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As wireless technologies are becoming more mature for paymaet systems, the public transportation companies
are facing great challenges in designing their next fare colection system. They have to decide whether
they want to keep their legacy systems or innovate with the im plementation of new mobile technologies
for their upcoming payment instrument. Therefore, they nee d to consider various technical and business
aspects during the design process. Moreover, in such an indstry, a technological consensus between the
stakeholders involved is desirable to eventually reach a global market. In this paper, we propose a multi-actor
multi-criteria framework to facilitate the assessment of m obile payments for the Swiss public transportation
industry. To compute our proposed model, we recently conducted a rst set of structured interviews with
Swiss key experts to collect data.

1. Introduction

As already observed in some existing fare collection systensuch as Octopus, mobile payments
have great potential for the public transportation industr y (1). As they improve the payment pro-
cess in terms of speed, ease of use, and convenience, mobadgment schemes based on contactless
technologies appear to have a bright future ahead in this indistry. Interestingly, this great enthusi-
asm is also shared by the di erent mobile payment service praiders. In fact, nancial institutions
such as Visa, Mastercard, and American Express are alreadymgbedding contactless chip in their
cards (e.g. Visa Wave, Mastercard PayPass, American ExpresExpressPay). Moreover, in Japan,
NTT DoCoMo, the major mobile network operator (MNO), and the East Japan Railway will soon
propose a fare collection and e-cash application named Molei Suica based on "i-mode FeliCa"
handsets.

The micropayment market attracts general attention as it seems to be very lucrative. In Japan,
NTT DoCoMo estimated a $258 billion market to which you can add even more billions of dollars
coming from transit fares (2). Given the expected revenuesit is understandable that this project
is generating a lot of interest worldwide.

Even though mobile payments are seen by many as the natural eution of current payment
procedures, there is still a great amount of uncertainty surounding its implementation. One major
issue is the lack of a technological consensus between thesgived stakeholders. As a result, each
actor launches its own payment scheme usually accepted onlyy a few merchants. Therefore, this
limited universality could explain the low level of consume interest and acceptance rate.

The current situation on the mobile payment market appears to be complex, variable, and
uncertain. Thus, decision makers of the public transportaion industry are facing di cult decisions

* The original paper is:  Jan Ondrus & Yves Pigneur, "A Multi-stakeholder Multi-crit  eria Assessment Framework of
Mobile Payments: An lllustration with the Swiss Public Tran sportation Industry", 39th Annual Hawaii International
Conference on System Sciences (HICSS'06), IEEE Computer Saiety, 4-7 Jan 2006, Hawaii, USA.

1



Ondrus and Pigneur: Assessment Framework of Mobile Payments 2

concerning wireless technologies for their payment systesnas they evolve in a potentially disruptive
environment. They need a more structured approach to suppdrtechnology evaluation and selection
during the design process of their next fare collection sygm. As a matter of fact, the choice of the
appropriate enabling technology is key in order to o er a saisfying payment schemes to consumers.

In previous research (3), we studied two potential disruptions in the mobile payment market in
Switzerland. Our rst insights did not show evident signs of disruption possibilities for a switch of
the physical support (i.e. from card-based to phone-baseddautions) as well as for the displacement
of current dominant mobile payment service providers (i.e.from operator-driven to self-organized
solutions). Following this rst exploratory and somewhat g ualitative analysis, we decided to deepen
our study by collecting empirical data and using a structured methodology. For this purpose, we
designed a tool, more speci cally a decision support systerfDSS) based on a multi-criteria decision
making (MCDM) method called ELECTRE | (4). To obtain these es sential data to run our model,
we conducted a set of structured interviews of Swiss key expes from di erent relevant industries.
The objective was to uncover their preferences on several ¢nologies which are potentially usable
for payments in the public transport industry.

In this paper, the objective is to propose a multi-perspectve framework to assist decision makers
assessing mobile payments, providing an illustration withthe Swiss public transportation industry.
Firstly, we present a multi-actor multi-criteria model com prising the preferences of various stake-
holder. Secondly, we introduce a tool to facilitate the assesment of mobile payments. Thirdly, we
provide some preliminary insights into the Swiss mobile paynent market for public transportation
industry based on empirical evidence collected from the mai actors of this industry.

