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Abstract
When shopping for consumer goods like wine, digital cameras, and olive oil, people
are frequently overwhelmed by the vast amount of choices they are offered. At the
same time, they take a decision under uncertainty, since they cannot experience
products before buying them. Product reviews created by peer consumers provide a
‘virtual experience’ and can thus help consumers to take better-informed buying
decisions.
This dissertation designs, implements, and evaluates a concept for reviewing
products via mobile phone. Designing the concept, special attention is paid to its
usability. The key usability challenges are the intuitive identification of products,
i.e., ‘telling’ the phone what product is on hand, and the representation of reviews
on mobile phones. As a technique for product identification, scanning so-called
NFC tags is preliminary selected. To accommodate the limited capabilities of
mobile phones regarding information entry and display, a rating concept based on
user-generated rating criteria is suggested.
Accordingly, both the choice of NFC and modalities for representing reviews on
mobile phones are evaluated in user studies. First, techniques for product
identification via mobile phone are compared in a user study. The results indicate
that scanning barcodes is the most promising product identification technique for
mobile phones. Based on these findings, a second study compares eleven state-ofthe-art barcode scanners for mobile phones and provides guidelines to improve their
design. Also the second challenge, the representation of reviews on mobile phones,
is evaluated. In two further studies at a quasi-realistic shopping location, the entry
and access of the reviewing modalities ‘stars’, ‘text’, and ‘videos’ on mobile phones
are compared. These studies indicate that, also on mobile phones, people prefer a
combination of ‘stars’ and ‘text’. Video is not considered an option.
Furthermore, the thesis discusses issues regarding the applicability of product
reviews via mobile phone and gives an overview of the market situation.

XIV

Kurzfassung
Beim Einkauf von Konsumgütern wie Wein, Digitalkameras und Olivenöl sind
Konsumenten oftmals überfordert von der gewaltigen Menge an Alternativen.
Parallel dazu wird die Kaufentscheidung oft unter Unsicherheit getroffen, da man
Produkte vor dem Kauf nicht ausprobieren kann. Produktbewertungen, generiert
durch andere Konsumenten, dienen hier als ‚virtuelle Erfahrung‘ und helfen
Konsumenten so bessere Kaufentscheidungen zu treffen.
Die vorliegende Dissertation entwirft, implementiert, und evaluiert ein Konzept
zum Empfehlen von Produkten per Mobiltelefon. Dabei wird der
Benutzerfreundlichkeit
besondere
Aufmerksamkeit
geschenkt.
Die
Herausforderungen in Bezug auf Benutzerfreundlichkeit liegen hauptsächlich in der
Identifikation von Produkten, das heisst darin dem Mobiltelefon mittzuteilen
welches Produkt vorliegt, und der Darstellung von Produktempfehlungen auf dem
Mobiltelefon. Als Produkt-Identifizierungs-Technik wird in dieser Arbeit vorerst
das Scannen von so genannten NFC-Tags vorgeschlagen. Um den begrenzten
Möglichkeiten von Mobiltelefonen was das Eingeben und Anzeigen von
Informationen angeht Rechnung zu tragen wird ein Bewertungskonzept entworfen,
das auf nutzergenerierten Bewertungskriterien basiert.
Im Anschluss daran werden sowohl die Wahl von NFC als Identifizierungs-Technik
als auch Bewertungskonzepte in Nutzerstudien evaluiert. In einem ersten Schritt
werden Produktidentifikationstechniken für Mobiltelefone verglichen. Die
Ergebnisse deuten darauf hin dass das Scannen von Barcodes die am
vielversprechendste Produkt-Identifizierungs-Technik für Mobiltelefone ist.
Basierend darauf vergleicht eine zweite Studie elf gegenwärtige Barcode-Scanner
für Mobiltelefone und gibt Empfehlungen für ihre Gestaltung. In zwei weiteren
Studien wird die Eingabe und das Abrufen von Empfehlungen mittels der
Modalitäten ‚Sterne‘, ‚Text‘ und ‚Video‘ in einer quasi-realistischen
Einkaufsumgebung untersucht. Die Studien ergeben, dass Konsumenten auch auf
Mobiltelefonen eine Kombination von ‚Sternen‘ und ‚Text‘ bevorzugen, während
Videos keine Option sind.
Darüber hinaus diskutiert die Arbeit die Umsetzung von Produktempfehlungen
mittels Mobiltelefon in der Praxis und gibt einen Überblick über die Marktsituation.
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I

Introduction

I.1

Motivation

Everybody is involved in buying decisions from time to time, be it the weekly
shopping for groceries or purchasing a digital camera through the Internet. We all
know the situation of standing in front of a shelf is a shop, not knowing what
product to buy, being overwhelmed by the amount of choices (see Figure I-I).

Figure I-I: An example supermarket hosting a vast amount of products (source: Liza
Danger Gardner)

For example, Draeger’s grocery store in Silicon Valley offers 250 types of mustard,
75 kinds of olive oil and 300 varieties of jam. The confusion that is caused by an
overflow of products and related information is referred to as ‘consumer confusion’,
a state in which consumers are confused and overwhelmed by the information they
have been offered in the context of a buying situation. Consumer confusion has
been discussed extensively in research (see [Mitchell and Papavassiliou, 1999],
[Schweizer, 2005]). It can lead to retreat, forfeiting the buying decision and
eventually to lost sales for the retailers.
But not only the immense number of products leads to confusion. Deciding on
products to buy also requires sufficient knowledge about the alternatives. How can
we decide on a digital camera just by looking at it, without actually exactly knowing
how well each of the alternatives functions? All this makes buying products a
complex task.
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However, research has tried to shed light on this complexity by formalizing the
buying process of consumers. Based on the evaluation of consumer comments and
reports, scientists have come up with so called ‘phase models’, sectioning the
buying process into several distinct phases (see [Howard and Sheth, 1969],
[Nicosia, 1966], [Engel et al., 1993]). These phase models predominantly resemble
the purchase of rather complex and expensive goods such as personal computers
and digital cameras, products that are frequently referred to as high-involvement
goods.

Figure I-II: Phases of the buying process (source: Kotler and Bliemel, 2001)

Kotler [Kotler and Bliemel, 2001] assumes that consumers go through five phases
when shopping for these goods: (i) need recognition, (ii) information search, (iii)
evaluation of alternatives, (iv) purchase decision, and (v) post-purchase behavior.
He points out that not all phases are necessarily executed sequentially. In fact,
consumers might skip a phase or iteratively go back and forth between the phases.
One phase in the buying decision of consumers is the search for information (see
Figure I-II, phase 2). Consumers tend to search for information before buying goods
like wine, perfumes, or digital cameras. When searching for product information, it
is distinguished between increased awareness regarding information about a
product, and active information search. The intensity of the search process (see
[Beatty and Smith, 1987] depends on
• the originally available information,
• the ease of accessing further information,
• the value a person attributes to this additional information, and
• how satisfying the search process is perceived by the consumer.
When searching actively for information, consumers may read reviews, call friends,
and perform other search activities in order to find out more about the product.
Research on information sources suggests that personal and impersonal information
sources influence the decisions of consumers (see for example [Arndt, 1967]
[Duhan et al., 1997]). According to Andreasen [Andreasen, 1965], the information
sources that consumers consult during the buying process can be classified into four
groups:
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• personal sources (e.g. family members, friends, neighbors, acquaintances),
• commercial sources (e.g. advertisements, salespeople, retailers, packages),
• public sources (e.g. mass media, test institutes, consumer unions), and
• experience sources (e.g. understanding the product, evaluate, try, and use the
product).
King and Balasubramanian [King and Balasubramanian, 1994] have found out that
people primarily make use of a so-called other-based information search strategy
(that relies on personal sources such as family members and friends) when shopping
for experience products such as wines and perfumes (see also [Ariely and Lynch,
2000]). These so-called ‘virtual experiences’ made by others and shared among
each other can transform experience products to search products, meaning that
experiences get tangible and can eventually be searched just like technical
specifications [Klein, 1998].
However, as mentioned above, not all of the valued information sources are equally
available to consumers when shopping [Cherubini et al., 2009]. When standing in
front of a shelf, the originally available information is usually limited to commercial
information sources in the form of package imprints and advice through sales
clerks. These limited information sources are only reliable to a certain extent, since
commercial instances are oftentimes interested in creating information asymmetries,
for example regarding the price of a product in their store compared to the same
product in another store. Prior research on attribution theory however suggests that
consumers discredit recommendations from endorsers if they suspect that they have
incentives to recommend a product (see for example [Folkes, 1988]). In addition to
the intended bias, sales clerks may not be qualified enough to provide appropriate
information to consumers interested in a certain product. Also for sales clerks it
seems difficult to make a judgment about products, while possibly not having
experienced all of them in depth.
The above-mentioned overflow (amount and frequency) of commercial stimuli and
in parallel the lack of unbiased, qualified, and well-structured product information
at the point of sale raise the risk when taking buying decisions. This work deals
with the challenge to provide extensive product information for consumers of brickand-mortar stores without overwhelming the consumers at the same time.
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Existing Approaches

There have been numerous approaches that aim at tackling the problem outlined in
the above section. Depending on the type of shop, different information sources are
accessible.
In normal supermarkets, for example, people can usually only touch the products,
without actually opening and testing them. Haptic product experiences are usually
valued by consumers (see [Citrin et al., 2003]). However, for some products like
food products the haptic experience may not be enough. In contrast, small shops can
afford consumers to experience products before buying. The level of this tactile
experience strongly depends on the shop and the type of product. When buying
wine, for example, it may only be possible to have a close look at the bottle in a
supermarket, but in contrast it may be possible to actually try wine if buying it from
a good wine merchant.
An interesting approach is taken for online shopping, where usually having a haptic
experience is impossible, the amount of products is immense, and the product
information is limited to images and product descriptions. Web sites allow
consumers to easily create and access virtual product experiences [Klein, 1998] in
the form of product reviews and star-based ratings (see Figure I-III). Examples of
websites offering such functionalities are numerous, including the well-known
platforms of Amazon.com and Epinions.com 1. Reviews created by either other
users [Dellarocas, 2003] or dedicated recommendation algorithms [Shardanand and
Maes, 1995] provide a so called virtual experience and thus compensate the
shortcomings that the Internet as a distribution channel has.

Figure I-III: A product review on a Web platform (source: amazon.com)

1 Other well-visited websites providing product recommendation functionalities are Google's Product Search
Page Froogle (http://www.google.com/products), Zagat (http://zagat.com), the consumer portal Ciao.com that
was recently acquired by Microsoft (http://www.ciao.com), and recent websites aiming at providing product
information upon the entry of a barcode, such as Codecheck (http://codecheck.info).
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Functionalities of these systems on the Internet are: searching for product reviews,
being suggested products by the system, creating product reviews, maintaining user
profiles and connecting user profiles to others. In many cases users can also rate
reviews made by others. All considered recommendation systems offer both product
ratings and product reviews. These are distinguished as follows. Product ratings are
usually visualized on a one-to-five stars scale. They allow the user an at-a-glance
assessment of products. Ratings can be made based on specific predefined criteria
such as price-performance ratio and quality or can be submitted as an expression of
the overall satisfaction. In contrast, product reviews allow users to describe their
experience with products as continuous text. Different levels of detail are usual for
product reviews. For example, users can submit short reviews (up to 100 words) and
reviews of unlimited length.
Research has found that shopping online, including exactly these reviews in the
buying process, reduces cognitive effort and thereby improves the satisfaction of
consumers with the online experience (see [Szymanski and Hiseb, 2000]
[Evanschitzkya et al., 2004]), and leads to increased sales [Senecal and Nantel,
2004].
However, these functionalities do not yet support customers of brick-and-mortarshops in their buying decisions. And although Internet sales are increasing 2 (see
also [Bakos, 1998]), consumers still like to shop in traditional stores. It seems the
advantages of online-shopping and shopping in real stores are complimentary
[Degeratu et al., 2000]. While the advantages e-shopping include a broader product
range, competitive pricing, greater access to additional information, and longer
opening hours, consumers appreciate the immediate availability of products, the
interaction with people, the easier return of goods, and, most importantly, the haptic
experience with the product (see, hear, touch, smell, taste) when shopping in
conventional stores.
These complementary advantages have led to a phenomenon referred to as multichannel shopping. Ward and Morganowsky [Ward and Morganowsky, 2002] have
conducted a study that indicates a trend towards increasing search activities through
online channels, although consumers still purchase through traditional outlets more
often than online. This leads to an ineffective fragmentation of the buying process
in time and space [Couclelis, 2004]: Consumers go back and forth between

2

http://money.cnn.com/2007/05/14/news/economy/online_retailing/
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searching for information in the Internet and experiencing and buying (at least
certain) products in real shops.
I.1.2

Enablers

Given the trend towards multi-channel shopping, advances in mobile phone
technologies provide the potential to also provide consumers of brick-and-mortar
shops with product information, and thus support them in their buying decision at
fairly low transaction costs. The technical enablers for the accessibility of product
information via mobile phones are threefold:
Extended Tagging of Consumer Products: Almost all products are tagged with
barcodes today. The black-and-white-striped stickers enable the unique
identification of products on type level (e.g. Coca Cola can 0.33l). Although
barcodes generally come in both one-dimensional 3 and two-dimensional 4 patterns,
the most common barcodes for consumer products are the one-dimensional
EAN/UPC codes that can be found on literally every consumer product. For the
future, 2D barcodes are discussed (especially in the pharmaceutical industry), and
even a broad tagging with RFID tags enabling the unique identification of single
items seems possible (see [Sarma, 2001], [O’Connor, 2006]). Recently even
printable RFID tags are in discussion that could lower the price per tag down to
about 3 (US) cents 5.
Advances in Mobile Phone Technology: In recent years, a new generation of
mobile phones with extended functionalities, so-called smart phones, have reached
the market (see [Ballagas et al., 2006]). Also, in more and more countries data flat
rates for mobile phones are made available. And in addition, developers have
leveraged the potential of using mobile phones for the recognition of barcodes and
RFID tags (see [Adelmann et al., 2006], [Adelmann, 2007], [Savolainen et al.,
2009]), allowing the intuitive identification of objects. Numerous projects, for
example the Barcode toolkit Batoo and ZXing, provide stand-alone software and
software libraries that allow the recognition of common barcodes using the camera
integrated into mobile phones, connecting the mobile phone equally to real-world
objects and the information on the Internet, and thus enabling what is frequently

3

The most commonly used barcodes are the EAN9 and EAN13 codes.
Expamples for two-dimensional barcodes are the Aztec Code, Beetags, the High Capacity Color Barcode
developed by Microsoft, the QR-Code, the Shotcode, and the Data Matrix Code.
5 http://www.wired.com/wiredscience/2010/03/rfid/#ixzz0jZs1fS9X
4
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referred to as the Internet of Things (see [Fleisch, 2010]). More specifically, this
extended connectivity of mobile phones allows triggering Internet-based services by
scanning barcodes and makes the immense amount of product data available on
Internet also available when shopping, given the fact that almost all consumer
products are tagged.
But not only technological advances, but also societal drivers motivate the use of
mobile phones for the purpose of shopping support.
Increased Openness towards Technology: Recent generations distinguish from
the formers in the way they use technology. There have been many classifications
on generations (see for example [Howe and Strauss, 2000]), the most well-known
include the terms Generation Y for people that are born from the mid 1970s to the
early 2000s and Generation Z for people born between the late 1990's and the late
2010's. The term ‘digital natives’ refers to people of the generations Y and Z that
were born when information technology was already prevalent. And if we can
believe in current trends there will be the vast amount of seven trillion wireless
devices serving seven billion people by 2017 [Tafazolli, 2004]. Junco and
Mastrodicasa [Junco and Mastrodicasa, 2007] conducted a large-scale survey about
these generations, mostly in the student age right now, and found out that 97% of
students owned a computer, 94% owned a cell phone, and 56% owned a MP3
player. They also found out that 76% of students used instant messaging, 92% of
those reported multitasking while instant messaging, 40% of students used
television to get most of their news, and 34% the Internet. This generation spends at
least 3.5 hours a day online. Younger people seem to be less hesitant towards
information technology. They tend to be more and more accompanied by
technology throughout their everyday lives. Especially mobile phones are used
pervasively in today's world. According to the International Communication Union,
there were estimated 4.6 billion cellular telephone subscribers globally in 2009,
with the number of mobile broadband Internet connections for the first time
exceeding the number of fixed broadband subscribers (see [ITU, 2009]).
Increased Willingness to Create Content: In recent years, Web users have more
and more found interest in creating and uploading data to Web communities, such
as to Wikipedia and social networks (e.g. Facebook). The term user-generated
content, also referred to as consumer-created media or user-created content,
describes all kinds of Web content that is publicly available and that has been
produced by end users [Wunsch-Vincent and Vickery, 2007]. Types of usergenerated content include discussion boards, wikis, blogs, and social networking
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sites. Successful projects applying user-generated concepts include Wikipedia 6, a
collaborative encyclopedia, and Semapedia 7, a mobile version of Wikipedia that
interacts with landmarks by scanning 2D barcodes attached to them. Another
remarkable project is Open Streetmap 8, which allows consumers to use mobile
devices to actively participate in creating maps, using GPS for localization. In
addition, a number of mobile, location-aware, social networks have emerged. These
include for example Google Buzz 9 and Foursquare 10. Applying user-engagement to
products, futurologist Alvin Toffler coined the term ‘Prosumer’ when he predicted
that the role of producers and consumers would begin to blur and merge in his book
‘The Third Wave’ [Toffler, 1980]. People are more and more becoming interested
and active in their role as consumers, they want to know and influence what they
are consuming. Consequently they participate in online product communities and
create, for example, product reviews such as described earlier.

I.2

Idea and Challenges

The combination of (i) the need of consumers for well-structured additional product
information at the point of sale, (ii) as well as the technical and societal trends
outlined above, provides a vast potential for a new breed of mobile phone
applications – applications that allow users to scan tagged products while shopping
and then access and contribute product experiences over the Internet.

Figure I-IV: The fundamental idea of the thesis

6

http://www.wikipedia.org
http://en.semapedia.org
8 http://www.openstreetmap.de
9 http://www.google.com/buzz
10 http://foursquare.com
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The fundamental idea of this thesis (see Figure I-IV) is to empower people to take
better buying decisions by giving them the chance to access and enter product
reviews in a community-based fashion, utilizing their mobile phone. The interaction
with products, i.e., ‘telling’ the phone what product is on hand should be conducted
by scanning tagged products with mobile phones, so that the user does not have to
enter the product by hand.
The envisioned system can help consumers take better buying decisions. When
standing for example in front of a wine shelf in a supermarket, overwhelmed by the
amount of choices offered, the tag attached to a wine bottle is scanned and
experiences other consumers have made with this wine are received over the
Internet and displayed on the mobile phone. Having decided on a wine and, for
example, having enjoyed the wine during a nice dinner, the consumer could, again,
scan the tag attached to the wine bottle and share her experience with the
community.
It is worthwhile mentioning that in the course of this thesis a number of commercial
approaches that solve similar problems have reached the market.
CompareEverywhere 11 and ShopSavvy12 were the first approaches for mobile
comparative shopping (price comparison) that were introduced to the market. They
were successful participants of Google’s Android Developer Challenge, a
competition encouraging developers to write Android applications. The German
counterpart of these applications is Barcoo 13, which has recently been joined with
Woabi 14. Also, the Swiss online product comparison portal Comparis 15 offers an
iPhone application for comparing products at the point of sale. A specific mobile
rating application for wine has been introduced with WineByTheBar 16. A
humoristic approach towards scanning product barcodes using mobile phones is
taken by a company called Barcode Beasties 17. They have developed an application
that, based on the number of the barcode scanned, creates a random monster that
can then fight other monsters on the web as a game. In addition, global players like

11

http://www.talkandroid.com/applications/compare-everywhere
http://www.biggu.com
13 http://www.barcoo.de
14 http://www.woabi.de
15 http://www.comparis.ch/comparis/downloads/iphone.aspx
16 http://www.winebythebar.com
17 http://www.barcodebeasties.com/
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Oracle 18 and Google have identified the potential of supporting consumers when
shopping using the mobile phone. They have introduced a mobile version of Google
Products 19, the mobile augmented reality application Google Goggles 20 that
supports shoppers, and recently a dedicated mobile shopping application, the
‘Google Shopper’ 21. It seems that also for the coming years, mobile is one of the
mega trends in retail (see [Joshi, 2009]).
As promising as accessing and entering product reviews on the mobile phone
seems, the idea involves a number of challenges, such as intuitive interaction with
products and the representation of product experiences on mobile phones. This
creates a design space for an appropriate user experience (compare [McCarthy and
Wright, 2004]).
For example, ever since the emergence of mobile phones, entering text on a mobile
phone has been a major obstacle (see [MacKenzie and Soukoreff, 2002]). There
have been approaches to overcome this media break, for example through
introducing specialized soft keyboards (see [MacKenzie et al., 1999]) and softwaresupport for 9-digit hardware keyboards 22. But still phones lack on convenient ways
of entering data. Also, displaying information on the rather small displays in a wellstructured way is a challenge. Many have researched displaying web sites
specifically for mobile phones (see [Roto et al., 2006]). Others (see [Jones et al.,
2002]) have specifically focused on user interfaces for searching for information on
mobile devices. The conclusion is that information displayed on mobile phones
needs to be displayed specifically for mobile phones, and especially mobile
applications (compared to Web sites) need to take into account the specific
properties of mobile phones (see [Jones and Marsden, 2006]). This leads to the
following challenges for designing applications for product reviewing on mobile
phones:
• Designing the interaction between user, product, and mobile phone in a
convenient way. Users should be enabled to scan tagged products in order to
‘identify’ them.
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• Designing the application in a way that reviews can easily be entered and
displayed in a clearly laid out way.
Besides the technical and interaction challenges this thesis focuses on, it needs to be
kept in mind that the situation in which users apply mobile applications usually
differs from offices, meeting rooms, and lecture halls, which are the typical contexts
where users access the Web on personal computers. Compared to mobile contexts,
internal factors such as tasks and goals are different, and external factors such as
objects and people around us are different and dynamic [Tamminen et al., 2004].

I.3

Research Question and Contributions

The preceding sections have motivated the idea to create a community for usergenerated product reviews on mobile phones and have outlined usability challenges.
This thesis addresses the above-mentioned challenges and aims at finding answers
to the following question:
How can user-generated product reviews on mobile phones be technically realized
with special consideration of usability?
The thesis describes the design, implementation, and evaluation of a concept for
product reviews on mobile phones. This results in contributions to the field of
Ubiquitous and Mobile Computing, and to the domain of Mobile Human-Computer
Interaction:
Concept and Prototype for Reviewing Products on Mobile Phones: In this thesis
a concept for reviewing products in a community-like fashion via mobile phones is
suggested. It is tailored to mobile phones specifically, meaning that ways for
providing intuitive usability are handled with particular consideration. The concept
has been implemented in a research prototype and evaluated in a formative survey
jointly with users.
Design Guidelines for Mobile Product Identification: The dissertation also
contributes findings from two user studies analyzing ways to identify products using
a mobile phone. One of the user studies describes a comparison of product
identification techniques for mobile phones, regarding ‘speed of identification’ and
the ‘perceived ease of use’. These interaction artifacts will help designers of
product-centric mobile applications in choosing appropriate identification
technology. The other user study performs an in-depth evaluation of mobile 1D
barcode scanners in a user study in a quasi-realistic shopping location and based on
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this study contributes guidelines on how these scanners should be designed in order
to achieve more intuitive usability.
Insights on Product Reviewing Modalities: Another cornerstone of this thesis is a
usability-comparison of modalities for entering and using product reviews on
mobile phones, gained through two user studies in a quasi-realistic shopping
environment (the studies were performed at SAP’s Future Retail Center, a retail
living lab environment). The insights gained are relevant to all researchers and
application developers who are planning to integrate reviewing functionality into
their mobile application, be it for products, news, or other real or virtual objects that
can be reviewed. They also add to the general understanding of entering and
displaying information on mobile phones.
Commercialization Guidelines: In addition, the applicability and
commercialization of the suggested concept is discussed. Ways to monetize the
collected data are outlined and possible challenges are identified. Also, the thesis
suggests how the emergence of similar systems could influence the market
landscape.

