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Abstract

It is envisaged that with the increasing radio frequency identi�cation (RFID) pene-
tration along the grocery supply chain, a Near Field Communication (NFC) mobile
shopping assistant is highly likely to be developed. Such a device would provide the
customer with product speci�c information at the point of shopping. In order to in-
vestigate di�erent aspects of this possibility, several potential users were interviewed
after they had some familiarisation with a prototype smartphone-based application.
Bene�ts, issues and challenges were identi�ed.

The bene�ts were: customers can read information of products they are already
familiar with; certain information types were easier to read compared to traditional
labels; and, additional information supported product selection.

The issues were: security vulnerabilities because the technologies (smartphone,
RFID, background systems and databases) exposed the customer to threats to
their personal data; the increased public use of expensive smartphones could attract
thieves; and, the short life of a smartphone battery and interference of phonecalls.

The challenges were: balancing desired variety and amount of grocery product
information in contrast to easy to use software; and, balancing the costs for the
service, device, information and support without charging the customer too high
usage fees. Personalized advertisements were suggested to subsidise the cost but the
customer behaviour pro�ling would be an additional threat to privacy.

Development of some types of NFC mobile shopping assistant would seem in-
evitable. This research has revealed that developers and owners of such a technology
will need to be alert to the issues and challenges identi�ed in this research. Future
research of user behaviour and preferences across di�erent cultures, age groups and
user types would assist further progress.
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1
Introduction

1.1. Introduction and background information

Smartphones are cell phones with more storage capacity, faster processors and ad-

ditional features, which e�ectively transform a cell phone into a portable mini com-

puter that can also be used for making phone calls. Smartphone sales have been

growing, whereas sell �gures for conventional cell phones are decreasing. The latest

statistics indicates that 19% of global mobile phone sales belong to smartphones

and 81% belong to cell phones1. For 2014 Gartner2 forcasts a total of 875.573m

smartphone sales[2]. Compared to 2009 this means a �ve year growth of approx-

imitly 500%[2]. In addition, smartphones become more powerfull and are equiped

with more features in every new generation.

Smartphone users can install and use additional software, which is not necessarily

provided by the smartphone manufacturer or network provider anymore. Indepen-

dent third parties can develop software for smartphones and distribute them via

di�erent channels. The increase of user demand and the freedom and �exibility of

software developers creates a high number and variety of available applications for

smartphones[3, 4, 5].

There are various types of smartphone software applications available: games, en-

tertainment software, dictionaries, map applications, communication software and so

forth. Depending on the actual software, various smartphone features3 are used. For

example, the smartphone's current position is required for navigation applications.

The position information comes from the GPS sensor as well as the 3G network.

Network connection is one of the most used smartphone features, as it enables com-

1See section B.1 on page 148 and B.2 on page 151 for detailed information.
2�Gartner, Inc is the world's leading information technology research and advisort company.�[1]
3camera, location sensor (GPS), network connection (3G, WiFi, Bluetooth), microphone, key-
board or touch screen
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1. Introduction 1.1. Introduction and background information

munication from and to the smartphone over the internet. Sending and receiving

emails and browsing the web were among the �rst applications for smartphones.

Web browsing allows access to any information on the internet that is available. A

recent trend in the �eld of smartphone applications is to have smaller and more spe-

ci�c applications. Instead of using the smartphone's web browser to retrieve weather

forecast or to read the news, highly customised applications designed for a single

purpose are emerging. That means weather and news information are provided by

di�erent applications. That brings the advantage of optimising applications for a

speci�c single purpose, instead of general all-in-one solutions.

Speci�c purpose optimised applications can also make better use of the smart-

phone's features. Every new smartphone feature creates new application areas for

software. For example, locations sensors, such as the GPS sensor, are used to de-

termine the current position on the globe. The location information is used for

navigation purposes. Gravity sensors that have emerged recently allow to determine

the device's acceleration in a 3D space. This information allows to determine the

device angle and position in the user's hand as well as speed and direction of move-

ment. The information can be used for controlling games or for user interaction

with the smartphone.

A smartphone feature that has been trialed over the last few years and is about to

penetrate on the market in the very near future is near �eld communication (NFC).

NFC is based on radio frequency identi�cation (RFID) technology. RFID is based

on electromagnetic wireless communication, usually with an active battery-operated

reader and passive tags. The tags themselves do not have an independent power

supply and usually receive power through the electromagnetic �eld of the reader[6].

A solution that has an RFID reader built into a mobile phone is refered to as NFC

mobile phone (or NFC smartphone, depending on the type of mobile phone). In

the case of the NFC mobile phone, the built in RFID reader powers and reads the

RFID tags (also referred to as NFC tags). The RFID reader also passes the obtained

information directly on to the mobile phone. NFC also allows multiple operation

modes4. NFC smartphones can be used for many di�erent purposes and application

areas. Most common and popular are mobile ticketing and mobile payment solutions.

The RFID reader built into a mobile phone can be regarded as another feature,

similar to GPS or gravity sensors. Consequently, di�erent independent software

applications can access the built-in RFID reader and use the obtained information[7,

8, 9, 10, 11]. The various software applications would be specially tailored for a

particular purpose and application area. The infrastructure of an NFC mobile phone

solution and the environment (RFID tag standard, RFID reader in smartphone) is

the same across various applications areas. Hence, every user's NFC smartphone

4See section 2.2.3 for further details.
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1. Introduction 1.1. Introduction and background information

can be used for various independent NFC applications. Being able to use a single

NFC smartphone for multiple application areas is one of NFC key advantages. In

addition, both mobile phones and, increasingly, smartphones become more present

in the daily life.

The �rst NFC applications and projects were prototypes, research studies or fea-

sibility studies. The studies and projects had to use very basic prototype smart-

phones, because a mass market did not exist. At the beginning of the Deutsche

Bahn's Touch & Travel project, a Motorola L7 was used[12]. Touch & Access[7],

Touch & Interact[8], Touch & Share[9], NFC o�ce work�ow[10] and the mobile sales

assistant[11] used the Nokia 6131 NFC. Other mobile phone manufacturer such as

Samsung, Benq or Sagem o�er NFC enabled phones as well. All of the NFC enabled

phones mentioned above were mainly used for prototype projects, research projects

or trials. The mobile phones were not easily available to the mass customers through

the usual channels. By the time of conducting and writing this study, the Nokia

NFC software development kit was the only available and fully functional develop-

ment platform for a comprehensive prototype solution. Furthermore, three di�erent

Nokia NFC enabled mobile phones are available. Nokia's second NFC mobile phone,

the Nokia 6131 NFC has been widely used in the research community for the purpose

of developing prototype solutions[7, 8, 9, 10, 11]. One of Nokia's current consumer

market smartphones, the Nokia C7, has NFC capabilities built-in. The NFC capa-

bilities will be activated with an operating system update in early 2011[13]. Google's

former CEO Eric Schmidt announced that the next Google Nexus S smartphone will

have NFC capabilities[14]. Google Android (Google's smartphone operating system)

in its latest public release version already contains NFC features that can be used

by developers in future project and with suitable future NFC smartphones[15].

The two NFC smartphone examples (Nokia C7 and Google Nexus S) are not pre-

dominantly intended for a small developer, researcher and prototype community,

as the �rst existing NFC devices were. They are intended for the wider and grow-

ing market of normal smartphone user. Nokia and Google will be a strong NFC

smartphone force. In particular Nokia's NFC experience and the already existing

developer tools to implement NFC software for Nokia, which the research commu-

nity and professionals have been testing and actively using for the past two to three

years. Also, Google Android's strong market growth5, high market shares and the

growing developer community create a powerful force of users and developers to

push technology further into the mass market.

An increasing number of available NFC smartphones make the technology more

attractive for other businesses and third party software developers. A growing num-

5(See appendix section B.2 on page 151)
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ber of users and customers are going to be able to use NFC applications in stores

or other environments. The store owners would only need to set up RFID/NFC

tags and provide the software. In contrast, the �rst major NFC project in Germany,

which was initiated by Deutsch Bahn, had to provide the full infrastructure to their

users. Besides RFID tags and software, the smartphones also had to be given to the

users. Deutsche Bahn was also among the �rst in the German market that utilised

the NFC ticketing infrastructure for an NFC side project, which showed that a sin-

gle NFC smartphone and infrastructure could successfully be used for various NFC

applications.

An environment where part of the NFC/RFID infrastructure already exists or

where the infrastructure is about to be implemented provides other parties the

opportunity to join in and decrease the initial infrastructure costs. Environments

that already use RFID technology are logistics, transportation and retail[16, 6].

RFID is used to support tracking and tracing of movable goods. Also, in retail stores

RFID supports theft prevention, customer loyalty cards, shopping cart tracking,

special customer information shelves, customer recommendation and payment[16, 6].

Even without existing NFC applications, retail stores already provide a great share

of the required RFID infrastructure. In addition, there is an increasing number of

emerging powerful NFC smartphones (e.g. Google Android Nexus S, Nokia C7),

which are independent and can be used for any NFC project. Hence, major parts of

the RFID and NFC infrastructure already exist or, in the case of new NFC smart-

phones is about to be available. As a result, the only major work that is required

in order to use NFC in the retail environment is the NFC software application for

the particular applications area.

An NFC software application for the retail environment has been developed by

Resatsch et al.[11]. Their mobile sales assistant is used by the employees of clothing

retail stores to check stock availability and to provide alternative sizes and product

combinations. A similar application was developed by Kowatsch and Maass[17].

Their applications provide the customer of electronic retail with additional informa-

tion and recommendations about products. In both cases the product identi�cation

was achieved with high frequency RFID tags. They operate on 13.56MHz, comply

with ISO14443A and ISO14443B standards and can be read with NFC smartphones.

Resatsch et al.'s application is only intended for store employees and not for cus-

tomers. However, the latest development in equipping smartphones with NFC ca-

pability targets a wide range of users and not only a small group of specialised sales

personnel. Hence, looking at application areas where the customer of a retail envi-

ronment can actively use the NFC smartphone is more suitable for future realistic

applications of NFC.

E Bast MCIS 4



1. Introduction 1.2. Motivation

Within the retail environment and with the aim of focusing on the customer side

of using NFC, the grocery store environment is particularly interesting for a number

of reasons. First, the majority of products o�ered in grocery stores (supermarkets)

are the same across all stores. Second, same products in di�erent stores have the

same barcode, which is used for identi�cation at the checkout. Store independent

products and product identi�cation make it easier to develop a store independent

software solution, because particular support from the stores6 is not required. Third,

the number of di�erent products is high, therefore the software solution can be used

for many products and consequently reach a wider user group. Fourth, currently

barcodes are the main source of computer aided product identi�cation in grocery

environments (e.g during check out). However, RFID is already widely used along

the product supply chain for tracking and tracing of products[16, 6]. Large, global

retailers such as US Wal-Mart[18, 19] and German Metro[20, 21, 22] are using RFID

extensively. Metro even set up two stores where di�erent application areas of RFID

inside the store (on the sales �oor) are explored and tested[23]. RFID application

areas on the sales �oor include RFID equipped shopping carts, interactive terminals,

automatic check out systems or automatic stock control[23, 24].

It appears that grocery stores (including supermarkets) are promising NFC appli-

cation areas. One of NFC's key application area, mobile payment, has already been

implemented, tested and trialed[25]. Mobile payment can be adopted in grocery

stores very well, as it enhances the idea of self-checkout. Other NFC application

areas that make use of the RFID infrastructure are likely to follow. Future NFC

in store application areas can be driven by the grocery stores to make more use

of RFID infrastructure and promote their store. Future NFC in store application

can also be driven by the customer demand to utilize the existing technology (NFC

smartphones) or to obtain better services.

The next section outlines an NFC smartphone solution for the retail grocery

environment and how this solution provides bene�ts for the customers.

1.2. Motivation

An NFC smartphone solution for customers in the grocery environment can be a

NFC mobile shopping assistant. An NFC mobile shopping assistant is a smartphone

solution, which provides the user (customer) with additional food product informa-

tion, makes existing food product information more readable and understandable

and includes additional sources to ensure a higher information correctness. An NFC

mobile shopping assistant uses the smartphone's NFC technology and RFID tags on

6Particular support from the store could be access to store speci�c product databases.
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products for product identi�cation.

Within this study, the NFC mobile shopping assistant is seen as a representative of

future NFC smartphone applications in other areas. The grocery retail environment

has been chosen because RFID has already a relatively high penetration in this

environment. One of NFC's key application areas, mobile payment, is also feasible

in the grocery retail environment[25, 26]. The grocery retail environment is very

customer centered and a�ects a large number of people. Therefore, the grocery

retail environment is likely to host one of the next NFC application areas.

In addition, food product information written on the product labels was found

to be very di�cult to read[27], di�cult to understand[28] and in some cases even

wrong[29] and misleading[29]. An NFC mobile shopping assistant can improve those

issues, as outlined in section 2.2 commencing on page 11. Furthermore, to improve

food labeling issues, an NFC mobile shopping assistant could assist customers with

choosing healthier food products, getting recipes and ingredient lists, the history of

certain products (meat, �sh vegetables) or an extended ingredients list for prepared

food all during the actual shopping and just on time.

Providing additional information at the time of shopping adds bene�ts to cus-

tomers, because alternatives would be preliminary research in online databases, on

the internet, in literature, in recipe books etc. This would mean that the customer

needs to make a list with products and types of information prior to the actual

shopping session. Once the customer is in the store, changes or additions to the

initial research would be di�cult to realize, although not impossible since regular

smartphones (non NFC smartphones) with internet access could be used to do this

research for particular products and information types during the shopping session.

In this case the smartphone's browser or a special application could be utilised.

Nevertheless, the particular product identi�cation is di�cult, as the total number

of available products is very large and variations among similar products are wide.

Consequently, choosing the right product from a long list is a di�cult task, especially

with limited time during shopping and the limited smartphone capabilities (screen

size, input options etc.) compared to a stationary computer. A solution to make

the product identi�cation easier, quicker and more reliable could be the utilisation

of the smartphone's features, such as the microphone for voice recognition or the

camera for barcode scanning.

Voice recognition faces a number of challenges, such as background noise, un-

clear pronunciation of product name, type, brand, size etc. In contrast, barcode

scanning has fewer challenges. Barcode scanning utilized the smartphone's camera

to take a picture of the products barcode. The barcode identi�es every product

on a stock-keeping unit (SKU) base, which enables a high level of product iden-
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ti�cation. A smartphone software solution that identi�es food products based on

the SKU level barcode already exists. The �das ist drin Scanner�[30] is a German

smartphone software application that has been developed for Google Android and

Apple iPhone operating systems and provides the user (customer) with basic food

product information, an indication of healthiness and the ingredients. The �das ist

drin Scanner� provides a subset of information that the NFC mobile shopping assis-

tant could also provide. The �das ist drin Scanner� can only provide more general

information about products, as the identi�cation is based on SKU. That means dif-

ferent production batches, production places, production time frames of the same

product cannot be distinguished, because commonly used barcodes do not allow a

more granular product identi�cation.

O'Neil et al.[31] compared the user's performance with barcode identi�cation and

with NFC identi�cation. They found that untrained participants were quicker with

barcodes, but trained participants �signi�cantly improved [the] users' performance

with NFC�[31, p. 19]. The NFC mobile shopping assistant is seen as an addition to

existing NFC applications to make use of the NFC capability of future smartphones.

Therefore, it can be assumed that the owners of NFC smartphones are more familiar

(trained) with NFC identi�cation and can achieve better performance. In addition

to improved performance, the NFC identi�cation also enables product identi�cation

beyond the SKU base, as the combination of RFID tags and the electronic product

code (EPC) is emerging. Subsection 2.2.2 commencing on page 14 provides further

explanation of item-level tagging, RFID and EPC.

It can be summarized that a NFC mobile shopping assistant can provide various

food product information during the shopping session and, in addition, speeds up the

product identi�cation. The NFC mobile shopping assistant represents an example

of extended usage of NFC and RFID infrastructure by providing useful application

areas to users via their personal smartphones.

Besides customers who will bene�t from easier access to more useful food prod-

uct information, there are also other groups that would bene�t from this research.

Practitioners, may it be grocery corporations, RFID/NFC experts or mobile software

developer can gain insights for future NFC projects. The researcher community has

bene�ts as well. As outlined in section 3.3 on page 38, the research method used for

this research follows Sun and Zhang's[32] recommendation to apply the technology

acceptance model (TAM) in a qualitative direction. Hence, the wider research com-

munity is provided with a research output that directly relates to Sun and Zhang

by exploring an emerging and exciting technology.

From the researcher's personal perspective, the motivation to plan and conduct

this research is based on a three and a half year experience in developing smartphone
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1. Introduction 1.3. Research Problem

software applications in various contexts. The researcher is increasingly interested

what users (customers) think about emerging technologies in order to advance the

researcher's understanding and to improve design speci�cations and software imple-

mentations of future professional mobile software projects. Further details about

the researcher's perspective are provided in section 4.2 on page 61.

1.3. Research Problem

The research problem is that a solution such as a NFC mobile shopping assistant has

not been investigated yet. A number of the NFC mobile shopping assistant's bene-

�ts, such as quicker product identi�cation, information access during the shopping

session, better readability of product label information, more accurate information

or provision of additional information have been introduced and outlined in the pre-

vious two sections. Those may not be the only bene�ts of an NFC mobile shopping

assistant. Hence, it is desired to identify possible additional bene�ts but more im-

portantly to identify issues and challenges that could in�uence negatively the user

acceptance of a NFC mobile shopping assistant.

1.4. Scope

The scope of this study covers the user's (customer, consumer, shopper) perception

only. Perceptions of grocery store employees, grocery store owners, software devel-

oper or similar groups are out of scope. Consumer behaviour aspects are excluded

too.

Only bene�ts, challenges and issues that in�uence the technology acceptance from

a user perspective are under investigation. Acceptance is in focus because the in-

vestigated technology solution (NFC mobile shopping assistant) is not in use yet

in the grocery store environment. Furthermore, there is not much research in this

speci�c �eld. From a technology perspective, an NFC mobile shopping assistant

can be developed and implemented, but it is unknow whether users would accept it

and to what extend certain issues and challenges would in�uence that. Hence, the

level of the user's acceptance and in particular focusing on issues, challenges as well

as bene�ts would contribute to the progress and development of real grocery store

environment solutions.

The researcher's understanding of bene�ts, issues and challenges is outlined below.

Bene�t refers to everything that provides the user with an additional advantage
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or improves an existing circumstance.

Issue refers to everything that has a negative in�uence or is regarded as negative.

The in�uence can be direct or indirect. Bene�t is the opposite to issue.

Challenge refers to a complex set of mostly issues but also bene�ts, which are

related and in�uence each other. For example, the e�ect of a very stable, good,

feature-rich software that has no bugs is positive and hence a bene�t. In reality,

such software is very costly to produce and development takes more time. Price

and time are issues. The challenge lies in balancing limited resources (time and

money) and the desire to produce the best software. The result of a challenge can

be regarded as a trade-o�.

In the �eld of the investigated technology (NFC mobile shopping assistant), all

aspects related to how the actual food product information is created, updated,

veri�ed, stored and provided are out of scope. The researcher assumes that there

are databases which the customer can access. The databases can be directly �lled

with information form the food product producers, by other members of the food

supply chain or by independent authorities and organizations. Out of scope is also

how the food product information provider and grocery store owner, manager and

employees work and in�uence the technology.

This study focuses only on grocery stores and supermarkets which predominantly

sell grocery articles. Appendix section C.1 on page 154 contains a brief overview of

certain grocery and supermarket categories speci�c to the German market.

1.5. Thesis structure

This theis is structured as follows. An introduction is given in chapter 1 by providing

the reader with background information, the researcher's motivation, the research

problem and the consequent scope that frames the research.

Chapter 2 provides the reader with an extensive discussion of relevant literature.

Section 2.2 focuses on RFID and RFID enabled smartphones. Section 2.3 discusses

literature and research in the �eld of TAM. At the end the research questions is

stated in section 2.4 on page 36.

The methodology chapter 3 describes the selected research methodology and jus-

ti�es its suitability. The research approach is explained in section 3.2, while the

research method, the research design, the data analysis method are outlined in sec-

tions 3.3, 3.4, 3.5 respectively. Finally, the trustworthiness criteria (reliability and
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validity) are discussed in section 3.6.

Chapter 4 covers the researcher's personal perspective in section 4.2 and describes

the interview data collection in section 4.3. Finally, the data analysis is conducted

and documented in section 4.4.

Chapter 5 presents the analysed data in two ways. First, section 5.2 describes

how a concept is created from the data. The concept is then used in section 5.3 to

guide the full data report.

Chapter 6 discusses the �ndings of the research and links them back to the liter-

ature review and existing research.

Chapter 7 answers the research question in section 7.2, presents implications for

various groups and �elds in section 7.3, discusses this research's limitations in section

7.4. Section 7.5 outlines desired and possible future work while section 7.6 �nishes

with a personal statement from the researcher.

Referencing of this research follows the o�cial IEEE style. A list of all references

is available in the reference section commencing on page 133.

This document also contains an extensive appendix, which provides further back-

ground information, the transcribed raw interview data, AUTEC ethics documents

and outsourced tables.

E Bast MCIS 10



2
Literature review

2.1. Introduction

The literature review chapter reviews existing research that is related and relevant

to the topic of this research. Section 2.2 covers personalization enabled through

smartphones (subsection 2.2.1), the potential of RFID technology for product iden-

ti�cation (subsection 2.2.2) and the bene�ts of NFC smartphones for product iden-

ti�cation and usability (subsection 2.2.3).

An NFC mobile shopping assistant for grocery environments, as proposed in chap-

ter 1, has not been under investigation yet and its user acceptance is unknown.

Section 2.3 discusses technology acceptance research in general and provides further

details on related technologies. That discussion provides an understanding of rele-

vant technology acceptance areas in the �elds of RFID, smartphones, mobile services

and mobile internet, as all of them are involved in a NFC mobile shopping assistant.

At the end of this chapter, relevant technology acceptance areas for a NFC mobile

shopping assistant are presented and the research question is formulated (section

2.4).

2.2. RFID and RFID enabled smartphones

Smartphones with RFID capability (NFC smartphones) have the potential to pro-

vide the user with better and more personalised food product information. This

section outlines how smartphones, RFID technology and NFC smartphone provide

this potential. Therefore, the section is structured into three subsections.
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2.2.1. Personalisation through smartphone software

The number of smartphones has been growing over the past �ve years and future high

growth rates are forecast[2]. Smartphones are technically more advanced than cell

phones. In addition to better hardware, their operating system design allows third

parties to install additional software. Before smartphones emerged, the available

software and application range on mobile phones was limited to what the manu-

facturer and vendors o�ered. The smartphone manufacturers and operating system

vendors still provide only a small range of very basic software applications. How-

ever, third party software developers are able to create additional software for each

of the major smartphone operating systems. Over the past four years that has led

to an increasing popularity of smartphone applications and the number of available

software applications has increased.

The increasing popularity and growing number of smartphones also means that

centralized software application stores have emerged, where the user can browse and

select software applications for installation on their smartphones. The centralised

stores also provide software developers with a platform to reach customers and users

of their products (applications). As of 6th of October 2010, the two biggest smart-

phone applications stores have about 250,000 applications in the case of Apple App

Store[4, 5] and 140,000 applications in the case of Google Android Marketplace[3]

available.

The possibility for third parties to develop individual software for smartphones

and the available application stores to reach potential users, make the smartphone

a powerful device. The smartphone's advanced technological capabilities can be

individually utilised for many di�erent purposes by a wide range of parties. Ev-

ery software developer, researcher, company or private person can customise the

smartphone.

Smartphone software applications can access the internet and also other features

such as the camera or the location sensor (GPS). This allows smartphone software

application developers to create a wide range of application features. Access to

databases (e.g. product catalogs, search engines, weather stations) can be estab-

lished through 3G or WiFi internet connections. The permanent availability of a

mobile internet connection allows to store up-to date information on the internet

and simply access it with the smartphone.

Typically, every smartphone user has his/her private smartphone, which allows to

store personal preferences with the smartphone. Personal settings are then used to

�lter the information according to the user's settings. Blanco-Fernandez et al.[33]

found personalisation to be very important in selecting mobile TV stations, as the
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available total number of TV stations is too high and users do not want to browse

hundreds of stations. User settings were found to be a good solution to solve the

problem of too many TV stations[33]. In the case of news, the personal preferences

have been successfully applied to personalize the selection of news information in

order to cope with information overload[34]. Lavie et al.[34] found that the �ltering

criteria is vital for the results, because �ltering too strictly results in certain news

not presented to the user. Also the opposite, not �ltering strict enough, results in

too much unwanted results. Furthermore, the user perception and understanding of

the �lter criteria as well as information criteria were found to be important[34]. In

the context of a personalised presentation of food product information, the smart-

phone software can be speci�cally programmed to provide the user with a set of food

product information types and a threshold level for information depth. Personal set-

tings will ful�ll the desire to have only the personally preferred types of information

available, as not every grocery customer is interested in the full range of informa-

tion. Also, the software can incorporate multiple food product information sources

by retrieving information from the individual food product manufacturer or from

independent food consumer databases. Multiple food product information sources

and also customer reviews can create an information overload, which can be handled

by applying personalised �lter criteria.

One source of food product information is what is already written on the label

and provided by the producer. Food product labels were found to be di�cult to read

because of low colour contrast between font and background, selected font size and

font type, typographical factors (line spacing, hyphenation, surface characteristics,

print margins, text centering, printing on watermarks) and the grouping of di�erent

information types on the label[27]. It was also found that large print size, space

between lines, good colour contrast, position and organisation of text, left justi�-

cation and mat surface make food product information easier to �nd and easier to

read[27]. A smartphone software application can be implemented so that criteria

for better readability are considered. First, the typographical suggestions for better

food label readability[27] can be considered. Second, personalisation features for the

information type and source �ltering can be extended to user preferences for font

size and other key typographical criteria. Personal settings would allow every user

to de�ne personal typographical preferences.

Besides the main source of food product information (label), there is a need for

additional food product information sources, because the manufacturer's statements

were found to be not always accurate and in some cases even misleading[29]. Al-

though discussion of the sources providing additional information is out of the scope

of this study, consumer a�air groups, federal ministries or food watch organizations

could be seen as additional sources. It is furthermore out of scope how additional

E Bast MCIS 13



2. Literature review 2.2. RFID and RFID enabled smartphones

sources technically provide the information, but the use of webservices and open

standardised data formats such as XML, enable the smartphone to access additional

information.

Apart from additional and independent food product information sources, there

is also the area of additional information that is gathered during production and

transport of goods, and it is discussed in the following subsection.

2.2.2. RFID implementations providing additional food

product information

RFID has become an important technology in the supply chain. Tracking and trac-

ing of goods are key application areas for RFID, since it enables fast, reliable and

automatic identi�cation[6, 16]. RFID technology can be used in many ways and in

di�erent environments. Tracking and tracing of animals, fruits, pallets, boxes, con-

tainers requires customised equipment. For instance, tracking and tracing of animals

requires very robust tags and outdoor readers. Also, the tag size and characteristics

for fruits or containers are di�erent. That results in at least di�erent tag types and

possibly even in di�erent radio frequencies. Di�erent RFID standards at the farm,

during the processing and as part of the logistics are also a likely result in di�erent

data warehouse systems and IT solutions, because di�erent IT vendors are involved

and standardised systems are not widely spread yet. Consequently Martinez-Sala et

al.[35] introduced a solution to standardise the RFID frequencies, readers, tags and

back-end data warehouse systems in order to unify technology and make more use

of aggregated data. Martinez-Sala et al.'s solution consists of two parts, a mobile

storage unit and a centralized data warehouse system. The storage unit can be

�exibly adjusted to hold di�erent types of products and is intended to be used in

various conditions and locations. The storage units are also equipped with RFID

tags, RFID readers and communication devices. The RFID tag allows the tracking

of the units via other RFID readers, positioned at gates or doors of loading facilities.

The container's reader can read RFID tags from products inside the unit. The unit

is designed to be used at the food producer's facilities, during transportation, in

wholesaler facilities and even on the sales �oor. The unit enables tracking and trac-

ing of goods from the producer to the sales �oor. In order to do so, the second aspect

of Martinez-Sala et al's solution, which is the centralized data warehouse, becomes

important. Standardised webservices such as SOAP/HTTP allow all participants

of the food supply chain to contribute RFID tracking information to a centralised

system.

The result of a centralised and standardised data exchange creates a valuable infor-
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mation source for supply chain members. If additional sensors such as temperature

or humidity sensors are incorporated, then a wholesaler can check transportation

and storage conditions of sensitive products. Furthermore, processed products con-

sist of food from many di�erent sources. If products were found to be contaminated,

then fast and accurate back tracking of the source becomes vital to prevent any fur-

ther damage. Overall the product history and production conditions are accessible

much more easily. Product history can be of interest to some grocery shoppers.

Tracking and tracing of goods along the supply chain is highly supported by

the electronic product code (EPC). The EPC is a general scheme that allows the

unique identi�cation of products around the world, based on a very unique ID for

every item. EPC can be used with multiple and di�erent identi�cation systems

such as barcodes, QR-codes or RFID individually or all together. EPC provides the

technical framework to allow members of the supply chain as well as customers to

get access to product information.

There are various scenarios where and how EPC can be used. Both EPC and

RFID have their key advantage in unique identi�cation. EPC and RFID can be

combined so, that the unique EPC is stored on the data �eld of advanced RFID

tags[36]. The data �eld from advanced RFID tags can be read by any RFID reader

operating on the same frequency. Therefore everybody can access that EPC, but the

related information (tracking and tracing data, EPC issue date etc.) need to come

from a back-end database. That database however, is not standardised in way that

everybody can access all types of information. As Kwok et al.'s[36] implementation

shows, the databases depends on purpose, user group and other issues. As a result,

access restrictions or even di�erent databases could be possible. For example, the

same EPC could be used in di�erent databases. It is, however, desirable to maximise

the bene�ts of RFID. Martinez-Sala et al.[35] therefore suggested the centralised

back-end data warehouse for their RFID storage unit. Not all information from the

centralised back-end data warehouse are intended to be visible and accessible for

everybody. Di�erent access rights for retailers, wholesalers, producers, customs or

consumers enable individualised views of the overall data.

The topic of how centralised databases in the background work, who operates

them or how the access is exactly implemented are out of scope of this research.

Whether there is one centralised database or many, the user can access the database

(back-end data warehouse) with a individualised software on the smartphone. The

EPC can be used as an identi�er to request the information from the database(s)

and personalised �ltering is used to display relevant information for the user on their

smartphones. NFC smartphones can read the RFID tags and access the stored data,

which in this context is likely to be the EPC. The EPC is then resolved to request
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speci�c product related information from the database(s). The following subsection

covers the bene�ts from having RFID readers built into smartphones and using this

technology for product identi�cation.

2.2.3. RFID built-into smartphones improving usability and

adding features

RFID enabled smartphones have an RFID reader built in. Technically, various

radio frequency bands could be addressed (HF, UHF, VHF), but the majority of

RFID enabled smartphones operate on the 13.56MHz band (HF). RFID enabled

smartphones operating on 13.56MHz are referred to NFC smartphones. An NFC

smartphone is a more advanced RFID solution, because the smartphone allows the

user to control the reader directly and also to change between operation modes. The

NFC smartphone is capable of three di�erent operation modes:[26][10][37, p. 64-68]

1. Basic reader mode is when an NFC device operates as a simple RFID reader by

creating an electromagnetic �eld that powers tags and allows them to transmit

their ID and possibly data. This is basically a normal RFID operation.

2. Peer-to-Peer mode is when two NFC devices communicate with each other

through an electromagnetic �eld. One device will be the master and controls

the communication, whereas the second one responds. The roles can change

during a peer-to-peer session.

3. Card emulation mode is when an NFC device works as a tag. The NFC device

depends on the commands of another external reader. In this mode, the NFC

device can be passive and obtain power only from the electromagnetic �eld of

the external reader or it can be active and independently supply itself with

power. Furthermore, the additional security features allow authentication and

encryption.

If operating in the basic reader mode, NFC follows the ISO14443A and ISO14443B

standards. That allows communication with tags that are also used for high-

frequency RFID communication[26]. Therefore an NFC smartphone is able to read

HF RFID tags and can also access the tag's data (e.g. EPC). There are various di�er-

ent applications where NFC smartphones are already being used, for instance mobile

ticketing[12], smart stickers with additional product information in theatres, pubs

and restaurants[7], o�ce work�ow optimisation[10], multimedia content storage[9],

mapping support for tourists[8], sales assistant[11] or payment applications[25]. The

maximum operating range of NFC smartphones is up to 20 centimetres[26], in many

cases even less. That means the user has to place the NFC smartphone very close
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to the tag in order to establish communication. For the user it feels as they interact

by almost physcially touching the object[10]. The ticketing solution of German rail

company Deutsche Bahn is called Touch & Travel[12]. Sanchez et al.'s[9] multimedia

�le container is named Touch & Share. Hardy and Rukzio's[8] public display map

implementation is called Touch & Interact. Isomursu et al.'s[7] smart stickers with

additional product information in theatres, pubs and restaurants is called Touch &

Access. The touch interaction is central part of NFC applications and is therefore

part of the application names. The touch interaction provides the user with minimal

interaction e�ort[10].

In terms of minimal interaction e�ort, NFC is better than existing identi�cation

methods such as barcode scanning, voice recognition or user interface input. That

is because aligning the camera to the barcode takes more e�ort, because the angle

must be within certain limits and the barcode must be clearly visible. O'Neil et

al.[31] found NFC to be easier to use than 2D barcodes (QR code) after an initial

training period. Voice recognition is in�uenced by background noises and heavily

depends on the words the user speaks. User interface input such as typing the

product's name or selecting from a set of lists becomes more time consuming and

complex with a larger databases. NFC o�ers a more intuitive, easy and fast way of

identifying products. NFC product identi�cation improves the usability.

A NFC mobile shopping assistant is a solution that enables personalised presenta-

tion of food product information. The solution allows to retrieve information from

various sources. The product identi�cation is more intuitive and minimal interac-

tion e�ort is required. As the NFC mobile shopping assistant has not been released,

evaluated and tested yet. It is desirable to know what the user's acceptance of this

new technology approach is.

2.3. User acceptance of new technologies

The user acceptance of new technologies is measured in order to predict the actual

use and to identify issues of the technologies. In the �eld of computer and informa-

tion technologies there are various user acceptance models available. The technology

acceptance model (TAM)[38] has been widely used in many contexts and it has been

con�rmed, extended as well as improved. TAM2[39], TAM3[40, 41] are direct suc-

cessors of TAM. The uni�ed theory of technology acceptance (UTAUT) is also based

on key aspects of TAM. Similar to TAM2 and TAM3, UTAUT includes many more

aspects and in�uencing variables than the original TAM.

TAM was �rst proposed by Davis in 1986[42] and rede�ned in 1989[38]. TAM has
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the purpose to predict a users behavioral intention of using a computer system on a

job. TAM consists of two major variables, namely perceived usefulness and perceived

ease of use. If a system's user perceives the system as useful for a particular job, then

the behavioral intention to use the system is positively in�uenced. In addition, the

user's attitude to using the system becomes positive as well. A user's perception of

the ease of use positively in�uences the attitude to using it. Perceived ease of use also

in�uences the perceived usefulness, in a way that if a system is too di�cult to use,

then it would not be of much use. Finally, the attitude in�uences the behavioral

intention and the behavioral intention is a predictor of the actual use. That is

illustrated in �gure 2.1.

Figure 2.1.: Technology acceptance model (Source: [38])

The above description and illustration of TAM outlines the basic and general

model. After TAM was proposed by Davis, TAM went through the three phases of

validation, extension and elaboration[43]. The validation phases con�rmed TAM's

validity but also discovered a generally low explanation power of about 40%[44]. In

order to increase the explanation power, TAM was extended and context speci�c

external variables were included. Eventually, during the elaboration phase, direct

successors such as TAM2[39] and TAM3 were introduced.

