors in order to
assess the objective attributes (application of Smile
already stopped). The supplementary information
on websites are also reviewed to complete the as-
sessment. Based on the calculated weights and the
grading proposal, the endpoints of the level of qual-
ity are illustrated in Figure 5:

Figure 5 — Calculated interval of level of quality

The assessment results are summarized in Table 7,
by applying Equations 7 and 8, the value of quality
index and level of quality are presented as well.

Only two models are assigned ‘Level 3°. Ac-
cording to website information of Smile, this mod-
el is assigned the highest index value. The Whim
application from MaaS Global is highly valued
among the existing MaaS services, too. Compared
with previous studies [11, 12], the quality index
with grades and weights has been calculated. It is
not simply assumed that the importance of criteria
is equal. On the contrary, the importance of criteria
w; is calculated from the collected data.
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Table 7 — Assessment of selected MaasS services

Maa$S Criteria . _
. 13 o
service Cll C12 Cl3 C14 C21 C22 C23 C24 C31 C32 E E
Weight 0.119 0.049 0.058 0.087 0.099 0.098 0.113 0.112 0.134 0.131
1 0.34 0.21 0.145 0 0.66 0.245 0.565 0.56 0.447 0.437 3.61 1
11 0.34 0.21 0.145 0 0.99 0.98 0 0.56 1.340 0 4.57 1
111 1.19 0.28 0.58 0 0.99 0.98 0.565 1.12 0.893 0.873 7.47 3
v 0.68 0.14 0.435 0 0.99 0.98 0.565 0.56 0.893 0.873 6.12 2
\'% 1.19 0.21 0.29 0 0.99 0.98 0.565 0.56 1.340 1.310 7.44 3
VI 0.34 0.21 0.29 0.87 0.99 0.98 0 0.56 0.893 1.310 6.44 2
VII 0.68 0.42 0.435 0 0.99 0.98 0 0.56 0.893 0.873 5.83 2
VIII 0.34 0.35 0.29 0 0.99 0.98 0 0 0.893 0.437 4.28
IX 0.51 0.28 0 0 0.99 0.98 1.13 0.56 0.893 1.310 6.65 2
X 0.85 0.21 0.29 0.87 0.33 0.49 0.565 0 0.893 0 4.50 1
1. Qixxit 3.61 —
8. Kyyti 4.28
10. My cicero 4.50
B 2. Mobility Stuttgart 457
R 7. Moovel S 58
£ 4.Switchh NG
E 6. Wienmobil NG ¢s—
4 9. Transit NG

5. Whim
3. Smile

Figure 6 — Assessment result

The comparison of Q values is presented in
Figure 6, which is grouped by the assigned levels.
Level 1 is presented in light grey, Level 2 is in me-
dium grey, level 3 is in dark grey. The MaaS opera-
tor of (1) and (6) is public authority, presented with
arrow. Private companies as the third party MaaS
operators are more typical, which perform better ac-
cording to the assessment results.

Because of the uncertainty of the questionnaire
survey answers, the exact values of pairwise com-
parison could be replaced by fuzzy interval values.
In our work, the triangular fuzzy number is selected
to construct the comparison matrix. The novelty is
that instead of calculating the average values of the
collected data, the intervals are proposed to present
the span of data. Therefore, our approach is based
on the continuous data sets rather than the discrete
data values. All the collected data are used during
the calculation of the weights.

The assessment results meet the reality, e.g. high-
er index is available with more functions; namely,
our proposed method works properly. The MaaS
services around the world are still being implement-
ed and are under continuous development, and new

assessment criteria may be incorporated. Further-
more, the service quality of the existing MaaS is
not high compared with the objective of MaaS; the
obtained values of quality index and assigned levels
are relatively low.

MaasS operator is the key player in the operation.
Public authority or private company is to be the
third party MaaS operator, which performs better
in practice; such studies are expected. It was found
that private companies obtain higher quality index
than public authorities in the transitional period of
MaasS.

5. CONCLUSION

Our main contribution and work has been the
elaborated quality assessment method for MaaS
based on the surveyed data, which contains the
weighted criteria, the proposed grading rules, as
well as the identified level of quality. The novelty
of the method is to process the questionnaire data
in the form of triangular interval value, which is
better for presenting the span of data, rather than
using the mean value. Namely, we have considered
the range of data and uncertainty of respondents’
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answers. In addition, semi-public MaaS is typical

in the transitional period, wherein both public and

private service attributes are involved. Our method
is a combination of qualitative and quantitative ap-
proach compared with previous studies.

It was found that:

- the journey comfort is regarded as the most im-
portant criteria group among respondents;

- journey information provision is highlighted by
respondents as well;

- typically, a private company acts as a third party
MaasS operator in transitional period of MaaS;

- the service quality of the existing MaaS services
is not high enough; continuous improvements
are needed.

The lesson that has been learnt is that perform-
ing a pure number-oriented questionnaire survey
is complicated and time consuming. Respondents
require time to understand the survey method and
fulfil the questionnaires. It was concluded that the
respondents with background knowledge are more
preferred in such data collection survey.

Faced with the future research plan, we are going
to develop methods to assess other aspects of new
mobility services, e.g. calculation of indices for flex-
ibility, personalization, and integration, in order to
analyse MaaS in a comprehensive way. The index
calculation method regarding integration is to be
developed first. The assessment aspects as variables
are determined and the development tendency is en-
visaged. The integration phases are to be introduced
considering the weighted variables. This rather quan-
titative assessment may present a comprehensive
overview of MaaS for the decision makers.
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