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Abstract As pervasive computing technologies leave the labs, they are starting to 
be used for the purpose of advertising. Pervasive Advertising has the potential to 
affect everyone’s life, but it seems that a knowledge gap is preventing us from shaping 
this development in a meaningful way. In particular, many marketing and advertis-
ing professionals have an expert understanding of their trade, but are unaware of 
recent advances in pervasive computing technologies, the opportunities they offer, 
and the challenges they pose. Similarly, many pervasive computing researchers and 
professionals are on top of the recent technological advances, but lack basic marketing 
and advertising expertise and therefore an understanding of how their technology 
can influence these fields. This book is intended to close this gap and provide the 
means to meaningfully shape the future of pervasive advertising.

1.1  Introduction

The use of pervasive computing technologies for advertising purposes presents huge 
opportunities and challenges for our future. Pervasive advertising will soon be here 
whether we like it or not. Its fundamental orientation is being determined now, and 
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the direction we choose will influence the appearance of urban space for years to 
come. We are at a crossroads, where a decision must be made that will leave us in a 
better or worse off position. One direction might create a world clogged with perva-
sive spam, people being spied upon, or subconsciously manipulated to buy things 
they do not need. However, the choice exists to take the future in a beneficial direc-
tion. This is a world in which pervasive computing actually achieves its positive 
potential. Where any information we may need, contacts to people we know, and 
inspiring experiences are provided everywhere and at anytime. This is supported by 
calm and engaging advertising, which respects our privacy, is honest, and does not 
manipulate us. These advertisements strike a balance between being calm when we 
do not need them, and being engaging and inspiring when we want to participate. 
Our privacy is well protected, and we can inspect our user profiles and change or 
delete data as we may wish. Some ads persuade us to do things that are in our inter-
ests, while unethical persuasion strategies are avoided. The persuasion strategies 
used are overt, and we have the ability to express our opinion of them. We believe 
that pervasive advertising has three major challenges that must be addressed; these 
concern the areas of calm and engaging advertising, privacy, and ethical persuasion.

One major obstacle to addressing these challenges seems to be the considerable 
number of advertising experts who are largely unaware of pervasive computing 
technologies and how these will influence and change their business field. They 
might fear losing revenue if they do not adapt quickly enough to pervasive comput-
ing technologies, or might even be tempted to ignore these developments. 
Furthermore, they know that advertising is an important and necessary activity of 
any economy, without which most companies would not survive – advertising is 
simply done well or poorly. On the other hand, there are a considerable number of 
computer experts who know a lot about pervasive computing but very little about 
advertising. These individuals may have only experienced advertising as consumers 
and fear that pervasive advertising will be much more invasive. But they also know 
that pervasive computing has a lot to offer in terms of automation, interactivity, and 
ubiquity. As experts from both fields are brought together, synergies will arise that 
have the potential to greatly improve advertising for all stakeholders.

The chapter aims to narrow the knowledge gap between advertisers and pervasive 
computing experts by illustrating the core principles of their respective fields. 
Following an overview of the essential concepts of advertising and pervasive 
computing, this chapter will propose and address the new technologies, opportuni-
ties, and challenges of pervasive advertising. Experts from one or both of these 
fields are invited to skip the respective introductory sections.

1.2  Advertising

In this introduction we will provide a brief overview of marketing’s core principles. 
Section 1.2.4 will then outline current developments with respect to the context of 
this book.
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1.2.1  Advertising Versus Marketing

The terms advertising and marketing are often used synonymously. Marketing is 
confused with advertising and selling techniques. This is partly due to the fact that 
the concepts, strategies, and instruments of marketing are often not visible to the 
typical consumer. Marketing plays an encompassing role and is integrated into a 
company’s entire value creation process.

1.2.1.1  What Is Marketing?

The American Marketing Association defines marketing as follows:

Marketing is the activity, set of institutions, and processes for creating, communicating, 
delivering, and exchanging offerings that have value for customers, clients, partners, and 
society at large. [1]

This definition shows the broad sweep of the marketing discipline. It also 
describes three important marketing trends. First, marketing serves more than just 
the purposes of a given business. It also includes the general activities and institu-
tions beyond the scope of traditional organizations. This conceptual extension 
takes into account that marketing is no longer conducted by businesses alone, but 
also by agencies, self-organized groups, or even individuals. Moreover, the clas-
sical understanding of marketing is no longer restricted to functional aspects. The 
conceptual scope is much broader, so that marketing also includes non-functional 
pursuits, for example, activities that are not necessarily associated with a corre-
sponding output. The second important change is the relationship between com-
panies and customers. Especially in the second half of the twentieth century, 
marketing is no longer limited to the one-way value delivery from companies to 
customers. Today, buyers and sellers have entered into long-term relationships 
that focus on exchange rather than one-sided interaction. In particular, with the 
intensive use of digital communication technologies, customers have become 
active participants in the company-client relationship. Thus, they can no longer be 
described as passive value-recipients. The third significant change concerns the 
recipients of marketing activities since these are no longer restricted to customers 
per se, but now also include partners and “society at large.” Marketing is increas-
ingly viewed as an exchange between companies, customers, and community 
groups, where all involved parties see each other as equal partners and adapt their 
expression accordingly.

1.2.1.2  Marketing and Advertising Are Both Goal-Oriented

The formulation of clear, long-term oriented objectives is an essential part of 
marketing and advertising.
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Superordinate Goals. The defining of marketing objectives is closely related to the 
formulation of the company’s superordinate goals [22]. The first superordinate goal 
is the business mission that determines the type of services the company will pro-
vide. The business mission sets the basic direction for all corporate activities. The 
second goal is defining the corporate identity, which is most broadly understood as 
a corporate personality and is manifested in an organization’s behavior, communi-
cation, and appearance.

Activity Goals. Superordinate objectives help to develop the activity goals related 
to quality, revenue, and profitability, or to environmental issues. All areas of a com-
pany formulate their own objectives in order to achieve these corporate activity 
goals. In the marketing area these objectives include [11]:

potential-related marketing objectives such as general awareness, image, cus-
tomer attitudes, or customer satisfaction;
performance-based marketing objectives such as sales, market share, number of 
customers, customer loyalty, and market penetration;
financial objectives such as revenue, marketing costs, profit, or return on sales.

1.2.1.3  Advertising Is Part of the Marketing Mix

Marketing is based on the marketing mix – a set of marketing instruments that com-
panies use to reach their customers directly. The classical instruments of the market-
ing mix fall into four areas: product, price, place, and promotion [15].

Product. Product-related instruments are all activities and procedures that take into 
account the needs and requirements used to design current and future products. In 
this sense, the product policy encompasses the maintenance of successful products 
and the planning and realization of product innovations.

Price. The pricing policy is based on the decision related to the type and extent of 
compensation that customers pay to use the company’s services. Price instruments 
not only refer to the actual price but also discounts, surcharges, or price timing.

Place. Instruments of distribution consist of all measures designed to sell products 
and services as well as to logistically organize their distribution. Sales measures 
directly or indirectly target the purchase process. Distribution measures ensure the 
availability of the product for the customer.

Promotion. Promotion includes all market communication activities of the com-
pany. This includes defining communication objectives and target groups, selecting 
communication channels, and determining the size of the communication budget. 
Promotional instruments can be divided into “above-the-line” and “below-the-line.” 
Traditional advertising in newspaper, television, radio, cinema, and outdoor adver-
tising are considered “above-the-line” measures; all other new communication tools 
are considered “below-the-line.” Advertising is by far the most important commu-
nication tool in the marketing mix [22].



51 Pervasive Advertising

The technological developments in pervasive computing undoubtedly influence 
all four instruments of the marketing mix. However, the focus of this book concerns 
the impact of these developments on advertising as an instrument of marketing 
communication.

1.2.2  Advertising

As shown, advertising is one of four areas of the marketing mix. It is defined tradi-
tionally as a mass communication process designed to change the recipient’s atti-
tudes and behavior [22].

1.2.2.1  Advertising Definition

Kotler and Keller have formulated a standard definition of advertising that should 
also define the use of the term in this book:

Advertising is any paid form of non-personal presentation and promotion of ideas, goods, 
or services by an identified sponsor. Advertisers include not only business firms but also 
charitable, nonprofit, and government agencies. [15]

The general goal of advertising is to transmit information to a specific group of 
recipients in order to achieve the desired effect. Accordingly, the task of advertising 
is to systematically plan, design, coordinate, and control all communicational activ-
ities of an organization with respect to relevant recipient groups in order to contrib-
ute to the marketing objectives.

1.2.2.2  Advertising Objectives

Advertising objectives have a direct means-end relationship to overall marketing 
and business objectives. The achievement of advertising objectives therefore con-
tributes to the fulfillment of higher corporate goals [22].

Advertising objectives should be defined by content, scope, time, and target 
segment. They can be differentiated into cognitive, emotional, and conative goals as 
the following categorization of advertising objectives shows [30]:

1.2.2.3  Involvement

Also important to advertising is the concept of involvement: the strength of the 
relationship of consumers to an object such as a product or a service. Involvement 
is critical to advertising because it can significantly impact the purchase decision 
process. The concept of involvement was introduced into the field of advertising 
research, and has since become a very important means for explaining consumer 
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behavior. The central assumption is that the processing of information depends 
heavily on the relevance of the information for the consumer. Thus, involvement 
is a person’s perceived relevance of an object based on inner needs, values, and 
interests [39].

In advertising it is important that involvement varies for different types of prod-
ucts. Here, product involvement is the perceived personal relevance of a product 
that is determined by the individual’s needs and values. Generally, we distinguish 
between high and low involvement purchases. High involvement purchases are of 
greater importance to the consumer. They are closely related to personality and self-
assessment (e.g., car, house) and therefore characterized by relatively high financial, 
social, or psychological risks. The majority of most purchases, however, are low 
involvement purchases that are perceived as less important (e.g., food, facial tis-
sues). Here, financial, social, or psychological risks are low, so that consumers often 
do not search extensively for information and rarely look for product alternatives. 
Low involvement will therefore generally lead to a restricted decision making 
process. The standard approach in advertising is the following: for low-involvement 
products, advertising generally contains a small amount of information and is 
repeated frequently; for high-involvement products, advertising contains more 
information and will be repeated less often [17]. The individual’s involvement plays 
an important role in the categorization of buying behavior.

1.2.2.4  Categories of Buying Behavior

For a comprehensive understanding of advertising, it is important to analyze 
different decision making processes and their relationship to involvement. 
Generally, distinctions are made between the following four basic types of pur-
chase decisions [16]:

Extensive decisions are also called real purchasing decisions. The decision to 
purchase is based on a high cognitive and emotional involvement. Products that trig-
ger extensive choices are usually expensive durable goods, which have a long life. 
These cause the buyer to check many alternatives before buying. Information 
demand is particularly high, as buyers usually only have limited experience with the 
purchase of similar products. The high cost and long life of the product also raises 
the stakes of a poor purchase.

Habitualized purchase decisions are those purchases for which the purchase 
decision process is almost automatic. Previous purchases lead to a routine decision 
making process. Therefore, the buyer does not consciously choose a product or 
brand. Especially in terms of goods for daily needs, buyers tend to develop their 
own routines to minimize the emotional and cognitive effort. Between the perceived 
stimulus and response – the purchase – there is no additional searching for and pro-
cessing of information. Habitual decision making is characterized by low emotional 
and cognitive involvement. While routine processes reduce complexity, the buyer’s 
cognitive control is low. An example of this type of decision is daily food shopping 
at the supermarket.
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Impulsive purchase decisions are driven by emotions that strongly influence the 
decision making process. Unplanned impulse buying is often triggered by strong 
activating stimuli, which the consumer responds to by making a purchase. Cognitive 
involvement is low and emotional involvement is high. The buyer therefore makes 
a decision based on short-term emotional activation and requires only a very small 
amount of information about the offer.

Limited decisions occur when the decision making process is shortened due to 
various reasons, for example, when restricted shelf space in a store limits the buy-
er’s choice. This restricts the final decision process to a comparison of pre-selected 
alternatives.

1.2.2.5  Perception, Attention, and Activation

Due to the abundance of media, an overwhelming number of advertising messages 
compete against each other. As a result, customer attention is becoming a scarce 
resource. Thus, disseminating information and getting customers to pay attention 
both represent fundamental challenges. Difficulty in drawing attention served as a 
guiding paradigm for traditional advertisers and, for example, led to the establish-
ment of the AIDA model, which describes a basic buying process defined in terms 
of: Attention, Interest, Desire, and Action [22]. Since attention is the first step in the 
buying process it plays a very central role in successfully selling products.

Advertising messages can be processed only if the consumer consciously per-
ceives them. Therefore, perception, that is to say the process of interpreting sensory 
stimuli in a way that is meaningful to the recipient, is a basic tenet of successful 
advertising. Attention is a prerequisite for perception and is broadly defined as a 
temporary activation that creates in the individual an awareness of certain stimuli. In 
sum, perception, attention, and activation are important basic aspects of successful 
advertising campaigns [19]. Activation describes an individual’s inner state of aware-
ness. From a physiological point of view, activation is the stimulation of the central 
nervous system that leads the human organism into a state of motivation and higher 
performance. The extent of activation influences the responsiveness, efficiency, and 
performance of an organism. Performance relates primarily to cognitive processes, 
such as the acquisition, processing, and storage of information. Activation can gener-
ally be triggered in three ways: on a physiological level, on a subjective experience 
level, and on a motor level. Up to an optimal level of activation the following rule 
applies: the more powerful the activation, the higher the cognitive performance of the 
individual and the greater the amount of information that can be processed. However, 
if the optimal level is exceeded, the organism’s responsiveness and efficiency 
declines. In order to develop sustainable advertising campaigns, it is therefore impor-
tant not to over-activate. In addition, higher-activation ads are generally remembered 
longer but the extent of activation has no bearing on whether the ads are perceived 
positively or negatively. The following rule applies: if the activation of a message is 
stronger, the consumer will process it more efficiently but qualitative communication 
success is not necessarily associated with stronger activation [16].
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1.2.2.6  Emotions and Experiences

The use of emotions is very common in advertising since people remember situations 
better based on emotions rather than factual information. In addition, emotional 
experiences have become an important reason for why consumers choose a particular 
product or brand [9]. Accordingly, marketers have established the concept of expe-
rience marketing [27] that aims to create value from the emotional experience 
offered by the product or brand. Smoking Marlboro promises the experience of 
freedom and adventure. The value of the individual experience is defined as a sub-
jective contribution to the quality of the consumer’s life. Advertising, therefore, 
often seeks to awaken emotions in potential consumers. This is based on studies 
showing that products that trigger emotions are considered more intense, lead to 
improved processing and memorizing of messages, potentially produce a better 
brand image, and enable a clearer differentiation from alternative offerings. In com-
municating emotions, a distinction is made between extent and quality. The extent 
of emotions is relevant when an emotional experience is supposed to activate 
consumers. As described, activation should lead to higher performance and enable 
the consumer to process more information. The quality of emotions is relevant when 
a product or brand is supposed to be linked with particular emotions. In the hearts 
and minds of consumers, specific emotional experiences are to be connected to an 
offer, and both emotion and offer are to be linked in the long term. Examples of 
specific emotions are social acceptance, eroticism, freedom and adventure, nature 
and pleasure, pleasure, happiness, and companionship [16]. A product or brand 
should thus provide the buyer with selected emotional feelings.

1.2.3  Developing Advertising Programs

The development of advertising programs consists of five steps: setting objectives, 
establishing a budget, choosing and creating the message, selecting the media-channels, 
and, finally, evaluating the results. These five steps are known as the “5Ms” of 
advertising: Mission, Money, Message, Media, and Measurement [15].

1.2.3.1  Mission

Defining the advertising objective is determined by the target market and the posi-
tioning established by the organization’s marketing strategy. The objective or adver-
tising goal is the desired result of the communication process between advertiser 
and recipient within a given timeframe. According to the advertiser’s needs and 
aims the objectives can be classified as shown in Table 1.1 into cognitive, emotional, 
and conative advertising goals.
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1.2.3.2  Money

Defining the budget is generally determined by the product’s life cycle, the existing 
consumer base and market share, competition, buying frequency, and the substitut-
ability of the offer. Of course, the budget varies widely with the media and tech-
nologies used.

1.2.3.3  Message

Developing the advertising message and positioning the advertisement is a creative 
and an analytical task. Using market research, advertisers learn about how, when, 
and where their target audience will most likely perceive their message. Based on 
this knowledge they decide the position, frequency, and other aspects of the adver-
tising message. The actual creation of the message, that is to say the design, layout, 
logo etc. is the creative part of the development process. The latter is just as impor-
tant for the advertisement’s effectiveness: “The ad’s impact depends not only on 
what is said, but often more importantly, on how it says it” [15]. In addition, as 
postulated by McLuhan, the medium influences the perception of the message [21]. 
This is of particular interest when new technologies are used to communicate with 
potential customers.

1.2.3.4  Media

Media types vary in aspects such as reach (percentage of the target market exposed 
to the medium), frequency (e.g., frequency of message display), or impact (e.g., 
persuasiveness of the medium). In principle, advertisers try to find the best balance 
between reach, frequency, and impact on the one hand, and corresponding costs on 

Table 1.1 Advertising objectives

Cognitive objectives If the corresponding need is minor, the essential information about the 
product or service should be communicated. A need is called minor, 
whenever the recipient is aware that the need is currently present 
and that it can be satisfied by available offers. In this case, it is often 
sufficient to communicate the key features of the product

Emotional objectives Emotional advertising aims to link a product or service with specific 
emotions that lead to a differentiation from other offerings. 
Emotions are used primarily in mature markets with technically and 
functionally interchangeable products (cigarettes, chocolate, etc.)

Conative objectives Conative objectives are related to actual consumer action. In this case, 
advertising aims to stimulate potential buyers to buy, order, use, or 
take action in any other form
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the other. Among the variety of advertising modes and techniques we would like to 
highlight out-of-home and point-of-purchase advertising. Both are highly relevant 
to the field of pervasive advertising.

Out-of-home advertising refers to a range of advertising methods designed to 
reach people in their everyday environments. Most of these environments are public 
or semi-public areas in which regular activities such as working, shopping, or trav-
eling take place. Typical environments are shopping malls, airports, train stations, 
or city centers. Frequent types of out-of-home advertising are described by Stalder 
in this book.

The term point-of-purchase advertising describes ways to communicate with 
potential customers during the actual act of purchase. Next to classical in-store TV 
advertising, other forms of in-store advertising include ads on shopping carts, aisles 
and shelves, in-store demonstrations, or coupon machines. A significant number of 
consumer purchase decisions take place at the point-of-purchase. Point-of-purchase 
advertising has a strong potential to remind consumers of certain offers while mak-
ing their final decisions as well as stimulating spontaneous purchases.

1.2.3.5  Measurement

The final step is evaluating the results. Has the ad been communicated effectively? 
In order to measure the communication effect, an advertising objective needs to be 
set in advance. An advertising objective is, according to Kotler and Keller “a spe-
cific communication task and achievement level to be accomplished with a specific 
audience in a specific period of time” [15]. As described above, these objectives can 
be classified as cognitive, emotional, or conative.

Different objectives and different advertising media allow different measuring 
techniques. Whereas measuring the click-through-rate of an online banner is rela-
tively simple, measuring the communication-effect of a newspaper advert is still 
very complex. This differentiation should be considered when developing new 
advertising techniques.

1.2.4  Relevant Changes in Advertising

In the previous sections we presented fundamental marketing and advertising 
concepts as an introduction for the non-specialist reader. The scientific and practical 
discussion of the ideas presented shows that the central issues are more complex 
than first set forth.

For example, in addition to the categorizations of “above the line” and “below 
the line” (Sect. 1.2.1.3), which are rooted in the advertising industry, complemen-
tary approaches take into account that the advent of digital technology led to a 
higher fragmentation of the media landscape and an extensive growth of “touch-
points” between advertiser and consumer. Today, advertisers make use of an increasing 
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variety of promotional instruments that require a more sophisticated categorization. 
This is especially true for pervasive advertising and many of the new developments 
we present in this book. Nevertheless, we think the categorizations of “above” and 
“below the line” provide a useful point of reference that facilitates the linking of 
standard advertising approaches with new developments.

In contrast to the broad definition of marketing we presented in Sect. 1.2.1.1, 
the standard definition of advertising as a “paid” presentation and promotion 
(Sect. 1.2.2.1) seems to have a crucial limitation. The restriction to paid activ-
ities means that advertising is limited to a specific type of presentation as well 
as specific type of distribution. Particularly, the term “paid” refers to advertis-
ing that is distributed through channels that are not owned by the “identified 
sponsor,” i.e., the advertiser. The advertiser pays for time or space in an adver-
tising channel operated by someone else in order to present or promote his 
message to an audience. Hence, the standard definition of advertising implies 
that advertising channels are always owned by an external operator. Whereas 
this was mostly the case for mass media channels such as television, newspa-
per, or radio, the situation has clearly changed with the spread of digital infor-
mation and communication media. Therefore, in this book, we expand the 
standard definition to include presentation and promotion through advertising 
channels owned by advertiser themselves, such as in-store screens or shop-
ping assistance devices.

Accordingly, for scientific and practical work concerning the fundamental con-
cepts presented here, this introduction can only serve as a starting point for a sub-
stantive discussion of the latest developments. Some of these developments are 
presented in detail in the following chapters of this book.

This is of particular importance with regard to the realities of ongoing digi-
talization. While the digitalization of communication processes continues to 
progress in business and society, a new wave of digitalization in the field of 
marketing and advertising can be observed. In recent years, a wide variety of 
new advertising media, communication channels, business models, and use 
forms have been established. Now the continuing proliferation of digital com-
munication media leads to far-reaching changes across entire industries. While 
some industries have been experiencing this change for some time, others have 
only just begun to respond.

In contrast to the speed at which practical applications have taken hold, it seems 
that study of “digitalization” in research-based disciplines, such as marketing 
research, marketing strategy, or online advertising has lagged behind. This is par-
ticularly true in marketing and advertising fields. The latest developments in the 
fundamental concepts presented above define “digital marketing” in very limited 
ways. Kotler et al. [15], for instance, only describe indirectly the concept of online 
marketing as an extension of direct marketing. A systematic adjustment or develop-
ment of the basic theories and models has, for the most part, still not been under-
taken [15, 22]. These studies also clearly demonstrate that online marketing activities 
are usually only assigned to the area of communication (or promotion). This view 
has been largely influenced by online advertising such as banner ads or search 
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engine advertising that allow a very targeted approach of defined target groups. 
However, the impact of digital media on the overall marketing mix is usually not 
taken into account. Such methods typically serve as the core of the underlying 
business model, such as with eBay or Amazon.

In recent years, the wide availability of digital communication technologies not 
only led to an extensive cross-linking of companies, such as extended value chains, 
or electronic data processing [38], in many places consumers also become involved 
in the internal processes of the value chain itself [34]. The development of social 
media continues this trend, and transmits it to the great mass of consumers [32]. 
These consumers take advantage of the open structures of social media in order to 
participate in the production of (user-generated) content. This applies in particular 
to the field of advertising [20] but also to the development of new products [12], in 
which consumers are increasingly involved in more direct ways.