TAM2 and TAM3, in contrast to the original TAM, do not measure the user's

attitude towards using a technology. In fact they directly measure the user's be-

havioral intention to use a technology. Both TAM2 and TAM3 also use perceived

ease of use and perceived usefulness as main variables. However, the models include

sub-variables for both main variables. TAM2 adds key sub-variables for perceived

usefulness, whereas TAM3 adds key sub-variables for perceived ease of use. All three

versions of TAM have perceived ease of use and perceived usefulness as main predic-

tion variables. TAM2 and TAM3 only emerged recently and the sub-variables have

not been widely applied nor have they been con�rmed. Furthermore, a weakness of

the original TAM is the necessity to extend it with context relevant variables[32, 43].

This also applies for TAM2 and TAM3, because their core model structure is similar.

However, TAM2 and TAM3 suggest more granular sub variables for perceived ease

E Bast MCIS 18



2. Literature review 2.3. User acceptance of new technologies

of use and ease of use. A more granular use of the original TAM has also been sug-

gested by Lee et al.[43]. Granularity is related to the context of the particular study.

Therefore, various technology acceptance studies use various additional variables to

measure the user acceptance of the speci�c technology.

Technology acceptance studies of NFC mobile shopping assistants have not been

undertaken yet. Hence the additional in�uencing areas (variables) of the technology

acceptance are unknown. The aim of this study is to identify the issues and chal-

lenges of NFC mobile shopping assistants that in�uence the technology acceptance

from a user perspective. The strategy to identify relevant issues and challenges for

technology acceptance of NFC mobile shopping assistants is to use existing technol-

ogy acceptance studies of related technologies as the basis. Based on their additional

acceptance variables (areas), a discussion about the relevance for the particular NFC

mobile shopping assistant is undertaken. The following subsection discusses tech-

nology acceptance variables of closely related technologies.

2.3.1. Technology acceptance variables

The following discussion of technology acceptance variables follows four steps. First,

about 31 existing research publications from credible journals and databases have

been discovered based on a number of search strings and key words as well as the

title, abstract and publication date. Results are presented in table 2.1. Second, each

publication is further analysed and its suitability is determined. A publication is

identi�ed as not suitable for various reasons as explained in table 2.1 as well. Third,

suitable papers are then analysed by focusing on the technology context and tech-

nology acceptance variables. An overview of included publications, the publications

technological context and the technology acceptance variables is provided in table

2.2 commencing on page 24. Finally, based on the selection of highly relevant publi-

cations, the researcher discusses the impact and relevance of technology acceptance

variables.

The initial selection of publications includes technology acceptance studies that

are in similar or closely related �elds to that of a NFC mobile shopping assistant.

The proposed NFC mobile shopping assistant is related to �elds such as RFID,

smartphones, mobile applications and mobile services. Technology acceptance stud-

ies are such that directly use TAM. In addition, studies that apply mixed models

(TAM and TRA, TPB, IDT, TTF etc.) or other models (e.g. UTAUT) that include

TAM's main variables (perceived ease of use, perceived usefulness) are within the

range of consideration. The focus is, however, on technology acceptance. Hence

search strings for the �rst publication selection include the following terms or their
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combinations: RFID, NFC, mobile, mobile services, applications, apps, smartphone,

technology acceptance, TAM, technology acceptance model, user acceptance, user,

user intention. Only recent (2005 and later) publications are included in order to

make sure that the technology context is not outdated. The search strings were

applied to journal databases and publication index such as IEEE Xplore, ACM

Digital Library, Science Direct, Google Scholar and similar. Table 2.1 presents the

publications from the initial selection.
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A number of initial publications are not considered (status: not included) for

further discussion, because the publication's technology context was not exactly

suitable, the technology acceptance was not in primary focus or the publications

had certain limitations such as too location speci�c or very speci�c user group and

industry focus.

As a result, 13 publications are considered relevant to the technology context and

they are focused on technology acceptance. The consequent discussion reveals the

importance of a number of di�erent in�uencing variables. The speci�c variables

depend on each publication's speci�c technology. As the selection of existing tech-

nology publications is closely related to the NFC mobile shopping assistant, it will

be helpful to identify the NFC mobile shopping assistant's relevant technology ac-

ceptance areas. Relevant areas will then be used to collect data speci�cally for an

NFC mobile shopping assistant.

Table 2.2 contains an overview of 13 di�erent technology acceptance studies on

a selection of 14 context relevant topics.1 For each study, the in�uencing user ac-

ceptance variables are presented. Plus (+) represents positive in�uence, minus (-)

represents negative in�uence and n.s. means non-signi�cant in�uence towards the

user acceptance. An empty �eld means that the variable was not investigated in the

corresponding study.

1One study has been investigated from the perspective of two di�erent topics.
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The selection of 13 di�erent studies represents similar and related technologies. In

total 27 acceptance variables have been identi�ed. The majority of acceptance vari-

ables have a positive in�uence, which means that an improvement in their context

will improve the user's technology acceptance. The opposite applies for negatively

in�uencing acceptance variables. The �rst discussion of selected acceptance vari-

ables does not go much into detail about the positive or negative in�uence, since it

is more important to outline the relevance of each acceptance variable in general. A

discussion about the in�uence direction (positive or negative) takes place mainly in

subsection 2.3.3. Among the 27 technology acceptance variables, perceived ease of

use and perceived usefulness are the most common as they are the main variables

of TAM.

The remaining 25 acceptance variables are discussed below. First, since some

studies combined TAM with the theory of planned behavior (TPB)[76], variables

originating from TPB have been listed in table 2.2. However, TPB does not focus

entirely on technology acceptance[76]. Therefore, TPB related variables are ex-

cluded. Those are behavioral control, social norm, social in�uence and self e�cacy.

In addition, social in�uence and self e�cacy were found to be not signi�cant in study

#5[65]. Regulations were found to be not signi�cant in study #7. All three non

signi�cant variables are excluded from further discussion as well.

The need for uniqueness as used in study #12 by Hong and Tam[49] refers to �the

individual's tendency to seek uniqueness through the adoption and use of symbolic

products or innovations for the purpose of enhancing the self-concept�[49, p. 167].

The need for uniqueness is excluded from further discussion, because it is closely

related to self-aspects and the social status, which are excluded as well. Furthermore,

Hong and Tam state that the need for uniqueness in�uences the technology adoption

rather than technology acceptance. The aim of this study is not to focus on adoption

issues, simply because the proposed technology including the environment setup as

such are not in place yet. At this stage acceptance is the prime focus, because

adoption becomes more relevant only once acceptance is ensured.

Verkasalo et al.[68] found perceived enjoyment to be positively in�uencing for mo-

bile internet services (study #2). In addition, Kim et al.[52] (study #11) and Hong

and Tam[49] (study #12) found perceived enjoyment to have a positive in�uence on

the technology acceptance. Perceived enjoyment has been found to be important

in regards to perceived usefulness[49, 52] and perceived ease of use[49]. In contrast,

Verkasalo et al. found that perceived enjoyment does not apply for certain useful

applications such as map applications (study #1). Verkasalo et al.'s �nding in study

#1 are interesting because a map application is usually used in very distinct and

rare situations of either being lost or preparing a route. In both situations the user's
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main aim is to �nd the directions. Other factors may become less important, which

explains the �ndings of study #1. However, if a map application is used to �nd

directions and at the same time the user perceives it as enjoyable, then acceptance

of that particular map applications increases. A map application can be regarded

similarly to the NFC mobile shopping assistant, because the particular situational

context and the importance of particular information are comparable. Therefore

perceived enjoyment is unlikely to be highly important, but the �ndings of Kim et

al, Hand and Tam and Verkasalo et al. also suggest relevance of perceived enjoyment

towards TAM's two main variables. Hence perceived enjoyment is investigated in

this study as part of perceived ease of use and usefulness.

Personal innovativeness as used by Kuo and Yen[53] (study #3) and by Gao et

al[46] (study #13) refers to a certain group of users that are regarded as innovative

and therefore more open to new technologies, which was found to positively in�u-

ence the acceptance. The selection of innovative and less innovative participants is

particularly important for quantitative studies, because they in�uence the result. In

a qualitative investigation the participant's deep perception or understanding highly

contributes, that is why a distinction between di�erent innovativeness levels among

the participants is desired but not necessarily required. Hence, innovativeness is not

regarded as a highly relevant variable but more an attribute of participants. See

subsection 3.4.4 regarding participant criteria on page 47.

Culture is similar to perceived innovativeness. As used in study #8, culture �is

de�ned as the beliefs, value systems, norms, or behaviors of a given organisation

or society�[50, p. 318]. Hossain et al.[50] found a signi�cant positive in�uence of

perceived culture towards the intention to use RFID technology. As culture also

refers to the individual attributes of users, it is relevant for participant selection.

See subsection 3.4.4 on page 47 for further details on cultural participant criteria.

Service availability as used in study #12 by Hong and Tam[49] refers to the ability

of technology to be accessible and fully functional at any time when the user intends

to use it. �Without the guarantee of pervasive and timely connections, the unique

usefulness of information appliances would be seriously undermined.�[49, p. 166]

In other words, if the advantages of a technology (e.g. ease of use and usefulness)

cannot be used because the service (technology) is not available, then the usefulness

is threatened[49]. Hence service availability is a key requirement for a NFC mobile

shopping assistant. A high degree of availability is desired but to what degree the

user accepts non-availability can hardly be researched without the existence of a

complete realistic environment. Service availability is a desired key requirement of

an NFC mobile shopping assistant. In this research however, service availability is

not investigated nor is it tested, because service availability is so fundamental that
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it is regarded as a must. Consequently, as part of this research service availability is

regarded as important but is not investigated. Future work will need to investigate

this and determine the user's tolerance threshold.

Mobility as used in Mallat et al.'s[57] mobile ticketing study (#4) expresses the

advantages of mobile technology, which are �exibility in time, location and service

of use. Mobility is closely aligned with usefulness[57]. Mallat et al. refer usefulness

to a more general aspect, whereas mobility is referred to the mobile technology in

particular. Hence, mobility can be regarded as a part of perceived usefulness in the

context of this study.

Mallat et al.[57] (study #4) also introduced use context, which is closely linked

to the mobility aspect. They regard the use context as a mediator for perceived

usefulness and mobility. Use context represents the environmental conditions while

using mobile applications and services[57]. As the use context is seen as a mediator,

its environmental boundaries need to be clearly de�ned for the user and researcher.

That is because using a technology in two di�erent environmental and situational

contexts can result in di�erent perceptions. This study sets clear boundaries for the

use context of the proposed NFC mobile shopping assistant. The main limitation is

the use for the speci�c purpose of retrieving food product information inside the gro-

cery store while doing regular shopping. Therefore, researcher and user have a clear

understanding of the technology's use context, which mediates perceived usefulness

and the mobility aspects. Gao et al.[46] applied the use context as a mediator for

perceived usefulness and ease of use. In other words, perceived usefulness and ease

of use are investigated in a particular use context, which also has been generally

suggested for TAM studies in order to improve the explanation power[32, 43].

Mallat et al.[57] (study #4) furthermore use compatibility as a determinant of

technology adoption, so do Wu et al.[71] for their mobile commerce study (#6).

Compatibility originates from the di�usion of innovation theory (IDT)[77]. IDT

variables have been combined with TAM in order to add IDT's adoption prediction

aspect. As of IDT's �ve main variables, only compatibility, complexity and relative

advantage were found to be consistent in�uencing variables on adoption[71]. Wu et

al. argue that complexity is similar to perceived ease of use and relative advantage

can be compared to perceived usefulness. �Compatibility is the degree to which the

innovation is perceived to be consistent with the potential users' existing values,

previous experience, and needs�[71, p. 721] Compatibility therefore makes the dif-

ference between IDT's adoption prediction and TAM's acceptance prediction. As

IDT contains acceptance aspects (complexity and relative advantage), compatibil-

ity enhances it. As technology adoption is not in focus, compatibility aspects are

excluded.
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Convenience, as used in study #7 by Hossain et al.[50] was de�ned as comfortable,

free of e�ort and �t for performing a task. Hossain et al. structure comfortability

and free of e�ort as ease of use. They further regard the task �tness as usefulness.

Convenience represents ease of use and usefulness at the same time, hence it is very

relevant for this study. However, a distinction between ease of use and usefulness is

needed to re�ect more depth and granularity, hence convenience as such is not used,

but its aspects ease of use and usefulness are used.

Technicality (study #11) and technical barriers (study #1 and #2) have been used

to represent non-monetary technical sacri�ces or barriers towards user acceptance[68,

52]. Both were found to have a negative in�uence. Kim et al.[52] (study #11) in-

cluded ease of use, connectivity and e�ciency in their de�nition of technicality for

mobile internet. Connectivity is referred to an instant and straightforward mobile

internet connection (3G)[52]. E�ciency is the loading and response time while using

a mobile internet connection[52]. Verkasalo et al.'s[68] understanding of technical

barriers refers to the di�culties in �nding, installing and con�guring smartphone

applications as well as poor usage performance[68]. Technical barriers of a technol-

ogy can be seen as the negative impact on ease of use, because the di�culties make

it less easily to use. Usage performance, connectivity and e�ciency are similar and

can be regarded as a part of ease of use as well. Hence, those are relevant areas of

investigation for this study. Technical barriers of a NFC mobile shopping assistant

solution are likely to occur in the following areas. Connectivity refers to two data

connections: �rst, the mobile internet connection to retrieve food product informa-

tion and second the connection between NFC smartphone and RFID tag on the

product. E�ciency is also relevant for NFC-RFID communication and the mobile

internet data request. Furthermore, e�ciency plays a role at the software applica-

tion. That is because using the application is related to usage performance. Less

important are con�guration, installing and selection of the smartphone application.

These are less important because they usually only take place once and therefore

could be done with the assistance of technical people. Also, the recently emerged

smartphone application stores (e.g. Apple App Store or Google Android Market-

place) make �nding, installing and the con�guration of smartphone applications

easier.

Perceived costs of using a technology or service has been found to be negatively

in�uencing the acceptance[53, 71]. Both Kuo et al.[53] (study #3) and Wu et al.[71]

(study #6) argue that there are di�erent types of costs. The main cost categories

are equipment costs[71, 53], access costs[71, 53], transaction fees[71] and conversion

costs[71, 53]. Conversion costs occur when the user changes methods of using a tech-

nology, e.g. when switching from e-commerce to mobile commerce[53]. Conversion

cost can cover cost for new equipment (equipment cost) but also for changing work-
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�ow and other processes. For the NFC mobile shopping assistant, there are likely to

be low conversion costs, because a transition from one technology to another does

not take place. In the case of this study, the NFC mobile shopping assistant is intro-

duced as an additional or better way of retrieving information. Other information

access options are already present. In contrast, direct equipment costs, access costs

and transaction fees are likely to play a more important role. Even though this study

focuses on the user perspective, cost is a more complex construct. That is because

the food product information provider, the grocery stores, smartphone manufactur-

ers, software developers and other directly involved parties provide equipment and

access for the user. Equipment, access or support services incur costs, which can

directly be charged through fees. In addition to direct monetary payment, there is

the option of non-monetary and hidden fees. For example, if a service appears to

be free of charge, advertisements are often used to cover the cost of this service. In

the retail environment, loyalty cards are often used to give customers discounts. In

return, the customer pays with loyalty and personal data, which is used for customer

pro�ling. Summarising, there are a number of important aspects in the area of costs.

First, even if the customer or user is not expected to pay for a service or device,

there are still costs. Those costs can be hidden in other fees (e.g. higher product

prices) or in non-monetary costs (consumer data, use contracts). Consequently, all

involved parties need to be covered in the cost investigation. Third, the type of

costs can vary. For instance, a more expensive device price in the beginning may

already include access fees, or the other way around. In the context of an NFC mo-

bile shopping assistant and the required RFID equipment structure inside grocery

stores, there is no clear cost and payment model agreed on. That is mainly because

the technology has not been put in place yet. As Kuo et al.[53] and Wu et al.[71]

have shown, costs were found to have a negative in�uence on the user acceptance.

Study #14 investigates the cost aspects with the same implication but from an op-

posite perspective. High �nancial resources of the user can cover the costs of the

technology and service[69]. Therefore and because of a not-existing payment and fee

models, costs is also a subject of investigation in this research. This also includes

payment options and models.

The cost investigation focuses on the user perspective, but acknowledges the role

of grocery stores, device manufacturer, information provider or software developer.

Equipment costs are likely to occur for RFID tags and RFID infrastructure inside

the grocery as well as costs for NFC enabled smartphones. Access costs play an

important role for the food product information access. There are two types of

access cost: �rst, costs for accessing the actual information from the food product

information provider and secondly, fees for data connection (3G mobile internet

etc.). For the user to accept the NFC mobile shopping assistant, it is important

to know how the user perceives the mentioned costs and also whether there might
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be other costs that have not become visible at this early stage of the technology.

This ensures that the negative in�uence and the possible threat towards technology

acceptance can also be considered.

One aspect of costs (indirect payment through customer pro�ling, personal shop-

ping data) links into the privacy �eld. Hossain et al.[50] (study #7) and Mueller-

Seitz et al.[60] (study #8) investigated the user perception of privacy. Privacy is

closely linked to security. Security and privacy are also relevant to concepts of risk

and trust. Therefore, security, privacy, risks and trust are discussed together below.

RFID studies #7 and #8 investigated the acceptance in�uence of both security

and privacy. Security refers to RFID threats and privacy refers to personal infor-

mation privacy[50]. The mobile wallet study #5 investigated trust and security.

Trust was investigated by Gao et al.[46] in study #13. Trust is the user's belief that

the provider (information provider, grocery store, mobile phone manufacturer, soft-

ware developer) performs according to the user's expectation[65]. Similar to trust is

Wang et al.'s understanding of credibility. In Wang et al.'s study, credibility refers

to user's believe that a technology is free of privacy and security threats and hence

the technology can be trusted[69].

In studies #7 and #8 RFID security threats were found to have a negative

in�uence[60, 50]. Study #5 found perceived security to be positively in�uencing,

which means that security threats existed but countermeasures were in place[65].

Without those, security threats would have been negatively in�uencing as well.

Privacy threats were found to have a negative[60] and no signi�cant in�uence[50].

No signi�cance contradicted Hossain et al.[50] expectations. Hossain et al. suggest

the following possible reasons for no signi�cant impact of privacy: �rst, a low aware-

ness of privacy issues, second a di�erring understanding of privacy issues among the

participants and thirdly a very low participant's perception of RFID's privacy risks

in comparison to its bene�ts.

RFID security threats and personal privacy threats are based on the characteristics

of RFID technology and the implementation of involved devices and software. RFID

security threats2 are distinguished in low- and high-level[78]. High-level security

threats are sni�ng, tracking, spoo�ng, replay attacks and denial of service. Low-

level security threats are bu�er over�ow and code insertion[79, 78]. Both types

can be used to disturb RFID communication, to manipulate data and background

systems, to retrieve data without permission and to disturb the overall function of

the entire system. Security threats that in�uence privacy are sni�ng and tracking

2Appendix section D.1 commencing on page 163 contains further information about RFID security
threats
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(high-level), all low-level attacks and the operators of back-end data warehouses (e.g.

food product information provider). Sni�ng and tracking can be used by an intruder

to aggregate personal data without the user's knowledge. In addition, personal data

can be aggregated by the back-end database owner[80]. That becomes possible due

to RFID's characteristics and the general RFID implementation in grocery stores

(hidden placement of tags and readers, unique identi�cation, pro�ling and massive

data aggregation)[80]. The data aggregation can happen with or without the user's

knowledge. The user has to trust the back-end database owner that privacy is

not violated and that security measures are in place to prevent successful low-level

attacks[65].

The NFC mobile shopping assistant uses RFID technology as its central communi-

cation technology for food product identi�cation. Hence RFID security and privacy

threats are relevant as they have negative in�uence on the technology acceptance.

The expected negative in�uence of privacy threats was not con�rmed in study #7,

which has been explained with low participant awareness or insu�cient knowledge

about privacy threats. It is therefore even more important to understand the role

and in�uence of privacy in the greater context of RFID.

RFID high- and low-level security threats also apply to the NFC smartphone, be-

cause the NFC smartphone is the central technology object and combines RFID and

software. Furthermore, the NFC smartphone communicates with the food product

information provider. Hence the full range of RFID security threats apply to the

NFC smartphones as well. In addition, the software is technically able to collect,

store and transmit personal information and therefore enables privacy violations.

The group of trusted entities is extended to the software and NFC smartphone

device. Trust in general includes technical and non-technical aspects[65]. In the

NFC mobile shopping assistant context, technical trust can be seen as the belief

that all three NFC smartphone, software application and RFID technology work

accordingly. Non technical trust is underpinned by beliefs that the food product

information is correct and reliable. Both technical and non-technical aspects are

relevant for this study. That is because the general security threats of RFID can

in�uence both trust aspects. Trust towards the general correctness of food product

information and the credibility of food product information provider is scoped out,

because it does not directly refer to the technology. In addition, for the purpose of

this study the food product information provider and the structure of the back-end

databases is an assumed black box. The role of trust and RFID's security as well

as privacy threats, which are perceived as risk, have been con�rmed in study # 10

by Thiesse[67] and underpin their relevance.

Security and privacy threats, as they relate to technology (RFID, smartphone,
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software) pose a risk for the overall system's integrity and are therefore of particular

interest. Security and privacy threats can in�uence the technology acceptances neg-

atively, as shown in studies #8 and #14. Security and privacy threats furthermore

damage the credibility of involved parties[69].

2.3.2. Summary of context related technology acceptance

variables

The discussion of context related technology acceptance variables revealed relevant

areas of user acceptance for an NFC mobile shopping assistant based on acceptance

studies of RFID, NFC smartphones, software applications, mobile services and mo-

bile internet. In summary, from a user perspective �ve wider areas were found to

be relevant, namely perceived usefulness, perceived ease of use, costs, security and

privacy.

For each of the �ve wider technology acceptance areas, a number of sub-aspects

were found as well. It was found that the use context, mobility characteristic, per-

ceived enjoyment and service availability of the NFC mobile shopping applications

are part of perceived usefulness. Technicality and technical barriers are part of ease

of use, because technical barriers in�uence the perceived ease of use negatively. In

addition, usage performance, connectivity, e�ciency, use context and perceived en-

joyment describe ease of use aspects. Equipment costs, transaction fees and access

costs occur as part of overall costs. Also, how the fees and costs are payed relates

to payment options and models. Security issues of RFID and smartphones create

vulnerabilities, which can in�uence the technology integrity and therefore in�uence

usefulness and ease of use. The user's privacy can be a�ected by security vulnerabil-

ities and the NFC mobile shopping assistant design. Furthermore, the personal data

collection through RFID technology and food product information requests pose a

threat to the user's personal information privacy.

This study approaches the user's technology acceptance in a more open and less

narrow way in order to be able to identify bene�ts, issues and challenges that may

have not been identi�ed before. Therefore, only the �ve wider technology acceptance

areas are actively explored in this study. This particular selection of �ve wider

technology acceptance areas is supported by Massoud et al.[81], who found ease of

use, security, privacy, usefulness and a�ordability (costs) as most important.

This study's research model is outlined in �gure 2.2.
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Figure 2.2.: Research model (Source: author)

The research model illustrates the focus of this study. The technology acceptance

of the NFC mobile shopping assistant is investigated from the user perspective with

the �ve technology acceptance areas are in focus. The use context speci�es the

technology environment. The technology as such is not fully available to the general

public, therefore related technologies play an important role, as they de�ne the NFC

mobile shopping assistant.

Innovativeness and culture were found to be in�uential too. Since both refer to

characteristics of users and this study does not aim to compare the acceptance among

di�erent cultures or groups of people, innovativeness and culture are regarded as

�xed attributes for participant selection. See subsection 3.4.4 commencing on page

47 for details relating to the participant criteria.

2.3.3. Positive and negative technology acceptance areas

The previously outlined and discussed technology acceptance areas were represented

by technology acceptance variables. The variables had positive or negative in�uence

on the technology acceptance. The majority of variables were assumed and found

to be positively in�uencing. TAM's two key variables perceived ease of use and

usefulness have a positive in�uence, which means that higher usefulness leads to

higher acceptance. However, negatively in�uencing variables were used in a number

of studies. The majority of negative variables are based on an opposite point of view.

For example, technicality and technical barriers have a negative in�uence. They can

be regarded as the opposite to perceived ease of use. That is similar to perceived
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security and security threats or costs and �nancial resources. The direction (negative

or positive) depends on the focus of the research.

Combining positive and negative acceptance variables in one study has been done

by Kim et al.[52] (study #11). Early technology acceptance studies investigated the

user's acceptance of technology on the job. That implied a certain constraint level,

because if an employee does not accept a new technology, then the he/she may have

to fear consequences[52]. That is why Kim et al.[52] proposed a value proposition

of positively and negatively in�uencing factors towards technology acceptance. The

main di�erence is the voluntary acceptance based on bene�ts (positive) and sacri-

�ces (negative). Acceptance is mainly voluntary in Kim et al.'s scenario of mobile

internet, because users were free to accept it and user did not have to fear major

consequences. That is very similar to a NFC mobile shopping assistant, because

users are not forced to use it. Users are free to use other sources (stationary in-

ternet, books, product labels). However, negative aspects of using the technology

may exist. Consequently, the relevant user acceptance areas for a voluntary system

acceptance need to cover positive and negative aspects, similar to Kim et al.'s[52]

value proposition of voluntary technology acceptance. Kim et al. base the value

proposition on Zeithaml's[82] de�nition of value:

�Perceived value is the consumer's overall assessment of the utility of a product

based on perceptions of what is received and what is given.�[82, p. 14]

Zeithaml's[82] de�nition of perceived value is widely accepted in academic business

and marketing research, because it is based on literature, company focus groups and

in-depth consumer interviews. Depending on the context, bene�ts and sacri�ces vary

for each consumer. A consumer's bene�ts can be quality, quantity or convenience,

whereas sacri�ces can be time, e�ort, energy or money[82].

The approach of balancing positive and negative acceptance variables and inves-

tigating bene�ts and sacri�ces at the same time ensures that the research focus is

realistic, in particular for a voluntary environment. According to Zeithaml's de�ni-

tion of perceived value, the overall assessment of bene�ts and sacri�ces is relevant.

That means bene�cial aspects (positive in�uence on technology acceptance) are put

in contrast to sacri�ces (negative in�uence on technology acceptance) and if the

bene�ts outweigh the sacri�ces, then acceptance is higher[52].

The previous discussion of technology acceptance variables argued that perceived

usefulness, ease of use, security, privacy and costs represent wider acceptance areas

for context related technologies. Usefulness and ease of use were always observed in

the literature to be positively in�uencing. Cost was found to be negatively in�uenc-

ing. Privacy threats were once found non signi�cant and once negatively in�uencing.
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As stated above, that has been explained by the possible low awareness of privacy

issues. Security threats were found to be negatively in�uencing in study #7 and #8

and indirectly by study #5.

As outlined in section 2.2, the NFC mobile shopping assistant has the potential

to improve the visualisation of food product information and also includes multiple

additional information sources. That is achieved with NFC smartphones (mobility),

during grocery shopping (use context) and while walking along the shelves (mobil-

ity, use context). The NFC mobile shopping assistant's usefulness comes from the

combined implementation of RFID technology, a speci�c software applications and

the NFC smartphone. Those have also the potential to make it easier to use, more

intuitive and faster than existing solutions. Usefulness and ease of use represent the

bene�ts of the NFC mobile shopping assistant, as they are perceived as positive.

On the other hand, negative technology aspects such as privacy and security

threats as well as costs represent the sacri�ces, which a user has to make in order

to use the system. They can be regarded as issues and challenges, which must be

overcome or at least balanced with bene�ts in order to have the user accepting the

technology.

The clear separation between bene�ts and sacri�ces (challenges and issues) gives

a good indication for a overall balanced approach, which was found to be important

for voluntary technology acceptance[52].

However, ease of use and usefulness are not necessarily always on the bene�cial

side, because the NFC mobile shopping assistant may not be perceived as useful and

easy to use in every situation. For example, if a product is bought regularly, then

additional food product information may not be of particular interest and hence

not highly useful. Also, if grocery shopping takes place under time pressure, the

NFC mobile shopping assistant may be perceived as too ine�cient and slow for this

particular situation. On the other hand, a good security concept may be bene�cial,

as they were found to be in study #5. Furthermore, if the overall value assessment is

positive (high usefulness, high ease of use, low risk perception of security and privacy

threats), then costs may become the relevant point. In a particular situation, the

fast access to additional food product information (e.g. list of allergies the product

can cause) becomes very useful, because the user buys grocery for a dinner party

and one of the guest is allergic to certain nuts. The usefulness of having fast access

to information is high and therefore avoiding a possible allergic reaction of one of

the guest is clearly bene�cial. Consequently, the NFC mobile shopping assistant's

user might be willing to pay more for service. Also, a high product or service price is

often perceived as better quality (perceived monetary value)[49]. In other situations

the overall bene�ts may not be that great and therefore the fee of using the service
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becomes lower. The value proposition and balance between bene�ts and sacri�ces

(issues and challenges) shows the importance of investigating negative and positive

sides in order to represent the voluntary use and acceptance of a technology.

A NFC mobile shopping assistant is a new technology solution, which has not

been implemented for and used in a real existing environment. The bene�ts, issues

and challenges of the technology in the �ve wider technology acceptance areas have

not been investigated. Furthermore, the balance among the �ve areas in di�erent

situations is unknown as well.

Hence, the research question that guides the investigation of bene�ts, challenges

and issues can be formulated as shown below.

2.4. Research question

What are the bene�ts, challenges and issues of a NFC mobile shopping assistant in

the grocery environment from a user's perspective?
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Methodology

3.1. Introduction

In order to answer the research question and in order to have enough evidence to

support the answer, a suitable research approach has to be selected. This chap-

ter describes and justi�es the research approach. The chosen exploratory research

approach is justi�ed in section 3.2. Section 3.3 outlines the qualitative research

method. Section 3.4 describes fully the research design and section 3.5 presents the

data analysis method. Finally, section 3.6 explains how the overall quality of this

research is ensured.

3.2. Research approach

In order to answer the research question with strong supporting evidence, an ex-

ploratory research approach has been selected. Exploratory research is often under-

taken at the �rst stage of a wider study, because it can be used to gather information

that supports the process of problem de�nition. The output of exploratory research

can be suggestions of hypotheses for a speci�c research problem and a much deeper

understanding of a phenomenon.

Chapter 2 outlined existing research of technology related to an NFC mobile

shopping assistant such as RFID/NFC, mobile applications and mobile services. As

indicated in that chapter, little is known about the customer's acceptance of an

NFC mobile shopping assistant and what challenges, issues and bene�ts the tech-

nology has. An exploratory approach is chosen and conducted through interpretive

research. Interpretive research allows researchers to deepen their understanding of

a phenomenon (e.g. NFC mobile shopping assistant) within a context under the as-
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sumption that people interact with the environment and create their own meanings

of it[83].

Based on philosophical assumptions such as �our knowledge of reality is a so-

cial construction by human actors�[84, p. 376], fully objective data is di�cult

to obtain. That makes qualitative research methods a frequent contributor to

interpretivism[83]. �Interpretive research does not prede�ne [. . . ] variables, but

focuses on the full complexity [. . . ] as the situations emerge.�[85, online chapter 3]

Exploratory research from an interpretevist perspective o�ers various methods,

which can be categorised into quantitative, qualitative or mixed methods.

3.3. Research method

Qualitative research methods, in contrast to quantitative, are more �exible and

versatile. They originated from social science and are designed to help us under-

standing people and their contexts[86]. They also emphasise on the description of

a phenomenon and try to explain relationships in deep and detailed way. In con-

trast, quantitative methods are less �exible, because standardised measures are often

used in order to validate and generalise perspectives and experiences of people[87].

Qualitative research can be applied if a phenomenon is new and innovative and

therefore often changes its focus. Qualitative research allows to closely follow fast

moving phenomenons, because extensive literature review of uncertain aspects of

the phenomenon right at the beginning of a study is not necessary[87]. The wider

�eld of applied NFC services is currently emerging and quickly moving in di�erent

directions. Therefore, a qualitative research approach is suitable.

Qualitative research can be undertaken in a number of ways. By nature quali-

tative research is more inductive, rather than deductive[88]. However, Maxwell[89]

suggests to give qualitative research a more structured approach, in contrast to the

conventional unstructured way. The advantage of enhanced structuring lies in data

comparability across a set of criteria. In addition, a structured and slightly nar-

rowed approach helps to focus on certain key issues. Considering the typical scope

of a Masters Thesis, it appears that focusing on a set of key issues is a suitable

approach. In contrast, an inductive and loosely designed research requires very

experienced researchers and time to explore every possible direction[89].

This research starts with structural guidance from a theoretical model and is

then carried out in a deductive manner. The supporting theoretical model is TAM

in conjunction with three other technology acceptance areas. TAM has been used in
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various contexts when it is unmodi�ed, its explanation power is limited to 40%[44].

As pointed out in section 2.3, TAM should be modi�ed and tailored for the speci�c

context in order to achieve satisfactiory explanation power. The majority of existing

TAM studies apply TAM (and modi�cations of TAM) in a quantitative way. This

study, however, will apply TAM in a qualitative way and therby follow Sun and

Zhang's[32] suggestions. The literature review in chapter 2 suggests that security,

privacy and costs in addition to TAM's default key aspects, usefulness and ease-

of-use, are likely to in�uence the user acceptance of the phenomenon (NFC mobile

shopping assistant).

The modi�ed TAM approach that is adopted for this research has not been val-

idated in the speci�c context. This research does not aim to validate the modi�ed

version of TAM as the majority of existing TAM studies does. This research aims to

create an understanding of the �ve aspects (ease of use, usefulness, privacy, security,

costs) and their relation in the speci�c context of the phenomenon. The investi-

gation towards understanding the phenomenon is guided by TAM. Consequently,

the outcome of this study aims to provided a starting point for future quantitative

studies that could test and validate the �ndings as well as the modi�ed TAM. This

overall research approach follows the typical exploratory research paradigm, which

very often marks the beginning of total research.

This exploratory research approach relies on data. As previously outlined, little

research has been done in the �eld of the phenomenon and therefore existing data

is not suitable for secondary analysis. Primary data needs to be collected. Primary

data will be collected through structured interviewing. The interview structure is

based on the modi�ed TAM approach. Mostly open-ended questions are used to

obtain the user's input of usefulness, ease-of-use, security, privacy and costs related

to the phenomenon with the overall goal to explore the phenomenon deeper.

In order to conduct a high quality exploration of the phenomenon, the qualitative

research design has to follow criteria of trustworthiness. The research design and the

data analysis method are discussed in sections 3.4 and 3.5 respectively. In order to

judge the quality of the research approach and design, the trustworthiness criteria

and how they relate to this research are further discussed in section 3.6.

3.4. Research design

�Moving away from the notion of `design selection' and towards an emphasis on

design construction� is Trochim and Land's suggestion to design good research,

which is grounded in theory, situational, feasible, redundant and e�cient[90, last
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paragraph]. The quality of designed research is judged by trustworthiness and the

associated criteria credibility, transferability, dependability and con�rmability[88,

91, 92].

This study is designed to be situational, feasible, redundant, e�cient and grounded

in theory in order to meet all trustworthiness criteria. Section 3.6 on page 55 explains

how the proposed research follows the guidelines and ensures trustworthiness.

Figure 3.1 depicts the main aspects of the research design. Framed boxes denote

the major aspects that are discussed in detail in the following subsections.

Figure 3.1.: Research design (Source: author)

3.4.1. Source of evidence

Primary data for qualitative analysis can be gathered through observation or interviewing[93,

87]. Both are able to generate textual data that can be analysed. An advantage

of observation is to get an insight of the observed subject's behaviour in a speci�c

context. Disadvantages, on the other hand, are that observations are highly selec-

tive and inexperienced observers are likely to miss facts. Furthermore, observation

is considered very time-consuming too[94]. From a practical point of view, there is

also the problem of not having a complete and mature NFC mobile shopping envi-
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ronment available. The researcher would have to invest a huge amount of resources

to create such an environment.

Interviews by contrast, do not necessarily require a realistic environment for data

collection. Interviews are the most common source of evidence and highly important

as a data collection method[95]. According to Patton, �the purpose of interviewing

is to �nd out what is in and on someone else's mind�[87, p. 278]. Interviewing as

source of evidence �ts the aim of this research as well as the overall circumstances.

