A MULTI-ACTOR, MULTI-CRITERIA
APPROACH FOR TECHNOLOGY SELECTION
WHEN DESIGNING MOBILE INFORMATION
SYSTEMS

Jan Ondrus', Tung Bui?, and YvesPigneu*

]Universily of Lausanne, Switzerland; ZUniversiZy of Hawaii at Manoa, USA

Abstract:

Key words:

1.

The fast ever-growing number of newly introduced mobile technologies makes
the development of mobile information systems a somewhat complex activity.
Decision makers - providers, merchants, and consumers aike - have to face
great uncertainty and complexity regarding the acceptance of mobile
technologies. Therefore, we stress that the selection process of an enabling
technology for mobile commerce should be preceded with the use of a
structured assessment methodology. With different available aternatives and
various criteria for technology evaluation, multi-criteria decison making
methods seem to be appropriate to support this selection process. Moreover,
the success of introducing a new technology in a mobile information system
depends on the preferences of varied involved actors in the market. We also
consider in our approach the existence of multiple actors for the search of a
technological consensus. As an illustration, we apply our approach to the
mobile payment industry.

Technology selection, multi-criteria decision making methods, Electre, mobile
payments

INTRODUCTION

The widegread adoption of mobile devices has paved the way for the
developmert of mary innovative applicaions. However, the desgn of such
applicaions or mobile informaion systemsraisescritical techical aswell as
business issues This is parly due to the uncertinty surrounding the
articipated succes or failure of emaling techmologies The tradtional
software and requiremerts ergineering concepts, tools, and metods for
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aralyzing, designing, and implemerting mobile informaton systemsarethe
essertial pergecives of this workshop. The choice of the appropriate
emaling tecmologies is key and has to be considered during the desgn
proces.

For example, in the transportation industry, a mobile informaton system
would integrate various mobile services One of themis the mobile paymert
system. During its developmert phase, the IS desgners have to consider
different technologies with a great amount of uncertainty. They have the
choice between card-based and phone-based solutions. Apart from the
physical form of the device, they also have to appraise the applicaklity of
the possible emtedded technologiesin eachdevice. In other words, RFID
contactess cards arelimitedto physical trarsacions whereasmobile phones
using SMS erade both physical and remde trarmsactons. Moreover, for
comparison purposes they have to conduct an evaluation of various
tecological agects such asthe cost, the ea® of use, and the security.

Thus, there seemsto be a needfor a more structured approachto support
these types of evaluations and decisions. We contend that multi-criteria
decision making (MCDM) approaches are well adapted for the problem at
hand. MCDM methods imply a modeling aciivity, which should clarify
mary agect, making the decision proces more transparert. Moreover,
Stewart considers MCDM to be largely concerned with the degdoymert of
systematc methods to help address problems characterized by incomparable
objecives multiple stakeholders and conflicting interegs (Stewart, 1992).
Consequerntly, MCDM methods seem to be appropriate for techology
selecion in a multi-acor context wheretechological consensus is vital for
succes.

The objective of the paperis to illustrate the feasbility of using MCDM
metods to select emalding techologies in the desgn proces of mobile
information systems This paper is structured as follows: in Secton 2, we
briefly discuss the potertial of MCDM methods for technology asesmert.
In Secton 3, we presert a MCDM procedure for the tecmology selecion,
using a well-known technique of preferencesaggregation with first insights
into the mobile paymert industry. Finally, in Secton 4, we conclude with a
summay.

2. MCDM FOR TECHNOLOGY ASSESSMENT

Multiple criteria decision metods, in gereral have proven useful in
supporting decision making (Keen 1977; Zeleny, 1982). Few attempts were
mack to assess tecmologies with MCDM methods. Chan et al propose to
use fuzzy MCDM method to determine bed tecmology selecion. They
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preen a systematc approach using the concept of fuzzy set theay and
hierarchical structure amalysis to help decision makers to make suitabe
decisions in uncertain ervironmerts (Chan et al, 2000). Sab et al. sugges
the use of MCDM for technology foredsght. They argue that there is a
potertial "in termsof lerding rigor and trarsparercy to foresgght procesO
(Sab etal., 2003). Chou etal. triedto apply a multi-criteria decision making,
such as AHP (Saaty, 1980), to assess mobile paymert (Chou, et al., 2004).
They amalyze and explain the performarce of different current paymert
instrumerts with tecmological, ecanomic, and social factors. Their objective
wasto use these diff erert factors in order to explain succes or failures One
mativation of this aralysis is that a paymert system: Oan be flawed
techologically but gtill becane the de facto e-payment scheme due to the
advantage of anedablished customer base" (e.g. Chou, etal., 2004).