1.3  Pervasive Computing

The following section is intended for readers unfamiliar with pervasive computing. 
In introducing the field we emphasize the technologies and concepts we consider to 
be the driving factors behind pervasive advertising. The concept of and term 
“Pervasive Computing” (we use this term synonymous with “Ubiquitous 
Computing”) goes back to Marc Weiser’s visionary paper in the early nineties where 
he comes to the conclusion that “…the most profound technologies are those that 
disappear. They weave themselves into the fabrics of everyday life until they are 
indistinguishable from it” [36]. The manner of working at XEROX Parc at that time 
served as a precursor to the impending future era of computing in which users are 
surrounded by multitude computers in everyday situations. Schmidt defines perva-
sive computing as follows:

Pervasive [or ubiquitous] computing describes the trend that inter-connected computa-
tional devices become interwoven with artifacts in our everyday life. Hence, processing, 
sensing, activation and communication are embedded into devices and environments, mak-
ing computing an integral part of our life [31].

As myriad numbers of small processors and sensors – integrated not only with 
household appliances, toys, tools, and clothes but also price labels, receipts, product 
packages, and shopper loyalty cards – spread throughout our environment, perva-
sive computing has become the subject of highly progressive research in applied 
computer science.

In this section a brief historical overview is presented and followed by an 
illustration of technical advances concerning processing power, storage, network-
ing, sensors, and actuators. The remainder of the section will address concepts of 
automation, interactivity, and ubiquity, made possible by the previously presented 
technologies.
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1.3.1  Historical Background

According to Weiser, three main eras (see Fig. 1.1) have shaped the computing age 
thus far [37]. When recalling the mainframe era, the image comes to mind of huge 
computers operated by experts behind closed doors. Computational power was a 
scarce resource, which had to be shared among fellow users. Mainframe computing 
is still relevant today (e.g., super computers for weather simulations), but has been 
largely eclipsed by the PC, whose introduction in the early 1980s ushered in the 
personal computing era. By 1984 as many people were using personal computers as 
were sharing mainframe computers. Computers became individualized, even inti-
mate devices, which required considerable attention to operate. With the advent of 
the Internet, people, their PCs, and all kinds of peripheral devices became intercon-
nected, hence creating a distributed medium. The pervasive computing era, in which 
we currently live, is characterized by constant, mass computer use, including the 
hundreds of computers accessed while browsing the Internet or using a mobile phone, 
as well as those integrated into cars, buildings, clothes – literally everywhere.

1.3.2  Technical Advances

In the following section we introduce technical advances in processing power, stor-
age, networking, sensors, and actuators that form the basis of the pervasive comput-
ing field and are relevant to pervasive advertising.
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1.3.2.1  Processing, Storage, and Networking

For a number of years advances in the implementation of computing hardware have 
led to exponential increases in processing power, storage, and network capabilities. 
These developmental trends are referred to as Moore’s Law (processing power), the 
Storage Law (storage and memory), and the Fiber Law (network bandwidth). See 
[4] for a more comprehensive overview. As a consequence of such developments, 
devices are rapidly getting smaller and more powerful and now surround people in 
their everyday lives, enabling access at any time and place.

Most importantly, the ability to pack increasing numbers of transistors on an 
integrated circuit led to a massive boost in computational power that has doubled 
approximately every 2 years. This trend has continued for more than half a cen-
tury and still holds true today. The capabilities of many electronic devices are 
strongly linked to Moore’s Law, such as processing power, memory capacity, and 
even the number and size of pixels in digital cameras. All of these are increasing 
at exponential rates as well. This has dramatically increased the usefulness of 
digital electronics in nearly every segment of the world economy. Moore’s Law 
describes a driving force behind technological and social change in the late twen-
tieth and early twenty-first centuries. Apparent today is that processing power, 
storage, and bandwidth may no longer be a barrier to what computers can achieve 
in the future. For the most part, the capacities of desktop computers are currently 
underused, even when writing numerous emails, surfing the Web, or editing 
images. Hence, increasing processor speed will most likely not increase produc-
tivity. Instead creativity, rather than technology, will be the main bottleneck for 
future system development.

As a consequence of the exponential development described above, the ability 
emerged to integrate all components of a computer into a single chip (integrated 
circuit), often referred to as “system-on-a-chip” (SoC) or microcontroller. This 
chip may contain digital, analog, mixed-signal, and often radio-frequency 
 functions. A typical application pertains to the area of embedded systems. 
Microcontrollers usually have very limited computational resources and run a 
single custom program. In modern cars dozens of microcontrollers are used, such 
as for controlling the engine or windows. Systems-on-a-chip typically use power-
ful processors, capable of running operating systems such as Linux, and are, for 
example, used in smartphones.

Popular examples for experimental hardware implementations include Arduino 
[2] (microcontroller) or the Beagle Board [3] (SoC). Such systems allow different 
types of sensors and actuators to be hooked up easily, and therefore enable the 
building of interactive systems in a small form factor.

1.3.2.2  Sensors and Actuators

The increasing prevalence of smart environments requires the integration of more 
and more sensors for obtaining information on the environment. The information 
collected is then processed further and used to modify the environment through the 
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use of different types of actuators. Sensors can either be integrated with the 
infrastructure (e.g., allowing for information to be gathered on weather conditions, 
traffic congestion, etc.) or personal devices. Mobile phones, for example, now come 
with many integrated sensors (GPS, cameras, microphones, digital compasses) that 
enable the user to collect individualized data while controlling access to this infor-
mation at the same time. The following section provides a brief overview of sensor 
and actuator technologies.

A range of optical sensors (from motion detectors to cameras) are available, 
which makes possible collecting very simple (motion-related) but also very com-
plex (human-behavioral) information. The (semi-) automatic analysis of camera 
images is called computer vision. Today, cameras are so inexpensive (they cost only 
fractions of a dollar to produce) that they can be integrated into virtually any device. 
With systems-on-a-chip, processing power and storage can be directly integrated 
with the camera. Hence, integrated systems can be built, which, for example, only 
output the number of detected faces, therefore preserving user privacy. In order to 
analyze the three-dimensional composition of a scene, stereo cameras are tradition-
ally used. In addition to the normal camera image, a depth map is calculated that 
provides the distance of all objects in the camera’s visual field. Stereovision relies 
on good features (e.g., textures) detected in the image and verified in both camera 
images (similar to the human visual system), and requires considerable processing 
power. Recently, so-called depth cameras are available, which generate depth maps 
by illuminating the scene with special (infrared) light. Two general technologies 
prevail: (1) Time-of-flight cameras (e.g., SwissRanger 4000 by Mesa) use technolo-
gies such as modulated light sources in combination with phase detectors to mea-
sure how long it takes light to travel from the camera to the object and back to the 
camera; (2) Structured light cameras (e.g., Microsoft Xbox Kinect®) project a light 
pattern onto a scene. A vision system then calculates depth information from the 
distortion of this pattern relative to the objects in the scene. Using depth images, 
some operations such as background subtraction are much easier than with normal 
camera images. The recent price decline in depth cameras has also spawned a sig-
nificant number of applications, such as in gesture control.

Similar to cameras, microphones can either provide low-level information requir-
ing only minimal processing (e.g., noise level, base frequency, characterization of 
sound source) or high-level information (e.g., speech recognition). Microphone 
arrays can be used to determine the location of sound sources.

Today location sensors can be used to obtain information on position, collo-
cation, and proximity of users both outdoors (GPS, GSM, WiFi, etc.) as well as 
indoors (Ubisense, Optitrack, etc.). Approaches often vary highly in granularity. 
Indoors, location sensors are typically embedded in the environment, as with 
the Active Badge system [35]. In the context of advertising, location sensing 
can be used for tracking purposes, such as the path customers take through the 
aisles of a supermarket.

To obtain information on direction, orientation, inclination, motion, or acceleration 
of a device, many mobile phones now come with accelerometers and/or 
gyroscopes. Whereas accelerometers measure proper acceleration of a device 
(relative to free fall), gyroscopes measure orientation and rotation (using the 
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principles of conservation of angular momentum) hence making it possible to 
accurately recognize movement within a three dimensional space. Accordingly, dif-
ferent types of contexts can be ascertained such as the orientation or movement of 
the device, whether it is stationary on a table or moving in a car. Acceleration is of 
particular interest when it comes to analyzing usage patterns.

With the advent of the iPhone there has also been a proliferation of devices using 
touch technologies. In addition to smart phones, more and more displays and table-
tops are being equipped with (multi-) touch support. Different technologies are used 
to create touch surfaces. Resistive touch screens use two flexible sheets coated with 
resistive material, which can register the precise location of a touch as they are 
pressed together. For capacitive sensing, a conductive layer is used and a small volt-
age applied to it, hence creating an electrostatic field. When a conductor such as the 
human hand comes near or touches the surface, a capacitor is formed and the change 
in capacitance can be measured from the corners of the panel. Optical touch tech-
nologies (such as FTIR) use light sensors / cameras and computer vision to detect 
fingers and objects on and above surfaces. State-of-the-art technologies also include 
PixelSense (e.g., Microsoft Surface 2.0), a technology where IR sensors are inte-
grated with the LCD display, hence making it possible to see what happens on top 
of a surface without using a camera. See [29] for further information on sensor 
technologies.

Actuators allow information to be output in the form of different representations, 
for example, via visual, auditory, haptic, or olfactory channels. In the following we 
introduce the technologies and properties of actuators that address the different 
channels.

Display technologies include, among others, LCD (liquid crystal displays), 
plasma displays, projectors, and bendable displays, such as OLED (organic light-
emitting diode) displays and e-paper. With the decrease in price of displays, we 
envision that in the future literally any surface could function as a display with mini-
mal cost. Important properties of displays include size, resolution, readability in 
sunlight, update frequency, brightness, and flexibility.

For audio presentation, headphones or loudspeakers can be used. Whereas tradi-
tional speakers use a horn for increasing the overall efficiency, parabolic loudspeak-
ers use a reflector, resulting in a beam of sound, which can travel farther and be 
directed to isolated target audiences. Ultrasonic systems use wave interference to 
create sound that is only audible within small areas, and which can be relatively far 
from the loudspeakers. When it comes to spatial sound rendering, there are different 
approaches for generating spatial sound. Whereas stereophonic sound creates the 
impression of hearing sound from different directions using two independent audio 
channels, surround sound increases the perceived spaciousness through additional 
discrete speakers. With both techniques however, the sound essentially comes from 
one broad direction. In order to create sound coming from arbitrary positions in 
space, Ambisonics or wave field synthesis (WFS) can be used. WFS mimics natural 
wave fronts and allows for much larger listening regions than Ambisonics. For 
example, some large cinemas are currently equipped with WFS. Using WFS, the 
localization of the sound sources is independent from the listener’s position.
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Haptics describes the recognition of objects through touch, including tactile 
perception, proprioception, thermoception, and nociception. For haptics, actuators 
are used that apply forces to the skin for touch feedback. Such actuators include 
vibration motors, electroactive polymers, piezoelectric, and electrostatic surface 
actuation. Haptic actuators are popular in robotics where they serve as the muscles 
of a robot. Most popular actuators include electric motors, linear actuators, series 
elastic actuators, air muscles, muscle wires, electroactive polymers, and piezo motors.

Finally, olfactory actuators allow for interaction based on smell. So-called olfac-
tory displays can disseminate odors, hence serving as an olfactory channel between 
man and computer. For an introduction to olfactory advertising see Chap. 17.

1.3.3  Concepts

The previously mentioned technologies (processing, storage, networking, sensors, 
actuators) are crucial prerequisites to pervasive computing and make possible its 
core principles of automation, interactivity, and ubiquity.

1.3.3.1  Automation

With the industrial revolution many work processes were automated; this automa-
tion continues today. More and more mechanical and electro-mechanical systems 
are now computer-controlled, going beyond what we know as mechanization. This 
enables so-called scale effects, which lead to lower average manufacturing costs per 
unit relative to increases in output. As a result, prices for products entering the 
market decrease as higher quantities are produced. An example of this is the finger-
print reader, which was a very specialized device some years ago but can now 
be integrated with laptops at little additional expense. Today automation is no 
longer restricted to manufacturing but has found its way into telecommunications 
(e.g., telephone switchboards), medicine (e.g., electrocardiography), finance (e.g., auto-
mated brokering, ATMs), and also advertising (e.g., Google AdSense).

From a computer science perspective, the ultimate automation would be to cre-
ate artificial intelligence (AI). The term goes back to 1956, when John McCarthy 
defined artificial intelligence as “the science and engineering of making intelligent 
machines” [6]. In the beginning the objective was to build a general-purpose AI 
that can emulate all human cognitive capabilities (strong AI). This was found to be 
much more difficult than expected, and by now most researchers and engineers have 
limited their ambitions to use AI technology only to solve very specific problems 
(weak AI). AI is, among others, concerned with the following sub-problems: prob-
lem solving (e.g., search), knowledge representation and reasoning (i.e., logic, 
inference and planning, dealing with uncertainty), unsupervised machine learning 
(i.e., finding unknown patterns in a data input stream), and supervised machine 
learning (i.e., classification into known categories). Computer vision is mainly 
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concerned with extracting and interpreting information from an image that can 
later be used to solve a task. Exemplary problems in computer vision are recogni-
tion (e.g., recognition of an object, identification, or simply detection) and motion 
analysis (e.g., for tracking purposes). Similar to AI, it is generally not possible to 
build a general-purpose computer vision system that can recognize arbitrary things. 
Instead, one needs to define in advance a specific problem to be solved (e.g., find-
ing faces in an image) and can then use computer vision techniques to solve this 
task. Foundational techniques for many applications are image acquisition (e.g., 
recording a video stream from a camera), pre-processing (e.g., re-sampling, noise 
reduction, enhancing contrast, or scaling), feature extraction (e.g., finding lines, 
edges, or ridges), detection and segmentation (e.g., selecting a set of interesting 
points), and some final high-level processing (e.g., image recognition, classifica-
tion). Computer vision can, for example, be used to find and track people in a video 
stream, for face detection, face recognition (comparing faces to a database of known 
faces), interaction (e.g., gesture recognition), or activity recognition (e.g., whether 
somebody is seated).

1.3.3.2  Interactivity

Human-computer interaction (HCI) is concerned with “the design, evaluation, and 
implementation of interactive computing systems for human use and with the study 
of major phenomena surrounding them [10].” Since its subjects are man and 
machine, knowledge from computer science, as well as psychology, communication 
science, graphic and industrial design disciplines, linguistics, social sciences, etc. 
are all relevant. The driving goal behind HCI is to improve interaction between 
users and computers given a certain use context, which usually has a strong impact 
on the usability of a user interface. Hence HCI draws on methodologies and pro-
cesses for designing and implementing interfaces, techniques for evaluating and 
comparing interfaces, developing new interfaces and interaction techniques, and 
developing models and theories of interaction.

When it comes to interaction, two different types prevail. Traditionally, 
human-computer interaction focuses mainly on explicit interaction where the 
user tells the computer at some level of abstraction what he expects the com-
puter to do, for example, by directly manipulating an object using a mouse, 
touch screen, or speech input. Yet, as HCI extends beyond the desktop, implicit 
interaction, that is interaction occurring without the explicit intention or aware-
ness of the user, will become ever more important. Schmidt defines implicit 
interaction as “an action, performed by the user that is not primarily aimed to 
interact with a computerized system but which such a system understands as 
input” [28]. For example, a display may recognize that the audience is smiling 
and consequently display funny content.

Since the rise of HCI in the eighties, several design methodologies have emerged. 
User-centered design is a design philosophy, which puts the user at the center 
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when designing any computer system. As a result, users, designers, and technical 
practitioners co-operate in order to address users’ wants, needs, and limitations to 
create a usable system. Norman presented six principles of user interface design 
[25] to be considered during all stages of the design process (visibility, feedback, 
affordance, mapping, constraint, and consistency).

An important part of HCI is the evaluation of user interfaces. Traditionally, 
empirical measures with regard to usability are time to complete the task(s) and the 
number of errors made during the task(s). Usability is defined by ISO as “the extent 
to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency, and satisfaction in a specified context of use.” Stated 
differently, usability is a measure for how easy a user interface is to use. Jakob 
Nielsen [24] and Ben Shneiderman [33] presented frameworks of system accept-
ability, outlining learnability, efficiency, memorability, errors, and satisfaction as 
crucial factors for user interface design. Whereas many traditional interfaces are 
used to solve concrete tasks, this is often different for advertising. Here, content is 
often perceived rather passively, or playful interfaces are used as toys. For a general 
introduction to HCI see [5, 7].

Recent developments in computer graphics allow creating impressive images 
on displays. Computer graphics is a subfield of computer science and is con-
cerned with the methods of digitally synthesizing visual content. Generally, a 
distinction is made between interactive computer graphics, which may take a 
few milliseconds to generate an image at most, and non-interactive computer 
graphics, where the generation of a single image can take up to several hours 
(e.g., for movies). Two-dimensional and three-dimensional graphics are possi-
ble; three-dimensional graphics are also often rendered on a flat screen. For 
three-dimensional graphics, two general technologies prevail. Rastering tech-
niques (e.g., OpenGL) use mathematical projections to display primitive three-
dimensional shapes such as triangles on a flat screen. Similar methods are used 
to generate shadows, reflections, etc. Ray tracing tries to follow each light ray 
that hits the screen backwards through the scene to the light sources in order to 
determine its color. Using rastering techniques, today’s massive parallel pro-
grammable graphics hardware allows for unprecedented real-time realism in 
computer graphics.

With the market penetration of the smart phone and other related devices, the 
notion of layering relevant information into our visual field (augmented reality, AR) 
became a hot topic in HCI. AR describes hereby the live direct or indirect view of 
the physical world whose elements are augmented with computer-generated, sen-
sory input. In general, AR requires computer vision and object recognition in order 
for the real world of the user to become interactive and digitally manipulatable. 
Examples of AR applications include navigation systems that allow views of the 
road to be augmented with cues on direction, points-of-interest, and upcoming 
obstacles. Furthermore, social interaction may be augmented in the future by 
providing additional information about the people we’re conversing with by 
projecting such data onto our glasses.



20 J. Müller et al.

1.3.3.3  Ubiquity

The ubiquity of pervasive computing technologies is one of their most profound 
properties. Computers that integrate information processing into everyday objects 
and activities as well as new generations of the Internet allow people to get in touch 
with one another at any time and place. Accordingly, this makes information-rich 
technologies and applications possible and further adds to Mark Weiser’s vision of 
“Ubiquitous Computing”.

Mobile and wireless computing devices now come with high-resolution cameras, 
integrated GPS, and provide easy access to the Internet. Similarly, the TV is also 
linked to the Internet and is no longer restricted to a single location (at home). As 
location-independent digital media entertainment becomes available with devices 
such as smart phones or tablets, younger generations in particular are eager to adopt 
these technologies.

Beyond mobile devices, more and more processors and sensors are integrated 
into everyday objects, such as household appliances, tools, toys, and clothes. When 
linked through wireless networks, they create the so-called Internet of Things. This 
allows users to easily connect to social networks and virtual worlds and makes pos-
sible novel forms of applications and services that augment the physical world 
through new forms of interaction and communication.

1.4  Pervasive Advertising

After decades of development in the laboratories, pervasive computing technologies 
are finally in a position to reshape our world. Analogous to developments on the 
Internet, it is our belief that advertising will be the business model that drives 
pervasive computing. As illustrated above, the goal of advertising is to impart infor-
mation, evoke emotions, and trigger actions. The properties of pervasive computing 
(automation, interactivity, ubiquity) make it a powerful tool for achieving these 
goals. These properties have the potential to change advertising in six main ways: 
symmetric communication, long tail, experiences, personalization, audience mea-
surement, and automated persuasion.

As stated previously, advertising is defined as any paid form of non-personal 
presentation and promotion of ideas, goods, or services by an identified sponsor. 
Pervasive computing environments are saturated with computing and communica-
tion capabilities, yet these features are integrated so seamlessly for the user that it 
becomes ‘the technology that disappears.’ Based on these definitions, we define 
pervasive advertising as:

Pervasive advertising is the use of pervasive computing technologies for advertising 
purposes.
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1.4.1  Pervasive Advertising Technologies

It is our belief that among the technologies developed by pervasive computing, three 
hold the most initial promise for pervasive advertising: digital signage, mobile 
phones, and physical computing/robotics. Certainly, the main value will be created 
not when these technologies are used on their own, but when synergies emerge from 
their combination.

1.4.1.1  Digital Signage

Digital signage, as developed in pervasive computing, has obvious potential to make 
out-of-home advertising digital [23]. Stalder and José touch upon this aspect in their 
chapters on the digital signage advertising market. In a similar vein, de Carolis takes on 
the issue of displays in fitness clubs, while Taylor addresses displays in villages, and 
Schrammel and Reitberger displays in public transportation and shops, respectively. 
Digital signage distinguishes itself most significantly from mobile phones in that the 
hardware is usually not owned by the audience. The audience is merely passing by or 
waiting in the vicinity of the display and decides whether to look at or interact with the 
display. The audience only has limited influence over the content displayed.

1.4.1.2  Mobile Phones

The second most promising technology for pervasive advertising is the smart-
phone. In contrast to digital signage, mobile phones are owned by individual 
users. Accordingly, the audience itself decides what content is shown and what 
applications are installed on the phone. Since the private phone is considered a 
very personal device, audiences may be more sensitive to advertising. On the 
other hand, people typically own their phones for long periods of time. Unlike 
digital signs, which are usually experienced in brief intervals, mobile phone own-
ers carry their devices with them at all times. Smartphones are equipped with a 
variety of sensors and can store very personal information, such as address books 
and emails. These properties may enable strong personalization and context adap-
tivity, as explained in Partridge’s chapter. At the same time, this makes privacy 
protection a goal of primary importance, as Haddadi describes.

1.4.1.3  Physical Computing/Robotics

Beyond digital signage and mobile phones, pervasive computing aims to digitalizing our 
entire physical environment. This can start from simple markers in the environment 
(e.g., QR codes or NFC), as explained in Wakeman’s chapter. Another aspect is control 
of lighting and simple robotic devices. An example of this is the Philips smart shop 
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window [14] in which products rest on interactive turntables that rotate to present the 
products to the audience. Mobile robots, that is, robots that can walk or roll around, can 
also act as salespersons. For example, Kanda [13] describes a robot that has been used 
to approach people in front of a shop and lure them inside. Going a step further, such 
physical computing environments can appeal to all our senses, such as using sound, as 
shown in Meier’s chapter, or even smell, as explained in Emsenhuber’s chapter.

1.4.2  Opportunities

Pervasive computing is set to change the face of advertising in major ways. When 
applied to this field, pervasive computing’s automated, interactive, and ubiquitous 
properties translate into novel forms of advertising. Pervasive advertising distin-
guishes itself from traditional advertising in six different ways, its unique opportu-
nities include: symmetric communication, the long tail, experiences, personalization 
and context adaptivity, audience measurement, and automated persuasion.