This paper is organized as follows. The next section brie y pesents some previous research done
in this area. In section 3, we discuss the current state of theSwiss mobile payment market. In
section 4, we present ELECTRE | and the DSS we developed in ouresearch group. Then, in
section 5, we describe the MDCM model which comprises the ssited payment technologies and
several evaluation criteria. In section 6, we introduce thetechnique used for the data collection. In
section 7, the data collected are shown. In section 8, we preat the preliminary results obtained.
Finally, in section 9, we conclude with a short discussion ad further proposed research.

2. Related work

There has been a considerable amount of research focusing ¢ime adoption of mobile payments
using a consumer centric view (5, 6, 7, 8). Most of these resezh e orts led to a better under-
standing and describe the adoption factors in uencing the @nsumer in its intention to use the
payment solution. Other research has focused on nding the rost critical factor of success and
the di erent requirements of mobile payment systems (9, 10) Plou e et al. studied the adoption
intentions of consumers and merchants toward a new electrdo payment system (11). However,
in the research eld of mobile payments, we believe that thee is still research to conduct with a
multi-perpective approach (12). To the best of our knowledge, only few studies were done to assess
mobile payment technologies in order to support decision mking during mobile payment system
design process. Zmijewska (13) evaluated mobile payementirgless technologies using adoption
criteria derived from the technology acceptance model (14)and other extensions (7, 15). Chou
et al. (16) evaluated the performance of di erent payment systems by using the analytic hierar-
chy process (17) with technological, economic, and socialriteria. Other large projects were also
conducted in order to study the application of mobile techndogies in the public transportation
industry. One example is the EU project named Trascom (TRavdlel ASsistance for COmbined
Mobility: http://www.trascom-ec.net).
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3. Brief overview of the Swiss mobile payment market

In this section, we provide an overview of various initiatives known of mobile payments more or
less related to the public transportation industry. Based an a rapid survey, our results show that
there is not any globally accepted mobile payment solutionm the Swiss market. Nevertheless, there
have been some trials running and some project developmenta this eld but nothing major for
the consumers.

3.1. Contactless card schemes

Most of the popular contactless card schemes were developéor ski resorts and closed corporate
environments. The Kudelski Group is very active in these donains with Skidata and SportAccess.
Moreover, during December 2004 and April 2005, in a joint infiative with PostFinance (i.e. the
Swiss Post nancial branch), they ran a pilot project for whi ch some test subjects had a second chip
embedded in their Postcard (debit card) for ski ticketing. On their side, some public transportation
companies are also using contactless cards for ticketing a@nsubscription veri cation such as the
Galike card of the TL (i.e. Public transportation of Lausa nne) and other schemes in touristic
regions (e.g. Engadin Card).

3.2. Mobile phone schemes

Recently, PostFinance in partnership with Unisys also pregnted their latest mobile payment trial
based on mobile phones using SMS technology. PostFinancegpined a test pilot from July to
December 2005 with a thousand participants. During this trial, some merchants will accept this
payment instrument at twelve speci ¢ locations. These companies are the two largest swiss retailers
(i.e. Migros, Coop), McDonald's, two popular electronic retailers (i.e. Interdiscount, Mobilezone),
the Postshops, and the Swiss national railways (i.e. SBB). Tie merchants see bene ts not only
in terms of payment process improvement but also for target narketing purposes (e.g. o ering
coupons using a cutting-edge and cheaper distribution chamel). Besides, this payment scheme is
cross-MNO. PostFinance claims that their open solution cold integrate other nancial institutions
as well.

The payment process is initiated at the point of sale (POS) bythe consumer by (i) scanning the
barcode stuck on the back of the mobile phone and (ii) typing aPIN code on a terminal. Then,
(iif) the merchant enters the amount of the purchase on the sae terminal using a small externally
attached keyboard. From there, (iv) the information is directly transmitted to the PostFinance
m-payment platform. A few seconds later, if everything is ok (v) the consumer gets an SMS with
a barcode and some information concerning the purchase (naenof the merchant, the amount of
the purchase, and the date). If the consumer agrees, (vi) théarcode in the SMS has to be scanned
by the terminal to conclude the transaction. Finally, (vii) the terminal con rms the purchase and
the consumer gets a receipt of the purchase. The payment amaiiis debited in real time from the
customer's PostFinance account.