I.4

Document Outline

The contributions outlined above are distributed over the following chapters:
Chapter II performs a review of related literature regarding product reviews on
mobile phones. First, it gives an overview of user-generated product reviews and
recommender systems on the Internet. Second, it outlines specific recommender
systems for mobile phones, discusses approaches for user-generated content on
mobile phones, and gives an overview of mobile shopping applications. Finally,
since the identification of products through mobile phones is a key usability issue,
the chapter discusses approaches and evaluations for object recognition via mobile
phone.
With the goal to enable consumers to enter and access product reviews on the go,
Chapter III presents a concept for reviewing products in a community-like fashion
via mobile phone. Special attention is paid to the usability challenges of the system
that have been outlined above. Aiming for intuitive usability, two conceptual
choices are made. First, an interaction technique called NFC is selected for the
interaction between products and mobile phones. Second, in order to present
product reviews on a small screen and facilitate their entry via mobile phone, a

I.4 DOCUMENT OUTLINE

13

concept of user-generated product rating criteria is suggested. These conceptual
choices are then evaluated.
Having selected NFC as a technique for identifying products via mobile phone in
Chapter III, Chapter IV evaluates exactly this choice by performing two user
studies. The first user study compares possible product identification techniques for
mobile phones. These include entering a product name manually, entering a barcode
number, scanning a barcode with a camera phone, and scanning so-called RFID
tags. The study highlights that barcode scanning via camera phone can be
performed intuitively by users, and since barcodes are attached to almost all
consumer goods today, this interaction technique is the most applicable in today’s
conditions. Based on this result, the second study compares eleven state-of-the-art
mobile 1D barcode scanners that are currently available on the market in a user
study with 20 consumers and draws design guidelines from the gathered used
feedback.
Also the second technological suggestion is evaluated. Based on the suggestion of
user-generated product rating criteria in Chapter III, Chapter V evaluates ways for
entering and accessing product reviews on mobile phones. In two user studies
conducted in a quasi-realistic shopping environment (at the SAP Future Retail
Center in Regensdorf close to Zurich), three modalities for entering and accessing
reviews via mobile phones are evaluated: stars (symbol), text, and video. Based on
this evaluation, guidelines for adding reviewing functionality to mobile applications
are derived.
Chapter VI outlines the results from the performed evaluations and puts them in
relation to the concept suggested in Chapter III. In addition, the applicability and
commercialization of the suggested concept are discussed. The discussed issues
include the motivation of users to contribute reviews, providing sufficient initial
content, the credibility of user-generated reviews, the monetization of the service,
and privacy concerns.
Chapter VII concludes the thesis. It generalizes the findings of this dissertation by
outlining implications for research and for the market landscape of mobile
applications, and by identifying areas for future work.
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II

Related Work

This chapter presents related work on product recommendations via mobile phones.
These works have been mainly carried out in the fields of business administration
and computer science.
The first section gives an overview of approaches on shopping and collaboratively
reviewing products on the Web (electronic commerce), and how it compares to
traditional markets. This serves as a starting point for motivating the usefulness of
the suggested system, and for understanding how product reviewing systems on
mobile phones needs to differ from those on the Web. The second section provides
a typology of recommender systems with the goal of understanding to what extent
they overlap with user-created product reviews. They are described separately since
they focus on algorithms and less on business aspects than the works outlined in the
section on e-commerce. The third section puts the idea of this dissertation in
relation with existing mobile concepts and applications in order to gather joint
requirements and survey possible implementations, and the final section outlines
possibilities of mobile phones for interacting with objects, which is a crucial
usability aspect of this dissertation and influences the choice of identification
technology in Chapter III.

II.1

Electronic Commerce

In order to understand whether product reviews on mobile phones can help shoppers
in traditional stores, this section outlines how consumers use product reviews on the
Web, and how digitized opinions of others influence consumer behavior.
Publications on consumer behavior on the Web and differences between shopping
on the Web and traditional stores are usually carried out in the fields of ‘marketing’
and ‘consumer behavior’, and if they specifically investigate aspects of Web
shopping, the terms ‘electronic commerce’ or its short form ‘e-commerce’ are
frequently used. Most of the works on consumer behavior related specifically to
online markets were conducted earlier in this decade, in the hype phase of ecommerce.
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II.1.1

Multichannel Aspects

Since more than ten years ago, the Internet has been identified as a promising
marketplace [Bakos, 1998]. But although the Internet as a sales channel is gaining
momentum 23, people still like to buy in traditional retail outlets (see . Consumers
appreciate the immediate availability of products, the interaction with people, the
easier return of goods, and, most importantly, the ‘haptic’ or ‘tactile’ experience
with the product (see, hear, touch, smell, taste) when shopping in a conventional
store.
There has been a lot of research on whether there are systematic differences in
consumer choice behavior between online and conventional stores, and if there are
differences, at understanding the reasons for these differences.
Potential: Rasch and Lintner [Rasch and Lintner, 2001] of the Boston Consulting
Group have published a white paper ‘The Multichannel Consumer’, in which they
identify the challenge of the Internet as a sales channel compared to traditional retail
outlets. They have conducted a survey and one-on-one interviews with 12,000
European Internet users in order to find out how they had been using online retail
channels. The paper gives a general overview of the multichannel issue. Zenebe et
al. [Zenebe et al., 2005] have performed a qualitative comparison of recommender
systems in e-commerce and in m-commerce. They outline common points and
differences regarding user model, service model, engines and algorithms, and user
interfaces. Farag et al. [Farag et al., 2007] relate the frequency of online searching
and online buying to shopping trips, using a so called ‘structural equation model’.
The results indicate that searching online leads to more shopping trips, which in
turn leads to more online purchases. The duration of shopping trips decreases the
more is searched online. The closer shopping opportunities are the less is searched
online. This study indicates a fragmentation of information search and purchase in
time and space, which leads to overhead, and thus motivates to provide product
information to consumers while shopping.
Branding and Pricing: Deregatu et al. [Degeratu et al., 2000] have specifically
evaluated whether brand names are more valuable online or in traditional
supermarkets, and whether the availability of comparative pricing information
online makes consumers more price sensitive. They conclude that the combined
effect of brands and pricing is weaker online than offline. Brynjolfsson and Smith
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[Brynjolfsson and Smith, 2000] compare pricing characteristics of the Internet to
those of conventional sales channels. For two homogeneous products (CDs and
books) they use 8500 price observations in the Web and in traditional stores to
gather insights into price levels, price changes, and price dispersion (i.e. pricing
differences among retailers of a kind). They find that prices are 9-16% lower in the
Internet than in traditional stores (depending on whether taxes and shipping are
included). Prices change in the Internet more frequently and in smaller steps. This is
due to the lower costs of changing prices, the so called menu costs. Price dispersion
in the Internet is, surprisingly, higher in the Internet than in conventional outlets.
However, if the market share of each Internet retailer is weighed on the price, the
price dispersion among Internet retailers is much smaller than in traditional outlets.
An important conclusion is that, as more and more consumers are accessing the
Internet, it will be harder and harder for conventional retailers to differentiate on
price.
II.1.2

Electronic Word of Mouth

In addition to approaches that investigate the differences between shopping online
and in physical stores, there have been specific investigations on exchanging
opinions about products on the Web. This so-called electronic word of mouth
(eWOM) has been researched mainly under the umbrella of ‘personal influence’ or
‘word-of-mouth’ (WOM) research. Also, research on recommendations and to
influence in general relates to the field of ‘opinion leadership’ and ‘reference
groups’.
Potential: One of the first to identify that ‘electronic information systems’ can lead
to better buying decisions were certainly Widing and Talarzyk [Widing and
Talarzyk, 1993]. Another early approach to this has been taken by Alba et al. [Alba
et al., 1997]. They discuss the implications of ‘interactive home shopping’ for
consumers, retailers, and manufacturers. With the hype of the Internet yet to come,
they identify the opportunity for comparing products through new technologies and
discuss advantages and disadvantages of buying through online markets. Dellarocas
[Dellarocas, 2003] outlines challenges and opportunities of digitizing word-ofmouth on the Web, using Ebay as a case study. He concludes that online feedback
mechanisms have the potential to harvest information from large communities at
low cost. He highlights that the information gathered has a wide range of
managerial implications, such as on product design activities, marketing activities,
and quality assurance. The article highlights that the motivation of users to
participate in online communities is an important open issue.
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Motivation: [Kostakos, 2009] has evaluated the product review mechanisms of the
websites Imdb, Amazon, and BookCrossings. He performs a quantitative analysis of
the review behavior of users and concludes that the higher the barrier to review a
product, the more likely it is that people only review once, and the more expert are
the reviewers. His results also indicate that one-off reviewers tend to review popular
items, while experts go for less reviewed items. These results indicate that there is a
bias in user-generated product reviews, and that the system designers need to
consider behavioral aspects to reduce bias in product review systems. [Gao et al.,
2006] have evaluated what factors influence consumers when creating reviews
online. They conclude that online reviews are heavily influenced by public
opinions. Professional reviews seem to have the biggest impact on consumer
reviews. [Stöckl et al., 2006] generally investigate the motivation of users to
generate content. They conclude that transparency of what is going on in the
community platform results in more content production. Investigating specifically
the motivation for electronic word of mouth, [Hennig-Thurau et al., 2004] develops
a typology for reasons of consumers’ online articulation on product
recommendation platforms. The resulting analysis suggests that consumers' desire
for social interaction, desire for economic incentives, their concern for other
consumers, and the potential to enhance their own self-worth are the primary factors
leading to participation in electronic word of mouth. Dellarocas and Narayan
[Dellarocas and Narayan, 2006] conduct an empirical study on the motivation of
consumers to engage in online communities, i.e. their motivation to review movies.
They find out that consumers are more likely to review movies if they perceive
them as either very good or very bad, if the opinions about the movies are
controversial, if the movies are lesser known or if the movies are discussed
particularly intensively in online communities. In another publication, HennigThurau and Walsh [Hennig-Thurau and Walsh, 2004] investigate the motives of
consumers to use online product reviews. In concludes that consumers read product
reviews to save decision-making time and make better buying decisions. Structural
equation modeling shows that their motives for retrieving on-line articulations
strongly influence their behavior.
Implication on Sales: Based on their general framework for the online influence of
relevant others (see [Senecal and Nantel, 2003]), Senecal and Nantel have
performed a study on the influence of online product recommendations on the
online product choices of consumers (see [Senecal and Nantel, 2004]). Their study
gives detailed insights into expertise and trustworthiness of recommendation
sources, and the general influence of product recommendations on consumers. It
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presents the following findings: Human experts are perceived to have more
expertise for recommendations than random other consumers. However, random
other consumers are perceived to have more expertise than recommender systems.
At the same time, other consumers are perceived to be significantly more
trustworthy than recommender systems, and just as trustworthy as human experts.
But, interestingly, at the same time the study indicated that human experts were
perceived as trustworthy as recommender systems. There is no significant
difference in the trustworthiness among different service providers (seller,
commercially-linked third party, non-commercially linked third party) when it
comes to online product recommendations. Generally, the results indicate that
online product recommendations greatly influence the online product choices of
consumers. As well, consumers are much more influenced by online
recommendations for experience products than for search products
(recommendations for wine were much more influential than recommendations for
calculators). Product recommendation influence is not greater on more independent
websites than on commercially-linked websites. Also, algorithm-based
recommender systems are more influential than other consumers, while other
consumers and human experts are roughly equally influential. Similar results are
provided by Awad and Etzion [Awad and Etzion, 2006]. They have compared the
sales numbers of a retailer between two distinct periods. During both periods the
retailer hosted user-generated product recommendation functionalities on his
website. In a first period, the retailer would remove all generated recommendations
if they were negative towards the retailer. In the second part they would allow all
comments and only remove these that had no value. Besides supporting the finding
of earlier studies that conclude that product recommendations have significant
implications on sales, the study found out that consumers mainly use extreme
product opinions in making their buying decision.
II.1.3

Conclusion

The works outlined above show that there are differences between shopping online
and in traditional stores. While the advantages e-shopping include a broader product
range, competitive pricing, greater access to additional information, and longer
opening hours, consumers appreciate the immediate availability of products, the
interaction with people, the easier return of goods, and, most importantly, the haptic
experience with the product (see, hear, touch, smell, taste) when shopping in
conventional stores. The access to additional product information seems to be one
core advantage of shopping on the Web. Consequently, the approach of making
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additional product information available to consumers while shopping in traditional
stores seems valid. However, the differences between shopping on the Web and
shopping in brick-and-mortar stores (different products, different context) need to
be considered when devising concepts for product reviews on mobile phones.
The works on electronic word of mouth have indicated that product reviews are
considered a valuable help for consumers while shopping, and that they influence
buying behavior towards buying more. The motivation of consumers to participate
in a reviewing community is an issue that needs to be considered when designing a
mobile product review system, and so is the issue of trust. Also, it seems that such
system needs to be applied to a product that is predominantly bought in brick-andmortar stores and that is an experience product. Consequently, high-priced food
products like wine and olive oil seem good candidates for product types to apply
mobile product review systems to.

II.2

Recommender Systems

Another relevant area of related work is in so-called recommender systems.
Recommender Systems are tools that support the user in finding and selecting
products, services or information (in a specific topic or domain) when the user has a
lack of knowledge about topic or domain or there are too many items to be
considered. For this, the developers of the first recommender system, Tapestry
[Goldberg et al., 1992], have coined the phrase ‘collaborative filtering’, and many
others have adopted it. Recommender algorithms have become an important
research area since the first papers appeared in the mid-1990s.
Recommender systems are different to community-based product reviews in the
way that they create recommendations implicitly based on previous behavior of
users, by matching behavior of several users to each other and matching similar
products to each other, and in the way that they actively suggest products to
consumers. Although recommender systems work differently than communitybased recommendations, they are relevant in the frames of this dissertation, since
they also use experiences of consumers to infer a decision aid for other consumers.
Recommender systems can be traced back to work in ‘cognitive science’,
‘approximation theory’, ‘information retrieval’, ‘forecasting theory’ and ‘marketing
science’.
The most important works in the research domain include the following: Resnick et
al. [Resnick et al., 1994] have devised GroupLens, a recommender architecture for
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filtering news on the Web, to help people find articles they will like in the huge
stream of available articles. Shardanand and Maes [Shardanand and Maes, 1995] are
among the first to suggest specific algorithms for automating word of mouth, that
had before been performed in a community-based fashion, by collaboratively
filtering users. Terveen et al. [Terveen et al., 1997] present PHOAKS, a
collaborative filtering system that recognizes and reuses recommendations. It works
by automatically recognizing, tallying, and redistributing recommendations of Web
resources mined from Usenet news messages. [Nichols, 1997] highlight the value of
implicit actions for generating recommendations. In addition to recommender
systems that predict the absolute values of ratings that individual users would give
to the yet unseen items (as discussed above), there has been work done on
preference-based filtering, i.e., predicting the relative preferences of users (see
[Cohen et al., 1999]). For example, in a movie recommendation application
preference-based filtering techniques would focus on predicting the correct relative
order of the movies, rather than their individual ratings.
There are many overview articles on the field of recommender systems. Resnick
and Varian [Resnick and Varian, 1997] describe an early technical design space for
recommender systems and discuss conceptual issues and business issues. In much
more advanced times, Adomavicius and Tuzhilin [Adomavicius and Tuzhilin, 2005]
give an overview of recommendation approaches and describes possible extensions.
Recommender systems are usually classified into content-based systems,
collaborative systems, and hybrid approaches, based on how recommendations are
made [Balabanovic and Shoham, 1997]:
II.2.1

Content-Based Recommendations

Content-based recommender algorithms rely on the approach that the user is
recommended items similar to the ones she has preferred in the past. This means,
for recommending products to a user, content-based recommender systems try to
understand the commonalities among the products that a user has rated highly in the
past, meaning that products are compared to each other and matched to user
profiles. Only products that have a high degree of similarity to the user’s
preferences get recommended. Content-based approaches are frequently applied for
textual information, such as documents, web sites, and news articles. This implies
that the system needs to know about the users’ tastes, preferences, and needs. This
is a limitation, since the user has to rate a sufficient number of products before
being recommended new products. The profile information can be entered by users
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explicitly, for example through questionnaires, or implicitly, learned from their
behavior over time.
Examples for content-based systems are partly discussed by [Balabanovic and
Shoham, 1997], who introduce their system called Fab that recommends Web pages
to users. For these approaches it is important to find appropriate attributes of
products, by which the products are eventually compared (see [Pazzani and Billsus,
1997]). This is the a challenge and a limitation of these approaches (see [Mooney
and Roy, 1999]). For documents, a typical way to find relevant keywords is in
weighing keywords using heuristic methods, Bayesian classifiers, and other
machine learning techniques. Features can also be assigned to products manually,
such as suggested in the concept in Chapter III.3.
For a large set of products this can be difficult, due to a limitation of participating
users (see [Shardanand and Maes, 1995]). Another problem with content-based
approaches is that the user is limited to being recommended products that she has
already rated (over-specialization). For example, a person that has no experience
with red wine would never be suggested a recommendation on red wine (unless she
has entered her interest in red wine manually). The research results of Fleder and
Hosanagar [Fleder and Hosanagar, 2009] indicate that some recommender systems
reduce sales diversity, since they recommend based on earlier sales and ratings,
creating a ‘rich-get-richer’ effect.
II.2.2

Collaborative Recommendations

Collaborative recommender algorithms rely on the approach that the user is
recommended items that other users with similar tastes and preferences have liked
in the past. This means the system tries to understand similarities between the users
of a system. Only products that users with a high similarity have rated as good are
recommended. For example, in order to recommend a wine to a user, the system
tries to find the ‘peers’ of the user and recommends only wines that the peers liked.
Collaborative approaches are commonly applied for products, for example by Web
retailer Amazon. The challenge about collaborative recommender systems is in how
to determine users with similar interests.
The Tapestry system [Goldberg et al., 1992], for example, relied on each user to
find like-minded users manually. GroupLens (see [Resnick et al., 1994]), PHOAKS
(see [Terveen et al., 1997]) and Video Recommender (see [Hill et al., 1995]) were
the first systems to use collaborative filtering algorithms to automate prediction.
The approaches for collaborative recommendations can be grouped into memory-
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based approaches and model-based approaches. Memory-based approaches (see
[Resnick et al., 1994], [Shardanand and Maes, 1995]) are heuristics that predict
ratings based on the entire collection of previously rated items by the users, for
example through clustering approaches or graph theory. In contrast to memorybased methods, model-based algorithms (see for example [Marlin, 2003]) use the
collection of ratings to learn a model, which is then used to make rating predictions.
Examples for techniques used are Bayesian networks, clustering, and linear
progression.
Similar to content-based approaches, collaborative approaches have a so-called
‘new user problem’. The users’ preferences need to be learned before accurate
recommendations can be made. In addition, there is a ‘new item problem’. This
means, in case a new product enters the product set it would first have to be rated by
a number of users in order to be recommended.
II.2.3

Hybrid Methods

In order to avoid the limitations that both content-based approaches and
collaborative approaches have, so-called ‘hybrid’ approaches combine methods of
both (see for example [Pazzani, 1999]).
One way to do this is implementing collaborative and content-based methods
separately and combining their predictions. When combining separate
recommenders, either the outputs from individual systems can be combined (see
also [Pazzani, 1999]), or the output that is considered ‘better’ is used for
recommendation ([Tran and Cohen, 2000] for example uses the output that is more
consistent with past ratings of the user).
Another approach is in integrating some content-based characteristics into a
collaborative approach, as suggested for example by [Balabanovic and Shoham,
1997] (or vice versa [Soboroff and Nicholas, 1999]).
Finally, another option is generating a unifying model that fully incorporates the
characteristics of both approaches, as suggested for example [Basu et al., 1999].
II.2.4

Conclusion

The approaches outlined above generally differ from the concept suggested in this
dissertation in the way that they rather help filtering appropriate products (see phase
3 in Figure I-II) than providing additional information to products in form of a
virtual experience (see phase 2 in Figure I-II), as envisioned in this thesis.

24

RELATED WORK

However, some ideas could be adapted. Leino and Räihä [Leino and Räihä, 2007]
motivate combining recommender systems and user-generated recommendations in
a way that user-generated reviews should also be used as an input for recommender
algorithms.
Also, the approach suggested in this thesis requires users to actively engage in the
product reviewing community through entering ratings manually on a scale from
one to five in order to express this experience. Recommender systems could free
people from entering reviews manually. Instead, users could scan products to
express that they like a product in a binary way, and the system could learn from
that and help filtering products from a large product range and by suggesting
products.
Another aspect is the inclusion of multi-criteria ratings. As indicated by
[Adomavicius and Tuzhilin, 2005], multi-criteria ratings have the potential support
content-based recommender approaches, since this makes comparing products
easier for algorithms. But not only for recommender systems multi-criteria ratings
ease the comparison of products, they also provide means to easily compare
products for the users themselves. This motivates the approach suggested in Chapter
III.3.