1.4.2.1  Power to the People (Symmetric Communication)

Classical advertising follows a mass media approach in which a small number of 
advertisers distribute their advertisements to the masses. This unidirectional com-
munication model produces an asymmetrical distribution of power. All the power is 
concentrated in the hands of advertisers who decide which ads to show when and 
where. At best the audience has the option to ignore, protest against, or vandalize 
the resulting ads. For some people, such an asymmetrical distribution of power 
creates a feeling of being at the mercy of advertisers.

Since pervasive computing is interactive it offers the opportunity to transfer a 
significant degree of power to the audience. This fundamentally alters the unidirec-
tional communication model by allowing the audience to communicate opinions 
directly to advertisers and other audiences. Companies must treat customers as 
equals. This can benefit both consumers and companies since a closer bond is cre-
ated between the two and because it allows companies to learn from their customers 
much faster. Practical examples include the ability of the audience to choose the 
content they like and even to submit their own content. Eventually, this may lead to 
a democratization of advertising and the look of public spaces (see van Waart’s 
chapter). Also, social media will foster communication within communities, as 
Dubach-Spiegler, Wakeman, and Taylor explain in their chapters.

1.4.2.2  Me, Too (The Long Tail)

By definition pervasive computing is highly automated and many things that 
required individual attention in classical advertising will also become automated. 
This significantly lowers the cost of and effort needed to produce individual 
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advertising campaigns. Starting a new campaign may be as easy as filling out a 
few fields on a website and may cost only a few cents. This price decline enables 
very small companies and even individuals to launch their own tiny, local cam-
paigns. It is important to remember that not only big companies are interested in 
advertising as the communication of sponsored messages. Even a small restaurant 
or market stall must advertise, just like anyone who wants to sell an old bicycle. 
Even someone who wants to surprise his wife at an airport or make a present for 
a birthday might be interested in displaying something in public, similar to some-
one who wants to impress his friends. Some examples of how to accomplish this 
are presented in José’s chapter.

1.4.2.3  The ‘Wow’ Effect (Experiences)

Pervasive computing offers powerful media that respond to all senses. Large, bright 
displays that surround us create powerful visual impressions, but it is also possible 
to appeal to our hearing, what we feel, haptics, and even our sense of smell. As 
Norman [26] explains, there are three levels to interactive computer systems. The 
lowest level is visceral, in other words, what initial visual impression the technology 
makes. This can be described as “the first impression.” The second level is behav-
ioral, related to the look and feel, and described as “how it feels.” The third level is 
reflective, for example, what we think others think about us when we use it. Since 
most traditional ads are not interactive, they do not go beyond the first level. 
Pervasive advertising, however, needs to properly address all three levels. It has a 
look and feel, and also makes us reflect when we interact with it. These properties 
make it a much more powerful tool for advertising. Since pervasive computing is all 
around us, these experiences can follow and surprise us wherever we go. Furthermore, 
since pervasive advertising is digital, it is very easy to create new experiences all the 
time. Together, this makes creating a wow-effect possible over and over again. 
Analog posters will look relatively pale compared to the intense and memorable 
experiences that can be created with pervasive advertising. Examples of what this 
can look like are presented in van Waart’s chapter.

1.4.2.4  Just for Me, Just for Now (Personalization and Context Adaptivity)

Personalization and context adaptivity are at the core of pervasive computing and 
provide natural powerful tools for advertising. In personalization / user modeling, 
computers learn the preferences and behavior models of groups or individuals. This 
fits naturally with the target groups as a core concept of marketing. It is important 
to remember that in marketing, target groups are used in different ways: for the 
development of the product as well as for the placing of the advertisements. The 
dilemma of advertising traditionally was that the properties defining the target group 
have to be measurable, and target groups have to be accessible based on these criteria. 
This restricts them basically to demographics and other easily assessable criteria. 
Pervasive computing allows many more things to be quantified, thus making it 
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feasible to develop target groups based on measurable demographic criteria or 
actual behavior. Pervasive computing allows measuring all kinds of things in real 
time, building user profiles, and adapting advertisements, thus making accessible 
far more finely tuned target groups. Partridge and de Carolis address these issues in 
their chapters.

In addition to personalization, adaptation to the context becomes much more 
fine-tuned because of automation and better sensors. Traditionally, a huge effort 
was required to post different ads, for example, depending on the weather. Using 
pervasive advertising, however, such things as advertising ice cream when the 
sun is shining and umbrellas when it is raining become minor. It can be assumed 
that when advertisements are much better adapted to the context, for example, 
when showing products in the hometown context of the audience, they are more 
effective. Bauer and Strohbach describe in detail how this can be achieved in 
their chapters.

1.4.2.5  Did You See Me? (Audience Measurement)

Audience measurement has always been an integral part of advertising, mainly 
because “if you cannot measure, you cannot improve.” Any advertising campaign is 
driven by goals, and goals can only be set according to factors that are measurable. 
Limited measurement capabilities also limit the scope of what one can try to achieve. 
Pervasive computing provides powerful sensors for measuring, for example, the 
actual behavior of people. To see the immense opportunities this provides one only 
needs to briefly consider the Web. Because clicks are easily measurable, whole new 
business models and paradigms have emerged. Ads are often paid for on a click-
through basis. Campaign success is completely transparent using tools such as 
Google analytics, enabling advertisers to optimize and cancel campaigns based on 
live data. Even the fully automated optimization of advertising campaigns is possi-
ble, using tools such as Google Website Optimizer, which can automatically run 
statistical tests on user behavior in different versions of campaigns and optimize the 
campaign accordingly.

Pervasive advertising makes it possible to apply this entire approach to the real 
world. User behavior, for example, whether people looked at an advertisement, can 
be easily measured using computer vision and face detection. Tracking when audi-
ences interact with the ad is basically free, and even such things as eye tracking may 
soon be ubiquitous. This will allow advertisers to set goals that are far more detailed 
(e.g., 50% of bald men between 40 and 60 should have read the first sentence in this 
text block advertising hair implants), and optimize their campaigns in a rapid loop. 
If it were possible, for example, to track that many people frown and turn away after 
seeing a specific part of an ad, one might try to find out why and make adjustments. 
As a result, advertisers can determine which aspects of an advertisement the 
audience prefers and adapt their campaigns accordingly. Details on audience 
measurement for digital signage are presented in Schrammel’s chapter.



251 Pervasive Advertising

1.4.2.6  Wouldn’t You Like This? (Automated Persuasion)

Persuasive technology is defined as “using computers to change what we think and do” 
[8]. Persuasion stands in opposition to coercion, because no formal pressure is used. Of 
course, persuasive technology is not only limited to advertising but also has important 
applications in healthcare and education. It can, for example, help people quit smoking 
or encourage them to learn. Fogg distinguishes macrosuasion, where the whole intent 
of a product or service is to change intentions and behavior, and microsuasion, where 
persuasion is used to accomplish small steps for a product or service with a different 
intention. The advantage of computers over traditional media is that they are interac-
tive, and in contrast to human persuaders they are more persistent, allow anonymity, 
process large amounts of data, use multiple modalities, and are scalable and pervasive. 
Computers can function as tools, media, or social actors. As tools, they can persuade 
by reducing complexity, tunneling the user into predefined action sequences, tailoring 
and personalization, offering suggestions at opportune moments, simplifying the self-
monitoring of users, giving users a feeling of being observed, and operant conditioning. 
As a medium, they can persuade by putting the user into simulations. As a social actor, 
they can persuade through physical cues such as attractiveness, psychological cues 
such as similarity to the user, language (e.g. praise), social dynamics (e.g. reciprocity), 
or by taking social roles (e.g. authority). In order to persuade, a system must be per-
ceived as credible, in other words, that it is trustworthy and possesses expertise.

Since advertising aims to change attitudes and behaviors among other things, it 
should come as no surprise that persuasive technology is ideally suited to this field. 
For example, an advertisement might try to persuade a customer to buy a specific 
product over another, or to promote a general preference for certain kinds of prod-
ucts. An overview of how digital signage can persuade target audiences is presented 
in Reitberger’s chapter.

1.4.3  Challenges

After presenting the foundations of advertising and pervasive computing, and the 
opportunities of pervasive advertising that result from their merging, we would now 
like to return to the challenges touched on at the outset. It is our belief that we must 
solve together the challenges presented by calm and engaging advertising, privacy 
issues, and ethical persuasion in order to guide the development of the field in a 
future positive direction.

1.4.3.1  Advertising Needs to Be Calm and Engaging

That technology should be calm and require minimal attention has been a core feature 
of pervasive computing from its very inception. In their seminal paper on calm 
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computing, Weiser and Brown [37] propose that, when computers saturate the 
surrounding environment, calm computers will be most effective. Key to this is the 
effortless sliding of information between the center and periphery of our field of atten-
tion. This idea has strongly influenced research for decades, and initially the underly-
ing paradigm was that systems should remain invisible, predict the requirements and 
wishes of users from data obtained with various sensors, and then ‘magically’ perform 
some actions like suppressing phone calls or switching on the light. Over the years, it 
became clear that predicting what users want through observation alone is very difficult 
or perhaps even impossible. In response to her observation of these facts Rogers pro-
posed the seemingly oppositional paradigm of engaging computing: computers should 
provide great experiences and engage users more in how they currently behave.

It is our belief that pervasive advertising should be both calm and engaging. 
Although this might seem like a contradiction, it is not. Calm advertising means that 
advertisements should be easy to ignore. Engaging advertising means that ads 
should provide engaging experiences when one is actively engaging with them. This 
can be achieved at the same time. A pervasive ad could appear as calm, mildly flowing 
water when nobody engages with it, and then convert to an engaging mini-game 
once somebody pays attention. Partridge’s chapter provides examples of how 
context adaptivity can be used to create calmer ads.

1.4.3.2  Privacy Has to Be Guaranteed

Like calm computing, privacy has been an important topic for pervasive and context-
aware computing from the beginning. Most systems center on the fair information prin-
ciples (see chapters by Geiger and Haddadi) of notice/awareness, choice/consent, access/
participation, integrity/security, and enforcement/redress. A variety of systems (like 
pawS) have been proposed to implement these principles in technical systems [18].

In pervasive advertising, there is a huge incentive for advertisers to collect as 
much user data as possible. Thus, it is crucial that user privacy also be protected. 
This can happen either through industry self-regulation, lawmaking, or both. The 
degree to which privacy is protected and guaranteed will determine whether users 
trust advertisers. Winning such trust requires effort and is also easily lost; guaran-
teeing user privacy is one of the foremost challenges facing pervasive advertising.

1.4.3.3  Persuasion Needs to Be Ethical

With regard to ethics, Fogg [8] mentions six significant ways in which persuasive 
technology can be abused. For example: the novelty of the technology may mask the 
persuasive intent; the positive reputation of computers may be exploited; computers 
can be proactively persistent; computers control the interactive possibilities; they 
can affect emotions but are not affected by emotions; and, finally, computers cannot 
shoulder responsibility.
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It is said that intentions as well as methods and outcomes of persuasion can be 
ethical or unethical. Deception and coercion are always unethical, while operant 
conditioning and surveillance raise a red flag. Furthermore, it is unethical to persuade 
vulnerable groups like children. The method proposed to analyze ethics is known as 
stakeholder analysis, where all stakeholders are listed as well as what they have to 
lose. It is then evaluated which stakeholder has the most to gain or lose, and the ethics 
are determined by examining gains and losses in terms of values. Finally, the values 
and assumptions that are brought to the analysis should be acknowledged.

Persuasion is an integral part of advertising, and ethical use of persuasion is an 
important challenge facing pervasive advertising. With regard to advertising, it is 
our belief that any intention to persuade audiences against their own interests is 
unethical. Similarly, persuasion of vulnerable groups is unethical, as well as all 
methods that are deceptive, use coercion, operant conditioning, or surveillance. 
Again, details on persuasion are provided in Reitberger’s chapter.

1.5  Conclusion

In this chapter we saw that advertising is any paid form of non-personal presentation 
and promotion of ideas, goods, or services by an identified sponsor. Advertising 
aims to inform, evoke emotions, and trigger actions. Pervasive computing describes 
the trend in which interconnected computational devices are interwoven with arti-
facts in our everyday life. Pervasive computing enables automation, interactivity, 
and ubiquity. When pervasive computing technologies are used for advertising pur-
poses, we call this pervasive advertising. The greater effectiveness and efficiency of 
pervasive advertising over traditional advertising forms will be the key to its suc-
cess. The six most important opportunities of pervasive advertising include: it shifts 
more power to audiences and consumers, leading to symmetric communication 
between them and advertisers. It makes even tiny advertising campaigns viable, 
leading to a long tail of many small advertisers. It provides much more engaging 
experiences than traditional advertising. It enables ads to adapt to the audience and 
the context. It enables detailed audience measurement, and finally, it enables adver-
tisements to employ automated strategies for persuading audiences. We believe that 
pervasive advertising is coming, and that our greatest responsibility is to shape this 
development in a meaningful way. We see three important challenges: First, we 
should strive for calm advertising – ads that do not disturb audiences when they are 
not interested, while still providing engaging experiences for those who are. Second, 
we need to respect the privacy of audiences and build privacy-preserving architec-
tures into the foundation of any pervasive advertising system. Third, while adver-
tisements may try to persuade customers, the method of persuasion must always be 
overt, and may never employ unethical means to achieve its goals. We hope that this 
book is useful in bringing advertisers and pervasive computing people together and 
providing a foundation for the approaching era of pervasive advertising.
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Abstract Digital out-of-home media and pervasive new technologies are bringing 
the internet experience into public spaces and stepping up the pace with which 
brands and products, as well as their virtual representations, penetrate urban envi-
ronments. This article explores the current phenomenon of pervasive advertising 
and its underlying perceptions and puts forward a typology for describing a range of 
applications for the emerging media infrastructure. It argues that the critical dimen-
sions comprise the way in which pervasive advertising and creatives exploit both 
physical and social contexts by increasingly relying on the effects of illumination, 
temporality and spatiality.

2.1  Introduction

Technology mediates day-to-day experience in cities more than anywhere else, and 
pervasive advertising is fast becoming an integral part of such postmodern urban 
environments. Advertising relies on pervasive digital infrastructures and has become 
a salient feature in popular culture, where shopping has long since developed into a 
centrally important activity. The city is reinventing itself as a communication hub in 
which pervasive advertising generally plays a decisive role in creating an emotion-
ally charged environment that is crucial for shaping the behavior of shoppers, tour-
ists and inhabitants.

From a sociological perspective, these emerging media in public spaces are man-
ifestations of two social trends: continuing digitization and convergence (first 
 pervading and transforming the workplace, then the private sphere, and now the 
public space), and a societal shift away from consuming goods and service towards 

U. Stalder (*)
Lucerne University of Applied Sciences and Arts, Lucerne, Switzerland
e-mail: ursula.stalder@hslu.ch

Chapter 2
Digital Out-of-Home Media: Means and Effects 
of Digital Media in Public Space

Ursula Stalder 

J. Müller et al. (eds.), Pervasive Advertising, Human-Computer Interaction Series,
DOI 10.1007/978-0-85729-352-7_2, © Springer-Verlag London Limited 2011



32 U. Stalder

 searching for experiences. While the first trend emphasizes technical developments, 
as well as the drivers, consequences and controls, the latter focuses on experience as 
the main marker in this shift towards what is called “experience economy”.1

The experience society continues where the service society left off – primarily 
focused on customers’ affective responses (and memories) rather than on tangibles 
and services themselves.2 Offering experiences as a part of the product has a long 
tradition in the market. What is new, however, is the increasing importance being 
put on experience as a product per se, not to mention the growing number of ser-
vices containing a targeted experience dimension within the vast number of prod-
ucts being offered.

This change in consumer attitude reflects in a paradigm shift in marketing, which 
is abandoning its emphasis on functional attributes and instead is focusing on creat-
ing holistic customer experiences.3 Brands thus have become symbols for lifestyles 
in the experience economy that provide stimuli for life plans and emotional states 
[12, 20, 33]. Furthermore, the proliferation of pervasive media infrastructures in 
public spaces is only possible in the urban environment, which uses it as catalyst for 
creating holistic and social brand experiences for all the senses.

A distinguishing feature of the experience economy and its “public spaces”4 is 
the abundance and diversity of the media that are being offered and consumed and 
that define the atmosphere Böhme refers to [5]. Advertising thus structures and 
defines public space, becoming an everyday phenomenon in itself.

Referring to the concept of “narrative machines” (Erzählmaschine) of Legnaro/
Birenheide [17], Guido Zurstiege distinguishes among three types of media that act 

1 B. Joseph Pine II and James H. Gilmore coined the term 1999 in their book “The experience 
economy” [24], defining experiences as a new economy that follows the provision of services, 
goods, and commodities. In the “experience business”, customers are charged for the feeling they 
get; in the next stage of product evolution, “the transformation business”, customers pay for the 
benefit they receive from spending time there.
2 Post-materialist consumption has long been an issue, see ibid alt [9, 24, 30].
3 Bernd Schmitt claims that experiences can be offered strategically. In his book “Experiential 
Marketing” [28] he states that “experiences are usually not self-generated but induced” and claims 
that “as a marketer, you provide stimuli that result in customer experiences: you select your ‘expe-
rience providers’ ”. Unlike conventional function-and-benefit-marketing, which, according to 
Schmitt, “lacks a fundamental basis and insight understanding of customers’, experiential market-
ing is based on psychological, yet practical, theory of the individual customer and his/her social 
behavior.” Schmitt contends that experiences – depending on their intend effects on the user – may 
be categorized into various “strategic experiential modules” (e.g. sense, feel, think, act, relate) that 
can serve as criteria in the design process so as to extend their range (pp. 61, 63).
4 In this article, the term “public space” refers to public places that are designed for and freely 
accessible to the public. The starting point is the traditional concept of a place as a tangible, three-
dimensional location, regardless of whether it is being administered under public law or privately 
by a legal entity or natural person. The reasons for using this term is to avoid specialized terms 
such as “Third Places” [23], “Places”, respectively “Non-places” [2], “Other Spaces” as “Utopia” 
and “Heterotopia” [7], etc. that are highly occupied by discourses.
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as drivers [35]: First there are advertising media that stimulate behaviors in visitors 
revolving around wish fulfillment, transformation and change stories; second there 
are media such as newspapers, magazines, books as well as portable music players, 
laptops and tablet PCs that are used in public space not only for information or 
entertainment purposes but also as social shields, providing relief from excessive 
demands and reducing on-track conversations; and third there are media that display 
information as well as regulations and that are specific to the place and thus help 
define it. These media reduce complexity by suggesting a clearly defined path 
through the “jungle”, besides providing an organizational framework that facilitates 
social orientation.

Georg Franck identifies a fourth type of media that goes hand-in-hand with the 
“Invasion of the brands”: Surveillance and security media [8]. Mass surveillance is 
no longer restricted to areas predisposed to promiscuity or crime, such as alleys, 
parking lots, or public toilets. Instead, public and private organizations frequently 
use mass surveillance to protect themselves against allegedly dangerous groups, 
such as terrorists (e.g. at airports), to maintain social control (e.g. at football games 
or in traffic), or to pursue individual interest (e.g. preventing theft in stores, litter-
ing). Private-sector mass surveillance often uses copyright laws and “user agree-
ments” to obtain (typically uninformed) ‘consent’ to monitor consumers who are 
within their spaces.

By doing so, Franck emphasizes the less visible aspect that is transforming pub-
lic space: increasingly dense data space where signals are permanently exchanged 
[8]. Here, surveillance media use the same digital infrastructure as pervasive adver-
tising media: Information, communication and identification technologies are seam-
lessly integrated and increasingly available. The latest cameras, which are virtually 
invisible on account of their small size, allow for real-time image analysis by using 
facial recognition technology that compares images and behaviors against database 
records.

This twofold “privatization of public space” by brand images and control mecha-
nisms as found in the private sector has been widely criticized for violating privacy 
rights, laws, and political and social freedoms because it interferes with the organic 
and heterogeneous nature of urban life. It reduces cities to places of consumption, 
transforming them into “non-places” [2] that degenerate into gigantic vending 
machines [35].

Within marketing research, the scientific analysis of these pervasive digital media 
infrastructure in public space has only just begun. So far, media studies have made 
only passing, if any, reference to urban screen media, focusing on media saturation 
in general and on media abundance in the context of contemporary life in cities.5 Or, 
as regards audience measurement, they mainly focus on the realm of traditional 
“outdoor advertising” or the home (TV, DVD, games, internet for entertainment, etc.) 
as seen from a consumer perspective.

5 For a critical overview see [14].
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One way out of these dead-end approaches is to study the pervasive media 
infrastructure from the bottom up by examining its concrete forms, their essential 
characteristics, and gauging their potential for the advertising and brand manage-
ment industry.

2.2  Media Forms

In the perception of the marketing industry, the predominant business case for digital 
media infrastructure in public space is mostly restricted to advertising and how the 
new distribution channels use advertising (content, messages). By focusing less on 
a given (traditional) business model and more on the common characteristics of the 
media itself, a field of research opens up that is defined by and centered around a 
new technology that has long since evolved from a tool into a medium.

In the realm of the public sphere, this digital medium manifests itself in many 
forms that in essence comprise systems for posting information (news and transport 
information overlays) on screens, exchanging information (kiosk systems), advertis-
ing (billboards), enhancing architectural design (media façades). Furthermore, it 
serves as a venue for public art (often referred to as “urban screens”) in various forms 
(textual information, moving or still images, light) and on a variable scale. Although 
they vary strongly as regards their goals, form or scale, they all use digital network 
technology, which differentiates them from other media in urban environments.

According to Sauter, the digital medium6 has developed into four physical for-
mats: screen applications, interactive objects and installations, interactive spaces, 
and interactive architecture, each engaging the user in a different form of interaction 
[25]. All four types of digital media can be found in public space employed for 
specific marketing strategies (Fig. 2.1).

Fig. 2.1 The four physical formats of the digital medium: screen applications, digital objects and 
installations, media spaces, and media architecture [25]

6 Joachim Sauter describes the digital medium as essentially immaterial, synthetic and virtual and 
having four distinct qualities: interactivity, multimedia, connectivity, and generativity, through 
which the content, narrative and form can be represented, expressed and communicated. These 
four media options define the medium and distinguish it from traditional forms such as print, film, 
television, each with its own media characteristics, and also from classical art forms such as painting, 
sculpture, performance, video art [25].
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In screen applications, users engage in one-on-one dialogue with a screen 
(the “text”) that is mediated digitally and geared to the user’s requirements. When 
designed with an interface, two-way interactions become possible as a way of pro-
cessing the input by a user and the subsequent output by the system. These types of 
digital media are tied to all forms of urban environments, outdoor or indoor, station-
ary or mobile, small scale (info or ad screen), medium scale (e-boards, public 
screens), or large scale (media facade), displaying high or low resolution images on 
a sliding scale.

Digital objects and installations are mostly designed for specific content (e.g. an 
interactive table). They can host a dialogue between the text (information, message) 
and one or several parties. In the latter case, the screen functions as interface, e.g. as 
a touch screen. Well-designed installations allow passive members to observe 
others in their interaction and thus join in the process of mediation or experience 
(substitute interaction). In a marketing context, media objects are increasingly 
used at trade fairs (e.g. CeBit in Hannover, the Autosalon in Geneva), exhibitions 
(e.g. Mercedes Benz brand museum), or in flagship stores (e.g. Prada Epicenters) – 
enhancing live touchpoints by playfully engaging the customer and offering new 
brand experiences and service designs.