Depending on the success of this trial, PostFinance intendso launch it nationally in 2006. This
could have a major impact on the payment market. In fact, Postrinance is a dominant actor in
the payment tra ¢ market in Switzerland. PostFinance has 2. 9 million accounts in a country of
7.4 million habitants. Moreover, they process about 800 milon transactions per year for a value of
70 million Swiss Francs in 2004 (about US$55 million). Theréore, this innovative initiative could
rapidly become a large payment scheme accepted at many merahts (already more than 90'000
POS terminals accept PostFinance current cards).

As already presented in our previous research (3), there waalso a project called m-Maestro that
regrouped the three national mobile network operators and ther major payment service providers
such as the nancial institutions. The m-Maestro project was mostly paperwork and nothing has
really been implemented, at least insofar.

Despite various trials in public transportation, nothing h as yet emerged from previous experi-
ences.
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3.3. Relative strategic positions of the stakeholders

After conducting two yearly consecutive sets of interviews we have been able to divide our sample
of experts into two separate groups. On one side there are egts who are optimist about the
future of mobile payments in the public transport industries. On the other side, some experts
think that there are big barriers (e.g. technical implementation issues, user acceptance uncertainty,
lack of business cases) before using wireless technologfes payment instruments. Nonetheless,
all experts agree that mobile phones might be one day used as gayment instrument. For this
analysis, we involved two groups of stakeholders: the proders (i.e. MNOs, nancial institutions,
and newcomers/intermediaries) and the merchants (i.e. pubc transport companies).

3.3.1. The MNOs position MNOs are clearly pushing mobile payments based on mobile
phones. Their position is understandable as their businessiodel might be threatened by technolo-
gies such as Voice over IP (VolP). Soon they might not be abled charge for phone calls and tra c
volume anymore. Some recent trends indicate that MNOs would er at fees for connectivity and
would become mobile service integrators. Thus, a mobile paypent service might become a require-
ment for their next potential business model. Moreover, as llustrated by interesting Japanese
business cases, MNOs are expecting great success of the umidng Near Field Communication
(NFC?1), an RFID-based technology with interconnection capabilties embedded in mobile phones.
This technology promises to enable simple information exchnges in security by simply bringing
two devices close together. A great number of new opportunies to o er innovative services have
already been imagined by the MNOs. One of them is clearly molé payments.

3.3.2.  The nancial institutions position Financial institutions in Switzerland are closely
watching this market evolution and the di erent trials. The y recently massively invested in the
EMV speci cations (i.e. a standardization e ort concernin g cards and terminals for interoperabil-
ity) to improve their current payment schemes. They likely want to push their card-based solutions
before going wireless. In other words, nancial institutions do not necessarily envisage investing
in a new technology as they are already satis ed with the one ey operate today. In the same
industry, PostFinance, known for its willingness to constantly innovate, perceives payments using
mobile phones as a promising new channel for their current panent scheme.

3.3.3.  The newcomers/intermediaries position On the newcomers' and intermediaries'
side, they still plan to act and secure their position in niche markets. However, they need to
continuously monitor their environment as external global payment solutions could be a threat for
their business. Moreover, some are already partnering withmajor nancial institutions to extend
their business model and strengthen their position as expas in the eld of contactless payments
and ticketing.

3.3.4. The public transport companies position For this industry, the payment instru-
ment is not seen as a strategic tool to gain a competitive advatage. However, the payment process
still remains crucial. Mobile payments are just consideredas a new channel that could make
fare collection more convenient. The public transporters §ll have interest in mobile technologies,
especially for mobile ticketing which is usually linked to mobile payments. The national railways
company (SBB) monitors constantly its environment for any potential innovation from which it
could bene t. Moreover, the SBB had developed several projets around the payment and ticket-
ing issue. As the nancial institutions are becoming more denanding with their EMV standard
(e.g. replacement of the terminals at the POS, special requements to handle sensitive data),
some companies might consider supporting other payment semes in the future. However, for the
moment there are no concrete plans. Several regional trangtation companies, such as the public

I NFC forum (founded by Nokia Corporation, Royal Philips Elec tronics and Sony Corporation): http://www.nfc-
forum.org
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transports of Lausanne (TL) and Geneva (TPG), have their own payment card, usually based on a
prepaid smartcard wallet. Even if cash is still the most usedpayment instrument (about 80% of the
transactions), their own payment scheme represents about3% of the transactions (i.e. Galaxy).