II.3

Mobile Applications

Having discussed research on reviewing and recommending products on the Web in
the preceding sections, this section gives an overview of related mobile concepts
and applications. First, it reviews recommender algorithms that have been
specifically tailored to mobile devices, for example making use of context
awareness. These algorithms have mostly been applied for context-aware tour
guides. Second, it outlines mobile approaches to user-generated content. Finally, the
section gives an overview of mobile applications that have been specifically devised
for the purpose of supporting consumers when shopping.
II.3.1

Recommender Systems for Mobile Phones

There has been a lot of work on tailoring recommender algorithms specifically to
the features of mobile phones such as location-awareness and the proximity of other
users. Most of the approaches make use of the fact that users may move, and users
with similar interests may be in the proximity. This is frequently referred to as
spatio-temporal proximity.
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Algorithms: For example Tveit [Tveit, 2001] makes use of the mobility and
proximity of users and provides an early approach of a peer-to-peer collaborative
filtering algorithm for mobile phones, in which the processing of the
recommendation data is done decentralized. Cöster and Svensson [Cöster and
Svensson, 2005] build up on this and present a decentralized approach for
collaborative filtering (making use of similarity between users) on mobile devices,
which is tailored to the fact that mobile phones may not be connected to a central
server permanently. De Spindler et al. [de Spindler et al., 2007] also suggest an
approach of a collaborative filtering algorithm on mobile phones that is based on the
physical proximity of users.
Media Sharing: Many apply these systems for collaborative media sharing. [Gratz
et al., 2008] introduce a recommender system on mobile devices and specifically
focus on the discovery of similar network neighbors in the proximity with the
purpose of sharing podcasts. It is based on two distinct algorithms for collaborative
filtering. A similar approach has been taken by Jacobsson et al. [Jacobsson et al.,
2006]. They present a model where media (e.g. music files) are autonomous entities
that carry their own individual information with the goal to turn these files into
autonomous agents capable of learning through their interactions with other agents
and users through mobile devices. They have tested their concept building an
application called Push!Music. Brunato and Battiti [Brunato and Battini, 2003]
describe the development of a system for mobile devices that recommends web
links to users based on their location. The publication focuses on an algorithm for
filtering and ranking recommendations. A similar approach is taken by Chen [Chen,
2005]. Chen presents a context-aware collaborative filtering algorithm that predicts
a user’s preference in different situations based on past experiences. The highlight
about the approach is that the collaborative filtering techniques are designed in a
way that what other like-minded users have done in similar context can be used to
predict a user’s preference.
II.3.2

User-Generated Content on Mobile Phones

Conceptually more similar to the idea of reviewing products in a community-based
fashion on mobile phones presented in this dissertation, there have been a number
of mobile approaches in the field of user-generated content.
Participatory Sensing: Bulusu et al. [Bulusu et al., 2008] explore what they call
‘participatory sensing’ on mobile phones. They discuss two systems, ‘PetrolWatch’
and ‘Mobishop’. PetrolWatch allows users to take photos of price signs at petrol
station, using their mobile phone. The images are analyzed for petrol prizes and the

26

RELATED WORK

prize information is shared with other users. Mobishop allows consumers to scan
grocery shopping receipts using their mobile phone’s camera and share the prices
with other consumers. Another relevant work on participatory sensing through
mobile phones has been published by Deng and Cox [Deng and Cox, 2009]. They
suggest a system that allows consumers to scan products with their camera phone
and submit price information. This information is collected and used for price
comparisons. This approach can also be considered as a user-generated approach to
‘comparative shopping’.
Sensor-Enabled Social Networks: Another approach is using the sensors
integrated into smart phones for generating content, allowing the implicit creation
of user-generated content. At the University of Dartmouth, the research group of
Andrew T. Campbell has been working on a number of projects that are
summarized under the name MetroSense. The projects collaborate with industry
partners and develop ‘new applications, classification techniques, privacy
approaches, and sensing paradigms for mobile phones enabling a global mobile
sensor network capable of societal-scale sensing’. One subproject is the SoundSense
project [Lu et al., 2009]. The application, implemented on Apple’s iPhone, records
sounds over the microphone of the phone and infers activities of the users, such as
driving a car. It can gradually learn activities, should an activity not be recognized
originally. The related personal sensing system CenseMe [Miluzzo et al., 2007]
[Miluzzo et al., 2008] enables members of social networks such as Facebook to
share their status with friends. Sensed through GPS, accelerator, and microphone,
the status is generated and includes the user’s activity (e.g., sitting, walking,
meeting friends), disposition (e.g., happy, sad, doing OK), habits (e.g., at the gym,
coffee shop today, at work) and surroundings (e.g., noisy, hot, bright, high ozone).
II.3.3

Shopping Support through Mobile Phones

A lot of research has investigated how mobile phones can support consumers when
shopping, resulting in a considerable amount of prototypically implemented mobile
shopping applications. Most of these applications have very similar features to the
application suggested in this dissertation.
Comparative Shopping: In their early work on mobile shopping assistance,
Asthana et al. [Asthana et al., 1994] were among the first to introduce a system for
comparative shopping system at the point of sale. They suggest an architecture and
an implementation of a system through which consumers can access information
provided by a retailer on a PDA while shopping. Also, Zacharia et al. [Zacharia
et al., 1998] suggested shopping via PDAs. Their system, called ‘PDA@Shop’,
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mediates in the negotiations between offers of seller agents (online and real store)
and the customer, represented through a mobile buyer agent. Based on this work,
Brody and Gottsman [Brody and Gottsman, 1999] were among the first to suggest a
mobile shopping application in which the phone interacts with products through
scanning of barcodes. Their application called Pocket BargainFinder is a mobile
price comparison service. As already mentioned in the section on mobile
recommender systems (see Section II.3.1), Tveit [Tveit, 2001] has presented a
mobile peer-to-peer network, in which product recommendations are generated
through collaborative filtering algorithms. Based on the profile of a user querying a
recommendation for a particular product, his query is routed through the peer-topeer network and the recommendations of the other participants are ranked and
routed back to the user. This approach seems outdated, as mobile Internet
connections are more and more coming up. Also Kwon and Sadeh [Kwon and
Sadeh, 2004] have developed a prototype that uses a mobile phone to negotiate with
sellers when shopping. It automatically estimates user preferences based on context
in order to determine the best purchase option.
Retailer-Driven Approaches: Also, there have been a number of approaches that
aim at allowing retailers to provide consumers with additional information on the
phone (see [GS1, 2010]). Kourouthanassis et al. [Kourouthanassis et al., 2002]
combine RFID and mobile technologies and suggest a software environment for
supermarkets called MyGROCER. Rather than focusing on mobile phones for the
interaction between consumer, product, and information, an ambient intelligence
approach is selected. For example, MyGROCER features a Smart Shopping Cart
that reacts upon adding and removing items. A similar but more recent approach has
been taken by Tamura [Tamura, 2009], who suggests decision aid at physical
grocery stores by using a context-aware system embedded with shopping carts.
Another approach that can be conducted jointly with retailers is the one of Lee and
Jin [Lee and Jin, 2004]. They have built a mobile shopping application specifically
for mobile devices, catering for the specific hardware constraints of mobile phones.
It provides personalized contents offered by the retailer, such as special deals for a
particular customer. Resatsch et al. [Resatsch et al., 2007] have created a system
called the ‘Mobile Sales Assistant’. It helps retailers to check the stock availability
of products directly at the point of sale. Also a more recent approach has been
published by Resatsch et al. in 2008 [Resatsch et al., 2008]. Their work describes
the development of a prototype called ‘The Mobile Prosumer’, and contributes an
in-depth evaluation with consumers and shopping personnel. The article
investigates the usefulness of product information on mobile phones. In addition,

28

RELATED WORK

their work makes suggestions about the usefulness of product information on
mobile phones for a range of different product types. This work builds up on the
insights of Resatsch et al., and focuses specifically on interaction aspects of
reviewing systems on mobile phones. Another well-researched approach is socalled extended packaging. Numerous research prototypes investigate how
ingredients, such as an allergy diet, can be matched to a user profile in order to
support the user to buy according to her diet. Mankoff et al. [Mankoff et al., 2002]
present a system that allows users to keep track of a healthy diet using their mobile
phone. They suggest, implement, and evaluate a system which focuses on scanning
grocery-shopping receipts and calculating the nutritional information of the scanned
receipt. The system suggests alternative items where appropriate. An innovative
approach on the business side, Lee and Seo [Lee and Seo, 2006] discuss a mobile
shopping application that integrates traditional shopping with web shopping.
Assuming that products are tagged using RFID tags, and that these tags can be read
by mobile phones, they suggest a system that allows consumers to scan products in
a shop and order it online. The authors expect that through intensified competition,
the role of conventional retailers will shift into the role of a displayer, who is
rewarded by web shops later.
User-Generated Product Reviews: The first mobile product reviewing system has
been suggested by Miller et al. [Miller et al., 2003]. They contribute the design,
implementation, and usability testing of a mobile recommendation system for
movies. The system is called MovieLens Unplugged (MLU) and provides mobile
users with recommendations and playtimes of movies, when browsing brick-andmortar video stores. The system has been deployed and tested on four different
mobile devices (cell phone, web phone, PDA, wireless PDA) and, remarkably,
provides a voice interface for accessing recommendation. The work was performed
in 2003, thus the technologies are not up-to-date any more. For example, the
interaction of mobile phones with physical items is not yet addressed, the devices
used are equipped with small, monochrome screens, and WAP is used as an Internet
technology. In their testing, it becomes obvious that, in contrast to today, people do
not have the mind set yet to access the Internet on mobile devices. The same group
has published a study on the adaption of MovieLens for palmtop computers [Miller
et al., 2004]: they have developed and tested PocketLens, a collaborative filtering
algorithm, along with five peer-to-peer architectures for finding neighbors. They
focus on occasionally connected devices, which seems not relevant any more in
today’s time, where the mobile Internet becomes more and prevalent. Also, the
work of Kowatsch et al. [Kowatsch et al., 2009] investigates product reviews on
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mobile phones. They specifically investigate how product recommendations made
available at the point of sale will be adopted by consumers. Their results indicate
mobile product reviews have potential to be adopted on mobile devices in in-store
purchase situations, especially when they are provided for free and refer to
consumer electronics. According to their results, consumers are willing to pay 2.9
percent of the product’s price for a corresponding review on average. Also, there are
a number of very recent approaches that make use of the immense technological and
social progress in the last few years. A social-network-based mobile shopping app
called ‘ThisOrThat’ has been suggested by Boardman and Casalegno [Boardman
and Casalegno, 2009]. Being in a shop, overwhelmed by the amount of choices, the
app allows to take a photo and to ask friends from within the social network for
advice.
User Interfaces: Also user interfaces for shopping support at the point of sale have
been discussed recently. Güven et al. [Güven et al., 2009] present a social-network
enriched shopping support system on mobile devices. An innovative idea in this
approach is that 3D avatars are used to present product reviews to interested
consumers. Mistry et al. [Mistry et al., 2009] take augmented shopping one step
further. Instead of displaying relevant information on a mobile phone’s screen, they
have experimented with a wearable device called ‘WUW (wear your world)’,
consisting of a camera that recognizes gestures of the user and a projector that can
project product reviews directly onto the product’s surface.
II.3.4

Conclusion

Although this dissertation focuses on investigating community-based product
recommendations on mobile phones, the works on mobile recommender algorithms
highlight the potential of using mobile phones for additionally detecting the context
of the user and creating and accessing implicit product recommendations. The
described approaches on user-generated content show that mobile phones offer
immense possibilities for collecting and displaying user-generated content. And
although various mobile shopping applications similar to the one suggested exist,
none of them has focused on electronic word of mouth in depth and has
systematically evaluated the usability of such systems, especially the interaction
with products. This gap will be closed through this dissertation.
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II.4

Physical Mobile Interaction

An important building block of the suggested concept is the interaction of mobile
phones with products through tags. Chapter I.2 has identified the selection of an
appropriate technique for the recognition of products through mobile phones as one
of the key challenges of this thesis. This technique in which a user interacts with a
smart object in her proximity through a mobile phone is called physical mobile
interaction. There have been numerous approaches for mobile phones to interact
with objects, making the phone as a ubiquitous input device (see [Ballagas et al.,
2006]). These are described in the following.
II.4.1

Interaction via Touching

One way of interacting with objects using mobile phones is in touching the object,
respectively a tag that is attached to an object. This assumes that the object is
augmented with a tag, and that the user knows where the tag is located. It also
assumes that the object is in the proximity of phone and user.
Want et al. [Want et al., 1999] were among the first to present a technique in which
the user would interact with an RFID-tagged object through an RFID reader
attached to a mobile device. [Tuomisto et al., 2005] have experimented with using
proximity sensors integrated into smart objects for sensing the proximity between
object and mobile phone, an interaction technique they call ‘TouchMe’.
Among other interaction styles, also the NFC technology allows for touch-based
interaction between mobile phones and objects. So-called NFC tags, particular
RFID tags are attached to the object in this case. NFC is a short range data
communication technology using the frequency band of 13.56 MHz. NFC is a
standardized through the Near Field Communication Interface and Protocol NFCIP
1/2 (ECMA-340, ECMA-352, ISO/IEC 18092) and is compatible to MIFARE
(ISO/IEC 14443A), FeliCa (complies with ISO/IEC 18092) and ISO/IEC 15693. A
comprehensive overview of applications for NFC, as well as differences to other
types of RFID communications has been performed by Falke et al. [Falke et al.,
2007]. In addition, Anowka et al. [Anokwa et al., 2007] have suggested a usage
model for NFC. NFC has not reached a widespread use yet. However, a number of
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mobile handsets with NFC functionality have been released to the market 24 and the
industry is experimenting with NFC and performing trials in various application
domains. For example [Geven et al., 2007] present results of a field trial with NFC
technology. The group has performed a diary study, an online survey, an experience
study, a focus group and an idea development workshop. They conclude that users
are positive towards the usefulness of NFC-based services, but demand a better
implementation of NFC-based services in order to make NFC beneficial for users.
II.4.2

Interaction via Pointing

Interacting with an object using the pointing technique, the user points her mobile
phone into the direction of the object. In most of the cases the object is tagged in
order to support the interaction technique pointing. Pointing can be implementing
using technologies such as visual markers (e.g. barcodes), image recognition, light
beams, laser pointers, and many more. One of the first to suggest pointing at
objects using the mobile phone was Fitzmaurice [Fitzmaurice, 1993]. He suggested
an augmented library to be a promising application area for this technique.
A widely applied mode for interacting with objects by pointing is through visual
markers such as 1D barcodes and 2D barcodes. Although people tend to talk about
‘scanning’ barcodes, literature categorizes the interaction with objects by reading
visual tags as ‘pointing’. There are numerous software-based readers for 2D
barcodes on the market already. And for 1D barcodes that are usually attached to
products, for example Adelmann has investigated a reader in the research domain,
has selectively published about it (see [Adelmann et al., 2006] [Adelmann, 2007]),
and has recently founded the university-spin-off Mirasense 25, which licenses
barcode scanning technology for mobile phones. In the course of this thesis, a
number of additional software-based 1D barcode readers have emerged. The mostwell-known ones include Google ZXing 26, the reader of the company Barcoo 27,
BeeTagg 28, CodeICare 29, ixMat 30, NeoReader 31, QuickMark 32, RedLaser33,
SnapABar 34 and ZebraScan 35.

24

See for example http://europe.nokia.com/find-products/devices/nokia-6131-nfc.
http://mirasense.com
26 http://code.google.com/p/zxing
27 http://www.barcoo.de
28 http://www.beetagg.com
29 http://web.rfidsolutions.ch/InternetOfThings/codeicare-application.html
30 http://www.androlib.com/android.application.com-ixellence-ixmat-android-community-jmBj.aspx
25
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Another approach for interacting with products is through pointing is by reading socalled UHF RFID tags. For example [Savolainen et al., 2009] have integrated a
reader into a mobile phone that can read RFID tags at an ultra-high frequency (see
[Finkenzeller, 2003]) from a range up to 40cm.
In recent years there has also been a lot of work on so called mobile augmented
reality. This summarizes approaches that overlay objects of the real world with
information, either on a mobile phone’s screen or through projection directly on the
object, upon image recognition of the object. An early approach to this has been
taken by [Azuma et al., 2001]. A lot of work on mobile augmented reality is also
carried out at the Studierstube at TU Graz (see [Wagner et al., 2005]). The research
group has been elaborating on the potential and practical issues of mobile phones
for augmented reality in general (see [Wagner and Schmalstieg, 2009a], [Wagner
and Schmalstieg, 2009b]), have suggested games and applications [Wagner et al.,
2010], and provided solutions for technical aspects of mobile AR [Wagner et al.,
2009]. Applied approaches to image recognition through mobile phones have for
example been released through Layar 36 and Kooaba 37.
II.4.3

Interaction via Scanning

The technique scan is a technique for mobile phones interacting with objects, in
which a mobile device scans an environment for nearby objects. This requires
intelligent device, optimally devices that are within the same network as the mobile
phone. An example for this technique is Bluetooth. For example [Tuomisto et al.,
2005] used soap boxes that communicate to each other via radio connection to
implement this radio technique. This technique does not seem to relevant for
interacting with consumer products as envisioned in this thesis, since it requires
items to be equipped with powerful processors that are cost-wise not applicable for
low-cost consumer products.
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http://www.neoreader.com
http://www.quickmark.com.tw/En/basic/index.asp
33 http://redlaser.com
34 http://www.jaxo-systems.com/solutions/snapabar/?lang=en_US
35 http://www.symbian-freeware.com/download-zebra-scan.html
36 http://layar.com
37 http://www.kooaba.com
32

II.4 PHYSICAL MOBILE INTERACTION

II.4.4

33

Interaction via User-Mediated Techniques

User-mediated techniques denote techniques in which the user types in information
about an object to identify the object. No tagging technology is needed therefore.
An example is entering a search string on the mobile phones keyboard, or entering a
number located under the product’s barcode.
II.4.5

Evaluations of Physical Mobile Interaction Techniques

There have been numerous evaluations of the techniques outlined above. In their
earlier publication, Rukzio et al. [Rukzio et al., 2006] elaborate on the usefulness of
the physical mobile interaction techniques ‘touching’, ‘pointing’, and ‘scanning’ in
different contexts. The group observed that location is by far the most important
factor for the selection of touching, pointing or scanning within a given context. In
terms of the activity of the user (standing, sitting, lying), the paper indicates that if
the user is sitting or lying, she prefers an interaction technique which is possible
without changing the location, even if the interaction might take more time. People
prefer to touch things that are near. If they are not near, and there is a clean line of
sight, they prefer pointing. Only if all else fails they prefer scanning.
Later, Rukzio et al. [Rukzio et al., 2007] present an experimental comparison of
four different physical mobile interaction techniques: touching, pointing, scanning
and user-mediated object interaction. Using four different prototype applications,
advantages and disadvantages of these interaction techniques are described. The
results show that in a smart environment the distance between the user and the
smart object is an important factor for the preference of an interaction technique. If
the object is within grasp, users prefer touching, if the user is too far away for
touching but there is a line of sight, users prefer pointing, and in all other cases they
prefer scanning. This is not true for the context of a mobile museum and tourist
guide in which the user is interested in a nearby exhibit or sight anyway. Therefore,
the distance between object and user does not play an important role. In this setting,
factors like proactive behavior of the application supported by scanning, simplicity
and reliability provided by user-mediated object interaction, innovativeness and fun
aspects related with touching, pointing and scanning or simplicity provided by
touching and user-mediated object interaction can lead to user preference in a given
context.
Broll et al. [Broll et al., 2007a] specifically present an evaluation of mobile
interaction techniques with objects from the real world, by the example of a mobile
ticketing application. In a user study, the participants were asked how they rated
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each technique in terms of ease of handling, fun during use, innovativeness, and
reliability. The results indicate that ‘touch’ is the easiest to handle technique, the
most fun technique, and the most innovative technique. However, user-mediated
object selection was considered more reliable. They build up on this work by
devising Collect&Drop [Broll et al., 2008], a method for mobile phones for the
interaction with multiple tags, that happens within the same interaction process,
such as comparing products when shopping. With the goal to facilitate the
interaction of mobile phones with services, Broll et al. [Broll et al., 2007b] also
present a generic framework that combines Semantic Web Service technology and
Physical Mobile Interaction. The method uses mobile devices to extract information
from augmented physical objects and use it for a more intuitive and convenient
invocation of associated services. For that purpose, the presented framework
exploits Web Service descriptions for the automatic and dynamic generation of
customizable user interfaces that support and facilitate Physical Mobile Interaction.
A user study with a prototype application for mobile ticketing confirms our concept
and shows its limits.
In addition, there have been many evaluations on how mobile phones can interact
with specific objects, such as posters, billboards, electronic devices, and products.
For example Messna et al. [Messna et al., 2009] have evaluated the interaction of
mobile phones with billboards, based on NFC technology. The paper describes the
design of the NFC-based advertisement billboard, a first prototype, and its
preliminary evaluation. Robinson et al. [Robinson et al., 2009] suggest a mobile
system that interacts with geo-tagged locations. As soon as the user points her
phone into the direction of a geo-tagged location such as a building, the device
location is discovered, the device vibrates and information about the location can be
accessed. Roduner [Roduner, 2006] reviews the use of mobile phones for steering
appliances. Based on a prototype and a first evaluation, it argues that mobile devices
should not be considered tools for general appliance control, but rather a means to
assist users in exceptional situations that they do not encounter on a daily basis.
Another work of the same group [Roduner et al., 2007] addresses this problem in
more detail in another user study. The results show that mobile devices can greatly
simplify appliance operation in exceptional situations, but that the idea of a
universal interaction device is less suited for general, everyday appliance control.
Roduner and Langheinrich [Roduner and Langheinrich, 2007] have identified the
potential of enabling consumers to interact with products through their mobile
phone. They present an open lookup infrastructure that allows commercial, public,
and private entities to easily provide information and services associated with
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tagged items. The idea is to facilitate the rapid development and deployment of
applications interacting with everyday products.
II.4.6

Conclusion

The studies evaluating object identification techniques for mobile phones that have
been outlined above are a first step to understanding how product-related services
on mobile phones can interact with products. This thesis builds up on these works
and specifically investigates interaction techniques for mobile phones with
consumer products. The two studies investigating this are presented in Chapter IV.
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III

A Concept for Product Reviews on Mobile Phones

As outlined in Chapter I, the goal of this thesis is to enable consumers to access and
enter product reviews while on the go, utilizing their mobile phone. Special
consideration is given to the two core challenges of (i) identifying products using a
mobile phone at intuitive usability, and (ii) representing product reviews on mobile
phones taking into consideration the limitations of mobile phones regarding data
entry and data display. This chapter presents a concept for product reviews on
mobile phones, aiming at tackling exactly these challenges. Although similar
applications have been researched (see Chapter II.3), none of the works has
investigated product reviews via mobile phones systematically. The chapter is split
into four parts. The first part describes the overall application concept, gives an
overview of how it can technically be realized, and identifies two core challenges
regarding its usability (see above). Accordingly, these specific usability issues are
addressed at a conceptual level: The second part of the chapter outlines options for
the identification of products through mobile phones and selects NFC as a
technology alleged to have the best usability. This is the approach taken to tackle
the first usability challenge. The third part discusses concepts for reviewing
products that exist on the Web already and presents a novel concept for specifically
reviewing products on mobile phones. It introduces a concept featuring usergenerated rating criteria in order to tackle the second usability challenge. The final
part of the chapter describes a proof-of-concept implementation and first user
feedback for the concept presented.

III.1 Overall Concept
This section describes the overall concept of the suggested application. The purpose
of the application is in allowing consumers to access user-generated product
reviews while shopping in brick-and-mortar stores, and in empowering them to
generate product reviews while on the go, possibly directly after having experienced
a product. The focus of this thesis is to make the concept applicable by providing
intuitive means of interaction. As a starting point to this, the interaction between
products and mobile application takes place through scanning tags that are attached
to products. The user scans a product using her mobile phone while on the go, and
receives reviews that other users have entered for exactly this product. In turn, when
having experienced a product, the user scans the product and shares her experience
by uploading a review in the central database.
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Figure III-I: Building blocks of the suggested application

The suggested system consists of the following building blocks (see Figure III-I): a
product that is reviewed or that is in question of being bought, a tag that is attached
to the product, a mobile phone with the capabilities to scan products and to access
the Web that is running a specific application for reviewing products, and a central
database that that is running on a central server and stores the reviews. In the
following, design options for each building block are outlined. As discussed
extensively in the related work chapter (see Chapter II), similar approaches have
been researched (for example in [Resatsch et al., 2008]) and some have been
commercialized 38 within the course of this thesis project.

Figure III-II: Different tag types attached to a wine bottle
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Products
Technically, the suggested concept is suitable for all physical consumer products
that are tagged and can thus be easily identified using mobile phones (see Figure
III-II) 39. But, according to earlier research, the type of product has an influence on
how intensively consumers use personal information sources and on how these
influence consumers in their buying decision (see for example [Bearden and Etzel,
1982], [Childers and Rao, 1992]). Research has shown that reviews are more
valuable for rather high-priced so called high-involvement products, in contrast to
low-involvement products, where consumers usually do not put much effort in
gathering information before actually taking a buying decision (see [Howard and
Sheth, 1969],[Engel et al., 1993], [Senecal and Nantel, 2004]). Our experience also
indicates that users value reviews more for so called experience products than for
search products [Klein, 1998]. Nelson [Nelson, 1970] distinguishes that goods
either possess search or experience qualities. Search qualities are those that can be
determined by inspection prior to purchase by the consumer. Experience qualities
are those that are not determined prior to purchase. Search goods are defined by
those dominated by product attributes for which full information can be acquired
prior to purchase; experience goods are dominated by attributes that cannot be
known until purchase and use of the product or for which information search is
more costly or difficult than direct product experience. Typical examples of
experience products include wine and books. King and Balasubramanian [King and
Balasubramanian, 1994] found out that (1) consumers evaluating a search product
are rather relying on own-based decision-making processes, while consumers
evaluating experience products rather rely on other-based and hybrid decisionmaking processes. In addition to the requirement of products being tagged and
being relevant for consumers, the physical properties of products themselves play a
role. Depending on where the tag is attached to a products, it may be more sensible
to use light-weight and non-bulky products for the application. Our experiments
showed that already scanning a rather heavy pack of detergent powder can be
difficult for users.
Tags

39 It is worth mentioning that in the course of this thesis project a number of approaches have been made
public that use image recognition to identify products even without tags (see for example
http://www.kooaba.com and http://www.google.com/mobile/goggles/#landmark). However, these approaches
work mainly for products with a well-defined silhouette, such as books.

