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ABSTRACT

In the last decade, the mobile phones are evolved from pure voice phone
application to data communications, mobile computations, and entertainment. Mobile
devices such as smart phones, pads, or the like gradually incorporate new wireless
technologies. One of such new technology is Near Field Communication (NFC)
which provides the simplicity and security communication.

Near Field Communication (NFC) is a new short-range wireless communication
technology that enabled contactless, safe and intuitive peer-to-peer communication
between NFC-enabled devices. The advent of NFC has given rise to several
interesting applications under short-range radio technology.

Many literatures focus on discussing the information developing in NFC field.
However, research which has empirically documented the link among NFC mobile
services, business model and business strategy is scant. Therefore, the aim of this
article attempts to explore the critical criteria of using NFC technology in NFC
mobile services. This research involved the quantitative methods and qualitative
methods. The quantitative analysis of the questionnaires was conducted through
Structural Equation Modeling methodology and DEMATEL methodology in order to
indicate the critical criteria based on the opinions of the users and the experts.

Results of this study proposed TRAUM model by structural equation modeling
methodology. The model was based on the users' opinions. In the emergence period,
the promotion and education for the consumers, the service in convenience and
security were necessary. The enterprise should also focus on the affection of the



community because the community can enhance the acceptance and using willingness.
The DEMATEL network relationship map based on the experts' opinions found
security, authentication, capabilities of the partners, and service offering were the
critical criteria of decision making.

The two quantitative analyses obtained the consistent results that the enterprise
should put more resource in the convenience, service offering, infrastructure, security,
and provide the corresponding NFC environment. The infrastructure should be based
on the service providing.

This study applied the finding of TRAUM and DEMATEL network relationship
map to discuss the business strategy of NFC mobile services. The study also took
NFC-Micro SD technology as the case to discuss the NFC mobile payment services.
The patent of NFC-Micro SD technology provides both the convenience and security
for the consumers. It tallies with the results of the TRAUM model and DEMATEL
methodology.

To conclude, this study may be of importance in explaining the business model in
NFC field, as well as proposing TRAUM ‘model, the combination with the
DEMATEL network relationship map to-offer the holistic view of business strategy.
TRAUM model provides the better explanation about the technology acceptance and
mobile services. The analytic model. and_ TRAUM can apply to evaluate the similar
research fields, such as technoelogy  acceptance,” technology product promotion,
e-service, mobile services and so forth. The study provides the researcher and the
enterprise with a better understanding of critical criteria and business strategy in order
to improve the decision quality.

Keywords: Near Field Communication (NFC), NFC-Micro SD Technology, TRAUM,
DEMATEL, Business Strategy, Mobile Service, NFC Mobile Payment, Technology
Acceptance, Behavior Intention
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1. Introduction

1.1 Background

With the growth of consumer electronics, Near Field Communication (NFC) is an
emerging and compellent technology nowadays. It characterized as a short-range
radio communication technology with much potential applications. The users can
communicate to each other with NFC-enabled devices. The users only simply put the
NFC-enabled devices close to each other, wave them, or touch them, the transaction
will be finished. The act of communication is called “to tap and go” or “tap-in”(Yaqub
& Shaikh, 2012). NFC allows users to exchange the data and service between two
NFC-enabled devices by identification passing. It also can apply to payments,
retailing, ticketing, electronic key, healthcare, .commercial applications and many
applications in life.

The market for NFC-enabled devices is greatly huge. According to the research by
Juniper Research, it is estimated the market of NFC will facilitate transactions value
at US $74bn by 2015 (Snow, 2012), and reach US $110bn in 2017 (Clark, 2012).
Frost & Sullivan anticipates that NFC-enabled mobile phones will reach 863 million
unites in 2015 and NFC-enabled mobile phones will represent more than 53% of the
overall market in mobile phones (Sullivan, 2011). The huge market emphasizes the
importance of NFC, and attracts more and more enterprises to promote NFC
applications to get the bigger market share.

There are three main NFC applications: Authentication, Payments, and Data
exchange. Among the applications, mobile payment is the first application in NFC
field. Mobile payments are the payments through mobile devices in wireless

environment, and are considered as the accelerator of M-commerce. The potential



profits from implementing mobile payments in the marketplace are huge. Juniper
Research (2012) (Holden, 2012) found that the NFC retail payments market will
exceed $180bn globally by 2017, more than a seven-fold increase over 2012. NFC
payments become the next popular application in NFC field.

Most academic literatures focus on the NFC technical issues and consider NFC
mobile services with the bottleneck to promote, such as higher cost, indefinite profit
model, and low promotion willingness of key players. Common sense seems to
indicate its importance, but we lack empirical support. Therefore, this study seeks to
contribute to our growing understanding of the critical criteria of using NFC
technology. By the quantitative finding, it may lead to a better understanding of
strategies making of NFC solution. Analysis results are of great interest both for
application and scientific research.: The practicality of the proposed methodology is
demonstrated through a new NFC. technology, NFC-Micro SD technology. While
research on these questions is-still ‘at a-beginning stage, findings will have broad

implications in a number of areas.



1.2 Research Objective

With the increasing usage of mobile services, the requirements for NFC technology
have become more and more critical. The main objective of this research was to
understand the critical criteria of using NFC technology and make the appropriate
strategy. To that end, the following issues were posed:

(1) The critical criteria of using NFC mobile services based on the users’ concepts.

(2) The critical criteria of promoting NFC mobile services based on the experts’

opinions.

(3) A conceptual framework for linking user acceptance and experts’ decision

making.

(4) To recommend promising .application strategy for the new NFC solution,

NFC-Micro SD technology.



1.3 Overview

For these objectives to be achieved, the paper is structured as follow:

The first section of the study is a review of the literature, addressing both empirical
and theoretical aspects of NFC technology, NFC-Micro SD technology, main NFC
mobile service, business model, UTAUT (Unified Theory of Acceptance and Use of
Technology), Technology Readiness, and Post-Acceptance Model. This is followed by
the research methodology with full details of the participants in the research, and of
the instrument and procedures used. The results for the various analyses are then
presented, with a thorough description. Finally, conclusions are presented and
suggestions are made for further research.

The structure is as shown in Fig. 1:
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2. Literature Review
2.1 Near Field Communication

2.1.1 Overview

Near Field Communication (NFC) is a standard based short-range wireless
connection technology that enabled simple and safe peer-to-peer interconnections
between electronic devices (Agrawal & Bhuraria, 2012) (ECMA, 2005). Based on the
Radio Frequency Identification (RFID), it uses the magnetic field induction to
communicate between electronic devices (it also called contactless target or simply
tag) and the transceiver (it also called read-write-device or simply reader or writer)
(Falke, Rukzio, Dietz, Holleis, & Schmidt, 2007)..RFID is an asymmetric technology
because only the reader/writer device can initiate the data transmission (Jirgen Morak,
Kollmann, & Schreier, 2007). On'.the-contrary, NFC allows the two-way
communication between the two devices.

NFC is based on RFID technology and use the same communication mechanism. It
combines the benefits of RFID and wireless communication technologies, included
Bluetooth, WLAN, IrDA (FRCGP et al., 2005). The NFC standards (NFC Forum,
2013) were proposed in 2003. It operates in the unlicensed frequency band of
13.56MHz. The data transmission rate of NFC is up to 424 kBit/s between devices
over a 10 centimeter (4 inches) distance. The transmission module inside can operate
as the reader/writer component to access the tags, and the contactless smartcards
based on proximity-card standard (ISO 14443), like Mifare (included NXP, Gratkorn,
Austria) and Felica (included Sony, Tokyo, Japan) products (Jurgen Morak et al.,
2007). It combines the smartcard interface and the reader in a single device. NFC

devices could communicate with the existing smartcards, the contactless readers, and
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support two-way communication between the other NFC-enabled devices in active
and passive mode.

NFC devices can send and receive the data at the same time. The basic idea of NFC
is to introduce a communication session by an intuitive, easy to operate, and secure
way. Users only simply wave the NFC-device closed the reader device or point to the
reader device which can receive the NFC signals, the transaction can be completed
immediately. Therefore, NFC is appropriate to be integrated in the consumer
electronics devices, like mobile phones, Tablet PC, MPs, Personal Digital Assistants
(PDA), watch, digital camera and so on. NFC really has a wide application in every
aspect.

Nokia made the first available mobile phone with NFC technology (Nokia, 2004).
To enable the NFC technology, users have to equip a special NFC shell with the
mobile phone. It makes the mobile. phone can read data from RFID tags as well as
communicate with other NFC-enabled - devices:-As the service is provided, the built-in
application is initiated for a phone call,.sending the SMS, or connecting to a defined

web service.



2.1.2 Goal of NFC

The current situation of the mobile communication and consumer electronics can
be characterized by the convergence of devices and the growing needs for connecting
the devices. Simplicity and security are the two primary goals. The main driver for
creating the Near Field Communication Interface and Protocol (NFCIP-1) is to make
the users able to create a connection between two devices without any special
knowledge about the network, and any NFC-enabled device could be connected
securely. As the two devices identify each other, they can exchange their configuration
data via NFC and the devices can set up and continue communication either with NFC
or via other communication channels (e.g. Bluetooth or WiFi). The concept that
brings the devices together or makes them touch to.communicate is greatly simple.

Users only put the NFC-enabled devices close-to each other to establish the
communication between the NFC-compliant.devices easily. Also, one action taking
the devices away can cut the communication:: The simply actions yield the inherent
security. As long as there are no other NFC-devices with a 10-centimeter radius,
there’s no communication. Another important benefit of NFC is the support for the
passive communication mode. Thus, the complete communication can be powered
from one side only.

The NFC protocol is also compatible with the widely used contactless smart card
protocols. Thus, NFC-enabled devices can be work with the smart cards and can be

used instead of the smart cards.



2.1.3 NFC Standard

In fall 2002, NXP technologies (Philips Semiconductor Operator) and SONY
reached agreement to develop NFC technology. The two companies submit the draft
specifications to ECMA International, which is responsible for standardizing
information and communication system. NFC is an open platform technology which
is standardized in ECMA 340 (ISO/IEC 18092), ECMA 352 (ISO/IEC 21481), ECMA
356 (ISO/IEC 22536), ECMA 362 (ISO/IEC DIS 23917) and ECMA 373. The
standards are as follows:

(1) ECMA 340 (ISO/IEC 18092)

The standard specifies modulation schemes, codings, transfer speeds, and frame
format of the Radio Frequency (RF) interface, and anti-collision. It also specifies the
active and the passive communication modes.and data exchange methods for wireless
interconnection between the close devices-and access to mechanism to detect and
select one communication mode out of.three possible communication modes.

(2) ECMA 352 (ISO/IEC 21481)

The standard specifies the mechanism to detect and select one communication
mode out of three possible communication modes.

(3) ECMA 356 (ISO/IEC 22536) and ECMA 362 (ISO/IEC DIS 23917)

The two standards specify RF-test methods for ECMA 340 devices with antennas
fitting within the rectangular area of 85mm by 54mm.

(4) ECMA 373

The standard specifies the signal wires, binary signals the state diagrams and the bit

encodings for three data rates between a transceiver and a front-end.



In March 2004, NXP, Sony and Nokia founded a non-profit NFC Alliance, NFC
Forum. It contains more than 150 members included intelligent chip manufacturer,
bank, credit card issuers and so on. Its major members: HP, NXP (Philips), Sony,
Texas Instruments, Nokia, NEC, Samsung, Motorola, MasterCard, VISA, Panasonic,
Microsoft, Gemalto, Vodafone, Siemens, Giesecke & Devrient, Infineon; in other
words, it contains the key players of the mobile communication and consumer
electronics market. NFC Forum also establishes 15 important specifications and is

authenticated by I1SO, IEC, ETSI and ECMA.
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2.1.4 Operation Mode in NFC

NFC technology provides three operating modes and each mode differs from one
another in terms of communication and data processing model. Each mode has
distinguishable characteristic. Thus, each mode can offer different possible business
opportunities and different value-added activities. The three operating modes are Card
Emulation mode, Reader/Writer mode, and Peer-to-Peer mode (NFC Forum, 2013):

(1) Card Emulation mode

In Card Emulation mode, the data is transferred from mobile device to NFC reader.
NFC-enabled device can acts as the RFID card, and other NFC-enabled devices can
read the data from the NFC-enabled devices. Therefore, there’s not the need of NFC
tag or RFID card, and the mode can store information in NFC-enabled devices for the
further operations.

The most important benefit of the.moede-is-identified as elimination of carrying a
physical object, such as credit card, cash, physical keys, etc. NFC technology also can
provide access control, since it provides an authentication mechanism. Attendance
control is another example of access control provided (Miraz, Ruiz, & Gomez-Nieto,
2009). It authenticates students while attending to class. Therefore, the identified
benefits of the mode are elimination of carrying a physical object and obtainment of
access control.

(2) Reader/Writer mode

In Reader/Writer mode, the data is transferred from NFC tag to mobile device or
from mobile device to NFC tag. The NFC tag is the passive tag and enabled by NFC
devices. The passive tag doesn’t need any source of power. Active NFC-enabled
device can create magnetic inductive coupling and transfer the power to the smart

card. While the smart card is powered, the data communication begins. The speed of
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data communication can increase up to 106 Kbit/s in the operating mode.

Many applications are developed in Reader/Writer mode because so many
scenarios can be adapted to NFC applications by using this mode. Smart poster
applications are one of the most important of the mode. Users can read data from
NFC-enabled posters using their NFC-enabled mobile devices and gain mobility from
the process. Users can also read their exclusive mobile coupon for shopping. Visitors
can read the guidance in the museum or scenic spot by their NFC-enabled devices.
The patients can upload their medical information (Jurgen Morak, Schwetz, Hayn,
Fruhwald, & Schreier, 2008) (J Morak, Hayn, Kastner, Drobics, & Schreier, 2009) by
NFC technology and get the advice from the doctor at once. Reader/Writer mode can
provide less physical effort usage and more convenience.

(3) Peer-to-Peer mode

In Peer-to-Peer mode, the data,is transferred between two NFC-enabled devices.
The mode is standardized on ECMA.340-(ISOGHEC 18092) standard, and allows data
speed up to 424 Kbit/sec.

The applications of the mode are fewer than other modes. The study is generally for
data transfer operations, such as exchange business cards (ECMA, 2005). The file
transfer between the NFC-enabled mobile phone and NFC-equipped computer is also
permitted. Thus, peer-to-peer mode provides easy data exchange between devices.