A global payment solution for the public transports in Switz erland has already generated some
interest. However, the market is still very segmented. Thissituation gives the impression that only
a national company, such as the SBB, will be able to reunify tle various regional companies.

4. A multi-actor MCDM approach

Technology assessment often leads to di cult choices for deision makers. In this activity, there are
a relatively high number of parameters and di erent possibiities for their respective weights. By
de nition, multicriteria analysis is a very good candidate method to deal with this type of complex
problems. Moreover, we contend that decision makers need tmodel the decision process in order
to be as logical as possible.

4.1. Introduction to ELECTRE |

Given this issue, we propose to use the MCDM method ELECTRE | @). This approach allows the
decision maker to select the ideal technology with a maximumof advantages and a minimum of
inconveniences in the function of various criteria. ELECTRE | was inspired by a very old democratic
rule of Condorcet, a French Enlightenment Philosopher. Whe an action A is better than an action
B in relation to most decision criteria and there are no criteria on which A is much worse than B
then we can state without too many risks that A is preferred to B. In other words, if A outranks
B (A ! B), the criteria to which A is better than B are su ciently imp ortant and the criteria
remaining (to which A is worse than B) do not raise signi cant opposition to the proposed relation.

ELECTRE | gives the possibility to model a decision making process by using the concordance
and discordance indexes and the outranking relations. Thea@ncordance index measures the degree
of dominance of one action over another, based on the relatevimportance weightings of the decision
criteria. The discordance index measures the degree to whican action is worse than another (18).
In summary, concordance and discordance indices can be vied as measurements of satisfaction
and dissatisfaction that a decision maker senses when chadog one action over another.

The outranking relations are usually obtained with a combination of a high level of concordance
and a low level of discordance. These levels are xed by a conodance and a discordance threshold
which can be seen as severity levels over and under which antam could outrank another.

Based on relatively simple hypotheses, the objective of ELETRE | is modest as it simply
proposes a subset of alternatives (in our case, technologiewhich de nitely excludes the "best"
solution. As a result, the decision maker has to be consciouthat the kernel (i.e. the set of non-
dominated alternatives) includes not only the "best" solution but also all the alternatives that are
hard to compare between each other.

4.2. ELECTRE I: algorithm

In order to better understand how results are obtained usingELECTRE |, we present the algorithm
of this method. To help illustrate, we will use a pair of technology a and b. Each criterion is assigned
a weight w; (j = 1,n; n = number of criteria). The concordance indexis de ned as follows:

1 X
Cap = o7 W
b 8j:g; () g (b
where W = j“:l w; and g;(a) is the score for technologya under criterion j.

The discordance indexis de ned as follows:

dap =0if g (a) gi(b) 8
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Otherwise,
g g(a
i
where ; is the range of the scale associated with the criterion j.
Both index values are then compared with the respective thrghold (s, and sy ) to determine
their signi cance. A concordance and discordance value areonsidered signi cant if

da;b =max
J

Ca;b Sc
dap <Syg

The outranking relation r,,, is de ned as:

( 1 ifcayp Sc and dyp <Sgq
I’a;b =
0 otherwise

4.3. A group decision extension for ELECTRE |

As previously claimed, a consensus between the major stakelders of the market is desirable. As
a result, the success probability of a global payment schembased on a unanimous technology
choice would be higher. Following this requirement, we had ¢ use a group decision approach. Bui
and Jarke have previously proposed a method based on ELECTRE for group decision making

(19). They suggested applying the min-max concept of game thory (20). In other words, to reach

a consensus, this method takes the most severe technologyadwations for each criteria done by

any actor. The group concordance (cg,) and discordance (d3,) indices could be de ned as:

Cop =Min[ Cay, jU=1;:5N]
dSp =max[da,p, ju=1;::5n]

and the group concordance (p®) and discordance (g®) thresholds can be respectively computed

as follows:
G

p
g =min[qju=1;::;n]

=max[p,ju=1;::;n]

where n is the number of actors.