40

CONCEPT

As far as tags are concerned, natural candidates are the black-and-white striped so
called linear or 1D barcodes (Figure III-II a) 40, since almost all consumer goods are
tagged with them today already. In the future, these tags may be replaced by squareshaped 2D barcodes (Figure III-II b) or even so-called NFC tags (Figure III-II c) or
EPC RFID tags (Figure III-II d). NFC and EPC are two tagging technologies of
Radio Frequency Identification (RFID) tags (see [Finkenzeller, 2003]). The former,
Near Field Communication (NFC) [NFC, 2008], is a consumer-oriented
transmission standard that allows reading of RFID tags by touching them with the
antenna of a mobile phone. The latter, referred to as the Electronic Product Code
(EPC) standard [Thiesse and Michahelles, 2006], is typically applied for supply
chain applications and is in discussion to replace the barcode on consumer products
in the future [Sarma, 2001]. Yet it is not quite clear though whether NFC or EPC
will succeed in the consumer goods industry [Wiechert et al., 2007].
Mobile Application
The suggested concept foresees accessing and entering product reviews anytime and
anywhere. For this, the mobile phone seems the ideal candidate, since people
usually have it with them wherever they are. In addition, recent handsets (so called
smart phones) allow the automatic identification of products through tag scans and
provide Internet access [Ballagas et al., 2006]. This leads to the conclusion that a
mobile application is well-suited for reviewing products while on the go. The
second option, which is to include product review functionality into a website that
can then be accessed through a mobile device, does not seem an applicable solution
in terms of usability. Not only would this limit the possibilities regarding the visual
user interface, but especially interacting with tagged products requires special
software libraries that cannot be accessed from within a website.
Platforms, Devices and Data Connections: Yet, the mobile application market
splits among several platforms, including Symbian, Google Android, iPhone,
Blackberry, and Java ME. For each platform, a number of devices is on the market,
leading to an immense heterogeneity of platforms and devices. This is certainly a
challenge for reaching users with mobile application. Especially the more recent
platforms iPhone and Google Android have become successful within the course of
this thesis project, and yet it is unknown which platform will succeed, or whether
these platforms will coexist. Consequently, many developers focus on these two
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The barcodes most commonly used for consumer products are EAN-13, EAN-8, and UPC-A codes. For
more information see http://www.gs1.org/barcodes.
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platforms for their applications. From a usability perspective, there is hardly a
qualitative difference between the two most recent platforms, iPhone and Android.
This is why we do not dedicatedly investigate the usability of product reviews on
different platforms. Another important issue is the transfer of data between the
mobile application and the database. As far as the Web connection of recent
handsets is concerned, high-speed flat rates for data access are more and more
becoming commonplace, reducing the barrier of the adoption of such services.
Options include EDGE and 3G, with 4G networks potentially coming up in the next
few years. Choosing a fast-enough Web connection is a critical usability issue, but
does, to our estimation, hardly require further investigation.
Means for Product Identification: All of the above-mentioned tags can be read
through mobile phones. Some of them require special hardware (NFC/EPC), and
some of them can be read by applying specific software (1D barcodes/2D barcodes).
The identification of products through mobile phones is a critical usability issue for
product review applications for mobile phones, and is consequently in the focus of
our investigations. Accordingly, means for product identification are investigated in
more detail in Chapter IV.
Product Review Modalities: On the Web, product reviews are mostly expressed
through at-a-glance ratings on a scale from one to five stars, combined with
extensive textual reviews. Aggregating product reviews on a mobile phone, with
limited text entry and display capabilities, is certainly a key usability issue for
product reviews on mobile phones. Consequently, a novel approach for representing
product reviews on mobile phones is elaborated in a dedicated section (see Chapter
V).
Central Database
There are a large number of server technologies that allow the implementation of
services outlined above on the server side, including Ruby-on-Rails, and the Java
Enterprise Edition. The means for reviewing products on mobile phones (as
described above, i.e. stars, text etc.) need to be modeled not only within a mobile
application, but also in a central database. There, product reviews are persisted. But
all of the server technologies provide rather similar means to developers and the
user does not interact directly with the central database, which makes the server not
a critical usability issue. This is why the central database is not in the focus of the
investigations within this thesis project.
The interaction of users with mobile product review systems is the core of this
thesis. Based on the general concept discussed above, there are two critical
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conceptual issues that influence the usability of such systems (see challenges
outlined in Chapter I.2):
1. Selecting appropriate means to identify products from within mobile phone
applications.
2. Designing appropriate means to express product reviews on mobile phones.
The approach to these two issues that has been chosen in this thesis is described in
more detail in the adjacent sections.

III.2 NFC as a Product Identification Technique
In order to enable reviewing of products through consumers using their mobile
phone with special consideration of usability, intuitive means of identifying
products, i.e., ‘telling the mobile application what product is on hand’, need to be
applied.

Figure III-III: Applying user-mediated product identification techniques

It is generally distinguished between so-called user-mediated identification
techniques and automatic identification techniques. For example, the following
options for user-mediated product identification on mobile phones do exist (Figure
III-III):
Entry of a Product String: Similar to searching for products on the Web, users can
enter search terms into a text field, in order to inform a mobile application what
product is on hand (see Figure III-III left image):. A natural candidate for a search
string in case of a product is the name of the product, potentially combined with
brand name of the product on hand. The process is user-mediated in a way that the
user needs to pay attention to read the product name from a package or the product
itself, and enter it through a device such as a keyboard. Obviously a product string
is ambiguous, meaning that different users can user different strings to describe a
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product of the same type. Some websites provide an auto-complete feature that
matches an entered substring to known product strings and suggests a completion.
Entry of a Unique Product Number: To most consumer products, a black-andwhite-striped barcode is glued on to. The data stored in this code is mostly a number
between eight and thirteen digits. The number is usually also printed below the
barcode. It is unique for a product type (e.g. Vittel Mineral Water 75cL has the
EAN 3179732352514). This means to uniquely identify a product type, the user can
also read the number printed below the barcode of a product and manually enter it
into a text field (see Figure III-III right image).
While the approaches mentioned above require the user to pay attention to reading
from a product, and entering data through the keypad of a phone, there are also
approaches for automatically identifying products, without having to enter text or
numbers (Figure III-IV). Tag-based mobile product identification techniques
include:

Figure III-IV: Applying automatic product identification techniques

Barcode Scan: Already today, a number of software libraries exist that allow using
the camera integrated into mobile phones to recognize barcodes. Software for both
recognizing 1D barcodes has been researched [Adelmann et al., 2006] [Adelmann,
2007] and is more and more applied (for example in the open-source project
ZXing 41), and also software for scanning 2D barcodes 42 is already commonplace.
The software works in a way that a so called viewfinder window is started that
displays the image currently captured by the camera on the phone’s screen. As soon
as the user places a barcode inside the viewfinder window, the barcode is decoded
and its number is displayed or used as an input for, e.g., calling a URL (see Figure
III-IV left image). Software libraries as described above can be integrated into
mobile applications via APIs. In the future, it is well possible that dedicated barcode

41
42

See http://code.google.com/p/zxing.
See for example http://reader.kaywa.com, http://www.neoreader.com.

44

CONCEPT

scanners will be integrated into mobile phones. This could make the approach of
using the phone’s camera obsolete.
NFC Tag Scan: Near Field Communication allows the identification of tags
through touching the tag with an antenna integrated in the mobile phone (see Figure
III-IV middle image). As mentioned above, NFC is a consumer-oriented approach
and requires specific hardware for reading tags, which is not integrated into most
handsets yet. However, a few handsets have been released that include NFC
functionality43.
EPC RFID Tag Scan: As mentioned above, the EPC RFID tag standard is
typically applied for supply chain applications and is in discussion to replace the
barcode on consumer products in the future. Recently, readers have been integrated
into mobile phones that allow the identification of EPC RFID tags at ultra high
frequency (860-960 MHz) through pointing from a distance up to 50 cm
[Savolainen et al., 2009] (see Figure III-IV right image).
Fast means for identifying tagged products on mobile phones do exist. And usability
of the product identification technique is certainly important. However, an
interesting question for the practical applicability of product identification is also in
what tags consumer products are equipped with, and what they will be equipped
with in the future.
The studies of Rukzio (see [Rukzio et al., 2007], [Rukzio et al., 2006]) and Broll
(see [Broll et al., 2007a]) have generally investigated the interaction between
mobile phones and objects (see related work Chapter II.4). They have found that
NFC is the most convenient interaction technique. We base our decision on these
findings and, consequently, we select NFC as a modality for the concept of the
application. We expect NFC to be the most intuitive mobile object identification
techniques particularly for products. However, a detailed evaluation of product
identification modalities for mobile phones is performed in Chapter IV.

III.3 User-Generated Rating Criteria
Products are nowadays mostly reviewed on the Web, not on mobile phones yet.
There, a common practice is using star-based ratings for the general assessment of a
product and in parallel using long textual reviews for the in-depth description of a
user’s product experience. Video as a modality is not yet part of many web
43

See http://www.nearfield.org/2008/05/thoughts-on-nokias-nfc-developments.

III.3 USER-GENERATED RATING CRITERIA

45

platforms, but since product-related videos are already being uploaded to video
portals, this modality can be expected to be relevant in the future.
As mentioned in Chapter I.2, a key challenge of realizing product reviewing
functionality on mobile phones is designing the modalities for reviewing in a way
that they can, on the one hand, entered on mobile phones with little typing of text,
and on the other hand, be displayed on small screens that mobile phones usually
have.
This means the approaches that we know from the Web, star-based ratings and long
textual reviews are not necessarily optimal for applying them to mobile phones. The
following concept takes into account the differences of mobile applications
compared to approaches on the web. It is somehow similar to Geyer et al. [Geyer
et al., 2008], who suggested user-generated fields for self-descriptions on social
networking sites.
Overall

Root
PricePerformance

Taste

Restaurants
and Gourmet

...

...

Visual Appeal

Gourmet Food

...

...

...

...

...

Oil

Arganöl

Olio Extra...

Olive oil with…

...

Figure III-V: Dynamic rating criteria in APriori’s product taxonomy

The idea to solve this challenge can be summarized as follows (see Figure III-V):
As in most existing recommendation systems, products are arranged in a tree-like
hierarchy, a so-called taxonomy. The leaves of the tree represent product types (e.g.
Vittel Mineral Water 75cL), and all inner nodes are product categories (e.g. water).
The availability of criteria for products depends on where in the tree (which node)
the criterion is attached to. General criteria such as overall or price-performance,
which can be applied to every product, are attached to the root node. They are not
created by users, but are offered by the system initially. Accordingly, a criterion
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which only applies for a certain product type will be applied to a leaf of the tree. In
the product tree example depicted in Figure III-V, the criterion visual appeal applies
only for gourmet food. It does not apply for restaurants. The criterion overall
however applies for all products kept.
The expected improvement compared to conventional ratings comes through the
following step: The concept allows users to create their own rating criteria. In a
dialogue they are asked, which node the criterion of the product should be attached,
resulting in the availability of the criterion for the specified product category. The
approach foresees that a persistent mapping of criteria to nodes is held in a product
tree. The result is that users can freely define values which describe a certain type of
product, while being freed from spending time on structuring their opinion like
product reviews demand. Because the actual ratings for a given criterion are
structured and aggregated, these can be easily understood by the human brain.
But although the concept covers as many aspects to this concepts as possible, a few
questions to dynamic ratings will have to be tackled. For example the question of
what part of the tree will be initially provided by the system and which part will be
added by the user. The approach taken in this thesis is to provide an initial product
tree with standard criteria for each product, like we know it from Amazon or similar
websites. This tree can be extended by the user. It can also be questioned if a treelike structure is the right structure, or whether product types should be allowed to be
in several product categories at once.
The concept of user-generated rating criteria that has been presented is referred to as
a ‘modality’ for reviewing products, in the context of this thesis. It mixes features of
the modalities ‘text’ and ‘stars’ that we know from the Web. In order to evaluate
this modality for accessing and entering product reviews on mobile phones created
here, this thesis presents a dedicated user study in which the modalities ‘stars’,
‘text’, and ‘video’ are compared in depth. This study is described in Chapter V.

III.4 Proof of Concept: The APriori Prototype
In order to prove the applicability of the concept described above, a prototype called
APriori has been implemented within the frames of this thesis project and first user
feedback has been gathered. As suggested in Chapter III.2, NFC as a technique to
identify products from within mobile phone applications has been selected. Also, it
implements the user-generated rating criteria introduced in the preceding section.
APriori has been implemented as follows:
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Products and Tags: As a sample product type we chose olive oil. It is a gourmet
food product, thus comparatively expensive (average price of the selected bottles:
14.82 USD) and offered in a broad range of quality. The quality however is not
always in relation to the price. We assume that except if bought from a trusted
dealer, the quality of olive oil can only be judged after having experienced its taste.
This makes olive oil a high-involvement product, i.e., consumers spend
considerable time on comparing products before taking a buying decision. This is
why we think consumers will appreciate product recommendations on the spot
especially for gourmet food products like olive oil. We equipped different types of
olive oil bottles with Raflatac ISO14443A tags (Rafsec Round 38mm). The tags
were applied to the bottles as a stick-on label. Despite the fact that today barcodes
are commonly used for consumer products, we decided on NFC as a tag technology
due to its more intuitive touch-based user experience.
Mobile Phone and Mobile Application: As a mobile device we used the Nokia
6131 NFC. It includes a runtime environment for mobile Java applications and a
reader for NFC tags. Technically speaking, it implements MIDP 2.0, CLDC 1.1 plus
a range of extensions such as JSR 257, which allows Java applications to deal with
NFC tags. The APriori mobile client was developed as a Java MIDlet. For the
communication between the mobile client and the server application we used the
MobileIoT Toolkit developed at our lab [Guinard et al., 2008]. It facilitates
transforming Java objects into simple strings which are used as parameters for
HTTP requests on Java Servlets in a REST-like manner. In addition, it gives the
possibility to reconstruct Java objects on the server side and offers abstraction
towards the auto-ID technology used (e.g. barcode/RFID/NFC).
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Figure III-VI: General architecture of APriori

APriori Server Application: The server application was developed using the
NetBeans IDE (V6.0.1). It is a Java Enterprise Edition (EE) 5 application, running
on the GlassFish Java Application Server (V2 Update Release 1). The business
logic of the recommendation server is encapsulated in Java Session Beans. The
Session Beans depicted in Figure III-VI provide all functionality to support the
scenario as described above. The persistence of ratings, user data, rating criteria,
product master data, and product categories is managed by Java Persistence Entities,
which allows communication with the underlying JavaDB database through plain
old Java objects. There are a few key advantages of using Java EE as a platform for
the APriori server. These include better performance of queries through object
pooling, scalability, data management from within Java, and helper services
provided by the Java EE application container (e.g. security, logging, transaction
control).
User Interface
In order to get a feeling for the capabilities of APriori and to see how it can actually
support consumers in their buying decision, we will navigate through the user
interface of APriori. Using Apriori can well be described by outlining its core
processes: Receiving product recommendations made by other users on the mobile
phone (see Figure III-VII) and actively submitting a rating for a product to the
APriori server platform (see Figure III-VIII).
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Figure III-VII: Receiving product recommendations with APriori

To receive a rating, the mobile application is started by the user by scanning the tag
attached to a product. Without further interaction, a product overview screen of the
scanned product is displayed (Figure III-VII a). It shows an at-a-glance product
overview for the considered item: static product data such as product name, a
product picture and an overview of the submitted overall ratings. Now the user has
three options. The first option is to zoom in and get a more comprehensive view on
how the product was rated by other users. Accordingly, all criteria for the product
and an average score for each criterion will be shown. This is visualized in Figure
III-VII b. For scalability reasons, there cannot be more than ten criteria per product
type. The second option is to get a ranking of all products in the product category
(see Figure III-VII c). Looking for olive oil, this ranking will tell the user which oil
was rated by other consumers as the best, the second, and so on. Selecting a product
in the ranking will navigate to the overview screen of the product.
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Figure III-VIII: Recommending products with APriori

The third option after scanning a product is to switch to rating mode for this
product. We see great potential for the generation of ratings at the point of use,
where the user is temporally and emotionally connected to the experience of
product usage. On the main screen of the rating mode of the APriori mobile
application, a list of criteria is displayed and the user can decide for which criteria
he would like to submit a recommendation and enter a value (Figure III-VIII a). In
case the user is not willing to make a comprehensive rating for a product, or wants
to provide additional information, he can rate selected criteria. If the user feels there
is a criterion missing which is important to express his experience with the product,
he clicks the add button and is shown a text field which allows him to enter a new
criterion (Figure III-VIII b). Having entered this, the application will ask the user
whether he wants to propagate the criterion for the next higher product category
(dialog will ask until root node is reached or user clicks no) (Figure III-VIII c).
Getting back to the rating screen, the user enters values between one and five for all
criteria he wants to describe and submits the data by pressing the submit button
(Figure III-VIII d). Accordingly, the user is shown a confirmation screen, the new
criteria and ratings are sent to the APriori server and will be made persistent.
Formative User Feedback
To better understand consumer needs and the impact APriori can have, we
conducted a formative survey at the 1st Internet of Things conference in March
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2008 44 (see Figure III-IX). During the demo track of the conference we presented
our prototype to 26 participants who had never used APriori before. It is worth
noting that all of the participants were from the Internet of Things domain, which
means they have a higher affection for new applications in this area. Firstly, we
introduced the participants to the subject and explained the usage scenario of
APriori. Then we encouraged the participants to take the mobile phone in their
hands and imagine they were in a retail shop in the search of good olive oil. The
participants used APriori and got a feeling for what APriori can do for them. After
the users had experienced the functionalities of APriori, we asked a few questions in
a structured format and recorded their answers.

Figure III-IX: Survey participants testing APriori

1) Would you appreciate product recommendations of peer consumers in front
of the shelf?
The feedback of the participants was rather positive towards APriori. Almost
all (22) users stated they would appreciate the APriori application on their
mobile phone. Two participants said they would be reluctant towards
APriori. The reason was they would rather rely on advertisements and sales-

44
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staff than on other consumers when it comes to buying high-involvement
goods. Two others said they were generally reluctant towards mobile
applications, but would probably try APriori in practice once and decide
afterwards if they considered it useful.
2) What are the products you consider peer-user recommendations most helpful
for?
Asked the above question, twelve participants answered they would use
APriori to get pre-purchase information about consumer electronics. They
argued APriori would encourage them towards impulse buying of cameras,
televisions, books and DVDs. Four participants said they would see a use for
APriori when buying gourmet foods like wine or olive oil, whereas two
participants explicitly stated they do not see a use for APriori when it comes
to food. They consider it safe to buy delicacies from a trusted dealer. Several
participants tried to give a general answer to the question and stated they
would appreciate APriori for all products where the quality is not transparent
for the user before buying it, for all products where well-known brands do
not exist and in general things they buy for the first time.
3) Would you be motivated to actively recommend products using your mobile
phone?
In contrast to the positive feedback on the usage of APriori, only roughly
half of the participants (14) said they would actively recommend products.
Asked for their motivation to recommend, some said they would generally
recommend products if they were bored and wanted to kill some time. All of
the above stated they would only use APriori if they were explicitly asked to
recommend a product. Others said they would recommend products if they
wanted to express extreme emotions such as extreme annoyance about a
product or if they were extremely convinced of the performance of a product.
Twelve participants explicitly said they could not imagine actively
recommending a product. Asked if they could be motivated by monetary
means to submit a rating, six participants were convinced and said they
would participate.
This survey is a first step towards evaluating the potential of the system and its
adequate design. Field trials, and the analysis of logged data should in the future
provide more details on how the system is used, and what design users appreciate.
However, this first evaluation already emphasizes a few important points (these will
be the basis for the discussion described in Chapter VI). First of all there is the
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apparent divide between people wanting to consume the ratings and those who
incline to also generate ratings for products. In addition, there is a tendency for
people to rate a product if and only if their experience with the product is extreme
(hate/love). Both these points have to be dealt with in terms of getting the critical
mass of users to participate with ratings on a critical mass of products. Furthermore,
the system needs to be interaction-wise extremely simple and straightforward in
order not to annoy people in their shopping experience.
Interaction-wise our concept of using NFC as a technique for interaction between
products and mobile phones was perceived well by the users. Also the usergenerated rating criteria led to throughout positive comments. The prototype
APriori shows that the concepts can be put to reality, at least in the frames of a
prototypical application. In order to obtain more in-depth insights into the
interaction of people with mobile product review applications, a detailed evaluation
of product identification techniques on mobile phones (see Chapter IV), and an
evaluation of product review modalities on mobile phones (see Chapter V) are
conducted in the adjacent chapters.
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Evaluation of Product Identification Techniques

The review of related work (see Chapter II) has indicated that NFC is expected to
have the best usability for the interaction with products. In the concept chapter
(Chapter III), a number of existing product identification techniques for mobile
phones were outlined in detail. NFC was selected for the suggested concept (see
Chapter III.2). It was highlighted that product identification through mobile phones
is a key issue for the usability of product reviews on mobile phones. Consequently,
this chapter evaluates NFC as a choice; it evaluates product identification form
mobile phones in depth. To do so, this chapter takes an iterative approach. It
describes two user studies on the usability of product identification techniques for
mobile phones. They build up on each other.

IV.1 Introduction to the Studies Performed
By product identification this thesis means the process of letting a system know
about a specific product. Consequently a product identification technique for mobile
phones is an interaction technique that allows ‘telling’ a mobile application what
product is on hand (see Figure IV-I). There are many examples for mobile product
identification techniques, such as automatically recognizing the barcode attached to
a product using the camera of a phone, scanning an RFID tag glued on a product
(both so called automatic product identification techniques), and entering the name
of a product by hand (user-mediated product identification technique). The relevant
product identification techniques have been described in detail in the concept
chapter.

Figure IV-I: Product identification techniques

Many have comparatively evaluated mobile identification techniques for objects
(see Chapter I.1), and have found NFC to be the most usable technique for the
interaction of mobile phones with objects in general. However, it is not known
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whether these results apply specifically to products, what it changes to use these
modalities within shops while shopping, to what extent automatic product
identification is more usable than user-mediated product identification, and what
needs to be considered when designing software-based product identification
techniques.
The first study described in this chapter specifically investigates: How significant is
the advantage of automatic product identification versus user-mediated product
identification? What is the most appropriate mobile identification technique for
shopping applications? It compares five product identification techniques among
each other (Manual Barcode Entry, Manual Product Search, NFC Tag Scan,
Barcode Recognition, EPC Tag Scan). The time for each scan is measured and the
perceived usability is assessed for each of the techniques. The study tests these
techniques in an office location in an experiment with seventeen participants. Wine
was chosen as a product to be identified.