3. MCDM PROCEDURE FOR TECHNOLOGY
SELECTION

In this secfon, we outline the bad ¢ steps usedin MCDM asthey apply to
the tecology selecion. It consists of the following steps:
Definition of the problem and its alterrative solutions
Idertifi caton of the stakeholders
Definition of selecton criteria
Sekecion of the techique of preferencesaggregation
Evaluation of solutionsin repectto eachselecion criterion
Seachfor consensual solution
To illustrate the MCDM approach we use the mobile paymert industry
asthe running examge. In the light of the mary pag mabile paymert system
failures we consider this market to be an interesing case study for our
illustration. Moreover, we assume that there is a real needto amalyze and
compare the differert technologiesusing a more structured approach. There
are also various importart acbors to include in our model. The propose
amalysis is just for illustraton purposes The data that are used for this
aralysis are derived from an extersive resarch in the literature, from
opinions of few experts, and also from interviews conducted in Switzerland
for the purpose of a previous publishedresearch This wasdone asfirst data
inputs to run the model in order to evaluate the pertinence of MCDM method
for asessing the mabile paymert market

SESE RO

Definition of the problem and its alternative solutions. With the
continuous growth of the mobile industry, a variety of wireless techmologies
emegedin order to erable new mobile products and services Some of them
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could be well used for mobile paymert services However, these
tecologies differ not only in their capakilitiesbut also in the impact they
have on the diff erent stakeholders For the purpose of this paper, we selected
three tecologies that are known to be leadng candidates for mobile
paymerts. The first altermative is the contact ess cardembedded with a RFID
(Rado Frequercy Idertificaion) tag Thes cards terd to became very
popular for mary reasons. They are cheap reliabe, and very easy to use.
Then, we chose mobile phonesusing proximity networks such as Bluetooth,
RFID, ard Infrared This solution is good for proximity paymert in the real
world. Finally, we included mobile phone using remae networks (eg. GSM,
GPRS, UTMS, EDGE, WLAN). Thes devices are suitalle for remade
paymerts such as e/m-commerce trarsactions. Each of the introduced
techologies hasits advantages and drawbacks. Some hawve limitations that
others do not have. For that rea®n, a mobile paymert service provider
should consider all thes options before launching a scheme. For
benchmarking purposes we also included two very popular paymert
techologiessuch asmagetic carcs (eg. VISA, Magercard and smartcards
(eg. Praon). Thiswill help us not only to comparethe new mobile with the
existing tecmologiesbut also give us good insights about the current market

Table 1. The Technologies Selected for the Mobile Payment Case

Technology Example

Conctactless card (RFID tag) Octopus (Hong Kong)

Mobile phone "proximity" (Bluetooth, RFID, Infrared) Moneta (South Korea)

Mobile phone "remote" (GSM, GPRS, etc) Paybox (Austria)

Magnetic card Visa, Mastercard (Worldwide)
Smartcard Proton (Belgium)

Identification of the stakeholders. As there are various idertified
stakeholdersin the mobile paymert industry, we classified themin differert
groups. We distinguish acbrs involved in mobile paymert transacions
directy (playerg ard indirecty (ruler§. The rulers set a legal framework
(requlators) by making rulesand controlling othersDobedence, while there
are also diverse acbrs (technology supplierg in charge of providing the
techology to the players On their side, the players repreent the demard
(mercharts and consumerg and the supply (mobile paymert service
providers. For our research, we choose to include only the players asthey
arevery importart sincethe succes of a mobile payment schemenecessarily
depends on their adoption. Moreover, they must be convinced about a
tecological consersus in order to erharce the succes of a particular
solution.

For our amalysis, we formed three stakeholder groups: provider,
merchant, and consumer. We assume that thereis a general consensus about
the issues they individually worry about. Indeed all the mercharts agee
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with each other. They are all part of the same group. The same assumption
hasbeenmacde with the other stakeholders

Definition of selection criteria. Criteria are used to capure the points of
view that decision-malkers use as a frame for reference in their selecion
process. Criteria should be comprehersive in that when taken all together,
they should be able to represent a rather complete pergecive of the user
with regard to the problem. Tabe 2 summarizesthe criteria adopted by each
of the three groups of stakeholders in the selecion of mobile paymert
techologies Due to space constraints, we just provide the list of the
stakeholderscriteria usedfor our case. They are derived from the literature.

Table 2. List of the stakeholders criteria

Provider Merchant Consumers
Cost Cost Cost
Organizational change Customer base Ease of use
Security Ease of use Expressiveness
Standard Rdiability Trust

Security Universality

Value proposition improvement Usefulness

Selection of the technique of preferences aggregation. As discussed
earier, MCDM allow aralysis of seweral criteria simultaneously or
concurrerntly. These criteria may be either quartifiabe (eg. cost, speed, efc)
or non-quartifiabe (eg. quality of service,eghetics, etc). More importartly,
at leag from the decision-maker viewpoint, the multiple objectves often
work against eachother. The improvement or achievemert of one criterion
canbe accomplished only at the experse of other.