4.4. A Multi-actor MCDM-based DSS

To process the data collected, we used a computerised-baséadlol (PylaDESS) developed in our
research group. It implements the two algorithms presentedn the previous section. The program-
ming language used to built this IT artefact is Python with wx python as the graphical user interface
(GUI) library. Particular attention was paid to the the desi gn of the GUI in order to facilitate the
visualization of the data and the outcomes (see Figure 1).

The IT artefact allow us to have any number of actors, criteria and alternatives (in our case,
technologies). It is very exible as we can change any paranter at any time during the analysis
(e.g. add/remove/madify actors, criteria, technologies, and other parameters).

The current version permits us to use qualitative values ("weak to excellent” scale) and transform
them using an ordinal-to-cardinal grading system. This scé can be customized and some three
pre-built scales are also proposed to assist the decision rker. In addition, an assistant guides the
user to create any new model.

Some sensitivity analysis features were also added to prade the possibility to test the robustness
of the model as well as to enable scenario building with a dedated built-in assistant. It is also
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Figure 1  The GUI of the DSS

possible to isolate two technologies in order compare themat each other. This IT artefact is still
in constant evolution and more features are being added redarly.

One purpose of this DSS is to conduct market simulations baseon the model built with the
experts data. We will discuss this topic as further researctin the "Conclusion” section.

5. The MCMD model: payment technologies and evaluation crit eria

In this section, we present various potential technologiesfor payment in the public transport
industry. Then, we will describe a set of selected criteria @rived from the literature as well as other
criteria judged relevant by the experts.

5.1. Payment technologies

Various wireless technologies can enable mobile paymentsrvices. We selected three technologies
that are good candidates for mobile payments. The rst choie is the contactless card embedded
with a RFID (Radio Frequency Identi cation) tag. These card s tend to become very popular for
many reasons. They are relatively cheap, somewhat reliabJeand very easy to use. They are mainly
used in the transport industry and other quick-services orented industries. Then, we chose mobile
phones using proximity networks such as Bluetooth, RFID, ard Infrared. This type of solution is
good for proximity payments in the real world. Finally, we in cluded mobile phone using remote
networks (e.g. GSM, GPRS). These devices are suitable for neote payments such as e/m-commerce
transactions. We also included three popular payment techologies such as money (cash), magnetic
cards (e.g. VISA, Mastercard) and smart cards (e.g. Proton)for benchmarking purposes.

Each of the introduced technologies has its advantages andrdwbacks. Some have limitations
that others do not have. For that reason, a mobile payment sevice provider should consider all of
these options before launching a scheme. Running an analgswith all these di erent technologies
should not only help us to compare their performance but alsogive us good insights about the
current situation on the market.
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Table 1  The selected technologies

Money (M)

Magnetic card (MC)

Smart card (SC)

Contactless card (RFID tag) (CC)

Mobile phone "remote" (GSM, GPRS, ...) (PR)

Mobile phone "proximity" (Bluetooth, RFID, Infrared) (PP)

5.2. Evaluation criteria

A rst collection of criteria was proposed to the experts. From this set, they had to select the
relevant ones and eliminate the others. They could also add ther criteria if they wanted. Each
expert had to feel that every criteria covered their domain d technology evaluation. We have to
emphasize that the experts had to select the relevant criteia to just evaluate technologies and not
solutions (i.e. business cases and models).

Ease of useThis criterion refers to " the degree to which a person believes that using a particular
system would be free of e ort' (14). Several researchers already underlined the importace of this
criteria for mobile payment systems (7, 15, 5).

Cost Cost is a broad criteria regrouping many di erent facets. In fact, there are the direct costs
(e.g. price of the technology, cost of implementation) and he indirect costs (e.g. infrastructure
operation and maintenance). Cost is certainly an important concern in a micropayment market.
The pro tability of the payment system is linked to the dier ent costs. In their multi-criteria
analysis, Chou et al. selected the cost criteria as one of theechnological factors useful to evaluate
mobile payment systems (16).

Reliability The purchase process should be awless as it involves a naral transaction. More-
over, reliability is highly desirable in order to enhance trust into the payment technology. This
criteria was also proposed by (16).