Figure IV-II: Impressions from the SAP Future Retail Center

Based on the results of the first study, indicating that barcode scanning is the most
promising technique for product reviews on mobile phones, a second study
comparatively evaluates the usability of eleven barcode scanner solutions for
mobile phones available on the market in detail. The measured variables are task
completion time, and reliability of the scanners (measured by a timeout). The study
is conducted with twenty participants in a quasi-realistic shopping location, the SAP
Future Retail Center (see Figure IV-II). The SAP Future Retail Center is a showcase
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retail lab run by the software company SAP in collaboration with the large Swiss
retailer Migros. Its goal is to visualize the vision of retailing in the future, and it
features demonstrators of both SAP and strategic partners of SAP.
The results from these studies do not only account to product reviews on mobile
phones, but are relevant for all product-centric services, i.e., all mobile services that
interact with products. The studies provide value for research and practice. On the
one hand they support researchers and interaction designers of mobile object
identification techniques in building an appropriate user experience. On the other
hand, they provide mobile application developers with an overview of the usability
of currently available solutions.

IV.2 Study on Product Identification Techniques
Motivated by the paragraphs above, this section describes an experiment in which
17 users compare the five product identification techniques ‘Manual Barcode
Entry’, ‘Manual Product Search’, ‘NFC Tag Scan’, ‘Automatic Barcode
Recognition’, and ‘EPC Tag Scan’ to each other in the frames of a usability study45.
The study consists of two tasks and an interview. The section proceeds as follows:
First, it describes the design and execution of the user study conducted with 17
participants. Second, it presents the results of this study. Third, it interprets the
results and draws conclusions.
IV.2.1 Design and Execution
We chose a within-subject design for the study, meaning that each participant tested
each of the techniques. Every of the 17 participants went through the following
procedure that consists of two tasks and a follow-up interview:
In the first task, the participants identified single products in a mixed sequence of
five different identification techniques. In the second task the users simulated the
comparison of three given products, identifying three products in a row. For time
reasons we compared only the expectedly fastest user-mediated identification
technique to the expectedly fastest automatic identification technique. In the
adjacent interview the participants rated each of the identification techniques
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A video summarizing the experiments is accessible at http://www.youtube.com/watch?v=d1AgudZwPkM.
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regarding their ‘perceived ease of use’ and gave unstructured feedback to the
identification techniques.
Variables
The independent variables were the following identification techniques that were
compared to each other:
Manual Barcode Entry (MBE) denotes the user-mediated entry of the number that
is located below a barcode. We used a smart phone (Nokia N95), which is wellsuited for inputting numbers, with a simple application allowing the user to enter
barcodes (EAN8, UPC12, EAN13), pressing a button for confirmation and
receiving feedback that the product was identified. In the case of our study, all
products were equipped with the 13-digit EAN13 barcodes. These are most
commonly used for consumer products.
Manual Product Search (MPS) required the user to enter a search term for the
given product into a text field. For this condition the iPhone was used, as it is
widely used for accessing the mobile Internet. In contrast to many other phones it
offers a fairly large on-screen keyboard. For comparability reasons, we only
measured the time the used needed to enter a search term until she pressed the
search button. We deliberately did not predefine the term to search for. We assume
that one key disadvantage of today’s practice is that consumers in most cases cannot
search for product information in the Web based on a tag on the product (an
exception might be searching for books, based on the ISBN). Thus we believe that
for quantifying the benefit of automatic identification, the time needed to find an
appropriate search term should be included in the measurement.
For Automatic Barcode Recognition (ABR) the participants used a smart phone
(Nokia N95) with a built-in camera. For the task a simple application based on a
barcode recognition toolkit [Adelmann, 2007] was used. The barcode recognition
software used is from our experience the most reliable barcode reader. Users had to
scan the barcode by moving the barcode attached to a product into the field of the
lens coverage of the camera of a handset, the so-called view finder, at a distance of
about three centimeters. They received immediate feedback when the barcode was
recognized.
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NFC Tag Scan (NFC) was implemented with a simple Java application using the
Java Specification Request JSR 257 46 on a Nokia 6131 NFC handset. JSR 257 is an
API that allows building software that makes use of mobile NFC scanners. The
latter is a commercially available phone with an integrated NFC RFID reader.
Performing the task required the user to touch a tag with mobile phone antenna. The
reading range is about 5 cm. The user received a sound feedback as soon as the tag
was recognized.
EPC Tag Scan (EPC) was done on a prototype phone (Nokia E61i with integrated
EPC UHF RFID reader) using a simple Java application. To identify the product the
user had to point the phone towards the product (reading range up to 50 cm,
according to the manufacturer).
The primary dependent variable was the time that users needed to complete the task
(‘task completion time’). For each participant the study was recorded on video. In a
later step we extracted the precise time recording for the identification techniques
from the video. The secondary dependent variable was ‘perceived ease of use’,
which was assessed during the interview. We also transcribed all comments the
participant made during the study.
Products
In the experiment we used four different wine bottles (denoted as A, B, C, and D) as
the products to be identified. The choice of products was motivated by the fact that
research (see [Ariely and Lynch, 2000]) suggests that wine is a product
predominantly bought in brick-and-mortar shops and the individual products can be
easily identified by name. Also, consumers usually rely on additional information
for wine purchases, such as product reviews and specific recommendations from
friends and test institutes. The wine bottles were selected randomly in a supermarket
from more than 300 different wine bottles offered, in order to achieve a sufficient
randomization of the product name. Each of the bottles had an EAN13 barcode
attached, and a product name label. In addition, we tagged each bottle with an NFC
RFID tag and an EPC RFID tag. The appearance of the bottles is depicted in Figure
IV-III.
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Figure IV-III: Labels and tagging of the wine bottles used

Participants and Environment
We recruited 17 participants (6 females) for the study. Their average age was 27.5
years with mixed professional backgrounds (secretary staff, physicians, business
people, IT people, engineers, and others). All participants owned a mobile phone
and were familiar with text input on mobile devices. The study was executed on two
consecutive days in September 2008, in the offices of the SAP Research CEC
Zürich.
Tasks and Interview
Introduction Session: In the beginning, the participants received a standardized
oral introduction (roughly 10 minutes) to the different identification techniques and
were encouraged to try them out. Users tested each technique a couple of times until
they confirmed that they felt familiar with each. We briefly motivated the use of
product identification techniques on mobile devices with potential application
scenarios. We highlighted that we are comparing the techniques and are not
assessing the skills of the individual users. We did not mention that we were
actually measuring ‘task completion times’ in order to not influence the results.
Task 1 – Single Product Identification: The task for the participants was to use
every identification technique (MBE, MPS, ABR, NFC, EPC) on each product (A,
B, C, D). In total, each participant performed 20 identification tasks, their order was
randomized. Overall, task 1 took about 10 minutes per participant. Each of the 20
identifications was performed in the following steps: A mobile handset with the
software supporting the respective identification technique was handed to the
participant. The identification application was active in all cases. As soon as the
participant confirmed readiness, the supervisor touched one of the four bottles
(simulating the discovery of an interesting product as described above) in order to
indicate for which product the identification task should be performed. Touching
the bottle was also used as a trigger to measure time. The participant then identified
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the product. As soon as the product was identified, time recording was stopped. The
mobile phone was returned to a supervisor and was reset.

Figure IV-IV: A user is testing NFC as a modality for comparing products

Task 2 – Comparison of Multiple Products: In the second task we compared one
user-mediated identification technique and one automatic identification technique.
We have selected Manual Barcode Entry (MBE) and NFC Tag Scan (NFC), as they
have proven fastest and most convenient for the users in our pretests. Each
participant performed the comparison task (for time reasons) only with three
randomly chosen bottles (A, C, and D); once with each technique (see Figure
IV-IV). Half of the participants began with technique MBE, before performing the
task with technique NFC, and vice versa. As in task 1, each participant was given a
handset with an active application which allowed identification with the respective
technique. After a trigger signal, the participant identified the three bottles in a row.
With the confirmation of the last identification (beep) the time recording was
stopped. We measured the time the participants needed for three subsequent
identifications using each technique and evaluated all comments made during the
experiment by video analysis.
Interview: After having performed the above tasks, we asked each participant to
rate each identification technique on a Likert scale from 1 (very hard to use) to 5
(very easy to use). We concluded an interview with an informal discussion about
the individual techniques encouraging participants to share their perceptions.
Finally, we clarified the intention of the study to the participants.
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IV.2.2 Study Results
The following paragraphs describe the results of the study. In addition to the clearly
measurable variables ‘task completion time’ and ‘perceived ease of use’, we
describe results gathered through comments made by the participants and
observations made during the experiments.
Task Completion Times: Barcode Recognition Surprisingly Fast
Measuring the time per single product identification (task 1) indicates that
automatic identification is significantly faster than user-mediated techniques (see
Figure IV-III). While this could have been expected, the experiments reveal that the
fastest automatic identification technique (NFC) is roughly eight times faster per
identification than the slowest user-mediated identification technique (MPS). From
the comments during the study it becomes apparent that user-mediated input is not
considered an alternative when searching for product information on mobile phones.
Participant P2 highlights this saying ‘why do you bother to do the test, it is clear
nobody’s gonna do this’. However, until recently entering product strings manually
was common practice, for example on the iPhone.
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Figure IV-V: Average time per identification by technique
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The fastest technique in the experiment is the NFC Tag Scan (NFC), taking the
users 3.3 seconds in average to identify a product. Scanning NFC Tags is time-wise
followed by EPC Tag Scans (EPC), which takes the user in average 4.5 seconds. In
this context it is worth mentioning that, at the current technical level, NFC tag scan
and the EPC tag scan interact with products in the same way – by touching the tag
on the product with the antenna integrated in the phone. Although both RFID-based
identification techniques (NFC, EPC) are the fastest, they are, surprisingly,
relatively closely followed by the third automatic identification technique, the
automatic barcode recognition (ABR, 5.4 seconds on average).
In contrast, user-mediated barcode entry (MBE) takes approximately three times as
long as recognizing the barcode automatically. Moreover, the technique that takes
the users by far the longest time is entering product information on a search page
(MPS), taking about eight times as long as scanning an NFC tag. The large temporal
deviations of technique MPS are expected to be due to the fact that each participant
could freely pick the term considered best suited to find information about the
product on hand, leading to search terms of between 7 and 31 characters length. In
addition, heavy iPhone users perform slightly better than those who have never used
an iPhone before.
Approximately Linear Progression of ‘Task Completion Time’
The time for three identifications in a row (task 2) was performed by means of
manual barcode entry (MBE) and NFC tag scan (NFC). Comparing three products
can be considered a typical task during a buying decision. While the automatic
identification of three products takes 8.4 seconds on average, the user-mediated
identification is with 39.2 seconds significantly slower.
Correlation between ‘Task Completion Time’ and ‘Perceived Ease of Use’
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Figure IV-VI: Average perceived ease of use per identification technique

The NFC tag scan (NFC) is perceived as the easiest-to-use identification technique
with an average score of 4.9 and only two people not rating it at 5. The EPC tag
scan (EPC) is slightly behind (4.2), with some more distance to barcode recognition.
The user-mediated identification techniques are according to the user ratings
significantly harder to use.
Ordering the identification techniques by speed provides the same result as ranking
them by user preference. This indicates a strong correlation between the time
needed for identification using a particular technique and the perceived ease of use.
Interestingly, three out of six female participants of the study do not perceive a
significant difference regarding the ease of use of entering a barcode manually and
recognizing it automatically.
Variable Attention Requirements per Technique
Observing the participants performing the tasks we noticed large differences in the
attention a user needs to use the different techniques. In particular identification
techniques NFC and EPC can be performed with little effort. Participants stated that
they could imagine techniques MBE, MPS, and ABR being serious hurdles for
people with limited attention capabilities.
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IV.2.3 Interpretation and Conclusions
The study described indicates a significant advantage of automatically recognizing
an identifier compared to entering a search term or a 13-digit number in a text field.
This lets us assume that product-centric services will not widely be used as long as
automatic identification cannot be applied at a sufficiently intuitive usability on
mobile phones. A frequently disregarded issue is that automatic identification is
even more important when interacting with more than one product, for example
when comparing several products, as simulated in task 2. While consumers might
scan three products in a row (8.3 seconds) it is hard to believe that anybody will
enter three barcodes manually (39.2 seconds) in a row.
Our figures show that barcode recognition can be time-wise performed almost as
fast as scanning RFID tags, using one of the best mobile barcode scanners available.
This fact, in combination with the pervasiveness of barcodes among today’s
products, makes the detection of barcodes a promising mobile identification
technique in today’s world, at least as long as the consumer goods industry does not
switch to RFID on item level (on pallet level many retailers already apply RFID). In
addition, our results show that algorithms for detecting barcodes should take
significantly less time than the 14.4 seconds the manual entry of a barcode takes in
average. Given the differences in the performance of mobile barcode recognition
today, this is not self-evident, and we will continue investigating this in our second
study. A further point worth mentioning is that at current technical level, there is no
barcode reader that works for a broad range of mobile platforms and handsets.

IV.3 Study on Barcode Scanners
The previous study has revealed that, among the modalities compared, NFC has the
best usability. This indicates that, for the future, when consumer products may be
tagged with NFC tags, this technique will be optimal. Our investigations however
have also shown that still barcode scanning seems to be the most promising
technique, since it can almost be performed at the same usability, but the prevalence
of barcodes among today’s consumer products is close to 100%. Almost all
consumer products are equipped with the black-and-white striped 1D or linear
barcodes, which makes scanning of these tags using mobile phones the most
applicable modality.
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Scanning 1D barcodes using mobile phones works in a way that a piece of software
installed on a mobile phone accesses the phone’s camera and, based on an image
taken, calculates the code and outputs the number recognized.
Although many of these 1D mobile barcode scanners are on the market already, the
first applications using these scanners are only coming up. This may have diverse
reasons, including the difficulty of relating product information to a scanned
barcode number, rather slow and expensive Internet connections, and a lack of
appropriate application concepts and business models. It also remains unknown,
how reliable and convenient the available 1D barcode scanners are.
This chapter contributes an evaluation of eleven software-based 1D barcode
scanners for mobile phones (see Figure IV-VII) in a comparative study with 20
consumers at the SAP Future Retail Center, a quasi-realistic shopping location. Our
study measures the dependent variables task completion time and, partly implied by
the former, the reliability of the tested scanners. In addition, it qualitatively gathers
and evaluates consumer comments, for example about the preferred visual user
interface and the feedback mechanism upon scanning a barcode.
The section proceeds as follows: First, the study design is outlined. Second, the
results are presented and interpreted.
IV.3.1 Study Design
The study consists of an introduction, three scans performed for each of the eleven
scanners, and an adjacent interview. We utilized a within-subject design. The
dependent variables were ‘task completion time’ and, derived from that,
‘reliability’. By ‘reliability’ we mean the share of successful scans within a ‘task
completion time’ below 15 seconds. The independent variables are the barcode
scanners as listed in Figure IV-VII. For each participant the study was recorded on
video. We also transcribed comments the participant made during the tasks.

Application

Phone

Operating System

Barcoo

Nokia N78

Symbian OS v9.3 S60 3rd Ed. FP2

BaToo

Nokia N95 8GB

Symbian OS v9.2 S60 3rd Ed. FP1

BeeTagg

Nokia N95 8GB

Symbian OS v9.2 S60 3rd Ed. FP1

Code|Care

iPhone 3GS

iPhone OS 3.0
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ixMat

Sony Ericsson
K810i

Sony Ericsson Java Platform 7

NeoReader

Nokia N78

Symbian OS v9.3 S60 3rd Ed. FP2

QuickMark

Nokia N95 8GB

Symbian OS v9.2 S60 3rd Ed. FP1

Red Laser

iPhone 3GS

iPhone OS 3.0

SnapABar

HTC Magic

Android 1.5

Zebra Scan

Nokia N95 8GB

Symbian OS v9.2 S60 3rd Ed. FP1

ZXing

HTC Magic

Android 1.5

Figure IV-VII: Overview of used barcode scanners

Influence Factors and Setup
Whether a barcode can be scanned successfully using a mobile barcode scanner
depends on the following factors: the physical properties (weight, shape) of the
product, the attributes (size, type, contrast, reflection) of the barcode to be scanned,
external factors (since scanning is an optical procedure, the light conditions play a
major role), the hardware and software used (especially the camera has a major
influence on the results), and the scanning person. We have catered for these factors
and selected the following setup for the study:

Figure IV-VIII: The products scanned in the barcode scanner evaluation

Products and Tags: For the experiment we deliberately selected three products
with differing physical properties from more than 3000 products available: one
product was rather heavy in weight and bulky (detergent powder), one rather small
product (pesto), and one rather difficult to scan (potato chips) with some light
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reflection from the package. All products were equipped with EAN 13 barcode tags
as most common in retail stores throughout Europe today. Each subject scanned
exactly these three products.

Figure IV-IX: The mobile handsets with installed barcode scanners

Mobile Handsets: We abstracted from the diversity among handsets and tested the
applicability of the actual software, choosing the optimal hardware/software
combination for each scanner. To achieve this, we took the following approach: We
compiled a, to our knowledge, complete list of software-based 1D mobile barcode
scanner companies. We asked each scanner provider to send us their software on the
device they consider best for their software. We contacted thirteen scanner
providers in total, of which two refused to send a handset, eleven sent their
preferred handset. Another influence factor we balanced out is that some scanners
call a website and only then display the scanned barcode. In order to factor out these
delays the time was stopped as soon as the screen of the mobile phone switched to
open the web browser.
Environment: The study was run in a close-to-reality retail store environment: we
had access to the SAP Future Retail Center in Regensdorf close to Zurich, which
has been set-up by a supermarket chain and features real products with the goal to
investigate the customer experience while displaying new technologies. The light
conditions were similar to a realistic supermarket, and other external influencing
factors were also similar compared to a real supermarket environment.
Participants: We recruited 20 participants (9 female and 11 male) for the study.
Their average age was 32.9 years with an age range from 17 to 61 years and mixed
professional backgrounds. All participants owned a mobile phone.
Procedure
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Figure IV-X: A study participant testing one of the scanners

Introduction: The introduction session was standardized. The experiment leader
welcomed the participant and explained possible applications that benefit from
scanning 1D barcodes using mobile phones, such as performing price comparisons
and requesting additional product information. The process of scanning barcodes
with a mobile phone was demonstrated. He mentioned to each participant that the
actual scanners were to be tested and not the skills of the participants. The
experiment staff and their role in the experiment were introduced (one experiment
leader, one taking notes, one filming the experiment). The task was explained to the
participant. The participant was shown the three predefined products distributed
over the supermarket that were to be scanned. For each product, the location of the
barcode on the product was shown to the participant.
Tasks: The sequence in which the barcode scanners were tested was randomized in
a way that each participant of the study performed three scans with each scanner in
a different order. For each scanner the procedure was as follows: the participant
received an oral introduction to the barcode scanner on hand. The participant was
shown the process of scanning a sample product using this scanner, the orientation
of the handset was explained, and what buttons to press and how to return to the
start screen after successful scanning was shown. Furthermore, each participant was
encouraged to test each scanner with additional test products. The user tested each
scanner a couple of times until she confirmed that she felt familiar with them. When
the participant expressed readiness, she was asked to take the first of three
predefined products from the shelf, locate the barcode and scan it. The product
sequence was randomized. The time from taking the product off the shelf until the
barcode was recognized was measured and the recognized barcode was checked for
correctness. If the recognized barcode was wrong it was marked as a false positive.
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If no barcode was recognized after 15 seconds, the task was stopped and marked as
timeout (in terms of measuring ‘reliability’). This task was repeated with the two
other predefined products. Remarks from the participant were recorded and noted
when possible.
Interview: Adjacent to the study, we conducted an interview with each of the
participants. The participant answered questions about the experiment and if she
remembered anything particularly positive or negative. For each subject we asked:
How did you feel using the scanners? Do you have any positive or negative
remarks? Under what circumstances would you use a mobile barcode scanner when
shopping? Each participant was asked which phone she uses normally. The answers
were recorded on video and noted in keywords.
IV.3.2 Study Results
The main results of the study are measured numbers about the reliability and speed
of the tested mobile barcode scanners. We also collected individual feedback on the
scanners from the remarks of the participants and noted some differences in the way
the scanners were implemented.
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Figure IV-XI: Reliability of correct recognition by scanner

Reliability
There were only two scanners that decoded all scanned barcodes correctly. Two
other scanners were reliable in between 90% and 100% of the scans. Four scanners
scanned the correct barcode within the given time frame in between 80% and 90%
of the cases, and three scanners had lower than 60% reliability (see Figure IV-XI).
Completion Times
The range of times for a correct scan was between an average of 3.5 seconds for the
fastest scanner and 10.4 seconds for the slowest scanner (see Figure IV-XII). The
scanners with the highest reliability, namely BaToo and ZXing, were also the
fastest, and the scanners with the lowest reliability were also the slowest.
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Figure IV-XII: Average of task completion time by scanner

Observations
In addition to the measured times, we made the following observation: The various
scanners we tested are differed in terms of the user interfaces and performance of
the image to barcode processing.
First of all, there is the design of the visual user interface: Some scanners show a
visible scan line which needs to be aligned horizontally with the barcode, some
other scanners display a viewfinder window or a graphical frame where the barcode
has to be placed within.
Then there is the way the user receives feedback about the successful recognition of
a barcode: Some scanners give audio feedback, some vibrate, some show some
visual information, others do nothing.
Finally there is the interaction: Some scanners require the user to press buttons to
either to focus the camera, to trigger recognition, or to proceed for scanning another
product.
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The actual barcode recognition is either performed on the live video frame capture
or on a fixed image. In the latter case a photo of the barcode is taken. Taking a
picture results in delays and gives the impression of a ‘frozen’ application, video
capture lets the user perceive that the application recognizes the barcode instantly.
Most scanners choose to iterate the focus through several distance steps, whereas
some scanners prefer to use a fixed focus which the user has to set once manually.
The fixed focus approach is faster once it is set but it is hard to educate users to set
the focus. Finally, some scanners require a network connection for successful
recognition.
Interview
From remarks made by the participants about the scanners during the study we
found nine people that reported pressing buttons to make the scanning process
cumbersome and less intuitive. Eight participants experienced audio and vibration
feedback to be helpful. Six participants complained about long waiting times. These
waiting times were for taking a picture and locally decoding the barcode on the
mobile phone. Four participants preferred having a visible scan line instead of a
viewfinder window.
IV.3.3 Conclusions
Although we asked the software providers to send us a handset where their scanner
would work best and abstracted from handset diversity, the reliability was still
below 90% for seven of the eleven tested scanners (note that this is at almost
optimum light conditions). However, from the discussion with study participants we
know that people would not use a scanner again if it had been inaccurate several
times.
In addition, all except one scanner are in average slower than five seconds.
However, comments from the users indicate that nobody is willing to spend more
than five seconds for a scanning task. Lowering the hurdle for accessing productrelated information is important to make it worthwhile for consumers to try, and
even more, to perceive barcode scanning as useful.
From the discussion with the participants we also collected a number of specific
recommendations for the mobile barcode scanners: First of all, many people prefer a
clear scan line that supports the orientation of the scanner in the viewfinder.
Following the comments that some users made, people prefer a line over a rectangle
and over displaying no orientation hint. Comments also indicate that the viewfinder
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window should not contain any other information, since this distracts people from
scanning a barcode. Concerning feedback upon scanning a barcode participants’
opinions differ. While all participants agree that there should be an immediate
feedback upon a tag scan, some prefer audio feedback. Others prefer vibration,
while again others find a visual feedback on the screen sufficient.
But also besides the factors tested in our study, a number of practical problems
remain unsolved:
The platform and handset diversity is a major obstacle for applications to gain
momentum. Our pretests showed that some scanners work great on some handsets
and on other handsets they do not work at all. Again others work better on one
phone of a platform than on the other, due to different image qualities the camera
can provide. And then there are scanners that work on one phone of a platform, but
do not at all work on another phone of that platform (e.g. Batoo, works on Nokia’s
N95, but not on Nokia’s N96).
The creation of sustainable business models for 1D barcode scanners is another
challenge as consumers only see a benefit in using barcode-scanning mobile
applications if they are not required to pay for it. Additionally, the superior
experience of users reading 2D barcodes with their phones (better performance due
to increased redundancy in the codes), e.g. from magazines and public displays,
puts pressure on 1D barcode scanners to achieve comparable performance. Today,
1D barcodes dominate auto-identification of items in retail. If major retail players
will ever switch to RFID, RFID readers could also be part of mobile phones
achieving better performance [von Reischach et al., 2009b].
Our study showed that the low adoption of mobile 1D scanners can be explained by
the fact that most of them are not applicable yet, many are still slow and unreliable.
Instead, the public expectation rather is that 1D barcode scanning on mobile phones
should be already applicable as the performance 2D barcode scanners suggests. In
order to make 1D barcode readers successful, developers should design for speed,
reliability, avoid the need to press buttons, and process the data from the continuous
video-stream of the mobile phone’s camera.