Media spaces – where digital media decisively impact the space and visitor 
behavior (e.g. interactive media floors and walls), allowing for immersion and reac-
tive changes – determine visitors’ behavior, which in turn determines the “behavior” 
of the space, generally comprising a multi-user environment designed for a shared 
experience. The most common aim is to initiate interaction between visitors and the 
interactive content experience and to facilitate interaction among visitors.

The fourth type, media architecture (e.g. a façade enhanced by light or media 
technology, iconic brand architecture), enhances urban environments by adding a 
narrative layer. If well done, it increases the value of the physical and social space 
by adding uniqueness, meaning and authenticity, thus enhancing the status of those 
who experience it. In marketing strategies, highly medialized architecture helps to 
build the reputation of locations (cities, neighborhoods) and brands. An excellent 
example for this is the SPOTS facade of the Park Kolonnaden building (Postdamer 
Platz, Berlin) that promoted the real estate company (and their rentals) as well as the 
value of the site and neighborhood.

2.3  Media Types

Out-of-home media involve at least four different interest groups: The property 
owner (private or public) looking to optimize the profitability of the property and to 
maximize rental income from the space; the outdoor media company (media seller) 
providing the surface for displaying the ads and renting out the space (or time) to 
clients; the client (media buyer) as tenant/buyer of the available space/time to reach 
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the audience; and the public administration safeguarding the public interest by 
means of regulations and licenses/permits.7

The potential of the digital medium to develop into different formats for engag-
ing the user in various forms of interaction – cognitive text-user relations, playful 
interactions, or immersive experiences – can be seen as a prerequisite for deploying 
specific media in the public sphere (Fig. 2.2).

2.3.1  Public Mass Media

Public or mass media refers to a type of media specifically designed to reach a large 
audience. The marketing industry uses it for placing advertising by buying media 
space or time in order to reach relevant audiences.

Commercials displaying moving images in public spaces appeared originally as 
“a problem-solving tool for the shortcomings of home spectatorship and its possibility 

7 Different jurisdictions regulate outdoor advertising to varying degrees and with different refer-
ence models, such as traffic safety systems, cityscapes, etc. In general, there is a tendency to pro-
hibit billboards altogether or to prevent new ones from being constructed (e.g., in Zurich 2009), or 
to ban them within the city (e.g., in Sao Paolo 2007).

Fig. 2.2 Research framework I: The four media types and the segments of Pervasive Advertising: 
(1) Analog/Public: traditional out-of-home-media e.g. billboards, mega posters or new forms of 
ambient media; (2) Analog/Private: traditional in-store/in-house media, incl. all types of 
promotional material, interior designs etc.; (3) Digital/Public: Adscreens and e-boards of all sizes, 
indoor and outdoor; and (4) Digital/Private: Digital signage media at-store/in-store, as well as 
media architecture
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to “zap” messages with remote controls or power switches” [19]. Ambient television 
has given advertisers a reason to imagine the final “captivity” of the audience due to 
a “lack of competitive separation” [19] in zones without remote controls.

Out-of-home advertising, therefore, addresses consumers who are neither at 
home nor at work, but in a public or semi-public space or in transit (on the go), 
while waiting (in-between) in line at the cashier or a medical office, for example, or 
who are at a specific commercial location, such as in a retail outlet.

2.3.1.1  Adscreens

Adscreens are increasingly common in a range of public spaces, especially in typi-
cal urban nodes (e.g. train stations, airports, in public transportation, post offices) 
and places of entertainment (e.g. bars, restaurants, fitness or music clubs, etc.), and 
have been accepted by both media buyers and users (Fig. 2.3).

For media buyers, adscreens are complementary media because they are close to 
buying decision points (the “recency” argument8) and thus can leverage situations 
harboring strong latent viewer attention, e.g. queues (the “captive audiences” argu-
ment) as well as reinforce messages from other media (the “crossmedia” argument). 
Users, on the other hand, have become familiar with traditional ways of experienc-
ing advertising as part of their daily out-of-home experience and are adept at either 
filtering it out or enjoying its entertainment value (Fig. 2.4).

Adscreens are (other than e-boards) currently set up mostly along traditional 
lines: Owned by established outdoor advertisers and run by major networks aimed 
at reaching large audiences that are mostly closed networks, etc. Business models, 
campaign targeting options and impact measurements are therefore similar to non-
digital out-of-home media. It doesn’t come as a surprise that new creatives and 
strategies derived from the digital bases or media characteristics are being used only 
sparingly. Despite the constraints they face in this market due to the limitations of 
particular advertising models9 [11] and the deployment of creative concepts for pre-
senting content in targeted way to specific audiences, ad-screens have successfully 
established themselves in the modern media landscape.

8 Recency, a “school” of advertising planning, believes that relevance, not repetition, is what makes 
an ad message effective and that its relevance gains proportionally with the consumer’s readiness 
to buy, i.e. that the prospective buyer’s proximity to the actual buying decision or point of sale is 
crucial. Impact-driven, continuous and creative advertising generally fails to capture consumers’ 
attention because they can screen out the messages that are of no interest. Advertising thus becomes 
effective only when consumers are ready to buy.
9 According to José and Soares, there are two emerging trends that are likely to cause a significant 
development in ad models: First, the move towards interactive displays that can respond to the 
surrounding spatial environment. Second, the emergence of pervasive display networks in which 
advertising models can leverage the power of open networks [11].
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Fig. 2.3 Adscreens – networked digital billboards – are operated similar to traditional out-of-home 
media: Selling media time to third-parties by offering large networks for reaching large audiences 
(a) New ePanels, 82″ full HD screens, are replacing the traditional Rolling Stars in major railway 
stations (scheduled for June 2011) (Photo: © APG/e-Advertising, Zürich); (b) A network of 
adscreens at 77 Tamoil gas stations operated by IP Multimedia (Photo: © IP Multimedia (Schweiz) 
AG, Zürich)
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Fig. 2.4 Adscreens potentially replace older (analog) media infrastructures as well as develop 
new locations and formats for reaching the audience (a) Swiss Post’s CanalPoste, an advertising 
network in 236 post offices, offering not only video ads but a full range of crossmedia packages 
including flyer and staff presentations (Photo: © Die Schweizerische Post, Bern); (b) The Digitaler 
U-Bahnhof Berlin-Friedrichstrasse, the first underground station featuring only digital out-of-home 
Media (Photo: © Wall AG, Berlin)

2.3.1.2  E-Boards

E-boards are typically much larger and are therefore better integrated into the archi-
tectural environment, and they are designed to optimize the size and position avail-
able for generating awareness and attention by their audience. While the cost of 
installing and maintaining them is relatively high, the number of screens that are 
linked to a network is relatively small. Revenue objectives are nevertheless met by 
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installing such e-boards at high-impact locations with extremely large audiences, 
and they are particularly suitable for campaigns targeted at the general public and 
offering a competitive CPT10 (Fig. 2.5).

Because of their size, e-boards strongly influence the atmosphere of the space 
where they are installed (and, therefore, are more similar to the newer group of out-of-
home-advertising called “Ambient media”). As a consequence of increased visibility, 
project strategies for getting new e-boards approved invariably lead to mixed 
programs displaying a range of cultural notes, news headlines, and commercials in 
an attempt to harmonize interests with financial resources.

Fig. 2.5 E-boards – large-scale screens at high-impact sites: Due to their size, e-boards are much 
better integrated into a particular area than adscreens; the program is also especially developed for 
a specific environment (a) The 65 m2 e-board at Zurich Main Station (Photo: © Ursula Stalder, 
Zürich ); (b) Big screen at the M&M’s WORLD flagship store in New York showing exclusive 
animation (Photo: © Ursula Stalder, Zürich); (c) Interactive mural at New York City’s 14th street 
promoting the launch of Adobe CS3 in 2007 (Photo: © Eric__I_E via flickr.com); (d) Forever21’s 
big screen displaying an augmented reality spot during the opening of the new flagship store in 
2010 (Photo: © Fastcompany, NYC )

10 Cost per thousand (CPT) is a commonly used measurement in advertising. It is used in marketing 
as a benchmark to calculate the relative cost of an advertising campaign or an ad message in a 
given medium. Rather than an absolute cost, CPT (or CPM cost per mille) estimates the cost per 
1,000 views of the ad.
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2.3.2  Private Corporate Media

Private or corporate media is a term referring to a system of media production, 
distribution, ownership, and funding that is dominated by corporations and there-
fore geared to support companies’ strategic goals of maximizing profits rather than 
serving the public interest (as in the case of public media). These media obviously 
are based on revenue models that differ from those of public media: third-party 
commercials are rarely found for competitive reasons, and the revenue model is 
often linked to long-term brand strategies (image, loyalty) or agreements with busi-
ness partners (e.g., contribution to marketing costs).

Corporate out-of-home media are traditionally found near stores (e.g., in com-
pany-owned parking lots, garages, escalators), in stores (at the entrance, near 
shelves, at the cashier etc.) and, in a broader sense, include the store itself (interior 
design, architecture, service design) as well as other touch points (e.g., exhibitions, 
brand museums, brand lands).

2.3.2.1  Digital Signage

The term digital signage describes a range of digital communication and informa-
tion media in the retail environment that takes advantage of the digitalization trend 
that can be observed throughout the retail value chain. These media range from 
“front-end” promotion, ambient and convenience services, all the way to shopping 
assistance or services for customers and management help for staff. The reference 
model here is that of “recency”, empirically supported by studies showing that about 
70% of purchase decisions are spontaneous while the person is at the shelf [10] 
(Fig. 2.6).

The increasing amount of information on products and customer behavior enable 
retailers to offer a more personalized shopping experience, while personalized 
advertisement and tailored suggestions might potentially benefit both shoppers and 
retailers. Well-placed and selected advertisement can help to raise satisfaction 
among retail buyers and increase opportunistic shopping, and thus total revenue, at 
the same time. The Prada customer card, for example, gives “Epicenter” staff direct 
access to the stored profiles incl. buying habits of the holder, allowing for a more 
customized type of service. This might even lead to personalized products that are 
fully adjusted to the specific needs of each customer [31] (Fig. 2.7).

RFID (radio frequency identification) is seen as a prerequisite system. 
Transponders can be attached to pallets, clothing shipments or cartons, making it 
possible to address all items. In the future, RFID is expected to be deployed not only 
“behind the scene” to optimize logistics and warehouse management, but also at the 
customer interface where items on the sales floor are tagged with RFID transpon-
ders. Such systems are already being tested in a number of pilot projects. In the 
men’s department at Galeria Kaufhof in Essen, Germany, for example, readers are 
installed in dressing rooms and on mirrors to identify the items customers choose 
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Fig. 2.6 Digital signage – digital retail media, stationary or mobile: The common goal of is to 
deliver information and services either to customers or to staff (a) Telekom Austria “a1 lounge”, 
Vienna (Photo: Rupert Steiner (www.rupertsteiner.com), © mobilkom austria AG & Co KG, 
Vienna); (b) Intel® Intelligent Digital Signage Proof-of-Concept, showcases how digital signage 
technology can enhance the retail customer experience (Photo: © Intel Corp., Santa Barbara/CA)

and to display the available sizes, colors, and other combinations. The items are 
then found on smart shelves that send out warnings when inventories run low or 
displayed on special terminals with details about the products.
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Fig. 2.7 Digital signage when combined with RFID has the potential to create an intelligent 
environment allowing new service designs on sales floors (a) Smart tables and (b) Smart mirrors 
at Galeria Kaufhof in Essen (2007–2008) uses RFID to identify the pieces of clothing customers 
are trying on and display useful information such as prices, materials and care instructions. On top 
of that, they also suggest accessories and possible combinations and show which pants go with 
which shirt (Photos: © Metro AG, Düsseldorf)
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2.3.2.2  Brand Architecture

Architecture has long been used to build brands as part of corporate identity 
programs in multinational corporations, serving as a visual symbol to express a 
company’s culture and personality.11 While commercials shown on adscreens, 
e-boards or promotional digital screens have only a short-term effect, brand archi-
tecture aims to establish a more lasting impression. Although commercials may 
trigger an adrenalin rush by means of media-enhanced narratives (plot, storytell-
ing), architecture establishes a sense of individuality and being at ease. According 
to Barbara Klingmann, architecture has by its very nature “much more long-lasting 
effects than the ephemeral products of the media because it can manifest ideas about 
who we are into permanent and tangible forms that endure over time” [13].12 There 
are again different forms of mediated architecture employed to establish a brand 
image in the public’s opinion.

2.3.2.3  Media Facades

Media facades – media embedded in architectural facades – comprise components 
of building envelopes that are animated using digital technology. Krajina points out 
that this development marks the ultimate separation of a building’s two essential 
purposes: providing shelter and serving as a symbol [14] (Fig. 2.8).

For Klingmann, media facades mark the transition from an “old school” corpo-
rate architecture based on the concept of visibility and authority to express power, 
wealth and financial growth (e.g. BMW’s Zylinderhaus in Munich) toward a new 
concept that is based on interaction and dialogue [13]. The light and media facades 
of the T-Mobile Headquarter (Bonn), the BIX facade at Kunsthaus Graz or the Park 
Kolonnaden buildings (Potsdamer Platz, Berlin) are examples of building facades 
that reflect both the brand’s traditional value and the innovation, providing a public 
interface for interaction with the community (public sphere) and consumers 
(Fig. 2.9).

11 Corporate architecture, as an integral part of a comprehensive corporate identity program, con-
veys a firm’s core ideas and belief systems by simultaneously providing the symbols, emotional 
experience, and organizational structure that helps strengthen the perceived corporate values. 
Unlike conventional architecture, brand environments are not based on an existing physical context 
but on a holistic corporate identity program designed to represent and support a firm’s values and 
philosophy [6].
12 Klingmann also observes: “While most architects agree that architecture should create relevant 
experiences, there is still a lingering confusion about how architecture might compete with, relate 
to, or distance itself from the noisiness of mediated effects. As digital communication remakes the 
traditional rhythms of daily life, which is increasingly crammed with sophisticated electronics, 
many people believe strongly that everything should be action, motion, excitement, and saturation, 
while countless consumers want nothing more than a seductive oasis.” ([13], p. 51)
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Fig. 2.8 Media facades – light and media technology embedded in architectural facades – create 
an interface between the architectural and urban space on one side, the digital and narrative space 
on the other side (a) T-Mobile Headquarters, Bonn, the first permanent media facades worldwide; 
(b) Transparent panel structure with LEDs for Helmut Jahn’s concept of a new convention center 
in Zurich (Photo & rendering: © ag4 mediatecture company, Köln)

Until recently, media facades displayed mainly temporary installations, for cost 
reasons [25]. In the meantime, the feasibility and sustainability of the technology 
determines both the awareness and willingness among builders, architects and light-
ing designers, engineers and media people – including authorities issuing licenses.
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Fig. 2.9 Media facades have substantial influence on both – the visual and the social experience 
of urban space (a) The SPOTS light and media facade at HVB’s Park Kolonnaden building, Berlin, 
showing a curated art program for a period of 18 months (Photo: © Bernd Hiepe, Berlin); (b) the 
Ars Electronica Center AEC media façade, an interactive application with approximately 4,400 
individually addressable and adjustable channels, generates a homogeneous interaction with its 
surroundings, at the same time becoming a distinctive landmark (Photo: Stadt Linz, © Ars 
Electronica Center, Linz)
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2.3.2.4  Brand Scenographies and Flagship Stores

Retail architecture increasingly relies on established values and associations, be it 
the name of a famous architect (Frank Gehry, Herzog & deMeuron), city (Barcelona, 
New York), or neighborhood (Fifth Avenue or the Meatpacking District in New 
York City). Nike’s temporary “House of Innovations” in Beijing during the Olympic 
Games or the Chanel Mobile Art Pavilion (designed by Zaha Hadid) exemplifies the 
more recent trends of using events to build short-term brand presence (Fig. 2.10).

Fig. 2.10 Brand Scenographies – three-dimensional multisensual brand presentations: These spatial 
brand touchpoints aim at stimulating different senses and instincts in order to deepen the experience of 
a brand (a) The Prada Epicenter store in SoHo, New York (Photo: OMA/AMO, © Prada); (b) The 
Mercedes-Benz Gallery, opening 2009 at Berlin’s Unter den Linden (Photo: © Ursula Stalder, Zürich)
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Flagship stores, brand museums and exhibitions use media and architecture, as 
well as scenography, in a similar way to build a dialogue with an audience – both 
externally and internally. In this respect, the store becomes a place of communica-
tion, media production, and symbols – including itself – and of intermediality in 
general [10] (Fig. 2.11).

Fig. 2.11 Brand Scenographies are building spaces and stages to tell their stories inviting the 
consumer to a playful interaction with the brand universe (a) Nikes House of Innovations, in the 
798 Art Zone in Beijing, telling the most important stories behind some of the most successful 
Nike products, innovations and technologies during the Olympic games 2008 (Photo: © 
Inquiringmind Magazine, Toronto); (b) Chanel’s mobile container for contemporary art by Zaha 
Hadid, gave the quilted bag, icon of Chanel’s heritage, its own means of expression by confronting 
it with contemporary creation (Photo: © Core77, Inc.)
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Brand scenographies become “catalysts” [13] for perceptual values and transformative 
experiences. The Prada Epicenter stores (New York City, Los Angeles, Tokyo) fea-
ture not only sophisticated architectural design for branded fashion goods but an 
entire program aimed at exploring ways to reinvent the Prada retail experience. 
Architect Rem Koolhaas argues that “shopping is indeed the last remaining form of 
public activity”, one that inverts the act of consumption, turning the store into a 
social space13: “While presenting a unique brand experience for Prada, the store is 
first and foremost designed as a social gathering place in which customers can sim-
ply enjoy spending time”.

2.3.2.5  Brand Lands

Brands and architecture have developed a close relationship over the last decade. 
Architecture and distinct urban environments are increasingly being integrated 
into a larger marketing strategy, and the uniqueness of a physical environment 
(geographical territory) is used to underscore the uniqueness of a brand identity. 
At the same time, urban planning and architecture borrow increasingly from 
branding, with the Olympic Games 2008 or the FIFA World Cup 2006 being just 
two examples. Space/spatiality has become a further marketing asset (Fig. 2.12).

Brand lands are mixed-use centers designed to provide multi-functional cus-
tomer experiences. They are often close to headquarters and production plants that 
are closed to the public. Brands lands like BMW Welt in Munich, the Mercedes area 
around Werk Untertürkheim in Stuttgart Bad-Canstatt or Swarovski’s Kristallwelten 
in Wattens combine a range of facilities and thus anchor the brand in the place.

The physical (natural and man-made) “brandscape” [13] is the result of an artifi-
cial spatial manifestation of brand identities and an equally artificial creation of 
physical space. Marketing will be incorporated into the architectural design process, 
increasing the tangibility of firms’ values by offering places in which to consume 
experiences. Visual choreography and architecture are thus designed to facilitate 
experiences in a social context, replacing what would otherwise be a purely com-
mercial environment [13]. In the context of current urban spatial development, 
brands provide a physical context that re-establishes a connection to a particular 
territory (Fig. 2.13).

These iconic buildings14 (signature architecture) are primarily designed to repre-
sent values, create moods and provide contrasts. A proven strategy involves 

13 Anna Klingmann notes: This blur of highbrow or lowbrow in architecture is echoed in Koolhaas’ 
‘Harvard Design School Guide to Shopping’, an 800-page tome on mainstream consumerism. It 
mainly purports that shopping has become the ‘defining activity of public life’. According to one 
of its contributors, “not only is shopping melting into everything, but everything is melting into 
shopping” (p. 129). This trend also includes the growing number of signature architects who 
increasingly use their expertise to blur the distinction between consumerism and elite culture in the 
form of “shopping architecture.” ([13], p. 125).
14 On the relationship between architecture and branding see ibid alt. [1].
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Fig. 2.12 Brand lands – brand communication by means of architecture and territory – generate  
a distinct experience and lends appropriate dimensions through the uniqueness of the territory, 
iconic architecture and symbols derived from the brand narratives (a) (b): The Autostadt, a mixed-use 
center next to the Volkswagen factory in Wolfsburg, features a museum, an amusement park, seven 
brand pavilions as well as a customer center, which attracts some two million visitors each year 
(Photos: © HENN Architekten, München)
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Fig. 2.13 Brand lands are the nucleus around which power, cultural values and a certain way of 
thinking have found expression. They are narrative, designed through consistent adherence to a 
single theme, anchoring the brand in the real world (a) the Mercedes Benz Museum in Stuttgart 
(Photo: Brigida Gonzales, © Daimler AG, Stuttgart); (b) the water-spouting Giant that magically 
lures visitors into its interior, where 12 Chambers of Wonder ignite beacons of imagination 
Swarovski Cristal worlds in Wattens, Austria (Photo: Elfie Semotan, © Swarovski AG, Triesen)

 co-branding, whereby a corporate brand (e.g. A1, Prada, Guggenheim) is associated 
with a famous architect (e.g., EOOS, Herzog & deMeuron, Gehry). Architecture is 
used specifically as a symbol of cultural prestige [34] that relies on technology at all 
levels, with signs and symbols creating a distinct experience through the use of 
spatial effects whereby artificial territory provides a spatial (material and social) 
brand experience.

2.4  Media Characteristics

The nature of new media becomes apparent when staging, rather than hiding, its 
new properties and at the same time anchoring them in the findings of basic scien-
tific research (social and physical space; pervasive computing [32]; visual commu-
nication [15, 21]). This article puts forward a three-vector model for investigating 
the communicative potential of this digital medium:

 1. Screen as light-emitting (output) medium (light emission/illumination);
 2. Moving images as the dominant form of communication (movement/

temporality);
 3. Situatedness of communication/interaction in the social and physical space 

(spatiality) (Fig. 2.14).
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Fig. 2.14 Research framework II: Key vectors suggested for a study of Pervasive Advertising

2.4.1  Screen as Light-Emitting (Output) Medium: Illumination

A common characteristic of all digital out-of-home media is the screen, which 
serves as the presentation medium.15 The most desirable brightness of the screen 
depends on a number of variables, such as the ambient light level and the luminosity 
of the image source. But in contrast to traditional outdoor media such as billboards, 
screens actively emit light by means of backlight technology.

Newer display technologies have high luminosity and good contrasts, even under 
changing or dim conditions. As light and movement (of the images) act as a stimu-
lus enhancement, digital media per se have better chances of being perceived.16

15 A digital screen is a data processing and data output device for presenting visual information 
(pictures or signs), unlike in the case of a projection screen. Flat or curved screens may be deployed 
depending on the technology used to project the image and the desired geometrical accuracy of the 
image production, flat screens being the more common of the two. This article disregards projected 
images mainly because light emitted from screens used as an output device and permanently inte-
grated into urban space is an essential starting point that includes projections only in exceptional 
cases on account of their mainly temporal nature. Of course this is a subjective point of view that 
may be challenged.
16 For the principles of activation theory, see [26]. In cognitive psychology, perception is under-
stood as a process of information processing, in which specific environmental and physical stimuli 
are selected from a range of other stimuli before they are decoded and combined with prior knowl-
edge. Key features of perception are subjectivity, activity and selectivity. A prerequisite for con-
scious perception is the willingness to absorb and process information. The capacity to absorb 
depends on the degree of activation, the “inner alertness”; a temporary increase of activation is 
referred to as attention [15].