User/Market Acceptance We de ne this criteria as the degree to which the user and the derent
stakeholders are already consenting to accept a technologpr payment in the public transports.

Security Since we ask the experts to evaluate the technology and not # solution implemented,
this criteria represents the di erent security features a technology already embeds, such as encryp-
tion. Secondly, the experts had to take into account the degee of ease to implement security around
the technology. This criteria was also present in (16).

Flexibility Flexibility de nes the degree to which the technology can beadapted in many di erent
applications. Payments can be conducted at the POS but also@motely from somewhere else.

Value proposition improvement This criteria takes into account the improvement a technology
could bring to the customer when implemented.

Maturity Some technologies have already been developed and integeat for quite a few years.
Therefore, the technology can be considered as technicallyell known.

Speed In the public transport industry, the payment process has to be fast. Di erent technologies
have varying capabilities in terms of speed.

Scalability Payment systems should be able to grow in time (i.e. number otustomers and mer-
chants). Therefore, the technology should be scalable to based in both small and large environ-
ments.

6. Techniques used for data collection
For this study, we collected empirical data from several Swes key experts involved in di erent
industries. We conducted each structured interview separtely during June 2005. On average, each
interview lasted between 45-60 minutes.

For the mobile network operators, we interviewed a managern the strategic department respon-
sible for mobile payment at Swisscom Mobile, the market leadr in Switzerland (with 65% of the
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market share with an estimated market penetration rate of aimost 90% in 2005). On the side of the
nancial institutions, we collected data from a mobile payment expert working for Telekurs Multi-
pay, a leader for cashless payment transfers in SwitzerlandVe also interviewed project managers
working on the mobile payment trial of PostFinance. To diversify opinions, we met an expert work-
ing for SportAccess (a Kudelski Group company) which has vey strong expertise in contactless
payment schemes. As we wanted to study micropayments in the gblic transportation industry, a
logical decision was to interview mobile payment experts ofhe SBB, the national railway transport
company in Switzerland. In this industry, we also collecteddata from another project manager at
the TL (public transportation of Lausanne).

In summary, we interviewed experts working for the major acors in the nancial, telecommuni-
cation, public transportation, and contactless card indudry in Switzerland.

The MCDM method requires a large number of data and the time ganted by the experts was
somewhat short. Thus, we had to nd a way to collect the data in a very easy process for the
experts. We opted for the use of the "Pack of Cards" techniqueproposed by Simos (21). The idea
is to give to the experts cards with the name of each criteriorinscribed. Then, we asked the expert
to manipulate these cards, rank them, insert blank cards to einforce ranking di erences. We also
used this approach to get the data concerning the evaluatios of the technologies for each criterion.
It appears that the active participation by the decision-markers in the procedure gives them an
intuitive understanding of the approach (18).

We rst proposed to the experts a set of criteria extracted from the literature and also discussed
with one of the experts. Then, each expert could add any otherelevant criteria for themselves or
remove insigni cant criteria. Once they considered that the set of criteria covered all the evaluation
facet of a technology, the experts rst had to "play" with the criteria cards and rank them in order
of importance. Then, they had to use blank cards to emphasizéhe gap of importance from a group
of criteria to another. The next step was to play with the technology cards, group and rank them.
Finally they were asked to evaluate the groups made with a prposed scale (weak, fair, average,
good, excellent).

From these preliminary data, we computed the model to nd the rst results. Then, experts
will be showed their own results. To improve the rst set of data obtained, we will use a Delphi
technique (22). We will show the di erent actors' models to each other. Then, we will ask them
to give some remarks on the overall result before they recoider their evaluations. When they all
give their approval on their respective models, we will haveour rst stable model on which we will
start to build scenarios using an IT artefact presented in the next section.

7. The data collected

In this section, we expose the entire set of data we collectefiom the experts. These data are the
rst evaluations and might change after the Delphi. In a concern to preserve anonymity of the
current limited number of experts, we cannot yet reveal ther names and the industry. However, it
is has been planned to interview more experts to solve this ®ie in the near future.