The benefit of the three modes is listed in the following table:
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Table 1 Benefits of NFC Operating Modes (Ok, Aydin, Coskun, & Ozdenizci, 2010)

Card Emulation Mode | Reader/Writer Mode Peer-to-Peer Mode

(1) Increases mobility
(1) Elimination of (2) Decreases physical

carrying a effort Easy data exchange
Benefits
physical object (3) Ability to be adapted | between devices

(2) Access control by many scenarios

(4) Easy to implement
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2.1.5 Comparison to NFC and Existing Wireless Communication

Technology

The near distance communication technologies contain Bluetooth, Zigbee, Near
Field Communication (NFC), and so on. They all have the characteristics of each,

included the transit speed, the communication distance, and the unique specification.

In Table 2, we could see the comparison between them.

Table 2 Comparison to the near distance communication technologies

NFC Zigbee Bluetooth
Price $3 US $4 US $5 US
Security Highest Medium High
Transmit Speed | 106-424 Kbps 10-250 Kbps 1 Mbps
Distance 0~20 cm 10~75m 0~10m
Frequency 13.56 MHz 24GHz 2.4 GHz
ISO/IEC 18092
ISO/IEC 21481
Standard IEEE 802.15.4 IEEE 802.15.1X
ECMA 340
ECMA 352
Consumer ) Configuration
) Touch and wave Get Information
Experience needed

In the comparison, we find NFC is a better technology as compared to existing near
distance wireless communication technology in terms of lowest price of the chip, the
highest security, the minimal interaction with display and keypad, and the consumer

experience of using NFC.
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For the consumer electronic market, the consumer experience is the most important
characteristics for the consumer. For the consumer, NFC has the highest security and
better consumer experience. It will elevate the willingness of the consumers to use,

especially as a new function of the mobile phone.
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2.1.6 NFC Technology Developments

NFC technology is considered the mainstream technology of the next generation
for mobile phone products. Many organizations collaborate with the NFC Forum
actively (Clark, 2013). The handset manufacturers and mobile network operators both
invent in NFC field and launch the NFC-enabled products to get the bigger market
share. The competitive condition results in several kinds of the NFC products to apply
in mobile phones. There are multiple ways by which the mobile devices can be made
NFC-enabled, included NFC-Tag, NFC-Mobile Phone, NFC-SIM, NFC-SWP SD and
NFC-Micro SD as follows:

(1) NFC-Tag

It’s a form of sticker. While the sticker is attached to the device, it can be used as
the NFC-enabled device. The stickers can be considered read-only, read/write, or
write through a special tag writer. The type-of;stickers is according to the intended
use.

(2) NFC-Mobile Phone

The handset manufacturers place NFC chips into the mobile phones in
manufacturing process and install the NFC program in advance. The process makes
the mobile phone as NFC-enabled device.

(3) NFC-SIM

The flexible NFC chip is added on the subscriber’s original SIM card which could
provide additional NFC services and use the application and services from the third
party developers. However, the chip is sensitive to the electromagnetism, especially
the battery of the mobile phone. To solve the problem of the electromagnetism, the

flexible flat cable has to add on the NFC chip to block the impact of the battery.
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(4) NFC-SWP SD

The technology integrates NFC chip into Micro SD card. Because the NFC chip
integrated is with no antenna module, the integrated Micro SD card must add
additional RF contacts on it. The additional RF contacts can communicate with RF
antenna in mobile phones to transmit NFC signals.

(5) NFC-Micro SD

The most important feature is NFC chip packages the antenna module inside in
advance and is built-in the Micro SD card. Therefore, NFC-Micro SD technology
doesn’t have to change the size of NFC chip and Micro SD card, and can apply in
every kind of phones.

Among the technologies, NFC-Mobile Phone, NFC-SIM, NFC-SWP SD and

Handset Handset Handset
e | __cpu _ CPU

=

Figure 2 The four NFC-enabled mobile devices (Source: AboMem Corp.)
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The comparison of the four NFC technologies is shown as follows:

Table 3 Comparison to the NFC Technology

NFC-Mobile | NFC-SIM NFC-SWP NFC-Micro SD
Phone SD
Size Mobile Phone | - 11x15x 11x15x1.1mm
Specifications 1.1mm
Input Voltage | Mobile Phone | 3.3V 3.3V 3.3V
Specifications
ISO 7816 Support Support Support Support
ISO 14443 Support Support Support Support
Frequency 13.56MHz 13.56MHz 13.56MHz 13.56MHz
Antenna NFC Mobile External NFC Mobile Built-in
Phone flexible cable | Phone
Memory Mobile Phone | N/A 4/8 GB 4/8 GB
Capacity Specifications
Distance <10 cm <10 cm <10 cm <10 cm
Supported Special Special Special All Mobile
Device Mobile Phone | Mobile,Phone | Mobile Phone | Phone
Card Issuer Handset Telecom Bank Bank
Manufacturer «| Operator
Acceptance low less medium high
Cost high low low
Picture
D—E (sdeTap™ Eb
MEZ 468
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2.1.7 NFC-Micro SD Technology

2.1.7.1 The advantage of NFC-Micro SD technology

Embedding NFC function into the mobile phone is the main trend. The key to
promote the acceptance degree is widely applied in mobile phones. It’s also the
challenge in NFC field.

In mobile phone market, the trend is the slim and light phones with more functions.
The consumers like the new and interesting mobile phones, the phenomenon results in
such high replacement rate of mobile phones. The two NFC technologies,
NFC-Mobile Phone and NFC-SIM, both limit to the special mobile phone types. It
will make the consumers feel bored and,reduce their willingness to use. So the two
technologies have the few acceptances forthe users.

Micro SD card is applied in-mobile phones and other consumer electronics widely
and has lower cost. Thus, combining NFC-chip and Micro SD card not only has the
lower cost, but also keeps the original convenience of Micro SD card for users. As
long as the users own the Micro SD card with NFC function, they can make the
favorite mobile phone to become NFC-enabled phone by inserting the integrated card.
No doubt, it has become the trend in NFC field.

The two technologies, NFC-SWP SD and NFC-Micro SD, both correspond to the
trend that combining NFC chip into Micro SD card. In section 3.1, we discussed the
characteristics of the two technologies. NFC-SWP SD technology has no antenna
module integrated, and has to depend on the RF function of mobile phone to transmit
NFC signals. The technology has to add additional antenna attached to enable NFC
function. However, there are parts of mobile phones with RF function. It also causes

finite acceptance of users.
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Compared to NFC-SWP SD technology, NFC-Micro SD technology has the
antenna modules packaged inside. It’s the unique patent. With the patent, there’s no
additional antenna attaches on the chip to communicate with RF function of mobile
phones. On the contrary, the NFC-Micro SD technology could transmit the message
by the built-in antenna. Thus, the technology can maintain the size of Micro SD card,
and apply in all kinds of mobile phones. Users could only insert the NFC-Micro SD
card into the phone, and the NFC function is enabled. Then users can use the
application program to active the NFC function. So NFC-Micro SD technology is not

only the trend in NFC technology, but also the leader in NFC field.

2.1.7.2 Structure of NFC-Micro SD Technology

Every NFC chip contains four blocks on the substrate, included Die 1, Die 2, Die 3,

and Antenna module, as shown in the follewingfigure.

ANTENNA Nie Substrate

-/;E

Figure 3 NFC-Micro SD card structure (Source: AboMem Corp.)

The first block (Die 1) is the memory, standard NAND Flash. It processes the
reading and the storing of the data. The second block (Die 2) is Memory Card
Controller with OTA (Over-The-Air) Support. It controls the data flow. The third

block (Die 3) is the SmartCard Controller. It operates encryption, decryption and
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transmit the corresponding payment ways. The fourth one is the miniature Antenna
module and it’s responsible for transmitting the signals.

The block diagram is as shown in the following figure.

Memory Card Controller with OTA

\
\
SO (> < >{ NAND
Bus Memory Flash
Bus
ISO 7816
) \
/ ISO 14443 \
SmartCard o
Miniature 13.56MHz
Controller ]
Antenna Coil

Figure 4 Block diagram of NFC-Micro SD card (Source: AboMem Corp.)

The most important characteristic of NFC-Micro SD is the unique patent. The
patent is packaging the antenna module in the chip. To package the antenna module in
the chip, NFC-Micro SD technology uses the miniature 13.56 MHz Antenna Coil in
order to solve the problem of the limited space in the chip. The miniature module
packaged in NFC chip has no any effect for electromagnetic induction and reducing
signal decay.

In NFC chip, SmartCard Controller is the main and special component. SmartCard
is responsible to store the confidential personal information and SmartCard Controller

executes encryption and decryption, the preprocedure of the data. SmartCard
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Controller is also responsible to execute NFC transaction, such as choosing the
corresponding payment way, doing the identification directly, and transmitting the
NFC signal by Antenna Coil module. SmartCard Controller can execute the two-way
communication with Miniature Antenna Coil module by ISO 14443 to provide the
safer communication.

The NAND Flash is the main storing center except the confidential personal data.
The storing mechanism for SmartCard and NAND Flash can block the private
personal data away the normal data effectively and operate independently. Memory
Card Controller can control the direction of data flow. While the information
transmitted by SD Bus, Memory Card Controller can judge the attribute of the data. If
the data belongs to the normal data, it transmits to NAND Flash by Memory Bus. If
the data is about NFC, it transmits to SmartCard. Controller by 1SO 7816. Memory
Card Controller is supported by OTA (Over-The-Air), without needing for SDIO or
McEX.

To enhance the security of the card, NFC-Micro SD card has the additional
hardware mechanism, OTP (One-Time-Password). The OTP is generated based on the
chip serial number and follows the sequence based approach. When OTP generated by
the NFC-Micro SD card is as the same as OTP generated by the server, the transaction
is valid and can be continued. Through the corresponding of hardware security
mechanism and software security mechanism, NFC-Micro SD technology can provide

a safer environment for transaction and attract more users to use.

22



o
NFC (microSD) Contactless card Mode Bank | & "Cr,,)
Merchant - Lo

Government
&

Corporate

NFM

POS Channel

Figure 5 Application process by NFC-Micro SD protocol

The whole application process contains NFC-Micro SD card, smart phone, POS
machine, and the issuers, as shown.in Fig. 5. to_execute NFC function, NFC-Micro
SD card should be inserted «into' the-smart.phone. NFC-Micro SD card can
communicate with smart phone with 13:56-MHz frequency by NFC API. There are
two transaction modes, contactless.transaction mode and contact transaction mode. In
contactless transaction mode, the users only put the NFC-Micro SD phone close to the
POS machine to transfer the data by using 1ISO 14443 channel. The POS machine will
connect to the issuers by the existing fixed channel. In the contact mode, NFC-Micro
SD phone need to touch the POS machine and transfer to the issuers by using 1SO
7816 protocol, 3G/4G channel. Generally speaking, the issuers should be the bank, the
Government, and the organizations which own the confidential personal information.

For the function of the NFC-Micro SD technology, it contains several functions as
follows:

(1) JCop

In the chip, JAVA Card OpenPlatform (JCOP) is embedded. There is the Virtual

Machine (VM) of Java Card inside, included NXP IC encryption module. It makes the
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chip to encrypt the data by the highest encryption standard of hardware ZAL5++
while it transmits. The encryption algorithm contains DES/ AES/ RSA/ PKI/ SHA-1/
SHA-224/ SHA-256/ MD5/ CRC and so on.

(2) Perso Function

Perso Function means upload the personal data, included the identification data, the
finance data and so on. It uploads the data on the chip by Applet/ APDU in JCOP.

(3) Mifare Function

Mifare is the NXP-owned trademark of a series of chips widely used in contactless
smart cards and proximity cards. It covers proprietary technologies based upon
various levels of the ISO/IEC 14443 Type A 13.56 MHz contactless smart card
standard. By Mifare function, the intelligent chip could provide the more applications
and communicate to each other.

(4) Over-The-Air (OTA) Function

The function improves the enterprises-(e:g-the issuers) to identify the users directly
without the complicated procedures, and. the convenient communication/transaction
for the consumers.

By the unique processing and design, NFC chip with antenna module can be
integrated into Micro SD card successfully and provide the security environment in

application. The feature makes NFC-Micro SD technology as the leader in NFC field.
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2.2 Business Model

2.2.1 Overview

The term “business model” has been created in practice during the 1990s and it
gradually has been researched by the scientific community (Morris, Schindehutte,
Richardson, & Allen, 2006). For a long time, the research focused on industry (Porter,
1980) and resources (Wernerfelt, 1984) (Barney, Wright, & Ketchen, 2001). The
business model has to be seen as the replacement of traditional unit of analysis as a
result of the environment of traditional unit of analysis as a result of the
environmental conditions changed (Amit & Zott, 2001). The business condition now
is determined by technological progress;.service orientation, the digitalization of
products as well as increasing relevance of cooperation and ecosystems of different
companies, which blur the boundaries of the individual enterprise. The unit of
analysis must be the holistic and comprehendvarious aspects. The business model can
increase the competitive capability of ‘a company by offering a logic and consistent
approach to the innovative design and business execution (Bucherer & Uckelmann).

Although the term “business model” is usually used in research and practice, a
common definition is lack (Morris, Schindehutte, & Allen, 2005). One of the most
cited definitions is from Timmers. Timmers (1998) emphasized the technology
elements and considered business model is a framework which contains the product,
service, and information flows. A business model includes the description of various
business actors, potential benefits among the various business actors, and sources of
revenues. Chesbrough and Rosenbloom (2002) considered the business model
descries what a company focuses on making money and creating customer value.

Bouwman et al. (2008) considered the business model is as a blueprint that includes a
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delivered service, the service definition, the intended value of the target group, the
sources of revenue, and a framework for the service delivery. The business has to
adjust their business model to copy with the challenge in the market (Linder, 2000).
According to Afuah and Tucci (2000), a business model can be conceptualized as a
system that is made up of components, linkages between the components and
dynamics. Components refer to the elements to be addressed by a business model.
Besides, Business model should be seen as a dynamic system (Morris et al., 2005). A
business model is not static but must be managed and developed over time (Hedman
& Kalling, 2003).