Interviewing is used to source the evidence in this research.

There are di�erent types of interviews and each type serves di�erent purposes.

Patton[87] describes four main interview variations, which are summarised in table

3.1
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Table 3.1.: Interview types (Source: [87, p. 288-289])

1. Informal conversational interview
Characteristics Questions emerge from the immediate context and are asked in the

natural course of things; there is no predetermination of question
topics or wording.

Strengths Increases the salience and relevance of questions; interviews are
built on and emerge from observations; the interview can be
matched to individuals and circumstances.

Weaknesses Di�erent information collected from di�erent people with di�erent
questions. Less systematic and comprehensive if certain questions
do not arise �naturally�. Data organization and analysis can be
quite di�cult.

2. Interview guide approach
Characteristics Topics and issues to be covered are speci�c in advance, in outline

form; interviewer decides sequence and wording of questions in the
course of the interview.

Strengths The outline increases the comprehensiveness of the data and makes
data collection somewhat systematic for each respondent. Logical
gaps in data can be anticipated and closed. Interviews remain
fairly conversational and situational.

Weaknesses Important and salient topic may be inadvertently omitted. Inter-
viewer �exibility in sequencing and wording questions can result in
substantially di�erent responses from di�erent perspectives, thus
reducing the comparability of responses.

3. Standardized open-ended interview
Characteristics The exact wording and sequence of questions are determined in

advance. All interviewees are asked the same basic questions in
the same order. Questions are worded in a completely open ended
format.

Strengths Respondents answer the same questions, thus increasing compara-
bility of responses; data are complete for each person on the topics
addressed in the interview. Reduces interviewer e�ects and bias
when several interviewers are used. Permits evaluation users to see
and review the instrumentation used in the evaluation. Facilitates
organization and analysis of the data.

Weaknesses Little �exibility in relating the interview to particular individuals
and circumstances; standardized wording of questions may con-
strain and limit naturalness and relevance of questions and an-
swers.

4. Closed, �xed response interview
Characteristics Questions and response categories are determined in advance. Re-

sponses are �xed; respondent chooses from among these �xed re-
sponses.

Strengths Data analysis is simple; responses can be directly compared and
easily aggregated; many questions can be asked in a short time.

Weaknesses Respondents must �t their experience and feelings into the re-
searcher's categories; may be perceived as impersonal, irrelevant,
and mechanistic. Can distort what respondents really mean or
experienced by so completely limiting their response choices.
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Questions in closed, �xed response interviews have pre-de�ned answers, which

may not express what the interviewee wants to express. This interview type is also

not in accordance with the exploratory research approach of this study. At the

other end of the spectrum, an informal conversational interview without any major

pre-de�ned structure increases the risk of missing relevant topics or of loosing focus.

Between the two extremes of the interview range, there are two additional interview

types.

An interview guided approach provides more structure to make sure that certain

topics are covered. Furthermore, it o�ers the interviewer the �exibility to ask addi-

tional questions during the interview in order to gain a deeper insight.

In standardised open-ended interviews each interviewee will be asked the same set

of questions in the same order. This is particularly useful when interview data is

analysed in a quantitative way.

All four interview types have disadvantages: that is why Patton suggests to incor-

porate various interview types and tailor them for the speci�c research question[87,

p. 290]. The researcher follows this recommendation and chooses a combination of

standardised open-ended interview approach and interview guided approach. The

majority of questions are worded in advance in an open-ended form to ensure the

interviewee can express his/her own opinion and does not have to chose from some-

thing that the researcher assumes. The researcher intends to ask the same questions

in the same order to all participants. In order to incorporate �exibility, to pick

up emerging topics during the interview and to ask clari�cation questions, the re-

searcher may ask additional non-prepared questions. Also, some of the pre-worded

questions may not be asked, if for instance an interviewee has already given an an-

swer in a similar context. The structure and aim of the questions re�ect the research

focus by targeting the �ve technology acceptance areas (usefulness, ease of use, pri-

vacy, security, costs). Subsection 3.4.7 on page 50 contains further details regarding

the interview questions.

The structured standardised interview with open-ended questions prepared in ad-

vance aims to be a guide for the interviewer, because the researcher's little experience

in academic interviewing may otherwise result in poor data. Nevertheless, this does

not mean that each interviewee will be asked the same questions in the same order.

In fact, if during the interviews some questions do not make sense anymore, be-

cause the interviewee clearly stated something contradicting before, then questions

will be rephrased, ignored or asked in a di�erent context. This also means that

the researcher (interviewer) is furthermore encouraged to ask follow-up questions

regarding topics that just emerged from previous answers. Finally, at the end of the

interview, the interviewee can also suggest topics and ask questions in order to raise
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issues or cover aspects that should have been covered. That enables the interviewee

to contribute new topics freely.

The chosen combination of interview types ensures a primary data collection that

is structured and well situated within the area of investigation. It also ensures

�exibility to obtain a deep understanding and incorporate individual personalities.

3.4.2. Unit of analysis

The focus of this study is to explore bene�ts, issues and challenges related to the

phenomenon of an NFC mobile shopping assistant. The unit of analysis is the NFC

mobile shopping assistant. Individual participants or the human nature behind them

are not the focus. Individual humans are however the unit of observation. The unit

of observation is used to explore the technology. The individuals need to match the

participant criteria (see section 3.4.4 on page 47) in order to support the unit of

analysis.

3.4.3. Demonstration: Product Information Finder

Until the time of this research the number of NFC mobile applications has been

relatively low. In chapters 1 and 2 existing NFC mobile applications have been

introduced. Nevertheless, it is likely that the majority of people do not know yet

what NFC stands for nor that payment, ticketing or check-in/check-out can be

possibly done with a mobile phone. Hence, it is important to inform the interviewees

about the NFC mobile shopping assistant and how it works. Otherwise it could

happen that interviewee and interviewer have a very di�erent understanding of the

phenomenon, which consequently could lead to poor data.

For the purpose of this researcher, the researcher developed the Product Infor-

mation Finder (PIF), which represents a demo implementation of a possible NFC

mobile shopping assistant and therefore a possible interpretation of the unit of anal-

ysis. The PIF is demonstrated right at the beginning of the interview to introduce

the technology. The demo application is presented by the interviewer. During the

presentation of the prototype, the interviewer explains context (grocery shopping)

and how the NFC smartphone is used. Furthermore, the researcher emphasises the

prototype status. In addition, the researcher stresses that structure, example data,

colours, design, layout, speed, performance, functionality etc. are very likely to vary

in future applications.

The PIF has been entirely developed by the researcher only for the purpose of
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this research. The complete source code and runtime �les are not attached. They

can be obtained from the researcher. PIF is a Java-ME application, optimised

for Nokia mobile devices with NFC support. As discussed in section 1.1, a large

number of existing research projects have used the Nokia 6131 NFC mobile phone

as target platform. Their successful implementations and the researcher's personal

experience with the Nokia platform were the two main reasons for developing the

PIF speci�cally targeting a Nokia smartphone. Auckland University of Technology's

AURA Lab provided the researcher with a Nokia 6131 NFC mobile phone (�gure

3.2a) and nine RFID/NFC tags (�gure 3.2b).

(a) Nokia 6131 NFC (Source: [96]) (b) NFC tag (Source: [97])

Figure 3.2.: Nokia 6131 NFC mobile phone and NFC tag

An NFC reader features the Nokia 6131 NFC mobile phone. The reader is built

into the mobile phone and its antenna is placed inside the �ippable display part.

Figure 4.1 on page 69 illustrates the interaction between a RFID/NFC tag and a

Nokia 6131 NFC mobile phone during the product identi�cation.

PIF consists of six relatively simple screens. A few sample products and product

information have been added to the PIF in order to add more realistic content. Each

screen has a headline at the top and one or two interaction buttons at the bottom.

Figures 3.3 and 3.4 represent the main and most important screens.
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(a) Program start (b) Waiting for product (c) Product found but no infor-

mation available

Figure 3.3.: PIF screens - Start, searching for product and product without infor-
mation found (Source: author)

(a) Product found and informa-

tion available

(b) Available information (c) Food product information

Figure 3.4.: PIF screens - Product found and information displayed (Source: author)

After the PIF is physically installed on the Nokia 6131 NFC mobile phone, an

application shortcut leads to the start of PIF. Once PIF is started, the actual start

screen (�gure 3.3a) is visible. It brie�y informs the user how to use it. Available

menu options are Exit and Start. Exit will close the application. Start will trigger

the NFC reader to read tags and the next screen is displayed (�gure 3.3b). In the

background the reader will read any NFC tag that comes in the reading range. If

an NFC tag is identi�ed as a known product, then the product found screen (�gures

3.3c or 3.4a) is displayed.
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Figure 3.3c is shown when product information is not available. On the other

hand, �gure 3.4a is shown when product information is available. In this case, the

product found screen contains very basic product information for the user to match

with the scanned product. At this stage the close proximity of the mobile phone

(NFC reader) to the product (NFC tag) is not required anymore. The basic product

information represents the scanned product or, in other words, the product that

the user wants to know more about. The user decides whether the basic product

information matches the scanned product. In case it does, then the user can chose

to continue and select the type of additional food product information, which he/she

is interested in (�gure 3.4b). The user can simply use the up/down buttons of the

phone to navigate between available product information. By pressing the view

menu button, the selected information will be displayed as illustrated in �gure 3.4c.

The food product information screen (�gure 3.4c) consists only of a single menu

button that will navigate the user back to the available product information screen.

This enables quick access to a variety of information. It is also important to be able

to quickly scan a new product (tag). Hence the product found screen, which contains

the very basic information and has a menu button for rescanning (Try again). The

appendix section E.2 commencing on page 167 contains the full structural work�ow

chart of the user interaction with PIF.

3.4.4. Participant criteria

For qualitative research, the selection of participants is important to increase the

value of the study. Qualitative research and in particular the exploratory approach

aims to investigate a phenomenon. Not every person is suitable to contribute with

his/her knowledge and experience. For qualitative research it is not a must to

include a wide range of di�erent people. Qualitative research cannot generalise to

a wider population, but it can use participants with speci�c knowledge or relevant

experience to explore a phenomenon. Therefore, this study has nine criteria for

selecting participants to ensure a maximum data quality through including a wide

range but also focusing on key aspects at the same time.

The nine participant criteria for this research are stated further below and their

relevance for this research is explained as well. Criteria one to seven emphasise

the focus on key participant attributes and can be regarded as a set of very min-

imum participant criteria. Criteria eight and nine emphasise on a wider range of

participant attributes to ensure variety.

1. The cultural background of all participants needs to be German for two main

reasons. Firstly, the study aims to explore the NFC mobile shopping assistant
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in a German grocery environment. Therefore the participants should be famil-

iar with the shopping situation in Germany. Secondly, Walsham[98] suggests

that the interviewer should be very familiar with the culture of the intervie-

wees in order to improve the interview quality and understand culture-related

issues. The researcher in this study is also the interviewer and his nationality

is German, therefore participants must be German as well. See section C.2

on page 162 for an example case of cultural di�erences between Germans and

New Zealanders.

2. All German participants must �uently speak English. This study is conducted

and written in English language. Interviews will not be translated from Ger-

man into English, because important information could get lost or the meaning

of a statement could be changed inadvertently. Therefore, the interviews will

be conducted in English and the participants will answer in English. An ad-

vanced level of English is required to maintain a �uent conversation.

3. The number of male and female participants should be roughly equal.

4. The participant's minimum age must be 22 years. Younger people are likely

to still live with their parents and therefore they most likely do not do regular

grocery shopping. For the purpose of this research some shopping experience

is useful. The researcher believes that people at the age of 22 are very likely

to have lived independently away from their parents. Additionally, in some

countries other than Germany the legal drinking age is 21 years. Due to

the fact that alcohol products can be bought in grocery stores, a younger

participant who lives in a country with the legal drinking age of 21 might not

be able to say anything related to alcoholic purchases. Literature does not

suggest any relevant relation of alcoholic products, but the researcher does

not want to limit the study on this issue.

5. All participants should be mature students in their fourth or �fth year of

university. Mature students are approached to participate in this study for

three main reasons:

Firstly, students have most likely experienced what research and interview

data collection is about. They are familiar with the importance of data for the

research. In contrast, it is possible random people, who may not have academic

background do not understand the importance of the interview. Due to the

fact that the interviews for this study are likely to consume 60 minutes of

the participant's time, the recruitment of random people could easily become

di�cult. The participants should have free time for the interview and they

should be relaxed in order to contribute[87]. Approaching random people in

E Bast MCIS 48



3. Methodology 3.4. Research design

or around a grocery store is very to be unsuccessful. Sixty minutes of time is

just too much for the usual customer. Furthermore, the grocery environment

is not really suitable for conducting and recording interviews. Students, on

the other hand, know about the importance of the research and are likely

be persuaded more easily to give an hour of their time. Also, they are very

likely to be more �exible in regards to the the interview date and location. In

addition, a motivated and interested participant is more likely to contribute

with better data than somebody who is not motivated. Students, especially

when they are towards the end of their postgraduate education, are very likely

to do regular grocery shopping. That is why they can be considered as normal

grocery shoppers too.

The second main reason for choosing students as interviewees is that they

are considered open minded towards new technology and they can possibly

understand the idea of NFC quickly. An early adopter thinking and innovative

mind in participants could possibly contribute to better data. Kuo and Yen[99]

and Gao et al.[46] found innovativeness positively in�uencing the perceived

ease of use of a technology.

6. All participants need to do regular grocery shopping. This is a minimum re-

quirement to make sure that participants are familiar with grocery shopping

and can contribute rich data.

7. All participants need to use their mobile phones or smartphones on a regular

basis (at least once every two days for either making/receiving phone calls or

text messages).

8. Participants should have a variety of educational backgrounds. The diversity

of participants is important to cover a wider range of aspects. For instance,

if �ve information technology students are interviewed, this would very likely

result in comprehensive covering of security, privacy and technology issues.

On the other hand, usefulness and ease-of-use might not be covered that well.

9. Participants need to have diverse shopping behaviour in order to cover a wider

range of aspects. Di�erent shopping behaviour means for instance: the amount

of money spent and the amount of products bought during an average shopping

session; the type of products (home brand, brand) preferably bought; who the

shopping is done for (only for the participant or also for family or partner).
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3.4.5. Theoretical saturation: number of participants

Research based on qualitative interviewing can get enough information from a small

number of participants[87]. This of course relies on the research design as well as on

the knowledge and contribution of participants. Having put the previous strategies

in place (nine participant criteria, demo application), the researcher believes that

three well chosen participants can be enough. However, to make sure that the

collected data is su�ciently rich, the number of participants is increased to �ve.

It is also accepted that if during or after data collection or data analysis the data

appears to be not rich enough, then the number of participants will be increased

and the analysis conducted again.

3.4.6. Sampling method: participant recruitment

Based on the qualitative nature of this study and the �rst seven participant crite-

ria, certain groups of people are not suitable for participant selection. Therefore,

a nonprobability sampling method is required. Participants who meet the partici-

pant criteria have a number of attributes in common (criteria one to seven), which

also makes them likely to be socially connected. This social connection is used for

purposive recruiting of participants. Snowball recruitment is applied. That is, the

researcher will approach a potential participant and in addition, the researcher will

ask him-her for recommendations on who else to approach until the researcher has

�ve participants recruited. The �rst peer is a former AUT MCIS fellow student,

who meets the participant criteria.

3.4.7. Interview questions

The 32 interview questions are available in the appendix, section F.1 commencing

on page 169. The questions are organised in a tabular structure (table F.1). Each

question is a�liated with one or multiple categories. The categories result from

the literature review, where �ve main technology acceptance areas were identi�ed.

The categories are usefulness, ease of use, costs, security and privacy. The categories

provide additional structural guidance for the interview questions. In addition to the

�ve categories, there are a few questions that are intended to ask for related topics

such as food product information types or smartphone software applications. They

are categorised as other and support the �ve main categories (technology acceptance

areas).
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3.4.8. Interview environment, time and location

Walsham[98] emphasises the importance of a relaxed and convenient interview en-

vironment, particularly for the participants, in order to limit factors causing poor

data quality. The researcher suggests an interview location but will leave the �nal

decision for the interviewee. However, the location should be quiet to reduce the

background noise for the conversation and recording.

Furthermore, Walsham stresses the importance of not overstaying the intervie-

wee's time. The communicated estimated interview time of 60 minutes includes

about 15 minutes of contingency. If an interview session takes longer than the 45

minutes (researcher's estimate), then it will be still within the communicated 60

minutes and therefore the interview candidate is unlikely to feel irritated or pres-

sured.

3.4.9. Bias by design

The proposed research design aims to increase the richness of data and hence the

outcome of the study as well. However, it also in�uences the data analysis and

introduces bias. The data analysis will consider and acknowledge the potential bias

from design features, participant criteria and sampling. Section 3.6 commencing on

page 55 contains further information about how trustworthiness is assured. First

section 3.5 introduces the data analysis method.

3.5. Data analysis method

In qualitative research, the border between data collection and data analysis is not

clearly de�nable. In some cases, during data collection the researcher �nds him-

self/herself in the state of already analysing data[87]. In this study, even though

it is a qualitative study, the researcher wants to separate collection and analysis as

much as possible in order to make the data collection independent from data anal-

ysis and allow other researchers to collect similar data for veri�cation, comparisons

and reproduction of results. Strategies for analysing interview data depend on re-

search type, research question, the type of interview and interview questions asked.

Furthermore, di�erent strategies can be incorporated to suite a particular need[87].

Qualitative content analysis is applied to interpret the collected interview data,

as it �goes beyond merely counting words or extracting objective content from texts

to examine meanings, themes and patterns�[100, p. 1]. Content analysis has been
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most commonly used in positivism and with quantitative methods. However, Patton

describes content analysis as a possible way of organising and reporting qualitative

data[87]. In addition, recently qualitative content analysis has become more pop-

ular as it helps to overcome weaknesses of typical quantitative content analysis by

executing analysis in an inductive way, grounding topics, themes and connections in

the data[100].

�Qualitative content analysis pays attention to unique themes that illustrate the

range of the meanings of the phenomenon rather than statistical signi�cances of the

occurrence of particular texts or concepts.�[100, p. 2] Themes and categories rise

from the data in an inductive way. However, deductive reasoning and incorpora-

tion of quantitative content analysis operations improve the result[100]. Depending

on the degree of inductive reasoning, there are three qualitative content analysis

approaches (conventional, directed and summative). Figure 3.5 illustrates all three

qualitative content analysis approaches and focuses in particular on the directed

approach.
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Figure 3.5.: Qualitative content analysis (Source: author)

The researcher chooses directed content analysis, because it is usually used to

�validate or extend a conceptual framework or theory�[100, p. 2]. Finding bene�ts,

issues and challenges of the NFC mobile shopping assistant are based on technology

acceptance variables of existing and related technologies can be regarded as the

extension of an existing conceptual framework. In addition, the other two content

analysis approaches (conventional and summative) aim to develop theory grounded

in data, respectively to explore the usage of words and indications. Conventional

and summative content analysis are therefore not suitable. Directed content analysis

starts with existing theory and research �ndings for the initial coding stage. After

the initial coding stage, themes, meaning and patterns arise directly from the raw

data and create the �nal overall conceptual framework[100]. Directed qualitative

content analysis guides the data analysis process, but only during the �rst data

coding iteration.
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Interview data coding requires data preparation and de�nition of the unit of

analysis[100]. That has been de�ned in subsection 3.4.2 as the NFC mobile shop-

ping assistant. The data is collected from interviews. Interviews are recorded and in

preparation for the coding the interviews are verbatim transcribed literally. Sounds,

background noises, pausing or audible behaviours are excluded, as the spoken lan-

guage is not the focus of the investigation and qualitative content analysis usually

does not focus on linguistic[100].

According to Zhang and Wildemuth[100], the next step is development of cate-

gory and coding scheme. Directed qualitative content analysis starts with initial

categories derived from existing research. Therefore, the initial categories are those

identi�ed through literature review. Categories change during the coding process.

New categories emerge, existing categories merge or become redundant. Therefore,

the coding scheme in directed qualitative content analysis changes constantly. In

qualitative content analysis, coded text does not have to be exclusively assigned

to only one category. Nevertheless, Zhang and Wildemuth[100] suggest internal

homogeneous and external heterogeneous categories.

For this particular research, only one person (the researcher and also interviewer)

will code the small number of interviews (�ve), hence a coding manual is not created.

Also, the coding scheme should be tested before all interview data is fully coded.

As Zhang and Wildemuth[100] as well as Patton[87] suggest, adjustments accord-

ing to the actual research structure and research aim are recommended. Instead

of testing the coding scheme on a sample text before all interviews are coded, the

researcher tests the coding scheme after all interviews are coded and initiates ad-

justments afterwards. The researcher has decided to do so for a number of reasons.

First, the interviews are already structured in a way that they support the initial

coding scheme. Second, the initial coding scheme only aims to direct the early stages

of the content analysis. During the actual coding, emerging, vanishing or merging

categories constantly change the coding scheme. A full coding scheme will not be

available unless a major part of the data has been coded. Third, the number of

interviews is relatively low (�ve). After coding �ve interviews, the coding scheme is

more mature as it has been constantly changing. The coding scheme is also going

to be di�erent to the initial coding scheme. It will be more complex and re�ect

the actual data. Testing a mature coding scheme is more bene�cial. The devel-

oped mature coding scheme is tested for consistency by using quantitative measures

such as number of codes per category, number of codes per interview, number of

categories per interview, following Zhang and Wildemuth[100] suggestion to mix

qualitative and quantitative content analysis methods. As a result, inconsistency

can be identi�ed, with subject to the small number of interviews. Inconsistency of
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categories is used to further develop the coding scheme and recode a�ected parts of

the interviews. The �nal coding scheme could be used in future research, if more

interviews are carried out. For the purpose of the �ve interviews of this research,

the �nal coding scheme is developed during the coding iterations.

Patton[87] suggests two ways of coding interviews, which depend on the research

focus and type of raw data. This study does not aim to compare the data from

di�erent participants, nor does it represent each participant as a unique case. Hence,

a comparative data analysis and coding is not required. Instead, all interviews are

fully coded by following the same coding scheme. Themes, thoughts, ideas or aspects

of the NFC mobile shopping assistant are coded. As mentioned before, themes,

thoughts, ideas or aspects can be assigned to multiple categories at the same time.

During the coding, the coding scheme (categories) changes. After coding has been

completed, it is therefore important to check the coding consistency and initiate

recoding if needed. After coding completion, conclusions are drawn from data and

�nally reported as a concept. The participants (interviewees) are individuals. They

have di�erent backgrounds and varying opinions. This research acknowledges the

individual background and considers the individual aspects for data analysis, but an

individual case by case comparison is not the research focus. Following Patton's[87]

recommendation, a cross interview analysis is applied in the case of this research.

3.6. Trustworthiness

The quality of good research is judged by reliability and validity of the research

design and analysis. The terms reliability and validity, however, are used as criterion

for quantitative research. For qualitative research on the other hand, trustworthiness

is used as a criterion for judging the research quality[91, 88].

The concept of trustworthiness is related to credibility, transferability, depend-

ability and con�rmability[88, 91, 92]. Each of these can be achieved by various

strategies, which should be in accordance with the overall research approach. In the

following subsections, the strategies to ensure credibility, transferability, depend-

ability and con�rmability within this research are outlined.

3.6.1. Credibility

Patton argues that credibility of a qualitative research is especially dependent on

the credibility of the researcher because the researcher is the instrument of data

collection and the centre of the analytic process[87, p. 461]. That also includes
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techniques and methods used for gathering high quality data and the credibility of

the participants.

Credibility of the researcher: The researcher has been active in the �eld of mobile

software for more than three years. The researcher's academic interests have been

focused on RFID, information security, ubiquitous computing and mobile software

development were in focus. From a professional perspective, the researcher has been

working for large international IT consulting companies. As part of the engagement,

he designed, implemented and tested various small and large scale software. Recently

he has been developing a mobile application incorporating RFID to achieve indoor

navigation for people with traumatic brain injuries. Therefore the researcher is

familiar with technical aspects, usability issues and constraints of larger ecosystems.

See subsection 3.6.4 regarding further details about researcher bias.

Credibility of the participants: As outlined in section 3.4.2, the participants have

to meet certain criteria in order to be considered as credible. The most important

is that real people are participating with their own opinion. Also, the participants

need to be relevant to the study. That is achieved by choosing only those who �t

the participant criteria. In addition to providing their individual perspectives, the

participants have di�erent backgrounds, they have di�erent shopping behaviours,

the gender mix is balanced and all of them are familiar with the German grocery

environment. Those criteria enable a wide, open-minded but also focused approach

to answering the research question. That is in accordance with the overall research

approach. A snowball approach is used as recruitment method. That limits the

researcher's bias towards participants[101].

Credibility of the method for data collection: Interviews are a very common

method for qualitative data collection[87]. Furthermore, the interviews are struc-

tured and consist of mostly open-ended questions. Open-ended questions allow

the researcher to obtain the interviewee's perception and opinion of a phenomenon.

Structural guidance is used to focus the interview on certain key topics and to enable

cross-interview analysis. As an important aspect of the interviews, the researcher

developed a demo application, which is shown to the interviewees prior to the in-

terview. The aim is to provide the interviewee with a certain understanding of an

emerging technology. That minimises the threat of misunderstandings during the

interview and supports focusing on key topics and the phenomenon.

The research is designed to easily enable and incorporate triangulation on various

levels. Most importantly the separation of data collection and analysis is a key

feature. As acknowledged in section 3.5, there is not a clear border between data

collection and analysis in most qualitative research. However, this study starts the

data analysis only after all data was collected. Therefore, possible data from other
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sources could be incorporated. Furthermore, PIF as a prototype of the phenomenon

introduces the option of obtaining triangulation data as well. Participants could be

observed while they use PIF. In this research, observation on how the participants

use the demo application is not incorporated, but it could be incorporated to support

at least the key topic of ease-of-use.

As part of the data collection strategy only those participants are accepted that

are genuinely willing to contribute freely. Additionally, the interviewer emphasises

his neutrality and that there is no right and wrong. Consequently the interviewees

can fully contribute personal opinions and their perceptions.

3.6.2. Transferability

Shenton[101] argues that transferability in qualitative research is di�cult to achieve,

since the researcher only knows the sending context. In order to create the possibility

of transferring certain aspects to a di�erent audience, to a di�erent environment

or, generally speaking, to a di�erent context, the researcher needs to provide an

extensive description of the research environment. The description will enable other

researchers to decide which parts and aspects could possibly be transferred. The

description of the research environment contains the context in which the work was

undertaken, the phenomenon and the following six sets of information:[101]

1. �The number of organisations taking part in the study and where they are

based�[101, p. 70]

2. �Any restrictions on the type of people who contributed data�[101, p. 70]

3. �The number of participants involved in the �eldwork�[101, p. 70]

4. �The data collection methods that were employed�[101, p. 70]

5. �The number and length of the data collections session�[101, p. 70]

6. �The time period over which the data was collected�[101, p. 70]

This research reports all of the above information to allow other researchers to

judge the extend to which the data, design and analysis are transferable.

The context of this work and the phenomenon are described in chapter 1 and

section 2.2. The number of organisations taking part in the study and where they

are based can be found in subsection 4.3.1. Subsection 3.4.4 contains the general

restrictions on the type of contributing participants. Subsection 4.3.1 contains the

actual number of participants and each participant's demographic information. The
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data collection method that was planned is described in section 3.4, the actual data

collection protocol is discussed in subsection 4.3.2, which also includes the number

and length of data collection sessions as well as the time period of data collection.

3.6.3. Dependability

In qualitative studies, dependability is closely related to credibility and by demon-

strating a high level of credibility, dependability is ensured. In practical terms the

research process needs to be reported in detail to enable future researchers to repeat

the work, to gain similar results and to judge the research practice[101].

The research design is described in section 3.4 and data collection and interview

coding are presented in chapter 4. In particular the details of the data collection

through interviews are available in section 4.3.

3.6.4. Con�rmability

�Con�rmability is the qualitative investigator's comparable concern to objectivity�[101,

p. 72]. The researcher (investigator) should minimise any biases as much as possi-

ble. It is important that the participants rather than the researcher contribute the

data. Similar to the previous trustworthiness strategies, triangulation and a detailed

description of the research design and activity are suitable methods to reduce bias in

order to allow future researchers to judge the study. Furthermore, the researcher's

predisposition and beliefs should be known to any reader of the study in order for

them to analyse to what extend the researcher in�uenced the study. That is impor-

tant, because bias cannot be completely ruled out, since interview questions, demo

application and the actual conducted interviews are developed and carried out by

human beings[101].

Details about triangulation and a detailed research description were presented

as part of previously introduced strategies. The researcher's credibility is brie�y

outlined in section 3.6.1. In addition, section 4.2 contains a description of the

researcher's believes and views of the phenomenon and related topics.

3.6.5. Validity of research design

Qualitative research can be seen as valid if it represents the perception of people

through real, rich and deep data[88]. In addition, qualitative research requires less
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front-end-work and rapid reconnaissance allows to move quickly with emerging topics

and stay close to the phenomenon[87]. An early exploration of an emerging topic,

such as NFC and a very volatile market, such as the smartphone segment sets the

basis for future research. Therefore, a good research design is essential for valid

research. Good research design should be at least theory-grounded, situational,

feasible, e�cient and �exible[90]. The proposed research design of this study respects

those �ve criteria as outlined below:

• Theory-Grounded : Incorporating a modi�ed version of TAM by focusing on

ease-of-use, usefulness, security, privacy and costs. A modi�ed version of TAM

that is tailored to the speci�c phenomenon has been suggested in existing

research reports. See section 2.3 for further details.

• Situational : The use of a demo application to illustrate a real example is par-

ticularly useful for focusing the interviewees to the situation and context. In

addition, the use of mostly open-ended interview questions allows the inter-

viewees to express their perception, experience and opinion.

• Feasible: Feasibility is achieved with a research design that can be imple-

mented and carried out in practice. The PIF demo application and structured

mostly open-ended interview questions are clearly feasible for the scope of this

study. Potential problems such as introduced bias or not rich enough data

were considered in the research design.

• Flexibility through redundant design features : Duplication of essential design

features avoids invalidity of the entire study, if one design feature fails. From

a wider perspective, there are possibilities to apply multiple design features,

such as follow up interviews, additional individual case studies or replications.

However, the scope and aim of this study does not o�er such option. Instead,

the number of participants has been increased from three to �ve. Further-

more, a number of questions are �exibly designed. For instance, question 12

asks for the particular interest in food product information of people known

to the participant. Even if the participant has no interest in food product

information, then at least the opinion of friends, partners, family members or

fellow students can be contributed. The research design allows incorporation

of other design features such as observation.

• E�cient : To strike a balance between redundancy and over design, a num-

ber of duplicate design features, such as replication of interviews, follow-up

interviews or observation have not been included in the design. They have

not been included because this research is regarded as a initial research about

the phenomenon. Existing research suggests areas where bene�ts, issues and
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challenges are highly present. It is, however, uncertain whether the �ndings of

this study support the suggestions. Therefore, this research is designed to use

the powerful feature of qualitative interviewing. Future work can, depending

on the outcome of this research, incorporate redundant design features. This

research design provides the basis for incorporating redundant design features.

3.7. Chapter summary

Exploratory research in a qualitative manner to collect interview data from �ve

suitable students through a structured, standardised open-ended set of questions

is the methodology approach for this research. Suitable participant criteria and a

prototype demo application (PIF) contribute to a better data quality. Chapter 4

discusses how the methodology approach outlined in chapter 3 is applied.
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4
Data collection and interview coding

4.1. Introduction

The data collection for this research is conducted by the researcher who is at the

same time interviewer, interview transcriber and data analyser. The researcher's

perspective is important to be known for readers to have su�cient information to

judge the credibility and con�rmability of data collection and analysis. This chapter

provides the researcher's perspective in section 4.2. Section 4.3 describes the actual

data collection phase, covering the demographics of interviewees in subsection 4.3.1

and the interview protocol in subsection 4.3.2. After the interviews are conducted,

data analysis starts by developing a coding scheme and coding the transcribed in-

terviews as discussed in section 4.4.

A note regarding used terms: A participant of this research is referred to as

interviewee. Each interviewee was interviewed only once. The �rst interview number

corresponds to the �rst interviewee number. I1 refers to either interview number

one or interviewee number one depending on the context.

4.2. Researcher's perspective

At the time this study was planned, executed and reported the researcher was in his

mid twenties and was in the �nal year of his Master of Computer and Information

Sciences study at Auckland University of Technology.

About three and a half years before the submission of this thesis, the researcher

started working with NFC and RFID technology as well as developing software

for various mobile phone platforms. Prior to this, the researcher had successfully

deployed various software development projects in academic and professional envi-
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ronments.

The researcher believes that a software (no matter which kind) �rst of all has to

�t a speci�c need. The software, and in a wider sense the hardware as well, need to

support a process and improve it. A software should not change a process work�ow

or the user's way of doing things. However, there are areas within the greater �eld of

software usage, where a change of common software usage is required. For example

security and privacy aspects of software are often not clearly communicated to the

user. That is possibly because the average user has little interest or understanding of

them. Furthermore, a software can be designed to be simple and easy to understand,

so that �rst time users have little di�culty to use it. Nevertheless, over the time and

with experience the software functionality might become limiting and usability as

well as usefulness decrease. The researcher believes that �nding a possible balance

between easy to use software and complex, feature-rich software is one of the greatest

challenges of software interface development.

In terms of future life style, the researcher believes that smartphones will play

a much bigger role in the future. They will be used for many more applications

areas beyond what has been and will be outlined in this study. Therefore, security,

privacy and usability aspects are going to play a greater role.

The increasing use of smartphones and a change in the way people use them in

their environment are in contrast to what the researcher believes about software

(software has to �t a need and should not change the work�ow). This will be a

future challenge, especially for generations of people who have not grown up with

computers or smartphones.

4.3. Data collection phase

In early July 2010 the researcher used snowball recruitment of interviewees by ap-

proaching people from the researcher's personal network. The minimum interviewee

requirements (�uent English, regular grocery customer, regular mobile phone user,

22 years or older, German ethnicity) were communicated. The �rst contact who

agreed to participate could himself recruit two additional interviewees. The fourth

interviewee came form the initial recruitment approach and could recruit the �fth

interviewee from his own personal network. Subsection 4.3.1 contains details about

the interviewee demographics.

After all �ve interviewees had agreed to participate, appointments for each in-

terview were negotiated. The researcher suggested a time in the later afternoon in

E Bast MCIS 62



4. Data collection and interview coding 4.3. Data collection phase

order to make it more suitable for the interviewees. The researcher also suggested

a possible interview location. However, it was made clear that time and location

could be changed in order to make it more suitable and relaxed for the interviewees.

Data collection took place in three di�erent German cities between 18th and 27th

of July 2010. Subsection 4.3.1 contains further details about the di�erent interview

locations as part of table 4.1.

The actual recorded interviews were between 25 and 40 minutes long. For each of

the �ve cases the total time spent was not longer than 60 minutes. Further details

are in subsection 4.3.2 on page 68, which contains a description how the interviews

were conducted (interview protocol).

4.3.1. Demographic

In order to explore issues and challenges of the phenomenon in depth, the intervie-

wees' backgrounds and characteristics re�ect a wide range in certain aspects. How-

ever, all interviewees have certain characteristics in common. This section presents

common characteristics, di�erences and a pro�le overview of the interviewees. Table

4.1 commencing on page 66 contains details of all �ve interviewees. All information

refers to the time when the interviews were carried out.

Shared characteristics are:

• Ethnicity: German;

• Main place of residence: German city with population of 600,000 or more;

• Regular grocery shopping;

• Occupation: recently graduated from university or active student in fourth or

�fth year of university;

• All interviewees have lived in a country other than Germany for at least 4

months;

• Fluently spoken English;

• Interviewees are in their mid to late twenties, i.e. between 24 and 29 years.

The advantage of shared characteristics among all interviewees is the enhanced

comparability of the data. All interviewees are Germans, they shop regularly, they

are not too young, they had lived abroad in the past and they were living in Ger-
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many at the time of the interviews. Consequently, they are familiar with the current

German grocery environment. They also have been exposed to di�erent shopping en-

vironments and habits while living abroad. Those aspects increase the interviewees'

awareness of grocery shopping.