Table 2 Transforming the rankings into weightings (Simos Te chnique)

Groupings # cards Positions Weights (non-norm) Weights (no rmalised) Total
S, R 2 1,2 1"22 =15 15—95 100 5 2 5=10
F 1 3 3 = 100 11 1 11=11
E,A 'S 3 45,6 £ =5 ?—; 100 17 3 17=51
Blank card 1 (7 | [ |
C 1 8 8 2 100 28 1 28=28
Sum 7 29 100
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We performed the transformation of the rankings into importance weightings of the criteria
using Simos Technique (21). We illustrate this process in Thle 2 with the data of one expert. The
groupings are arranged from worst to best, taking the blank ards into account.

The importance weights of the di erent experts ( E,) are represented in Table 3. The totals are
displayed just to measure the score of each criteria. Howevgindividual weights will be used in the
analysis, not an average or normalized weight. We believe #t each expert has di erent priorities.
The spread is showed in the last column 4 = max. weight - min. weight). This enables us to
indicate if the experts agree with the importance of each ctteria (the lower the more the experts
agree with each other).

Table 3 Weights of the criteria for each expert
Criteria El E2 E3 E4 E5 E6 Total | 4
Ease of use 17 24 17 15 25 21 119 | 10
Cost 28 24 18 6 14 8 98 | 22
Reliability 5 24 17 19 14 12 91 19
User/Market Acceptance 17 4 8 6 12 21 68 | 17
Security 5 12 8 6 14 18 63 13
Flexibility 11 12 8 19 7 5 62 14
VP impr. nfa nla 8 23 7 3 41 | 20
Maturity na nla 8 6 7 12 33 |6
Speed 17 na n/a n/la nla nla 17 | nla
Scalability nla nla 8 na nla nla 8 n/a
Total 100 100 100 100 100 100 600
# Criteria 7 6 9 8 8 8

* E1 considered these two criteria as standard today.
** E2 combined Ease of use & Speed, Reliability & Maturity, an
*** E3 combined Ease of use & Speed

d Flexibility & Scalability

Table 4 summarizes the experts evaluations with the with a poposed scale (w=weak, f=fair,
a=average, g=good, e=excellent).

Table 4 Data collected from each expert
Expert 1 Weights M MC SC CC PR PP Expert 2 Weights M MC SC CC PR PP
Cost 28 a g g f a f Cost 24 f a f f e e
Ease of use 17 a a a e f e Ease of use 24 a g g g f f
Speed 17 a f f e f e Reliability 24 e g g f w oW
Acceptance 17 e g g f f f  Security 12 w f e g f a
Flexibility 11 f e e f g g Flexibility 12 w a a a e a
Reliability 5 e e e g g g Acceptance 4 e e e f f f
Security 5 a g g a a a
Expert 3 Weights M MC SC CC PR PP Expert 4 Weights M MC SC CC PR PP
Cost 18 g g a a w w VPimpr. 23 f a a g w e
Ease of use 17 w f f e e w  Versatility 19 w f f a e e
Reliability 17 f f e e f f  Reliability 19 a a e e w g
Security 8 w W e e g g Ease of use 15 e g g e w a
VP impr. 8 w f f e e e Cost 6 e a f a g w
Flexibility 8 ww a a a e  Security 6 f g e e g e
Acceptance 8 e e e e g g Acceptance 6 e g a a w W
Maturity 8 e e e g g w Maturity 6 e g a a f w
Scalability 8 w a g g e g
Expert 5 Weights M MC SC CC PR PP Expert 6 Weights M MC SC CC PR PP
Ease of use 25 e a a e f w Ease of use 21 a e e g f w
Reliability 14 fow e e g g Acceptance 21 e e e a f w
Cost 14 w a a g w g Security 18 w f e a a e
Security 14 w a g g f f  Reliability 12 g g e a f w
Acceptance 12 e g a a f w  Maturity 12 e e e w w a
Maturity 7 e g g g w w Cost 8 g e e f a w
Flexibility 7 a a e a e e  Flexibility 5 w f g a e f
VP impr. 7 f a a a g g VP impr. 3 w W e g a f

M=money, MC=magnetic card, SC=smartcard, CC=contactless

card, PR=mobile phone remote, PP=mobile phone proximity
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8. Preliminary results

In this section, we present the rst results obtained with th e collected data from six experts involved
in di erent industries. The results are presented with outranking relation graphs that are easily
understandable. As presented before, if technology A outraks B, an arrow will go from A to B
(A ! B). When there are not any outranking relationships betweentwo technologies, it means
that they are incomparable between themselves and all othes. In other words, we cannot indicate
which one dominates the other. If an arrow goes from A to B and Bto A, it just means that the
two technologies have the same evaluations (i.e. they are egalent).