For our research, we define the business model as a dynamic system. Every
business activity can be reduced to its core elements to explain the value proposition,
the technological element, the holistic value chain with the partners and customers,
and the profit. Following the holistic view, the dynamic business model can be shown

and stood out the competitive capability.
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2.2.2 STOF Business Model

The Service Technology Organization and Finance (STOF) business model is a
theoretical framework of Bouwman et al. (2008) for the description of business
models, which provides an analytic tool to identify critical issues related to different
participants. The model emphasizes in depth approach to evaluate the business model.
The STOF framework comprises four interrelated domains, included service domain,
technology domain, organization domain, and finance domain. By analyzing the four
domains can create a holistic business model and the value for both the customers and
value network. The model also emphasizes in depth evaluation of a service at the
emergence period of its design. Thus, it can detect the critical issues in advance and

design the service in the way to address it. The STOF model is shown as follows.
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SYsLE Metwork stirategy
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Value for service
providers

Finance domain
® 2.0 Revenue model
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(Source: (Juntunen, et al., 2010; Bouwman et al., 2008)

Figure 6 STOF business model domains
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The service domain focuses on the customer value of the service. The domain
analyzes the value proposition of the service, included customer and market
segmentation, pricing, ease of use, context of use and the service offering. The
domain also compares the services with the existing similar and previous services.

The technology domain focuses on the technical functionality based on the
requirements of the service domain. The technology domain consists of technological
architecture, applications, devices, security, authentication, and management of user
profiles.

The organization domain describes the structure of the value network to realize the
service offering. The value network is composed of partners who have resources and
capabilities. The partners of the value network perform the value activities based on
their own strategies and vision.

The finance domain describes the finance-issues-in the vale network, and shows
how the partners get monetary value from-a-particular service offering. The domain
focuses on creating a financially profit.for all partners and balance the benefits and
costs. The key points in the domain include revenue, cost, risks, capital, and the
resources.

The four domains are linked and interact to each other. The business model
describes the holistic value network by the four domains. STOF business model is
used to analyze the electronic service because of the holistic view. Therefore, by
STOF business model, it is easier to analyze the innovative NFC-Micro SD

technology and the value network of the innovative NFC solution.
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2.3 Technology Acceptance Behavior

A lot of research works have been done in this field to seek for the factors of
technology acceptance, included Theory of Reasoned Action, Theory of Planned

Behavior, Technical Acceptance Model, and so forth.
2.3.1 Theory of Reasoned Action

Fishbein & Ajzen (1975) proposed Theory of Reasoned Action (TRA). According
to the hypothesis of TRA, people usually decide their behavior reasonably (Peter &
Olson, 1999; Igbaria et al., 1995). The other hypothesis of TRA is that people decide
their behavior voluntarily.

The TRA model is as shown as Fig. 7."Behavior Intention (Bl) means the personal
willingness to behave. Behavior:Intention:results.in the real behavior and is composed
by attitude toward behavior and subjective norm. The attitude toward behavior means
personal positive or negative feeling with the special behavior. The subjective norm
means the social pressure given to the person with the special behavior. It means
personal belief affects personal attitude, and results in the behavior intention to have

the real behavior.

Beliefs and
Evaluations

Attitude Toward
Behavior

Subjective Norm

Behavior Intention Actual Behavior

Normative Beliefs
and Motivation to
Comply

(Source: Fishbein & Ajzen, 1975)

Figure 7 Theory of Reasoned Action
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2.3.2 Theory of Planned Behavior

Ajzen (1985) proposed Theory of Planned Behavior (TPB) based on TRA. He
considered the Perceived Behavioral Control (PBC) is the important factor in the
model. The TPB model is shown as Fig. 8. The study suggests PBC affects the
behavior and the behavior intention. PBC is composed by control beliefs and

perceived facilitation.

Beliefs and Attitude Toward
Evaluations Behavior

Normative Beliefs

and Motivation to Subjective Norm Behavior Intention Actual Behavior
Comply

Control Beliefs and Perceived Behavioral
Perceived Facilitation Control

(Source: Ajzen, 1985)

Figure 8 Theory of Planned Behavior
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2.3.3 Technology Acceptance Model

Davis (1986) proposed Technology Acceptance Model (TAM) based on TRA and
TPB. TAM considers external variable can affect Perceived usefulness, perceived ease
of use and attitude towards using. The acceptance of actual system use can be
predicted. By TAM, the manager can analyze and make the strategy for the new

technology. TAM framework is shown as Fig. 9:

Perceived Usefulness

Behavior
Intention to Use

Attitude Towards
Using

Actual System
Use

Exteral
Variables

Perceived Ease of
Use

(Source: Davis et al., 1989)

Figure 9 Technology Acceptance Model

TAM has the five constructs as follows:

(1) Perceived Usefulness, PU: Perceived Usefulness means the subjective cognition
that using the special technology product can improve the performance of the work.
The external variable has the positive effect on Perceived Usefulness, e.g. the
correction of the technology product, visual interface design, the characteristics. The
regression equation is shown as follows:

U = EOU + external variable

(2) Perceived Ease of Use, PEOU: Perceived ease of use means the subjective
cognition of using easily. The function of the technology products can improve the
ease of use of the technology product. The document can also affect the ease of use
(Bewley, Roberts, Schoit & Verplank, 1983). The regression equation is shown as

31



follows:

EOU = external variable

(3) Attitudes, A: The attitude is affected by the objective belief and the result of the
behavior (Fishbein & Ajzen, 1975). Perceived Usefulness construct has the positive
effect to the attitude. Perceived ease of use provides more self-efficacy and has the
positive effect to the attitude of using the technology products. The regression
equation is shown as follows:

A=U+EOU

(4) Behavior Intention, BI: The users can use the products if they believe the
special technology products can advance the working performance. The regression
equation is shown as follows:

Bl = A+EQU

(5) Actual System Use: The behavior intention.affects the actual behavior of using

the system.
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2.3.4 Unified Theory of Acceptance and Use of Technology

Venkatesh et al. (2003) proposed the Unified Theory of Acceptance and Use of
Technology (UTAUT) based on the relative research of technology acceptance
behavior, included TRA, TAM, TAM2, TPB, C-TAM-TPB, Model of PC Utilization,
Motivational Model, Innovation Diffusion Theory, Social Cognitive Theory. UTAUT
has the higher explanation about the technology using behavior than other technology
acceptance theory.

The four core determinants are Performance Expectancy (PE), Effort Expectancy
(EE), Social Influence (SI), and Facilitating Conditions (FC). These core determinants
are affected by the control variables, included gender, age, experience, and

voluntariness of use. The UTAUT framework is'shown as follows:

Performance
Expectancy

Effort
Expectancy

\ Behavioral
T\ Intention
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(Source: Venkatesh et al. 2003)

Voluntariness
of Use

Figure 10 Unified Theory of Acceptance and Use of Technology
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Venkates et al. (2003) considered the aim of UTAUT is a tool for the manager to

evaluate the new technology before introducing the new technology in the

organization. It can also provide the forecast and explanation about the acceptance

behavior of the users to evaluate the system.

The index of UTAUT is shown as follows:

Table 4 UTAUT Index

Performance Expectancy

I would find the system useful in my job.

Using the system enables me to accomplish tasks more
quickly.

Using the system increases my productivity.

If 1 use the system, | will increase my chances of getting a
raise.

Effort Expectancy

My interaction .with the system would be clear and
understandable:

It would be easy for-me to become skillful at using the
system.

| ' would find-the system easy to use.

Learning.to operate the systems is easy for me.

Social Influence

People who influence my behavior think that I should use
the system.

People who are important to me think that I should use the
system.

. The senior management of this business has been helpful

in the use of the system.

In general, the organization has supported the use of the
system.

People in my organization who use the system have more
prestige than those who do not.

People in my organization who use the system have a high
profile.

People in my organization who use the system have a high
profile.

Having the system is a status symbol in my organization.
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Facilitating Conditions

M w b e

I have the resources necessary to use the system.

I have the knowledge necessary to use the system.

The system is not compatible with other systems I use.

A specific person (or groups) is available for assistance
with system difficulties.

Behavioral intention to
use the system

| intend to use the system in the next <n> months.
| predict | would use the system in the next <n> months.
| plan to use the system in the next <n> months.

(Source: Venkates et al., 2003)
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2.4 Technology Readiness

Parasuraman (2000) defined Technology Readiness (TR) as “the tendency toward
accepting and using new technology to complete the goal of the life or work™. The
framework includes the two opposite categories, the enablers and the inhibitors. The
enablers category includes Optimism and Innovativeness. The inhibitors category

includes Discomfort and Insecurity. The framework is as shown as follows:

Innovativeness

Enablers

—l Optimism

Inhibitors ~| Discomfort

Insecurity

(Source: Parasuraman, 2000)

Figure 11 Technology Readiness Framework

Parasuraman cooperated with Rockbridge Associates to interview the customers of
Rockbridge Associates. He summarized the four feeling of the customers, included
Optimism, Innovativeness, Discomfort, and Insecurity.

(1) Optimism: The users have the positive attitude for the technology. They think
the technology can increase the controller, convenience, flexibility, and effectiveness

in the life.
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(2) Innovativeness: The users like to learn and research the new technology. They
tend to be the leader of using the technology.

(3) Discomfort: The users feel the impotent and fear for the new technology. They
think they can’t control the new technology.

(4) Insecurity: The users don’t believe the corrective working of the technology.
They’re also afraid of the information security, the failure machines.

Mick and Fournier (1998) explored the response to the technology by the
qualitative research. They found that people exist eight contradictions for the
technology: (1) controlled and uncontrolled; (2) freedom and constraint; (3) newer
and out-of-date; (4) competent and incompetent; (5) efficiency and inefficiency; (6)
satisfaction and needs; (7) assimilation and isolation; (8) participation and separation.
Thus, the two studies have suggested that people have the positive and negative
thought in technology at the same time.

Parasuraman developed the Technology-Readiness Index (TRI) according to the

result of the interview. TRI is as shown as follows:
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Table 5 Technology Readiness Index

Optimism

Discomfort

10.

Technology gives people more
control over their daily lives.
Products and services that use the
newest technologies are much more
convenient to use.

You like the idea of doing business
via computers because you aren’t
limited to regular business hours.
You prefer to use the most advanced
technology available.

You like computer programs that
allow you to tailor things to fit your
own needs.

Technology makes you more
efficient in your occupation.

You find new technology to-be
mentally stimulating.

Technology gives you more freedom
of mobility.

Learning about technology can be as
rewarding as the technology itself.
You feel confident that machines will
follow through with what you
instructed them to do.

10.

Technical support lines are not
helpful because they don’t explain
things in terms you understand.
Sometimes, you think that
technology systems are not designed
for use by ordinary people.

There is no such thing as a manual
for a high-tech product or service
that’s written in plain language.
When get technical support from a
provider of a high-tech product or
service, you sometimes feel as if you
are being taken advantage of by
someone who know more than you
do.

If youbuy a high-tech product or
service, you prefer to have the basic
model over one with a lot of extra
features.

It is embarrassing when you have
trouble with a high-tech gadget while
people are watching.

There should be caution in replacing
important people tasks with
technology because new technology
can breakdown or get disconnected.
Many new technologies have health
or safety risks that are not discovered
until after people have used them.
New technology makes it too easy
for government and companies to
spy on people.

Technology always seems to fail at
the worst possible time.
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Innovativeness

Insecurity

Other people come to you for advice
on new technologies.

It seems your friends are learning
more about the newest technologies
than you. (Reverse Scored)

In general, you are among the first in
your circle of friends to acquire new
technology when it appears.

You can usually figure out new
high-tech products and services
without help from others.

You keep up with the latest
technological development in your
areas of interest.

You enjoy the challenge of figuring
out high-tech gadgets.

You find you have fewer problems
that other people in making
technology work for you.

You do not consider it safe giving
out a card number over a computer.
You do not consider it safe to do any
kind of financial business online.
You worry that information you send
over the Internet will be seen by
other people.

You do feel confident doing business
with a place that can only be reached
online.

Any business transaction you do
electronically should be confirmed
later with something in writing.
Whenever something gets
automated, you need to check
carefully that the machine or
computer is not making mistake.
The human touch is very important
when doing business with a
company.

When you call a business, you prefer
to talk to a person rather than a
machine.

If you provide information to a
machine or over the Internet, you can
never be sure it really gets to the
right place.
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2.5 Technology Readiness and Acceptance Model

Lin et al. (2007) proposed the TRAM (Technology Readiness and Acceptance
Model) which integrates Technology Readiness and TAM (Technology Acceptance
Model). TRAM has a better explanation for e-service. The research considered that
Technology Readiness provided a framework for users’ tendency to use the
technology, but it couldn’t explain the acceptance behavior for the technology
products and system. Therefore, TRAM was proposed for the using intention of for

e-service.

Optimism

Perceived
Usefulness

Innovativeness

User
Intention

Technology
Readiness

Discomfort

Perceived
Ease of Use

Insecurity

Figure 12 Technology Readiness and Acceptance Model
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2.6 Expectation-Confirmation Theory and Post-Acceptance

Model

To understand the repurchase intention for the users, Oliver (1980) presented
Expectation-Confirmation Theory (ECT). The theory noted that the satisfaction comes
from the confirmation which is the comparison between the expectation and the
perceived performance of the consumers. The satisfaction also affects the repurchase

intention of the consumers. The research model is shown as follows:

Expectation

Repurchase
Intention

Confirmation Satisfaction

Perceived
Performance

(Source: Oliver, 1980)

Figure 13 Expectation-Confirmation Theory

Bhattacherjee (2001) indicated Expectation-Confirmation Theory has considered
the consumer’s expectation before the purchasing, but lack of the expectation after the
purchasing, especially for the information system. Thus, Bhattacherjee proposed
Post-Acceptance Model which includes the expectation after the purchasing and the
perceived usefulness from TAM to discuss the Continuance Intention (CI) of the

consumer.
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Perceived
Usefulness

Continuance
Intention

Satisfaction

Confimation

(Source: Bhattacherjee, 2001)

Figure 14 Post-Acceptance Model
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2.7 Summary

A fairly large body of literature exists on the technology acceptance behavior.
However, within that literature there is a surprising lack of information on the linking
between expectation /satisfaction and the behavior intention. And common sense of
NFC seems to indicate its importance, but we lack empirical support. Therefore, in the
research, we combined UTAUT, TR, and Post-Acceptance Model and proposed an
integrated model for the technology in the emergence period. The research applied in

NFC technology to provide the holistic view for its business model.
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3. Method

In this study, we use the following two quantitative methodologies, Structural
Equation Modeling (SEM) and Decision Making Trial and Evaluation Laboratory
(DEMATEL). In order to evaluate the business model of NFC technology and mobile
services, the two quantitative methods can execute the holistic evaluation based on the
opinions of consumers and experts simultaneously. Then, we can get the integral

business model and is helpful to the strategies making.