Their main places of residences are German cities with a population above 0.6

million people1,2,3. Highly populated areas have a higher number of large grocery

stores nearby. Therefore, all interviewees can choose between multiple grocery stores.

Also, as outlined in appendix section C.1 commencing on page 154, the number of

very small grocery stores is relatively low. Instead, larger grocery stores are more

common. Larger grocery stores are more likely to implement RFID solutions, have a

higher number of customers and a wider product range. All interviewees are familiar

with larger grocery stores.

The interviewees' spoken English language is �uent, which makes the interview

run easier. Furthermore, interviewees are con�dent enough to make themselves well

understood.

All interviewees are familiar with the academic environment. They know about

the importance of good primary data as the basis for this study and, because they

are genuinely willing to freely contribute, the data quality increases[87].

In contrast to common characteristics, di�erences in interviewees' background

in terms of their major at university, shopping behaviour, shopping quantity or

gender help to widen the point of views and to explore more issues and challenges in

di�erent situations. Important di�erences are the majors of their university studies,

age and gender. All together they provide a rough idea about each interviewee's

perspective. Shopping frequency, grocery stores, grocery selection and quantity all

add to the pro�le of each interviewee.

There were three male and two female interviewees. Four interviewees were be-

tween 24 and 25 years old. One interviewee was 29 years old. At the time of the

interviews four interviewees were actively studying, whereas one interviewee recently

had graduated and started working. The four students were mature students to-

wards the end of their studies. The university majors were in the area of computer

science, engineering, business, law and comparative literature.

Overall, the interviewees' shopping pro�les cover various aspects. The shopping

quantity ranges from little (for one person) up to family size (for four people). The

shopping interval ranges from multiple times per week to once every week. The

1Stuttgart: 601,646[102]
2Frankfurt am Main: 671,927[103]
3Berlin: 3,440,441[104]
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selection of products bought varies from very basic and prepared dishes to a wide

range and fresh products.

The following table 4.1 contains an overview of the interviewees' demographics.

Column one contains the criteria. Columns two to six contain the details related for

each interviewee to each criterion.
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4.3.2. Interview protocol

As Walsham[98] recommends, a good interview environment is necessary to increase

the data quality. Prior to each interview, the interviewer made sure that it took

place in an relaxed atmosphere with only a low level of background noise. The

interviewees were told that they could pause the interview at any time to take

phone calls or go to the bathroom. However, all �ve interviews went along without

any interruption. In addition, prior to each interview, the audio recording device

was tested. The researcher's Nokia E71 smartphone was used as a recording device.

Before the actual interview and recording started, the interviewee information

sheet was given to the each interviewee and the interview session was outlined. After

that the consent form was handed over for signing and the minimum of demographic

information was collected. As the �nal step before the actual interview, the demo

application Product Information Finder (PIF) was introduced by the interviewer.

The PIF presentation consisted of three parts. The �rst part was a verbal de-

scription of the context. The second part was the physical demonstration of the PIF

and �nally each interviewee was allowed to ask questions. The verbal description of

the context was as follows:

The following presentation is a prototype presentation, which outlines

how a future technology could be applied. The mobile phone has a

NFC/RFID reader built-in, which is able to read tags that are attached

to grocery products. As part of the software, example product informa-

tion is used, which is not necessarily related to the actual product. That

is however only because of the prototype status.

A system like this could be used in future grocery stores. Products are

likely to have NFC/RFID tags attached that could be read by modern

mobile phones. The phone and its built-in NFC/RFID reader would

be used to identify the product and to assist in �nding and presenting

product information.

Product information could be anything. Some information might al-

ready be available on the product label. On the other hand, some infor-

mation might not be available on the product and is only available from

di�erent sources. The phone aggregates the information and presents it

to the customer.

The physical demonstration of the PIF included actual grocery products, which

had NFC tags attached. Figure 4.1 exempli�es the presentation. The interviewer
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presented the interaction with the software to the interviewees according to possible

usage scenario (�gure E.2 on page 168). See section 3.4.3 on page 44 for screen shots

of the PIF related to the usage scenario.

(a) (b)

Figure 4.1.: PIF demo application presentation (Source: author)

After the interviewer �nished the presentation, the interviewee could then ex-

periment with the device and software and ask questions. All interviewees chose

to experiment with the device and all interviewees brie�y performed a basic usage

scenario of the PIF. During the test, only I1 raised a question. He wanted to know

whether this prototype was fake or actually working. The interviewer explained

that software, device and tag were real and the communication among them did

take place. However, the interviewer pointed out that the PIF is only a proto-

type and that the product data displayed by the software was hard coded and not

necessarily related to the corresponding product.

After the demo, the interviewer asked whether the interview could begin and all

interviewees agreed. The audio recording began. It was made clear that from that

moment on the interview would be recorded.

After the interviews �nished, the audio recordings were stopped. Immediately

after that it was checked whether the recording has been successful. In all cases, the

audio �le quality was good. The last part of the interview session was to thank the

interviewees for their time and contribution.

The next step was then literal verbatim transcription of the interview audio record-

ings. That was executed by the interviewer (researcher) shortly after the interviews
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took place. The software Express Scribe4 was used to support the transcription.

Transcribed interviews are the basis for the following data analysis.

4.4. Data Analysis

Data analysis took place shortly after transcription. Directed qualitative content

analysis, as described in section 3.5, was applied. The software QSR NVivo 8.0

supported the data analysis, in particular the coding part, restructuring of categories

(coding scheme) and reporting.

The interview data analysis is structured into four stages. The �rst stage, de-

scribed in subsection 4.4.1, starts with the initial set of categories. All �ve tran-

scribed interviews are fully coded and the coding scheme develops as coding pro-

gresses. Stage two, three and four test the emerged coding scheme by checking the

coding scheme's consistency. Stage two (subsection 4.4.2 commencing on page 74)

checks for less used categories. Stage three (subsection 4.4.3 commencing on page

76) checks highly used categories. Stage four subsection 4.4.4 commencing on page

77) checks the coding density. Finally, subsection 4.4.5 commencing on page 78

presents the coding summary.

4.4.1. Coding stage 1: Initial categories and coding scheme

development

The coding scheme is similar to a tree structure. Figure 4.2 provides an example of

a tree structure representing a generic coding scheme:

4Express Scribe is a software that can play, pause and reply audio �les in a quick and easy way.
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Figure 4.2.: Example of a tree structure that is used for coding (Source: author)

phenomenon

category 4

category 4.2

category 4.2.2

category 4.2.1

category 4.1

category 3

category 2

category 2.2

category 2.1

category 1

The root node represents the phenomenon under investigation. Children of the

root node represent the �rst level of categories. Those are the main categories.

Di�erent iterations of the interview data coding create subcategories (children and

grand children of the �rst level categories).

Tables are used to illustrate and report the coding scheme tree, because tables

use less space and can present this information more clearly. The visual di�erence

between table and tree illustration of the coding scheme is minor. The following

table 4.2 contains the transformation of the example tree 4.2 into the table format.

Table 4.2.: Example of a tree structure organized in a table (Source: author)

Code

category 1

category 2

category 2.1

category 2.2

category 3

category 4

category 4.1

category 4.2

category 4.2.1

category 4.2.2

If a category has subcategories (children), then it is not used for coding because

subcategories represent details and aspects of the corresponding parent category.
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Instead only its children are used for coding. In other words, only the leaves of a

tree structure will are used for coding, whereas nodes are not. In the case of the

example tree 4.2 and table 4.2, only category leaves 1, 2.1, 2.2, 3, 4.1, 4.2.1, 4.2.2

can be used for assigning key points. In contrast, category nodes 2, 4 and 4.2 are

not used because they have children (subcategories).

Within continuous text paragraphs and in order to outline from which category

a quote, thought or key point emerged, the path to a leaf (children or subcategory)

will be reported in the following style: [category→subcategory→sub-subcategory]

In the case of the example tree, if a key point emerges from leaf 4.2.2, then the

reporting will be: [4→4.2→4.2.2]

The directed qualitative content analysis started with the initial �ve technology

acceptance areas that were identi�ed from existing literature. They represent the

�rst main categories in the coding scheme. Following Patton's[87] recommendation,

the transcribed interviews were then fully read. As a result, additional �ve main

categories emerged (6 to 10). The full list of initial main categories is as follows:

1. Usefulness

2. Ease of use

3. Security

4. Privacy

5. Costs

6. Alternatives: interviewees' suggestions for alternative and/or co-existing solu-

tions to a NFC mobile shopping assistant

7. Grocery environment: interviewees' comments regarding grocery stores, the

layout of grocery stores, features of grocery stores

8. Mobile phone: general and technical aspects, usability issues, etc. of mobile

phones and smartphones

9. Motivation: interviewees' drive to use, not to use or to utilise a NFC shopping

assistant or interviewees' shopping habits and preferences

10. NFC, RFID: past, present and future use of NFC/RFID technology (applica-

tion areas), arguments for and against NFC/RFID

In addition to the main categories, some subcategories emerged as well. Out of

the �ve initial categories, only usefulness and ease-of-use have a comprehensive set
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of subcategories. This, however, was expected because usefulness and ease-of-use

are key areas in general technology acceptance. Security and privacy do not have

subcategories at this point. Costs has only one subcategory. The following table 4.3

reports the coding scheme and coding statistics after all �ve interviews have been

coded for the �rst time. The column References in table 4.3 reports how often each

category has been used for coding. The column Sources contains the number of

interviews out of the total �ve that support each category.

Table 4.3.: Coding scheme after �rst coding stage (Source: author)
Category Sources References
Alternatives 3 11
Costs

Paying for information 5 31
Ease of Use

Device, hardware, phone 4 15
Food product identi�cation 5 23
Overall 5 31
Software 4 21

Grocery Environment 3 7
Mobile Phone 5 27
Motivation 4 16
NFC, RFID

Application areas 5 19
Contra 2 2
Pro 5 6

Privacy 5 17
Security 5 10
Usefulness

Additional applications 4 33
Additional information 5 73
Independent information 4 8
Not using the system 3 5
Overall 4 10
Phone is part of daily life 5 12

The next stage uses each category's number of sources as a starting point for

consistency tests of the coding scheme.
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4.4.2. Coding stage 2: Less used categories

In order to increase the coding scheme quality and consistence, the researcher wants

to make sure that each category has enough support from the data. Therefore, every

category that only occurred in fewer than four of the �ve sources was under investi-

gation. The following categories were e�ected: Alternatives, Grocery environment,

Contra NFC/RFID and Not using the system as part of usefulness. Table 4.4 rep-

resents how often each of the categories was used in each of the �ve interviews (I1

to I5).

Table 4.4.: Categories that occurred in fewer that four interviews (Source: author)

Category I1 I2 I3 I4 I5

Alternatives 0 1 4 6 0

Grocery environment 0 1 0 2 4

NFC, RFID Contra 1 1 0 0 0

Usefulness Not using it for 0 2 2 0 1

In response to the information presented in table 4.4, each interview that did not

use those categories was then analysed again. Each interview was analysed at a

time for one category only. The aim of this consistency test was to make sure that

all categories were signi�cant and strongly supported by the interview data. The

analysis process for additional coding was carried out in the following steps:

1. Coding I1 for Alternatives, Grocery environment and Not using it for

2. Coding I3 for Grocery environment and Contra NFC/RFID

3. Coding I4 for Contra NFC/RFID and Not using it for

4. Coding I5 for Alternatives and Contra NFC/RFID

Table 4.5 shows which thoughts from the participants' interviews (I1, I3 and I4)

have been additionally coded to the respective codes.
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Table 4.5.: Recoding of less used categories (Source: author)
Interview Category Interview quote
I1 Alternatives �Maybe you could have a screen in front of the

shelf, but that's probably not very sophisti-
cated." [from participant 1]

I1 Not using it for �I don't think so because when it comes to gro-
cery store shopping there is a certain range of
products I buy over and over. I know the prod-
ucts which I like and even if there is new stu�
on the market I would not use the new product
unless somebody comes to me and suggest it
to me. For anything else I would use the inter-
net. For instance buying a new laptop, I would
use the internet for research and comparison
or simply go to the store." [from participant
1]

I3 Grocery environment �Because in the supermarket everybody can
have a look in your bag and shopping cart."
[from participant 3]

I3 Grocery environment �However you need to �nd a member of the
supermarket team and this person needs to be
quali�ed and needs to know the information
I'm after. And honestly there are thousands of
products and people working in the supermar-
ket are usually not PhD students with super
brains. So they can't know everything about
each product." [from participant 3]

I4 Not using it for � then I would consider it. But not when I have
to pay for every single information." [from par-
ticipant 4]

As a result from the second coding iteration, only one subcategory has been used

in fewer than four of the �ve interviews. This particular subcategory covers opinions

and arguments against NFC/RFID technology [NFC,RFID→Contra]. This means

that two out of �ve interviewees contributed arguments against NFC/RFID and the

other three did not mention anything negative about it. Even though the aim of the

second coding iteration was to determine categories through a high level of usage,

this subcategory was kept. It was seen as important as it re�ects also the disadvan-

tages of the technology. In addition, this type of study could theoretically obtain

relevant information from only one source because of its exploratory qualitative

nature.
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4.4.3. Coding stage 3: Highly used categories

At this stage, categories with a high number of references were under investigation.

There are no suggestions in literature how often a category should be used. This also

heavily depends on the context, individual interview structure and research topic.

After the second coding, there was a total of 20 categories including all subcategories

(see table F.2 on page 217 for details). An average 4.5 sources (interviews) have been

used for each category. In total the 20 identi�ed categories have been used 382 times.

This study is not a quantitative text analysis, however the average of 19.1 uses per

category is used as a selection criteria for highly used categories. Considering the

fact that the category Additional information has 73 references, the average use

per category would be around 16 if the 73 references would have been ignored. It is

important to have a smaller number of codes per category, because a large number of

codes means that the category's de�nition is too broad and hence di�cult to grasp.

A small number of references provides the category with a distinct meaning, which

in later stages makes it easier to create concepts and relations between categories as

well as structure the data. Hence, highly used categories that have more than the

average 19 codes are split into subcategories, so that the category still exists but

di�erent aspects are collected in subcategories. The categories under investigation

are:

• Ease of use→Paying for information

• Ease of use→Food product identi�cation

• Ease of use→Overall

• Ease of use→Software

• Mobile phone

• Usefulness→Additional applications

• Usefulness→Additional information

The updated coding scheme is visualised in table F.3 on page 218. Major changes

were conducted in the following main categories (level one):

• Alternative has four subcategories (Devices, Food product identi�cation, Soft-

ware, Source of information).

• Costs has four subcategories relating to 3G mobile data plans, Positive and

Negative participant opinions regarding Paying for information, Payment han-

dling and Payment model.
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• Ease of use has four subcategories. Two relate to Positive and Negative opin-

ions regarding the general Ease of use of a NFC shopping assistant. Another

subcategory relates to Positive aspects and possible Problems of Food product

identi�cation. The fourth subcategory covers Requirements for a NFC mobile

shopping assistant in order to be easy to use. The Requirements are structured

in sub-subcategories regarding General, Information, Mobile phone, Software

and Tag.

• The two subcategories of Usefulness, Additional applications and Additional

information, were restructured. In the initial coding both subcategories were

used separately because the researcher could not distinguish whether partic-

ipant's request for additional information can be integrated into the existing

prototype or whether an entire additional application would be necessary in

order to increase the usefulness. At this stage, it still is not clear how ad-

ditional product information should be integrated. Therefore, the coding of

Additional applications and Additional information is merged in a newly cre-

ated subcategory named Extensions. Extensions itself consists of nineteen

sub-subcategories, which represent di�erent types of extensions. In addition

to Extensions, subcategories for Positive and Negative participant perceptions

as well as General Requirements were created.

In the next stage, the coding density is checked.

4.4.4. Coding stage 4: Coding density

The �rst coding scheme was followed by consistency checks and consequently major

recoding rounds took place. That has helped to develop a more mature coding

scheme and also a set of categories that explains the data. In particular the previous

coding iteration (coding stage 3) drastically changed the structure at the subcategory

level (level 2). Categories were changed, reassigned or removed. Because of major

restructuring and recoding it is necessary to make sure that all relevant raw interview

data is still coded into at least one category. Therefore a coding density test is

undertaken.

The software NVivo supports this process by displaying coloured bars indicating

the status of coding for each line of the raw interview data. Interview by interview

is analysed for not coded text. In addition, already coded interview text is also

checked. A few minor recordings are made. A list of interviewees' thoughts and

phrases (interview data) that are not coded at all, is available in the appendix

subsection F.4.2 on page 222. The updated coding scheme after the fourth coding

stage (density test) is illustrated in table F.4 commencing on page 220.
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4.4.5. Summary of coding

Directed qualitative content analysis has been applied on �ve transcribed inter-

views. Beginning with �ve main categories from existing literature, the initial cod-

ing scheme was developed from reading the �ve interviews and consequently adding

categories to the coding scheme. The initial coding scheme was then used to code

all �ve interviews, which updated the coding scheme again. Coding stages two

to four are considered coding scheme tests, where the consistency of the coding

scheme was analysed and updated. Consequently, the transcribed interview data

was recoded according to the respective latest coding scheme. The second coding

stage (less used categories) did not change the overall category structure much. In

contrast, the third coding stage did change the coding scheme by creating many

sub-subcategories (level 3) and by reorganising many level 1 and level 2 categories.

The fourth coding stage (density check) only added a small number of references to

some categories and therefore did not change the overall structure much.

The consistency tests and recoding created output that is useful in two regards.

First, a coding scheme has been developed and tested. The �nal coding scheme could

potentially be used for coding additional interviews collected under standards that

are similar to those for of the �rst �ve interviews. Secondly and most importantly,

all �ve interviews are now fully coded and the organisation of categories (coding

scheme) can support the consequent concept creating and �ndings report.

4.5. Chapter summary

A thick description of the researcher's viewpoint, the data collection and data anal-

ysis was provided in this chapter in order to allow other researchers to follow the

process but more importantly to judge the research quality.

Interviewee recruitment was successful and the interviewees met the set criteria

(participant criteria). The PIF was introduced and interviews were carried out suc-

cessfully. Interview transcription was conducted shortly after the interviews took

place so that memories were still present. A coding scheme was then developed it-

eratively through applying directed qualitative content analysis. At the same time,

during the coding scheme development, the interviews were fully coded. The in-

terview data and coding scheme quality were satisfactory so that additional data

collection was not required.

The coding scheme development and interview data analysis were directed by

existing research �ndings as presented in chapter 2. In particular, the �ve main
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technology acceptance areas (usefulness, ease of use, security, privacy and costs),

as well as the value proposition comparison of bene�ts (advantages) and sacri�ces

(disadvantages, challenges, issues) directed the data content analysis.

The structure of the coding scheme supports the consequent reporting of results

and the �ndings resulting from the analysis of the interview data.
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Results and �ndings

5.1. Introduction

In this chapter, results from the data analysis are presented in two ways. First,

a concept (section 5.2) is developed by incorporating the structure of the coding

scheme and major parts of the actual coded data. The concept outlines relations

between categories. The concept also creates a framework, which is used to report

the entire data �ndings and to guide later chapters.

The second way of presenting the results from the data analysis is the full report

of all �ndings. Section 5.3 reports the data �ndings in full detail based on the

developed concept structure all.

5.2. Concept creation

The concept creation is split into nine steps. Step one and two deal with usefulness,

step three and four with ease of use and food product identi�cation. Step �ve

to seven deal with costs, security and privacy. Step eight is for restructuring and

simpli�cation. Finally, step nine summarises the concept creation.

The visual evolution of the concept is illustrated by graphical �gures. Later

evolution stages of �gures get more complex. Red colour is use to highlight important

changes.

To begin with an entry point, external variables that strongly in�uence either

usefulness or ease of use are under investigation. Therefore the direct subcategories

of usefulness (step one and two) and ease of use (step three and four), which emerged

from the coding, are under investigation.
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5.2.1. Step 1: Usefulness 1/2

Subcategories of Usefulness are Extensions, Independent information, Mobile phone

as part of the daily life, Positive, Negative (including subcategory not using the sys-

tem) and Overall aspects as well as Requirements. Among these, subcategory Exten-

sions is very large and the majority of its sub-subcategories are related to di�erent

types of food product information. Independent information is also a subcategory

of Usefulness. Therefore, food product information is a major aspect of usefulness.

In particular the type of food product information and its independence are most

relevant. That is strongly supported by the following interviewee statements:

• I1: �The only advantages I can see is to get manufacturer independent

information.�

• I5: �I think it is important to know whether the system is from a cer-

tain store and whether the information is independent in order to avoid

supermarkets in�uencing your shopping.�

In this context, I2 refers to the security aspects meaning that there is a mistrust

towards the grocery store, which in the �rst place wants to sell products.

• I2: �I'm not really familiar with the security concept you use, but also the

supermarket could provide false information. For instance the backend

realizes that potatoes are outdated and alter the best before date.�

Continuing with food product information, there are di�erent types of direct food

product information:

• Calories, nutrition, ingredients;

• The carbon footprint of the product and production;

• Whether it is organic food;

• The products origin, producer, production conditions;

• Product price.

In the wider sense, there are health recommendations and information for partic-

ular groups of people:

• Relating the healthiness of a product;

• Whether people with certain allergies should be concerned;
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• Whether people who su�er from diabetes should be concerned.

In a much wider sense, the food product information relates to recipes or recom-

mendations for other products that suit the customer well.

Based on di�erent types of food product information, interviewees suggested to

have basic information free of charge and pay for additional information:

• I5: �Well it could be that basic information are for free. Additional and

very useful information could be charged.�

• I4: �Well for example the allergies information could be free whereas the

recipes could costs something.�

Hence, costs and payment are connected to food product information. Subconcept

depicted in �gure 5.1 illustrates what has been outlined so far.

Figure 5.1.: Concept creation step 1: Usefulness and food product information
(Source: author)

Costs and payment will be explored and further incorporated into the concept

during a later stage. See sub-subsection 5.2.5 on page 87 for �ndings related to

costs.

5.2.2. Step 2: Usefulness 2/2

The analysis continues by focusing on strong subcategories of Usefulness, in partic-

ular on Requirements. Interviewees want to have relevant information and informa-

tion that is not easily available from the product label. The information has to add

bene�ts (value).

• I1: �The phone does o�er the opportunity but the information must be of
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high value and the information on the phone must add value. It doesn't

make sense if the information from the label is available in the mobile

phone.�

• I2: �I mean it always depends on the type of information. You don't

want to have information you are not really interested in.�

The interest in certain information and the bene�ts from information are di�er-

ent for each customer, product and shopping session. Therefore, the interviewees

suggested to have custom settings and �lter options for individualisation.

• I3: �Yes, as I've mentioned earlier it might be very useful to have some

sort of �lter for the information.�

• I2: �Some kind of having some types of information pre selected and

categorized so you don't need to browse through all the data.�

• I3: �Meaning that you have some preferences of information types you

are interested in and the phone only displays those information.�

• I4: �It would be also good if you have some sort of settings and personal

information you can setup. This could contain the ingredients you are

generally allergic to. Then the software tells you whether you are likely

having an allergic reaction with this product.�

The �lter and custom settings refer to di�erent types of food product information.

They include the basic food product information such as nutrition or ingredients,

but also information related to allergies or diseases such as diabetes.

The mobile phone is the facilitator, grocery customers carry it with them and

they are familiar with the user interface:

• I4: �Well, because every body has a mobile phone and you carry it always

with you. And if you would use just another device, people actually had

to carry devices around.�

• I5: �Firstly I think most of the people take their mobile phones with

them so it's not an extra device to carry around. Secondly it has all

the functions and features built-in, which are necessary for this purpose.

Such as display, keypad, internet connection and so forth.�

Since the mobile phone is also used for presenting the food product information,

the �lter and custom settings are closely connected with the software on the mobile

phone. By �ltering and applying custom settings, the software structures and organ-
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ises the available information and creates individual bene�ts for customers. Bene�ts

are also created by information provision through the NFC mobile shopping assis-

tant that is not available or easily accessible through the label. The following �gure

outlines the created concept at this stage:

Figure 5.2.: Concept creation step 2 (Source: author)

There are many more aspects of usefulness, for example the positive and negative

perceptions or when and why individual interviewees would not use an NFC shopping

assistant. However, at this stage the researcher believes in the importance of creating

a wider overview, therefore those aspects are presented later in subsection 5.3.1 on

page 94. Instead, the category ease of use is under investigation next.

5.2.3. Step 3: Ease of use 1/2

Ease of use consists of four subcategories. They are Food product identi�cation, Pos-

itive and Negative aspects as well as Requirements. Requirements are categorised

into General, Food product information, Mobile phone, Software and Tags. Begin-

ning with general Positive and Negative aspects regarding the ease of use of an NFC

shopping assistant. Positive perceptions are:

• I4: �Because then you have your hands free and you have to think even

less about the phone.�

• I4: �Very convenient. You only have to carry a mobile phone.�

• I5: �It's small and you can hold it in one hand and in the other hand you

hold the product.�

Negative perceptions of ease of use are related to either the phone or the grocery

environment. I2 stated that visually impaired people might need additional audio

guided systems. I2 also raised the aspect that the speed of the system might become

an issue when 300 customers are using it at the same time. I4 raised the issue that
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the mobile phone runs out of battery while using it and that the customer cannot

use the same system in di�erent grocery stores.

Both positive and negative aspects are related to the NFC mobile shopping assis-

tant. The NFC mobile shopping assistant includes both hardware (mobile phone)

and the software running on it and the two are closely connected. For example, a

�at battery is �rst of all a hardware issue, although it is the software in the phone

that determines the battery usage. Software even informs the user about the battery

status. For the user it is sometimes di�cult to tell whether something is hardware

or software related.

Hence, at this stage the mobile phone is viewed as a single object consisting of at

least hardware and software. A distinction between hardware and software aspects

will be discussed at a later stage. However, both components are regarded as major

aspects of mobile phones.

Another major subcategory of Ease of use is Food product identi�cation.

5.2.4. Step 4: Ease of use 2/2, Food product identi�cation

Participants found the process of identifying a food product with the mobile phone

fast, easy and intuitive.

• I5: �And the work�ow of holding the phone next to product is fairly

easy.�

• I1: � It was really easy. You just have to start the software and hold it

next to the RFID tag and get the information.�

• I5: �It was really fast, it only took one or two seconds and I got all the

information.�

The food product identi�cation involves software and hardware aspects as well.

The hardware detects NFC/RFID tags and passes the information onto the software.

The software uses the NFC/RFID information to present the �nal food product

information to the user. Everything takes place inside the mobile phone.

Within step 2 of the concept creation, the mobile phone was used as a facilita-

tor since it �lters and presents a wide range of food product information in order

to create bene�ts. Within usefulness, mainly aspects of food product information

presentation were under investigation. On the other hand, within ease of use the

period before the food product information presentation is relevant too. Figure
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5.3 outlines the mobile phone's role regarding usefulness and perceived ease of use

in three distinct stages. The stages are prior, during and after the food product

identi�cation.

Figure 5.3.: Concept creation step 4: The mobile phone prior, during and after the
food product identi�cation (Source: author)

In contrast to the positive perception, all �ve interviewees encountered issues and

challenges during the food product identi�cation:

• I4: �Maybe if everybody is using it and people standing in the way.�

• I5: �Maybe I'm too small and the product is placed on the top shelf and

I cannot reach it.�

• I5: �Other than that there are a lot of people around me and all of them

use the same program and there can be some interference.�

• I1: �I think the problem is the amount of di�erent products with the same

speci�cations, for instance products of the same type but from di�erent

producers.�

• I2: �Especially if the reading range is pretty close you really need to �nd

the tag �rst. I can imagine it is a little bit annoying if you can't �nd the

tag.�

• I3: �Perhaps but even that could be a problem. Perhaps it could be that

the products are to close to each other and the phone picks up the wrong

product.�

The problems stated by the interviewees refer to the hardware (interference and

reading the wrong RFID tag) and to the grocery environment in wider sense. That

includes the position of the tag on the product, the position of the product on the

shelf and the number of customers using the NFC mobile shopping assistant at the
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same time in the same area.

The subcategory Requirements [Ease of use→Requirements] contains di�erent

practically oriented aspects of the NFC mobile shopping assistant related to easy

of use. Those will not in�uence the concept creation at this stage. They will be

incorporated during a later stage.

For now, the results and sub concepts and their relationships identi�ed in the

previous steps are depicted in �gure 5.4.

Figure 5.4.: Concept creation step 4 (Source: author)

At the end of step four, strong aspects and direct subcategories of Usefulness and

Ease of use were identi�ed. In the consequent steps, the remaining three main tech-

nology acceptance areas, namely security, privacy and costs are under investigation.

With the increasing complexity of the concept, the concept evolution from step

to step is highlighted in red color in order to allow easier tracking of changes.

5.2.5. Step 5: Costs

The category of Costs consists of four subcategories. They are whether interviewees

would or would not pay for information, Payment model, Payment method and costs

related to a 3G mobile data plan. Beginning with the category Paying for infor-

mation, interviewees contributed aspects and arguments for and against payment.

Statements against payment are:
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• I5: �I would say, it must be free of charge and it should remain a service.�

• I1: �I would not pay�

• I3: �I think for me personally not in general.�

Statements pro payment are:

• I5: �Yes I would use it. But the price for it must be acceptable.�

• I3: �I think it really would depend on this information because if I have

an illness, as mentioned before the diabetes, then I would pay for it.�

• I3: �Yes maybe, I mean if the product is high priced product you probably

would use it [NFC mobile shopping assistant] because there is more to

lose.�

The interviewees did not like the idea of subscription (general payment) for food

product information. Under certain circumstances, payment would be acceptable.

Those circumstances are that the bene�ts from the information are really high and

that the price is acceptable.

The subcategory 3G data plan has only one reference. I2 said, that possible hidden

costs, such as a mobile data plan does not matter in his opinion, because �data plans

are already common and people who are interested in such sort of information are

probably willing to pay a bit more�.

The two remaining subcategories of Costs contain practical aspects regarding the

Payment process and Payment model. They will be incorporated at a later stage.

Incorporating the �ndings of step �ve, leads to the following updated concept 5.5
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Figure 5.5.: Concept creation step 5: Costs and payment (Source: author)

5.2.6. Step 6: Security

Security has been mentioned by I2 in relation to independent food product infor-

mation. In addition, there are three areas of security concerns that the interviewees

mentioned.

Firstly, I4 and I5 mentioned that people could get distracted more easily while

using the NFC mobile shopping assistant and at the same time could pay less at-

tention to their personal belongings. Thieves could take advantage of that. In the

same context, I3 mentioned that grocery stores have video surveillance and therefore

pickpocketing should not be a problem. Comment made by I5 are also related to

this issue. He said that because a user of the NFC mobile shopping assistant uses

actively an expensive mobile phone, potential thieves could notice it and make con-

clusions about his/her wealth. However, he added that the use of expensive mobile

phones in public is common and therefore it should not be a greater security risk.

Secondly, I1 mentioned that certain people could create pro�les of your shopping

behaviour and shopping times. They then could use this information to �break into

your house�.

Thirdly, I2 mentioned a number of security aspects technically related to the

mobile phone and wireless communication. He �rst stated that a longer reading
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range could be used to intercept the NFC/RFID communication, but then said that

in the case of a short range �it might not be such a problem�. Furthermore, he added

that wireless connections such as 3G/UMTS to request the data could be vulnerable

and therefore needed protection. In addition, I3 rejected the existence of technical

related mobile phone security issues, because her understanding is that the mobile

phone only receives information and does not send out data.

In summary, there are four security aspects that emerged from the interviews:

1. Protection of independent and authentic food product information;

2. Theft and robbery of customers due to distraction or exposure of expensive

mobile phones;

3. Burglary due to shopping pro�le creation;

4. Technical mobile phone security for NFC/RFID reading and 3G/UMTS data

connection.

I1 mentioned that somebody could create a shopping pro�le and abuse it. He

also replied to the question about what his security concerns are: �Besides the

personal data and personal information, there is no security concern�. This indicates

a close connection between the interviewee's understanding of security and privacy.

Therefore, the aspect of pro�le creation is treated as an privacy issue, and the

possible resulting burglary as security issue. Pro�le creation is closely linked to the

software because either or both of the mobile phone software or the software at the

food product information provider is/are able to aggregate customer information

and create a pro�le.

The updated concept is depicted in �gure 5.6.
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Figure 5.6.: Concept creation step 6 (Source: author)

5.2.7. Step 7: Privacy

In the previous step, customer related information used for pro�ling was mentioned

in the context of security and privacy. The category Privacy contains key points

from all �ve interviewees. I3 and I4 were not concerned about private data that they

would reveal while shopping. In fact I4 did not �think it's really something private.

Because in the supermarket everybody can have a look in your bag and shopping

cart�. I3 even stated that if the grocery stores would know what her shopping

behaviour is and would accordingly create special o�ers, then she would like that.

On the other hand, the three male interviewees were more concerned about their

personal data.

• I5: �I want to know before using it what they are doing with my data. I

request information of certain products. I want to know what they are

doing with those pro�ling data. I think it is important to know that I

won't get spam. It's quite important that I give my consent to this.�
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• I1: �They [grocery store] see what you are interested in and start sending

you commercials.�

• I2: �I don't want to reveal more private data then I already do. So far

supermarkets don't have personal data about me, so I would like to keep

it that way.�

Among the privacy concerns, there are worries that too much personal data could

be revealed. In the case of I1, he was worried about receiving personalized advertise-

ment and o�ers. In contrast I3, would like to receive personalised o�ers. Therefore,

personalised advertisement is a link between privacy and the grocery environment.

Also, the pro�le creation of customers that use NFC mobile shopping assistants

would be closely linked to the food product information provider. This has already

been incorporated into the concept during the previous step. Nevertheless, I2 linked

the grocery store with the food product information provider. I2 was also the in-

terviewee who raised security concerns regarding the independence of food product

information. His suggestion to link the food product information provider with the

grocery store is not incorporated into the concept, because the presented NFC mo-

bile shopping assistant prototype did not provide any details about the information

source. In addition, the food product information provider is out of this research's

scope. However, the security of independent food product information is now linked

with the food product information provider to acknowledge the connection.

Within the category of Privacy, there are some additional key points that refer

to the types of personal information the interviewees would reveal in order to use

such system. I4 mentioned that her bank details for payment would be needed and

therefore she would provide them. Therefore, a link between costs and payment and

privacy is established.

The updated concept diagram after step 7 is depicted in �gure 5.7.
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Figure 5.7.: Concept creation step 7 (Source: author)

5.2.8. Concept summary

The previous seven steps created a concept map that incorporates the major aspects

from the interview data. Mainly the �ve key technology acceptance areas (usefulness,

ease of use, costs, security and privacy) have been incorporated. Table F.5 in the

appendix section F.4.3 on page 223 outlines which categories have been incorporated

for concept creation so far.

Summarising the concept, there are a number of major �ndings. First, the NFC

mobile phone (NFC smartphone) as the central technology is involved in all three

major stages (prior, during and post food product identi�cation). The in�uence of

the NFC mobile phone on ease of use takes place in all three stages. Usefulness is

only majorly e�ected post to food product identi�cation. In detail, that is when

the food product information is presented. Therefore, food product presentation on

the NFC mobile phone is a major connecting point between usefulness and ease of

use. The central role of the NFC mobile phone is illustrated in �gure 5.3. Second

�nding is the complexity of food product information. Additional food product
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information and improved food product information presentation create a bene�t

for the user. Independent food product information is essential and therefore must

be secured. Certain food product information is perceived as basic and therefore

should remain free of charge. Very useful and additional food product information on

the other hand can cost a certain amount. In addition, customised and personalised

food product information presentation creates bene�ts as well. The food product

information is provided by a food product information provider. The food product

information provider, its databases and how it operates are out of scope. However,

interviewees see bene�ts and also some privacy threats from the involvement of the

food product information provider. Thirdly, privacy and security threats may not

be entirely caused by the technology, but could be present also within the grocery

environment.

Categories and subcategories that have not been incorporated yet have mainly

very practical implications. The �ndings from all categories are discussed in the

next section 5.3.