Figure 2 shows the outranking graphs of the six experts with &hreshold of 75 for the concordance
and 25 for the discordance (a rather standard degree of sevgy) for each model. Due to the limited
space, we decided not to include the concordance and discadce of each experts. The circled
solutions are the non-dominated technologies. In other wals, they belong to the group of the
"best" solutions and/or they are hard to compare to each othe.
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Figure 2 Results of the experts

These preliminary results already show that some experts & consciously or not pushing the
solution they use or sell. This could be partly due to the factthat these experts know well the
technology they work with. They might have fewer insights into the other technologies proposed.

Two experts (2 and 6) judged that the smartcard outranks the contacless card and two other
experts (3 and 4) thought the opposite. The ease of use and vaé proposition improvement are
two criteria proposed by an expert in favor of the contactles card dominance. Another expert
considers smartcards to be more reliable, more secure, andready much more accepted by the
users and the market in general.

In general, the mobile phone-based technologies do not penfm well as reliability, acceptance,
maturity, ease of use, and cost are evaluated to be insu cieth compared to the other technologies.
The evaluations can be seen in Table 4. During the interviewsall the experts recognized a future
potential of these technologies for payment purposes. Hower, they all feel that the current market
is not yet ready and some technical improvement should be dom especially in terms of the user
interface.
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As Figure 3 demonstrates, there is a group consensus on onlyne outranking relation. Every
expert judged smartcards better or as good as magnetic cardd he reliability and security dom-
inance of the smartcard usually explains this outranking rdation. This is a trend that can be
observed in the current market. To enhance security and relbility, nancial institutions already
started to replace their classic magnetic cards with smartards. Moreover, the public transporta-
tion companies already have payment schemes using prepaidallet on smartcards. Therefore, it
is not a surprise that every expert designated smartcards tadominate magnetic card technology
in the public transport industry context. Concerning the no n-dominated technologies (the circled
solutions), we cannot say much besides that the "best" altenative might be in this group and
that these technologies are not comparable to each other. Tik is probably due to the fact that
some experts evaluations were contradictory. In the case axtreme opposed evaluations, a Delphi
technique is desirable to con rm or reduce these disparitis between some experts.

—
O o
o O

Figure 3 Results of group (consensus)

9. Conclusion

The mobile payments assessment for the public transportatin industry remains a di cult task as
the future market is still uncertain, complex, and variable. In light of the progress made in Japan,
some stakeholders already recognize the possibility to irsvate payment systems in the public
transport industry. However, as our models shows, the expds' positions are still contradictory
for several technologies. Therefore, a reevaluation of th@references using a Delphi technique is
desirable to unveil more precise results to con rm our rst insights. Categorical interpretations
should not be made at this current stage as some experts miglthange their opinion. However, some
obvious trends can still be observed, such as the relative aninance of the card-based solutions.

Even though these results may seem weak at rst sight, they neertheless provide a fairly realistic
view of the current condition of the Swiss market.

Using a MCMD method helped us to study the market with a more structured and rational
approach. Moreover, the DSS we developed was very useful fatata input, computations and
outcome visualization. Another important capability of our tool is sensitivity analysis.This kind
of activity would not be possible without the help of a dedicaed computerized tool. Once we
will obtain the reevaluations, we will be able to simulate changes and observe which criteria or
experts could change the group consensus. This will help tonyveil weak signals and therefore,
give us insights to perceive new future potential scenariasFor example, we could simulate an
improvement of mobile phones in terms of ease of use and rehdity. We could also insert a new
potentially disruptive technology and observe the reaction of the model to get rst impressions of
its performance compared to current technologies.

The promising preliminary results encourage us to continueour research by conducting a reeval-
uation of the preferences using a Delphi technique. In furtler research, we plan to build scenarios
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based on the model we will obtain after the Delphi process. Oa or two experts will be asked to
give comments and recommendations based on the situation deribed in the scenarios. Moreover,
we plan to interview more experts in order to study if experts from the same industry already
reach a consensus.
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