532 Digital Out-of-Home Media: Means and Effects of Digital Media in Public Space

Furthermore, the reflected light itself becomes a form of communication, giving 
the space a specific aura [29]. Or as Walter Benjamin puts it: “What, at the end, 
makes advertising so superior to criticism? Not what the moving red neon says – but 
the fiery pool reflecting it in the asphalt.” [3]

2.4.2  Moving Images as the Dominant Form of Communication: 
Temporality

For Lev Manovich, any screen constitutes a window onto a representation within 
our normal space, and a digital screen “represents an interactive type, a subtype of 
the real-time type, which is a subtype of the dynamic type, which is a subtype of the 
classical type”. This “screen genealogy” rests on two ideas: “First, the idea of tem-
porality, whereby the classical screen displays a static, permanent image; the 
dynamic screen displays a moving image of the past, and finally the real-time screen 
portrays the present. Second, the relationship between the space of the viewer and 
that of the representation.” [18]

While visual communication research17 discusses the means and effects of images 
(as opposed to texts) and film theory discusses the basic code of moving images, 
Manovich examines the different forms of “new temporality” as “narrative engines” 
as found in digital media.

However, the effect of moving images – movement in itself as well as visual texts 
as communication modes – in the context of the public (social, man-made) space 
creates and simultaneously defines an emotionally charged environment [5].

Located in the public space, the temporality of such movement becomes the 
boundary between the physical and digital worlds, transforming the genius loci 
beyond what appeals to individual viewers and affecting the experience of everyone 
who happens to be in the space simultaneously.

The added value for communication lies in this ability to create uniqueness in a 
fleeting moment.

2.4.3  Situatedness in the Social and Physical Space: Spatiality

When applied to media, experience marketing implies that creating messages peo-
ple will remember in their daily routines means focusing on the transformative 
effect a space can have and on the emotions it can trigger through its use, whereby 

17 For a summary of visual communication research, see ibid alt. [21]. The findings indicate that 
images are more easily detected and retained than words, like “quick shots to the brain” [15]. At the 
same time they are also suitable for public use in various communication modes and usually referred 
to as (1) autoactive, (2) reactive, (3) interactive, and (4) participatory displays [13, 25, 27].
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the atmosphere and other environmental factors, such as light, noise, number of 
people, etc. and “the surrounding assemblages of signification and stimuli” [14] 
become prerequisite for success. In terms of “contexts”, specialists increasingly 
refer to an awareness of the complexity of “culture, climate, background, audience 
and built pattern” on the ground [29]. As Offenhuber purports, design strategies 
subsume both the planned imagery (that people locally are assumed to be “familiar” 
with) and the screen as a material object, which may “imitate” other physical objects 
in close surrounding, such as a bus schedule, or a concrete façade [22].

2.5  Conclusions

From a marketing and branding perspective, these pervasive digital media infra-
structures offer much potential to reach, interact and engage audiences in a dialogue 
and offer opportunities for reaching audiences in new places and situations by means 
of creative concepts. By using new technology and broadband data networks, per-
vasive media offer the means to blend iconic brands, streamlined products, and 
corporate identity into a single experience. Nike has become a prototypical example 
of iconic quality marked by uniqueness, the result of standardized mechanisms.

From the perspective of integrated marketing communications, three important 
trends can be observed that drive this development:

The trend towards image – moving image – becoming the dominant narrative •	
form of the brand story, cf. “iconic turn” [4];
The trend towards spatialization of brands against the background of changing •	
consumer behavior, cf. “experience society” [24];
The trend of shifting away from the reach of a corporate communications orien-•	
tation (mass) toward an involvement orientation (dialogue, encounter 
communication).

The digital medium, as well as the different media forms, are neutral in essence 
and can be used to meet strategic goals, and they constitute parts of the message 
being conveyed. Their characteristics influence the narrative, the means and effects 
of the message being conveyed – but they are not the story itself. This becomes all 
the more apparent when examining the immense variety of forms and uses of perva-
sive media infrastructure in public space by marketing and brand managers. The 
fact that pervasive advertising blends with other research fields, thus blurring the 
distinction to surrounding disciplines, can be seen as a “marker” in the medializa-
tion process as put forward by Friedrich Krotz [16].

The spatial dimension of out-of-home media must aim to provide a broader cul-
tural context that seizes opportunities to create new organizational structures and 
social relationships instead of merely devising representational images for clients. 
In pervasive media, exploiting the potential for enhancing a brand means moving 
away from the established forms of media communication, and the most cogent 
arguments put forward by media theorists so far purport that media can be used to 
transcend spatial and temporal boundaries (Helmmann and [35]).
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Pervasive advertising can potentially establish relational frameworks that are 
both specific and open, that encourage social interaction and engagement, and that 
are most likely to be defined by new ways of conveying messages: with images 
(symbolic dimension), narratives (story dimension), places (ecologic and experien-
tial dimension), and communities (social, economic, and political dimension). This 
will most likely continue to hold true regardless of any specific application.
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Abstract Meaningful design can be defined as putting human values in the centre 
of the process of designing for meaningful products, services and environments. 
Brands can make use of pervasive technology in various touchpoints facilitating 
meaningful brand experiences. Pervasive advertising need to seek for the embed-
ding of brands into the natural living environment of people, in which people can 
interact any time at any place with brands in an intellectual (symbolic) way with 
which meaning can be transferred between brand users, an emotional (aesthetic) 
way by which users will hold a sustainable memory of the experience, as well as a 
physical (experiential) way in which the immediate conscious and unconscious 
impact takes place through the interaction with the applied technology.

3.1  Introduction

This chapter reviews advertising from out the idea of meaningful branding: the way 
in which brands can be of true meaning for people through human experiences. In 
the second section, the economical developments towards the experience economy 
are described. Since human values are of great importance for making meaning, the 
third section outlines how studies on values have led to human centred marketing 
and design strategies. In section four, semiotic theory offers an adequate description 
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and analyzing approach to detect essential key features of the meaningfulness of 
pervasive technologies. To illustrate this, a few examples of branded pervasive 
applications are shown in the fifth section. The final section discusses how meaning-
ful design can be used in the context of pervasive advertising.

3.2  From Advertising Products to Meaningful Branding

Before we discuss what role pervasive advertising could play in today’s economy, we 
give a brief history of marketing and focus on the changing role of brands and their 
interactions with consumers. This section describes the transformation in the market-
ing and advertising industry from promoting products in the 1960s and 1970s through 
branding in the 1980s and 1990s towards the Experience Economy as of 2000.

3.2.1  Industrial Society and Finding Markets for Production

Advertising and branding go a long way back. Ancient tradesman and taverns used 
outdoor signs describing their goods and prices to inform the audience. Medieval 
guilds put marks on their product as a quality guarantee to protect them from imita-
tions. However, it was the Industrial Revolution in the eighteenth century that gave 
advertising the boost to become the industry, as we know it. Industrialization brought 
large-scale means of production and manufacturers seek ways to sell their fast grow-
ing stocks. Advertising became a mean for getting attention from consumers and cre-
ating demand for products. Advertising became an industry in itself from the late 
industrial society. In the Western world economies were driven by consumption as the 
driver of nations economical success and sense of well-being. Manufacturers pro-
duced more and more goods for consumption society and learned to produce products 
at the lowest costs and the biggest margins. The need to distinct the goods of one 
manufacturer from another was a major factor in the development of the advertising 
industry. Advertising agencies emerged to support manufacturers with strategies and 
campaigns in order to position manufacturers in the competitive field [17]. In general 
they pushed products to the market by informing consumers of their existence and 
benefits to create product preference. In this approach, the manufacturer is in the cen-
tre of marketing strategy with the purpose of selling and making profit.

3.2.2  Branding and Identity

As production processes improved, it became more difficult for a manufacturer to 
distinct his products from those of his competitors based on product quality. Also 
the efficiency of production processes reduced costs, product prices dropped and 
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competition on price was getting fierce. And in times of economic growth and wel-
fare from the 1950s to the 1990s of the twentieth century, a growing number of 
people didn’t seek for lowest priced products anymore. Until that time, brands were 
used to distinct a product from others by expressing it’s specific product features. 
But now in this era, manufacturers learned how to develop the economic value of 
the brand itself.

Also cultural developments in Western society, such as equal chances for men 
and women, individualization, freedom of choice, sexual liberation, better access to 
higher education, drove people up to Maslow’s pyramid of needs: less people had 
concerns about basic needs in life because economic prosperity provided endless 
possibilities to fulfil those needs, and more people grow to self-actualization [32]. 
Brands were more and more used as way of expressing one’s personal preferences 
and ‘way of life’, his individual identity. Now that brands could be used as means of 
expression, manufacturers got the opportunity to expand the symbolic value of their 
brands as value to consumers.

In the eighties and nineties, brand values became core business in marketing 
strategies defined as what we nowadays understand as ‘branding’. Brand manage-
ment experts like Kapferer with his Brand Identity Prism (see Fig. 3.1) and Aaker 
put brand values and brand equity in the middle of brand strategies [1, 30]. They 
succeeded in proving that a brand contributes to company revenues (brand equity). 
Again, in this approach, the manufacturer, specifically his brand, is in the centre of 
the branding strategy with the purpose to develop brand equity and enlarge the com-
pany’s profit. However, the era of branding is changing towards a new definition of 
branding that is much more suitable for future relationships between brands and 
consumers.

Physique personality

Culture

self - imageReflection

Relationship

PICTURE OF RECIPIENT

IN
T

E
R

N
A

LI
S

A
T

IO
N

PICTURE OF SENDER

E
X

T
E

R
N

A
LI

S
A

T
IO

N
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3.2.3  Experience Economy

Where it were commodities in pre-industrial societies that delivered economical 
value, industrialisation made manufacturers compete on the quality of products, and 
modern society produced more and more value from delivering services (see 
Fig. 3.2). For companies and brands however, it is getting harder to differentiate 
from each other with products and services because of an endless choice that prom-
ises personal freedom, but at the end results in a confused consumer that is not able 
to value the worth of his choice [50]. Pine and Gilmore described the economical 
development towards an experience economy [41]. In this experience economy 
meaningful (brand) experiences can make a difference to consumers, because of the 
personal relevance for people with regard to their personal values and beliefs, which 
are the basis of people’s consumer behaviour and brand preferences [4, 44] and 
identity and lifestyle [7].

This economical development shows the transformation of product- and sales-
driven organisations, for which cost-reduction and pricing became less and less com-
peting factors, into experience brand-based organisations. The experience brand 
strategy differs fundamentally from the traditional marketing strategies. Traditional 
marketing focused on the product or corporate profit, resulting in an advertising 
industry that Godin [24] calls the TV-industrial complex: buying advertisement space 
in the media to promote products, sell the products and than use the profit to buy even 
more advertisement space. At the end this resulted in an advertising rat-race where 
the companies with the largest budgets end up as the winners of the competition. But 

Fig. 3.2 Towards an Experience Economy (Pine and Gilmore) shows how the creation of 
economical value by companies shifts from commodities to experiences, which are more relevant 
for users, in order to differentiate from competitors
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what about the relevance for people? Goldhaber [25] proposed that the so-called 
information economy is actually an attention economy, where attention of consumers 
became scarce due to the enormous amount of information [12]. Attention can be 
seen as a scarce resource, which drives economical value. Experience branding 
differs from attention economy in the way that it put human values as drivers of eco-
nomical value. From that point of view, attention is triggered when messages are 
relevant to people, that is, when they adapt to human values of people.

In the current brand experience approach the consumer is in the centre of the 
brand experience more than ever. In fact, the emphasis is on ‘humans’, rather than 
on ‘consumers’. Experience brands aim to provide ‘meaningful experiences’ to 
people for which a true understanding of human values is required; at the end some-
thing can only be of meaning to someone when it comes to what one values in life 
[41, 52].

In the field of experience branding, also referred to as meaningful branding, the 
traditional concept of advertising has to be reconsidered. When the product or cor-
poration is no longer in the centre of the marketing strategy, advertisements that 
solely communicate product features and benefits fail to lead to a meaningful human 
experience. Without taking into account the personal beliefs and former history of 
(life) experiences, a true experience won’t be likely to appear: an experience has to be 
constituted by an individual rather than by the experience (brand) provider [41]. 
Differently put, designers and practitioners cannot design an experience, they just 
can design for an experience [41]. Brand and person really have to interact with 
each other. Brand experience has a behavioural impact; it affects consumer satisfac-
tion and loyalty towards brands [8].

Another crucial element in experience branding is the concept of ‘touchpoints’ 
[31]. A touchpoint is any contact or moment in which one is physically or virtually 
interacting with a brand. All touchpoints together influence one’s brand experience. 
The orchestration of touchpoints altogether determines the entire expression of brand 
meaning to a person [8]. Also, a brand experience stretches out over time and space 
[52, 59]. Touchpoints therefore have to be placed in this time-space continuum.

Consequently, traditional advertising no longer holds in the experience economy. 
Instead of pushed and seductive advertisements, experience brands need to develop 
a consistent architecture of touchpoints that is naturally intertwined within the con-
text of a person and that addresses his values. And it is exactly here where pervasive 
technology can enrich and enforce brand experiences. Some examples of that are 
shown in Sect. 3.5. Before that, the following section elaborates on how people 
experience the world around them.

3.3  Human Experience: Meaning and Values

Whereas the previous section explained how in the experience economy brands try 
to adapt to human values in order to become of meaning to people, the current sec-
tion elaborates on the process of assigning meaning to things (objects, artefacts as 
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well as other phenomena) and how the marketing and design industry learned to 
adapt to human values in creating meaningful experiences.

3.3.1  The Meaning of Things

There has been a long tradition of thinking on how people experience reality and 
how things around them are of meaning to them. From Plato’s universal ideas that 
present themselves in physical entities, via Descartes’ dualism to modern philoso-
phy, anthropology, psychology and sociology.

It was Descartes who distinguished the body (the physical existence in the world) 
from the conscious mind (thinking of the world). From that follows that what the 
body experiences is being processed by our minds in order to make meaning out of 
it, based on pre-defined concepts that exist in men. George H. Mead then conse-
quently explained that meaning is not derived from pre-defined concepts but can be 
seen as a social construction; in order to assign meaning to things around us, we 
need others to determine what meaning they have to us [34]. Meaning is a result of 
social interaction rather than of individual psychology. However, what meaning one 
assigns to a phenomenon is also a result of interpretation, in which personal history 
and beliefs play an important role.

Dewey argues that no one is a passive observer of the world around him but an 
active actor that is also influencing his environment [15]. The world of thoughts 
(mind) and facts (environment) are in interaction with each other. In keeping with 
Mead and Dewey, Blumer introduced the term symbolic interactionism, and stated 
three premises [5]:

 1. Humans act toward things on the basis of the meanings they ascribe to those 
things.

 2. The meaning of such things is derived from, or arises out of, the social interac-
tion that one has with others and the society.

 3. These meanings are handled in, and modified through, an interpretative process 
used by the person in dealing with the things he/she encounters.

In short, symbolic interactionism states that consciousness is an integral part of 
both action and interaction. These premises were very useful in describing human-
computer-interaction (HCI) from out the users perspective rather than the designer’s 
cognitive approach.

Especially Dourish’s contribution for understanding HCI from the user’s point of 
view is interesting for designers of technological artefacts [16]. He describes three 
aspects of meaning. First, ontology, seen as a structure of identities and their rela-
tions. Actually, these are the objects around us which we assign meaning to. In HCI 
ontology occurs in the internal structure of object-oriented software systems or 
data-structures. Second, intersubjectivity, which is about how meaning can be 
shared as a mutual understanding between people. Between the designer and the 
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user, this is about the interactive system itself and how the designer’s intentions are 
understood by the user. Between users, this refers to how people communicate 
through the system about how it should be used in what they want to achieve. 
Finally, intentionality refers to the directedness between our mental activities (think-
ing, remembering, …) and their meanings. Interestingly, Dourish stresses that com-
putation is fundamentally about the representation of entities in the world of human 
experience and therefore then “the key feature of interaction with computation is 
how we act through it to achieve effects in the world” [16].

Additionally, Csikszentmihalyi and Rochberg-Halton argue that people “make 
order in their selves […] by first creating and then interacting with the material 
world”. In that point of view, “the material environment that surrounds us is rarely 
neutral; it either helps the forces of chaos that make life random and disorganized or 
it helps to give purpose and direction to one’s life” [11]. In studying the meaning of 
things they conclude that meaning is created by the act of perception, that the ability 
of enjoy one’s action (flow, as opposite of alienation) gives value to whatever one is 
doing. In defining the concept of meaning, Csikszentmihalyi describes three 
elements to experience meaning [10]. First, one has to have an ultimate goal (reason 
of living). The second is the resolution in the pursuit of one’s goals (the intention to 
reach the goals has to be translated into action). When the goal is pursued with reso-
lution and all activities are unified in flow, then these will be followed by the third 
element called harmony that is brought to consciousness. “Purpose, resolution, and 
harmony unify life and give it meaning” [10].

Among all goals one can have, human values are very important goals for people, 
which give one direction in life, in what is wrong and right. And things do not have 
meanings based upon their physical characteristics but as a result from social inter-
action and personal interpretation. It is the human mind that assigns meaning. One 
could say that ‘meaning is in the mind of the beholder’.

The following sections describe in more detail what human values are, and how 
these values can be acknowledged in design and marketing processes to create 
meaningful products and experiences.

3.3.2  Meaning from Human Values

People determine meaning based upon their personal beliefs and values. The social 
psychologist Milton Rokeach became well-known for his studies of human values. 
The work of Rokeach in the 1970s and that of Shalom Schwartz from of the 1990s, 
was gladly adopted in the marketing industry for the possibilities for value-based 
segmentation models that proved to address human values of consumer segments 
very well.

Rokeach defines human value as “an enduring belief that a specific mode of con-
duct or end state of existence is personally or socially preferable to an opposite or 
converse mode of conduct or end state of its existence” [44]. He distinguishes two 
kinds of human values: instrumental values that reflect modes of conduct and 
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behavioural characteristics that are ways of reaching terminal values, and terminal 
values that reflect end states of existence or a desirable end state that an individual 
would like to achieve. The values that were identified with the Rokeach Value 
Survey (RVS) are shown in Table 3.1.

Schwartz expanded on Rokeach’s value definitions and determined ten basic, 
universal values together with specific single values that represent them, as shown 
in Table 3.2 [49].

Rokeach’s Value Survey was conducted in the USA only. Schwartz took value 
research to an international level and measured values in more than 70 countries. 
Based on that, he formulated six features of values [49]:

 1. Values are beliefs linked inextricably to affect. When values are activated, they 
become infused with feeling. People for whom independence is an important 
value become aroused if their independence is threatened, despair when they are 
helpless to protect it, and are happy when they can enjoy it.

 2. Values refer to desirable goals that motivate action. People for whom social 
order, justice, and helpfulness are important values are motivated to pursue these 
goals.

Table 3.1 Rokeach’s instrumental and terminal values

Instrumental values Ambitious, broad-minded, capable, cheerful, clean, courageous, 
forgiving, helpful, honest, imaginative, independent, intellectual, 
logical, loving, obedient, polite, responsible, self-controlled

Terminal values A comfortable life, an exciting life, a sense of accomplishment, a 
world at peace, equality, family security, freedom, happiness, inner 
harmony, mature love, national security, pleasure, salvation, 
self-respect, social recognition, true friendship, wisdom

Table 3.2 Schwartz Value Inventory (SVI)

Values in terms  
of their goals Single values

Achievement Personal success through the demonstration of competence in 
accordance with society’s standards, e.g., ambition

Benevolence Preservation and enhancement of the welfare of others in one’s 
immediate social circle, e.g., forgiveness

Conformity Restraint of actions that violate social norms or expectations, e.g., 
politeness

Hedonism Personal gratification and pleasure, e.g., enjoyment of food and leisure
Power Social status, prestige, dominance, and control over others, e.g., wealth
Security Safety, harmony, and stability of society, e.g., law and order
Self-direction Independent thought and action, e.g., freedom
Stimulation Excitement, novelty, and challenge in life, e.g., variety
Tradition Respect for and acceptance of one’s cultural or religious customs, e.g., 

religious devotion
Universalism Understanding, appreciating, and protecting all people and nature, e.g., 

social justice, equality, environmentalism
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 3. Values transcend specific actions and situations. This feature distinguishes values 
from narrower concepts like norms and attitudes that usually refer to specific 
actions, objects, or situations.

 4. Values serve as standards or criteria. Values guide the selection or evaluation of 
actions, policies, people, and events.

 5. Values are ordered by importance relative to one another. People’s values form 
an ordered system of value priorities that characterize them as individuals.

 6. The relative importance of multiple values guides action. Any attitude or behav-
iour typically has implications for more than one value.

People act towards things based on how they experience the meaning of things in 
a perception process constituted by one’s reasons to live, their human values. Inspired 
by this, meaningful design can be defined as putting human values in the centre of the 
process of designing for meaningful products, services and environments.

Now that value studies like those of Rokeach and Schwartz made clear how val-
ues drive human actions, the marketing and advertising industry was keen to apply 
these insights to adapt to people’s preferences and behaviour to seduce them to the 
act of purchase. The following section describes a few approaches of human-values 
adaptive methods, ranging from more traditional intentions (making money for the 
company) to more innovative intentions (making meaningful designs for people).

3.3.3  Values in Marketing and Design

The sociologist Bourdieu describes how groups of people in society distinct them-
selves from other groups based on their values. In his extensive study he proved how 
values determine behaviour and lifestyle preferences, including product and brand 
preferences [7]. In the market research industry Gutman introduced the means-end 
theory [27, 42]. With this approach it became possible to find the linkage between 
product characteristics (means), the beneficial consequences of them and finally to 
consumer’s values (end). These analysis provided insights in what the meaning is 
that people derive from products and brands. An interview technique with which one 
can disclose the values that determine people’s product appraisal is called ‘ladder-
ing’. With this technique, the interviewer continuously asks interviewees questions 
such as ‘why is that important to you’ to climb the ladder from superficial product 
‘attributes’ through their consequences to the underlying values that are in stake. 
Figure 3.3 illustrates how using the ‘laddering’-interview technique, the means-end-
chain analysis results in a Hierarchical Value Map. Analysis of the data result in 
aggregated value clusters that represent the values of a group of product users, and 
also provides for segmentation of different value segments within this group.

In the marketing industry, human value-based segmentations models were devel-
oped by market research agencies, such as LOV and VALS in the USA [29, 56], 
SIGMA Milieus [3] in Germany and Mentality [21, 55] in the Netherlands. Market 
research agencies use them to advise clients for human-values centred marketing, 
communication and product development strategies. These segmentation models 
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Fig. 3.3 Hypothetical Hierarchical Value Map showing the linkage between product attributes 
(1–7, 9), their consequences (8, 10–19) and human values (20–23) [42]

proved to be very effective in optimizing targeting and reducing waste: that is, the 
more precisely one group of specific consumers can be targeted, the less people that 
do not belong to the target group are exposed to advertisements. That saves a lot of 
advertising budget from companies. Other innovative approaches aiming at mean-
ingful experiences for people can be found at experience brands (such as Nike and 
Apple, as described in Sect. 3.5) and in the design industry.
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In the design industry, design researchers developed new methods of product and 
service design that put human values in the centre of the design process, such as 
context mapping in which users are involved in the design process as experience 
experts in the context of daily life [47, 53, 54, 57].