5.3. Findings report

Previously, a concept was created from the collected data. This concept outlined

the connection and relation between major aspects and technology acceptance areas

of the NFC mobile shopping assistant. However, the concept only incorporates

major aspects and it does not rely on all categories of the �nal coding scheme.

This section reports all the �ndings from data analysis by following the structure

of the created concept and major �ndings. This section contains 18 subsections

(subsections 5.3.1 to 5.3.18). Each subsection reports the �ndings related to a major

aspect or technology acceptance area.

Within each subsection, the path to each category and subcategory is presented

as a reference, following the introduced style guide (subsection 4.4.1 commencing on

page 70). The following �ndings are reported in bullet points in order to maintain

a better readability.

5.3.1. Usefulness

Positive as well as negative aspects and perceptions of the NFC mobile shopping

assistant solution are: [Usefulness → Positive] and [Usefulness → Negative]
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Table 5.1.: Positive and negative perceptions of usefulness (Source: author)
Positive Negative
Fast access to information Food product information are not useful

to some customers
Access to information that are not avail-
able on the label

Not much use if information additional
to the food product label is displayed

Information can help �nding what is
good for the customer

All useful food product information is
available in the grocery store

Increasing the awareness during shop-
ping

Customers try out products and judge
what is best for them

Especially useful for customers with spe-
cial requirements

Food product information will not tell
the taste of the product

Access to additional information Food product information can not tell
for how long the product can be con-
sumed
Food product information is too simple

Reasons and occasions why/when the NFC mobile shopping assistant would not

be used: [Usefulness → Not using the system]

• When costs occur for every single set of information;

• More exclusive and expensive items require preliminary online research

upfront and consultation with store sta�;

• While buying familiar products that have been bought in the past;

• System is time consuming, therefore customer would not use it for every

product;

• Very cheap products are not worth the e�ort of using the system;

• Simple products.

Overall aspects and perceptions of the NFC mobile shopping assistant are: [Useful-

ness → Overall] and [Usefulness → Extensions] and [Usefulness → Requirements]

• System is useful to people with a speci�c interest in the information;

• System comes in the format of a mobile phone, which is small and can

be hold in one hand, the product in the other hand;

• System is an extra feature: customer can but does not have to use it,

regular shopping is still possible;
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• Grocery store is a good place to use the system;

• System is useful for daily purchases;

• Food product information need to add value (see subsection 5.3.3);

• The software should display di�erent types of food product information;

• The software should enable comparisons, o�er discounts, display special

o�ers, recommend related products;

• Advertisement and SPAM are not desired;

• The software should work in various grocery stores;

• The software should incorporate a shopping list and enable to share food

product information with other people or family members;

• More application areas of mobile NFC would lower the costs of using it.

5.3.2. Bene�t (Value)

If food product information can create a general bene�t (value) for the customer,

then the NFC mobile shopping assistant can be useful. Food product information

need to be independent and provide additional value. I1 says that if there is no

information available in addition to what already is printed on the label, then there

would not be much use. The presentation of the food product information on the

mobile phone should be customised to allow di�erent people to utilise it individually.

The latter is part of mobile phone software, see subsection 5.3.13.

5.3.3. Food product information

Di�erent types of food product information emerged: [Usefulness → Extensions]

1. Basic information: calories, nutrition, ingredients, carbon footprint, origin,

producer, producing conditions, price, the level of organic food;

2. Health information: how healthy a product is and if people with certain con-

ditions such as allergies or diabetes should be careful;

3. Recommendations such as recipes or products that taste particularly well in

combination with this product.
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5.3.4. Food product presentation

The food product presentation on the mobile phone relates to software aspects of

the mobile phone (see section 5.3.13).

5.3.5. Ease of use

Ease of use has two major contributors: food product identi�cation and food product
presentation. Both are supported by mobile phone software and hardware. [Ease of
use→Positive] and [Ease of use →Negative]

Table 5.2.: Positive and negative perceptions of ease of use (Source: author)
Positive Negative
The mobile phone is not an extra device
which has to be carried around or can be
forgotten, it is almost always with the
customer

The system relies on the mobile phone,
if it has been forgotten at home or the
battery is �at then it will not be of much
use

Each customer has his/her mobile
phone, queues in front of in store built-in
terminals (alternative) can be avoided

Changing the system for di�erent gro-
cery stores does not seem useful

The mobile phone is very convenient,
product information are instantly avail-
able

The system in its current state might not
be useful to people with special require-
ments (e.g. disabled people who need
audio guidance)

It is time e�cient The RFID/NFC tag might be not easy
to �nd

It is easily understandable how the NFC
mobile shopping assistant works

Consequently, the interviewees suggested requirements and features to improve the

easy of use features of the NFCmobile shopping assistant: [Ease of use→Requirements]

• A NFCmobile shopping assistant should not force the customer to change

his/her shopping behaviour;

• Mobile phone software requirements (see section 5.3.13);

• Mobile phone hardware requirements (see section 5.3.12).
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5.3.6. Food product identi�cation

Food product identi�cation is a major part of perceived ease of use. [Ease of

use→Food product identi�cation→Positive]

The interviewees' positive perceptions of food product identi�cation with an NFC

mobile shopping assistant are that it is fast and easy. On the other hand, the

following problems could occur in a real environment: [Ease of use→Food product

identi�cation→Problems]

• Other customers standing in the way;

• Products are placed out of the customer's reach (too high on the shelves);

• NFC/RFID interference due to too many customers using the system at

the same time;

• Di�erent products with the same speci�cations (products of the same

type but from di�erent producers);

• Product needs to be taken o� the shelf and NFC/RFID tag needs to be

located (see section 5.3.18 for an alternative solution to overcome this

problem);

• If the NFC/RFID tag cannot be found easily, the customer might become

annoyed;

• Products are located too close to each other and the phone would read

the NFC/RFID tag from the wrong product and consequently the wrong

information could be shown.

5.3.7. Security

Security concerns emerged in four areas: [Security]

1. Protection of independent and authentic food product information;

2. Theft and robbery of customers due to distraction and/or exposure of expen-

sive mobile phones;

3. Burglary due to shopping pro�le creation;

4. Technical mobile phone security for NFC/RFID reading and 3G/UMTS data
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connection.

5.3.8. Privacy

The privacy concerns and privacy related aspects are the following: [Privacy]

• Aggregation of personal data and creation of customer pro�les while using

an NFC mobile shopping assistant. Customers do not want to reveal too

much data;

• Participants do not want to reveal more than the minimum of personal

data;

• Participants want to know what the personal data is used for.

Following the interviewees desire to reveal as little data as possible, the following

personal data could be revealed if required:

• Bank details for payment of food product information requests;

• Mobile phone number;

• Where and when products have been bought (similar to loyalty cards);

• Age;

• Area of residence;

• Special food requirements.

In order to reduce the amount of personal data involved, I2 suggested to keep

the NFC mobile shopping assistant anonymous. He suggested using user name and

password to authenticate the food information request. Payment could be done

upfront via bank transaction. He says that personal data such as name or address

are not really necessary.

5.3.9. Security and privacy

Within the �eld of security, I1 worried about a shopping pro�le that would be created

while using an NFC mobile shopping assistant and that would be used to break into

his house. In the context of privacy, interviewees expressed their concerns about the

pro�le creation which could be abused for advertisement or spam.
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The similarities among security and privacy are that in both contexts the intervie-

wees worried about pro�le creation. The di�erences lie in the possible consequences

(burglary and abuse of personal data).

5.3.10. Costs

[Costs] In the �eld of costs, there are di�erent viewpoints on whether costs should

be charged for using the NFC mobile shopping assistant and for requesting food

product information. The interviewees do not like the idea to pay. Under certain

circumstances, some interviewees would accept payment. Those circumstances are

that the value of the food product information is really high and that the price

is acceptable. Interviewees suggested to have certain information for free, whereas

some additional information could be obtained at a cost. For instance, allergy

information is for free, while recipes could cost. Furthermore, the product value

needs to be worth the costs of a request. On the other hand, some interviewees

said that the food product information must be free and the NFC mobile shopping

assistant should remain a service.

In addition, a 3G data connection during the food product information request

causes costs. However, I2 believes that 3G data plans are now common and this

cost factor does not matter anymore.

5.3.11. Payment

In the area of payment, there are interviewees' suggestions in which way the costs

for an NFC mobile shopping assistant and food product information requests are

paid ([Costs->Payment model]) and how the payment is handled ([Costs->Payment

handling]).

A payment model describes how charges for a food product information requests

or the use of a NFC mobile shopping assistant could be handled. The following

options emerged:

• Pay per request;

• Flat rate for extensive use;

• Payment option related to the product price (the higher the product

price, the higher the cost of the request);

• Di�erent prices for di�erent types of information:
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� I4: �some information are more valuable so the price could be

higher�);

� I4: �the allergies information could be free whereas the recipes could

costs something�;

� I5: �it could be that basic information are for free. Additional and

very useful information could be charged�;

• Single payment for the software, no regular or usage based costs;

• Monthly payment;

• I2 thinks that paying per request is not user friendly and a �at rate

option might be user friendly and convenient.

In addition, I2 suggested to incorporate more application areas of the NFC tech-

nology in order to split costs among various services. This however, was directed

towards the costs of the phone. I2 also mentioned that the grocery store should be

involved in the payment process depending on its interest.

The following payment handling options were suggested:

• Withdraw from bank account;

• Extra charge in combination with mobile phone contract;

• Payment via mobile phone bill, because the mobile phone is already

involved;

• Upfront payment via bank transaction.

5.3.12. Mobile phone hardware

Hardware requirements of the mobile phone emerged from di�erent categories through-

out the coding process. The following mobile phone hardware requirements emerged

in the area of ease of use: [Ease of Use→Requirements]

• Larger screen (than the Nokia 6131 NFC) in order to have more food

product information visible at a time;

• Readable display;

• Light weight, small device because mobile phone is carried around;
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• Multifunctional (listening to music, writing emails, browsing, taking pic-

tures);

• Nice appearance;

• Good battery life;

• Easy to handle;

• Good hardware performance, because a big database of food products is

stored on the phone (I2).

The requirements of the mobile phone are as I2 said, a �compromise of screen size

and having a portable device�. In addition di�erent interviewees have di�erent

preferences. For instance I3 liked touch screens and found them very convenient.

On the other hand, I2 did personally not care about the size of the screen, but

mentioned that for an NFC mobile shopping assistant the screen size is vital. I1

liked a particular mobile phone manufacturer (Nokia) because of previous positive

experience. Furthermore, I1 thought that users are familiar with their phones.

I5 thinks that a �new system shouldn't force you to change the shopping behaviour

in a big way�.

I2 mentions that the mobile phone might become slow if a large database of

products and corresponding food product information is stored on the mobile phone.

The previous two points are also related to software aspects of the mobile phone.

Familiarity with the use of the phone is related to the mobile phone operating

system. The performance of the mobile phone with a large food product database

can be in�uenced by the way the database is organised and used.

5.3.13. Mobile phone software

Software requirements of the mobile phone mainly emerged from the categories

ease of use and usefulness. The requirements can be separated into general aspects

of mobile phone software and improvements and issues speci�cally of the Product

Information Finder software.

[Ease of Use→Requirements] and [Usefulness→Requirements]

General mobile phone software requirements:

• Font size for older people might be too small and di�cult to read, can
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be overcome with changing display resolution and icon size;

• Easy to handle;

• Quick typing;

• Fast;

• Simple;

• No spam and advertisements, because they are annoying.

Speci�c Product Information Finder software requirements:

• Split the ingredients list and display a few at a time;

• Time to start the software and get it to the point where NFC/RFID tags

can be read needs to be short, otherwise the convenience decreases;

• Keeping the software simple (I4: �It seems pretty simple. I wouldn't

make it more complex by changing it to a fancier way�);

• Font size of the software needs to be larger than font size on the food

product label

• Content should be easy to read;

• At the �rst stage the software should provide a broader overview of the

food product with a picture, the price and some key facts;

• Software should not annoy the user if the wrong NFC/RFID tag has been

read;

• Sending selected food product information to somebody else;

• Simple recommendation whether the product is or is not good for you;

• User should have a choice which food product information he/she wants

to read;

• Personal settings in order to avoid browsing through all the information.

Personal settings of the Product Information Finder should enable the following:

• Grouping information regarding allergic reactions, because there are many

di�erent allergic reactions;
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• Filtering information of interest;

• Pre-selecting information types of interest;

• Categorising information.

5.3.14. Food product information request

I2 raised the aspect of how the food product information comes to the mobile phone.

I5 also contributed some aspects.

There are two di�erent ways how the food product information could get to the

mobile phone:

1. Every food product identi�cation triggers a 3G data request to the food prod-

uct information provider. The food product information is then transferred

just in time;

2. The mobile phone has a local database that contains the food product's infor-

mation.

I2 believes, that the �rst option is the best way. I5 also suggests that a 3G

synchronisation should take place.

The second option has its challenges related to updating the local database. I5

suggests that the local database can be updated via synchronisation with the private

computer in order to get up-to-date information. He also suggests to use a 3G data

connection for synchronisation. On the other hand, I2 suggested that the local

database could be updated automatically when approaching the grocery store. He

is not in favour of terminals that are located at the entrance or inside the grocery

store. He thinks that the synchronisation has to take place on the way to the grocery

store without stopping at a terminal.

5.3.15. NFC/RFID

Contactless range technology (NFC/RFID) is perceived as useful, helpful, �cool�,

e�cient and as the future. Only I1 and I2 mentioned the following concerns:

• I1 is very critical and believes that RFID is the �rst step towards a glass

customer. He does not like to have RFID implemented around the ankle

or under the skin just to have a car key, the credit card and apartment
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key with him. �I don't think it's a direction we should go.�

• I2 is concerned about longer range RFID technology, where attacks based

on data interception is possible. He states that the short reading range

of NFC might not be such a problem in contrast to longer range RFID;

• I2 says if RFID is used for payment or toll collection, then there are big

risks in terms of privacy and security.

In addition, I1 thinks that the radio frequency emissions of NFC are not very high

and hence not a concern.

The interviewees named the following application areas for NFC/RFID in regards

to possible future use or existing use:

• E-ticketing, using the mobile phone at special ticket points on train sta-

tions;

• Theft prevention with RFID and alarms at the store's door;

• Swipe cards to access workplace;

• Payment in university restaurants;

• E-ticketing for bus and train;

• Public transportation time table with RFID senders at the stops to get

the current time table on the phone;

• E-ticket sale at the bus/train stop;

• RFID implemented on the ankle or under the skin to use it as credit

card, car key and apartment key;

• Automobile manufacturing to identify locations of parts and keeping

track of mounting process;

• Speed measurement in Formula 1;

• Tagging items in the apartment and using a special device to locate and

�nd items;

• Passport;

• Payment;
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• Toll collection;

• Book check-out in the library;

• Payment to replace cash;

• Automatic payment in stores, RFID attached to products is used to

automatically sum up the shopping cart.

5.3.16. Grocery Environment

The following issues relate to the grocery environment:

• Other customers could stand in the way when NFC mobile shopping

assistant is used;

• Di�erent grocery stores require di�erent versions of the Product Infor-

mation Finder / NFC mobile shopping assistant;

• Interference if a lot of customers use the NFC mobile shopping assistant

at the same time;

• If customers do not have NFC enabled mobile phones, the grocery store

could rent / provide some;

• The grocery store can already create a customer pro�le by analysing

credit card details and shopping card content;

• Every customer can have a look in your shopping cart;

• Employees in the grocery store are usually not helpful to provide spe-

ci�c information about products. They are not quali�ed and trained to

provide information for thousands of products.

5.3.17. Motivation

The following issues relate to the interviewees' motivation for using or not using

mobile applications, future technology, an NFC mobile shopping assistant or buy-

ing/not buying certain products. Those issues could not be �tted into the categories

of perceived ease of use or usefulness.

• Participant 1:
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� A combination of product price and the product manufacturer in�uence

his decision whether to buy a product. I1 does not always buy the cheap-

est or most expensive product, but considers who the manufacturer is in

order to decide on the quality of the product. The product manufacturer's

name and brand in�uence his buying decision;

� While doing grocery shopping, he buys a certain range of products over

and over. He knows the products that he likes. He would only use new

products if somebody suggests them to him.

• I2:

� He would use an NFC mobile shopping assistant probably for products

he has not bought before;

� He would not use an NFC mobile shopping assistant for really cheap

products.

• I3:

� She would consider using an NFC mobile shopping assistant for high

priced products, because there is more to lose. �On the other hand cheap

products don't come with the risk of losing too much money in case they

are not worth it.� She does research on really expensive products before

she goes to the store;

� She likes �the idea of utilizing the phone or computer to use it for more

than the initial purpose.�;

� She would like to help local farmers and her own country by buying their

products. In addition, news report food product scandals from certain

countries. Those two aspects in�uence her food product buying decision.

An NFC mobile shopping assistant can support her decision process by

providing food product information regarding the origin and processing

location.

� She is interested in the �real company� behind a product, because often

she cannot see the real producers. In addition, all companies, �which are

part of the production� are of interest to her.

• I4:

� She is really interested in recipes, would not pay for food product infor-

mation and does like the idea of having personalised advertisements.
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• I5:

� If using an NFC mobile shopping assistant increases the shopping time

(e.g. by an extra hour) then he is not interested;

� He would feel special when he receives customised o�ers that are not

available for everyone;

� He is already using a similar software (iPhone Bar code scanner) that

provides him with basic food product information as a result of identifying

the food product with the mobile phone's camera and the bar code.

5.3.18. Alternatives

Negative perceptions of the NFC mobile shopping assistant and the Product Infor-

mation Finder software, as well as additions to them in order to further improve

usefulness and ease of use, lead to possible alternatives.

Alternative sources of information can be:

• The internet, accessed from home (with a personal computer);

• Grocery store employees.

Alternative ways to identify food products can be:

• Use of a bar code scanner and the mobile phone's camera instead of a

NFC reader;

• NFC/RFID tag is attached to the price tag on the shelf instead of being

attached to the product item.

Devices alternative to the NFC mobile phone can be:

• Wrist watch: I4 comments that a watch is not too heavy and is also

carried around all day long, but then she comments that not every one

has a watch;

• Existing price terminals that are already set up in larger stores: I4 men-

tions that the existing price terminals could be utilised, but she sees the

problem of generating queues of customers lining up. Also, walking up

to the terminal takes time. Therefore, she believes it would not be so

fast and customers would waste time.
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• Screen attached to the shopping cart: I4 thinks that a screen attached

to the shopping cart would have the advantages of having the hands free

and think less about the phone. She sees the shopping cart screen as

an addition to the mobile phone. It can be used if the phone has been

forgotten or is low on battery. She also mentions that when customers do

not buy many items then they just take a small shopping basket, which

does not have a screen. In this case the mobile phone �becomes handy

again�;

• I4 thinks that the mobile phone, the screen on the shopping cart and

terminals should co-exist;

• The customers without an NFC mobile phone could rent devices for the

time of shopping;

• A screen in front of the shelf: I1 thinks that this is probably not very

sophisticated;

• Audio guidance systems for visually impaired people;

• Device attached to the shopping cart: I2 thinks that a device could be

attached to the shopping cart. This could be utilised to also display

the balance of all items. He thinks that the device would enable many

features but it could increase the cost of shopping carts. Those cost

would be passed on as additional cost to customers;

• Apple iPad, because it is becoming popular;

• Netbook.

Software related alternatives or extensions are:

• Search engine;

• Product comparison features

5.4. Chapter summary

This chapter contains a concept creation, which is used as a framework to better

structure and understand the data. As part of the concept creation, relations and

connections between major aspects and areas were described. Finally, a detailed

report of all the �ndings was provided.
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The next part in this research is to discuss major �ndings and relations between

di�erent areas in the context of existing literature reviewed in chapter 2.
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6
Discussion

6.1. Introduction

Chapter 2 provided analysis of the existing research in areas closely related to the

NFC mobile shopping assistant. Five main areas have been identi�ed as important

for technology acceptance. Those are usefulness, ease of use, security, privacy and

cost aspects of the technology. A number of concrete bene�ts, issues and challenges

(sacri�ces) had already been known before the data collection started. The known

bene�ts and sacri�ces are, however, linked to closely related technologies or similar

solutions. They were not directly linked to the NFC mobile shopping assistant for

the grocery environment. As part of this research, primary data has been collected,

analysed and reported speci�cally for the NFC mobile shopping assistant. Bene�ts,

issues and challenges in di�erent areas were identi�ed and reported in chapter 5. In

this chapter, the particular �ndings of this research are discussed and linked back

to the main categories of existing research.

6.2. Discussion

The technology acceptance investigation in this research is based on Kim et al.'s[52]

value proposition for voluntary technology acceptance. The value proposition con-

siders a technology's bene�ts and sacri�ces together. If the bene�ts outweigh the

sacri�ces, then the user's acceptance is higher. The aim of this research is to �nd

out what the bene�ts and sacri�ces (issues and challenges) are in order to help

future researchers investigating the individual impact. Also, the identi�cation of

issues and challenges aims to provide a starting point for future implementations of

solutions similar to the NFC mobile shopping assistant. This chapter discusses the

proposition of bene�ts and sacri�ces (challenges and issues). A comprehensive list of
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requirements and improvements for the NFC mobile shopping assistant is discussed

in section 7.5.3 commencing on page 128.

The majority of interview �ndings in the area of usefulness were positive and

therefore add a bene�t for the user. The positive �ndings in the area of usefulness

support �ndings in existing technology acceptance literature discussed in chapter

2. Interviewees consider particularly useful access to additional and existing infor-

mation in order to determine the quality of a product and its ingredients. That is

important, because Hermanussen et al.[29] found labeled food product information

to be incorrect. The �ndings also reveal that the NFC mobile shopping assistant is

not genuinely useful in every case and for every user. They were very bene�cial for

customers with special diet or food requirements. Customers without those special

requirements would only bene�t if they are really interested in the information. The

type of information and product plays an important role as well. In particular, it

would be very useful to access via the NFC mobile shopping assistant food product

information that is not available from the label. The product types identi�ed by

the interviewees were two: more exclusive/expensive and very cheap products. In

both cases, the solution is not regarded highly bene�cial. That supports Hong and

Tam's[49] �ndings of the in�uence of usefulness and monetary value on technology

acceptance. In the case of very cheap products, the e�ort of using the solutions

is not proportional to the product price. On the other hand, more exclusive and

expensive products may require detailed research at home (online) or consultation

with specialised sales sta�. Kowatsch and Maass[75] found a similar solution (NFC

mobile recommendation agent) to be useful for expensive consumer electronics. The

substantial di�erence to the NFC mobile shopping assistant is that their solution

recommends additional equipment and articles. Hence, the buying decision for the

expensive consumer electronics is already felt to be in contrast to the NFC mobile

shopping assistant. In addition, familiar products that have been bought before

are unlikely to require the use of an NFC mobile shopping assistant request. In

summary, the criteria of when and on which food product the NFC mobile shopping

assistant is used, can depend on the individual needs and preferences of the user,

the price of the product and type of information that can be displayed.

In the area of ease of use, the majority of interview �ndings were positive, which

con�rms �ndings from existing technology acceptance literature. Three ease of use

aspects were mentioned. First, each user (customer) owns a personal mobile phone

/ smartphone, it is most of the times with the user and therefore familiarity with

the smartphone makes the NFC mobile shopping assistant easier to use. Secondly,

the speed of accessing information was perceived as fast. Thirdly, the NFC product

identi�cation was easy to understand. O'Neil et al.[31] found barcode identi�ca-

tion to be quicker for untrained users. In contrast, trained users were found to be
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quicker with NFC identi�cation[31]. The �ve interviewees in this research were not

trained, but a brief introduction and demonstration was given prior to the inter-

view. Therefore, they can be considered familiar with the technology. In addition,

the �ve interviewees considered innovative, based on their relatively young age and

familiarity with modern technology in general. Higher innovativeness positively in-

�uences technology acceptance[46, 53] and in the case of Kuo and Yen[53] personal

innovativeness even positively in�uences perceived ease of use. Hence, the �ndings

of this research support existing research investigated in chapter 2.

Hossain et al.[50] combined usefulness and ease of use to convenience and found

convenience to be positively in�uencing. This can be con�rmed with �ndings from

this research. In particular the fact that the user can use the same personal smart-

phone for usual tasks (calling, texting, email, online services etc.) and also as an

NFC mobile shopping assistant links ease of use and usefulness. Ease of use is linked

because the user is already familiar with the smartphone and its operating system.

Usefulness is linked because there is no additional device required and just another

service (NFC mobile shopping assistant) is added to the list of already available

services and applications.

The monetary price of the food product (monetary value - Hong and Tam[49])

was found to be relevant to usefulness. Other cost-related �ndings of this research

are in the area of NFC mobile shopping assistant usage fees. Generally, users would

prefer not to pay for the service and prefer it to be free. That is in line with existing

research of Kuo and Yen[53], Wu et al.[71] as well as Kim et al.[52], who found a

negative in�uence of costs on technology acceptance.

Personal data privacy threats, similarly to costs, have a negative in�uence towards

technology acceptance, as it was found by Mueller-Seitz et al.[60]. In contrast,

Hossain et al.[50] found no signi�cant in�uence of privacy. Hossain et al. explain

their �ndings with a general low awareness of personal data privacy threats. In this

research, the interviewees generally only want to reveal the minimum of required

personal data, but when asked which type of data they would reveal, a range of

very personal data was mentioned. For instance, mobile phone number, age, area of

residence, special food requirements and the shopping statistics were among them.

Although this study cannot generalise based on the data, some interviewees did not

appear to have any privacy concerns. Others suggested a fairly anonymous approach,

were payment for the service of using an NFC mobile shopping assistant can be

done upfront with cash or bank transaction on a pre-paid basis. A combination

of username and password then allows using the pre-paid credit and no direct link

to the user's real name and demographics would be needed. The fairly anonymous

approach was suggested by I2, who studies computer science. Other participants,
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who are not very familiar with technological aspects and privacy threats did not

mention major privacy concerns. The �ndings of this research in regards to privacy

and risk perceptions support the �ndings of privacy threat's negative in�uence. The

�ndings also con�rm Hossain et al.'s[50] �ndings about low threat awareness.

Security issues are often mentioned together with personal data privacy threats

because technical security vulnerabilities can enable personal data privacy violations.

Mueller-Seitz et al.[60] and Hossain et al.[50] investigated both privacy threats and

security threats at the same time. In this research, the interviewees did not have any

knowledge of the smartphone application architecture and security features. Never-

theless, privacy and security threats were linked, starting from personal data aggre-

gation (shopping pro�le) through the NFC mobile shopping assistant or connected

background services (food product information provider, grocery store). Some inter-

viewees feared that the collected shopping and customer data might lead to an abuse

of personal data (privacy) from the background service provider. Others in contrast,

feared that the shopping pro�le might be analysed and used by third parties to com-

mit crime, e.g. a burglary. Security issues unrelated to privacy were found in this

research as well. The obvious and constant use of an expensive smartphone may

attract thefts.

Cultural aspects of technology users were found to be in�uential towards tech-

nology acceptance by Hossain et al.[50]. This research cannot con�rm the cultural

in�uence, because the primary data (interviews) was gathered from only one cul-

tural group. The nature of this research methodology does not allow generalisation.

This research did not investigate across di�erent cultures in order to compare them.

However, the interviewees are of German background which assumes a high level of

education, standard of living and familiarity with key aspects of this research. Ad-

ditional major participant criteria aimed to ensure that the interviewees are familiar

with modern technology and that an innovative mindset is present. The �ndings

of this research con�rm that an innovative mindset and understanding of modern

technology is important for contributing credible input. It is unknown whether a

di�erent cultural group and di�erent participant criteria would have yield di�erent

�ndings. The focus on participants of Germans background is a limitation of this

research (see section 7.4.4) but also a bene�t. It is a bene�t because future work

can collect and analyse data from a di�erent cultural group and then compare the

results with this research �ndings. That is outlined in section 7.5.6.

In addition, the cultural focus was bene�cial for data collection and data inter-

pretation, because the researcher was highly familiar with the interviewees' culture

and the research could understand certain German-speci�c aspects. That con�rms

Patton's[87] suggestion for improving data quality through high cultural familiarity.
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There are some additional aspects that could have been discussed in this chapter.

The researcher, however, decided to discuss them in the context of the implications

for academia, which can be found in subsection 7.3.1 commencing on page 121.

Overall, the very majority of �ndings can be linked back to existing literature

and support the �ndings from similar and related technologies acceptance studies.

The research questions that emerged from the identi�ed gap in existing literature

remains to be answered. The next chapter will �nally answer the research question

and discuss the limitations and future work.
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Conclusion

7.1. Introduction

Findings from this research support existing research, as the discussion in previous

chapter 6 has outlined. This chapter �nally concludes this research by answering

the research question (section 7.2), by outlining implications (section 7.3) from this

research for various groups, by discussing limitations (section 7.4) and by outlining

future work (section 7.5). At the very end, the researcher provides his very personal

statement in section 7.6.

7.2. Research proposition and answers

The research question �What are the bene�ts, challenges and issues of an NFC

mobile shopping assistant in the grocery environment from a user's perspective?� is

�nally answered in this section.

The researcher's understanding of bene�ts, challenges and issues was de�ned in

section 1.4. Bene�ts, challenges and issues are discussed in dedicated subsection.

7.2.1. Bene�ts

The bene�ts of the NFC mobile shopping assistant solution are that the solution is

going to work with existing smartphones that the user already uses and is familiar

with. Using the user's existing smartphone for the NFC mobile shopping assistant

increases the smartphone's utility. In addition, the familiarity with the smartphone

and smartphone operating system makes the software more familiar. The product
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identi�cation vian NFC/RFID is fast and easy to understand. The NFC mobile

shopping assistant can provide fast access to various information. Three types of

information emerged to be of particular interest. The �rst type is, basic product

information such as ingredients, calories, origin, carbon foot print or price. Second,

information regarding the healthiness in general or for people with special food re-

quirements (e.g. allergies, diabetes). Third, recommendations for recipes or similar

products. The usefulness of various information is a major bene�t of the NFC mo-

bile shopping assistant. Existing information that is printed on the food product

label can be displayed on the smartphone with improved typography and in a better

structure. In addition to existing information, previously unavailable information

that comes from alternative information sources can also be displayed. Additional

information is useful to users who have a particular interest. The particular interest

and usage situation depends on product (type, price, value), the motivation of the

user and the situation. As the NFC mobile shopping assistant is with the user any-

way and its use is not required for shopping, the NFC mobile shopping assistant can

be used when desired. Individual, independent and situational usage options allow

maximum �exibility.

The interviewees' perceptions of the NFC mobile shopping assistant's bene�ts are

very similar to the researcher's initial assumptions (section 2.2 commencing on page

11). In order to improve the proposed technology solution, it is more important to

identify and consequently solve issues (problems) and overcome challenges.

7.2.2. Issues

The NFC mobile shopping assistant's issues are in di�erent areas. Some areas are

directly related to the design or nature of the NFC mobile shopping assistant, while

other areas are related to the environment (grocery store), smartphones in general

or NFC/RFID. The latter ones are presented �rst.

The grocery environment in�uences the user of an NFC mobile shopping assistant

in a sense that crowded stores and the stores' layouts can lower the bene�ts. For

instance, crowded stores may create interference or overload of the network. The

general availability of a network connection is partially in�uenced by the grocery

store but also by the network provider.

As outlined in chapter 1 and 2, NFC is in many regards very similar to RFID.

NFC and RFID are di�erent terms but the user might see them as the same thing

because of many similarities. Consequently, negative perceptions of RFID might also

be associated with NFC. Even though NFC has higher security standards (shorter

operating range, encryption features), but poor implementation or basic violation
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of common security best practices could create security vulnerabilities and privacy

threats. Some users have a negative perception of existing RFID projects, mainly

because personal data is often invisibly aggregated, stored and used to create pro�les.

This perception currently mainly applies to RFID only, because NFC is not common,

not widely known and not widely implemented yet. The risk is that either its

reputation is projected to NFC as well or that NFC security threats and privacy

violations occur and its reputation is damaged. Both cases are crucial to the NFC

mobile shopping assistant.

Privacy and security threats are possibly not only caused by the NFC technol-

ogy, but also the smartphone, the software and involved parties (food product in-

formation provider, grocery store) are possible causes for privacy and/or security

violations. Users do not want their personal information stored unnecessarily. Fur-

thermore, users want to know what the data is used for. A bene�t for the food

product information provider and grocery store, that has not been discussed yet,

is the aggregation of all possible data for various purposes, such as store improve-

ment, marketing or advertisement. The issue lies in the contradiction of access to

the food product information' via smartphone and the user's interests to protect

privacy. Unnecessarily stored information or a major loss of customer data due to

attack are crucial to user's trust.

A security issue of di�erent nature was found to be related to the public, obvious

and increased use of smartphones in the grocery stores. Distraction while using the

NFC mobile shopping assistant may lead to an increase in thefts of handbags. Also,

the obvious use of an expensively perceived device may attract thieves.

Whether users should be charged for using an NFC mobile shopping assistant and

if so in which way the payment would be handled, is a major issue. Generally, users

want free access to the service, but certain very useful information (e.g. recipes,

allergy information) could attract costs. Increased costs for mobile data usage via

3G might occur as well. Identifying which type of information can be provided for

free and what the price for payed information is, remains a key issue. Interviewees

of this research suggested di�erent options for prices, payment models and payment

handling such as di�erent prices for di�erent information, prices in relation to the

product value, pay per request, �at rate, automatic bank withdrawal, one-o� fee

with the purchase of the smartphone or software and monthly payment via mobile

phone contract.

In case the smartphone is low on battery, it has been left at home or it is currently

used for other purposes, then it cannot be used as an NFC mobile shopping assistant.

Issues that are directly related to the NFC mobile shopping assistant solution are
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the individual perception of the food product information usefulness. One inter-

viewee stated that he buys products based on criteria such as taste or price and

pays little attention to the food product information. Furthermore, just providing

the existing label information without additional information does not add much

usefulness for the user.

Other directly related issues are in the area of food product identi�cation. If

the RFID/NFC tag cannot be located or two products are too close, then the food

product identi�cation is not as easy anymore.

7.2.3. Challenges

In the area of usefulness, the food product information is important. Not only basic

food product information, which could be found on the product labels, should be

available through the NFC mobile shopping assistant, but also additional informa-

tion such as carbon footprint, producing conditions, degree of organic food, prod-

uct origin, healthiness information, allergy signi�cance, recipes and further prod-

uct recommendations. Furthermore, product comparisons, integration of discounts

and special o�ers should also be available. These information and features should

be available in di�erent stores and also sharing information with family members

should be possible. At the same time, advertisements and SPAM are not desired.

Including additional information that is not available yet is a major challenge be-

cause the information has to be created and assigned to the products on a large

scale. Databases of the food product information provider need to be maintained.

The increasing variety of information types has also implications for the NFC mo-

bile shopping assistant software, as further usability issues (higher complexity with

more information type) could arise. Software-related challenges and suggestions for

improvement of the Product Information Finder software are discussed in subsection

7.5.3.

Software-related challenges are also relevant in the area of ease of use. The soft-

ware needs to be accessible to people with speci�c needs and disabilities. Smart-

phone hardware-related challenges to improve the NFC mobile shopping assistant

are discussed later as well.

Security and privacy threats are a major challenge to the overall bene�ts of the

NFC mobile shopping assistant. Personal data privacy threats can occur in multiple

parts of the entire solution. As outlined before, both the food product information

provider and the software of the NFC mobile shopping assistant can aggregate data.

In addition, both operate computers (server, smartphone) that might be vulnerable

to security attacks. Security attacks can disrupt the NFC mobile shopping assistant
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and/or steal customer data and hence breach privacy agreements. The involved

computer (server, smartphone) and software can be developed following best prac-

tices of secure software, which will not, however, provide a 100% secure system. In

addition, secure software is more expensive. Higher expenses for the development

of the entire NFC mobile shopping assistant solution would a�ect the usage costs,

which were identi�ed as a major issue.