3.1 Structural Equation Modeling Methodology

3.1.1 Research Model

Based on the reviewed literature, UTAUT model focused on the acceptance of the
technology and compared the different periods of using the technology. It provides
more than 70% explanation to the e-service and the behavior of the technology using.
Thus, we used UTAUT model as the main component of the research model. But
UTAUT model didn’t discuss the user’s tendency for the technology or system.
According to TRAM model, it has the better explanation of e-service based on the
users’ tendency and acceptance. But the TRAM model didn’t contain the social
influence, facilitating condition and other factors in UTAUT. To evaluate the business
model of NFC technology and NFC mobile services based on the users’ view, we
integrated UTAUT and Technology Readiness based on TRAM model.

In the research model, we also integrated the post-acceptance model. The
post-acceptance model proposed the evaluative factors, such as satisfaction and

continuance intention, to understand the expectation of the users. For the technology
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in the emergence period, such as NFC, the expectation satisfaction and continuance
intention are important to establish the business model and make the business strategy.
Therefore, we contained the post-acceptance model in our research model.

NFC is the technology in the emergence period. Based on NFC technology, more
mobile services are provided to the users with the consumer electronics. In the
emergence period, the business model of NFC mobile services is not exact and needs
more analysis from the different aspects, such as the acceptance, the behavioral
intention, the technology tendency, the expectation satisfaction, the facilitating
condition and so forth. Therefore, the theoretical research architecture in this paper
needs to be confirmed and modified through empirical evidence.

According to the research background and the reviewed literature, the theoretical

research architecture is as following figure.

Optimism

Innovativeness

Technology

Readiness [

Discomfort

Performance
Expectancy

‘
Insecurity >
Effort ~
K \ Behavioral
“v Intention

Continuance
Intention

Influence

Facilitating 1

‘ A Voluntariness
Gender Age Experience of Use

Figure 15 Theoretical Research Framework

Conditions
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The following figure is the theoretical research architecture with hypothesis.
Because the paper integrated three models, included UTAUT, TR (Technology
Readiness), and Post-Acceptance Model. Thus, the research had to test all the casual

relationship in the theoretical research architecture.

Technology
Readiness

Performance
Expectancy

S:

atisfaction

Effort
Expectancy

Continuance
Intention

Behavioral
Intention

Social
Influence

Facilitating
Conditions

A Voluntariness
Gender Age Experience ofllse

Figure 16 Theoretical Research Framework with Hypothesis

The hypothesis of the research is listed as follow:

H1: Technology Readiness has the positive influence on Performance
Expectancy.

In TRAM model, the construct of technology readiness has the positive influence
on perceived usefulness. In UTAUT model, the construct of performance expectancy
contained the construct of perceived usefulness. Thus, the research tested the

hypothesis in the theoretical research architecture.
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H2: Technology Readiness has the positive influence on Effort Expectancy.

In TRAM model, the construct of technology readiness has the positive influence
on perceived ease of use. In UTAUT model, the construct of effort expectancy
contained the construct of perceived ease of use. Thus, the research tested the
hypothesis in the theoretical research architecture.

H3: Technology Readiness has the positive influence on Social Influence.

The casual relationship between the construct of technology readiness and the
construct of social influence was not discussed in the literature. The research tested
the hypothesis in the theoretical research architecture.

H4: Technology Readiness has the positive influence on Facilitating
Conditions.

The casual relationship between the construct of technology readiness and the
construct of facilitating conditions.was not discussed in the literature. The research
tested the hypothesis in the theoretical research-architecture.

H5: Technology Readiness has the positive influence on Satisfaction.

The casual relationship between the construct of technology readiness and the
construct of satisfaction was not discussed in the literature. The research tested the
hypothesis in the theoretical research architecture.

H6: Technology Readiness has the positive influence on Behavioral Intention.

The casual relationship between the construct of technology readiness and the
construct of behavioral intention was not discussed in the literature. The research
tested the hypothesis in the theoretical research architecture.

H7: Performance Expectancy has the positive influence on Behavioral
Intention.

In UTAUT model, the construct of performance expectancy has the positive

influence on the construct of behavioral intention. The research tested the hypothesis
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in the theoretical research architecture.

H8: Effort Expectancy has the positive influence on Satisfaction.

The casual relationship between the construct of effort expectancy and the construct
of satisfaction was not discussed in the literature. The research tested the hypothesis
in the theoretical research architecture.

H9: Effort Expectancy has the positive influence on Behavioral Intention.

In UTAUT model, the construct of effort expectancy has the positive influence on
the construct of behavioral intention. The research tested the hypothesis in the
theoretical research architecture.

H10: Social Influence has the positive influence on Behavioral Intention.

In UTAUT model, the construct of social influence has the positive influence on the
construct of behavioral intention. The research tested the hypothesis in the theoretical
research architecture.

H11: Facilitating Conditions has-the—positive influence on Continuance
Intention.

In UTAUT model, the construct of facilitating conditions has the positive influence
on the construct of use behavior. But NFC technology is in the emergence period, so
the data of use behavior is lack. The research adopted the construct of continuance
intention in post-acceptance model substituted for the construct of use behavior. The
research tested the hypothesis in the theoretical research architecture.

H12: Behavioral Intention has the positive influence on Satisfaction.

The casual relationship between the construct of behavioral intention and the
construct of satisfaction was not discussed in the literature. The research tested the

hypothesis in the theoretical research architecture.
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H13: Behavioral Intention has the positive influence on Continuance
Intention.

In UTAUT model, the construct of behavioral intention has the positive influence
on the construct of use behavior. But NFC technology is in the emergence period, so
the data of use behavior is lack. The research adopted the construct of continuance
intention in post-acceptance model substituted for the construct of use behavior. The
research tested the hypothesis in the theoretical research architecture.

H14: Satisfaction has the positive influence on Continuance Intention.

In post-acceptance model, the construct of satisfaction has the positive influence on
the construct of continuance intention. The research tested the hypothesis in the
theoretical research architecture.

Gender, Age, Experience, and.Moluntariness of use are the moderators.

In UTAUT model, the maoderators, such as-gender, age, experience, and
voluntariness of use, have the moderation-effect to the model. The research tested the

moderation effect in the theoretical research architecture.
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3.1.2 Research Design

According to the research architecture in this research, the scale consists of 75
items and is divided into four parts, included the technology acceptance evaluation,
the technology readiness evaluation, the actual using evaluation, and the basic data.
The scale consisted of three theories, included UTAUT, TR, and Post-Acceptance
Model.

In UTAUT model, the behavior intention construct was designed for investing the
using intention in the different time period. Thus, the research revised the items based
on the items in TAM. The use behavior construct in UTAUT is also not considered in
the research; because of the NFC technology is in the emergence period. So the
construct is not appropriate for NFC technoloegy. Thus, in the research we used
continuance intention construct based on the: Post-Acceptance Model to understand
the expected intention.

The UTAUT model evaluates the using behavior based on comparing the different
using periods. As discussed above, NFC technology is in the emergence period. So the
research made the analysis about one period in the emergence period.

The scale uses 7-point Likert-type scale.
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3.1.3 Analytical methods

Following Anderson and Gerbing (1998), the hypotheses were tested using a
two-stage structural equation model. First, Confirmatory Factor Analysis (CFA)
evaluated reliability and validity. Second, a path analysis was performed for testing
the hypotheses. The past-analytic procedure has become popular for studies where a

small sample size restricts the use of full structural equation models.

3.1.4 Pre-Test

To improve the quality and the validity of the scale, the paper uses the small sample
for the pre-test. To prevent ~the. misunderstanding of translation, the research
interviewed the people who had the experience in NFC or mobile services, and
modified the expression of the items.

The pretesting studies a total of 155 questionnaires were issued, recovering valid
questionnaires 145 shares and the rate of return was 93.5%. The pretesting used IBM
SPSS Statistics 21 software to analysis the responded questionnaires.

In the reliability, the paper used Cronbach’s o value to test the internal consistency.
The Cronbach’s a value was 0.918. It meant the scale corresponded the internal

consistency.
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3.1.5 Sampling and respondents

The primary research subjects were people who use the mobile phones in Taiwan.
In order to collect more sampling, the questionnaires were issued on MySurvey web.
The information was also issued in the bbs forum (ptt.twbbs.cc) and Facebook.

The paper received a total of 800 questionnaires from MySurvey web. The
collecting period was from 2013/05/28 to 2013/06/13. Of these, 33 questionnaires
were deleted because the respondents gave “non-applicable” answer to the majority of
the questions. The final number of responses was thus 767 valid questionnaires,

corresponding to a valid return rate of 95.88%.
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3.2 DEMATEL Methodology

3.2.1 DEMATEL Methodology Introduction

Decision Making Trial and Evaluation Laboratory (DEMATEL) was developed by
Battelle Geneva Institute in 1971 A.D. It is used to analyze the complex world
problems dealing mainly with interactive man-model techniques and evaluate
qualitative and factor-linked aspects of societal problems (Gabus & Fontela, 1972).
The application is widespread, included industrial planning and decision-making to
urban planning and design, regional environmental assessment, analysis of world
problems, and so on. This paper uses DEMATEL not only to detect complex
relationships but also to obtain thesinfluence levels of each element to make the
decision.

Hall (1969) proposed a system engineering method by three-dimension structure.
The study emphasized the activity of system engineering included seven stages and
seven logic steps. DEMATEL is one of the seven steps. It reduced the completed
question to several relative and simpler criteria. The criteria become the cause and
effect group, in order to better understand causal relationships. The criteria should
satisfy the following assumptions:

(1) Clarify the character of the problem: It is important to clarify the character
of the problem in the planning stage to setup the problem correctly.

(2) Clarify the relationship among the problems: Using 0~4 to express the
relationship between criteria.

(3) Understand the nature of the criteria: Describe the nature of the criteria

after analysis.
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The DEMATEL method is based upon graph theory, enabling us to plan and solve
problems visually. Directed graphs (also called digraphs) are more useful than
directionless graphs, because digraphs will demonstrate the directed relationships of
sub-systems. A digraph typically represents a communication network, or a
domination relationship between individuals. Supposed a system contains a set of
elements, S = {sy, Sz,..., Sn}, and particular pair-wise relationships are determined for
modeling, with respect to a mathematical relationship, MR. Next, portray the
relationship MR as a direct-relation matrix that is indexed equally in both dimensions
by elements from the set S. Then, extract the case for which the number O appears in
the cell (i, j), if the entry is a positive integral that has the meaning of: the ordered pair
(si,) is in the relationship MR; it has the kind of relationship regarding that element
such that s; causes element s;. The digraph portrays a contextual relationship between
the elements of the system, in which'a numeral represents the strength of influence, as
shown in following Fig. The elements Sq;-S25-Ssy-and s, represent the factors that have
relationships. The number between factors.is Influence or influenced degree. The
DEMATEL method can convert the relationship between the causes and effects of

criteria into an intelligible structural model of the system (Chiu et al., 2006).

ONN
2
Figure 17 An example of the directed graph

Definition 1: The pair-wise comparison scale may be designated as eleven levels,

where the scores 0,1,2,...,10 represent the range from ‘no influence’ to ‘very high
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influence’.

Definition 2: The initial direct relation/influence matrix A is an n X n matrix
obtained by pair-wise comparisons, in terms of influences and directions between the
determinants, in which a;; is denoted as the degree to which the ith determinant affects

the jth determinant.

Adu A 7 din
A= a:21 a:zz a:Zn

a-nl a-n2 o a-nn

Definition 3 The normalized direct relation/influence matrix N can be obtained
through the following equation, in which all principal diagonal elements are equal to
zero.

N=zA

. 1 ..
Z=min : 3

) 0 jefl2,...n
max - aij max »_aij
= i1

In this case, N is called the normalized matrix. Since lim. _ -N° =[0].

Definition 4: Then, the total relationship matrix T can be obtained using the
following equation, where | stands for the identity matrix. T= N + N* +...+ N =
N(I-N)*, where T is a total influence-related matrix; N is a direct influence matrix
and N = [Xijlnxn.

Definition 5: The row and column sums are separately denoted as r and ¢ within the

total-relation matrix T through the following equations.
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T=lt,}ijeft2..n}
) (5
C=[C,-] m=[§tuj -

Where the r and c vectors denote the sums of the rows and columns, respectively.

Definition 6: Suppose r; denotes the row sum of the ith row of matrix T. Then, r; is
the sum of the influences dispatching from factor i to the other factors, both directly
and indirectly. Suppose that c; denotes the column sum of the jth column of matrix T.
Then, ¢; is the sum of the influences that factor i is receiving from the other factors.
Furthermore, when i=j, (r; + ¢;)is the degree of the central role and factor i plays in the
problem. If (r; — c;)is positive, then factor i primarily is dispatching influence upon the
strength of other factors; and if (rj== i) is negative, then factor i primarily is receiving

influence from other factors (Huang.et al. 2007; Liou-et al. 2007; Tamura et al. 2002).
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3.2.2 Research Design

The questionnaire design of DEMATEL was based on the four constructs of STOF
business model, included service, information, finance, and organization. The criteria
of the constructs are based on the criteria of the four constructs and revised by the

experts in NFC field to design the questionnaire. The construct and criteria is shown

as follows:

Table 6 Description Statistics

Construct

Criteria

Service

Sl:
S2:
S3:
S4:

Customer Segmentation
Ease of Use
Pricing

Service Offering

Finance

F1:
F2:
F3:

Revenue and cost
Risk

Resource

Information

11: Security

12: Authentication

13: Application

14: Technological Architecture

Organization

0O1: Value network

02: Collaborative strategies of the partners

03: Capabilities of the partners

The questionnaire consists of the four main parts, included the importance of the
criteria, the compare effect between the criteria, the fuzzy scale invention, and the
basic data. The paper used 0~4 scales to represent the important degree. 4 means

strongly affect, and 0 means no affect.
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4. Discussion

In this chapter, we divided the following sections to discuss. In the first section, we
used Structural Equation Modeling methodology to test the research framework. In
the second section, we used DEMATEL methodology to establish the relationship
graph based on the experts’ opinion. In the third section, we analyzed the results from

the statistics test and the relationship graph.