Desmet and colleagues studied values in relation to product emotion and argued, 
referring to Frijda, that values, as one example of concerns that people have, are a factor 
in the appraisal process of product stimuli [14, 23]. In Desmet’s model for product 
emotion it is made clear how the appraisal of stimuli based on concerns result in an 
emotional experience [13]. Figure 3.4 shows this model of product emotion and how 
emotions emerge when stimuli are appraised as being relevant to one’s concerns. This 
is in keeping with Schwartz’s statement that values and affect are linked and Modell’s 
description of feeling and emotion as ‘markers of value’ [35, 49].

Figure 3.5 shows the Brand Relationship Model which is a good illustration of 
the relationship between brands and people [45, 46]. This model represents clearly 
the synergy between implicit and intangible brand–human-relationships and explicit 
and tangible touchpoint design.

With their Elaboration Likelihood Model (ELM), Petty and Cacioppo proved that 
the more an audience is motivated and is able to process a message, the more the audi-
ence is cognitively processing the arguments (ideas, content) in the message [40]. This 
is what they called the ‘central route’ that is effective in changing attitude and behav-
iour of an audience. Personal relevance increases the motivation for central processing. 
With less motivation and ability, messages are processed via the ‘peripheral’ route in 
which the audience is persuaded much more unconsciously based on previous experi-
ences and superficial qualities. Referring to the aforementioned human values studies, 
advertisements then are more effective when the audience is more motivated as a 
result of the adaptation of the advertisement to people’s human values.

Several researchers describe different levels of information processing in design. 
Van Gorp noticed that they show similarity because they all distinguish three of 
such levels [26]. Table 3.3 gives an overview of design models in which the three 
levels are generalised as how things feel, how things work and what things mean.

Fig. 3.4 The Model of 
Product Emotion showing 
how emotions emerge when 
stimuli are appraised as being 
relevant to one’s concerns [13]
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Fig. 3.5 The Brand Relationship Model expresses the brand relationship based on the match 
between brand values (organisation culture) and human values of the consumer

Table 3.3 Information processing in design models: This table is partly derived from Van Gorp 
who made a comparative table from emotional design models [24]

Generalisation Aesthetic: How it feels
Experiential: How 
it works Symbolic: What it means

Psychological level Unconscious Unconscious/
sub-conscious

Conscious

Forlizzi [20] Fluent Cognitive Expressive
Norman [ [37] Visceral Behavioural Reflective
Shedroff [51] Reflexive Habitual Engagement
Highland [28] Emotional Physical Intellectual
Comparative 

description
Inherent qualities, 

formal properties, 
appearance, 
physical properties, 
first impressions

Interaction, 
performance, 
benefits of 
use

What it says about 
ourselves and others, 
memories, appraisals of 
motive compliance 
against goals and 
concerns

Design discipline Visual, sensorial 
designers

Interaction 
designers, 
information 
architects, 
software 
engineers

Experience designers, 
experience branders, 
artists, story-tellers

It is now merged with new rows with the levels of Shedroff and Highland, and the rows addressing 
the design discipline and the generalisation. The table shows the similarity between design models 
in the level of information processing by humans and the according design disciplines
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How things feel is related to immediate reactions to the appearance and physical 
qualities of things. This is also referred to as an aesthetic experience [48]. The cor-
responding design discipline consists of visual designers or sensorial designers 
focussing on the sensorial experience of things. Designers concerned with experien-
tial features, how things work, can be find among interaction designers, information 
architects, (software) engineers focussing on the construction and mechanics of sys-
tems and applications. Another type of designers who are concerned with what 
things mean are focussing on the symbolic experience. Among them are experience 
designers and designers for brand experiences, but also artists, copy-writers and 
story-tellers. In keeping with Shedroff and colleagues [52] these differences in 
experiences will be called intensity.

One could say that marketing determines what to design about (in terms of 
meaningful content, brand relationship, and on the level of values) and that visual 
and interaction designers determine how to design (what form, appearance and 
properties). Based on this, a semiotic perspective seems to be helpful to understand 
and design for the effects of meaningful pervasive advertising in practice.

3.4  Semiotics and the Branded Symbolic Features  
of Pervasive Technology

Technology can be of meaning to people based on its appearance, based on its tech-
nical-functional characteristics to achieve certain goals but most of all based on its 
meaningful content that people can exchange through it, similar as people do with 
television, mobile phones or social media. In experiencing meaning, a distinction 
can be made between aesthetic experiences as a result from the perception process, 
and symbolic experiences as a result from the (conscious and unconscious) interpre-
tation in the process of recognising the meaning of things.

Between brand companies and their customers, technology can be of meaning 
through content that is loaded with brand values, or when things are used as a sym-
bol to express certain values of its owner (like creatives using Apple products). In 
this way of branding, brand values can give direction to the meaning that is experi-
enced [4, 8, 41, 52].

Technology can be used as instrument to achieve goals or as medium to express 
and communicate meaning. At the end, meaning depends on the person who assigns 
meaning. In that way interactive media and technology can be regarded from out a 
semiotic point of view in which any thing or sign is separated into form, the meaning 
it refers to, and the meaning that is assigned to it as a result of interpretation. 
Especially Borgmann succeeded in bridging semiotics and the meaning of technology 
[2, 6, 36]. O’Neill made an extended study of semiotics and interactive media, also 
focusing on interactive environments, which is of great use for the pervasive adver-
tising discourse [38].



70 P. van Waart et al.

Figure 3.6 shows the triadic sign of the semiotician Peirce, which describes three 
distinct parts of a sign [39]. The object which is anything that can be represented 
(things, ideas, concepts), the representamen (often called sign) which is represent-
ing the object, and the interpretant, that is, the effect on the mind of the viewer as a 
result of the interpretation process.

Peirce identified a large variety of types of signs on the initial categories of sign 
as an icon, and index and as symbol. Icons represent their objects via a direct like-
ness or similarity (like a photo, picture or painting that represent a recognisable 
image of the object). Indices ‘indicate’ to an object (like shadow indicates that there 
is light or smoke indicate that there is fire). Symbols refer to their objects by con-
ventions and rules of understanding within a culture. They do not look like their 
objects (as icons do) nor have they a direct relation to it (as indices do). Books, 
words, mathematic symbols, as well as computation in terms of Dourish, are exam-
ples of symbolic signs [16]. This triadic sign can be used in designing the touch-
points of a brand.

In terms of pervasive advertising, pervasive technology and interactive media 
offer immense opportunities to become interactive touchpoints. In that way they can 
act as ‘meaningful’ media [28]. For centuries, myths and stories, arts, and rituals, 
respectively addressing the intellect, emotions and physical experience, proved to 
be powerful ‘media’ to constitute meaningful experiences. Pervasive and interactive 
media enable people to constitute brand experiences, individually as well as socially. 
Technology can function so well that it is not noticed anymore (ubiquitous computing) 
[58]. One is not aware of the functional aspects of technology and definitely neither 
of the symbolic aspects of it. Therefore Rogers pleas to actively engage users in 
designing for the user experience [43]. Moreover, one of the design principles of 
Dourish in his work on embodied interaction, is that “users, not designers, create 
and communicate meaning” [16].

Fig. 3.6 Peirce’s triadic sign shows that the interpretant is the effect of on one’s mind from a 
representamen: a sign that refers to a meaning
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Carroll and Mentis claim that “those pervasive systems and applications that 
enhance social capital as collective goods involving shared goals and values and social 
norms of reciprocity, are most usable to be of meaning over time” [9]. The value that 
people experience with YouTube or Flickr or in social networks like Facebook or 
Twitter, is not so much defined by ‘product features’ or by ‘brand values’ but rather 
their personal values. People use these brands not only because they are useful, but 
foremost because they are meaningful: people don’t share their movie clips, photo’s 
and stories, they enjoy sharing experiences in their social network. The next section 
illustrates the aforementioned insights with some examples of brand experiences.

3.5  Meaningful Brand Experiences

Key elements of meaningful brand experiences can now be summarized. Some exam-
ples of brand experiences are described according to the key elements and compared 
with each other to give an impression of the effectiveness of the key elements.

3.5.1  Key Elements of Meaningful Brand Experiences  
in Pervasive Advertising

With the insights from the experience economy, the process of making meaning 
based on human values, and semiotics, it can be said that the following elements are 
essential to address when designing for meaningful brand experiences in pervasive 
advertising:

 (A) With regard to values, on a symbolic level:

A1. One or more brand values that are symbolised and adapted to the audi-
ence’s human values.

A2. One or more human values that is adapted to.

 (B) With regard to the senses, on a aesthetic level:

B1. The appearance in vision, sound, smell, taste and touch, in order to be 
sensory perceived.

 (C) With regard to physical interaction, on a functional level:

C1. The affordance between touchpoint and people.
C2. The construction of means for physical interaction.

 (D) With regard to social interaction:

D1. The interaction between people (as users of the brand) allowed by the 
touchpoints.
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D2. The control people have over the message that is conveyed through the 
system.

 (E) With regard to touchpoint orchestration:

E1. How the touchpoint is placed in between other touchpoints, on a certain 
location and on a certain moment.

E2. How all touchpoints behave over time and space.
E3. What the balance should be in intensity (how it feels, works, or what it 

means) of each touchpoint.

The following examples illustrate to what extent brands applied these elements 
in their brand experience design.

3.5.1.1  Nike+

An interesting example of the use of pervasive technology in experience branding is 
Nike+. Nike joins efforts with Apple’s iPod to come up with a service that enriches 
people lives in what people value: accomplishment. Nike + is of meaning to people 
by enriching their experience of challenging themselves. The Nike + iPod Sports Kit 
uses a sensor in one’s running shoe that keeps track of your run (Fig. 3.7). The ‘run 
data’ is stored onto the iPod (or iPhone) and also the iPod serves you appropriate 
music to inspire your running. Back home, the run data can be uploaded to nikeplus.
com where you can monitor all your runs and share motivations with other runners.

This example shows that the brand experience is facilitated by the brands Nike 
and iPod combined with a pervasive application designed for this experience. 
However, the actual experience is created by individuals themselves. Together these 
individuals socially interact in a branded running universe in which they share their 
data, bond with each other in training programs or compete with each other in for 
instance man versus women competitions. Via the website, people can also create 
‘challenges’ for each other to enhance social interaction. Tangible products are part 
of the experience. There is a mix between physical activities and digital entities. The 
brand experience stretches out over time and space. See for details http://nikerunning.
nike.com.

3.5.1.2  Google’s Integrated Services

Google provides users an integrated service of different applications. At any location 
and moment, one can use the Internet browser and Google Search for finding, for 
example, a restaurant (Fig. 3.8). The search result displays the restaurant’s address 
and the smart phone offers the option to activate a routing to it. When one chooses 
that option, Google Maps is activated, a route is plotted, the current position and the 
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destination are visible, and one can start walking guided by the route on display. The 
user hardly knows which applications were started after the first one and instead of 
being busy with starting up and commanding phone applications, one can achieve his 
primary goal: getting to the restaurant. This can be done anytime anywhere.

Fig. 3.7 The Nike + kit exist of an Apple device, a sensor and a Nike running shoe, connected to 
each other, in order to collect data to share with peers online

Fig. 3.8 An example of Google’s integrated services: Once a particular restaurant is found via 
Google Search, Google Maps navigates the user to his destination, in one fluent service
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3.5.1.3  Augmented Reality Ambulance

In 2010, the Dutch Ministry of Justice in the Netherlands initiated a campaign to 
call the audience for action in case of public service personnel is being under attack 
of aggressive and violent harassment. In those situations, the bystanders-effect 
appears and people don’t react or intervene in the situation. The campaign consisted 
out of public screens that showed a runtime videostream of the city square that was 
crowded by the audience, that was also augmented with a previously filmed 
 bluescreen fragment of public servants of an ambulance that were under attack of 
aggressors (Fig. 3.9). The screen was placed at places in the city with large crowds.  
A video registration of the scene showed that the audience was immersed by the 
appearance of the screen. Yet, it should be doubted if the audience was impressed 

Fig. 3.9 Augmented Reality 
Ambulance: Passers-by view 
themselves at a public display 
augmented with a pre-
recorded scene of ambulance 
personnel fighting with 
aggressive bystanders
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by the message that was conveyed or the novelty or surprise effect of the technological 
application. The registration shows however, that people started interaction by 
discussing the images on the screen [18].

3.5.1.4  ESPN Football Shopping Front

Monster Media teamed up with Wieden + Kennedy and MacDonald Media to create an 
interactive storefront in some larger cities in the USA, to promote Monday Football of 
sports television station ESPN. The video registration on YouTube of this campaign 
shows a store front with public displays that attract passers-by with some visual clues 
and triggers them to challenge a virtual football quarter back on screen (Fig. 3.10). The 
virtual player throws a ball and the viewer has to reach for it as if he was catching the 

Fig. 3.10 Passers-by are 
attracted by the ESPN 
Interactive Shopping Front, 
that invites them to catch the 
ball of a football player and 
share their scores with other 
participants nation-wide 
Source: monstermedia.net
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Fig. 3.11 Audience on city square cheering during a FIFA World Cup Soccer match broadcasted 
on a large public display (Source: http://www.avpoint.nl)

ball. Sensors detect the activity of the viewer (if it was a catch or not) and the viewer 
scores points. At the end, the viewer can enter his name on a touch screen to be dis-
played on a list of high scores that is displayed in each city, and the final message is 
shown promoting Monday Football.

The video registration shows a very active viewer being immersed in the match 
with the virtual player. Around him passers-by have stopped to witness the match, 
and they even started to cheer to support the viewer who’s playing the match [19].

3.5.1.5  FIFA World Cup Soccer

In 2010, the FIFA World Cup Soccer tournament took place in South Africa. 
Television stations worldwide broadcasted the matches live. Not even earlier, so 
many huge public displays arised at city centres in so many European countries, 
enabling large crowds of people to enjoy soccer matches all together. News reports 
on these phenomena showed a vast crowd totally immersed into the match that was 
broadcasted, engaged in emotions all together (Fig. 3.11).

3.5.2  Comparative Matrix of Interactive Pervasive  
Brand Experiences

To get insight in how the key elements identified earlier in this section map to the brand 
experience examples, a comparative matrix is shown below. Mind that this is based on 
assumptions and observations rather than empirical measurements (Table 3.4).
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The matrix shows that Nike + with his products and services addresses most of 
the key elements. It excels on the time-space aspect of the brand experience. Also 
Google performs well at the time-space aspect. Nike + involves quite a few senses 
for its brand experience. Although FIFA, exposed on a public display in an environ-
ment, is actually not interactive at all, and also weak on the time-space aspect, the 
event is of important meaning to the audience but that is more to be attributed to the 
match itself (high involvement of viewers) rather than the pervasive technology of 
its interactions. The augmented reality ambulance does not address many key 
elements: it hardly involves the senses, no interaction is possible, and it is doubtful 
if the message will have the effect that it is supposed to have.

It is to be assumed that the more key elements are addressed, the more mean-
ingful the brand experience is. However, not all elements seem to be of equal 
importance: the FIFA event had quite an impact although it addressed very few 
key elements.

3.6  Conclusions and Discussion

People act towards things based on how they experience the meaning of things in a 
perception process constituted by one’s reasons to live, their human values. Meaningful 
design then can be defined as putting human values in the centre of the process of 
designing for meaningful products, services and environments. When applied to 
brands, we speak of meaningful branding.

Meaningful brands can only express themselves to people in a way that they 
respect and endorse people’s choices and lifestyle as expression of their personal 
values and beliefs. This is in keeping with the vision of pervasive computing, which 
foresees novel scenarios of highly interactive environments in which communica-
tion takes place between single users and devices, between devices and devices, and 
between users and users. Moreover, technology becomes increasingly invisible and 
personal. Who fears technology that is of personal meaning? The fear for annoying 
or even pestering people is, in a way, superfluous in the paradigm of meaningful 
branding. When adapted to human values from without the brands authentic brand 
values, brands really have the opportunity to contribute to people’s life.

Brands can make use of pervasive technology in various touchpoints facilitating 
meaningful brand experiences (co-)created by people themselves. Pervasive tech-
nologies could be of great importance of the time-space aspect of brand experi-
ences. Therefore, pervasive advertising needs to seek for the embedding of brands 
into the natural living environment of people, in which people can interact any time 
at any place with brands in an intellectual (symbolic) way with which meaning can 
be transferred between brand users, an emotional (aesthetic) way by which users 
will hold a sustainable memory of the experience, as well as a physical (experiential) 
way in which the immediate conscious and unconscious impact takes place through 
the interaction with the applied technology. This is then what we can call pervasive 
meaningful advertising.



793 Meaningful Advertising

Although pervasive technology seems very suitable for enriched meaningful 
brand experiences, a few remarks can be made.

With pervasive touchpoints all the time everywhere that stimulate the brand 
 experience of people, the idea of advertising should be reconsidered. The brand 
experience perspective acknowledge all brand expressions, whether these are the 
product, the call centre, the retail store or the advertisement, as part of an holistic 
environment in which one comes to experience. Few brands already act as experi-
ence brands and align their touchpoints to really be of meaning to people. But larger 
industries tend to hold on to more classic branding strategies that not specifically 
focus on people’s meaningful experiences. Meaningful branding needs innovation in 
these industries in the entire branch of manufacturers (advertisers), media agencies, 
advertisement and communication agencies and media owners. As long as classic 
marketing and branding perspectives persist, stakeholders are reluctant to change.

In the end, many issues need further investigations. For example, the effects of 
pervasive brand messages on the experience of meaning are hardly investigated. 
Also the effect of interaction between brand and single users as well as brand users 
in between on brand experience needs further research. And then, how will answers 
to these questions lead to design principles for designing meaningful pervasive 
brand experiences?
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Abstract This chapter discusses Activity-based Advertising, an approach to more 
accurately target advertisements by inferring a consumer’s activities. This chapter 
begins with some of the important characteristics of advertising, and explains the incen-
tives held by consumers and marketers. We explain why consumer and advertiser inter-
ests are not necessarily at odds, and briefly survey some existing targeting technologies 
that benefit both. We then describe the vision and benefits of activity-based advertising, 
and describe how it can advance targeting technologies even further. We finish with a 
methodology for evaluating activity-based advertising technologies, and present some 
initial results of activity-based advertising’s potential.

4.1  Advertising Benefits and Deficiencies

From the moment a customer walks into a store, a good salesperson will assess the 
prospect of making a sale by estimating the customer’s likely needs, preferences, 
and spending level. Some sales people will ask direct questions, using a “hard sell” 
approach that is usually off-putting to customers. Other sales people use the “soft 
sell” approach, reading between the lines of the customer’s responses and behaviors 
to gain deeper insight without annoying the customer. But even before they interact, 
a good salesperson will make an “educated guess” based solely on how the cus-
tomer looks and behaves. Some physical characteristics are useful filters for some 
product categories, such as gender for clothes. Other clues are less telling or perhaps 
misleading, such as the richest hotel guest who dresses shabbily [3]. A wise sales-
person also knows that appearances can be deceiving and will seek more information 
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to avoid mishandling a prospective customer. No single clue tells the whole story 
and putting these clues together to form a reliable picture requires much experience 
in deduction and perception of human nature.

It is not easy to be a good salesperson, because during the sales process, buyers 
and sellers have competing goals. The buyer wants to spend as little as possible, and 
the seller wants to acquire as much as possible. However, they also share an objec-
tive: satisfying the buyer’s needs with available merchandise and services. And to 
get there, they must exchange their complementary knowledge. The buyer has at 
least a vague notion of what she wants, but does not know the full range of available 
options. The seller knows what he has available, but not what would optimally fit 
the buyer’s criteria.

Advertising is a way for sellers to share their information with consumers. 
Advertisements educate consumers about product options, they show solutions to 
major and minor problems in life, they inform about evaluation criteria, they com-
pare product features to those of the competition, and they point out when competi-
tors are misleading. They accomplish all this with a brevity of content and efficiency 
of consumer attention, and often manage to do so while providing entertainment 
and funding other valuable services at the same time.

Despite these benefits to consumers, advertising is unpopular. An April 2004 
New York Times article [5] reports the results of a survey by marketing research 
firm, Yankelovich, in which 65% of respondents state that they “are constantly bom-
barded with too much” advertising and 69% said they “are interested in products 
and services that would help them skip or block marketing” (emphasis added).

So, if advertising is a form of communication, providing at least some beneficial 
information to consumers, why does the majority of the population hold it in con-
tempt? Perhaps it is too much of a “hard sell” approach. In the Yankelovich survey, 
54% of respondents stated they “avoid buying products that overwhelm them with 
advertising and marketing.” 61% said they agreed that the amount of advertising 
and marketing to which they are exposed “is out of control.” A report from Forrester 
Research agreed, citing “clutter, interruption, and irrelevance as the key reasons for 
[consumer] frustration” [10].

Given the negative impressions held by so many consumers, why do marketers 
continue to subject us to such advertising? Why do societies tolerate these costs on 
our attention? The most likely reason is that there is little or no economic impact 
from the negative effect of advertisements. Although seeing an advertisement can 
be a waste of time, no advertiser must pay extra for frustrating a consumer (how-
ever, see [16] for an approach to optimize outdoor advertising by having some 
advertisers pay more for advertisements with greater attentional costs). Untracked 
costs such as these are referred to as negative externalities. As we have seen in other 
industries such as energy, when an industry does not pay directly for the costs of 
negative externalities, the industry will not self-regulate to minimize the negative 
effect. There’s little negative economic effect from being irritating, and in some 
cases, negative publicity can lift sales.

No doubt there are a few cases where the cost of an advertisement’s negative 
impression causes some customers to deliberately boycott the product, hurting the 
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product economically. For some individual products, the result of bad advertising 
might even cause the product to fail. However, at the aggregate level of all busi-
nesses and all consumers, we see that the costs of the negative externalities are not 
born by the advertisers so that the economic gains outweigh the economic costs.

So if advertisers are not paying the full costs, and if advertising is effective, is 
there any incentive for advertisers to address consumer concerns about advertising? 
There is. Kim’s report indicates that consumers are increasingly blocking all adver-
tisements. Unless the advertising industry can figure out how to make advertising 
less frustrating, consumers will shut out advertising completely. If this happens, 
advertisers won’t be able to educate consumers about their products, market effi-
ciencies will drop, content providers will be unable to fund their services, and con-
sumers will overall be less well-served than they are today.

To make advertising less overwhelming, less cluttering, less interruptive, and 
more relevant requires understanding the consumer’s state of mind and needs in 
detail. Advertising cannot be a one-way channel. It must perceive and understand, 
guiding the consumer to a purchase like a good salesperson.