In addition to costs that occur for the development and securing the IT infras-

tructure (software and hardware), 3G data plan costs and food product information

request costs are likely to occur. The users want to use the service for free or only

pay a small amount for very useful information. On the other hand the costs for

infrastructure, support and information have to be covered. Advertisement can be

an alternative way of funding. However, e�ective advertisement relies on customer

shopping pro�les. This research found that e�ective advertisement as a promising

way of funding the NFC mobile shopping assistant would be very challenging, be-

cause di�erent users have di�erent perceptions and desires. Finding alternative ways

of funding is a key challenge.

The Product Information Finder, as a prototpye implementation of the NFC mo-

bile shopping assistant runs on a Nokia 6131 NFC device. In direct comparison

to this particular device but also based on their personal preferences, the intervie-

wees suggested a number of requirements regarding the software and hardware of the

handset device (NFC smartphone). The requirements for the software and hardware

are contradicting. For instance, a large screen, readable displays, a good battery

and good performance are desired but also light weight and small size are requested.

This is a re�ection of the latest hardware development of smartphones. Smartphones

are becoming more powerful, touch-screens and larger displays have become more

popular. On the other hand, current high class smartphones have shorter battery

capacities, so recharging has to take place more often. Low battery compromises

the usage of an NFC mobile shopping assistant and hence remains a challenge. Also

new device categories (e.g. tablet computer) have recently attracted attention. One

interviewee suggested tablet computers as alternative devices. Tablet computers

have larger screens but NFC functionality and other communication channels are

not widely available.

Software challenges for an NFC mobile shopping assistant are generally a simple,

fast and easy to use interface. On the other hand, to increase the degree of usefulness,

more information types and more complex features were suggested. Providing such

features along with the growing amount of data could a�ect negatively the interface

performance. Creating an interface that can cope with that and still be simple, fast

and easy to use is a challenge too.
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7.3. Implications

This research has investigated the NFC mobile shopping assistant in order to identify

bene�ts, issues and challenges that in�uence the user acceptance. Implications from

this research are in various �elds and for various stakeholders. First, implications for

academia are related to this research methodology and framework. Second, implica-

tions for future grocery customers are based on the collected interview data. Third,

for grocery store owners and other involved businesses a number of implications can

be drawn from the interview data. Fourth, implications for future development of

PIF are based on the development process prior to the interviews and also on the

interviewees' feedback.

The following four subsections cover the outlined implications for each group in

more detail.

7.3.1. Academia

This research has followed some suggestions found in three well cited TAM studies.

First, it follows Lee et al.'s[43] recommendation to use technology acceptance areas

that are suitable for the technology under investigation. Chapter 2 discussed which

technology acceptance areas are relevant. Future research can be based on this

research literature review (chapter 2) and use privacy, security and costs in addition

to usefulness and ease of use for technologies similar to the NFC mobile shopping

assistant. In addition, Lee et al.'s general recommendation was found to be very

useful, as a discussion of similar and related technologies helped to gain and maintain

focus. The researcher perceived maintaining focus as particularly di�cult, due to the

lack of other direction giving studies related to the NFC mobile shopping assistant.

Secondly, this research investigated usefulness, ease of use, privacy, security and

costs under the assumption of the user's voluntary acceptance. The original TAM by

Davis[42, 38] operates in a less voluntary environment where an employee is asked

(indirectly forced) to use a new technology. The compulsory environment meant

that previous research investigated mostly advantages (bene�ts, positive aspects) of

a technology. In contrast, Kim et al.[52] argued that if a technology is used with a

voluntary motivational background, then both positive and negative (bene�ts and

sacri�ces) need to be under investigation. This research followed Kim et al.'s recom-

mendation by investigating security, privacy and costs mainly as possible sacri�ces

in contrast to positively perceived usefulness and ease of use. This research �ndings

support Kim et al.'s approach, because investigating positive and negative user ac-

ceptance aspects enabled a much deeper investigation and created a more complete
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picture of the technology. Furthermore, a number of direct relationships between

positive and negative technology acceptance aspects were discovered. Hence, Kim et

al.'s approach is highly bene�cial for technology acceptance studies with voluntary

user acceptance.

Thirdly, this research applied TAM in a qualitative way, in contrast to most TAM

studies that predominantly apply TAM in a quantitative way. Sun and Zhang[32]

argue, that applying TAM in a qualitative manner to explore and identify technology

acceptance areas of new technologies is a valid approach and gives TAM a new

direction. This research has followed Sun and Zhang's suggestion successfully. The

implications for future researchers are that an explorative and qualitative TAM

study can be conducted and that this opens new research directions for a research

model that is more than 20 year old.

In addition to the three TAM related suggestions, there is a fourth implication

for academia. The use of a prototpye application (PIF) for demonstration purposes

in order to improve the interviewees' understanding of the technology is very useful.

High data quality was achieved and data triangulation was prepared, but, most

importantly, the research and data collection were perceived as more realistic and

exciting for the interviewees. Both the researcher and the interviewees were more

involved and enjoyed the research.

7.3.2. Customers

Between the beginning and end of this research, the technology has developed further

and technology key player have changed focus. Just recently, Research In Motion

introduced an NFC smartphone. Nokia has sold its Symbian operating system,

which was capable of NFC and for future smartphones Nokia wants to focus on

Windows 7 mobile, which has no NFC support yet. Google Android has become

the new market leader in smartphone operating systems. Mobile payment, a key

application area of NFC is developing further too. The NFC/RFID infrastructure

is improving as more and more additional application areas are rolled out.

The very recent developments show progress in the NFC/RFID infrastructure and

application areas. On the other hand, Nokia's decisions on operating systems, as

mentioned above, is likely to in�uence the technical NFC operating system side, be-

cause NFC software developers are likely to change platforms. In addition, di�erent

smartphone operating system platforms (Andorid, iOS, Symbian, Blackberry Os,

Windows Mobile etc.) require individual software applications. Therefore, users of

very common operating systems that also support NFC, are likely to be the �rst

real life users of an NFC mobile shopping assistant.
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Google Android, which is currently the most popular in terms of new sales, has

the second largest number of available third party software applications. The �das

ist drin Scanner� is a German software application for Google Android. The �das

ist drin Scanner� is very similar to an NFC mobile shopping assistant, as it pro-

vides the user with basic food product information and an indication about the

product's healthiness. The �das ist drin Scanner� achieves the product identi�cation

via barcode scanning, which, as outlined in chapter 2, has some disadvantages. By

the time of submitting this research Master thesis, widely penetrated RFID tags on

products were not common in Germany. Hence, the �das ist drin Scanner� remains

the only functioning solution until NFC can be used. The �das ist drin Scanner� and

other similar barcode scanner applications have already been used by interviewee

�ve (I5). Implications for customers are that the mobile operating system vendors

and smartphone manufacturers have to provide a solution that is capable of NFC

and widely accepted by the user community. Google Android is going to be capa-

ble and it is currently widely accepted. The next few months will provide further

indication whether Google is capable of rolling out an NFC-capable device and also

provide software developers with a suitable framework. Customers interested in

NFC smartphones should wait a few more months before purchasing new devices.

The research found that some interviewees did not see any privacy and security

threats while using an NFC mobile shopping assistant. The lack of awareness can be

caused by a number of reasons. It is likely that lack of knowledge and understanding

of technological aspects are among the main reasons. The literature review (chapter

2) and contributions of interviewee two (I2) con�rm that. Hence, customers should

seek education in the �eld of personal data privacy and basic countermeasures for se-

curity threats in order to understand and prepare for current and future technologies

and their risks.

7.3.3. Grocery store owner, food product information

provider and involved businesses

The grocery store owner, as the examples of Metro and Wal-Mart show, are prepar-

ing their stores for RFID item-level tagging, which is the key requirement for an

NFC mobile shopping assistant. They need to progress further and also work on

minimising security and privacy threats.

The food product information provider has been identi�ed as an entity that pro-

vides the food product information. The structure and work�ow of such an entity

are out of scope of this research. However, it is a key entity for an NFC mobile

shopping assistant and hence it must ful�ll its role. The gathering and organisation
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of information are particularly important.

The grocery store owner, food product information provider and other businesses

can highly bene�t from the NFC mobile shopping assistant. As outlined in section

7.5, new business opportunities can emerge. In order to bene�t from new busi-

ness opportunities, all of the above need to actively participate in the development

process.

7.3.4. Software developers and the PIF application

PIF has been developed for demonstration purposes in order to improve the in-

terviewees' understanding of the NFC mobile shopping assistant and to enable as

well as prepare triangulation of data for future research. The PIF is ready to use

for additional data collection. However, �ndings from this research suggest further

improvement (subsection 7.5.3 on page 128) of the software will be needed. Those

suggested improvements should be implemented in order to use the PIF for future

professional NFC mobile shopping assistant software applications.

As mentioned in subsection 7.3.1, the use of a prototype application created a

number of bene�ts. To increase the impact and to gain even more bene�ts from

a prototype application, the prototype demonstration could be improved. First, a

more realistic test environment with a number of di�erent products and more de-

tailed information would be the initial step to involve the participants (interviewees,

observes) much more. Subsection 7.5.5 provides some further details. In addition,

the interviewees could be asked to use and trial the prototype not only before the

interview but also afterwards. This would provide the interviewees with additional

time to re�ect on the technology.

From a software developer's point of view, recent announcements that Nokia no

longer supports Symbian means that support for the current devices and future im-

provements is unlikely to be ongoing. As it is important for software developers to

have ongoing support from vendors and manufacturers, future platform considera-

tions are likely to exclude Nokia. Hence the actual source code of the the PIF may

become obsolete. However, for research purposes it still can be used and there are

also plenty of Nokian NFC devices available. Regardless which device manufacturer

and operating system vendor future NFC applications will use, the work of software

developers will always be required. In particular, proof of concepts and prototypes

are greatly bene�cial to obtaining an initial understanding of a related research �eld.

Hence, software developers in an academic environment are confronted with chal-

lenging and ever changing software requirements, but do not have to complete the

time consuming full software development process of requirements gathering, design
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phase, implementation and test. Agile software development methodologies can be

applied very well in contexts similar to this study. Agile software development o�ers

great bene�ts for software developers.

7.4. Limitations

This research has a number of weaknesses that the reader must be aware of in order

to judge the �ndings. In addition, weaknesses outline �elds of improvement that

can be addressed in future research.

7.4.1. Segregation of roles

The nature of the topic as well as the scope and timing of this research made seg-

regating the roles of the person collecting the primary data, analysing the data and

conducting the overall research very di�cult. Instead, the same person conducted

all three tasks. That has possibly introduced bias based on the personal opinion of

the researcher. As part of the methodology, a number of precautions have been put

in place to minimise bias. Please refer to section 3.6 commencing on page 55 for

further details of how trustworthiness of both the research and researcher is assured.

7.4.2. Weaknesses of directed content analysis

In the �rst stages of this study's data analysis, existing research �ndings were use for

the directed content analysis approach. Consequently, the �ndings are not entirely

grounded in the data, as the initial direction determines an early research focus.

The consequent limitation comes from the possible threat of not drawing certain

�ndings from the data. In contrast, non-directed content analysis is more open and

analyses data inductively. It therefore could possibly uncover some other aspects.

Non-directed approaches are often used to form a theory that is purely grounded

in the raw data[100]. However, only the �rst stage of the data analysis has been

directed and the consequent analysis iterations were entirely based on the data.

7.4.3. Sample size

The sample size of this research was limited to �ve interviewees. The aim of this

qualitative research approach was to gain deep, rich and meaningful data. Therefore
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the quality of interviewees is more important than the number. Nine participant

criteria (see subsection 3.4.4 on page 47) are put in place to ensure very suitable

candidates. A larger number of interviewees in combination with more diverse char-

acters, backgrounds and motivations could have brought about some additional

�ndings. In addition, interviewee pro�les in greater detail would possibly have pro-

vided a better understanding of each interviewee's motivation and shopping goals.

Hence, a suggestion for future work lies in the area of interviewee pro�ling and is

discussed in detail in subsection 7.5.1.

7.4.4. Cultural focus

Hossain et al.[50] found the in�uence of culture to be signi�cant for user acceptance.

This research only gathered data from German interviewees and limited the cultural

diversity. There are two reasons for limiting the interview data to a German cultural

background. First, the German grocery environment has Metro as an innovative

retail player that started using RFID about ten years ago. Metro already trialled

various RFID implementations on the sales �oor and therefore Metro is likely to be

among the �rst retailers to push for the full RFID penetration. The interviewees

of this study had to be familiar with the German grocery environment. Secondly,

the interviewer should be familiar with the culture of the interviewees, in order to

achieve better results[98]. The researcher and interviewer of this study is the same

person and is of German cultural background.

Even though all �ve interviewees are Germans, all of them have lived in a for-

eign country for at least 6 months and are therefore familiar with other cultures,

grocery environments and shopping behaviours. It is therefore quite likely that

the interviewees directly or indirectly contributed experience from foreign grocery

environments.

7.4.5. Weakness of prototype

The use of a prototype aimed to help providing the interviewees with a better under-

standing of the technology. However, the prototype software application could have

been more realistic. Please see section 7.5.3 for a list of improvement suggestions

of the PIF. In addition to a more realistic prototype, its presentation could have

been more realistic too. For instance, the prototype could have been presented in

an existing grocery environment.
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7.5. Future Work

This qualitative research created a deeper understanding of a NFC mobile shopping

solution. Future work needs to be done in a number of areas, which are outlined

in this section. Future work can be categorized into two main areas. First, more

and more speci�c data should be collected in a number of subareas. Secondly, the

�ndings from this research and additional data should then be tested in quantitative

studies and by focusing on speci�c populations in order to con�rm and generalise

the �ndings.

The following subsections cover subareas of additional and more speci�c data

collection.

7.5.1. Detailed customer shopping pro�le

The participant criteria applied in this research should be extended in a few ways.

First, cultural background, age group and occupation should include a much wider

sample of the population in order to prepare a more general statement about the

usability and ease of use.

In this context, it is desirable to research and include the grocery customer's

shopping motivation. That is because the relatively small sample of �ve participants

has already shown that a highly diverse and situational shopping motivation exists.

Furthermore, a focus on the situational motivation is highly relevant because an

NFC mobile shopping assistant is not going to be used in every situation and a

better understanding helps to improve future solutions.

In subsection 7.4.3 the researcher suggests some initial customer pro�ling approach

to identify various shopping motivations and possible NFC mobile shopping assistant

usage patterns. Some of the following pro�le properties were already collected from

the interviewees, but further extension and detailed analysis are required. The

following six pro�le properties could be used as a starting point for future research:

• Age group;

• Family and relationship situation (single, number of persons in household);

• Eating habits and shopping preferences (instant food, cooking with fresh in-

gredients, eating out);

• Shopping circumstances (regular e.g. once or twice per week, depending on

stock, depending on other commitments);
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• Price range of products (home brands / cheapest, medium price range, best

quality / most expensive);

• Product purchase variation (same products every week, new products every

now and then, high variation).

Based on the six customer pro�le properties, a six-dimensional matrix could be

created to re�ect every possible combination. Consequently, the matrix can be used

to recruit participants and create an initial understanding of the pro�le properties

and their in�uence on technology acceptance.

7.5.2. Business perspective

This study focuses on the user perspective. As outlined in chapter 1 and chapter 2,

more parties are involved such as the grocery store, the food product information

provider and members of the food product supply chain. All of them can bene�t

from the NFC mobile shopping assistant as well (more customers, customer pro�l-

ing, new advertisement channel). Furthermore, the grocery store and food product

information provider are already directly involved and they could contribute highly

to the success of the NFC mobile shopping assistant. Hence, there is a need for a

business case analysis and also detailed risk evaluation (security and privacy). In

particular, the con�ict between customer pro�ling and personalised advertisement

as business bene�ts and customers' concerns over personal data privacy and security

threats outlines a major �eld of future work.

Another �eld for research of the NFC mobile shopping assistant from the business

perspective is in the area of advertisement. Interviewee four (I4) mentioned she

was interested in customer pro�ling for personalised advertisement purposes. As

personalised advertisement can be a promising business case for an NFC mobile

shopping application, it requires more research. Personalised advertisement exists

in other �elds, e.g. online shops. Knowledge and understanding in existing �elds

should be used and put in use in the context of smartphones and grocery environment

to fully understand all implications.

7.5.3. Product Information Finder improvements

The PIF software has been developed only for this research, mainly to give the

interviewees a better understanding of what the researcher is investigating. When

the PIF was introduced, its prototype status was clearly communicated. However,

the interviewees still judged the PIF software. A number of improvements for the
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PIF software were suggested. The improvements are also related to issues and

challenges of the NFC mobile shopping assistant software in a way that the suggested

improvements advance future usefulness and ease of use aspects. The improvements

are presented below.

The example ingredients list on the PIF software appeared to be too long for

a sample product that was used. Hence an interviewee recommended to split the

longer ingredients list and display it in parts. Also, the font size is requested to

be bigger than the label font-size to make reading easier. Prior to the ingredients

list and other food product information types, an interviewee suggested to have the

entry product identi�cation screen (�gure 3.3c on page 46) featured with a picture

of the product, the price and very basic key facts.

A feature that was introduced as a major advantage of the NFC mobile shopping

assistant in chapter 2 was the capability of the smartphone to be highly individual-

ized and customized for each user. That refers to favorite applications, colours, font

sizes and many other features. The PIF software did not have any personalisation

features, but interviewees suggested to have personal settings for various aspects

such as favorite food product information types and other settings. Other settings

include allergic reactions and individual grouping and structuring of information

types.

Another feature that could improve the PIF is providing recommendations about

the product in regards to a healthy food choice. The idea of indicating in a simple

way how healthy a food product is, exists in various countries. Incorporating those

can be done as an additional type of food product information. Finally, interviewees

suggested that information could be sent to family members and other people. This

feature requires additional integration of the PIF into the smartphone's operating

system in order to use available data communication channels (email, text messaging

or other online services such as twitter or instant chat).

In future work an improved PIF can be assessed under usability aspects in order

to identify issues in the areas of ease of use and usefulness. Usability results could

then be used to further advance the PIF and create an even more useful and easy

to use tool for grocery customers.

7.5.4. Service availability

Hong and Tam[49] found service availability in�uenced user acceptance. In the con-

text of this research, it was always assumed that the service has a high availability,

simply because a high service availability is a must for any technology. In reality,
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however, technical interruptions occur and can be caused by the device and tech-

nology, the food product information provider or the telecommunication provider.

A risk assessment and the in�uence on the acceptance of an NFC mobile shop-

ping assistant needs to be investigated on various levels. That includes the possible

causes for poor service availability but also the situational impact. Results from a

service availability study might in�uence the PIF improvements, the business cases

and also quantitative con�rmation studies. The researcher suggests to test the cus-

tomer's tolerance threshold of service (un)availability in order to identify the level

of redundancy needed in the involved computer systems and technologies.

7.5.5. Observation in real grocery environment

With the support of an improved PIF, possible future research could be carried

out as an observational study. Various user are asked to use the PIF and interact

with the environment. Observation would enable triangulation of data, which im-

proves the credibility. This study has been designed to easily incorporate other data

perspectives and hence they should be used. Observation of customers might also

reveal more issues and could help to determine how RFID tags should be placed

and whether an interim solution of tagging the shelf instead of tagging all products

would be feasible. The observation of customers using an NFC mobile shopping

assistant (e.g. PIF) would also help to con�rm or disprove ONeil et al.'s[31] �ndings

of NFC vs. barcode usability. That is going to have implications on how customers

who are new to NFC technology are trained.

Alternative devices need to be investigated further as well. In particular in situ-

ations where the smartphone battery is �at, the smartphone is used for calling, the

smartphone has been forgotten at home, the person does not have an NFC enabled

smartphone or does not want to reveal personal data, alternative devices can still

provide the information to the grocery customer. Future work should investigate

which alternative devices are feasible and how they can achieve similar bene�ts while

co-existing, as interviewee four (I4) suggested.

7.5.6. Quantitative con�rmation

Some limitations of this research are caused by the nature of a qualitative approach.

Generalisation based on a wider range and higher number of participants is usually

achieved with quantitative studies. After more initial qualitative work has been

done and various aspects of the NFC mobile shopping assistant and the environment

are better understood, a quantitative con�rmation and analysis of the importance is
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desired. The quantitative con�rmation should be extended to populations of cultural

background other than German and to participants other than students.

7.5.7. Customer education on security and privacy

This research found and hence con�rmed that the understanding and the awareness

of security and privacy issues are low. Future work should investigate reasons,

develop countermeasures and test educational approaches to improve the customers'

understanding of security and privacy issues and to increase awareness.

7.6. Personal statement

When looking back at the past year of conducting research and writing this Master

thesis, I realized that I have gained a much better understanding of the technology

in general and a more detailed understanding of RFID/NFC and smartphones. The

way I see technology shifted from being interested how it exactly works and what

is possible with it towards what the implications of technology are. Aspects such

as what are the disadvantages of using the technology or what are the alternatives

became, more appealing. I suppose the question how technology works can in most

cases be answered by relating to the basic computing principles. Also, whether

an operating system is designed for a personal computer, vending machine, in-car

entertainment system or a smartphone does not change much the basic principles.

In contrast, what changes with every new technology and system is how people

use it, where people use it, when people use it and what the implications are. All

this has been dramatically changed with the emergence of smartphones. Many new

application areas and purposes have emerged and will emerge. Smartphones are

used almost everywhere and more and more people own one. NFC services are

among the services that are going to be very present in our lives. They o�er great

possibilities since they are useful, handy, easy to use and cool. On the other hand,

impressed by all the great advantages people forget, ignore or simply do not realise

the disadvantages. In the case of this research, the low awareness of privacy and

security threats was surprising to me. In addition, it made me realise that personal

data privacy is threatened on a regular base and not a single technology is secure

enough to prevent this. Recent examples of large international corporates losing

up 70 Million of their customer accounts through security vulnerabilities con�rm

that. The more aggregated personal data exists in the digital world, the more

data can get stolen and the higher the chance for my privacy to be violated. The

�ndings of this research about the privacy and security threats raised awareness of
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existing technology disadvantages and I am unlikely to use an NFC mobile shopping

assistant. Only major security improvements, anonymous food product information

requests, no personalised advertisement and no mobile payment options would make

me change my mind. Overall, I am glad that this research raised my awareness

and I hope to be able to apply this critical thinking for other technologies and

circumstances as well.

The improvement of my critical thinking ability has been driven by the research

methodology of this research. Understanding what di�erent research philosophies

and approaches try to achieve and how good research can be judged, will help me

in my future professional, academic and private life. In particular the importance of

a deep qualitative investigation in order to understand a phenomenon prior to any

further quantitative investigations was probably the biggest knowledge gain from

this research.
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A
Appendix

A.1. Introduction and structure

The appendix aims to provide the reader with background information, raw data,

calculations and copies of relevant documents.

Section B.1 and B.2 contain background information about the smartphone mar-

ket and structure.

Section C.1 provides those readers, who are not familiar with the German grocery

market, with a comprehensive understanding of its structure. Section C.2 outlines

an example of cultural di�erences between New Zealanders and Germans during

shopping.

Section D.1 explains RFID security threats.

Section E.1 contains an illustration of the Nokia 6131 NFC device during product

identi�cation. Section E.2 illustrates the work�ow of the PIF software application.

Section F.1 contains a table with the standardised open-ended questions that were

used as guidance during the interviews. Section F.2 contains the o�cial AUTEC

correspondence, participant information sheet and the consent form.

Section F.3 contains the �ve transcribed interviews.

Section F.4 contains some statistic tables and less relevant interview data analysis

iterations.
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B
Appendix

B.1. Gartner's mobile phone statistics

Gartner, Inc. is an information technology research and advisory company, mainly

providing the professional business segment with analysis and forecast data. The

majority of their studies are only available to Gartner's clients or to people willing to

pay a hefty price for the information. For advertising reasons, Gartner presents some

key information in freely available press releases. The researcher analysed commonly

available press releases from 2007 to 2010 and �ltered total mobile phone and total

smartphone sales for fourteen consecutive quarters starting in quarter one of 2007.

Due to the nature of press releases, detailed information regarding Gartner's meth-

ods of data collection, the data source and analysis are not provided. In addition,

Gartner uses the terms `mobile phone' and `mobile terminal' interchangeably. Gart-

ner does not provide details of what their understanding of mobile phones, mobile

terminal and smartphones is. Nevertheless, the researcher decided to extract infor-

mation from Gartner's press releases to create charts illustrating the smartphone

market penetration over the last three and a half years. The researcher has chosen

to do so because Gartner has a credible reputation in the professional business en-

vironment. Recently, the researcher had access to non-smartphone related Gartner

studies that were at high quality in terms of methodology. The assumption is that

Gartner conducted the mobile phone market share studies in a similar manner and

that Gartner did not change the sources of raw data over the relevant period of

time1. Therefore, Gartner seems to be a reasonable, credible and consistent source.

In addition, the information about historical development of smartphone and cell

phone markets has not been available anywhere else. Finally, Gartner's statistics

are not the central discussion point of this thesis. They are only used to underpin a

well known trend of the growing importance of the smartphone market.

1without taking side e�ects into account
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B. Appendix B.1. Gartner's mobile phone statistics

Column two and three of table B.1 on page 150 contain the actual data extracted

from Gartner press releases. In �ve cases Gartner press releases provided slightly

di�erent data for the same period. That is the case for total smartphone sales of

Q3-2007, Q1-2008, Q2-2008, Q3-2008 and Q1-2009 as well as total mobile phone

sales of Q3-2007. The researcher decided to use the more up-to-date data by ig-

noring previously released �gures. He did so, because most likely mobile phone

manufacturers corrected their sales �gures due to updated inventory information or

similar. Furthermore, the researcher assumes that Gartner included those updates

in subsequent press releases. In addition, the highest discrepancy is only less then

1%. Coloumn four (cell phones) contains callculated data, based on the assumption

that Gartner understands only cell phones and smartphones as the sub categories of

mobile phones. Hence the �gures in column cell phones represent is the di�erence

between mobile phones numbers and smartphones numbers. Growth and market

share are calculated shares. Total global sales are rounded to three decimal �gures,

because some data was not provided in a greater detail. Growth and market share

are rounded to two decimal �gures, but their calculations are based on non-rounded

data.
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B.2. Gartner's smartphone statistics

For the �rst and second quarter of 2009 Gartner provided two di�erent smartphone

sales statistics. Table B.2 contains the global total sales of smartphones by hardware

manufacturers. On the other hand, table B.3 contains the global smartphone sales

by operating system vendors for the same period of time. The total of both statistics

varies by 112,209 total sales or 0.14%. Reasons could be simirlar to variations in

table B.1. B.1 provides further explanation. However, both tables are particularly

good to illustrate the diversity and constraints of the smartphone hardware and

OS market. Data sources other than Gartner could not provide the direct relation

between hardware and OS, as they only provide information about either hardware

or OS. Furthermore, many available metrics focus only on particular markets such

as North America or Europe. For instance, AdMob provides metrics about the OS

market penetration based on mobile advertisment statistics. Certain advertisment

clients of AdMob focus on particular operating systems (e.g. Apple iOS) in the

USA. Hence the metrics will be heavily in�uenced and not suitable for representing

a global cross-section.

Table B.2.: Global total smartphone sales in Q1 and Q2 of 2009 by hardware man-
ufacturers (Source: author, data from Gartner)

Company Q1-2009 Q2-2009 Q1 and Q2 2009

Nokia 14.991m[115] 18.441m[117] 33.432m

Research In Motion 7.234m[115] 7.679m[117] 14.913m

Apple 3.939m[115] 5.435m[117] 9.374m

HTC 1.957m[115] 2.471m[117] 4.428m

Fujitsu 1.387m[115] 1.249m[117] 2.636m

Others 6.896m[115] 5.688m[117] 12.585m

Total 36.404m 40.963m 77.367m
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Table B.3.: Global total smartphone sales in Q1 and Q2 of 2009 by OS vendors
(Source: author, data from Gartner)

OS Q1-2009 Q2-2009 Q1 and Q2 2009

Symbian 17.825m[119] 20.881m[120] 38.706m

Research In Motion 7.534m[119] 7.782m[120] 15.316m

iPhone OS 3.848m[119] 5.325m[120] 9.173m

Android 0.575m[119] 0.756m[120] 1.331m

Microsoft Windows Mobile 3.739m[119] 3.830m[120] 7.568m

Linux 2.541m[119] 1.901m[120] 4.442m

Other OSs 0.446m[119] 0.497m[120] 0.943m

Total 36.507m 40.972m 77.479m

Table B.4 contains the latest global smartphone operating system sales, also based

on Gartner press releases.

Table B.4.: Global total smartphone sales in Q2 of 2010 by OS vendors (Source:
author, data from Gartner)

OS Q2-2010

Symbian 25.387m[120]

Research In Motion 11.229m[120]

Android 10.606m[120]

iOS 8.743m[120]

Microsoft Windows Mobile 3.096m[120]

Linux 1.503m[120]

Other OSs 1.085m[120]

Total 61.649m

The following �gure B.1 illustrates the market shares among smartphone hardware

manufacturers and OS vendors based on the previous three tables. On the left side

of �gure B.1 the market shares of hardware manufacturers is illustrated. The right

side illustrates the market shares of OS for the same time period.
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Figure B.1.: Global market shares of smartphone manufacturer and smartphone OS
bases on accumulated sales �gures from Q1 and Q2 2009 (Source: au-
thor, data from Gartner)

Three di�erent conclusions can be drawn out �gure B.1:

1. There are OS running on devices of various manufacturers: Symbian and An-

droid are two examples of OS being used by multiple manufacturers. Symbian2

is mainly used by Nokia, but also Samsung, Sony Ericsson, LG, Fujitsu and

Motorola.[125, 126, 127]

2. There are OS only running on devices of one manufacturer and also manu-

facturers only using a single OS: Apple only uses the iPhone OS (iOS) for all

its iPhones. So does Research in Motion (RIM) only use the BlackberryOS.

Palm's3 OS is also intended to run only on Palm's hardware.[128, 129, 127, 130]

3. Some manufacturers are using multiple OS: Taiwanese device manufacturer

HTC provides devices for Microsoft Windows Mobile and Android. Although

Nokia mainly uses Symbian as their distributed OS, Nokia's N900 smartphone

runs on Linux.[131, 132, 127]

2Recently Sony Ericsson and Samsung announced not to use Symbian anymore and Nokia has
gained full control of Symbian by acquiring the Symbian OS in 2008[122, 123, 124]. Hence,
Symbian can be seen as a OS only used by Nokia. However, Nokia is using multiple versions
of Symbian and also working on a Linux based OS.

3Palm has been acquired by HP in April 2010.
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C.1. German grocery environment

The retail structure of various countries is di�erent and depends on multiple factors

such as population density, income level, taxes or cultural aspects, just to name a

few. A reader of this study may not be familiar with European and in particular

German retail structure as well consumer and shopping behavior.

In order to understand the results of this research data collection and in order to

follow the implications, the author highly recommends a basic understanding of the

German retail structure. For readers who have not lived in Germany for a longer

period of time, this section will cover basic structural details of Germany's grocery

retail as well as German consumer and shopping behavior. This entire section is

based on a market analysis from The Nielson Company (Nielson), which collects

market information, conducts surveys and interviews people in order to produce

reports and analysis. Nielson sells the their market analysis to members of the

retail chain, that includes every company from the supplier of the producer to the

retail store. Their audience is not academic nor is the market analysis used as a

basis for this research. The market analysis is used to give the reader a general

understanding of the German grocery retail sector.

Particularly used for this section is The Nielson Company's �UNIVERSEN 2010

Germany� report, which originally is only fully available in German (see [133]). A

shorter version containing only the main �ndings is available in English (see [134])

This section contains �ve sub sections, which cover di�erent aspects of German

grocery retail environment. First, sub section C.1.1 covers the retail store structure.

Second, sub section C.1.2 puts the structure into a European context. Third, sub

section C.1.3 introduces a model of categorizing food products and how it is relevant

to Germany. Fourth, sub section C.1.4 covers household and population structure.
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Finally, sub section C.1.5 combines the previous four sub sections by covering the

average German consumer purchase behaviour of products and in grocery stores.

C.1.1. Types of grocery stores in Germany

Nielson's understanding of grocery store types is based on the size of the store. Fur-

thermore, Nielson distinguishes between supermarkets, discounters and drug stores.

Supermarkets and also hypermarkets sell food and non-food (near food) articles

on a self-service basis. They o�er a wide range of products and brands. Depending

on the sales �oor size, Nielson uses the following terms:

1. A hypermarket has a sales �oor of 2,500m2 or more.

2. A large supermarket has a sales �oor from 1,000 to 2,499m2.

3. A small supermarket has a sales �oor from 400 to 999m2.

4. A superette has a sales �oor from 100 to 399m2.

Super- and hypermarkets o�er a wide range of food product types and brands.

They o�er multiple brands and sizes of the same product. Non food products such

as cleaning, body care and other household products are available from multiple

manufacturers (brands) and in di�erent sizes as well. Depending on the size, arti-

cles such as non-prescriptive drugs, a wide selection of perfume, garden and house

products or tools are o�ered as well. Generally, the bigger a store, the more articles

and types of products are available.

Discounters mainly sell food articles based on the discount principle. The discount

principle o�ers the cheapest prices and only a limited range of products and brands.

Discounters are not distinguished by sales �oor size. According to Regber1, who has

worked several years as store and regional manager for German discounters ALDI

respective LIDL, the combined share of non-food articles, such as cleaning, body

care or other household products is about 15 to 20%. 80 to 85% of the total number

of articles are food products and drinks.

Drug stores are retail stores that only sell products of the following categories:

Cleaning, body care, non-prescriptive drugs, cosmetics, baby food, perfume. Food

products are usually not sold.

On 01/01/2010 there was a total of 47,534 hypermarkets, supermarkets, discoun-

1Mr. Sebastian Regber is currently a AUT Master of Business student.
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ters and drug stores in Germany. In 2009, the total sales revenue was 153 billion

Euro.

Hypermarkets and larger supermarkets had a combined market share of 13.5%

and contributed 39.7% of the German total 2009 sales revenue. Discounters' mar-

ketshare was 33.6% and their total sales revenue 38.2%. Small supermarkets and

superettes had 26.1% marketshare and 13.9% sales revenue. Drug stores had 26.9%

marketshare and 8.2% sales revenue. Compared to 2008, Small supermarkets, su-

perettes and drug stores lost market share, wherease the others gained market share.

Only hypermarkets, large supermarkets and durg stores could increase their sales

revenue from 2008 to 2009.

The average sales revenue per store within the store categories was in 2008 and

2009 as illustrated in �gure C.1.

Figure C.1.: Average revenue 2008 and 2009 per store in thousand Euro (Source:
[134])

C.1.2. Germany in Europe

Within Europe and over the past 28 years, the annual sales revenue shifted from

small and specialised stores (butcher, vegetable store) to hyper- and supermarkets.

Since 1992, hypermarkets and larger supermarkets had at least 50% of the total

European sales revenue.

Germany's complete retail store structure is unique in Europe. However, Sweden,

Poland, Switzerland and Spain have similar sales revenue shares of hypermarkets. In
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Austria, large supermarkets have similar sales revenue shares compared to German

large supermarkets. Small supermarkets and discounters have a similar sales revenue

share in Germany, Norway and Austria.

Within Europe, Germany, Norway and Belgium have the highest sales revenue

share of discounters, as illustrated in �gure C.2.

Figure C.2.: Discounters in Europe: Development of Sales revenue (Source: [134])

From 1992 to 2009, the number of discounters and their share of the total sales

revenue has steadily been growing.

C.1.3. Food product categories

The following �gure C.3 illustrates the market share of hypermarkets, supermar-

kets, discounters (Aldi, Lidl, Norma) and drug stores in sales revenues of food and

nearfood (non food) products.
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Figure C.3.: German 2009 food and nearfood market share by channel (Source:
[134])

Nearfood (non food) product categories are body care, paper products/ hygiene,

pet food & -care, housekeeping & cleaning, detergents, hair care, baby food & -care,

health & �tness, oral care, household products and household foil. For the purpose

of this study, the nearfood articles are not in focus. Therefore nearfood related

�gures and statistics are not discussed furthermore.

Only 2% of total food sales revenue comes from drug stores. Supermarkets and

hypermarkets contribute with 54%. The remaining 44% is contributed by discoun-

ters.