IV.4 Design Implications from Both Studies
From the studies described above, we extracted a set of challenges when providing
consumers with access to tagged products in retail. Furthermore, this section
presents various guidelines we derived for future projects in that area.

IV.4 DESIGN IMPLICATIONS FROM BOTH STUDIES

75

IV.4.1 Emerging Challenges
Platform Diversity: The variety of operating systems for mobile phones still can be
compared to the early days of personal computers. Symbian OS, Apple iPhone,
Microsoft Windows Mobile, RIM, and Android, fragment the mobile market into
five incompatible islands. Additionally, the underlying hardware largely differs in
its capabilities (camera resolution, keyboard availability, processing power,
memory, NFC capabilities and the like). Currently, developers mostly focus on the
dominant and fashionable platforms iPhone and Android. This is sufficient to
supply early adopters with brand new developments. But in order to drive adoption,
standardization in APIs has to happen to ease development of mobile applications.
Barcode vs. RFID: From a usability perspective, NFC/RFID clearly outperforms
barcode scanning, as no alignment is necessary and simple touch is sufficient.
However, this does not help much as barcodes are the ubiquitously used labeling
format in retail today. Also, 1D-barcode reading software is just emerging.
Promises of the major retailers almost 10 years ago of replacing barcodes by RFID
at the item-level have not happened until today. Currently, all RFID initiatives at
item-level have been stopped, so it looks like the barcode will experience a revival
and at least co-exist for some time. On the long run, barcodes could provide a viable
migration path to elicit interest at consumers to access product information, which
might be implemented by RFID/NFC some years later with a much greater user
experience.
Who pays? As our previous results show, consumers and citizens are not going to
pay for information on the mobile phone. This has proven for the Web where
premium still exists in niches only and this will be even more the case for mobile
Internet where consumers are already charged per data volume. Models have to be
found where these costs can be bundled into bigger packages, e.g. Amazon’s Kindle
already includes the connection fees as part of the item’s sales price.
Who starts? The NFC business has been abandoned by the device manufacturers
since applications have not made it to the market with wide adoption. Application
developers could never reach critical masses of users since none of the fancy smart
phones today features an NFC reader. Thus we face a classic chicken/egg problem:
no scanners without successful apps, no apps without good scanners. Again barcode
could pave the road here, since cameras are available in the phones of today and just
have to be programmed in order to read barcodes. Once reading barcodes with
mobile phones becomes an established practice by larger user communities, the
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benefits of RFID and NFC could be communicated in a more convincing manner
and transitions from barcode to RFID could be triggered.
IV.4.2 Design Implications
Automatic identification is largely beneficial. Subjects from all age groups were
excited about the capability to retrieve additional information about products. Since
finally also the newest version of the iPhone has been instrumented with an autofocus lense, various applications pop-up and get more or less adopted (e.g.
Shopsavvy, Comparis Bargain Finder, etc..). In the following we draw design
design guidelines for mobile product identification techniques from our experiences
within the field of product labeling.
Simple Interaction: An intuitive way of scanning, be it the red scan line for
barcodes indicating how to place the phone or the simple notion of touch for NFC,
is the pre-requisite for successful adoption. No buttons should have to be pressed,
the read has to be performed right away.
Distinguished Feedback: Users demand quick but dedicated feedback, indicating
that a read has been performed. The actual modality – vibration, sound, visual
feedback – depends on personal preferences and should be configurable.
Speed: As a rule of thumb, our experiments showed that feedback and performance
of a read have must not exceed 5 seconds, shorter feedback is highly appreciated.
Users in mobile settings only have little attention for the application and are rather
impatient.
Reliability: Close-to-100% reliability is mandatory. Cases where a wrong EAN is
recognized from either a barcode or an RFID tag, resulting in the display of
unrelated information lead to frustration for the users. The users’ tolerance of such
flaws is low and users will give up with the application quickly.
IV.4.3 Conclusions
Providing everyday users with the possibility to read tagged products can trigger a
completely new wave of applications that the inventors of barcodes and RFID tags
never had in mind. This seamless communication and interaction with physical
items can build upon the tagging infrastructure initially developed for optimizing
internal supply-chain processes and can provide new business opportunities and
communication channels for brand owners to their customers. Another scenario is
that customers may not get access to additional manufacturers’ information but may
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be empowered to share user-generated information, such as product experiences,
ratings, and reviews among themselves. This may facilitate more well-informed
buying decisions, since friends’ experience with product can be found from social
networks which have been with information during previous purchases supported
by barcode or RFID tagging technology. In this chapter we have addressed the
usability challenge of identifying consumer products using mobile phones. We have
presented two user studies in which we explored the usability and performance of
extensive barcode reader software and compared barcode with NFC and EPC. We
also presented a set of challenges we were able to extract from our experiences from
these studies. The chapter concludes that, interaction-wise, scanning NFC tags is in
terms of usability the most applicable alternative. This confirms the selection of
NFC in Chapter III.2. However, as long as barcodes are the only tags prevalent
among consumer products, and since barcode scanning can be usability-wise
performed almost as convenient as NFC, current approaches should incorporate
barcode scanning functionality. However, well-functioning barcode scanners are
limited to very few. And also these have, regarding user-feedback, user-interface,
and reliability, some room for improvement. We hope that the guidelines introduced
can support designers and developers in finding the right benchmarks when starting
of a project within the domain of product tagging for consumers.
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V

Evaluation of Product Review Modalities

In Chapter III a concept that utilizes user-generated rating criteria as a modality to
create and access ratings was introduced. The modality for entering and accessing
reviews on mobile phones in general was found to be an essential point for
implementing mobile product review systems that provide a good usability. In order
to move towards the vision of entering and accessing product recommendations on
mobile phones, it is essential to understand how to present recommendations to
mobile users and what ways of contributing recommendations are convenient for
the users. This chapter presents two user studies, one on entering product reviews
on mobile phones and one on accessing these reviews while shopping.
The procedure is as follows. First, a general overview of the studies is given and
commonalities between the studies are explained. Then, the design and results of
the study on entering recommendations are outlined. Accordingly, the study on
accessing recommendations is outlined. Finally, the results of both studies are put
into relation and interpreted.

V.1

Introduction to the Studies Performed

On the Web, star icons representing an overall grading and textual review reports
are quite common. Video is rarely used on recommendation sites, although on video
portals product-related clips can frequently be found.
This chapter specifically explores how modalities for reviewing products can be
applied to shopping in physical stores using mobile phone applications with distinct
different features such as: small screens, tedious text-input, availability of
video/audio recording, usage in various contexts with shared attention. For these
investigations, two user studies have been performed.
They compare the usefulness of entering and using product recommendations
represented through star ratings, text, video, and combinations of these on mobile
phones.
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Figure V-I: Evaluating modalities for mobile product reviews

The first study evaluates input modalities for entering product recommendations on
mobile phones. The input modalities compared were star ratings, video, and text.
Users tried and experienced different products and accordingly entered their opinion
in form of product recommendations for these products, using each of the
modalities.
The second study investigates how these modalities are perceived by consumers
using product recommendations on their mobile phones while shopping. For this, a
shopping situation in an almost realistic retail setting was simulated. The study was
conducted at the SAP Future Retail Center in Regensdorf close to Zurich. As far as
the actual content of the recommendations is concerned, the second experiment
built on the first one: in the first experiment users actively entered
recommendations, and exactly these recommendations were used by the participants
of the second study.
We have deliberately chosen to use recommendations that have been entered in a
mobile context in the first study, and not existing online reviews. The reason is that
we wanted to find out how reviews that have been created on specifically on mobile
phones are being perceived.
Both studies apply a within-subject design. The sets of participants of each study
were disjoint, meaning that no participant of the first study also participated in the
second study. Participants of both studies received a voucher over 10CHF (each) for
a coffee house as an incentive to participate in the studies.
V.1.1

Independent Variable: Modalities

The modalities star ratings, text, and video were compared (independent variables).
Since the rating application was running in a web browser, the specific choice of
phone was secondary. We used a mobile phone handset ‘HTC Magic’, running the
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Google Android operating system. It is, among other features, equipped with a
touch screen, a soft keyboard, and a camera that can be used to capture videos.

Figure V-II: Subjects using mobile recommendations in a shop environment

Stars: As numerous examples on the Internet show, stars are a common symbol for
expressing opinions about products. Usually a linear five-star scale is used that
ranges from one star, meaning the product is perceived very negatively, to five
stars, which means the product is perceived as excellent.
• Enter: On the HTC mobile phone and the mini application we used in this
study, a star rating is entered with two clicks on the touch screen: on a touchsensitive 5-star scale the user indicates by clicking one of the stars what
value she wished to assign to her opinion about a product. With another click
on a ‘send’ button, the recommendation is saved.
• Use: When using star ratings while shopping, a five-star scale was displayed,
which represented recommendations aggregated as an average over all users.
In addition, a textual remark indicating the number of the users who have
rated and the average score was displayed numerically.
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Text: Product recommendations can also be expressed through user-composed
texts. In these texts users have rich means for verbally describing their experience
with a product.
• Enter: In our study, textual product recommendations were entered using a
soft keyboard integrated in the Android operating system. We used an email
client with a text field to enter a textual recommendation just like an email.
• Use: For the use of textual product recommendations, the texts were simply
displayed via a mobile webpage. Users were presented a list of products,
clicking on which produced a subordinate list of textual reviews which could
be read and then browsed back using the ‘back’ button of the Android
operating system. The textual reviews displayed during the study were made
anonymous.
Video: Although not yet prevalent on current e-commerce websites, videos are a
means to express an experience made with a product as seen on video portals.
• Enter: In our study we used the video recorder app integrated in the Android
operating system for entering video-based product recommendations.
• Use: For displaying the videos while shopping, a list of video reviews of
each product was shown, equivalent to the text reviews. Upon selection of a
review, the video was shown in full-screen mode through a YouTube 47 link.
The users pressed a ‘back’ button to browse back to the selection.
V.1.2

Usefulness

For both studies we focused our evaluation on the usefulness of the modalities
‘stars’, ‘text’, and ‘video’ for product reviews on mobile phones. Following the
definition of Nielsen [Nielsen, 1994], we define the usefulness of a system as a
combination of utility (‘does it do the job?’) and usability (‘how well can it be
used?’).
The measured variable in both experiments was the task completion time. Although
the focus of our studies is on observations and user feedback, we measured the task
completion time in order to get a feeling of how useful the modalities can be,
independent of the feedback provided by the users. In addition to that, and more
importantly, we captured subjective qualitative opinions on the modalities in
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interviews, such as the perceived ease of use of each modality evaluated. Finally,
we compared our observations during the two experiments and derived differences
between entering and using reviews based on the three modalities. From this data
we derived the usefulness of each modality, as defined above.
V.1.3

Manipulations

Both experiments manipulate the type of product for the recommendation.
According to earlier research [Dellarocas and Narayan, 2006], the amount of
recommendation information considered useful for selecting products strongly
depends on the type of product. For this reason the studies employ three different
product types. For each of the product types three actual products are selected to be
recommended and to be selected from (see Figure V-III).

Figure V-III: The test products as displayed in the retail lab during the study

Tissues: Kitchen tissue is a typical convenience product or low involvement
product, a product where consumers usually do not search for information
extensively before taking a buying decision, since the price is low and the features
among the products hardly differ. Three different types of kitchen tissue have been
selected for the experiment: Coop Oecoplan, Twist Deluxe, Bounty Fantastic.
Wines: Wine is considered an experience product, i.e. the experience qualities of
wine cannot be ‘determined prior to purchase’ (see [Nelson, 1974]). According to
literature (see [Dellarocas and Narayan, 2006]), consumers rely more on product
recommendations when buying experience products than search products [Senecal
and Nantel, 2004]. The wines used in the study were chosen arbitrarily from a
selection of more than 300 bottles available in a supermarket, within the middle
price segment: Chianti Classico, Merlot, Shiraz.
Mobile Phones: Mobile phones are typical high-involvement search products,
meaning that their price is relatively high and people thoroughly think about and
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search for specific information about searchable product attributes before actually
taking a buying decision. We selected an iPhone, an HTC Magic, and a Nokia N78
as the phones to be chosen from.

V.2

Study on Entering Recommendations

The first study evaluates input modalities for entering product recommendations on
mobile phones. The input modalities compared were star ratings, video, and text.
Users tried and experienced different products and accordingly entered their opinion
in form of product recommendations for these products, using each of the
modalities.
V.2.1

Study Design

The study consisted of an introduction, an experiment in which each participant
generated three product recommendations (stars/video/text) for three products of
one product type, and a subsequent interview. The products and the handsets used
for the study have been described above, since they are the same for both studies.
Apart from that, the setup of the experiment was as follows:
The first study was conducted in an office location. The participants tested the
products sitting at a table. For this study we recruited 15 people (8 male and 7
female) from different professional backgrounds (medicine, computer science,
business administration, arts). This is a reasonable amount of subjects for to the
chosen method. The average age was at 28.5 years. All participants owned a mobile
phone. We measured the task completion times manually and transcribed
observations and comments the participant made during the experiment
immediately. For each participant the study was recorded on video. The study was
conducted on two consecutive days in July 2009.
The following procedure was executed for each of the participants:
Introduction: Each participant received a standardized oral introduction into the
experiment, including an outline of the procedure. The experiment leader explained
why product recommendations on mobile phones are believed to have potential, and
how scenarios for the use of these look like. Each modality was demonstrated to the
participant by the experiment leader. Accordingly, the participant tested each
modality several times until she confirmed to be familiar with each. Before the
execution of the task, the experiment leader highlighted that not the skills of the
user were tested, but the modalities for recommending products on mobile phones.
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Tasks: Each of the users then performed nine recommendation tasks in total. The
participant was assigned one particular product type (either wine or tissue or mobile
phones). For each of the three products of one product type, the participant
generated three recommendation using stars, video, and text. Thus, in total each
participant had created 9 recommendations (3 products of one type times 3
modalities). The modalities were pre-assigned to all three products before the user
started her recommendations. The sequence in which the modalities were chosen
was randomized. First, the users had the chance to experience all three products of
the product type that had been assigned to them. For tissue this meant that the users
spilled some water and tested how each tissue would soak it. The users assigned to
wine had the possibility to drink and taste as much of each wine until they felt
comfortable to make a judgment. The users testing the mobile phones were handed
mobile phones in a switched-on state, and the users tested the menu and other
functionalities such as the camera. When the participant confirmed that she felt
comfortable to create a recommendation for all three products, a mobile phone with
one of the modalities (stars/text/video) preloaded was handed over. As soon as the
participant touched the phone, time recording was triggered, and as soon as she
gave the phone back to the experiment leader and the phone touched her hand, time
recording was stopped. The time measured was rounded to the full second and
noted in a table. This procedure was conducted for all three products and all three
modalities according to a randomized sequence. Comments and observations were
written down during the experiment.
Interview: Adjacent to the experiment a structured interview was conducted. In a
first part of this interview we collected information about the habits of users
towards using product recommendations in general. We asked whether the
participant had ever used product recommendations on the web, had ever created a
product recommendation on the web, and asked if she had a smart phone, used it for
Internet or Email, if she had a mobile Internet flat rate, whether she had ever taken
pictures or videos with her mobile. From these five mobile-usage related items we
calculated a mobile ‘affection’ score ranging from zero to five. Then we asked
whether the participants could imagine recommending products on their mobile
phone, in what situation they could imagine to do so, and what modality they would
prefer (combinations were possible). Finally, we asked each participant to rate each
modality’s perceived utility and perceived ease of use on a Likert scale from 1 to 5.
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Study Results

We present results gathered from the tasks performed and the interviews. From the
tasks we captured the ‘task completion time’ for each entered recommendation,
collected observations, and analyzed the entered recommendations ex post. From
the interviews we collected input on the preferred modality, the preferred context
for recommendation, and the perceived utility and perceived ease of use of each
modality.
Measurements
Time (s)
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Figure V-IV: Time for entering reviews by modality in average

A total of 135 ratings were entered (45 of each rating modality), all of which were
timed. From these measurements, it is clear that stars are by far the fastest modality
over all products with an average of 9.9 s (standard deviation 0.84), followed by
video (av. 45.2s, standard deviation 4.67). At an average of 128.5s (standard
deviation 8.47), text is by far the slowest modality, 13 times slower than stars and
2.8 times slower than video. Remarkably, within a modality, the measured times
stayed similar, regardless of the product that was being rated (see Figure V-V).

V.2 STUDY ON ENTERING RECOMMENDATIONS

87

Time (s)
160
140
120
100
Tissue
80

Wine
Mobile

60
40
20
0
Stars

Text

Video

Recommendation Modality

Figure V-V: Times for entering recommendations by modality and product

Observations
During the experiment we carefully watched the study participants and gathered a
number of observations. Especially the modality ‘video’ revealed some interesting
artifacts: A few of the participants who created their reviews using video even
enjoyed putting not only the product but also themselves in front of the lens, others
were rather hesitant. The latter did not know what to say exactly, which is quite
important as video is, other than text and stars, sequential and thus does not allow
any breaks. Also, some people had a very strong accent. While this does not play a
role for stars and text, it certainly can lead to reduced understandability of the
recommendation. Also, some people expressed strong emotions about products via
video, which would have been almost impossible for any of the other modalities.
Others also performed ‘experiments’ in front of the camera, e.g. showing the
capability of the various tissues for absorbing water.
Analysis of Stars, Text and Video Content
Stars: We collected 45 star ratings in total. Each review was completed with the
selection of a number of stars and using the ‘submit’ button. Users rated products
between 1 and 5 and hence used the full scale to express their opinion. In each
category the products were differentiated by the star rating.
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Text: A total of 45 text reviews was entered. On average, participants entered 8.8
words per product review (on average: 9.5 words for tissue reviews, 7.7 for wine
and 9.4 for mobile phones). The topics could be very clearly identified, on average
each review covered only two topics, though these varied by product, of course.
Main topics in tissue review were: feeling of the paper, performance, design or a
description. Wine reviewers discussed taste, recommendations for usage (e.g. ‘goes
well with red meat’) and general opinion of the wine. Mobile phone reviewers
focused on usability (50% of reviewers), descriptions (30%) and opinions (30%)
and other features (keys, camera, etc.). In general, the text reviews were very short
compared to average reviews on the Web. However, this might have been due to
people being unfamiliar with the text entering interface of the HTC and the built-in
text auto-complete function.
Video: The modality ‘video’ allows for both verbal (oral explanation) and nonverbal (visual demonstration) information to be transmitted by its creator, as well as
product demos to be given. There were a total of 45 video reviews entered. To allow
comparison with the text reviews, the number of topics expressed verbally was
counted. Entered reviews mentioned 2.3 topics on average (2.7 for tissue, 1.9 for
wine and 2.3 for mobile). However, the capability of non-verbal features was used
to express an additional two topics on average (2.4 for tissue, 1.4 for wine and 2.2
for mobile), making the video modality twice as topic dense as text. A total of 10
participants used the video to give a product demo (e.g. showing the tissue absorb
water or zooming with the phone cam). Some users showed their faces in the videos
(12 times in the 44 video ratings), while a hand was visible 19 times.
Interview Responses
When asked, 75% of the participants could imagine rating products on a mobile
phone.
Subjective Favorite: When asked for their favorite modality to enter a
recommendation (combinations were possible), 63% picked stars, 36% said they
would prefer stars plus some standardized text blocks, 27% preferred text and only
one participant (10%) was in favor of video.
Situation for Reviewing: The context in which they would do this was (multiple
responses were possible) directly after using the products (46%), during idle time
(20%), whenever the product creates strong emotions (20%) and when being asked
(20%). Only one respondent (6.6%) indicated she would rate while being in a store
and only one respondent (6.6%) said he would rate on the way home.
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Perceived Utility: Participants were asked to assess the usefulness of each modality
in expressing their opinion on a Likert scale where 5 was ‘represents my opinion
completely’. Stars ranked lowest with a 3.26, video at 4.3 and text got the highest
rating at 4.46.
Perceived Ease of Use: The impression users had of how difficult it was to provide
a rating runs along the same line: stars were deemed to be ‘no effort’ (1 on a Likert
scale of 5), video 2.4 and text by far the highest with 4.2. These numbers also
reflect the times measured to enter the ratings (see Figure V-V).

V.3

Study on Using Recommendations

The study described here builds up on the study performed in the above section. It
investigates how the modalities ‘stars’, ‘text’, and ‘video’ are perceived by
consumers using product recommendations on their mobile phones while shopping.
For this, a shopping situation in a quasi-realistic retail setting was simulated. As far
as the actual content of the recommendations is concerned, the second experiment
builds up on the first one: in the first experiment users actively entered
recommendations, and exactly these recommendations were used by the participants
of this study.
V.3.1

Study Design

The design of this study, same as in the first study, was divided into an introduction,
a task in which subjects were asked to make a buying decision using
recommendations on the mobile phone, and an interview. In the experiment, each
participant was given the task to make a buying decision by choosing one product
out of each of the three product categories: wine, household tissue paper and mobile
phones. Of each product category there were three products to choose from.
The recommendations entered in the first study were used for this experiment.
Across all products there were a total of 9 aggregated star ratings (an aggregation of
the 45 individual star ratings), 45 text ratings and 45 video ratings. The participants
used the same handset and the same products as in the first study.
The study was conducted at the SAP Future Retail Center, a showcase retail
laboratory with 9 shelves containing 700 products which provide a controlled but
yet retail-like environment. The participants conducted the experiment in front of
the product shelves for the wine and tissues and in front of a display shelf for
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mobile phones. Additionally, the subjects were given a shopping cart into which
they placed the chosen products.