In this paper, we present a new approach to targeting that infers person’s real-
world activities to personalize the content and timing of advertisements, referred to 
as activity-based advertising. This type of targeting is possible today because of the 
rapid technological advances in smartphones, and their unprecedented adoption by 
the general public. We show how this new form of targeting differs from existing 
technologies, and describe a methodology for evaluating systems that use it. To 
begin, we first describe the elements of successful targeting technology.

4.2  Elements of Successful Targeting

The previous section explained why both consumers and advertisers wish that 
advertising were “better targeted.” From an advertiser’s perspective, the advertise-
ments should only reach consumers who are likely to buy. From the consumer’s 
perspective, they should only be exposed to advertisements that will make a differ-
ence to them.

What makes targeting good? We propose four elements of good targeting that 
can be remembered by the acronym FFTT, “Find,” “Filter,” “Time,” and “Tailor.”

FIND consumers with a need for the advertised product or service. The 
product or service advertised must address a consumer’s perceived need. This 
need must be known to the consumer. If a consumer doesn’t perceive a need for 
the product or service, they will not buy it. This need doesn’t have to necessarily 
be theirs, because they may buy the product as a gift that addresses someone 
else’s need. Also, the need may be a future, anticipated need rather than an 
immediate one. In addition to being known, the need must also be inadequately 
fulfilled. If the consumer is already satisfied with their solution to a need, then 
they will be reluctant to try alternatives. They will also quickly lose interest in 
advertisements for products that they see as inferior.
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FILTER the found consumers for those able to buy. The consumer must have 
the means to buy the product. If they are nowhere near a place where the product 
is sold, or if they don’t have the cash on hand, or if they are ineligible (such as 
below the minimum age to rent a car), there is little value in advertising to them, 
despite their need for it.
TIME the ad delivery for a receptive context. The consumer must be willing 
and able to read, watch, or listen to the advertisement. Many activities are not 
conducive to ad presentation. The reasons may be social (directing attention 
away from a conversational partner may be impolite), or safety (watching a TV 
commercial while driving is dangerous), or internal (diverting attention from the 
user’s current action means not accomplishing the user’s goal as quickly). 
Participants are more receptive if they are relaxed and not doing anything that 
would incur a cost if their attention wanders. It is difficult even for a human 
observer to judge whether a consumer’s context makes them “interruptible” [9], 
but if properly assessed, the context could provide a helpful cue for improving 
this targeting dimension.
TAILOR the content to the consumer. Every advertisement must attract and 
then maintain the consumer’s attention. Even consumers with the same needs 
and context can appreciate different styles of humor and presentation. Tailoring 
the content also uses the advertisement’s content limits efficiently to educate the 
consumer about the product’s superior features so the consumer can recognize 
the need and value, and educate the consumer about where to buy the product.

An advertisement can still succeed if some of these elements are neglected. After 
all, television advertisements do not filter for affordability or tailor content for every 
consumer. However, the better an advertisement addresses these elements, the more 
likely it is to succeed. Accurate targeting benefits advertisers because they waste 
less money, and consumers because they are exposed to fewer messages that waste 
their time.

4.3  Targeting Technologies

Targeting is no easy task. As we explained in Section 1, advertisers often get it 
wrong, annoying a consumer rather than motivating them to buy. To target well, an 
advertiser must understand the consumer in tremendous detail, knowing their likes 
and dislikes, what products they already own, what image they want to achieve, and 
what they already know. Advertisers may have to know more about their customers 
than the customers know about themselves.

Different technologies have developed for performing targeting. In this section, 
we survey the existing technologies, and their strengths and weaknesses in address-
ing each of the targeting elements listed in the previous section. While technological 
advances have made targeting increasingly accurate, no technology today comes 
close to the kind of targeting a salesperson can do. As we will show, there are many 
opportunities for improvement.
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4.3.1  Demographic Targeting

One of the most common forms of targeted marketing is demographic. Demographics 
describe measurable characteristics about target audiences that are correlated with 
needs and desires for particular products and services. Typical demographics include 
gender, age, marital status, occupation, income, and neighborhood. When a marketer 
wants to target, they identify the demographics associated with the product, and then 
search for content providers that have readers, viewers, or listeners of the content that 
match the target demographics. Demographics are the traditional way that targeting 
is performed for newspapers, radio, television, and direct-mail marketing.

Obviously, demographic targeting is imperfect. Because of individual differ-
ences, no advertisement will be suitable for everyone. A luxury car advertisement in 
an investment magazine might appeal to some, but it would not appeal to those 
ineligible to drive or who are otherwise not in the market for a car (perhaps having 
just bought a different car). In short, although an advertisement may be relevant, it 
might not be useful.

Another problem with demographic targeting is that it may miss people in the mar-
ket that do not match the demographic. Someone who does not manage the finances, 
but does play a role in the car purchase decision would be an appropriate target for the 
advertisement, but not reached through the investment magazine channel.

4.3.2  Psychographic Targeting

Demographics provide only an approximation of a person’s interests. Savvy 
marketers long ago switched away from simple demographic segmentation to 
more psychographic segments based on lifestyle (including access to financial 
resources), political, religious and other personal choices. The Nielsen Company 
has created a list of 66 distinct market “segments” that group people of similar 
likes, lifestyles, and purchase behaviors. Introduced in 1976 and updated periodi-
cally, Nielsen’s PRIZM list contains groupings with descriptive names such as 
“Young Digerati,” “Kids & Cul-de-Sacs,” “Traditional Times,” and “Crossroads 
Villagers” to categorize the breadth of lifestyles in the US. By combining data 
from a variety of sources, Nielsen is able to estimate the psychographic composi-
tion of each US zipcode region [20].

This kind of segmentation helps marketers more directly target their products. 
The marketer does not have to figure out the demographic characteristics of their 
prospective customers. Instead, the psychographic profile practically tells them 
whether the customer would be interested in their product.

However, PRIZM is still not accurate enough for many purposes. As with demo-
graphic targeting, psychographic targeting doesn’t indicate whether the user has 
already purchased the item, or whether they have already been exposed to the 
advertising message. How could a system do better? A salesperson that knew the 
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prospect’s PRIZM score could use it as a starting point, much like an initial judgment 
based on the customer’s clothing. But the salesperson would quickly apply other 
techniques, such as noticing what products the customer appeared to be interested 
in, and engaging the customer in a conversation to pinpoint their needs.

4.3.3  Search Targeting

Search targeting bundles ads on the same topic as the results of a keyword query 
entered into the search engine. This form of targeting does a much better job of 
addressing all four targeting elements. Consumers are not only explicitly stating the 
topic they want information about, but they are also telling the system that such 
information would be useful and that they are ready to receive the information. And 
for some products, the question of how to buy is simplified because the consumer 
can complete the purchase online.

Although search advertisements make up a majority of the search revenue, not 
every search query arises from a commercial intent. This may also be true of other 
non-search interactions consumers have with their computers, such as when they 
are keeping up with their social network or email, or trying to find the address to a 
friend’s house. However, effective advertisements can still be delivered to such 
users through the technique of behavioral targeting.

Behavioral targeting looks beyond the user’s immediate interactions to their 
interaction history. If a user recently purchased a plane ticket, then they might be 
interested in things to do while on their trip. A system that noticed the plane ticket 
purchase could present tourist-related advertising in the destination city, even if the 
user was doing a search for completely unrelated terms. Behavioral targeting can 
collect data from all sites on which an advertising network delivers ads. By tracking 
these streams of clicks, demographic and psychographic algorithms can classify the 
categories that matter to groups or individuals. Google, Yahoo, and several other 
services offer these kinds of analytics to advertisers by tracking “cookies” placed on 
web pages that display advertisements brokered by them [8]. In a survey conducted 
for the Search Engine Marketing Professional Organization and released in Feb 
2009, 75% of advertisers reported that they would be willing to spend 13% more on 
average for behaviorally targeted advertisements [24]. Another agency, eMarketer, 
projects near-exponential growth in behaviorally targeted online advertising from 
$775M in 2008 to $4.4B by 2012.

Despite all its advantages, digital advertising has its limits. Not every product 
need can be inferred from a search query or pattern of visiting web sites. For example, 
consumers often spend money on packaged goods and food items that they don’t 
research on the web first. For items that are more likely purchased offline, online 
advertising generally has no way to know whether consumers are near a place where 
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they can be bought. And finally, digital advertisers often have a limited understand-
ing of a consumer’s context and receptivity. Although because they are using a 
computer, consumers are naturally receptive, digital ads do not proactively identify 
receptive situations and deliver advertising at those times.

4.3.4  Mobile and Location-Based Targeting

Mobile advertising is a relatively recent sub-category in the advertising industry and 
growing fast. In June 2009, Gartner research [6] projected spending in mobile 
advertising to climb from less than $1B in 2009 to over $13B by end of 2013. 
Mobile advertising comprises many segments, including SMS advertisements, ads 
inside mobile games, and the traditional digital ad categories of search, and display 
alongside content.

From a targeting perspective, however, the location-based mobile advertising 
segment is especially interesting. In the classical location-based advertising sce-
nario, a coffee shop, usually Starbucks, issues coupons to consumers that are near 
their retail establishments. This technique is often called “geofencing” because it 
targets any consumer who can be located within a geographic area.

Some observers have criticized the “Starbucks” example as being naïve. They 
point out that consumers are mostly likely already aware of the Starbucks locations 
in their neighborhood. Although consumers may redeem the coupons if offered 
them, these consumers may have been near Starbucks because they had already 
intended to go into the store. So the coupons would not increase sales at all, and 
instead would cut into profit margins.

Nevertheless, many retailers, including Starbucks, have recently begun experi-
menting with campaigns just like these [14]. They may be trying out the new tech-
nology, hoping that even if some coupons are delivered to regular customers that 
they bring in enough new customers that they are worth the discount given.

Of course, any marketer using location-based advertising would prefer to target 
more accurately than just by location. They would prefer to know more about the 
customer, including her current needs for the retailer’s products or services, her past 
history buying from the retailer and their competition, her present schedule and 
whether it permits a visit to the retailer, and whether her current context would per-
mit her attention to be directed to an ad. Fortunately, smartphones have additional 
sensors for location, motion, sound, and lighting that make it possible for the phone 
to determine and provide details of the user and the situation in which the phone is 
being used. As we will explore more fully below, this aspect of smartphones – that 
they can observe and interpret the user’s situations and activities over time – means 
that many of the elements of targeting can be fulfilled more extensively than other 
technologies have been able to.
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4.3.5  Other Targeting Techniques

This brief tour of targeting techniques is not and cannot be complete. Many organiza-
tions keep customer databases and through analysis and cross-correlations have 
developed a number of industry-specific marketing approaches. The above approaches 
can also be combined together with these and other solutions to make superior hybrid 
approaches.

Although not the topic of this paper, social networking is a significant trend that 
makes more accurate targeting possible. Through social networking, it is possible to 
identify a person’s interests because interests are influenced by and highly corre-
lated with the product interests of their friends. Although social networking makes 
the connections between people explicit, algorithms for recommending items have 
existed for decades to predict items that people will like based on similarities in 
explicit rankings for products like movies, restaurants, etc. According to 
VentureBeat’s Matt Marshall [13], 35% of Amazon’s sales come from personalized 
recommendations.

4.4  Activity Inferencing and Forecasting

The new targeting technologies presented in the previous section have been made 
possible by new technologies. In this section, we describe activity inference, a new 
emerging technology that is just beginning to be applied to advertising. In short, the 
idea is that by using sensors on the phones, it is possible to determine a user’s activ-
ity, and from this, some aspects of their needs, purchasing opportunity, and context 
can be inferred for the present and future. In some cases, these inferences can also 
direct content tailoring.

Over the past decade, researchers in the field of ubiquitous computing have been 
inventing algorithms that combine information from a variety of sensors to deter-
mine transportation modes (walk, bike, run, train, car, etc.), mechanical actions 
(hammering, screw-driving, etc.), activities of daily living (making meals, using the 
bathroom, etc.), and office-work activities and temporal patterns (presence and 
availability at different times of day). Although these techniques are not as accurate 
as humans can be at sensing activities, they are accurate enough to be able to improve 
targeting in advertising systems.

Generally speaking, the concept of “activity” is not clearly defined. Here, by 
“activity” we mean how a person would answer the question “what are you doing?” 
Of course, the computer representation of an activity is likely to be different from 
a person’s explanation. We do not want to make a particular assumption about the 
representation here, but it could be a bag (set) of words, a single variable that is 
assigned from a well-defined taxonomy from a time-use study (see, for example, 
the taxonomy of over 400 activities in the American Time Use Survey), or it could 
be a highly structured representation such as the one described in Activity Theory, 
a sociological theory of human behavior that specifies the actions performed by 
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actors upon objects, determined by roles, and mediated by tools and the societal 
framework that provides a context [12].

4.4.1  Activity Inference

Regardless of the representation, activity inference determines from one or more 
data sources what it is that a person is likely doing at any time. Some activity infer-
ence algorithms provide only a “best guess.” Others compute a distribution over 
activities with a low-entropy distribution indicating that the estimate is very certain, 
and a high-entropy distribution indicating uncertainty.

How can activities be detected and predicted? Human behavior can be inferred 
through a variety of means, from on-phone sensors to infrastructure sensing to data 
provided directly or indirectly by the user. Here is a quick survey of some of the 
relevant sensing technologies available on a user’s phone.

 1. GPS. Location is a critical predictor of human activity. In fact, according to the 
American Time-Use Survey, 50% of all activities (coarsely defined) reported by 
individuals can be correctly determined from location alone. When combined 
with other readily-available information, such as the day of week and time of 
day, the accuracy rate improves to around 60% [18].

 2. Alternative location-sensing technologies. Cellular radio, WiFi, Bluetooth, and 
even FM radio signals can be used to estimate the user’s location. While not as 
accurate as GPS, these alternative technologies can be useful in acquiring a GPS 
fix more quickly, and in determining the user’s position when the GPS signals 
cannot be observed. This is often the case indoors, although GPS signals do work 
indoors surprisingly often [11].

 3. Audio. Microphones are useful for determining when a person is in a conversa-
tion, which is crucial for knowing when he or she can’t be interrupted. A phone 
that stores a model of the user’s voice can analyze the audio to determine if the 
phone’s owner is speaking, which can be useful for distinguishing between a live 
conversation and other ambient noise like from a radio or TV.

 4. Motion sensors such as an accelerometer. Accelerometers are especially good at 
determining when someone is walking if the phone is carried on their body. 
Walking patterns can help distinguish among two or more neighboring venues 
that cannot otherwise be identified through GPS [1]. They also can be useful for 
identifying the exact moment a person walks inside a store, because people natu-
rally slow down at store boundaries [25]. This is particularly important if the 
GPS signal can be picked up both outside and inside the store without much 
signal strength degradation, or if it cannot be picked up in either place.

 5. Orientation sensors. Orientation can be important in particular situations. For 
example, if the user’s location within a grocery store is known, it is still not clear 
what product they are interested in. Knowing the direction that the user is facing 
helps narrow down the user’s interest much further.



92 K. Partridge and B. Begole

 6. Wearable cameras. New technologies such as wearable cameras make it possible 
to passively collect images of a user’s environment. This could further narrow 
down a user’s activity or object of attention.

In addition to sensors on the phone, sensors in the environment can detect human 
activity as well. These sensors have already become useful in applications like digi-
tal signage for identifying faces and recognizing expressions. They could also be 
used more generally to infer user behavior, although they face the challenges of reli-
ably identifying the sensed user and of providing sufficient value at the place of 
installation to justify their cost. One particularly useful data source, however, is 
purchase events, discussed in more detail below.

These technologies are especially interesting because they do not require any 
effort or intervention from the user. Users may also provide data that assists activity 
inference. User-provided data is different from data that is directly collected from 
sensors because it requires natural language processing to interpret text that is 
primarily intended for use by people, not by machines.

Many people keep calendars to remind themselves about events. Calendar 
events typically contain a short label that is a sufficient reminder for the person. 
This label can sometimes be interpreted to directly suggest the activity. In other 
cases, the label may name a person or place. In these cases, the activity itself may 
not be determined directly, but the label contents can be used to connect this activ-
ity to other times with the same label. Finally, a calendar entry may explicitly list 
other people involved in the activity because they were also listed in an email 
message used to set up the calendar entry. A system can then determine from the 
list of people invited the sort of an activity that may be occurring, and in some 
cases, textual analysis techniques like Latent Dirichlet Allocation can identify 
discussion keywords topics.

Consumers may also explicitly provide information about their location through 
checkin services like Foursquare, Gowalla, Loopt, and social networks supporting 
such a feature like Facebook Places. This can be more reliable than a calendar entry. 
A calendar entry may refer to a regularly scheduled event that the user doesn’t 
always attend, or to an event scheduled by others that the user does not plan to go 
to. Checkins, however, must be performed at (or at least very close to) the place that 
the user says that they are. Having an explicit confirmation has significant market-
ing value because GPS is not yet reliable enough to distinguish adjacent stores, or 
among stores inside a single building. A checkin can also provide additional infor-
mation about an activity that is not included in a GPS reading. However, checkins 
are not reliable, because the user may forget to checkin, and it has not yet reached 
the same acceptance level among the general population as other technologies. 
According to a Forrester Research report [17], around 80% of all location-based 
social network users are male.

Finally, activities may be determined by analyzing text that contains plans for the 
future. In a preliminary study of text messages among college-age students in 
Singapore [2] we found that roughly one in ten text messages contained information 
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related to planning for future events. These text messages can be analyzed for text 
keywords and grammatical structures that experts have identified as indicating 
future plans. Once the plans have been extracted from these structures, an automat-
ically-constructed calendar entry can be added to when the system believes an event 
will happen. An alternative mechanism works without experts, and uses machine 
learning to identify the relationship between keywords and word n-grams and the 
act of manually adding a calendar entry. Once the relationship is known, then the 
system can infer a user’s future activities from similar messages, even if the user 
does not explicitly add the calendar entry.

Activity inference algorithms typically work by using machine learning algo-
rithms over a labeled set of data to identify the pattern of features that determine 
activity. For more information, see [7] for a general description of machine 
learning, or [23] to see examples of how these techniques can be applied to 
activity inference.

4.4.2  Activity Forecasting

Activity forecasting refers to making an inference about a person’s activity at a 
future time. Probabilistic machine learning techniques that work well for inference 
also work well for forecasts. Typically they cannot make a completely accurate 
prediction from data about the present, so extending the techniques to make predic-
tions about the future is not hard.

However, because the system does not have direct data about the time that the 
forecast is to be made, the inference algorithms are limited in the sources of data 
available. They can still use the time of data and day of week as a predictive feature, 
because that is an input to the forecast. They also can extrapolate sequences from 
present data based on temporal models that have been constructed from observing 
past data. For example, a system might notice that a person has a typical pattern of 
going from home to school to drop off their children, then to work, and then to the 
grocery store, and then home. If this knowledge is incorporated into a statistical 
model, then by knowing that a person is at work, a system could make a reasonable 
prediction that the user would go to the grocery store, and then home. The system 
could make this prediction even if the user had an unreliable work schedule and the 
“home-to-school-to-work-to-grocery store-to-home” pattern did not happen on 
every day.

Another technique for forecasting is to use information about the user’s social 
group. By observing where a user goes and where their contacts go, it may be 
possible for a system to determine patterns of correlation. If the system can infer 
that a contact is highly likely to perform an activity in the future, then it may be 
possible for it to infer that another person in that contact’s social group will also 
perform the same activity, even if there is no direct evidence about that other 
person’s future behavior.
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4.5  Activity-Targeted Advertising

Intuitively, there should be value in delivering advertisements tailored to people’s 
activities. Just as content-bundled ads are effective because people are interested in 
things that they read, activity-based ads can be valuable because people are 
interested in the work they do, the sports they play, the types of restaurants they 
frequent, and the hobbies they enjoy. Furthermore, just as search-based ads are 
effective because the searcher is in a state to receive information, activity detection 
can infer times when people are more receptive to attaining information versus 
times when they are too busy to be bothered. In addition, location-based behavior 
tracking can even anticipate future opportunities for acting on a received advertise-
ment and optimize the timing of the presentation.

On the other hand, search-based advertising already performs far better than pre-
vious advertising models (e.g., bundling ads with content) so why add even more 
complexity to advertising systems by inferring activity? Here’s why: advertisers can 
reach customers even before they resort to searching for information. Before they 
are even aware that they have an interest in a product, advertisers can reach people 
who have a latent, unexpressed need for a product or service category, influencing 
them before they’ve already made a decision of what to purchase.

There are several aspects of activity inferencing that enhance the effectiveness of 
advertising.

4.5.1  Advertising Products Related to User Activities

An activity may directly suggest a product. For example, a user going to a golf 
course may be interested in golf clubs, golf balls, etc. An activity may also suggest 
an opportunity to buy a variety of goods or services. Going to a grocery store creates 
an opportunity for a customer to fulfill several needs.

In some cases, the role must be determined as well as the activity. Someone at a 
golf course could be a player or a greens keeper. Someone visiting a patient at a 
hospital has very different product interests than if she were a patient herself. The 
role of the user at a place distinguishes activity-based advertising from conventional 
location-based advertising, which does not consider role.

4.5.2  Forecasting Locations and Activities

Another distinction from location-based advertising is that many of the best opportu-
nities lie not in advertising products related to the user’s current location or activity, 
but to predicted future locations and activities. During the current activity, the con-
sumer’s attention is likely on their activity, not on a media device. In addition, 
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consumers may make purchase decisions before the activity starts. For both these reasons, 
it is important to deliver advertising related to activities before the activities start.

Patterns are especially helpful for predicting future activities. While users vary 
in how predictable their activities are, even users with exceptionally high appetites 
for variety tend to have more stable patterns about the types of products and services 
they prefer [22]. For example, a user may never go to the same restaurant twice, but 
they still may eat out nearly every night.

4.5.3  Timing the Presentation of Advertisements

Once future activities have been predicted, the system must decide. Should an 
advertisement be presented, and if so, which advertisement? Making this decision 
means considering all the possible futures and optimizing ad presentations and 
assignments over this and all future opportunities.

Additional data sources beyond activity are important in the ad-placement deci-
sion. Purchase history is particularly useful, because purchases indicate whether 
advertising is effective or not. Knowing not only when the user made a purchase, 
but their contextual and ad exposure history at the time of the purchase can lead to 
much more accurate ad placement decisions.

Using activity, purchase history, and demographic and psychographic data, the 
system can optimize its presentation by constructing a model of the user’s current 
cognitive state. Are they happy? Relaxed? Upset? Frustrated? Bored? These situa-
tions affect the kind of ad that should be presented, and the way it is presented. 
These states can be estimated from the user’s activity stream along with other data 
such as sentiment mining of user communications.

4.5.4  Optimizing Exposure to Advertisements

Also important is to model the user’s exposure to an advertisement. If the user 
has viewed the advertisement recently, then a repeat exposure may have no 
additional effect. Or if the user has been over-exposed, then another presenta-
tion may just frustrate him or her further. In traditional media, individual expo-
sure rates can only be estimated based on reach and frequency, but in a pervasive 
advertising environment, individual exposures may be directly counted. Unlike 
web advertising, a system that pervasively monitors ad presentation can track 
user exposure to campaign advertising across channels, thereby better estimat-
ing ad exposure.