The following �gure C.4 illustrates the TOP 15 food product categories, based on

the total sales revenue in 2009. The highest categories are beverages (non-alcoholic,

wine, sparkling wine, beer, spirits) confectionery, dairy, tobacco and read-to-eat

meals. Alcoholic beverage sales were 58.9% of the total beverage sales.
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Figure C.4.: Sales of products by food categories in 2009 in million Euro (Source:
[134])

C.1.4. German household, citizien structure and population

development

Germany has about 82 million citizens and about 40 million households. In 2010,

18.3% of the population was younger than 20 years. 20.5% was older than 65 years.

The remaining 61.1% was covered by citizens ages between 20 and 65 years.

In Germany, 65 years is considered as the age where retirement begins. The

education of high school and college students ends at the age of 15-20. Therefore

the age group of 20 to 65 is often considered as working population. Which is not

entirely correct, because many Germans begin retirement before the age of 65, the

majority of students graduates in their late twenties and there are also unemployed,

sick or disabled people who are not working.

The following �gure C.5 illustrates a forecast of the German population devel-

opment. First of all the total number is expected to decline from 82 million to 69

million. Furthermore the age groups 0 to 19 and 20 to 65 are expected to shrink,

whereas the age group of >65 grows.

In 2010 there was a total of 16 million people older than 65. In 2050 it is expected

to be 22 million.
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Figure C.5.: German Population development until 2050 (Source: [134])

C.1.5. German consumer expenditures and purchases

�Discounters have the highest acceptance amongst consumers - as well in relation to

the consumer base as in the level of expenditure.�[134]

98% of German households spend on averrage 1,285 Euro in discounters. Cus-

tomers do not entirely shop in discounters or hypermarkets. They more or less shop

in di�erent stores. Therefore 89.3% of the households spend on averrage 882 Euro

in hypermarkts, 74.% on averrage 445 Euro in large supermarket, 65.7% on averrage

272 Euro in small supermarkets and superettes and 85.6% on averrage 189 Euro in

drug stores.

The following �gure C.6 provides further inside in German household shopping

behaviour. On average 70 shopping session, each worth 18.40 Euro have discount

shoppers undertaken in 2009. There are less sessions for hypermarkets, small and

large supermarkets and drug stores. Furthermore, compared to the discounter, only

the hypermarket's average shopping session value was higher.

E Bast MCIS 160



C. Appendix C.1. German grocery environment

Figure C.6.: German households expenditures per purchase and number of purchases
(Source: [134])

Indications from the food and nearfood analysis as well as the previous �gures

reveal, that the biggest part of consumer goods is purchased in discounters. The

following �gure C.7 provides a complete picture.

Figure C.7.: German share of requirement for consumer packaged goods in 2009
(Source: [134])

Figure C.7 includes food and nearfood products. The indication given in �gure C.7

is also correct if only food products are included and nearfood products excluded.

That is because discounters only sell a limited selection of product types and

brands. Their market share of stores and total sales revenue is lower than those

of super- and hypermarkets (see C.1.1). But discounters sell almost as many food

products as hypermarkets and supermarkets (see C.1.3).
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stores

C.2. Example of cultural di�erence between

German and New Zealand grocery stores

On 02/01/2010 the reseracher went shopping at a German hypermark located in

Berlin and on the 24/03/2010, the researcher went shopping at a New Zealand

supermarkt in Auckland. The researcher noted the following di�erence of customer

service:

German customers of small and large grocery stores put purchased items into

bags themselves. There are usually no free plastic bags given by the cashier.

Customers have to either bring their own bags or purchase quite solid plastic

bags for about 0.15 Euro (circa. 0.25 NZD) each.

In New Zealand, most grocery stores provide free plastic bags. The cashier

puts the purchased products into the bags. In some places, discount is given

when the customer uses reusable bags.

New Zealanders shopping in Germany might �nd the service unfriendly and would

miss good customer service. Some New Zealanders probably would not understand

why they have to pay for plastic bags. On the other hand, Germans shopping in

New Zealand might want to put their items in a certain order or prefer to keep

frozen products in a speci�c bag in order prevent them from thawing. Also getting

a large number of free plastic bags each time they went shopping, is considered

environmentally unfriendly.
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D.1. RFID security threats

RFID has security threats that are not unique for the technology and most of them

are common in other technology areas as well. �There is no philosophical di�erence

between an RFID tag and a �oppy disk�[79, p. 35]

Rieback et al.[78] categorised RFID security threats into high-level and low-level

misuse of RFID. The di�erence between high- and low- level misuse is that high-

level security issues occur with correct and non-manipulated RFID equipment. In

contrast, low-level security issues are based on manipulated data (e.g. on the RFID

tag).

High-level security threats are sni�ng, tracking, spoo�ng, replay attacks and de-

nial of service. Low-level security threats are bu�er over�ow, code insertion and

SQL injection.[79, 78]

The various security threats are explained below and how they can be exploited

in a grocery environment is also explained.

1. Sni�ng refers to RFID tag reading by a third party without the knowledge

of the tag bearer. This can be used to secretly track and trace customers

or goods that customers have purchased and poses a threat to privacy. In

addition, sni�ng can be used for espionage.[79, 78]

2. Tracking can be based on secretly reading of tags (sni�ng) or it can take

place with the knowledge of the tag bearer (e.g. customer). Either way, the

unique identi�cation of a tag, strategically placed readers and data exchange

between the readers allow the tracking of a tag (customer or good). This poses

a privacy risk to customers or people carrying RFID equipped items (passport,
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credit cards, student IDs etc.).[79, 78]

3. Spoo�ng refers to cloning RFID tags by copying the data of the original

RFID tag to a blank one. This could be used to clone and abuse a customers

loyalty card. It could also be used to manipulate the identity of goods (e.g.

placing tag information from a cheap product onto an expensive product in

order to save money or bypass restrictions).[79, 78]

4. Replay attacks refer to a �Man in the middle� who records a data trans-

mission and replays it in order to get access at a later point of time. In a

grocery environment this could be used for payment fraud (in case RFID is

involved in the payment process) or getting access to restricted areas. Au-

thentication measures between RFID tag and back-end system can decrease

the risk. [79, 78]

5. Denial of service refers to an attack, where a system is prevented from

functioning properly. The attacks can be an increased number of request

to overstrain the system. A Faraday cage (e.g. aluminium foil or liquids)

can prevent proper tag reading and denial of service from functioning. In

an RFID grocery environment, theft-prevention can be bypassed. Any type

of RFID communication could be blocked or at least disturbed by jamming

RFID commands. This would interrupt RFID communication. [79, 78]

The previous �ve threats are high-level threats, which use and utilise correct and

non-manipulated equipment. On the other hand, if an attacker manipulates the

equipment or uses fraud tags, then low-level threats such as bu�er over�ows, code

insertion or SQL injections become possible. The low-level attacks exploit vulner-

abilities in software, which uses data from modi�ed RFID tags.[78] For instance, a

middleware software or a food product information terminal expect the RFID tag

ID to be passed over, which usually consist only of Latin letters and Arabic digits

(alphanumeric). If the software does not validate the pattern of the RFID tag ID,

then attackers could insert special control characters such as (< > : % &) to the

RFID tag. Those control characters have a special meaning in many programming

languages and therefore are able to change the behaviour of the software. In ad-

dition, there are software programming functions that expect the RFID tag ID to

have a certain length. If the RFID tag ID is longer or shorter and the software does

not validate the input, then the software can be disrupted or even manipulated[79].

Besides middleware software or terminals, also mobile phones or any other device

(e.g. a shopping cart) that is actively reading RFID tags, uses software that is

theoretically vulnerable to low-level attacks.
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For an NFC mobile sales assistant both low- and high-level threats are relevant.

They can be used to interrupt and disturb the communication between NFC smart-

phone and RFID tags. Wrong data can be transmitted, also an attack on the product

information database can manipulate the actual information. RFID tags on prod-

ucts could be manipulated or even replaced and can cause the NFC smartphone to

crash or perform unintended tasks.

As cited at the beginning of this sub section, Knight says that �There is no philo-

sophical di�erence between an RFID tag and a �oppy disk�[79, p. 35]. The low-level

threats are known to software developers and security expert. However, most of the

external data sources (�oppy disk, USB key, CD/DVD, email, internet) have been

around and exploits in existing software have been �xed. Since RFID is relatively

new and unknown exploits are expected. Nevertheless, privacy concerns in ap-

plication areas involving customers and goods are more worrisome then the other

threats.[79]
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E.1. Nokia 6131 NFC during product identi�cation

Figure E.1 illustrates a Nokia 6131 NFC mobile phone during product identi�cation.
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Figure E.1.: Nokia 6131 NFC during product identi�cation (Source: author)

E.2. Product Information Finder work �ow

Figure E.2 represents the work �ow and user interaction with PIF:
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Figure E.2.: Work �ow and user interaction of Product Information Finder (Source:
author)

E.3. PIF source code

The source code and required executable �les to run or modify the PIF can be

requested from the researcher. Please send a formal request to info@erikbast.com.
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F.1. Interview questions

The following table F.1 contains 32 open questions. The table has eight columns.

Column one contains consecutive numbering, which re�ects the intended order of the

interview. Please see section 3.4 for further explanation why the question number

does not necessarily represent the questions position in the interview. Column two

contains the actual question. Column three to seven contain the a�liation of each

questions to the �ve main categories usefulness, ease-of-use, security, privacy, costs.

Column eight contains the a�liation of each question to everything else then the

main �ve categories. Other could be current or future integration of RFID/NFC,

smartphone applications, di�erent types of food product information or likes and

dislikes of smartphone / mobile phone properties. �Other� is not exclusive. A

question's intention can be related to one or multiple aspects at the same time. It

is also possible that a question's intention is in the categories security and privacy

and also other.

Question number 1 to 28 are intended to cover mainly the �ve aspects. However,

some questions could related to something di�erent from the �ve aspects, therefore

a few questions are also a�liated to other.

Questions 29 to 31 are intended to ask about speci�c mobile applications. Their

main intention is other, but answers could contribute some useful insights to some

of the main aspects. Question 29 to 31 are optional and will only be asked if the

interviewee is likely to use an smartphone, so he/she could be able to answer them.

Question number 32 is the �nal open questions, which allows the interviewee to

rise topics that have not been covered.
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F. Appendix F.2. AUTEC documents

F.2. AUTEC documents

The following pages are copies of Participant Information Sheet, Consent Form and

the AUTEC approval.
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Consent Form 

For use when interviews are involved.  

 

Project title: NFC mobile value added services in grocery environments 

Project Supervisor: Dr Judith Symonds 

Researcher: Erik Bast 

� I have read and understood the information provided about this research project in the Information 
Sheet dated 15/07/2010 

� I have had an opportunity to ask questions and to have them answered. 

� I understand that notes will be taken during the interviews and that they will also be audio-taped and 
transcribed. 

� I understand that I may withdraw myself or any information that I have provided for this project at any 
time prior to completion of data collection, without being disadvantaged in any way. 

� If I withdraw, I understand that all relevant information including tapes and transcripts, or parts 
thereof, will be destroyed. 

� I agree to take part in this research. 

� I wish to receive a copy of the report from the research (please tick one): Yes� No� 

 

 

 

Participant’s signature: .....................................................………………………………………………………… 

Participant’s name: .....................................................………………………………………………………… 

Participant’s Contact Details (if appropriate): 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

Date:  

Approved by the Auckland University of Technology Ethics Committee on 7 July 2010, AUTEC 

Reference number 10/119 

Note: The Participant should retain a copy of this form. 



From the desk of … Private Bag 92006, Auckland 1142 Tel: 64 9 921 9999 
Madeline Banda New Zealand ext 8044 
Executive Secretary E-mail: ethics@aut.ac.nz Fax: 64 9 921 9925 
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MEMORANDUM  
Auckland University of Technology Ethics Committee (AUTEC) 

 

To:  Judith Symonds 
From:  Madeline Banda Executive Secretary, AUTEC 
Date:  24 June 2010 
Subject: Ethics Application Number 10/119 NFC mobile value added services in grocery 

environments. 

 

Dear Judith 

I am pleased to advise that the Auckland University of Technology Ethics Committee (AUTEC) approved 
your ethics application at their meeting on 14 June 2010, subject to the following conditions: 

1. Provision of an assurance that the supervisor’s students will be excluded from the study and 
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F.3. Transcribed interview data

F.3.1. Interview 1

INTERVIEWER: Thank you for participating in this research. In the following I

will ask you about 30 questions. What do you think in general about the ease of

identifying a food product with the mobile phone?

RESPONDENT: In general the system runs pretty easy and it's easy to use. It's

very intuitive and you don't need a manual to use it.

INTERVIEWER: What di�culties in terms of food product identi�cation would

you expect in a real grocery environment?

RESPONDENT: I think the problem is the amount of di�erent products with the

same speci�cations, for instance products of the same type but from di�erent pro-

ducers.

INTERVIEWER: Can you explain this in detail please?

RESPONDENT: I mean many similar products from various producers. The prod-

ucts are all about the same price but I don't know which to buy because you can't

tell the di�erence.

INTERVIEWER: Do you think the proposed system could help you?

RESPONDENT: Yes maybe, if you get some more information you can �gure out

what is best for you.

INTERVIEWER: We will come back to the speci�c types of food product infor-

mation in a later question. What do you think about the speed of identifying a food

product?

RESPONDENT: With this system it is ok.

INTERVIEWER: Is there anything in your mind that could improve the speed

of the prototype? Anything that could make it fast, more convenient, better?

RESPONDENT: You could just go to the shelf and hold the phone close to the

price tag.
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INTERVIEWER: What do you think about the contactless close range technol-

ogy in general?

RESPONDENT: I'm very critical, because it's the �rst step towards a glass cus-

tomer and it's going to be that every person has RFID implemented in their ankle

or under their skin, which contains a car key, credit card, apartment key. I don't

think it's a direction we should go.

INTERVIEWER: Do you have any concerns about contactless technologies? Is

there anything else besides Big Brother and the glass customer as you just have

mentioned?

RESPONDENT: I don't think so. The radio frequency emissions are not very high

with this close contact technology.

INTERVIEWER: In your opinion, where are similar contactless identi�cation tech-

nologies already in use?

RESPONDENT: For instance in automobile manufacturing for identifying locations

of parts and keeping track of the mounting car parts. I don't know maybe in speed

measurement in Formula 1.

INTERVIEWER: In your opinion, where could similar contactless identi�cation

technologies be used in future?

RESPONDENT: Basically anywhere. Any part in your apartment could be tagged

with a RFID chip. For instance if you are searching your car keys or some old books,

somewhere in shelf or box and you could just search for it with a speci�c device.

INTERVIEWER: For this prototype demonstration a mobile phone as medium for

identifying the product and displaying product related information has been used.

In your opinion, why has a mobile phone been chosen?

RESPONDENT: Because your study deals with mobile phones.

INTERVIEWER: Anything else?

RESPONDENT: Because the mobile becomes more and more your everyday part-

ner, not only for telephoning but also for listening to music, writing emails, sur�ng
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the internet, opening doors ... that's why.

INTERVIEWER: Just following up, what do you think are the advantages of a

mobile phone in the context of food product information request in grocery envi-

ronments?

RESPONDENT: The advantages is that you always have the phone in your pocket

and that the phone is the all in one device you carry around all the time and you

can easily not only telephoning but also identi�ying food products.

INTERVIEWER: The food product information being presented in the prototype

application only outlines examples. What food product information are you inter-

ested in? What food product information could people you know be interested in?

RESPONDENT: Price, the land origin, the amount of calories, the place where

it should be stored, expiry date

INTERVIEWER: In particular, which type of food product information are you

interested in?

RESPONDENT: Mostly the price, maybe the manufacturer, because I don't al-

ways buy the cheapest stu� or the most expensive, so I kind of take a look at the

manufacturer in order to conclude to the quality of the product.

INTERVIEWER: So you are directly connecting the manufacturer's name and its

brand image with the quality of the product?

RESPONDENT: Yes

INTERVIEWER: Which type of food product information could people you know

be interested in such as your parents, friends, family?

RESPONDENT: Basically the same as mine.

INTERVIEWER: The visualisation, presentation, visibility and use of food product

information on a small mobile phone display can be challenging. Within the pre-

sented prototype one possible solution has been presented. Can you think about

other options?

RESPONDENT: Displaying it somewhere else?
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INTERVIEWER: Let's say you are still in a grocery environment but you are not

using the prototype phone in the proposed way. Any alternative to what has been

presented to you?

RESPONDENT: Maybe you could have a screen in front of the shelf, but that's

probably not very sophisticated. I think the price tag and product information

on the product label are enough information. The only advantages I can see is to

get manufacturer independent information. The product itself is always a kind of

commercial and there would not be much use in such a system if you just display

information that are available on the label anyway. Also the information are not

independent and biased from the manufacturer. The use I would see is to have

indepented information, for instance if you have bananas from Chiquita. They are

produced in these countries under these conditions.

INTERVIEWER: So stu� like carbon foot print, eco-friendly production and so

on.

RESPONDENT: Exactly, Fairtrade and so on

INTERVIEWER: Let's now talk about the actual device. The mobile phone used in

the prototype system has a small display. Many of the emerging phones come with

larger displays. What do you prefer?

RESPONDENT: It always depends on purpose ... overall I prefer a small phone,

because I don't want to carry around a big device. But for the purpose of gathering

the product information, I would switch to a larger screen. But I only use the mobile

phone for writing text messages and calling, so I wouldn't switch to a larger phone.

INTERVIEWER: You have mentioned that you are using you phone only for texting

and calling. Are there any other characteristics of a mobile phone that are impor-

tant to you?

RESPONDENT: I kind of rely on the experience I have had with certain manu-

facturers. For instance I have had only positive experience with Nokia. Because

that's the brand I'm tended to use. Actually there should be a camera and call-

ing and texting is important. Playing music and some other fun stu� is required too.

INTERVIEWER: Do you use the mobile web?
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RESPONDENT: No

INTERVIEWER: Coming back to the food product information. As discussed ear-

lier, there are various types of food product information. How do you think about

paying a certain amount for obtaining very useful information? Regardless how

much you have to pay ...

RESPONDENT: Paying money to get this information on your phone ... I would

not pay

INTERVIEWER: Even though there might be some information that are very useful

to you. You still would not pay for?

RESPONDENT: All the information that seem useful to me are available in the

supermarket. I just need to look at the product.

INTERVIEWER: So you wouldn't pay, but just in case there are information which

are not available on the label and you are interested in and you had to pay for,

which payment model would you prefer?

RESPONDENT: Credit card

INTERVIEWER: Ok, thanks, the question is more directed towards paying per

request, per month, as a �at rate and so forth.

RESPONDENT: Paying per request.

INTERVIEWER: How would you feel about your privacy and personal data, when

using the proposed system in a real environment?

RESPONDENT: As long there is data of products I'm looking at stored some-

where, I wouldn't be concerned.

INTERVIEWER: Which personal data would you provide in order to be allowed

using the proposed system?

RESPONDENT: Maybe my name and address, only if they really need it. But

from this point of view and time, I wouldn't use such a system.

INTERVIEWER: What/where are your privacy concerns? I mean you have men-
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tioned earlier that you don't want to have the supermarket logging your favourites

and request. What else?

RESPONDENT: That's basically the big problem. They see what you are interested

in and start sending you commercials. And people know what time you are going

to the super market and other people might get access to the data and know what

time you are not at home and break into your house. It's also how you spend your

day/time

INTERVIEWER: What/where are your security concerns?

RESPONDENT: Besides the personal data and personal information, there is no

security concern.

INTERVIEWER: In your opinion, how useful is the proposed system?

RESPONDENT: From present point of view / the grocery shopping situation, I

don't think it would be of any use for me. I don't know about the future but for

now in my environment it's not useful. Because of you always have to try out prod-

ucts and see for yourself what the best is. The information will not tell you if this

product tastes or for how long you can consume the product.

INTERVIEWER: Could you see yourself using a more mature system of the proto-

type?

RESPONDENT: I don't think so because when it comes to grocery store shop-

ping there is a certain range of products I buy over and over. I know the products

which I like and even if there is new stu� on the market I would not use the new

product unless somebody comes to me and suggest it to me. For anything else I

would use the internet. For instance buying a new laptop, I would use the internet

for research and comparison or simply go to the store.

INTERVIEWER:How should the proposed system be change in order to make it

more convenient for you?

RESPONDENT: It is already very convenient. It's just that the basic idea of the

system is a problem for me. I simply wouldn't use it. But the actual way to use it

is already very convenient.

INTERVIEWER: When you saw the prototype system presentation, how di�cult
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to understand has it been for you?

RESPONDENT: It wasn't di�cult at all.

INTERVIEWER: This is the last questions. It is open to everything related to

this prototype. What would you like to add? What would you like to comment?

RESPONDENT: This kind of system might make more sense for products of higher

value and greater technical detail. Because grocery products are very simple prod-

ucts. They don't have 10 pages of data speci�cations. Let's say I want to buy a TV

station worth 1000 Bucks and I want to compare di�erent models. Then I would go

with such a system to the di�erent models and compare them. Let's say having a

list with 3 columns for comparing certain criteria. But for grocery shopping I would

be interested.

INTERVIEWER: You have mentioned earlier that you can't �nd any information

on the phone, which will not also be available on the label of the product. But

let's just take this can of Baked beans. The space on the label is quite limited.

There are information such as nutritions, ingredients and best before. For a bottle

of water there is probably a little bit more space, but a small can of jam has less

space for the label. But doesn't the phone o�ers the opportunity to display exactly

the information that didn't �t on the label?

RESPONDENT: Yes, that's exactly what I'm saying. The phone does o�er the

opportunity but the information must be o� high value and the information on the

phone must add value. It doesn't make sense if the information from the label is

available in the mobile phone. Stu� like product place or country of origin are in-

teresting

INTERVIEWER: A vital part of my research is in the area of food product in-

formation. During the interview we have been talking about several aspects. Now

at the end, do you have suggestions for food product information you would be

interested in?

RESPONDENT: I would be interested in place and circumstances under which the

product has been manufactured. Because that kind of the reason I don't shop in

discounters because I know that products sold there are produced under inhumane

circumstances.

INTERVIEWER: Thank you very much for your participation.
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F.3.2. Interview 2

INTERVIEWER: What do you think in general about the ease of identifying a food

product with the mobile phone in the proposed way?

RESPONDENT: It seems pretty easy and easy to use. And the prototype can

suddenly provide more information than just the product package.

INTERVIEWER: What di�culties in terms of food product identi�cation with a

mobile phone would you expect in a real grocery environment?

RESPONDENT: The di�culty might be that you need to take the product out

of the shelf. You also need to �nd the RFID tag and place your phone close to it.

Especially if the reading range is pretty close you really need to �nd the tag �rst. I

can imagine it is a little bit annoying if you can't �nd the tag.

INTERVIEWER: Anything else?

RESPONDENT: Yes, what happens if the software doesn't recognize the product

or something is wrong with the tag? This could happen and might annoy the user.

INTERVIEWER: What do you think about the speed of identifying a food product?

RESPONDENT: The phone reacts immediately and that's pretty convenient. But

like I said before, you need to �nd the tag �rst.

INTERVIEWER: What do you think about the contactless close range technol-

ogy in general ... like RFID, NFC and so on?

RESPONDENT: From a technology point of view?

INTERVIEWER: It doesn't matter, all aspects o� interest.

RESPONDENT: It's generally pretty cool and easy to use, but there are some

security issues. I mean if it is as close as a few centimetres I might not be such a

problem. But considering longer ranges ... people can intersect and read what you

read.

INTERVIEWER: Later we will come back to the topic of security. Do you have

any other concerns about contactless technologies?
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RESPONDENT: No

INTERVIEWER: In your opinion, where are similar contactless identi�cation tech-

nologies already in use?

RESPONDENT: Barcode and actually our passport and there is a lot of research

going on about it.

INTERVIEWER: In your opinion, where could similar contactless identi�cation

technologies be used in future?

RESPONDENT: For payment and toll collection, pay as you go. In this �elds

there are also big risks in terms of privacy and security.

INTERVIEWER: For this prototype demonstration a mobile phone as medium for

identifying the product and displaying product related information has been used.

In your opinion, why has a mobile phone been chosen?

RESPONDENT: Probably because you always carring it with you. That's prob-

ably the reason. You don't want to have another device.

INTERVIEWER: In your opinion, what are the advantages of a mobile phone in the

context of food product information request in grocery environments?

RESPONDENT: You could also use the mobile phone to make a list of items you

want to buy. Then you can combine the information [from the NFC tag] you get

with the electronic grocery shopping list.

INTERVIEWER: The food product information being presented in the prototype

application only outlines examples. In your opinion, how useful are additional food

product information in general?

RESPONDENT: I mean it always depends on the type of information. You don't

want to have information you are not really interested in. So for instance if I'm

overweight I might be interested in calories or stu� like that or how I can add the

product to my diet. But if I'm more the sports person I might be interested in types

of vitamins or what ever. So kind of having some types of information pre selected

and categorized so you don't need to browse through all the data.
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INTERVIEWER: What type of food product information are you interested in?

RESPONDENT: Seriously, I never had a look at them. I buy stu� I like.

INTERVIEWER: Which type of food product information could people you know

be interested in? You have mentioned earlier vitamin information or some sort of

weight watcher points. What else can you think about?

RESPONDENT: Origin of the product. Let's put the question until later.

INTERVIEWER: Yes of course. We will come back to this question at a later stage.

The visualisation, presentation, visibility and use of food product information on a

small mobile phone display can be challenging. Within the presented prototype one

possible solution has been presented. Can you think about other options?

RESPONDENT: Other than the phone?

INTERVIEWER: Yes, for example

RESPONDENT: Maybe for disabled people, they may want to have audio guided

systems. Besides that there might be the option of the device attached to your

shopping cart. There is also the idea of displaying the balance of your current shop-

ping cart. Then you could add lots of features. But at the same time it makes the

shopping cart an expensive item. This might be limiting for the supermarket.

INTERVIEWER: Thank you for your contribution.

INTERVIEWER: What are important characteristics of a mobile phone when you

had to choose a new phone?

RESPONDENT: Considering the application we are talking about right now, it

might be quite useful to have a larger screen to have more information visible at

the same time. What I personally prefer. I don't care much about the size of the

screen. And with this type of application you are not putting in much information

so you are downloading the data and therefore a large screen is vital. Considering

the aspect that you have to have the mobile phone with you might lead into the

compromise of screen size and having a portable device. Another aspect could be

the battery life. I mean the iPhone's battery lasts a single day and maybe the NFC

reader takes some more energy. So battery lifetime is important as well.
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INTERVIEWER: As discussed earlier, there are various types of food product infor-

mation. How do you think about paying a certain amount for obtaining very useful

information?

RESPONDENT: As I said before, until today I have never really had a look at

the information printed on the product. So personally would value the information,

probably not as much that I would pay for it. But maybe other people see a higher

value and pay for it.

INTERVIEWER: What about the hidden costs, like a mobile data plan or a slightly

more expensive devices with a built in NFC reader?

RESPONDENT: I don't think that matters. Because data plans are already com-

mon and people who are interested in such sort of information are probably willing

to pay a bit more. Also if you could �nd more application areas for NFC software

you could share the price of the phone among them, kind of splitting.

INTERVIEWER: Considering you would be willing to pay for the information, which

payment model would you prefer?

RESPONDENT: As we are talking about the mobile phone, it would probably the

easiest to just charge your mobile phone bill, but that's also not very transparent.

Time wise probably paying monthly because you are going fairly regularly to the

supermarket. And also I don't really want to think about the costs of a request, so

some sort of �at rate option might be user friendly and convenient.

INTERVIEWER: How would you feel about your privacy and personal data while

using the proposed system in a real environment?

RESPONDENT: We haven't really talked about where the information comes from.

In terms of the NFC communication with the RFID tag, I mean it's pretty close

range in this regards. But if we request data from server, they might be information

�owing through the air that should be protected. Privacy is always an issue and

nobody can guarantee it.

INTERVIEWER: Are you more concerned about that some hackers get to know

your shopping behaviour or that the supermarket knows what you are interested in?

RESPONDENT: Probably it's more relevant for the supermarket to know what

people are interested in. But I think the supermarket knows that anyway, because
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when you check out they get the information. Especially when you pay by credit

card, they can fetch the shopping cart content and your name and pro�le you quite

well.

INTERVIEWER: Which personal data would you provide in order to be able using

the proposed system?

RESPONDENT: As little as possible. You could do it fairly anonymously. You

could use some sort of username and password and then pay by bank transaction

or upfront. You wouldn't really need personal information like name or address. If

you can avoid too much personal data this would adds up to privacy.

INTERVIEWER: Summarizing, what are your privacy concerns?

RESPONDENT: I don't want to reveal more private data then I already do. So

far supermarkets don't have personal data about me, so I would like to keep it that

way. So basically add more features but don't risk more.

INTERVIEWER: What/where are your security concerns?

RESPONDENT: Hackers could interfere with the backend system and manipulate

the information. And I mean I'm not really familiar with the security concept you

use, but also the supermarket could provide false information. For instance the

backend realizes that potatoes are outdated and alter the best before date.

INTERVIEWER: In your opinion, how useful is the proposed system?

RESPONDENT: I think it's pretty useful because you can't obviously display all

the information on the label. But if you put the mobile phone on the product you

can get more information of the product itself. It's probably easier to have the

information on the phone.

INTERVIEWER: Anything else?

RESPONDENT: No, not really.

INTERVIEWER: Could you see yourself using a more mature system of the proto-

type?

RESPONDENT: It depends on the e�ort and also what it is going to cost me.
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I'm a student. That's probably the main argument. I mean if I get it for a fair

amount of money I'd probably use it.

INTERVIEWER: Just in case you would use such as system. What would you

do with the system? You have mentioned that you would combine your shopping

list with and follow up the shopping list. Anything else where you could combine

the functions of the prototype?

RESPONDENT: Nothing I can think about.

INTERVIEWER: What would you not do with the system?

RESPONDENT: I probably would not check every product. It certainly takes some

time to browse the information.

INTERVIEWER: You said you wouldn't check every product. Which product in

particular could be interesting for checking?

RESPONDENT: Probably the products I haven't bought before. In contrast I

wouldn't check really cheap products. And there is also the idea of comparing low

price and high priced products or low quality versus high quality.

INTERVIEWER: That something you would or would not do?

RESPONDENT: I would do the comparison stu�.

INTERVIEWER: Considering some of the disadvantages of the proposed system,

what would you change / how should the proposed system be change in order to

make it more convenient for you?

RESPONDENT: Not much, it was pretty convenient to me. Maybe you said you

need to download the information form the internet or need to have all the data on

the phone. You could download the data of the supermarket while approaching the

store.

INTERVIEWER: So some sort of pre shopping data synchronisation?

RESPONDENT: Yes, I mean you demonstrated the prototype and it was fairly

quick, but we only have been using a small range of products. Considering the fact

of having a few thousand products, it might become slower. And also having 300
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customers requesting data at the same time.

INTERVIEWER: Would you actually spend some time on a terminal to synchronize

the phone with the special supermarket database?

RESPONDENT: No not. the think is I want to have that on the way. You don't

want to stop and synchronize your phone. How do you want to get the data on the

phone anyway?

INTERVIEWER: With the prototype it is simply hard coded data. With a real

system, we probably would use a 3G data connection and request the data per items.

RESPONDENT: Yeah it's probably the best way.

INTERVIEWER: Which application are you using with your mobile phone?

RESPONDENT: I personally use mailbox and mail software and navigation soft-

ware as well as browsing.

INTERVIEWER: Is there software available on your phone which you don't use

or you don't like?

RESPONDENT: Well, let me think about ... there is something I've just got to

know. Ads on the phone really annoy me. So I don't want to have spam or stupid

advertisement. But on the other hand that's something for the supermarket. Some-

thing were the supermarket could get some money in order to cover the costs of the

NFC device application. It depends a little bit on what the supermarket is inter-

ested in and how they advertise their products.

INTERVIEWER: When you saw the prototype system demonstration/presentation,

how di�cult to understand has it been for you?

RESPONDENT: The prototype has not been complex. It was pretty easy to un-

derstand. I didn't have any problems to understand.

INTERVIEWER: This is the last questions. It is open to everything related to

this prototype. What would you like to add? What would you like to comment?

RESPONDENT: Let me think about it for a second ... No not really.
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F.3.3. Interview 3

INTERVIEWER: What do you think in general about the ease of identifying a food

product with the mobile phone?

RESPONDENT: In general I think it is a good idea, because you get a lot more

information than you usually would get. So it's easier to �nd out important stu�

about a product and perhaps it's like shopping with a higher awareness of your

products.

INTERVIEWER: And in particular how easy has it been to identify the product

with the mobile phone and to get the information?

RESPONDENT: I think it was very easy, assuming that the technology worked

properly.

INTERVIEWER: What di�culties in terms of food product identi�cation would

you expect in a real grocery environment?

RESPONDENT: Perhaps that some products are out of your reach in terms of

how far they are away for small people.

INTERVIEWER: Ok, that's a good point, but don't you need to get the prod-

uct out of the shelf anyway?

RESPONDENT: Perhaps but even that could be a problem. Perhaps it could be

that the products are to close to each other and the phone picks up the wrong prod-

uct. For example if you have two sorts of cream next to each other and you try

to get the information of one then the information of the other one is shown. This

could be a problem.

INTERVIEWER: Anything else you can think about?

RESPONDENT: No, sorry not at the moment.

INTERVIEWER: What do you think about the speed of identifying a food product?

RESPONDENT: I think in our test case it was very very fast.

INTERVIEWER: The technology we have been using here is called NFC. It is similar
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to RFID. What do you think about the contactless close range technology in general?

RESPONDENT: I think it's pretty cool. It is very useful. I like it for example

in the library where all the books have RFID chips and you borrow them without

spending much time at the checkout counter.

INTERVIEWER: Do you have any concerns about contactless technologies?

RESPONDENT: No.

INTERVIEWER: In your opinion, where are similar contactless identi�cation tech-

nologies already in use, besides the example of libraries that you just have men-

tioned?

RESPONDENT: In the supermarkets, they use it for alarms and theft protection.

No I don't remember anything else.

INTERVIEWER: In your opinion, where could similar contactless identi�cation

technologies be used in future?

RESPONDENT: I don't know, perhaps you will �nd it in clothes and retail stores.

And I don't know what the technology is capable of but maybe you can pay with

NFC and avoid using cash. Stu� like you are just leaving the store and the systems

detects what you have bought. After an automatic payment is initiated.

INTERVIEWER: For this prototype demonstration a mobile phone as medium for

identifying the product and displaying product related information has been used.

In your opinion, why has a mobile phone been chosen?

RESPONDENT: I think because everybody has a mobile phone and you have it

in your bag all the time, so it's a device you don't need to buy only for this purpose.

So it's also very easy.

INTERVIEWER: In your opinion, what are the advantages of a mobile phone in the

context of food product information request in grocery environments?

RESPONDENT: Perhaps because you could also send this information to some-

body. No nothting else.

INTERVIEWER: The food product information being presented in the prototype
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application only outlines examples. In your opinion, how useful are additional food

product information in general?

RESPONDENT: I think they could be very useful. Especially for people who have

special requirements, such as people who have problems with milk or traces of milk.

You can perhaps see very fast and for every product whether you can eat it or not.

Also whether it is good for you or not and I think it gives you a good overview of

the products to make a good healthy choice.

INTERVIEWER: Which type of food product information are you interested in?

RESPONDENT: Ingredients are very important for me. Perhaps what you could do

as well are providing examples for recipes. Also how old the product are, because

you usually only get to know the best before date but it's hard to �nd how long the

product has been in store. For instance with an egg you can see when it was laid.

This could be important to.

INTERVIEWER: Anything else?

RESPONDENT: No,sorry.

INTERVIEWER: Which type of food product information could people you know

be interested in?

RESPONDENT: Especially for my grand mum, products without sugar. The sys-

tem could be improved the way that you hold the phone and it tells you whether a

certain limit is reach or whether the amount of sugar is too high for diabetics.

INTERVIEWER: So it's basically related to special ingredients. What else?

RESPONDENT: I don't know has there been the price available in the system?

INTERVIEWER: No it hasn't been yet, but from a technical point of view it's

possible.

RESPONDENT: So the price would be good.