4.1 Structural Equation Modeling

4.1.1 Description Statistics

The structure of the sample was sufficiently.diverse and heterogeneous. In terms of
gender, 502 (65.45%) were male, and 265 (34.55%) were female. In terms of using
NFC mobile service, 470 (61.28%) had never used NFC mobile services, and 297
(38.72%) had used NFC mobile services. In terms of education, 380 (49.54%) were
bachelor degree, 273 (35.60%) were master and PhD degree, and 114 (14.86%) were
high school degree. In term of age, 416 (54.23%) were 26~35 years old, 189 (24.64%)
were 36~45 years old, 88 (11.47%) were 18~25 years old, 48 (6.26%) were 46~55
years old, 23 (3.00%) were more than 56 years old, and 3 (0.40%) were less than 18

years old.
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Table 7 Description Statistics

Variable Number Percentage

Gender

Male 502 65.45%

Female 265 34.55%
Using NFC mobile service

Yes 297 38.72%

No 470 61.28%
Education

Bachelor degree 380 49.54%

Master and PhD degree | 273 35.60%

High school degree 114 14.86%
Age

Less than 18 years old 3 0.40%

18~25 years old 88 11.47%

26~35 years old 416 54.23%

36~45 years old 189 24.64%

46~55 years old 48 6.26%

More than 56 years old |23 3.00%
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4.1.2 Reliability and Validity Analysis

The following tables are evaluating results for the reliability and validity by

Confirmatory Factor Analysis.

Table 8 Reliability and Validity Analysis

Item-construct loading
Constructs - Cronbach’s alpha | AVE
Standardized | t-value
Performance Expectancy
PE1 0.61 29.80
PE2 0.63 29.82 0.86 0.70
PE3 0.64 5.53
PE4 0.61 19.71
Effort Expectancy
EE1 0.63 7.22
EE2 0.68 27.96 0.87 0.769
EE3 0.71 29.91
EE4 0.64 26:90
Social Influence
SI1 0.93 34.71
SI2 0.86 32.99 0.94 0.847
SI3 0.81 20.65
Sl4 0.71 19.92
Facilitating Conditions
FC1 0.74 27.87
FC2 0.82 31.53 0.77 0.741
FC3 0.63 25.70
FC4 0.60 22.94
Behavioral Intention
BI1 0.60 25.10
BI2 0.68 23.29 086 0.729
BI3 0.83 30.46

60



Satisfaction
SAl 0.83 30.02
SA2 0.72 34.97 0.86 0.839
SA3 0.91 31.47
SA4 0.90 31.95
Continuance Intention
cll 0.60 25.47
CI2 0.61 25.15 0.76 0652
CI3 0.93 30.00

Table 9 Reliability and Validity for Technology Readiness

Construct Factor Loading Cronbach’s alpha AVE
Technology Readiness 0.823 0.501
Optimism 0.749 0.859
Innovativeness 0.757 0.858
Discomfort 0.600 0.667
Insecurity 0.710 0.785

4.1.2.1 Reliability Analysis

An inspection of the values of Cronbach’s alpha revealed that all the constructs
were greater than 0.70, indicating acceptable reliability. These results supported the

unidimensionality of the scales.

4.1.2.2 Validity Analysis

(1) Content Validity
All the constructs and the items are based on the literature. The research revised the
content to avoid the misunderstanding in the translation. Thus, the scale has satisfied

the content validity.
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(2) Convergent Validity

Convergent validity can be assessed by determining whether the estimated
coefficient of each indicator on its proposed underlying construct is significant
(greater than twice its standard error). Convergent validity can also be assessed by the
factor loading and Average Variances Extracted (AVE) value. If the factor loading is
more than 0.6, then the convergent validity is significant (Hair et al., 1998). If the
AVE is more than 0.5, then the convergent validity is significant (Fornell and Lacker,
1981).

In the table 8 and 9, examination of indicator loadings that all factor loadings were
more than 0.6, all AVE values were more than 0.5, and all Cronbach’s alpha values
are more than 0.7. The results show the scale has good convergent validity and
internal consistency.

(3) Discriminant Validity

The common test of discriminant validity-is-that the confidence interval around the
correlation between any two latent construct.is less than 1 (Smith & Barclay, 1997).
None of the correlations between latent constructs reached 1. A more conservative test
of discriminant validity involves comparison of model values that either free or
constrain the phi value to a value of 1, then test whether the constraint causes a
significant decrease in fit (Bagozzi, 1992). Again, in all cases the overall fits were
significantly diminished by constraint of the correlation to 1. Therefore, the

discriminant validity was acceptable for the measurement model.
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4.1.3 Measurement Model

The proposed model was analyzed using LISREL 8.8. Result revealed reasonable
overall fit between the model and the observed data. CFAs were applied to establish
construct validity. The overall fit was ¥ °/df= 3.440, GFI = 0.93, CFI = 0.96, NFI=
0.94, RMSEA=0.093, RMR=0.04, p=0.00.

The value ofy ?/df is between 1 and 5 (Carmines and Mciver, 1981). GFI, NFI, and
CFI exceed the recommended 0.90 threshold levels. In addition, RMSEA is lower
than 0.80 as recommended by Hair et al (1998). RMR is lower than 0.05 and 0.08 as
recommended by Bagozzi and Yi (1988). The fit values satisfied the recommended

standard. The overall fit is shown as follows.

Table 10 Goodness-so-fit of measurement model

X 2/df 0.340
GFI 0.93
CFI 0.96
NFI 0.94
RMSEA 0.093
RMR 0.04
p 0.000
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4.1.4 Hypothesis testing

4.1.4.1 Structural model

The following table presents the overall model fit and the test of each hypothesis.
As shown, the results of path analysis indicated an adequate fit: x 2/df = 3.51, GFI=
0.92, CFI=0.94, NFI=0.93, RMSEA= 0.064, RMR=0.033, p= 0.011.

The value ofy ?/df is between 1 and 5 (Carmines and Mciver, 1981). GFI, NFI, and
CFI exceed the recommended 0.90 threshold levels. In addition, RMSEA is lower
than 0.80 as recommended by Hair et al (1998). RMR is lower than 0.05 and 0.08 as
recommended by Bagozzi and Yi (1988). The fit values satisfied the recommended

standard. The overall fit is shown as.follows.

Table 11 Goodness-so-fit-of Structural model

X 2/df 351
GFI 0.92
CFI 0.94
NFI 0.93
RMSEA 0.064
RMR 0.033
p 0.011
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The test of the hypotheses is shown as follows.

Table 12 Testing Results

Causal path Hypothesis | Expected sign | Coefficient | t-value | Assessment
Technology Readiness —-> H1 N 0.30** 3.3 Significant
Performance Expectancy
Technology Readiness —-> Ho N 0.53** 9.6 Significant
Effort Expectancy
Technology Readiness —-> H3 N 0.48** 5.6 Significant
Social Influence
Technology Readiness —-> Ha N 0.13** 3.3 Significant
Facilitating Conditions
Technology Readiness —-> HE N 0.08 0.96 Non-signifi
Satisfaction cant
Technology Readiness —-> HE N 0.11 1.35 Non-signifi
Behavioral Intention cant
Performance Expectancy - A % 0.46*** 10.13 | Significant
-> Behavioral Intention
Effort Expectancy - Lo % 0.51** 17.41 | Significant
Satisfaction
Effort Expectancy - Ho N 0.62** 12.2 Significant
Behavioral Intention
Social Influence > 0.18** 35 Significant
Behavioral Intention H10 ¥
Facilitating Conditions - H11 N 0.34** 5.79 Significant
Continuance Intention
Behavioral Intention - H1o N 0.66** 12.82 | Significant
Satisfaction
Behavioral Intention - H13 N 0.87*** 17.41 | Significant
Continuance Intention
Satisfaction -> H14 N 0.53*** 14.7 Significant
Continuance Intention

Note: *p<0.05 **p<0.01 ***p<0.001
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The testing result suggests technology readiness has no direct effect to satisfaction
and behavioral intention construct. The research model, TRAUM (Technology

Readiness Acceptance and Use Model) is shown as following figure.

Technology
Readiness

Performance
Expectancy

Effort
Expectancy

Social
Influence

Facilitating
Conditions

Figure 18 TRAUM Structural Model

H5 (Technology Readiness - Satisfaction) was not supported in the test. For the
technology and e-services in the emergence period, like NFC technology and NFC
mobile services, the users usually have the conservative expectant satisfaction with
the technology and e-services. Users with the characteristics of technology readiness,
such as optimism, innovativeness, discomfort, and insecurity, tend to consistency of
the expectant satisfaction and have no significance on the construct of satisfaction.
Thus, the hypothesis was not supported in the test.

H6 (Technology Readiness - Behavioral Intention) was not supported in the test.
For the technology and e-services in the emergence period, the users always keep the
conservative view of behavioral intention on them. Users with the characteristics of

technology readiness, such as optimism, innovativeness, discomfort, and insecurity,
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tend to have no significance on the construct of behavioral intention. Thus, the
hypothesis was not supported in the test.

The most consumers always keep the conservative attitude on the new technology
and e-services based on product life cycle theory. Thus, in the emergence period, the
lack of the information about the technology and e-services is the key factor of the
intention and expectant satisfaction. Thus, the enterprise should put more resource in
promoting the technology and e-services in the emergence period. The strategy can

strengthen the expectant attitude of the consumers and is helpful to the promotion.
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4.1.4.2 Moderation effect

The moderation effect was based on the UTAUT model. In this research, we
proposed the moderation effect to the structural model, included gender, age,
experience, and voluntariness of use.

In the following analysis, we used Analysis of variance (ANOVA), T-test, and
regression to test the moderation effect in the research model.

(1) Gender Moderation Effect

The structure of the subjects in gender moderation, 65.18% was male and 34.82%
was female. The following table is the gender moderation effect to the three

constructs, performance expectancy, effort expectancy and social influence.

Table 13 Gender Moderation Effect

Gender |‘mean | S.D | F Test | Significance | Difference

Performance Male 14.15 | 1.42 e | |
. : >
Expectancy Female | 14.67 3| 2.67 go-4l4 | 0.000 Female>male
Male 1597 | 2.58 o
Effort Expectancy 0.011 0.917 nonsignificant

Female | 15.96 | 1.69

Male 19.53 | 3.01

1 . . *kxk >
Social Influence Fermale | 2036 | 2.90 13.602 0.000 Female>male

Note: *p<0.05 **p<0.01 ***p<0.001

For the new wireless technology, NFC, the test showed that the significant

difference was between male and female. By the difference comparison, the

performance expectancy in NFC technology for female was higher than the male. The
female were affected by social influence more than the male.

The path coefficient from the external variables to behavioral intention is shown as

follows.
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Table 14 Path Coefficient with Gender Variable

Gender Male Female
R? Value R?=0.537 R?=0.624
B p B p

Performance

0.181*** 0.000 0.203*** 0.000
Expectancy
Effort

0.482*** 0.000 0.038 0.076
Expectancy
Social

0.107*** 0.000 0.368*** 0.000
Influence

Note: *p<0.05 **p<0.01 ***p<0.001

For the behavioral intention, the male and the female had significant effect of

performance expectancy and social influence. The female had no significant effect of

effort expectancy, but the male had significant effect of effort expectancy.

The structural relationship is:shown as following figure. The gender variable had a

significant moderation between the external varialles and behavioral intention.

Technology
Readiness

Performance
Expectancy

Effort
Expectancy

Social
Influence

Facilitating
Conditions

Gender

Figure 19 TRAUM with gender moderation
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(2) Age Moderation Effect

The structure of the subjects in age moderation, 53.70% were 26~35 years old,
26.65% were 36~45 years old, 11.09% were 18~25 years old, 4.67% were 46~55
years old, 3.31% were more than 56 years old, and 0.58% were less than 18 years old.
Because of the less population of 46~55 years old and over 56 years old, the research
combined the two age level with 36~45 and named over 36 years old. The age level of
less than 18 years old also combined with 18~25 years old and named less than 25
years old. The following table is the age moderation effect to the three constructs,

performance expectancy, effort expectancy, social influence and facilitating condition.

Table 15 Age Moderation Effect

Age mean | S:D. F Test | Significance | Difference

Performance | (1) <25 13.78 | 1.37
Expectancy | (2) 26~35 | 14.36,(.2.38 4.601** 0.010 (3)>(2)>(2)
(3) >36 1449 | 1,24

Effort (1)<25 | 15.12 | 233
Expectancy | (2) 26~35 | 15.96 | 1561..[-8457*** |  0.000 (3)>(2)>(1)
(3)>36 | 16.27 | 3.08

Social (1) <25 18.74 | 2.86
Influence (2) 26~35 | 19.72 | 2.99 | 10.371*** 0.000 (3)>(2)>(1)
(3) >36 20.35 | 2.96

Facilitating | (1) <25 | 16.19 | 2.23
Condition | (9)26~35 | 16.21 | 2.17 | 3.412* 0.033 (3)>(2)>(1)
(3)>36 | 16.62 | 1.87

Note: *p<0.05 **p<0.01  ***p<0.001

For the new wireless technology, NFC, the analysis indicated that the significant
difference was among the three age groups. For the three age groups, age variable had
a significant effect of the four external variables, included performance expectancy,
effort expectancy, social influence, and facilitating condition. The third group (older

than 36 years old) had more significant effect than others groups.
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The path coefficient from the external variables to behavioral intention and

continuance intention is shown as follows.

Table 16 Path Coefficient with Age Variable

Age < 25 years 26~35 years > 35 years
R? Value R?=0.428 R? = 0.560 R?=0.598
B p B p B p
Performance
0.671*** | 0.000 | 0.111*** | 0.000 | 0.250*** | 0.000
Expectancy
Effort
0.145* 0.043 | 0.366*** | 0.000 0.051* |0.021
Expectancy
Social
0.104 0.055 | 0.203*** | 0.000 |0.292*** | 0.000
Influence
Age < 25 years 26~35.years > 35 years
R? Value R?=0.303 R%*=0.441 R?=0.419
B p B p B p
Facilitating
. 0.476*** | 0.000°/]'0:524*** | 0.000 | 0.587*** | 0.000
Condition

Note: *p<0.05 **p<0.01 ***p<0.001
For the behavioral intention, the three age groups had significant effect of
performance expectancy, effort expectancy and social influence. The age group 1
(younger than 25 years old) had no significant effect of social influence. The age
group 1 (younger than 25 years old) and group 3 (older than 36 years old) had the
minor significant effect of effort expectancy. For the continuance intention, the three
age groups also had significant effect of facilitating condition.
The structural relationship is shown as following figure. The age variable had a
significant moderation among the external variables and behavioral intention and

continuance intention.
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Figure 20 TRAUM with age moderation

(3) Experience Moderation Effect

The structure of the subjects’in experiénée moderation, 35.21% had used NFC
technology and 64.79% had no experience to use NFC technology. The following
table is the experience moderation effect to the three constructs, effort expectancy,

social influence, and facilitation condition.