MCDM also allow consideration of the decision-maker subjectve
evaluation which is often crucial in decision problems In most MCDM, the
decision-maker can express his’her preferencesby weighting the evaluation
criteria, making pairwise judgements or by simply giving an ordinal rarking
of a subset of altermatives The preference aggregation proces can be
algorithmically precise (e g. multi-objecive linearprogramming) or heuristic
(eg. spacial proximity). Quartitatve or qualitatve tecmiques such as
simulation or scerario amalysis canalso be used aspreliminary analysis prior
to the use of a MCDM (Bui, 1987). Stewart (1992) and Sab et al. (2003)
offer areview of someof the most popular MCDM techniques

As an example of a techique of preferences aggregation, we chose
ELECTRE | (Bemayoun et al., 1966) for our mobile payment cas. This
approach allows the decision maker to select the ideal tecology with a
maximum of advartagesand a minimum of inconveriencesin the function
of various criteria. ELECTRE | gives the possibility to model a decision
making proces by using the concordance and discordance indexes and the
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outrarking relatons. The concordance index messures the degee of
dominarnce of one action over another, basd on the relatve importance
weightings of the decision criteria. The discordance index measures the
degeeto which an action is worse than another. In summary, concordance
and discordarce indicescanbe viewed as measirements of satisfaction ard
dissatisfaction that a decision maker senses when choosing one action over
another.

The outrarking relations are usually obtained with a combination of a
high level of concordance ard a low level of discordance. Thes levels are
fixed by a concordance and a discordarnce threshold which can be seenas
severity levels over and under which anacion could outrark another.

Based on relatively simple hypotheses the objecive of ELECTRE | is
moded as it simply proposes a subset of altermatives (in our cas,
techologie9 which definitely excludesthe "bed" solution. As a reallt, the
decision maker has to be conscious that the kerrel (i.e. the set of non-
dominated altermatives includesnot only the "beg" solution but also all the
alternativesthat are hard to compare betweeneach other.

Evaluation of solutions in respect to each selection criterion. The
purpose here is to help the decision-maker express his prefererces with
regardto the possible solutions. This prefererceelicitation is made in regect
to eachof the criteria consideredfor the selection problem.

Table 3. Evaduation by the provider group (for illustration purpose)

Criteria  Weight Magnetic  Smartcard  Contactless Mobile Mobile
card Card phone phone
Qemote®  QoroximityO
Cost 60% 4 3 3 1 2
Org. chan. 10% 3 3 3 1 1
Security 10% 1 3 3 4 2
Standard 20% 4 3 1 2 1

0=weak; 1 =fair; 2 = average; 3 = good; 4 = excellent

Search for consensual solution. As previously claimed a consensus
between the major stakeholders of the market is desralde. As a reallt, the
succes probahility of a global paymert scheme based on a unarimous
tecology choice would be higher. Following this requiremen, we had to
use a group decision approach Bui and Jarke (1984) have previously
proposed a metod based on ELECTRE | for group decision making. They
suggeded applying the min-max concegt of game theay (von Neumam,
1953). In other words, to reacha consersus, this method takes the most
severetecmology evaluations for each criterion done by any actor.
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Concordance Matrix

Magnetic Smartcard Contactless Mobile phone Mobile phone
Card Card "Remote" "Proximity"
Magnetic card - 65 35 65 65
Smartcard 20 - 40 85 85
Contactless card 20 60 - 70 100
Mobile phone "Remote" 10 10 25 - 40
Mobile phone "Proximity" 10 0 20 65 -
Discordance Matrix
Magnetic Contactless Mobile phone Mobile phone
Card Smartcard Card "Remote" "Proximity"
Magnetic card - 56 63 67 44
Smartcard 22 - 33 13 13
Contactless card 70 60 - 40 0
Mobile phone "Remote" 78 56 63 - 33
Mobile phone "Proximity" 70 60 50 56 -
Outranking Matrix
_ _ Magnetic Contactless Mobile phone Mobile phone
(P=.75 and Q=.25) Card Smartcard Card "Remote" "Proximity"
Magnetic card - 0 0 0 0
Smartcard 0 - 0 1 1
Contactless card 0 0 - 0 1
Mobile phone "Remote" 0 0 0 - 0
Mobile phone "Proximity" 0 0 0 0 -
Qutranking Graph Legend
Magnetic Concordance matrix
Card 100 = Al criteria favor the selection
Mobile phone 0 = No criteria favor the selection
"Proximity" - - ————_ - — = — —(Smartcard Discordance matrix
] P 0 = No opposition to selection
s N _ - - 100 = Total opposition to selection
. - - Outranking matrix
- < 0 = No outranking relation
Mobile phone - ~ . 1 = Outranking relation
"Remote" Contactless Outranking graph
Card A directed arrow shows that a
solution outranks the other

Figure 1. Group result (illustration)

4. SUMMARY

The use of MCDM for asessing the mobile payment market shows
encouragng reallts. In fact, even with our first exploratory data inputs, we
obtained intereging insights that are somewhat represertative of the current
market state.

The proposed methodology should improve the techology selecion
proces as it allows consideraton for multiple acbrs to express their
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peronal preferercesin the selection proces. With the use of a DSS, we
could perform sersitivity armalysis and visualizaion of the outcome
camhbilities DSS also presert the possibility to conduct market simulations
in orderto build evolving scerarios.

In conclusion, we hope that using MCDM could be a key componert for
improving the developmert of succesful mobile informaion systems asthe
choiceof techology is crucial.

A further research would be to apply this approachin a real setting and
therefae, capture the stakehol derpreferencesof the current market.
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