INTERVIEWER: Ok thank you. However the plan is that the technology does

not replace the price tag. So you always will have a price tag and the system is

just targeting food product information, which are not on the product label. But
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technically the price could be an option.

RESPONDENT: Ok, this would be good and the ingredients are very important.

Because you sometimes can't see what the product really is made of.

INTERVIEWER: The visualisation, presentation, visibility and use of food product

information on a small mobile phone display can be challenging. Within the pre-

sented prototype one possible solution has been presented. Can you think about

other options?

RESPONDENT: Maybe the iPad, it becomes more and more popular, maybe net-

books and perhaps for older generation such as our grandparents you could lend

the devices at the supermarket door, because usually they don't have modern fancy

phones.

INTERVIEWER: What are important characteristics of a mobile phone when you

had to choose a new phone?

RESPONDENT: I need to have a good camera next to the usual stu�. It has

to be able to provide me with internet access, very important. It needs to look nice.

I think the size of the screen is very important.

INTERVIEWER: What do you prefer, smaller or larger?

RESPONDENT: Larger, of course ... My previous phone had a touch screen and it

has been very convenient. I liked it.

INTERVIEWER: As discussed earlier, there are various types of food product infor-

mation. How do you think about paying a certain amount for obtaining very useful

information?

RESPONDENT: I think for me personally not in general. I think if I really would

depend on this information because I have an illness, as mentioned before the di-

abetes, then I would pay for it. But at the moment I don't have a real need, so I

wouldn't pay.

INTERVIEWER: If you had to pay for certain information, which payment model

would you prefer?

RESPONDENT: I would like to pay for every request or maybe buy a package
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of requests. I think a �at rate would mean that while you are away for some vaca-

tion you can't use it. But it always depends on how much it is.

INTERVIEWER: How would you feel about your privacy and personal data while

using the proposed system in a real environment?

RESPONDENT: Honestly I don't really think about privacy, because I don't think

it's really something private. Because in the supermarket everybody can have a look

in your bag and shopping cart. So for me it doesn't matter.

INTERVIEWER: Which personal data would you provide in order to be able using

the proposed system?

RESPONDENT: I'm not sure. I think the best would be if I don't need to pro-

vide any information. Because then you don't have any risk. But if they need some

data to do research or data analysis, I think I would provide my age, the area where

I live and additionally perhaps which special requirements if have. E.g. I can't eat

pig or I'm a diabetic.

INTERVIEWER: What/where are your security concerns?

RESPONDENT: In terms of what?

INTERVIEWER: When you use the proposed system you might change your shop-

ping behaviour and you might do thinks di�erent in the supermarket. Can you see

security risks caused by the new shopping behaviour?

RESPONDENT: No, I don't think so. If I understand the system correctly, it is not

sending out any data, it is just getting information. So the risk that somebody else

is using my phone at this moment like trying to get information from my phone ... no.

INTERVIEWER: And any non technical security risks?

RESPONDENT: Ahh, because I'm walking with my expensive phone?

INTERVIEWER: Yes, for instance, anything else?

RESPONDENT: I don't think so, because if you use the system many people will

use it and many people will display their expensive phones. And there is also video

surveillance in the supermarket. So I feel quite safe.
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INTERVIEWER: In your opinion, how useful is the proposed system?

RESPONDENT: I think it's very useful. I think I would use it.

INTERVIEWER: Could you see yourself using a more mature system of the proto-

type?

RESPONDENT: Yes sure. But it depends on the price model and information

available.

INTERVIEWER: How convenient would the use of proposed system be for you?

RESPONDENT: It would highly convenient. Because alternatives are asking su-

permarket employees or googleing it before the shopping. However you need to �nd

a member of the supermarket team and this person needs to be quali�ed and needs

to know the information I'm after. And honestly there are thousands of products

and people working in the supermarket are usually not PhD students with super

brains. So they can't know everything about each product. And also looking it up

before you go to the supermarket isn't quite a good idea, because it's very stressful

and it's not proven you �nd the information you after. I think the convenient way

would be to use such a cell phone.

INTERVIEWER: What would you not do with the system?

RESPONDENT: You wouldn't use it for every product, for example if I'm only

allowed to eat certain meat, then I probably would only use it for meat product in-

formation and I wouldn't use it for toilet paper. Also products which are so simple

and you buy them quite often. Mainly because you know all about the product.

INTERVIEWER: Does this decision using it only for certain products stand in

relation with the price of the products?

RESPONDENT: Yes maybe, I mean if the product is high priced product you prob-

ably would use it because there is more to lose. On the other hand cheap products

don't come with the risk of loosing to much money in case they are not worth it.

Let me think ... when it comes to really expensive equipment I research before I go

to the store.

INTERVIEWER: How should the proposed system be change in order to make
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it more convenient for you?

RESPONDENT: I can't think about anything. As I understood it, it was really

easy and it would be convenient.

INTERVIEWER: When you saw the prototype system presentation, how di�cult

to understand has it been for you?

RESPONDENT: I was very easy to understand.

INTERVIEWER: Do you use so called Apps on your phone?

RESPONDENT: Honestly I don't. So far I haven't had the time to look for some

interesting. But generally I like the idea of utilizing the phone or computer to use it

for more than the initial purpose. So I'm pretty sure there will be some useful stu�

available for me and I'm going to check it out soon.

INTERVIEWER: Food product information, coming back to this. Towards the

end of the interview, is there something that you want to add?

RESPONDENT: Ingredients, yes I've talked a lot about the ingredients.

INTERVIEWER: Yes. You've said that the ingredients should be available and be

in relation or connection to the allergies or illnesses of the customers. Anything else?

RESPONDENT: Perhaps where the product is from, because you would like to

help your own country and support your local farmers. Or sometimes from the news

you know that certain food from certain countries isn't good ... this way you can

decide whether to by or not. Perhaps also which real company is producing the

product because quite often you can't see the real �rms behind it. Also all the

companies which are part of the production. Maybe some environmental aspects,

and also BIO products. They aren't important for me and I think there is a lot of

fake with the BIO labels ... some of the BIO products aren't BIO.

INTERVIEWER: This is the last questions. It is open to everything related to

this prototype. What would you like to add? What would you like to comment?

RESPONDENT: Yes, as I've mentioned earlier it might be very useful to have

some sort of �lter for the information. Meaning that you have some preferences

of information types you are interested in and the phone only displays those infor-
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mation. Also keeping it simple, like telling you this product is good for you, this

product isn't good for you. In addition I think it depends on which product you

buy. If you would use it also for drugs it could show you this drug isn't good to

use with this one. You could also do this with food products ... let me think, for

example don't mix beer and vine or never eat ice cream and drink a beer after. Or

recommendation for children ... food that isn't good for children ... also customizing

it for people doing a diet. For example a doctor could recommend the patient how

many calories per day and which sort of food is good and then the phone tell during

the shopping whether the selected item �ts the doctor's recommendations. That

would be everything.

F.3.4. Interview 4

INTERVIEWER: What do you think in general about the ease of identifying a food

product with the mobile phone?

RESPONDENT: In general I think it is a really good idea because you get in-

formation you wouldn't get so quick otherwise. And without the information on

the phone you probably have to go home and check the information on the internet.

And so you have it right while you shop?

INTERVIEWER: What di�culties in terms of food product identi�cation would

you expect in a real grocery environment?

RESPONDENT: Maybe if everybody is using it and people standing in the way.

INTERVIEWER: What do you think about the speed of identifying a food product?

RESPONDENT: It was very fast, I couldn't imagine any faster.

INTERVIEWER: What do you think about the contactless close range technol-

ogy, in other words NFC and RFID in general? Do you like it?

RESPONDENT: I think it is very useful.

INTERVIEWER: Do you have any concerns about contactless technologies?

RESPONDENT: No, I don't.

INTERVIEWER: In your opinion, where are similar contactless identi�cation tech-
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nologies already in use?

RESPONDENT: Well, I think at certain train stations you have special tickets

and you swipe it and it also works with your mobile phone. Also at the counter in

the supermarket, there are sometimes such tags to prevent theft.

INTERVIEWER: In your opinion, where could similar contactless identi�cation

technologies be used in future?

RESPONDENT: Apart from the supermarket?

INTERVIEWER: Yes

RESPONDENT: At workplaces where you have to get in and out. Otherwise I

don't know.

INTERVIEWER: For this prototype demonstration a mobile phone as medium for

identifying the product and displaying product related information has been used.

In your opinion, why has a mobile phone been chosen?

RESPONDENT: This particular one?

INTERVIEWER: No, mobile phones in general.

RESPONDENT: Well, because every body has a mobile phone and you carry it

always with you. And if you would use just another device, people actually had to

carry devices around.

INTERVIEWER: In your opinion, what are the advantages of a mobile phone in the

context of food product information request in grocery environments?

RESPONDENT: You already know how to use your phone, you know which buttons

to press and you are familiar with the software.

INTERVIEWER: The food product information being presented in the prototype

application only outlines examples. Can you think about any other type of food

product information?

RESPONDENT: You can extend it to recipes. Not sure if it is too much but it

could become useful. It could also provide hints to other products that are in the
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supermarket or other brands for example, like competitive products.

INTERVIEWER: Which type of food product information are you interested in?

RESPONDENT: Well, I don't really need information about competitive products,

but the recipes would be quite useful.

INTERVIEWER: So what do you think in general about additional food prod-

uct information which you can't �nd on the product label, but which could become

available to you through the mobile phone?

RESPONDENT: I think it's really good. You can use the additional information

if you want to, but you don't have to. And it becomes quite handy if you su�er

from some sort of allergic food reaction then you can check whether this product

will harm you.

INTERVIEWER: So can we add detailed ingredients and allergic indicator to the

list of additional interesting food product information?

RESPONDENT: Yes, the allergic stu� is very important too.

INTERVIEWER: What allergies could you think about?

RESPONDENT: That could be anything, certain fruits, lactose intolerance. You

can be alergice to almost everything.

INTERVIEWER: Do you think it is too di�cult by having all the ingredients on

the small screen? Can you think about another way of displaying the ingredients

information?

RESPONDENT: Particularly for older people it might be di�cult to read the small

words from the ingredients list. But usually you can change the display resolution

and icon size of phones. This is something that would be helpful for certain people.

Or you could split the ingredients into bricks and only display a few at a time.

INTERVIEWER: Can you think about things you would change on the current

prototype in order to make it more accessible and easier to use for older people and

allergic persons?

RESPONDENT: Well, since there are so many allergic reactions. It should be
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somehow grouped. It would be also good if you have some sort of settings and

personal information you can setup. This could contain the ingredients you are

generally allergic to. Then the software tells you whether you are likely having an

allergic reaction with this product.

INTERVIEWER: Which type of food product information could people you know

be interested in?

RESPONDENT: No, not really. It is probably the allergy thing that helps the

most people. Maybe some of my friends are keen to buy ecological food and low

carbon foot print items. So some sort of green and bio-ecological indicator could be

interesting.

INTERVIEWER: You as a student probably do not spend a lot of money per week

on your grocery shopping. However if you think about power shoppers, who regu-

larly buy food worth a couple of hundreds dollars a week, Can you think about an

application that would be interesting them?

RESPONDENT: They could get discounts, but this needs to be interchangeable

among di�erent supermarkets.

INTERVIEWER: The visualisation, presentation, visibility and use of food product

information on a small mobile phone display can be challenging. Within the pre-

sented prototype one possible solution has been presented. Can you think about

other options?

RESPONDENT: What do you mean?

INTERVIEWER: Well, let's say the NFC/RFID tag is still attached to the product

and you would seek a solution replacing the phone or using it di�erent. On the other

hand you could keep the phone and replace somehow the NFC/RFID tag.

RESPONDENT: Ok, we already said that having an extra device is di�cult be-

cause you need to take it with you and it's probably heavier to carry around. And

otherwise it should be something you are always having with you and I couldn't

think of something, maybe a watch or so. But not every one carries a watch. Well

what you could do is using the already existing terminals, which show you the price

of the product, e.g. Warehouse has them. But the problem I can see is that there

might be queue and you have to look for the terminal, walk to the terminal, so it's

not that fast and you are losing time.
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INTERVIEWER: Anything else? Something out of the box?

RESPONDENT: When we take larger supermarkets as an example then you could

have a screen somewhere at the shopping cart. This would be personal and it would

be better than the mobile phone?

INTERVIEWER: Why do you think so?

RESPONDENT: Because then you have your hands free and you have to think

even less about the phone. For example if you forget your phone or it runs �at on

battery, you can always rely on the screens at the shopping cart. But on the other

hand if you are not buying a lot and don't take a shopping cart then you wouldn't

have the screen. That's when the phone becomes handy again.

INTERVIEWER: So you are having multiple options in mind?

RESPONDENT: Yes, there could be the thing with the phone, the screen at the

cart and also some terminals.

INTERVIEWER: What are important characteristics of a mobile phone when you

had to choose a new phone?

RESPONDENT: It's important to have something easy to handle but you get used

to everything. And that you can type quickly. And the display is good, I mean

readable. I don't care much about taking pictures with the phone.

INTERVIEWER: The mobile phone used in the prototype system has a smaller

display. Many of the emerging phones come with larger displays. What do you

prefer?

RESPONDENT: The display size should be big, but not too big because then the

phone becomes big and you don't want that.

INTERVIEWER: Summarizing, you want something small, but a larger screen and

it needs to be easy to handle?

RESPONDENT: Yes, but I think that changes among di�erent age groups.

INTERVIEWER: As discussed earlier, there are various types of food product infor-
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mation. How do you think about paying a certain amount for obtaining very useful

information?

RESPONDENT: I think I wouldn't pay for it because I think I could get it on

the internet for free.

INTERVIEWER: You mean on the internet from at home?

RESPONDENT: Yes

INTERVIEWER: But then you wouldn't have the information instantly while you

are shopping?

RESPONDENT: No I would not. But I don't care so much about the informa-

tion, so I still would not pay.

INTERVIEWER: Ok, let's assume you would pay for it, because the information is

very valuable and important to you, which payment model would you prefer?

RESPONDENT: They just should withdraw it from my bank account.

INTERVIEWER: And in terms of paying for the service, there could be a �at rate

option, a time limited option etc ... What would you suggest / prefer?

RESPONDENT: Paying per request would be the easiest and maybe �at rate if

you use it a lot.

INTERVIEWER: Any other payment model you can think about, maybe suitable

to other people?

RESPONDENT: Let me think ... well there could be something price related. I

mean the more expensive the product, the more the request costs. Or maybe some

information are more valuable so the price could be higher.

INTERVIEWER: How could these di�erent prices for di�erent information look like?

RESPONDENT: Well for example the allergies information could be free whereas

the recipes could costs something. But it's not that important.

INTERVIEWER: How would you feel about your privacy and personal data while
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using the proposed system in a real environment?

RESPONDENT: I'm not concerned about these things.

INTERVIEWER: Which personal data would you provide in order to be able using

the proposed system?

RESPONDENT: Well, if it's necessary then my bank details because they have

to withdraw the money.

INTERVIEWER: Thanks, nevertheless have in mind that there are other possi-

bilities to pay for the information. Your bank details are not necessarily required to

make a payment.

RESPONDENT: Well, then as less as possible. My mobile phone number maybe.

Other than that, why do they need to have any of my data?

INTERVIEWER: What/where are your privacy concerns?

RESPONDENT: Well they know what I'm shopping. Otherwise I don't really care

about that because it doesn't a�ect me. I don't know if they change the supermarket

o�ers according to my needs it would even help me. I would like that. They only

know what I'm buying, so not really.

INTERVIEWER: What/where are your security concerns?

RESPONDENT: Not really. You only hold your mobile phone in your hand but

you have that anyway. Otherwise some people might steal you stu� while you are

scanning the products. But I don't think this would really happen. For older people

it is a big issue that you are less careful with your things. You scan the products,

you are distracted and you don't pay attention to what happens around you. Stu�

like pickpocketing would become easier.

INTERVIEWER: In your opinion, how useful is the proposed system?

RESPONDENT: I think it is very useful but it's not really necessary. Especially for

people that are allergic it is really handy.

INTERVIEWER: Do I understand you right that people who are interested in in-

formation, which the system can provided, the approach is kind of useful.
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RESPONDENT: Yes, de�nitely. That's the best way to get those information.

INTERVIEWER: Could you see yourself using a more mature system of the proto-

type?

RESPONDENT: Yes, why not. I wouldn't pay, I would use it but not paying

for. Or maybe if my mobile phone contract ends and I have to get a new one and

they setup the extra charge with the contract, then I would consider it. But not

when I have to pay for every single information.

INTERVIEWER: What about the fact that some data/information could be re-

quested from the internet and you need to have a mobile data plan to make this

happen. What about extra costs that occur with a mobile data plan?

RESPONDENT: Well mobile phones are changing anyway. A lot of people already

have a mobile data plan and then it is ok. But if only for this information you need

to have a data plan and it costs you extra then it's not a good solution.

INTERVIEWER: How convenient would the use of proposed system be for you?

RESPONDENT: Very convenient. You only have to carry a mobile phone.

INTERVIEWER: Anything in particular that is convenient, that isn't convenient?

RESPONDENT: Particularly convenient is that you have all the information you

need in your hands. Well and I don't know how fast I can start the software and

how easy it will be. So if it takes me a while to get the point to scan the product,

then it might not be so convenient.

INTERVIEWER: What would you not do with the system?

RESPONDENT: Well, no not really.

INTERVIEWER: Is there any sort of information your are de�nitely not interested

in / you de�nitely do not want to know?

RESPONDENT: Well, you should always have the option to choose which infor-

mation you want and if you don't want a particular information, then just don't

chose it.
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INTERVIEWER: Just imagine you are about to buy a chocolate bar and the sys-

tem tells you that product has this high number of weight watcher points and cause

caries. So it tells you something you might not want to hear. What do you think

about this?

RESPONDENT: I think it is still alright. I mean you should always know. I

mean there is also some government crusading going on. Even telling something

bad about a chocolate bar would support the e�ort of healthy eating.

INTERVIEWER: How should the proposed system be change in order to make

it more convenient for you?

RESPONDENT: It seems pretty simple. I wouldn't make it more complex by chang-

ing it to a fancier way. Maybe you could have a picture.

INTERVIEWER: What do you mean? Can you explain that please?

RESPONDENT: Well, having a picture of the product when you scan it, to see

if you scanned the right one. But well this doesn't really make sense. You have the

product in front of you anyway and all you need to do is read the basic information.

So no picture isn't a good idea.

INTERVIEWER: When you saw the prototype system presentation, how di�cult

to understand has it been for you?

RESPONDENT: I'm not sure, if I got all the technical aspects. Other than that it

was pretty easy. You just scan it. I don't know where the information comes from

and how the entire thing works.

INTERVIEWER: The information is most likely coming from an internet server

and the phone would connect the internet and download the information needed.

RESPONDENT: Ok, well then there is the problem that you need to change it

for di�erent supermarkets, which isn't so good.

INTERVIEWER: Do you use apps on your phone?

RESPONDENT: No.
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INTERVIEWER: This is the last questions. It is open to everything related to

this prototype. What would you like to add? What would you like to comment?

RESPONDENT: No, nothing.

F.3.5. Interview 5

INTERVIEWER: What do you think in general about the ease of identifying a food

product with the mobile phone?

RESPONDENT: I think it's a good thing. It can help me to get more informa-

tion about a product. Normally you have to read what's printed on the label. But

often the font size is quite small and you don't �nd easily what you're looking for.

And the work�ow of holding the phone next to product is fairly easy. You only need

to start the software on the phone and after you can start with the tool.

INTERVIEWER: What di�culties in terms of food product identi�cation would

you expect in a real grocery environment?

RESPONDENT: Maybe I'm too small and the product is placed on the top shelf

and I cannot reach it. Other than that there are a lot of people around me and all

of them use the same program and there can be some interference. Also it cannot

give me the information I really need. And also I cannot really specify what I'm

looking for and as a result I'll receive quite a lot of information. So it could be hard

the very important part.

INTERVIEWER: What do you think about the speed of identifying a food product

with the mobile phone, how fast was it?

RESPONDENT: It was really fast, it only took one or two seconds and I got all the

information.

INTERVIEWER: What do you think about the contactless close range technol-

ogy in general?

RESPONDENT: Yes, I think it is really the future. You can use it for so many

thinks, especially for some restaurants like in university to pay for your meal. I can

be really helpful.

INTERVIEWER: Do you have any concerns about contactless technologies?
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RESPONDENT: No.

INTERVIEWER: In your opinion, where are similar contactless identi�cation tech-

nologies already in use?

RESPONDENT: As mentioned the payment in restaurants. In addition payment

at fuel stations. Every point where you go and buy stu� on a regular base.

INTERVIEWER: In your opinion, where could similar contactless identi�cation

technologies be used in future?

RESPONDENT: Maybe buying bus and train tickets. And you can also get in-

formation about the train stations and bus stops. You could put a RFID sender at

every bus stop and get the current timetable on your phone. Also the ticket sale

could be done at this point.

INTERVIEWER: For this prototype demonstration a mobile phone as medium for

identifying the product and displaying product related information has been used.

In your opinion, why has a mobile phone been chosen?

RESPONDENT: Firstly I think most of the people take their mobile phones with

them so it's not an extra device to carry around. Secondly it has all the functions

and features built-in, which are necessary for this purpose. Such as display, keypad,

internet connection and so forth.

INTERVIEWER: In your opinion, what are the advantages of a mobile phone in the

context of food product information request in grocery environments?

RESPONDENT: It's small and you can hold it in one hand and in the other hand

you hold the product. And again it's not an extra device.

INTERVIEWER: The food product information being presented in the prototype

application only outlines examples. In your opinion, how useful are additional food

product information in general?

RESPONDENT: If you have some kind of illness, it can really help you to �nd

out whether there is some sort of ingredients in it, which will harm you. However it

is an extra feature. You still can do shopping as you have been used to it. Sometimes

additional information comes in handy. For example I encounter the problem of not
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�nding the exact price of the product. The mobile phone could assist. Additionally

advertisement of special o�ers or certain products could be a market.

INTERVIEWER: Which type of food product information are you interested in?

RESPONDENT: Maybe a feature to compare one product with others of the same

range. And also special o�ers like: Buy 2 items of this, get one free. I might feel like

that this o�er is only customized for me and not for everyone and I would certainly

feel special.

INTERVIEWER: Which type of food product information could people you know

be interested in?

RESPONDENT: Maybe some sort of what you can use the product for, e.g. meal

suggestions. And maybe the healthiness of the product and whether it has an or-

ganic farming and sustainable background.

INTERVIEWER: Anything else you can think about?

RESPONDENT: Yes, sometimes I open the fridge and take out something and

shortly after I have to realize that the product is already expired and sometimes I

have to throw it away. So the phone could remind me of certain best-before dates

of products I've purchased.

INTERVIEWER: The visualisation, presentation, visibility and use of food product

information on a small mobile phone display can be challenging. Within the pre-

sented prototype one possible solution has been presented. Can you think about

other options?

RESPONDENT: I think your mobile is quite a good idea. It's your private one

and you can get customized information based on your pro�le. Other than that,

maybe people who don't have new fancy phones could rent out some devices for the

shopping.

INTERVIEWER: Also, the mobile phone used in the prototype system has a smaller

display. Many of the emerging phones come with larger displays. What do you pre-

fer?

RESPONDENT: Larger display, I also like touch screens.
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INTERVIEWER: What are important characteristics of a mobile phone when you

had to choose a new phone?

RESPONDENT: I must have a large display, not to heavy, heaps of storage capacity.

INTERVIEWER: As discussed earlier, there are various types of food product infor-

mation. How do you think about paying a certain amount for obtaining very useful

information?

RESPONDENT: I would say, it must be free of charge and it should remain a

service. The money should come through advertisement. This means the shop

owner needs to have an interest in the system in order to sponsor it.

INTERVIEWER: If you had to pay for certain information, which payment model

would you prefer?

RESPONDENT: In my opinion it should be a single payment for the software and

no regularly or usage based costs.

INTERVIEWER: Can you think about any other payment options?

RESPONDENT: Well I could be that basic information are for free. Additional

and very useful information could be charged.

INTERVIEWER: How would you feel about your privacy and personal data while

using the proposed system in a real environment?

RESPONDENT: That's a good point. I want to know before using it what they

are doing with my data. I request information of certain products. I want to know

what they are doing with those pro�ling data. I think it is important to know that

I won't get spam. It's quite important that I give my consent to this.

INTERVIEWER: Which personal data would you provide in order to be able using

the proposed system?

RESPONDENT: I think I can provide the information where and what I bought.

It's similar with other loyalty cards. However normally I don't' that they want my

personal information, like name and address and then you get all the spam mail you

don't want. So as less as possible would be �ne.
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INTERVIEWER: What/where are your privacy concerns?

RESPONDENT: Not really, I don't think that someone steals my mobile and they

can really use this information against me. So it's not that much of concern.

INTERVIEWER: What/where are your security concerns?

RESPONDENT: Well for thieves it could be a good way to �nd out who has expen-

sive phones. And also while I'm reading the information I'm distracted and thieves

can take advantage of it and steal my wallet. I have to be sure that no one is around

you. Hover you are using your phone in public anyway. So shouldn't be that much

of a concern.

INTERVIEWER: In your opinion, how useful is the proposed system?

RESPONDENT: I think I really can be helpful to have extra services for my shop-

ping trip. Some of the information introduced with the prototype would usually

never been accessible for you.

INTERVIEWER: Could you see yourself using a more mature system of the proto-

type?

RESPONDENT: Yes I would use it. But the price for it must be acceptable.

INTERVIEWER: Is there a situation where you wouldn't use it?

RESPONDENT: I think the grocery store is a good point to use it. In contrast

if you are more interested in exclusive and expensive items you usually ask the store

sta� or you research upfront on the internet. It's more useful for daily purchases.

INTERVIEWER: What would you do with the system?

RESPONDENT: I don't know if it is really the purpose of the system. Never-

theless you could compare stu�. Like comparing prices with other stores, stores

which are close by.

INTERVIEWER: How convenient would the use of proposed system be for you?

RESPONDENT: It's convenient because it's quite important to not waste time

with such things. So they must work fast, must be easy and simple to use and the
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information must be not useless. And I believe a new system shouldn't force you to

change your shopping behaviour in a big way. For example if the shopping takes an

extra hour just because I use such a system, well then it's not o� particular interest

for me. But well, that always depends on the person using it and how often you use

it.

INTERVIEWER: How should the proposed system be change in order to make

it more convenient for you?

RESPONDENT: First I want to have a broader overview maybe with a picture

and the price and some key facts. And then it would be cool to have a pro�le set

up, which �lters the information you are interested in. So this way it could exactly

�t my needs and I don't get spammed with additional not useful information. And

all the information should be easy to read. I'm using a barcode scanner on my

iPhone and this software also gives you basic information about a product. It also

uses GPS to �nd out where else to get this product near by.

INTERVIEWER: When you saw the prototype system presentation, how di�cult

to understand has it been for you?

RESPONDENT: It was really easy. You just have to start the software and hold it

next to the RFID tag and get the information?

INTERVIEWER: On your iPhone, do you use additional applications, so called

apps?

RESPONDENT: Yes.

INTERVIEWER: Which application in a similar area of the proposed system, are

you using?

RESPONDENT: I use a barcode scanner, which also gives you information about

the product, price and a possible place to buy it. I'm not sure if you can use this

for getting deeper information. Never tried to use it for this purpose.

INTERVIEWER: Anything else?

RESPONDENT: No, only basic stu� like search engine, and global product com-

parisons, which take a lot of time. Because you need to identify the product �rst,

click heaps of links and select categories.
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INTERVIEWER: This is the last questions. It is open to everything related to

this prototype. What would you like to add? What would you like to comment?

RESPONDENT: I think it is important to know whether the system is from a

certain store and whether the information is independent in order to avoid super-

markets in�uencing your shopping.

INTERVIEWER:What about the issue that you possibly have to update the database

of the phone.

RESPONDENT: I think it should work with some updates, but if you use an older

versions you just don't have up-to-date information. The current versions contains

all the new information and possibly more options. It also should synchronize with

the computer and connect via 3G.

F.4. Interview data analysis

F.4.1. Coding schemes

Table F.2.: Coding scheme after second coding stage (Source: author)

Category Sources References

Alternatives 5 13

Costs

Paying for information 5 31

Ease of Use

Device, hardware, phone 4 15

Food product identi�cation 5 23

Overall 5 31

Software 4 21

Grocery Environment 4 9

Mobile Phone 5 27

Motivation 4 16

NFC, RFID

Application areas 5 19

Contra 2 2

Pro 5 6

Continued on Next Page. . .
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Table F.2.: Coding scheme after second coding stage (Source: author)

Category Sources References

Privacy 5 17

Security 5 10

Usefulness

Additional applications 4 33

Additional information 5 73

Independent information 4 8

Not using the system 5 7

Overall 4 9

Phone is part of daily life 5 12

Sum 90 382

Mean 4.5 19.1

Table F.3.: Coding scheme after third coding stage (Source: author)

Category Sources References

Alternatives

Devices 5 11

Food product identi�cation 2 2

Software 2 4

Source 2 3

Costs

3G data plan 1 1

Paying for information

Negative 5 11

Positive 5 8

Payment handling 2 4

Payment model 5 15

Ease of Use

Device, hardware, phone

Food product identi�cation

Positive 5 9

Problems 5 17

Negative 3 5

Overall

Positive 5 18

Continued on Next Page. . .
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Table F.3.: Coding scheme after third coding stage (Source: author)

Category Sources References

Requirements 4 8

General 3 3

Information 3 6

Phone 5 18

Software 5 28

Tag 1 1

Software

Grocery Environment 4 8

Mobile Phone

Motivation 4 16

NFC, RFID

Application areas 5 19

Contra 2 2

Pro 5 6

Privacy 5 17

Security 5 10

Usefulness

Additional applications

Additional information

Extensions

Allergies 3 8

Best before dates 3 4

Bio food 3 4

Calories, nutritions, ingredients 4 9

Carbon foot print 4 6

Comparisons 3 5

Country of origin, producer, pro-

duction conditions

3 9

Custom settings 4 9

Diabetes 2 4

Discounts and special o�ers 2 4

Healthiness 2 6

Price �nding 4 5

Product �nding 2 4

Recipes 2 3

Recommendations 4 7

Sharing information 1 1

Continued on Next Page. . .
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Table F.3.: Coding scheme after third coding stage (Source: author)

Category Sources References

Shopping list 1 3

Storage conditions 1 1

Various grocery stores 1 1

Independent information 4 9

Negative 2 6

Not using the system 5 8

Overall 4 9

Phone is part of daily life 5 12

Positive 5 11

Requirements 5 13

Sum 411

Mean 3.403846154 7.903846154

Table F.4.: Coding scheme after fourth coding stage (Source: author)

Category Sources References

Alternatives

Devices 5 11

Food product identi�cation 2 2

Software 2 4

Source 2 3

Costs

3G data plan 1 1

Paying for information

Negative 5 11

Positive 5 8

Payment handling 2 4

Payment model 5 15

Ease of Use

Food product identi�cation

Positive 5 9

Problems 5 17

Negative 3 5

Positive 5 19

Requirements

Continued on Next Page. . .
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Table F.4.: Coding scheme after fourth coding stage (Source: author)

Category Sources References

General 4 4

Information 3 6

Phone 5 18

Software 5 28

Tag 1 1

Grocery Environment 4 8

Motivation 4 18

NFC, RFID

Application areas 5 19

Contra 2 2

Pro 5 8

Privacy 5 17

Security 5 12

Usefulness

Extensions

Allergies 3 8

Best before dates 3 4

Bio food 3 4

Calories, nutritions, ingredients 4 10

Carbon foot print 4 6

Comparisons 3 5

Country of origin, producer, pro-

duction conditions

3 9

Custom settings 4 9

Diabetes 2 4

Discounts and special o�ers 2 4

Healthiness 2 6

Price �nding 4 6

Product �nding 2 4

Recipes 2 3

Recommendations 4 7

Sharing information 1 1

Shopping list 1 3

Storage conditions 1 1

Various grocery stores 1 1

Independent information 4 9

Negative 2 6

Continued on Next Page. . .
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Table F.4.: Coding scheme after fourth coding stage (Source: author)

Category Sources References

Not using the system 5 8

Overall 4 9

Phone is part of daily life 5 12

Positive 5 11

Requirements 5 13

Sum 413

Mean 3.411764706 8.098039216

F.4.2. Un-coded raw interview text

• I1: �INTERVIEWER: Do you use the mobile web? RESPONDENT: No�

• I1: �INTERVIEWER: Which type of food product information could people

you know be interested in such as your parents, friends, family? RESPON-

DENT: Basically the same as mine.�

• I1: �INTERVIEWER: For this prototype demonstration a mobile phone as

medium for identifying the product and displaying product related informa-

tion has been used. In your opinion, why has a mobile phone been chosen?

RESPONDENT: Because your study deals with mobile phones.�

• I2: �INTERVIEWER: What do you think about the contactless close range

technology in general . . . like RFID, NFC and so on? RESPONDENT: From

a technology point of view? INTERVIEWER: It doesn't matter, all aspects

o� interest.�

• I2: �INTERVIEWER: Yes of course. We will come back to this question at

a later stage. The visualisation, presentation, visibility and use of food prod-

uct information on a small mobile phone display can be challenging. Within

the presented prototype one possible solution has been presented. Can you

think about other options? RESPONDENT: Other than the phone? INTER-

VIEWER: Yes, for example�

• I2: �INTERVIEWER: Anything else? RESPONDENT: No, not really.�

• I2: �RESPONDENT: Nothing I can think about.�

E Bast MCIS 222



F. Appendix F.4. Interview data analysis

• I3: �RESPONDENT: No, sorry not at the moment.�

• I3: �INTERVIEWER: Anything else? RESPONDENT: No,sorry.�

• I4: �INTERVIEWER: In your opinion, where could similar contactless iden-

ti�cation technologies be used in future? RESPONDENT: Apart from the

supermarket? INTERVIEWER: Yes�

• I4: �INTERVIEWER: For this prototype demonstration a mobile phone as

medium for identifying the product and displaying product related informa-

tion has been used. In your opinion, why has a mobile phone been chosen?

RESPONDENT: This particular one? INTERVIEWER: No, mobile phones

in general.�

• I4: �INTERVIEWER: The visualisation, presentation, visibility and use of

food product information on a small mobile phone display can be challenging.

Within the presented prototype one possible solution has been presented. Can

you think about other options? RESPONDENT: What do you mean?�

• I4: �INTERVIEWER: Do you use apps on your phone? RESPONDENT: No.

INTERVIEWER: This is the last questions. It is open to everything related

to this prototype. What would you like to add? What would you like to

comment? RESPONDENT: No, nothing.�

F.4.3. Incorporation of categories

Table F.5 outlines which categories have been used to create the concept. The last

column provides a reference to the step of the concept creation, where the respective

category has been used. Empty �elds mean that those categories have not been used

for concept creation.

Table F.5.: Categories' incorporation in steps of concept creation

Category Incorporated in step

Alternatives

Devices

Food product identi�cation

Software

Source

Costs

3G data plan 5

Continued on Next Page. . .
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Table F.5.: Distribution of codes after fourth coding iteration

Category Incorporated in step

Paying for information 5

Negative 5

Positive 5

Payment handling

Payment model

Ease of Use

Food product identi�cation 4

Positive 4

Problems 4

Negative 3

Positive 3

Requirements

General

Information

Phone

Software

Tag

Grocery Environment

Motivation

NFC, RFID

Application areas

Contra

Pro

Privacy 7

Security 6

Usefulness

Extensions

Allergies 1

Best before dates 1

Bio food 1

Calories, nutritions, ingredients 1

Carbon foot print 1

Comparisons

Country of origin, producer, production conditions 1

Custom settings 2

Diabetes 1

Discounts and special o�ers *7

Continued on Next Page. . .
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Table F.5.: Distribution of codes after fourth coding iteration

Category Incorporated in step

Healthiness 1

Price �nding 1

Product �nding

Recipes 1

Recommendations

Sharing information

Shopping list

Storage conditions 1

Various grocery stores

Independent information 1

Negative

Not using the system

Overall

Phone is part of daily life 2

Positive

Requirements 2

*7 Discounts and special o�ers were incorporated from a privacy perspective but

not directly as part of extensions (usefulness).
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