Table 17 Experience Moderation Effect

Experience | mean | S.D F Test | Significance | Difference

Effort (1)No 16.31 | 1.20 - 0.000 Do (2
: . >
Expectancy (2) Yes 1543 | 3.34 0>
) (1)No 20.56 | 2.37

Social Influence 81.612*** 0.000 D)>(2)

(2) Yes 18.65 | 3.48
Facilitating (1)No 16.74 | 1.53 14,0455 0.000 0>
Condition (2) Yes 15.73 | 2.62 ' '

Note: *p<0.05 **p<0.01  ***p<0.001
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For the new wireless technology, NFC, the test showed that the significant

difference was between the experiences in using NFC technology. By the difference

comparison, the group had no experience in using NFC technology was more

significant than had experiences.

The path coefficient from the external variables to behavioral intention is shown as

follows.
Table 18 Path Coefficient with Experience Variable
Experience Yes No
R* Value R?=0.522 R*=0.366
B P B P
Effort
0.123*** 0.000 0.381*** 0.000
Expectancy
Social
0.318*** 0.000 0.222*** 0.000
Influence
Experience Yes No
R* Value R? = 0.400 R?=0.351
B p B p
Facilitating
. 0.511%** 0.000 0.498*** 0.000
Condition
Note: *p<0.05 **p<0.01 ***p<0.001

For the behavioral intention, the experiences had significant effect of effort

expectancy and social influence. For the continuance intention, the experiences had

significant effect of facilitating condition.

The structural relationship is shown as following figure. The experience variable

had a significant moderation among the external variables, behavioral intention and

continuance intention.
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Figure 21 TRAUM with experience moderation

(4) Voluntariness of using Moderator

According to the structure of the valid sample, the voluntariness of using contained
seven levels: (1) 45.72% was mostly agree; (2) 37.74% was agree; (3) 9.14% was
minor agree; (4) 5.45% was normal; (5) 0.97% was minor disagree; (6) 0.39 was
disagree; (7) 0.58% was mostly disagree. In order to simplify the research, we
combined (1) and (2) as high voluntariness, (3), (4), and (5) as middle voluntariness,
(6) and (7) as low voluntariness. The following table is the voluntariness of using

moderation effect to the social influence constructs.

Table 19 Woluntariness of using Moderation Effect

\oluntariness | mean | S.D F Test Significance | Difference
Social (1) high 3.04 |0.75
Influence (2) middle 2.73 | 0.71 | 10.345*** 0.000 (1)>(2)>(3)
(3) low 235 |[0.72

Note: *p<0.05 **p<0.01 ***p<0.001
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For the new wireless technology, NFC, the test showed the significant difference
was among the groups of voluntariness of using NFC technology in social influence

The path coefficient from the external variables to behavioral intention is shown as

follows.
Table 20 Path Coefficient with Voluntariness of using Variable
\oluntariness of using (1) high (2) middle (3) low
R* Value R*=0.417 R?=0.442 R%=0.585
§ P § P B P
Social Influence 0.451** | 0.009 0.147 0.144 -0.080 0.716

Note: *p<0.05 **p<0.01  ***p<0.001

For the behavioral intention, the voluntariness of using had significant effect of

social influence. The value of3: means the understand degree in the construct. The
high voluntariness group had significant effect of social influence.

The structural relationship is shown.as following figure. The voluntariness of using

variable had a significant moderation between the external variables and behavioral

intention.
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Figure 22 TRAUM of using moderation
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4.1.4.3 TRAUM Model

According to the test of structural model and moderation effect, we removed the
non-supported causal relationship and get the TRAUM (Technology Readiness,

Acceptance and Using Model) model. The TRAUM model is shown as follows.

Technology
Readiness

Performance
Expectancy

Expectancy

Satisfaction
Continuance
‘ » Behavioral Intention

Influence

Facilitating
Conditions

A Voluntariness
Gender Age Experience ofllse

Figure 23 TRAUM Model
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4.2 DEMATEL

4.2.1 Data Collection

The primary criterion for selecting participants was that they are the experts in NFC
field and the collaborative partners. There are ten experts were selected. The
collecting period is from 2013/05/30 to 2013/06/15. All the questionnaire received are
valid responses, corresponding to a valid return rate of 100%.

Of the ten participants enrolled in the program, seven participants were male and
three were female. They came from various specialized fields, included NFC R&D,
NFC manufacturing, NFC marketing, and finance. Their ages ranged from
twenty-eight to forty-six years. The ten participants involved in this study can be
further categorized by their specialized fields, three being classified as NFC R&D,
two as NFC manufacturing, three as NFC marketing, and two as finance field

according to the specialized fields. The ten participants are as follows:
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Table 21 Basic data of the expert participants

Number | Education Job title Professional Field | Seniority(NFC) | Age
1 Bachelor | Senior Engineer R&D 9 36
2 Master Manager R&D 6 42
3 Master Executive Officer | R&D 8 38
4 Master Project Manager Manufacturing 7 35
5 Bachelor | Senior Engineer Manufacturing 9 40
6 Bachelor | Sales Manager Marketing 6 28
7 Master General Manager | Marketing 8 46
8 Master Special Assistant | Marketing 8 36
9 Bachelor | Section Chief Finance 5 32
10 Master Manager Finance 7 37
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4.2.2 Decision problem network relation map structuring

At first, the direct relationship/influence matrix A is introduced. After that, the

direct relation/influence matrix A is normalized. The normalized matrix A is shown as

the following table:

Table 22 Normalized matrix A

S1

S2

S3

S4

F1

F2

F3

11

12

o1

02

O3

0.086

0.036

0.048

0.066

0.086

0.032

0.045

0.032

0.048

0.063

0.088

0.045

0.027

0.070

0.063

0.070

0.054

0.068

0.084

0.054

0.066

0.052

0.066

0.086

0.048

0.068

0.057

0.086

0.038

0.041

0.068

0.050

0.084

0.045

0.036

0.043

0.068

0.045

0.045

0.066

0.043

0.066

0.068

0.045

0.025

0.048

0.066

0.045

0.025

0.045

0.027

0.025

0.066

0.086

0.057

0.070

0.059

0.061

0.088

0.063

0.066

0.054

0.063

0.057

0.050

0.088

0.063

0.036

0.043

0.086

0.045

0.068

0.066

0.084

0.032

0.048

0.086

0.063

0.052

0.050

0.068

0.050

0.036

0.084

0.036

0.043

0.045

0.066

0.036

0.068

0.045

0.070

0.090

0.090

0.077

0.084

0.059

0.070

0.070

0.070

0.090

0.070

0.070

0.088

0.090

0.088

0.054

0.068

0.057

0.088

0.090

0.070

0.068

0.050

0.068

0.061

0.048

0.048

0.068

0.086

0.041

0.052

0.043

0.043

0.045

0.045

0.041

0.088

0.032

0.068

0.077

0.066

0.054

0.070

0.063

0.090

0.090

0.070

0.072

0.068

0.061

0.066

0.059

0.027

0.025

0.025

0.045

0.027

0.048

0.068

0.045

0.086

0.045

0.066

0.027

0.025

0.057

0.059

0.048

0.061

0.054

0.086

0.068

0.068

0.063

0.063

0.045

0.057

0.054

0.068

0.043

0.086

0.086

0.050

0.070

0.070

0.066

0.086

0.050

0.086

0.048

0.057
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Finally, the total relationship matrix T is deducted. The total relationship matrix T
is shown as the following table. In the following table, “r” means the influence degree,

and “d” means the influenced degree.

Table 23 Total relationship matrix T

S1|1S2 |S3|S4 | F1L|F2|F3 |11 |12 |13 |14]01]02|03]|d

S1/0.189(0.272|0.206|0.219|0.231|0.280|0.212|0.222|0.214(0.216{0.225|0.271|0.201|0.180|3.138

S520.291|0.229|0.266|0.272|0.252(0.304|0.293]0.263|0.279|0.251|0.259|0.303|0.234(0.244|3.740

S310.247|0.277/0.177|0.215|0.212(0.269|0.233]0.259|0.230{0.208(0.212|0.256|0.205|0.200|3.201

S40.224(0.209|0.209|0.148|0.209(0.215|0.178]0.199|0.216|0.188(0.166|0.206|0.161(0.155|2.683

F1|0.289(0.312|0.262|0.274/0.203|0.296/0.274|0.294|0.277|0.264|0.250|0.285|0.242|0.231|3.752

F210.301(0.285|0.236|0.243|0.276|0.233|0.252|0.270|0.271|0.274|0.223|0.265|0.263|0.237|3.629

F3]0.235(0.236|0.232|0.216/0.201|0.275|0.176|0.210|0.218|0.209|0.222|0.218|0.219|0.192|3.059

11 10.333|0.356|0.329|0.317]0.315|0.340(0.321|0.252|0.322|0.303|0.317|0.331(0.288(0.297|4.422

1210.324/0.326(0.270]0.282|0.268|0:337|0.311{0:290|0.229|0.278|0.257|0.302(0.258|0.238|3.972

130.232]0.255(0.252|0.211|0.215|0.240(0.221/0.220/0.225|0.166/0.204|0.269|0.186|0.214/3.111

1410.315/0.310(0.274|0.288|0.277|0.342|0.314(0.293}0.300|0.281|0.212|0.298|0.265|0.251}4.020

01|0.183]0.183|0.166|0.185|0.165|0.21110.21210.188]0.228/0.182|0.196|0.152(0.157|0.149|2.557

02(0.266(0.272]0.239|0.251|0.241}0.305|0.265|0.262|0.263|0.249|0.228(0.263|0.177|0.222|3.504

03|0.298/0.280(0.293|0.293|0.256|0.314(0.287(0.281|0.303|0.255|0.282|0.275|0.248|0.187|3.851
r 13.727/3.802|3.412|3.412(3.321|3.962|3.5483.505|3.576|3.325|3.253|3.693|3.106|2.997
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According to the matrix T, the study calculated the strength of the influence in the
following table. (d+r) means the degree of the central role that factor i plays in the
problem. (d-r) means the degree of the cause role. The strength of the influence for the

criteria is shown as following table:

Table 24 The strength of the influence for the criteria

Criteria d r d+r d-r
S1 Customer Segmentation 3.811 3.751 7.562| 0.060
S2 Ease of Use 3.850 4.479 8.330| -0.629
S3 Pricing 3.780 3.922 7.701| -0.142
S4 Service Offering 3.357 2.936 6.292| 0.421
F1 Revenue and Cost 3.672 3.351 7.023] 0.322
F2 Risk 4.555 4.810 9.365| -0.255
F3 Resource 3.621 4.152 7.773| -0.532
I1 Security 4,591 4.300 8.892| 0.291
12 Authentication 4.369 3.981 8.350| 0.389
I3 Application 3.466 3.647 7.113] -0.181
14 Technological Architecture 3.967 3.727 7.694| 0.240
01 Value Network 3.136 3.998 7.134| -0.862
02 Collaborative Strategies of the Partners 3.263 3.323 6.586| -0.061
03 Capabilities of the partners 4.613 3.674 8.287| 0.939

After calculating the strength of the degree of the central role and the cause role,
the paper produced the network relationship map based on the strength value. We can

present the above network relationship with the flow chart shown as following figure.

82



The following figure illustrates the network relationship map of the service
construct. In the figure, S4 (service offering) affects S1 (customer segmentation), S3
(pricing) and S2 (ease of use). For the enterprise, the service can help them to contact
to the customers directly. Therefore, the enterprise should put more resource in the

criteria, service offering, in order to improve the other criteria of the service construct.

0.600
0.400
0.200
0.000
)
-0.200

-0.400

-0.600

-0.800

d+r

Figure 24 The Network Relationship Map of Service Construct
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The following figure illustrates the network relationship map of the Finance
construct. In the figure, F1 (revenue and cost) affects F2 (risk), and F3 (resource). The
enterprise should focus on the revenue and control the cost in order to improve the

other criteria of the finance construct.
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Figure 25 The Network Relationship Map of Finance Construct
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The following figure illustrates the network relationship map of the information
construct. In the figure, 12 (authentication) affects 11 (security), 14 (technological
architecture) and 13 (application). For the enterprise, the criteria, authentication, is the
main affecting source. Therefore, the enterprise should focus on the authentication,
included the authentication mechanism, authentication system, authentication design
and etc. The more resource in the authentication criteria can improve the other criteria

of the information construct.
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Figure 26 The Network Relationship Map of Information Construct
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The following figure illustrates the network relationship map of the organization
construct. In the figure, O3 (capabilities of the partners) affects O2 (collaborative
strategies of the partners), and O1 (value network). In order to promote NFC solution,
the capabilities of the partners is the main affecting cause in the organization construct.
The enterprise should focus on the capabilities of the partners, seek for the
implementation, and plan well the multiple capabilities. As long as the enterprise put
more resource in the criteria, the capabilities of the partners, the other criteria of the

organization construct can be improved at the same time.
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Figure 27 The Network Relationship Map of Organization Construct
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The following figure illustrates the total cause network relationship map. We found
03 (the capabilities of the partners) is the main affecting cause. In the stage of
promoting NFC solution, the partners and the capabilities of the partners is the most
important. The criterion can affect other criteria. The security and authentication
criteria are also affecting causes. The enterprise should provide the safer NFC
products, especially in the financial transaction. The two criteria are also the
important causes. Other important criteria is service offering. One of the key factors
for NFC promoting is the service offering. The collaborative partners and the
consumers decide to assist NFC solution based on the service offering. The enterprise
should focus on the criteria and provide the service which satisfies the needs of the

market to get the acceptance.
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Figure 28 The causal diagram of total relationship
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4.3 Review of Research Findings in SEM and DEMATEL

We will begin our discussion by reviewing the empirical findings, and then return
to the general theoretical issues.

In SEM analysis, we tested the hypotheses and got the TRAUM model. We also
tested the moderation of the four controllers to understand the effect of the structural
research model.