Figure V-VI: A subject using product recommendations to select a product

We recruited 19 participants (10 females) for this study. Their average age was 32
with mixed professional backgrounds. All participants owned a mobile phone which
they used as a minimum to telephone and send text messages. Eight participants
could be categorized as ‘power users’ who used applications on their phones and
internet access. The study was executed on two days within one week in August
2009, and was recorded on video.
Introduction: Participants were first introduced to the task to be performed in a
standardized manner. They were informed that the ratings they should use had been
created by other purchasers of those products and they were told to use as many
ratings as they needed to choose a product which is best suited for them. They were
told not to rely on their past experience to form the choice and that they were
allowed to handle the products as they would in a regular store. The chosen product
was to be placed the shopping cart. The price was not indicated and the subjects
were told that price is irrelevant. Finally, subjects were instructed that the focus of
the experiment were the ratings and not the subjects themselves. The subjects were
then shown the three product groups and the shopping cart.
Tasks: In a randomized sequence, the participants were assigned a different rating
modality for each product type and participants were given the products in a
randomized order. For example, the first participant was asked to choose a wine
based on star ratings, then tissues based on video ratings and finally a mobile phone
based on text ratings. The next constellation was mobile phones/text, wine/stars,
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tissue/text. The experimenter showed the mobile phone with the preloaded ratings
for the first product group and a short demonstration was given to explain the menu
structure of the ratings and what button to use to go back. When the subject had
chosen a product, they were directed to the next product group and the experimenter
loaded the appropriate next set of ratings. For video ratings the subjects were given
headphones to more accurately simulate the use in a public retail environment. The
purchase decision process was timed for each one of the product groups. The timer
was started when the participant took the mobile phone in hand and the participants
were told to place the chosen product in the shopping basket in order to indicate
completion of the task. This action was used as the task completion time.
Interview: Upon completion of the last purchase decision, the subject was told that
the experiment was completed and that a few questions would be asked in an
unstructured interview. The questions were designed to yield informal comments
for qualitative analysis. The emphasis was on gaining insight into how the subjects
view the three rating modalities (stars, text, video), which one contains the most
information and whether it would make sense to combine the rating modalities and
if so, how. The subjects were asked whether they would use such ratings and what
products they would use them for. Also of interest was, whether knowing if a
known person or friend had created the review to be used would make a difference
in how they would weigh the recommendation. The subjects were asked whether
they generally inform themselves before purchases and what sources they consider
(experts, friends or random other internet users). For statistical purposes their
proficiency level in using mobile phones was assessed, as well as demographic
information.
V.3.2

Study Results

As for the first study, we present results gathered from the tasks performed and the
interviews, this time from the second study on accessing recommendations. From
the tasks we captured the task completion time for each product choice a subject
made and collected observations. From the interviews we collected input on the
preferred recommendation modality in terms of their utility and perceived ease of
use, the preferred use for recommendations on mobile phones and the use of
recommendations for product purchases today.
Measurements
The time that it took the participants to choose a product was measured. Those who
chose products based on star ratings took on average 44.1s. Among the tree
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modalities, the star ratings clearly had the fastest time, more than twice as fast as
text (text ratings took 104.5s, an average ratio of 2.4 over stars) and stars were 4.5
faster than video (measured at 200s). And participants choosing products based on
text ratings were almost twice as fast (average ratio of 1.9) as those using video
ratings. Interestingly, within each modality, this was quite consistent across the
three product categories (see Figure V-VII).
Time (s)
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Figure V-VII: Times for using recommendations by modality

Interview Responses
The participants indicated that text ratings contained the most information (53% of
participants), video ranked in the middle (26%) and stars were seen as having the
lowest information density (11%). 47% of the participants felt that having one
recommendation modality was enough, for the rest, almost half (47%) the best
combination would be ratings consisting of stars plus text. 11% chose stars plus
video and only 5% would combine video with text, a number that was reinforced by
several participants explicitly stating that this combination would not make sense.
To counteract the low information density of star ratings and yet retain their
inherent speed, several participants (11%) spontaneously suggested a modality of
‘extended stars’ where star ratings would be used to convey the quality along
different categories and not simply display an overall rating. The detailed
participant responses to each modality follow:
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Stars: Star ratings provide quick, high-level information; they are well understood
and easy to comprehend. This ease was reflected in the interviews where favorable
statements clearly outweighed negative or neutral ones. Stars are really strong if
applied to specific criteria or categories and they can be used to summarize
information in text or video. Stars convey authority: people who don't care about the
source of information tend to like stars. Some people automatically assume that
stars are from an expert source, even after being told that they are from other
‘normal’ users. This might be because text and video can look unprofessional,
which is never the case for star ratings. We found that stars seem to embody rather
subtle information: a) people who are not well-informed about a product like star
ratings and b) people who have already made up their mind use it to support their
opinion and do not want to see further information. In both cases, stars seem to help
people ‘to do it right’, i.e. wisdom of the crowd; to do it as the others do.
Text: Text has a high information density and has the advantage over video that it
can be scanned, skipped or read in detail depending on need. It can convey a lot of
information which is especially appreciated by people who are looking for more indepth information. However, several participants noted that a more structured text
format or formalized structure would help with comparing items. It was repeatedly
stated that text is not as time consuming as video, however, the bad writing style
and spelling and grammar mistakes were offensive to some. In the interview
questions, the users did have a favorable view of text (0.42).
Video: Of the three ratings, video has a medium information density. It has the
advantage that products can be shown in use and certain product features can be
shown very effectively (e.g. the absorption quality of tissue). The downside is that it
is very time consuming to watch and is perceived as very annoying when it is not
well done (e.g. ‘wobbly’ videos). Overall, the view of video was only very narrowly
positive (0.1). Of note to the researchers conducting the study was that participants
often seemed bored watching videos, reading product labels in parallel or even
playing with their hands. Several participants would have chosen video as their
preferred modality if the rating had been done professionally or in higher quality.
This is of course in conflict with the notion of home-made video reviews, which
was also acknowledged by participants. Some participants would have appreciated
an indicator of video length already in the selection menu. Similarly, ways of
browsing video information with extractions of clips or semantic information would
have been helpful for comparing products.
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Products for Using Recommendations: Participants were then asked whether they
would use mobile product recommendations, for which 79% said they would. Of
those, 53% responded that this would be useful for technical products, 26% named
cosmetics and 16% wine. In a more general statement, 32% participants thought it
would be most useful for complex or expensive products, 11% for products with a
large selection and 5% for new products. This is mirrored in the responses to the
more general question to identify for which product purchases the subjects perform
research today. 11% of respondents do not perform any research. Of those who do,
most (63%) research technical products, followed by ‘expensive products’ (42%)
and food (11%). Also mentioned were: sports equipment, new products, products
that cause allergies and housing (multiple mentions were possible).
For 79% of participants the rating would gain in relevance if it had been submitted
by a friend or acquaintance. Alternatively, some subjects would have appreciated
more background information about the person providing the review and stated that
without this, the review was hard to understand and requires blind faith.
Interestingly, some participants indicated that this was less of a problem with video,
stating that the background of people was much easier to understand and thus the
ratings did not require ‘blind faith’. When asked what sources the subjects used for
researching products: 42% professional sources (magazines, reviews, etc), 37%
asked friends and 21% looked at the opinion of internet users unknown to them.
The simple and functional review interface prompted a few subjects to suggest
improvements. Several times there was a request for a ‘compare’ function that
would allow product comparison across certain criteria. And two participants would
like to see product recommendations and reviews available directly on the shelf in
the store.

V.4

Interpretation and Conclusions

This section sets the results of both studies into relation. Limitations of the studies
are discussed, and conclusions are drawn.
V.4.1

Limitations

Most importantly, we are aware that the measurements in our study are only
expressive to a certain extent, because the measured times are influenced by many
factors that are not directly related to the usefulness to the evaluated modalities.
This is why we highlight the qualitative insights gained in the studies.
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Also, in the first study each participant was asked to provide nine reviews in total
(one for each product), which results in limited content per video/text. Furthermore,
in choosing a high-involvement (and expensive) item such as a mobile phone, it is
probably not realistic to assume that people would be able to ignore prior
knowledge, experience and exposure to advertising while at the same time relying
only on the star rating for such a purchase, and buy such a product spontaneously,
as done in the second study. Related to the second study, the practical issue of
product prices was not considered in the study – and while the retail lab simulates a
shopping environment, it is still a controlled environment. In addition, data volume
differs significantly across the different modalities and this could be a monetary
issue if flat rates are not available. Another consideration that was not measured but
could be a factor, especially for video, is the speed of download.
V.4.2

Overall Interpretation

In the previous section, we analyzed the results of both studies. Here we discuss the
findings and put the two studies in relation to each other.
Fortunately, there is a match between the preferred recommendation input modality
and the recommendation modality that consumers prefer to use before deciding to
buy a product. The star rating modality is the top choice for rating products and also
had the most positive responses for the use at a supermarket. A similar parallel can
be drawn between providing and using text ratings: While almost half the users
prefer pure text recommendation or text combined with stars, the consumers who
use the ratings have a high preference for text. Fortunately, also with video the
parallel is clear: only one reviewer (7% of the study participants) would choose
video to give a rating and only 30% of the rating users felt positively about video
reviews. This leads to the clear conclusion that star ratings or a combination of star
ratings and text are the most useful modality for product reviews on mobile phones,
with video ratings a distant third.
When examining star and text ratings in more detail, it becomes clear that they both
have strengths and weaknesses that make a combination of the two very powerful.
On the one hand, stars are very quick to enter when rating a product and very quick
to browse while shopping, but at the same time they do not provide enough depth
for a consumer looking for more information. This is where text can be beneficial,
similar to the web. However, we suggest that stars and text should not be simply
adapted from the approaches we know from the Web.
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We suggest the following two design guidelines to developers of mobile product
review functionality:
Star Ratings: The power of star ratings should be used to take advantage of their
ease of use both for providing ratings and using ratings. Moreover, their usefulness
can easily be increased if ratings can be entered for different properties of a product
or different product criteria. Potentially, the properties or criteria can be defined by
the users.
Short and Structured Text: Users like to read texts in order to buy products. To
take full advantage of the depth of information available from text reviews, while
reducing the time to input ratings or to browse them, allowing people to enter
structured text is the recommended approach. As such, the well-known modality on
the Web of combining long texts with an overall star rating needs to be changed for
mobile review systems. Possible concepts include the auto-completion of usergenerated tags for given products and short texts per product, for example in the
length of a short message or a ‘tweet’ as we know it from Twitter (140 to 160
characters) (see also [Jansen et al., 2009]).
In addition, the subjects’ reactions and interview responses made clear that usergenerated reviews need to include descriptions and facts about the products (so
called master data), as well as a personal opinion and an indication of who the
reviewer is. This was a general concern which was repeatedly mentioned by the
subjects. People indicated that it was hard to judge the reliability of the reviews,
without knowing more about who had provided them. The source of the rating must
be qualified in some way, e.g., is this an expert user of the product? Did a
professional reviewer with a reputation provide the recommendation? Or are the
ratings from anonymous Internet users? Given the shoppers’ desire to trust the
recommendations they receive, further studies should investigate the role of
recommendation sources in the context of using mobile phones in a shopping
environment.
Another open issue is in whether mobile phones are the ideal candidates for
displaying reviews. Several subjects spontaneously mentioned that they would like
to see ratings not on the mobile phone, but displayed directly on a display attached
to the product shelf. This could be an interesting addition to a mobile rating system
or even work as a stand-alone. In terms of what modalities would work on such a
display and whether to make them interactive, this could also be the subject of a
further usability study in this domain. Another related topic that was mentioned
several times is the question as to how products might be compared to each other on
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the mobile phone and what tools could be provided to the shopper that integrate
reviews and allow product comparisons.
V.4.3

Summary and Conclusions

Representing product reviews on mobile phones has been identified as a key
usability challenge (see Chapter I.2). This chapter compared different modalities
(stars/text/video) for creating and using product recommendations on mobile phones
on their usefulness towards consumers. In the broader sense it evaluates the concept
of user-generated rating criteria suggested in Chapter III.
We performed two user studies, one of them in a realistic shopping location. The
results indicate that stars, or stars extended with short and well-structured text
blocks, are the most useful recommendation modality for mobile phones for
consumers. Surprisingly, the participants of both studies do not consider video a
realistic option, although videos can contain a lot of emotional experience or be
used to demonstrate the product and it can be recorded at a low effort on mobile
phones.
A reason for the unpopularity of videos is potentially that people are, in contrast to
stars and text, not used to recommending products through videos. Nevertheless it
appears that few, precise, and well-structured information as expressed through
stars is preferred over the certainly more informational and emotional
recommendations expressed through text and video. This is somehow contradicting
to theories of buying behavior, which say that consumers want to gather as much
information about products as possible before taking a buying decision, especially
for high involvement products such as digital cameras or mobile phones. A further
possible explanation is that the information needs while shopping in real shops are
different than on the Web. It could be that detailed visual descriptions of the product
itself though videos are not necessary, since the product in question is already on
hand. Following this explanation, star ratings provide a specific augmentation of the
own experience while handling the physical product in the shopping situation.
Many product-related mobile applications on the market still focus on providing as
much information as possible, and underestimate that consumers are in a context of
many tasks in parallel while shopping. Our studies indicate that developers of
product-related services on mobile phones should, unlike on the Web, not focus on
providing as much information as possible, but rather present precise and wellstructured information.
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EVALUATION OF REVIEWING MODALITIES

Based on the results of this chapter and the preceding chapter (Chapter IV), both of
them performing usability evaluations for the suggested concept on product reviews
for mobile users, the next chapter puts the results of the evaluations in relation to
the concept and, even more, discusses issues that are critical for the realization of
the concept, but are not related to its usability.
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Discussion

This chapter discusses the concept and the evaluations describes earlier in this
thesis. In Chapter III, a concept for product reviews on mobile phones was
introduced. The identification of products and the modalities for reviewing products
were identified as the core issues regarding the usability of such applications. These
two issues were evaluated in four user studies. These user studies are described in
the Chapter IV and Chapter V. This chapter proceeds as follows: First, the insights
gathered in the evaluations are summarized. Second, these results are put into
relation with the concept described earlier in this thesis. Finally, a number of other
issues related to reviewing products on mobile phones that are not related to
usability are discussed. These are issues that need to be considered when applying
the concept in practice, and thus are worthwhile being discussed in this context.
Examples are the bootstrapping of a user-generated mobile product reviewing
platform, and ensuring that people actually are motivated to create reviews.

VI.1 Overview of Evaluation Results
In the preceding chapters, the two usability artifacts ‘product identification’ (see
Chapter IV) and ‘modalities for reviewing products on mobile phones’ (see Chapter
V) were evaluated in four user studies. The results of the individual studies are
distributed among and embedded in these chapters. This section gives a short and
clear summary of the most important findings of the performed user studies. The
summary is performed on a qualitative level, and the arguments build on each other
logically. The measured numbers that lead to these arguments are described in the
related study description.
1. Entering product identifiers manually is not an option for consumers.
The studies performed have shown that users are very hesitant to manually enter a
product’s barcode number or search terms describing a product. This applies even
more if several products have to be identified in a row, for example during a
product comparison task. All automatic product identification modalities are both
faster to be applied, and have a better perceived ease of use. The time to identify a
product is a key usability factor for product identification techniques on mobile
phones. At first glance this is not surprising. What is more surprising is that, at the
time the study was conducted, there were hardly any automatic product
identification techniques available that could be applied. Not only that RFID readers
are not integrated into current handsets, also at the time of the study there was not
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one existing 1D barcode scanner that worked with the iPhone, since the camera of
the iPhone was technically too constrained. This has changed within the last year
and the rise of the second version of the iPhone.
2. NFC is the most usable product identification technique.
The study described has evaluated the usability of five product identification
techniques based on task completion times, perceived ease of use, and qualitative
user feedback. Given all this input there is no doubt that, among the tested
identification techniques, NFC provides the best usability. Scanning an NFC tag
could be performed up to eight times faster than entering a search term for a given
product. Our study has compared the identification techniques for the product
‘wine’. But although wines have particularly long names, which led to long search
terms entered by hand, it can be assumed that NFC tag scanning is always
significantly faster than entering product search terms.
3. NFC is not applicable for products yet.
Testing the usability of product identification techniques for mobile phones is a core
part of this thesis. But although usability is in the focus, this should only be a tool
towards applicability. Clearly speaking, this means that although NFC is the best
usable product identification techniques, this will not (at least yet) enable productcentric services to be applied, since the infrastructure for RFID tag scanning is not
available. Neither are consumer products equipped with RFID tags, nor do current
phones include RFID readers. This may change in the future. Retailers think about
applying RFID on item level, but yet it cannot be determined if this will happen and
if, when will it happen. And in case products are tagged with RFID tags, it is not
clear whether the retail industry will apply the EPC standard or the NFC standard
[Wiechert et al., 2007]. This applies even more for the mobile phones. While very
few handsets exist that can read NFC tags, reading EPC tags can only be performed
using a prototype which is not even on the market yet.
4. Barcode scanning is applicable, and almost as usable as NFC.
In terms of usability, automatic barcode recognition follows RFID tag scanning
very closely. Both the measured times and the perceived usability are close to the
values measured for the RFID tag scanning solutions. But 1D barcode scanning has
an immense advantage regarding its applicability: On the one hand, close to 100%
of consumer products are equipped with the black-and-white striped 1D barcodes.
On the other hand, a number of software-based solutions for mobile phones exist
that claim to be able to read these barcodes (see Chapter IV.3).
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5. The 1D barcode scanner market is dominated by two strong players.
Our second study shows that, at the time the study was performed, only two
scanners could be considered applicable for consumer use. These were the scanner
libraries BaToo (see [Adelmann et al., 2006], [Adelmann, 2007]), and ZXing 48, an
open source project by Google. Both are reliable in more than 90% of the cases and
scan barcodes in less than six seconds in average. However, it needs to be
mentioned that BaToo as used in the study requires the user to adjust the focus to a
fixed focus, which is a fundamental disadvantage. It can be doubted that someone
will apply the scanner as it is now. Also, the tested version of Batoo has not been
released commercially yet. Besides that, in the mean time the scanner ‘RedLaser’
on iPhone seems to have significantly improved. Currently we observe that almost
all applications that incorporate 1D barcode scanning functionality use the libraries
of ZXing (in case of Google Android as a platform) or RedLaser (in case of iPhone
as a platform).
6. Existing 1D barcode scanners need to provide a better usability.
It seems that, yet, many scanner providers focus on the core library for recognizing
barcode. This is certainly one important issue. However, providing a sufficient
usability is the key to be attractive for potential users. Our user studies have
indicated that if the scanner does not work in a couple of test runs, they will not try
the software again. According to the measurements and interviews conducted, the
design of software-based 1D barcode scanners needs to feature a visual scan line, a
dedicated viewfinder window that lets the user know where to position her barcode,
immediate feedback upon a successful scan, and barcode recognition in real time,
without additional buttons to be pressed. Also, fixed focus as done by BaToo is not
an option, since it requires the user to go through an adjustment procedure every
time she starts the reader.
From the studies investigating the usefulness of product reviewing modalities for
mobile phones (Chapter V), we gained the following results:
7. The usefulness among the modalities is the same for both entering and
using reviews.
The studies have shown that the rankings of all the tested modalities regarding time,
utility, and subjective preference are the same for both entering and accessing
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reviews. This means that, for example, entering reviews using star-based ratings is
considered as useful as buying a product using the same modality.
8. The modalities are equally useful among all tested product types.
Both the studies on entering and the study on accessing product reviews on mobile
phones showed that there was no significant difference among the product types
(mobile phone/wine/tissue) regarding the usefulness of the modalities stars, text,
and video.
9. A combination of stars and sort text is most useful for mobile product
reviews.
The core outcome of the studies on product reviewing modalities for mobile phones
is that the ideal modality for reviewing is a combination of modalities. Given the
similarities for entering and using reviews expressed in (result 7), mobile product
review systems should feature a combination of stars and short texts as a reviewing
modality for both entering and accessing reviews.

VI.2 Usability Discussion
The above section has given an overview of the results of all four usability studies
conducted within the frames of this thesis. Now, what do these results indicate for
the concept that was suggested in Chapter III? At first glance it becomes apparent
that the suggested concept is a valid first step towards an intuitive usability for
product reviews on mobile phones. However, regarding the two core usability
issues, a number of improvements could be made iteratively, based on the results of
the studies that were outlined above, and based on technologies that have emerged
recently.
VI.2.1 Product Identification
NFC: The studies indicate that automatic product identification is a key feature for
a good usability (result 1) and that, usability-wise, NFC is the best of the tested
options for the interaction between mobile phones and products (result 2). However,
there is an issue regarding the applicability of NFC in the world as it is today. The
infrastructure for scanning NFC tags is not available yet (result 3). NFC tags are
neither attached to consumer products, nor do many current handsets feature NFC
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readers. NFC seems to suffer from a so-called chicken-egg problem: As long as
there are few NFC-based services it is unlikely that there will be NFC readers in our
mobile phones, and as long as there are no NFC readers, there will be no services 49.
Handset manufacturers are still experimenting with NFC handsets 50 and are still
performing trials 51, mostly in the area of mobile payment and mobile ticketing, but
yet it cannot be determined whether NFC will take off on a broad basis, and
especially whether NFC will be used for interacting with consumer products.
Barcodes: In order to make the concept suggested in Chapter III more applicable,
software-based mobile 1D barcode scanners can be applied. They can circumvent
the uncertainty regarding the infrastructure of NFC (result 4). The black-and-whitestriped codes are already on almost all consumer products. In the future, at least for
some products (for example in the pharmaceutical industry), a tagging with 2D
barcodes that are easier to be read with camera-phone scanners is possible 52. And as
shown in our studies, a number of scanners for mobile phones are available. But
also the scanners on the market have room for improvement (result 5). It has been
shown that current barcode readers are only partly an option. Few exist that are
applicable. Developers should focus on providing a good usability, in order to make
barcode scanning a valid option for the said concept (result 6). Another option for
the future is the integration of barcode-scanners into the hardware of mobile phones.
Currently, a number of scanners 53 exist that can be attached to phones manually and
that interact with the phones via Bluetooth. In case current software-based barcode
scanning approaches prove successful on the market, handset manufacturers may
think about integrating hardware-based scanners into their phones in the future.
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http://www.mobilecommercedaily.com/will-nfc-mobile-contactless-payments-take-off/
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Figure VI-I: Product identification via image recognition in Google Goggles (source:
MobileBurn.com)

Image Recognition: Another option for the suggested concept is the use of
identification techniques that have recently become popular, in the time since the
concept was formulated. Especially image recognition has drawn the attention of
mobile users. The start-up company Kooaba 54, for example, has developed a mobile
image recognition algorithm that can detect posters and other square-shaped
products such as books, and hard disks. A similar approach has been taken by
Google Goggles 55 for product identification (see Figure VI-I). Also MIT’s 6th sense
project 56 uses a camera to identify products, and moreover, uses a projector to
display reviews on the product itself. The advantage of these techniques is that the
products do not require a tag, which is usually attached to the packaging of the
products. This means image recognition enables after-sales services, as long as tags
are not attached to the products themselves. A disadvantage however is that image
recognition, up to now, only works for products that have a very well-defined
silhouette.
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http://www.kooaba.com
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56 http://www.ted.com/talks/pattie_maes_demos_the_sixth_sense.html
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Speech Recognition: In the recent past, a number of approaches have been
introduced that actually allow the user to ‘tell’ the phone what product is on hand.
Especially the speech recognition software library integrated in the Android mobile
operating system 57 seems to be utilizable as a user-mediated product identification
technique, as the successful introduction of Google’s shopping application ‘Google
Shopper’ 58 indicates. Yet speech recognition is in a very early stage, and so far on
Android only works in English, and with limited reliability.
Combining Techniques: As long as every product identification technique
considered has its shortcomings, a combination of product identification techniques
seems to make sense. This way, developers can leave the choice of what technique
to be used to the users. For example, if the light conditions are rather bad, people
may ‘talk’ to their phone or type in a barcode number if the environment does not
allow talking. If the light conditions are good, people may use visual approaches
like scanning barcodes and image recognition. If there is a 2D barcode attached, this
procedure can be performed even more easily. There may even be cases where an
RFID tag is attached to a product, and the handset the application is running on has
an RFID reader integrated. Product reviewing applications on mobile phones should
offer many means for product identification to their users in parallel in order to be
maximally beneficial for their users.
VI.2.2 Product Reviewing Modalities
Star-Ratings: The concept presented in Chapter III suggests an approach of usergenerated rating criteria as a modality for exchanging opinions about products via
mobile phones. The results of the evaluations performed in Chapter V have
confirmed the concept in a number of points, including that the same modalities
should be used for both entering and using reviews (result 7), and that the same
modality should be applied for all types of products (result 8). But most importantly
the studies have indicated that a combination of stars and structured text should be
used as a modality for reviewing products on mobile phones (result 9). Another
indication that the concept can be applied successfully is that web retailer Amazon
has successfully integrated exactly the suggested user-generated rating criteria into
their website (see Figure VI-II), in addition to conventional text reviews.