In TRAUM model, the technology readiness was significant to the four constructs,
included the performance expectancy, effort expectancy, social influence, and
facilitating condition. The tendency of the technology results in the personal
performance expectancy and effort expectancy. The tendency of the technology also
results in the social community and.facilitating condition. The higher tendency brings
the higher acceptance and using.willingness. of the users. The performance expectancy,
effort expectancy, and social ‘influence were significant to affect the behavioral
intention. The results illustrated that the consumers are on the initiative to use NFC
mobile services. The community has the positive effect to the consumers. The
consumers would like to share the experience in the community and are affected by
the willingness of the community:.

Technology readiness construct contains the four types of the characteristics,
included optimism, innovativeness, discomfort, and insecurity. The four
characteristics are existing in the consumers. The result of the analysis interprets the
four characteristics support the expectancy, social influence, and facilitating condition
by the technology readiness construct. It means the high acceptance of the consumers
whatever the characteristics they have. On the other words, the result is helpful to the

promotion in NFC mobile services.
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The enterprise should put more resource in the soft strategy to strengthen the needs
of the consumers and enhance the effect of the community. In the emergence period of
NFC mobile services, the enterprise should also put the resource in the promotion and
education. The promotion and education can increase the good imagine of the users.
The consumers will share their views in the community and search the opinions in the
community. The strategies are helpful to the understanding and acceptance of the
consumers.

The factors of services provided and ease of use are the important criteria for the
consumers. The consumers will make the decision based on the services provided,
ease of use, and the performance expectancy in order to increase the behavioral
intention, satisfaction and continuance intention.

The construct of facilitating cendition was significant to affect the continuance
intention. The result explains the importance of the infrastructure. The infrastructure
includes the NFC electronics, NFCtenvironment, ‘'security, authentication, clouding
establishment, and so forth. Providing. the establishment of the NFC facilitating
environment is helpful to the acceptance, the using willingness and the continuance
intention of the consumers. The enterprise should provide the appropriate facilitating
condition based on the NFC mobile services and the behavior of the consumers. For
example, for NFC mobile payment, the enterprise should provide the NFC mobile
payment environment, the safe and convenient environment and the corresponding
mechanism. Providing the appropriate facilitating condition based on the NFC mobile
services is one of the important strategy for promotion.

Following the analysis, the behavioral intention has effect of satisfaction and
continuant intention. The results illustrates the strategies planned for the overall
services, included the infrastructure, the services, the corresponding mechanism, the

convenience, and etc., is the most important issues in the early stage. NFC technology
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IS in the emergence period and needs the completed developed strategies based on the
business model.

The TRAUM model proposed in this research provides the better explanation to the
acceptance, intention and behavior of the consumers in technology using, e-services
and mobile services. For the technology and e-services in the emergence period, the
preference of the consumers is quite important to make the promotion strategy. The
TRAUM model offers a holistic view for evaluation and making the appropriate
strategies.

In DEMATEL analysis, we proposed the network relationship map based on the
opinions from the experts. In the analysis, the main affecting cause is the capabilities
of the partners’ criteria, especially in the emergence period. The result emphasizes the
importance of the partners choosing and the implementation of the multi-source
capabilities from the partners. In' planning. the strategies, how to allocate the
capabilities to gain the more benefit for-the.collaborative partners is also the most
important things. It will affect the following strategies.

The service offering is the second main affecting cause. The services contact the
consumers more directly and understand their needs. The consumers in the different
areas have the different preference in service offering based on the behavior and the
culture. For example, for the consumers in Europe, NFC mobile services focus on the
electronic keys, mobile learning, healthcare and mobile tickets at first. For the
consumers in United States, NFC mobile services focus on mobile tickets, controlling
system in the organization, and mobile learning. For the consumers in Japan, NFC
mobile services focus on the minor mobile payment. According to the investigation,
for the consumers in Taiwan and China, NFC mobile services focus on the minor and
major mobile payment at first. The NFC mobile payment service can attract more

consumers to use it and strengthen their continuance intention.
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The following main affecting causes are security and authentication. For the service
offering, safer environment is helpful to the promotion. Thus, the enterprise should
focus on the design of security and authentication mechanism, included the product
design, and the transaction environment design. The security and authentication
mechanism are also the critical criteria in promoting.

The result shows the criterion of value network is the main affected cause. While
the partners setup a great environment, attracting services, the better benefit for the
partners, and the collaborative mechanism of the partners. The value network can be
organized well spontaneously.

The result interprets the criterion of ease of use is the second main affected cause. It
IS because the criterion needs other factors to affect, included the finance, information,
organization, and service. Thus, the enterprise should put the resource in the service
offering, information security, finance revenue, and the collaborative partners’
allocation first. By the resource above, the-criteria of ease of use can be achieved.

The research used the two quantitative research methods to do the analysis based
on the consumers and experts. It can provide the views from the consumer’s needs
and the experts’ opinions in decision making. Because these studies complement each
other, the compatibility of the results is all the more impressive.

The two studies obtain the same conclusion and both emphases the important of
services and information construct. The service offering in DEMATEL method can
enhance the performance expectancy, effort expectancy, social influence and
satisfaction of the consumers in SEM analysis. The enterprise can focus on the service
offering and the corresponding mechanism provided. The community managed is also
important to strengthen the using willingness of the users. The criteria of security and
authentication can enhance the facilitating condition and continuance intention

constructs. The experts and the consumers both focus on the information security
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mechanism. Therefore, the NFC products, mechanism, and the environment with the
high security are the key successful factors. The enterprise should put more resource
in developing the NFC mobile services with high security and the promotion

strategies.
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4.4 Application in Business Strategy and NFC Mobile

Payment

In the session, the research applied the finding to the business strategy and NFC
mobile payment which is the main NFC mobile services based on TRAUM and

network relationship map.
4.4.1 Business Strategy

We separated four domains to discuss the business strategy of NFC mobile services
based on STOF business model and the quantitative finding. The four domains are
service domain, information domain, finance.domain, and organization domain.
4.4.1.1 Service Domain

In service domain, the research separated two issues to discuss, included the value
proposition for end user, and market:'segmentation. For NFC mobile services, the two
issues are important to promote. Based on'the finding, the services can affect the
using willingness directly.

(1) Value proposition for end user

Franco Bernabe considered that NFC is an important innovation, and can advance
the development of mobile services and applications, such as mobile ticketing, mobile
payment, mobile coupon, information/context exchange, and etc (Bernabe, February
25, 2013). The end users are more likely to take the mobile phones with them all the
times. The mobile services based on contactless NFC technology offer numerous
benefits for end users compared to previous solutions. By the mobile services
provided by mobile phones with NFC-Micro SD technology, users need to carry the

plastic cards and keys with them no longer.
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The series of mobile services include mobile payment service, mobile ticketing
service, healthcare service, electronic key, promotional m-coupon, data transmission,
mobile learning materials and etc. The users can only carry their mobile phones with
NFC-Micro SD cards. They can receive the exclusive m-coupon by OTA, purchase
anything they want with the NFC-enabled mobile phones. The users can only choose
the payment ways by the phones and don’t have to find a shop or a certain place to top
up their plastic cards. While the users want to travel, they can order the tickets with
the phones. The order will update on their calendar immediately, with the route
planning and the schedule suggestion. The users also can receive the key of the hotel
room ordered by OTA function, and it ensures the users can take the phones as the
electronic key without the complicated check-in process in their trip. Besides,
NFC-Micro SD card also can store the personal health record. It ensures that users can
monitor their health by Telemedicine service-and.receive the health advice from the
doctors at once.

Besides, the data exchange also benefits for the end users. The users can use NFC
technology to print the documents and photos with putting the phones close to the
printer. Based on NFC technology, the users also can receive the guidance and
information while they’re in the museums, the scenic resorts and etc. The benefit of
mobile learning is also obvious and can help many people to learn anytime and
anywhere.

(2) Market Segmentation

With many entities, such as banks, mobile operators, transport companies and
merchants involved, service complexity is a challenge in each NFC rollout. Compared
to the previous solutions, a NFC-based service can add value by offering more options
(e.g. different payment methods, and applications). For the end users, if the operating

approaches are seen as too complicated or slow by the users, they would resist to use

94



it. NFC-Micro SD solution provides more flexibility, such as applying in all kinds of
the phones. About the interface, it also has to offer a simpler and friendlier interface
for the users. These considerations can enhance the willingness in using.

After the users have become familiar with the services, it could be possible to
encourage these users to adopt the advanced options of NFC mobile services. This
approach can attract more users to adopt NFC mobile services. Besides, NFC mobile
services also can combine with the intelligent housing to offer the safer and more
convenient mechanism in the future. This application will be the great benefit to the

end users and constitutes the majority of the users.

4.4.1.2 Technology Domain

In technology domain, the research separated two issues to discuss, included the
NFC-enabled devices availability,.and security issues. The two issues are also the
critical criteria for user to accept the NFC-mobile services.

(1) NFC-enabled devices availability

In the past, the deployment of NFC is slow because of the limited availability of
NFC handsets (Huomo, 2008). According to Juniper Research (Wilcox, 2011), at least
1 in 5 smartphones worldwide has NFC contactless functionality. Juniper forecasts
almost 300 million NFC-enabled smartphones worldwide by 2014, and North
America will account for half of all NFC smartphones in 2014. Therefore, the mobile
phone manufacturers are optimistic about the future of NFC-enabled phones, and
release more NFC-enabled phones.

Among the several NFC solutions, NFC-Mobile Phone, NFC-SIM, NFC-SWP SD,
and NFC-Micro SD, NFC-Micro SD solution is the eminent solution. It corresponds
to the features of NFC field, such as simplification, convenience, easy to use, and

low-cost. Unlike other solutions, NFC-Micro SD solution can apply in all types of
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mobile devices. Thus, consumers can choose their favorite smartphone and insert
NFC-Micro SD card to enable NFC function. Besides, there are more and more NFC
services to be provided nowadays. The more convenient mobile services bring about
the needs of the end consumers. With the increasing needs of the end consumers,
NFC-Micro SD solution becomes a popular and important solution in the mobile
markets. By NFC-Micro SD solution, the market can provide more NFC-enabled
devices with the low-cost for end consumers in the short time.

Besides the smartphones, the consumers tend to use other consumer electronics,
such as mp3s, tablet PC, digital camera and so forth. Appling NFC function on the
consumer electronics brings the more convenience for the consumers. The consumers
can choose their favorite consumer electronics with you to use NFC mobile services.
By NFC-Micro SD solution, it can reach the goal easily and improve the using
willingness of the users.

(2) Security issues

Each role of the value chain regardsthe security issues as the most important things
in NFC field. The security issues include the secure element and the security
mechanism.

Secure element means a hardware component which is the safe storage place for
storing confidential information and handling confidential data (Juntunen,
Luukkainen, & Tuunainen, 2010). The confidential information includes the sensitive
personal information, the transaction of the mobile services (e.g. mobile payment,
mobile ticketing, etc.) In order to give consideration to the standardization and
compatibility, NFC-Micro SD solution is considered the most promising solution for
secure element. Micro SD card is the removable, secure, and standardized memory
card. It can be also compatible among different handsets. The block structure contains

two partitions to store the different data, SmartCard Controller and NAND Flash.
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SmartCard Controller is secure element in NFC-Micro SD solution; It is responsible
to store confidential information and execute the NFC transaction. NAND Flash is
responsible to store the normal data. The mechanism can provide not only a safe way
for the confidential information, but also the memory to store the normal data. It can
strengthen the using willingness of the consumers.

The security mechanism contains the software security mechanism and the
hardware security mechanism. For the software security mechanism, NFC-Micro SD
solution provides the safer encryption algorithm, such as DES/ AES/ RSA/ PKI/
SHA-1/ SHA-224/ SHA-256/ MD5/ CRC and etc. Besides, the issuing process can be
executed by the OTA (Over-The-Air) function. The issuers can verify the user’s
identification directly without the complicated process. The consumers also can
download the transaction programs safely by OTA mobile network and finish the
setup. For the hardware security mechanism,.it makes the chip to encrypt the data by
the highest encryption standard-of hardware-ZAL5++ while it transmits. If someone
loses his mobile phone with NFC-Miero.SD.card, nobody can use his card to execute
NFC transaction. The security mechanism give consideration to safe, convenience and

easy to use.

4.4.1.3 Finance Domain

The most significant issue in the NFC ecosystems is the possible revenue logics for
the operators. The operators will consent to not receiving any transaction-based
revenue from the transaction organizations, such as banks, transport service providers
and etc (Balaban, 2008). Unlike NTT DoCoMo in Japan can issue its own credit
brand and have the transaction-based revenue, the common operators of other NFC
solutions (e.g. handset manufacturers of NFC-Mobile Phone solution, and mobile

network operators of NFC-SIM solution) can’t receive any transaction-based revenue.
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Besides, the cost will be increased as much as $10 to $30 per handset while NFC chip
is added into the mobile phone directly. The more cost and less revenue result in the
difficulty in promotion NFC solution.

In the research, we proposed the new NFC solution, NFC-Micro SD solution.
NFC-Micro SD cards can replace the plastic cards and reduce the wastage of the
plastic cards. NFC-Micro SD cards also have less cost than other NFC solutions. For
the manufacturer of NFC-Micro SD cards, the revenue is from the card manufacture,
not the transaction-based revenue. The issuers also can ask for the customization with
more expense. Following the solution, the original revenue model not only has no
change, but also increases the finance value to the existing roles. The convenient
mobile services will increase the transaction, and increase the transaction-based
revenue for the issuers, and the merchant. Information Service Provider will receive
the extra profit according to the development of.appropriate Apps. For consumers,
NFC mobile services are the more convenient;-time-saving and interesting services. It
is estimated to increase the sale volume.of the-mobile phones, and increase the benefit
for mobile network operators. In summary, NFC-Micro SD solution can increase the
profit of each role in the value network. The players can accept the solution more

easily and would like to promote NFC-Micro SD solution.

4.4.1.4 Organization Domain

NFC is the emerging and popular technology nowadays. The handset manufacturers
and mobile network operators would like to produce NFC-enabled products, such as
NFC-Mobile Phone and NFC-SIM, and promote it. But the bottleneck to promote is
the key players, such as the financial institution, the government, and the
organizations which own the confidential personal information. In order to keep the

security, the key players are adverse to disrupt the original process to issue the card.
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NFC-Micro SD solution provides a holistic value network without changing the

original safe process. The holistic value network is as shown in following figure.
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Figure-29 The holistic value network

The issuers here mean the key. players who own the confidential personal
information. In the original process, Perso Company is responsible to upload the
confidential personal information for the issuers. The difference between the original
value network and the new value network is that the manufacturer of NFC-Micro SD
technology replaces the traditional plastic card manufacturers. It doesn’t have to
change the existing security mechanism which has been established for years. For the
issuers, they would like to use and promote the solution without overmuch changing.

Consumers can get NFC-Micro SD card from the issuers directly, buy the mobile
phones in the shops, and insert the cards into the phones to enable NFC function.
Mobile network operators also provide the mobile network for the issuers and the
consumers as the network infrastructure. In order to active NFC function, consumers

must use the Apps in the mobiles phone. The role, Information Service Provider, is
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responsible to develop the Apps on the several OS platforms according to the
requirement of issuers and maintains the web platform. The three roles, issuers,
information service provider, and mobile network operators, become the collaborative
partners in providing a holistic service network for consumers. So consumers can
download the appropriate Apps by OTA to active NFC transaction.

By the holistic service network provided and NFC-Micro SD cards with
confidential personal information, consumers can execute the private transaction, such
as mobile payment, mobile ticketing, health care, m-coupon, electronic key and more
private mobile services.

In the new value network, NFC-Micro SD solution enhances the value of each role,
and provides the convenient solution for consumers. By OTA, the issuers can identify
the consumers directly to shorten the time of ‘the original process. The security
mechanism of NFC-Micro SD .solution .can .strengthen the existing security
mechanism. The advantage of the new.selution can attract the players to invest in

NFC-Micro SD solution and provide meore mobile services for the consumers.
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4.4.2 NFC Mobile Payment

There are three main NFC applications: Authentication, Payments, and Data
exchange. Among the applications, mobile payment is the first application in NFC
field in Taiwan. Mobile payments are the payments through mobile devices in
wireless environment, and are considered as the accelerator of M-commerce. In the
session, we take the important application, mobile payment, to show the applied
process.

Comparing to traditional payment and online payment, the main advantage of
mobile payment is ubiquity. The traditional payment is the transaction via the credit
cads and cash. The users have to bring more credit cards and use it based on the
different preferences of the credit cards. The credit cards service brings not only the
convenience but also the troublein life.

With mobile payment, the users can-conduct payment via their mobile devices
anytime and anywhere. However, Slow responses and the security mechanism are the
difficulties to promote mobile payment. The contactless technology, NFC-Micro SD,
not only provides the security mechanism with it, but also can apply in every type of
mobile phone with the unique patent by inserting the NFC-Micro SD card. the
consumers can transact by NFC-enabled device without carrying many credit cards.

About the credit card operation, it involves in the confidential personal data. The
card issuers are usually the banks and hardly to give the sensitive personal data to
other enterprises, such as handset manufacturers, and mobile network operators.
Therefore, NFC-Micro SD solution takes the procedure as shown in Fig. n. The
procedure keeps the original card issue procedure, and improves the willingness and

acceptance of the card issuers.
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NFC-enabled Credit Card issued procedure
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Figure 30 Collaborative mobile, payment in NFC-Micro SD solution

In order to keep the original procedure of ‘card issuing, NFC-Micro SD solution
provider only provides the empty 'NFEC-Micro SD cards and specific burning
machines to the Perso Company,-like line 1 in-Fig. n. In the original card issue
procedure, the banks (the card issuers) entrusts the regional Perso Company to input
all personal data into the credit cards. In Fig. 11, as the original procedure, the banks
provide the confidential personal data to Perso Company, like line 2 shown. Perso
Company will upload the personal data in the SmartCard Controllerin NFC-Micro SD
card according to the requirement of the banks. After Perso Company finish uploading,
Perso Company will give the cars to the banks, like line 3 shown. With the procedure,
NFC-Micro SD solution can enter in the financial industry without more obstacles.

By OTA (Over-the-Air) function NFC-Micro SD provides, the bank can do the
identity authentication directly, without identifying face-to-face or by telephone. The
OTA function saves more cost and time for the card issuers. The OTA function also

helps the consumers can not only consume in the physical stores, but also enjoy the
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virtual shopping in Apps online shopping mall.

In every NFC-Micro SD card, there are several credit cards inside. It depends on
apps to choose the credit card would like to use. In Fig. 11, the whole procedure also
contains the system development. In system development procedure, the participators
are NFC-Micro SD solution provider and information service provider. NFC-Micro
SD solution provider is responsible to assist the information service provider to
develop the system and apps, like line a shown. The information service provider will
develop the apps and managed interface for the end users according to the
requirement of the banks, like line b shown. The platforms of apps contain Android,
i0S, and etc. to support all types of mobile phones.

The consumers choose the App (e.g. ICash) on their mobile phones, and open the
App. After inputting the account.name and password the consumers defined in
advance, the consumers can choose the function (e.g. credit card transaction, mobile
bank, ticketing, etc.) and the credit card-would, like'to use. Then the consumers can
put the cellular phones close to therreader.-and conduct payment immediately or
operate the mobile bank. The flow chart of App transaction is as shown in Fig. 12.
With the easy use and convenient apps, the software can improve the interest and

willingness of the consumers.
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Figure 31 Flow chart of App transaction

NFC-Micro SD solution provides two operation modes to help mobile payment:

(1) Passive Mode

In passive mode, NFC-Micro SD solution:is responsible to send the signals. While
the users want to execute the transaction, they have-to put the mobile phones close to
the flexible POS machine or make the mobile phonestouch the flexible POS machine.
The flexible POS machine uses: the ‘communication network with the banks, and
executes the transaction.

For the existing stores, the original flexible POS machines and the original network
to the banks don’t have to change. It can follow the security mechanism currently. It
will improve the loyalty of the consumers, the merchants, the banks and the partners
in the payment chains.

(2) Active Mode

In active mode, NFC-Micro SD solution can not only send the signals, but also
receive the signals. The difference between passive mode and active mode in mobile
payment is that the flexible POS machines can be inexistent. The merchants can use
the NFC-Micro SD mobile phones as the mobile POS machine and execute the

transaction. The active mode is well received by more merchants for micro-payment.
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Besides, the active mode supports the transferring accounts operation easier. While
one user want to transfer accounts in bank to the other users, they can use the active
mode and execute the transaction without the flexible ATM machines.

Therefore, NFC-Micro SD solution is suitable for the mobile payment, especially
integrating with credit cards, and mobile banks operations. The solution is helpful to
the macro-payment and micro-payment, and can provide the ubiquitous mobile
payments.

The benefit of the collaborative partners is as follows:

(1) For the banks

The banks don’t have to change the original flow chart and existing security
mechanism. They only exchange the plastic credit cards to NFC-Micro SD cards, and
release the mobile payment operation soon. By the.security mechanism of NFC-Micro
SD technology and the NFC mobile payment chain, it provides the safer security
mechanism and avoids the confidential-personal data to be distributed to any third
parties.

(2) For Perso Company

The Perso Company is the segment of the original value chain. In mobile payment
chain, it increases the volume of the credit cards maing and creates its value in the
mobile payment value chain.

(3) For Information Service Provider

The information service provider can not only provide the existing information
service to the banks, but also develop the systems and apps for the users according to
the requirement of the banks. The management and maintenance of the information
systems can improve the value in the mobile payment chain and the willingness of

collaboration.
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(4) For NFC-Micro SD solution provider

The solution provider only provides the empty cards to Perso Company without
changing the original process. It also can develop the customization empty cards
according to the requirement of the banks, included the volume of the Micro SD cards,
the special specifications for the certain banks. In system development stage, the
solution provider can be close to the information service provider and provide the
friendly system together in order to improve the willingness of the consumers.

(5) For merchants

The solution can accelerate the speed of the transaction without exchange the
existing equipment. The solution also provides the more convenient transaction and
process for the merchants.

(6) For consumers

The consumers don’t have to-carry. SO many credit-cards and cash with them. What
the consumers do is apply to the NFC-Miere-SD cards into the mobile phones, and
enjoy their mobile payment journey. Obviously, the convenient way can improve the

using willingness of the consumers.
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5. Implication

5.1 Conclusion

People carry the mobile phones with them all the time, many daily services like
payments, identifications, etc., could be provided through NFC-enabled mobile
devices. Incorporating NFC technology in mobile phones offers numerous valuable
new mobile services to end users, while generating profits for the players in the
holistic value network.

The research discussed the business model of NFC solution. In the SEM analysis,
we proposed the TRAUM model based on the UTAUT model, technology readiness
model, and post-acceptance model to understand the user intention for the strategy in
business model. With the results, the, performance expectancy, effort expectancy,
social influence, and facilitating condition are significant to affect the behavioral
intention and continuance intention. It:means'the enterprise can put more resource in
the soft strategy to strengthen the needs in user’s mind and enhance the effect of the
community. It can strengthen the using willingness of the consumers. Providing the
security facilitating environment can also strengthen the using willingness of the
consumers.

Based on the moderation effect, the enterprise should focus on the female group
older than 36 years old group, and with the high voluntariness of use group. The
research found the consumers of the three groups have the higher acceptance than
other groups.

The TRAUM model offers the better explanation for the technology, e-services and
mobile services. By the holistic analysis, the researcher can evaluate the intention,

performance and discuss the appropriate strategies. The moderation effect can help
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the researcher to understand the group of the consumers and make the segmentation
marketing strategies.

In the DEMATEL analysis, we proposed the opinions from the experts. For the
experts, the capabilities of the partners are the main affecting cause, especially in the
emergence period. It focuses the importance of the implementation and allocation of
the multi-source capabilities. The service offering is also important. The consumers
will be attracted by the service offering and strengthen their continuance intention to
use. On the other words, the service offering can enhance the performance expectancy,
effort expectancy, social influence and satisfaction of the consumers. The security and
authentication are also the important causes for the experts and the users. It is the
facilitating condition construct in SEM analysis that the consumers care about.

TRAUM model can apply to.the similar research field, such as technological
application, mobile services, and electronics services: It discusses the tendency of the
consumers, the acceptance intention, ‘using.behavior, and continuance intention for the
consumers at the same time. It can‘help.the. scholar and the managers to understand
the intention of the consumers easily and comprehensively.

In order to get the holistic view for NFC mobile services, the research combined
the SEM methodology and DEMATEL methodology based on the opinions of users
and experts. By the study, we can consider the opinions of the users and the experts to
make the decision. For the decision making and business strategy, the holistic
evaluation is necessary. The research considers the two different aspects and applies
to the business strategy making. Results of the present study represent the most
complete documentation to date in obtaining estimates of aspects of a complex event
for using NFC mobile services.

These findings are in line with previous studies, although no previous study has

asked this question in detail. Because these analyses complement each other, the
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compatibility of the results is all the more impressive. We applied the results to the
business strategy. In the discussion, we separated the business strategy as four
domains based on the STOF business model and the quantitative findings. STOF
business model is the most popular business model analyzed in mobile commerce.

In the research, we discuss the NFC business strategy and NFC mobile payment for
NFC-Micro SD solution, the innovative solution in NFC field. The competitive
advantage of NFC-Micro SD technology is the patent of packaging antenna module. It
can provide the more convenient and cheaper solution, and apply in all the consumer
electronics. The patent can also widen the gap between the competitors. The highly
compatible feature is the most important key factor to get the bigger market share and
offer more mobile services in the short time. The feature is also accepted more easily
by the key issuers and the end users.

NFC-Micro SD solution keeps the original value network by replacing traditional
plastic cards manufacturers and brings-more-profit to the roles in the new value
network. It combines the NFC ecosystem and.original service ecosystem successfully.

NFC mobile services offer a clear value proposition to end users and there is
notable service demand for end users. In mobile services, mobile payments have the
rapid growth in emerging markets. To improve the mobile payments ecosystem
service providers, included the banks (the card issuers), the Perso Company, the
information service providers, merchants, etc. By NFC-Micro SD solution, the players
in value network generate the collaborative partners’ relationship. The collaborative
relationship can improve the loyalty of the partners and willingness to promotion.

In summary, the present research enhances the previous studies’ findings by
providing a much more detailed examination of NFC solution. This study has taken a
step in the direction of defining the relationship between consumer’s intention and

business model in NFC field. The research also showed the multiple opinions from
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the consumers and the experts. The two research approaches correspond to the
business model qualitative analysis can have the most holistic view to evaluate the
business model and the strategy to NFC mobile services. The research mode and
TRAUM model can also apply in the similar research field, such as technological
product promotion, electronics service, mobile services and so forth. By the TRAUM
model and the research mode in this study, the scholar and the enterprise can easily to
obtain the holistic intention, acceptance and the business strategy based on the

analyses.
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5.2 Limitation of the Study

In the research, we illustrated the business model by the several research methods,
included SEM, DEMATEL, qualitative research, and so on. Although the present
study has yielded findings that have both theoretical and practical implications, its
design is not without flaws.

The first limitation is rooted in the short time allowed for the treatment. It is not
within the scope of this paper to provide a long-term discussion of NFC business
model and the strategies.

The second limitation concerns the emergence period of the NFC technology that
there are not more users to contact with NFC technology. It is limited to our
interpretations.

Another problem that often arises.in data gathering has to do with the fact that such
studies are often based on the survey,-that, is, ‘the data are gathered through
questionnaires, interviews, and so forth. Despite the large number of participants and
the variety of this research, the design of the present study is not without limitations.
The research is limited to compare the results of the various sessions and provide a

more holistic view in NFC business model.
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5.3 Recommendation for Future Research

Future studies should be alerted to the limitation of this study, but this is an exciting

first step. The results of the present research suggest the following dimensions that

might profitably be addressed by future researchers in the area.

1)

(2)

(3)

(4)

()

The questionnaires are subject to constant revision and changes in order to
be improved.

According to the technology readiness construct, the more participants are
needed to classify the four groups and analysis their difference in the
intention and behavior.

This research used DEMATEL to analysis the decision strategy based on
the opinion of the experts. The future research can propose the priority of
the decision making to provide the mere useful reference for the practice.
This study does suggest that the detailed study of the intention of the users
over time is a promising line of inquiry.

An additional interesting avenue of investigation might be to consider the

more NFC mobile services developed.

While this study has its limitation, it is hoped that it can serve as a basis for further

study in NFC business model and strategies.
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