57
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http://www.4feets.com/2009/04/speech-recognition-in-android-sdk-15
http://www.google.com/mobile/shopper
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Figure VI-II: User-generated rating criteria on Amazon (source: amazon.com)

Short Texts: Given the result of our study that users like short and structured texts
to express and use a product opinion, using short messages like tweets published via
Twitter (see [Jansen et al., 2009]), status updates via Facebook, or buzzes via
Google Buzz seem a promising approach, as implemented in another prototype built
by our research group 59 and a couple of other prototypes 60. According to the results
of our studies however, text should always be combined with stars, in order to
combine at-a-glance information with a subjective in-depth experience a consumer
has made with a product.
Multimedia: The study described in Chapter V indicates that, currently, video as a
modality for entering and accessing product reviews on mobile phones is not
considered an option by consumers. Also other multimedia-based approaches for
reviewing products, such as virtual avatars that read product reviews [Güven et al.,
2009] to the user and spoken audio reviews in general have not been applied
successfully in practice yet. One reason may be that people are not used to product
reviewing via multimedia, and especially that people are reluctant to hear their own
voice and see their own face in the review. Another reason is certainly that
multimedia reviews are sequential, meaning that it is difficult to quickly extract the
relevant information without watching the complete video or audio recording.
Furthermore, using multimedia reviews creates noise, and consumers do not seem to
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http://dev.im.ethz.ch/wiki/My2cents
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be willing to expose their co-shoppers to that noise. An approach to this could be
the use of headphones, as used in our study.
Combining Modalities: It seems that all modalities have dedicated advantages and
shortcomings for product reviews on mobile phones. Stars are good to express an
overall opinion. They are easy to be entered and easy to be used on mobile phones.
However, their expressiveness is limited. Even with user-generated rating criteria as
suggested in the concept the possibility to express a subjective experience is very
limited. On the other hand, text and video require are difficult to be entered and to
be accessed. Having learned from the user studies described earlier in this thesis the
most promising approach seems a combination of modalities. For example, stars
combined with short texts (in the range of about 160 characters) or with usergenerated tags (e.g. ‘cheap’) that can be entered using auto-completion are
promising to design the process of entering and using reviews as hassle-free as
possible. Another option worth evaluating in depth may be the entry of longer
‘textual’ reviews via a speech interface, which then transforms the spoken review
into a text.

VI.3 Applicability and Market
While usability is certainly a key issue for the successful application of product
reviews via mobile phones, a few other issues around the suggested concept exist
that are worth being discussed. These are issues that relate to the practical
applicability of the suggested concept. Based on the design, implementation, and
evaluation of the concept together with users, we discuss the following issues:
VI.3.1 Motivation of the Users to Contribute Reviews
Since a collaborative product reviewing system as suggested in this thesis works on
a mutual give-and-take basis, a crucial question is in how to motivate users to
participate and contribute ratings. Marketing research indicates that consumers’
desire for social interaction, their desire for economic incentives, their concern for
other consumers, and the potential to enhance their own self-worth are the primary
factors leading to consumers creating reviews on websites (see [Hennig-Thurau
et al., 2004]).
Leveraging these insights for our concept, the participation must be made easy to
use in order to challenge the users’ desire for social interaction. A first approach is
to design the ‘add rating’ step for the user as hassle-free as possible. In addition, the
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provision of product master data obtained from commercial platforms such as
Sinfos 61 should release users and administrators from entering the formal
descriptions of products. Also, the client application on the mobile phone could
pro-actively remind the user to add a rating for a purchased product. One way the
mobile phone could recognize the point-of sale is when the mobile phone would be
also used to pay the article (e.g. NFC payment). Then the mobile phone could
remind the user to add a rating at a later time. The mobile phone could also store
recently-scanned items and thus allow the submission of ratings even if an item is
currently not in the vicinity of the user as ‘favorites’, similar to storing favorite
websites in a browser.
Utilizing the users’ desire for economic incentives, an approach is to introduce
credits that are consumed when retrieving ratings of other users. Initially, new users
could be supplied with a seed credit allowing for retrieving a certain amount of
ratings to familiarize and show the benefits of the system. Later, users can earn new
credits by generating own ratings. The actual ratio between credits spending and
credits earning for a rating (e.g. -1 credit for using reviews, +2 credits for adding)
would have to be determined in larger field-trials. Moreover, contributing
consumers could be rewarded with some kind of micro payment, for example using
PayPal 62. This would lead to a completely new type of mobile application (see
Figure VI-III). While all known application stores feature only applications that are
either free to be used or are that need to be paid, this application could be the first
where users are actually rewarded for using it.
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Figure VI-III: Current types of mobile applications in the ITunes store

Utilizing the wish of some users to enhance their own self-worth, hard-working
contributors could be rewarded with certain status-levels, which could be made
public to the user community accordingly (e.g. Epinions.com has introduced that
successfully).
VI.3.2 Providing Initial Content
Apart from the general motivation of users to provide content, a further question is
how to successfully launch such a rating system, how to initially provide enough
content that motivates the first-movers to participate in the system. As a first
approach existing reviews could be crawled from the Web, for example from
websites such as Amazon. For example Google News applies this concept already
successfully. Also the master data mentioned above is important to show users
initial data is there. Accessible databases for product master data include Amazon’s
web service interface that offers master data for Amazon’s product assortment 63 and
the Sinfos 64 database hosted by GS1. Additionally, for reaching the critical mass of
ratings it might be necessary to offer a web-based interface in addition to the mobile
application. Once enough data is in the systems, the system may create strong
economies of scale: The bigger the set of users, the more likely I am to find good
reviews. This leads to lock-in effects may prevent the users from using other similar
applications. This means as soon as several mobile reviewing systems start to
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compete in a given market, we should expect to see very intense competition, since
there is likely to be only one eventual survivor.
VI.3.3 Credibility of Reviews
A general criticism against user-generated content is that the quality of information
may not compare with findings of more established and trusted sources such as
consumer associations, testing magazines, and specific journals [Wunsch-Vincent
and Vickery, 2007]. And also the entry of inappropriate and illegal content such as
spam needs to be considered. Theory of buyer behavior has clearly indicated that
the credibility of an information source we use for a buying decision significantly
influences our buying behavior (see [Gilly et al., 1998], [Lascu et al., 1995]).
Kelman [Kelman, 1961] suggests that credibility is a combination of expertise and
trustworthiness. Expertise can be viewed as the perceived ability of an information
source to know the right answer and trustworthiness as the perceived information
source’s motivation to communicate this expertise without bias. This means it needs
to be distinguished whether people are actually able to create a good review, and
whether they have the motivation to create a review that reflects their experience
without bias.
Credibility of the reviews is also an issue that has frequently been raised when
discussing the APriori prototype with consumers (see Chapter III.4). ‘How can you
make sure that I can trust the reviews that have been entered?’ was among the
questions consumers asked the most. Also research [Folkes, 1988] suggests that
consumers discredit recommendations from endorsers if they suspect that they have
incentives to recommend a product. In the case of the suggested concept, the
‘information source’ are random other users, since everybody can create reviews
using the system. Regarding trustworthiness, in the regular case it can be assumed
that consumers create reviews to the best of their knowledge (see [Senecal and
Nantel, 2004]). However, the system as it is cannot prevent companies from
creating biased reviews [Awad and Etzion, 2006]. Epinions, a product reviewing
platform on the Web, has reported on ‘trustitution’ 65, meaning that so-called rating
circles establish, with the attitude ‘recommend me and mine, and I’ll do the same
for you’. Regarding expertise, users might lack the knowledge to actually create a
high-quality review. But although a contribution may seem worthless, content
posted by users may be of exceptional value to specific other users, particularly if it
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has a personal touch, despite suboptimal objective quality and a lack of knowledge.
In addition, with an increasing number of non-biased reviews, it can be assumed
that the quality of the reviews rises incrementally.
There are a number of mechanisms that can help increasing the credibility of
reviews. A strong approach to prevent intentionally wrong and defamatory content
is to introduce a registration process where users have to reveal and verify personal
information (an text message response containing a verification code would be even
more trusted than an email due to the one-to-one user-SIM-card relationship). An
even stronger approach is to establish a reputation system within the community
that allows calculating a level of credibility based on the number of friendship links
(web of trust) and ratings of the contributions someone has made, as various online
recommendation platforms such as Amazon have shown successfully. This way,
content creators will care about their reputation, and have high incentives for
accuracy. Furthermore, various mechanisms of moderation 66 in combination with
intelligent text filters and a code of conduct, as well as defined steps of enforcement
may be applied if needed. The mechanisms for moderation include pre-moderation,
where every contribution is verified before it is made available, post-moderation,
where all contributions are verified after release, reactive moderation, where
contributions are only changed upon complaint of other users, and distributed
moderation, where the users can freely edit contributions if they are of bad quality.
Another possible approach specifically for the suggested system is the automatic
deletion of products and criteria that have not been used for a certain time through
some kind of ‘garbage collection’.
As mentioned, the most trusted source for recommendations are people we share a
relationship with and people we know well. This is leveraged by many service
companies offering some discount to you if you recommend their service to your
friends because then these companies can benefit from your reputation in your
social network. Social web platforms allow the utilization of social relationships for
various applications, e.g. to get know to friends of your friends, but also can
represent a new backbone of trust concerning recommendations from users from the
known environment. Especially interesting here is that personal recommendations
and experiences with products are not only limited to direct friends but also can
’hop’ throughout the network but still can be rooted back to their origin. Thus,
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personal recommendations are not just one-to-one anymore but become one-tomany limited to people part of a social network.
Despite the risk of releasing bad-quality reviews, practice has shown that the
positive effects of user-generated content clearly outweigh the risk of low-quality
content. Systems like the suggested reviewing system enable content rapidly to be
created that would not have been available otherwise. Also, in practice intentionally
posted wrong content is not a major issue. For example Wikipedia comes close to
Britannica in terms of the accuracy of its science entries, as an investigation of the
journal ‘Nature’ finds 67. In order to provide a credible product rating service it is a
key to preserve freedom of expression among users, to preserve openness and to
avoid filtering and censorship.
VI.3.4 Commercialization
Running a system as the one suggested in this dissertation is costly, and it is worth
thinking about what business models might be used to generate revenues sufficient
to cover these costs. Experiences have to be gained for selecting and combining the
most promising models from: (1) Voluntary donations which requires to limit
efforts, but Wikipedia shows that this model can work. (2) Charging for services
(subscriptions or pay-per-use) or bundling with others is an option which has
largely failed in traditional web contexts but could be promising when partnering
with mobile network operators or retailers. (3) Advertising-based models could be
an option. They have proven successful in the context of the traditional Internet.
However, advertising on mobile phones is yet evolving. (4) Licensing of content
(e.g. to retailers, brand owners, market researchers) could be commercialized at a
later stage. (5) Selling of goods to the rating community (so-called cross selling)
and exploiting the presumable lead-users as test markets could be another source of
revenue if applied with care. The latter three business models also carry the danger
of corruption. Similar to mass market computer magazines that combine
advertisements and reviews, the providers of such system could be accused of
biasing the reviews towards companies that are heavy advertisers.
An issue that may have prevented the concept from being commercialized using 1D
barcode scanning technology is a patent by Neomedia 68. However, the Electronic
Frontier Foundation (EFF) has successfully fought against this patent, and
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apparently the United States Patent and Trademarks office has rejected all 95 claims
of the patent 69.
Another issue is the competition among similar applications that use barcode
scanning for shopping applications. It is well possible that users only want to scan a
product using their phone, and then decide on a service (e.g. reviewing, warranty,
extended packaging, etc.). There might be room for a platform that allows several
applications to be run as plug-ins. Another option is that one strong player will offer
a shopping application that covers a whole bunch of scenarios.
VI.3.5 Privacy Concerns
A prominent concern towards open, collaborative systems is a lack of privacy.
Collaborative network platforms in general encourage users to share their personal
information and experiences in publicly viewable areas. For mobile review systems
like the one discussed in this thesis privacy is even more an issue in case videos and
audio files are used as review modalities, since the identity of the user is then
revealed to the public. And moreover, the more information individuals have about
the reviewers, the better they will be able to evaluate these reviews. However, users
deliberately choose to participate in such network because they see value in
benefiting from the experiences of others. The contribution of personal information
would be just part of exactly that deliberate choice. A simple approach to ensure
privacy is, as known from social networks such as Facebook, in defining groups
with varying viewing rights for the created reviews.
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VII Conclusions
This thesis has suggested a concept for user-generated product reviews specifically
via mobile phones. It has presented a proof-of-concept prototype and has evaluated
the key usability issues. The user studies performed have provided insights into the
usability users expect for such applications.
In order to achieve a good level of usability, developers should provide several
means for product identification in parallel, such as scanning barcodes, RFID tags,
image recognition, and speech recognition. Barcode scanners should be designed in
a way that they provide immediate feedback, recognize barcodes without additional
button presses in real time, and have a clearly arranged view finder window.
Product reviews should be entered and displayed on mobile phones in a
combination of stars and short text. Examples are the user-generated rating criteria
that have been suggested in this thesis, a combination of stars and tweets via
Twitter, and stars plus user-generated tags. Multimedia reviews are not considered
an option by users.
Relevant research on consumer behavior has indicated that electronic word of
mouth is perceived valuable by consumers and influences their buying decision (see
[Senecal and Nantel, 2003]). In addition, the relevance of product reviews on
mobile phones has been highlighted through mobile applications that have been
released in recent times 70 that are similar to the suggested concept and that have
encouraging user numbers 71. Based on the emergence of such systems in practice
and the usability issues gathered in this thesis, this chapter summarizes the
implications of the dissertation for the research domain, discusses the implications
for the various stakeholders in practice, and identifies possibilities for future
research.

VII.1 Implications for Research
The systematic view on user-generated product reviews via mobile phones adds to
the current understanding of mobile shopping applications in general, and more
specifically to their usability.
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Mobile Shopping Applications: Building up on existing mobile shopping
applications, an innovative concept integrating real-world products with data on the
web has been suggested, implemented, and evaluated jointly with users. The results
have been published in several scientific publications (see [von Reischach et al.,
2009a], [von Reischach and Michahelles, 2008]). While the suggested system
specifically targets at product reviews as an application domain, it might be
valuable also for other applications. The concept seems valid wherever users
collaboratively enter and access information about products via mobile phones. An
example is the domain of anti-counterfeiting, where a similar system has been
suggested within one of our publications (see [von Reischach et al., 2007]) 72. It
enables users to report cases of product counterfeiting to companies and
consequently to warn other consumers.
Mobile HCI: In addition, a number of user studies have investigated specifically
the usability of product identification techniques for mobile phones and reviewing
modalities for mobile phones. The results of these studies have been published in
the scientific community (see [von Reischach et al., 2009b], [insert barcode paper
and modalities paper as soon as accepted]). The gained insights add to the field of
mobile human-computer interaction. The study on the various product identification
techniques is, to our knowledge, the first that evaluates object identification on
mobile phones specifically for products (see Chapter IV.2). Our in-depth evaluation
of barcode scanners is the first evaluation of its kind, and moreover it is the first in
the sequence of studies that has been conducted in a realistic shopping environment.
The results and derived guidelines of these studies apply to not only to product
reviewing on mobile phones, but for the design of all mobile applications that
interact with products. The study on reviewing modalities adds to the domain of
entering and displaying information on mobile phones. While these results are
specifically for product reviewing, they highlight that users generally appreciate
having to enter as little data on mobile devices as possible and a well-structured
display of information on their mobile devices.
Shopping assistance using mobile devices has been a research topic for more than
ten years (early approaches were made by [Brody and Gottsman, 1999] and [Miller
et al., 2003]), and our concept is the logical next step in this sequence of works.
Nonetheless, within the course of this dissertation, the infrastructure and technical
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See also ‘Collaborative Anti-Counterfeiting’, F. von Reischach, F. Michahelles, US Patent Application
11/855,797.
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possibilities for mobile applications have made an incredible progress, with Apple’s
App Store and the Google Android Developer Market making mobile applications
available to the broad public, and applications for shopping assistance being
released there. These tendencies let us conclude that, in 2010, reviewing products
via mobile is ready to be applied in practice.

VII.2 Implications for Practice
On a general level, the concept suggested has been applied in a very similar way by
a number of web platforms and mobile shopping applications. Also, the usability
insights of product identification techniques and modalities for reviewing will help
mobile developers to achieve a better usability for their applications.
But, more specifically, and as more and more companies are experimenting with
concepts like the one presented in this dissertation, the question of ‘who will be
successful with it?’ arises. Many players are trying to enter this field, with the
players already successful in the Web business playing a major role.
Software Companies: There are a number of software companies that have access
to enabling technology for services as suggested in this dissertation. For example
Google has extended its business into many new directions in the last few years.
They have all the core technologies that are needed to implement a concept as the
suggested (barcode scanner, image recognition, speech recognition), and eventually
they have come up with a number of applications that are similar to the suggested
concept. These include Google Goggles, the Google Shopper, and the mobile
interface for Google Products that is based on Google’s Barcode Scanner. However,
all of these approaches are in a very early stage. Google has the big advantage that
many users have an account with them already, which could be reused. However,
they yet lack the so called master data, which means general descriptions of the
scanned products. Also pure barcode scanner companies like the recently founded
Mirasense 73 aim for providing services that build up on their technology. However,
they only have the technology yet and do not have an application available, neither
do they have a user base and the relevant product master data.
E-Commerce Platforms: Other potential providers of such a service are certainly
e-commerce platforms like Amazon. The already have a vast amount of product
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master data, as well as a large number of user-generated product reviews that they
have collected over their Web interface. They also have many registered user
accounts that they could use for the personalization of reviews. If online retailers
offer a mobile application like Amazon does already 74, this could make traditional
stores obsolete. People could combine the advantages of both worlds. They could
see, touch, and try products and usual stores and then order the products on the Web
where they are cheaper. This could lead to the phenomenon that shops evolve into
pure show rooms, that are rewarded a certain percentage of the sales price by online
retailers, as suggested by Lee [Lee and Jin, 2004]. Yet the master data that web
retailers have is typically limited to product types that are usually sold over the
Web, such as CDs, books, and electronic devices. This could be a hurdle for
applying the concept in practice successfully, depending on what products users
will prefer for such a service.
Social Networks: Product recommendations from sources that have personal
knowledge about the consumer are more influential than reviews from random
Internet users [Price and Feick, 1984] [Brown and Reingen, 1987]. Especially
young people seem to be affected by peer influence [Mangleburg et al., 2004]. Yet,
social networks do not make use of this, but companies like LivingSocial 75 offer
product reviewing apps that run within social networks. Another advantage of
embedding product reviewing into social networks is that no additional login is
required for using the service. Also, a LivingSocial iPhone app exists. However,
LivingSocial lack master data for the products. They therefore ask the users to enter
product descriptions, which has been applied quite successfully so far. There is also
potential in using the mobile phone for establishing connections in a social network.
There have been approaches for performing a so-called ‘virtual handshake’ by
performing simple gestures like shaking to mobile phones next to each other in
order to establish a friendship link in a social network [Teten and Allen, 2005].
Retailers and Brand Owners: Providing mobile services to their consumers via
the Web seems a completely new domain for retailers, who usually use standard
software from companies like SAP and Oracle to run their business. However,
retailers have recognized the trend of using mobile applications while shopping.
While, according to our interviews, there is a certain fear that mobile price
comparison services will lead to transparency which is perceived as a threat (see
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[Ward and Morganowsky, 2002]), retailers recognize that they have to adapt to this
trend. There are a number of branded mobile phone applications on the market
already, most of them allow ordering products through a Web interface 76. Yet we do
not know about any approaches of brand owners to enable product reviews via
mobile phones.
Business Software Companies: The missing software expertise of retailers is a
chance for business software companies like SAP and Oracle, to sell mobile
shopping applications like the one suggested in this dissertation to retailers, in
addition to conventional retailing systems that are sold anyway. In combination,
retailers and business software companies have a promising combination of
software and product master data. However, the user base would need to be
developed. This seems difficult, since it is unlikely that retailers would offer a
solution that works also for the products of their competitors. And consumers will
probably not sign up for several applications of several retailers.
Handset manufacturers and Mobile Network Operators: Also handset
manufacturers such as Nokia and MNOs like T-Online are trying to vertically
integrate and provide application stores as well as their own mobile applications.
However, as the OVI store shows, these approaches have been performed with
limited success so far. According to our interviews, MNOs are generally interested
in services that create data traffic and motivate consumers to sign data flat rates.
The advantage of MNOs is that they have easy means of billing users.
Conventional Product Information Sources: Conventional product reviewers like
consumer unions and magazines have the advantage that they have experience in
providing high-quality reviews of a limited range of products. However, yet they
focus on their traditional business, and it seems that these companies lack the
knowhow for building mobile software.
Consumers: Whoever of these players wins the battle of supporting consumers
while shopping, the clear winner of the battle is the consumer herself. Consumers
can use the suggested systems to take better-informed buying decisions and avoid
risks of mispurchases. The only drawback is that consumers need to be careful
regarding the privacy of the created reviews. They need to make sure that they
know what happens with their data and how it is evaluated.
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VII.3 Future Work
This dissertation has motivated the usefulness of the suggested concept via literature
and first user feedback. However, future research could highlight the relevance of
the system by investigating how the behavior of consumers changes through it, and
more specifically, whether consumers buy more and increasingly spontaneous as
soon as similar systems are applied.
Social Networks: Also, relevant literature (see for example [Senecal and Nantel,
2004]) and the user feedback gathered in this dissertation project (see Chapter III)
has indicated that consumers value product reviews especially if these have been
entered by people they know, and if the reviews have been targeted directly to them.
Given the success story of social networks in the recent years, the suggested system
could be extended by a personalization of reviews, i.e., a connection to social
networks. The relevant APIs to technically realize such a connection are already
available 77. This could be a powerful tool for targeted advertisement. Also, the
personalized product reviews could be displayed on in-store displays as
testimonials.
Context-Sensitivity: Another area for extending the suggested system’s
functionality is in automatic context detection (see [Schmidt, 2000]) and in
implicitly generating product reviews. Based on location-based mobile social
networks such as Google Buzz 78 and Foursquare 79, for example trusted sources or
relevant products in the vicinity of a shopping consumer may be detected and
suggested. Also, recommendations could be implicitly created; for example it can
be assumed that someone likes a product if she buys it several times. A first
collection of ideas on how this context detection could enrich future product
recommendation applications has been suggested in our paper on the design space
of future product recommendations (see [von Reischach et al., 2009c]).
Data Evaluation: Another area for research is in how to use the data that is created
by consumers for market research. Through the suggested system, deep insights into
the buying could be gained by investigating the log of users of the system.
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Questions such as ‘what does a consumer look at before she actually decides on a
product?’ could be, for example, investigated by logging the scans users perform.
Technically, the system could be linked to existing data warehouse solutions such as
SAP Business Objects 80.
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