To sum up, activity inference provides an abstraction for concentrating data that 
is coming from multiple sensors and other sources to target advertisements to user 
behavior. It brings advertising technology one step closer on the road from simple 
demographic modeling of users to highly personalized, individual tailoring of the 
delivery of the right information at the right time.
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4.6  Is Activity-Based Advertising Effective?

We have explained in the preceding pages how activity inference and prediction 
could help target advertising better. But does it actually improve targeting, the con-
sumer experience, and the value to advertisers? Is activity inference accurate 
enough? Do consumers have a more positive reaction to ads that use activity-
targeting?

While a rigorous evaluation of any new technology is critical to its adoption, 
there are many challenges in evaluating an activity-based advertising system. All 
pervasive computing systems are difficult to evaluate [4]. Because the system must 
learn the user’s patterns, it takes time before enough data has been collected to make 
an accurate inference. Each user also has their own individual activity patterns; it is 
difficult to isolate individual variables because there is so much user-to-user varia-
tion. Mobile development platforms also have more challenges than traditional digi-
tal systems. The devices have less memory and processing power, limited battery 
life, and there are many competing platforms to choose from. Users may not always 
carry their devices, which means that a phone may not be able to observe the user’s 
entire day [19]. Finally, researchers are actively inventing new activity inference 
techniques, so the results of an evaluation performed today may not reflect the ulti-
mate potential of the technology.

How, then, do we test an activity-based advertising system? One approach is to 
fake it. Instead of investing a large amount of technical resources to prototype an 
activity-detection system, we developed smartphone software to randomly ask the 
user, “What are you doing now?” We used their answers in place of a working activ-
ity recognition system.

For purposes of experimentation, we recruited 19 coworkers who were willing to 
carry phones with this software (named PEST, the Proactive Experience Sampling 
Tool) for 3 days [21]. They gave answers like “catching up on some school work,” 
“talking to Mom,” and “waiting in line.” We sent each of these responses to Amazon’s 
Mechanical Turk system where online workers do small pieces of work for small 
amounts of money. This service provides a way to simulate artificial intelligence 
before it has been developed (as Amazon puts it, “artificial artificial intelligence”). 
The workers proposed products or services to be used along with the user’s given 
activity description. The user was then presented with an ad that was either randomly 
selected, or one that was matched to the worker’s product recommendation. The user 
then rated both the usefulness and the relevance of the ad on a scale from one to ten, 
and compared the user ratings for activity-based ads to randomly selected ads.

Relevance is the degree to which information is related to the consumer’s desires 
or needs. An irrelevant ad describes a product or service the consumer has no need 
or interest in. Usefulness is the degree to which the information changes how the 
user satisfies their desire or need. A useless ad may be relevant, but may not affect 
the consumer’s opinion of the product or competitors’ products. Of course, these 
definitions are vague and imprecise, but we generally share a sense that things can 
be relatively more or less relevant and useful to an individual.
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The aggregated results showed that the study participants found the activity-targeted 
advertisements to be significantly more relevant than random advertisements over 
all types of activity (Fig. 4.1). However, the users did not find the advertisements to 
be more useful. But when segmenting the activities into different types (Fig. 4.2), 
activity-targeted advertisements were considered more useful in activities other 
than work-related or communication-related activities.

In interviews following the experiment, participants gave several suggestions for 
how to improve the advertising mechanism, including being more sensitive to the 
user’s context and only advertising during idle times, targeting needs that could be 
inferred from activities rather than directly targeting activities themselves, infer 
probable future web queries and target advertisements to those projected queries, 
and allow users to rate advertisements and use those ratings to select better adver-
tisements in the future.

TARGETED

RANDOM

0 1 2 3 4 5 6 7 8 9 10

p= 0.35

USEFULNESS

TARGETED

RANDOM
* p= 0.046

RELEVANCEFig. 4.1 Activity-targeted 
ads were significantly more 
relevant than randomly 
targeted ads over all activity 
types, but not necessarily 
more useful

Fig. 4.2 Activity-targeted ads are more useful than random ads for activities except when the user 
is engaged in work or communication
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We believe that the low usefulness scores, particularly when the user was working 
or communicating, arise because the system was interruptive. Although it may have 
been possible to tailor the content according to the user’s context of working or com-
municating, by not respecting the user’s context, users were frustrated by the sys-
tem’s efforts to attract their attention. We suspect that low “usefulness” scores in our 
evaluation would have turned into relatively low attention in a deployed system.

This evaluation has provided a preliminary methodology for evaluating activity-
based advertising. While much more work is needed to show that targeting algo-
rithms can be effective, particular from an advertiser perspective, the results do 
show that it is possible to get more relevant targeting with only a little bit of infor-
mation, and for some categories, more useful targeting as well.

4.7  Privacy

Targeting technologies raise important questions about the privacy of user data, and 
the potential for abuse of that information. Systems that collect and analyze real-
time data about people’s locations and activities pose real danger as illustrated by a 
short-lived 2010 web site, “pleaserobme.com,” which became famous for aggregat-
ing foursquare.com users’ self-reported location to indicate when people were not 
at home. Add the ability to predict where users are likely to be, and the risks become 
even greater. Criminals could use this information to plan crimes.

To address this concern, systems that process such user data must be secure. 
Security analyses should be performed by a team separated from the general engi-
neering team, and there should be mechanisms in place for security problems to be 
reported and patches quickly deployed to running systems.

Even if their personal data is secured, people have some discomfort with the idea 
that other institutions may collect and store information about them. Many of these 
people may not trust advertisers in general, fearing that the advertisers will trick 
them into making a purchase contrary to their interests.

To mitigate the concerns, some organizations such as the Mobile Marketing 
Association have adopted opt-in policies to give consumers the control needed 
before new advertisement technologies can be regarded positively [15]. Activity-
based advertising must also give users opt-in control, and in a way that makes the 
effects of the choice very clear to the end user. Some users will not want activity-
targeted advertisements. However, some consumers will appreciate the benefits that 
activity-based ad targeting can provide, whether in the form of fewer poorly  
targeted ads, or as coupons that they appreciate. These consumers will need to have 
enough trust in the technology operators to make the entire system effective and 
profitable. If the industry can obtain this trust, through targeting appropriately, 
enough consumers will opt-in to make the activity-targeted advertising technology 
worthwhile.
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4.8  Conclusion

No one likes ineffective advertising. Consumers hate that their attention has been 
wasted and, even though the consumers’ wasted attention does not carry a direct 
economic cost, advertisers have no desire to waste their money paying for irrel-
evant or useless advertisements. Effective advertising includes four elements: 
finding consumers in the market, filtering for those who can act on the advertise-
ment, timing the delivery to when the consumer is receptive, and tailoring the 
content to the consumer’s individual preferences and needs. Traditional targeting 
methods include demographic and psychographic segmentations of a market. 
Modern targeting includes search-based advertising, behavioral targeting, and 
location-based advertising.

Activity-based advertising is a new targeting technique that provides the four key 
elements of effective advertising by using sensing and inferencing technologies to 
infer what a person is doing. Activity inferencing provides insight into a consumer’s 
interests and state of mind, making it potentially as effective as search-based adver-
tising, but in situations where the user has not explicitly provided information to the 
system. An activity-based advertising system can detect a person’s latent needs and 
interests in product or service category based on what they do. It can also detect 
times when a person is more receptive to information, potentially in advance of the 
person sitting down to search for a product.

Like other forms of behavioral targeting, activity-based advertising raises the 
concern of encroachment on personal privacy. Exposing deep details about one’s 
individual life is only warranted if the benefits outweigh the risks. Experiments 
at PARC have found that activity detection is more useful for certain product 
categories (food and media) than for others, and that the timing of the presenta-
tion is as important as the content. However, we caution that only the individual 
can make the cost-benefit decision, and that systems must provide opt-in as a 
bare minimum measure.

Activity-based advertising is still a new technology, only recently enabled by the 
widespread adoption of smartphones. The capability will certainly grow as our lives 
are increasingly filled with sensors, including in-vehicle telematics, in-building 
smart energy consumption, on-body health monitoring, and other forms of machine 
perception. Current advertising is insensitive to the consumer, and obtrusive and 
annoying like a pushy, hard-selling salesperson. The goal of activity-based advertis-
ing is to make advertising more adaptable to the customer’s actions and receptivity, 
and bring it closer to the experience of working with a helpful, knowledgeable, 
friendly salesperson.
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Abstract Privacy controls are essential for digital signage to maintain consumer 
trust as the medium continues to assimilate identification and interactivity technolo-
gies. Unless the industry adopts robust self-regulation, it is likely to face consumer 
backlash and reactive government regulation that may stifle innovation. The digital 
out-of-home industry as a whole should commit to comprehensive privacy stan-
dards based on the Fair Information Practices.

5.1  Introduction

Digital signage, also known as “digital out-of-home” or DOOH, is a communica-
tions medium characterized by a dynamic display presenting messages in a public 
environment [13]. A common example of digital signage media is a flat screen televi-
sion displaying a loop of advertisements in retail stores. Other digital signage units 
take the form of kiosks, projectors or billboards. The units appear in a broad range 
of settings, including in shopping malls, hospitals and doctors’ offices, public trans-
portation, gas stations, restaurants, government facilities and public schools. The 
messaging content is often controlled via computer, enabling one master location to 
control many networked units.

The medium is a prominent part of the shift in communications and advertising 
away from traditional offline media [11]. Digital signage has rapidly grown into a 
multibillion-dollar industry over the past decade. Despite the economic downturn, 
industry forecasts predict growth at double-digit rates for the next 3–5 years [18]. 
There were an estimated 630,000 displays in the United States in 2007, though there 
are many more worldwide, particularly in China [16].
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Until recently, a shortcoming of digital signage as an advertising medium was 
the challenge in determining how many and what kind of individuals see a given 
display unit. This made it difficult for advertisers to measure the size of their audi-
ence and price ad time on digital signage networks accordingly. This problem also 
makes it relatively difficult to target ads to specific audience demographics or psy-
chographics, which is a cornerstone of modern advertising.

To overcome these obstacles, the digital signage industry is exploring several 
technologies that will improve audience measurement and interactivity. Depending 
on the system, these enhancements often obtain a range of information about con-
sumers. Some of the technologies have the ability to identify individual consumers, 
track them as they move from place to place and store detailed information about 
their preferences and activities. These emerging technologies include:

•	 Facial recognition: Increasingly, digital signage units use facial measurement 
technology to discern certain characteristics about a person looking at the dis-
play. This is perhaps the most common method, with one company claiming to 
have scanned more than 400 million people to date [27]. Some systems, while 
not yet configured to identify individuals, can calculate a passerby’s age, gender, 
and race, and determine how long an individual watches the display. The adver-
tisement on the screen can then change to match the consumer’s profile. Other 
 systems note only gender, and still others merely count the number of faces that 
see the screen (gaze-tracking).

•	 Mobile marketing: A rising number of digital signage units interact in various 
ways with portable devices, particularly mobile phones. Some units communi-
cate with phones via SMS messaging and Bluetooth to send rich content (like 
ringtones or movie trailers) to consumers. Other units enable consumers to 
download a coupon, play games, or enter contests through their mobile phones. 
Given the broad range of potential applications for mobile marketing and digital 
signage, industry analysts predict the two media will grow together.

•	 Social networking: Some digital signage units provide access to social networks 
like Facebook, Twitter and Flickr through the Internet or apps on consumers’ 
mobile devices. In some applications, consumers can send user-generated mes-
sages, photos and other content to specific digital signage screen locations in real 
time. Some long-view predictions see consumers consulting friends about cloth-
ing purchases through retail-based digital signage screens over social networks.

•	 Radio Frequency Identification (RFID): The most common use of RFID in 
digital signage features RFID-enabled shelves that prompt nearby digital 
 signage units to display advertisements related to the products on the shelves. 
Other digital signage systems air ads triggered by shopper loyalty cards 
equipped with RFID [28].

•	 License plate scanners: In a 2009 advertising pilot, digital billboards along a 
UK highway displayed personalized advertisements to passing cars. Roadside 
cameras scanned license plates and ran the numbers through the Driver and 
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Vehicle Licensing Agency. The billboard then displayed the license number 
and the best type of motor oil for that make and model of car. Public outrage 
and questions about whether the pilot’s use of motor vehicle registration data for 
marketing violated UK privacy laws led to the pilot’s abrupt shutdown [17].

Digital signage uses other technologies, such as GPS, to a lesser extent, and more 
have potential to combine with digital signage to create interactive experiences for 
consumers. Clearly digital signage can integrate many technologies to collect a 
broad range of consumer data in various contexts. Although the privacy recommen-
dations in this document is intended to offer suggestions for present and future digi-
tal signage data collection practices, the significant innovation digital signage has 
shown in the past will likely lead to hitherto unforeseen business models.

5.2  The Time Is Right for a Digital Signage Privacy 
Framework

Using identification and interactivity technologies, the digital signage and mobile 
industries are taking the Internet experience into the physical world. In doing so, 
digital signage has established a burgeoning offline version of the behavioral 
advertising that currently occurs online – the practice of tracking consumers’ 
activities in order to deliver advertising targeted to the individual interests [33]. 
Deployed to enough locations in digital signage units, such a practice may well be 
profitable to the industry, just as behavioral advertising has proven profitable on 
the Internet. Privacy invasion associated with digital signage is not rampant 
because only a small percentage of digital signage units have audience measure-
ment, identification or interactive capabilities. However, the industry trend is 
clearly toward greater adoption of measurement, identification and surveillance 
capabilities, not less.

The usefulness of audience data to marketers and the increasing cost effective-
ness of sophisticated equipment will encourage the digital signage industry to col-
lect detailed consumer data. Interactivity has been named a key driver of digital 
signage growth in 2010 [9]. In January 2010, Intel and Microsoft announced a joint 
effort to develop digital signage that can emulate the ability of online retailers to 
identify returning customers and tailor advertisements to them based on their shop-
ping histories [6]. Coordinating online and offline behavioral advertising will be 
especially natural to companies like Focus Media Holding. Focus Media owns an 
extensive Internet advertising network and also operates the largest digital signage 
network in China, with more than 190,000 screens [14]. 

Consumers and companies are already wary of the privacy implications of 
identification and consumer profiling technologies in digital signage. Comments 
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to blog posts and news articles on facial recognition in digital signage indicate 
many  consumers have little faith that digital signage companies will protect 
 consumer data [25]. Some industry figures have said that companies must guaran-
tee consumer privacy [15], while others have cited privacy issues as an obstacle to 
using facial recognition technology for advertising purposes [10]. A New York 
Times article on billboards with facial recognition prompted a major digital 
 signage company to publicly defend its privacy practices [22]. Public backlash 
and possible violations of existing privacy laws have already led to the discontinu-
ation of some digital signage advertising projects, as with the billboard which 
scanned UK license plates.

The reaction to this form of digital signage marketing parallels the controversy 
associated with online behavioral advertising. A 2009 study of consumer attitudes 
towards behavioral advertising found two-thirds of Americans “definitely would 
not” allow marketers to track them online, even if the tracking is anonymous [31]. 
The study also found 90% of young adults reject advertising tailored to them 
based on offline activities. Facebook members have revolted several times over 
uses of their information on the social networking site, persuading Facebook to 
repeatedly revise its privacy policies and the information management tools it 
provides to its users [8].

In 2009, the U.S. Federal Trade Commission (FTC) issued self-regulatory 
 guidelines for online behavioral advertising [33]. The soon-to-be Chairman stated 
the guidelines may be the last clear chance the industry had to show it would effec-
tively protect consumer privacy in the absence of stricter legislation [19]. The U.S. 
Congress has held multiple hearings on the issue, and members of Congress have 
repeatedly called for privacy legislation to regulate how consumer information is 
collected, used and shared for marketing [1].

Given this environment, digital signage companies should proactively adapt their 
practices to be transparent and minimally intrusive, and to afford consumers control 
over how their information is collected and used. Incorporating privacy into the 
fabric of digital signage business models and data management practices is the best 
way to prevent privacy risks before they arise [3]. It will be less expensive for digital 
signage companies to integrate privacy controls now, while identification technolo-
gies are still relatively new to the industry, than it will be to retrofit privacy  protections 
onto existing systems. How digital signage companies handle the privacy issues 
they face today will affect the way the public, regulators and advertisers perceive the 
medium, as well as the industry’s direction in the future. The industry should prove 
its dedication to privacy protection to reduce the risk that the public will consider 
interactive digital signage a disrespectful intrusion.

In 2010, the Point Of Purchase Association International (POPAI), a trade asso-
ciation, released a first generation set of privacy guidelines for digital signage [26]. 
POPAI’s Code of Conduct is an excellent start for industry self-regulation. In par-
ticular, the Code’s section on cross-channel and cross-domain marketing contains 
several good privacy protections, such as the requirement that a consumer re-opt in 
each time he or she enters a new venue where cross-domain marketing takes place. 
However, the Code does not articulate a full set of Fair Information Practices, nor 
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does it suggest digital signage companies establish a comprehensive privacy 
 framework. The POPAI Code is a sound foundation for the digital signage industry, 
but the industry should not limit itself to the Code’s recommendations.

5.3  Protection Should Go Beyond Directly Identifiable 
Information

Some privacy protection frameworks, including many industry guidelines, typically 
extend only what was traditionally considered “personally identifiable information” 
(PII). PII was thought to include only information that can be directly linked to an 
individual’s identity. However, it is increasingly being realized that the distinction 
between PII and non-PII is becoming much less meaningful in light of data analytic 
capabilities. Researchers have demonstrated that individuals can still be identified 
from records stripped of traditional identifiers [24]. The FTC supports extending 
privacy protection to information beyond that which only directly identifies indi-
viduals [33].

The best approach for companies is to evaluate all the data they collect on a spec-
trum ranging from directly identifiable to “pseudonymous” to aggregated, providing 
different levels of privacy protection corresponding to the sensitivity of the informa-
tion involved [4].

Directly identifiable data includes what was once referred to as PII:

Name•	
Address•	
Telephone number•	
Date of birth•	
Social Security Number•	
Driver’s license number•	
License plate number•	
Email address•	
Bank, credit card, or other account number•	
Biometric data, such as unique data points captured via facial recognition systems•	
Images of individuals.•	

In addition to directly identifiable data, companies should extend protection to 
any data that could reasonably be associated with a particular consumer or a particu-
lar consumer’s property, such as a smart phone or other device [33].

The term “pseudonymous data” refers to information associated with a unique 
identifier. Although pseudonymous data does not directly identify an individual, 
pseudonymous data can be traced to an individual’s identity with relative ease. This 
type of data includes, but is not limited to

RFID codes: RFID chips frequently come with a uniquely identifiable number, •	
which can individualize any property to which the chip is attached.
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Device identification numbers, such as IP address, Mac address, Bluetooth •	
 number, Near Field Communication number, International Mobile Equipment 
Identity number.
Internet username, such as the name with which one uses to posts to a discussion •	
forum.
Social networking data, including login information and friend lists.•	
User-generated data: data generated knowingly by an individual, such as •	
search terms, posts in discussion forums and data input into social network-
ing profiles.

Whether a data element will reasonably identify an individual will depend on the 
context in which the data was collected. When determining the privacy practices 
necessary for handling pseudonymous data, companies should consider the avail-
ability of other data sets [21]. An individual’s identity may be reasonably inferred 
by combining pseudonymous data with, for example, records of purchases from 
credit or loyalty cards, security surveillance systems, or aggregated location data 
which reveals unique habits or travel patterns.

Aggregate data includes information about multiple individuals that cannot rea-
sonably be used to directly identify or infer the identity of a single individual. The 
most prominent example of this in digital signage may be facial qualification, where 
the demographics of individuals passing by a digital sign are compiled over time, 
but unique biometric data points and images of individuals are not saved. Even 
though aggregate data may not be directly identifiable or re-identifiable, companies 
should incorporate privacy practices – particularly transparency – into their collec-
tion of such data. Many consumers object to covert behavioral targeting even if it is 
done on an “anonymous” or aggregate basis [31].

5.4  Policy Framework and Models

Privacy standards for digital signage should be based on the widely accepted Fair 
Information Practices (FIPs). These internationally recognized principles are 
reflected (although often incompletely) in many privacy laws in the U.S. and are 
also the basis of more comprehensive privacy laws internationally, such as the 
European Union’s Data Protection Directive. We believe the FIPs are equally well-
suited as the basis for digital signage privacy guidelines. Recently, the U.S. 
Department of Homeland Security (DHS) adopted a modern and comprehensive 
formulation of these principles [32]. These are the FIPs as set forth by DHS:

Transparency•	
Individual Participation•	
Purpose Specification•	
Data Minimization•	
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Use Limitation•	
Data Quality and Integrity•	
Security•	
Accountability•	

The online behavioral advertising industry has partially incorporated the FIPS 
into various self-regulatory guidelines. These include the guidelines issued by the 
Network Advertising Initiative and by the Interactive Advertising Bureau. However, 
the guidelines of the online advertising industry fall short in key areas, so the digital 
signage industry should not merely mimic them [5]. Nevertheless, the industries 
share the practice of targeting advertisements to consumers based on their activities. 
This makes it worthwhile for digital signage companies to familiarize themselves 
with the privacy frameworks of their online counterparts.

Digital signage companies and their affiliates may also find relevance in existing 
frameworks for the technologies they use. For example, digital signage companies 
that utilize mobile marketing should use the Mobile Marketing Association (MMA)’s 
Global Code of Conduct as a baseline on which to build [23]. Similarly, digital sig-
nage companies that use RFID should integrate the standards of relevant trade asso-
ciations or privacy groups [2]. None of these frameworks is perfect, and some are 
deficient in certain areas, but they may serve as a starting point for companies to 
develop their own policies.

With reference to existing models, and drawing on the comprehensive DHS 
framework, we recommend that the digital signage industry develop a privacy 
framework along the following lines:

5.4.1  Transparency

Digital signage data collection and use should be transparent. Generally, there are 
two important ways for digital signage companies to do this. First, digital signage 
companies should develop privacy policies and publish them on their websites. 
Second, digital signage companies should give consumers notice at the location in 
which the digital signage unit is placed. Transparency through notice and a public 
privacy policy is the responsibility of not just the technology vendors, which are 
unfamiliar to consumers, but also the digital signage network operators and the 
owners of the establishments at which the signage is located.

5.4.1.1  Privacy Policies

Privacy policies serve an important role. Internally, the process of developing a 
privacy policy forces a company to assess its data collection practices and develop 
rules for the custodianship of the data it collects. Companies should publish privacy 
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policies to their websites, even if they collect nothing but aggregate data. A privacy 
policy should describe in concise, specific terms:

What consumer data is collected,•	
How the data is collected,•	
The purposes for which the data is used,•	
With whom the data is shared,•	
How the data is protected,•	
How long the data is retained, and•	
The choices that consumers have with respect to their data.•	

Once the policy is set, data should not be collected, shared or used in any way 
contrary to the published privacy policy. In some cases, the data management prac-
tices of the digital signage company may overlap with the practices of another com-
pany, such as when digital signage integrates with mobile marketing or social 
networking applications. The digital signage privacy policy should underscore how 
these services interact.

Numerous digital signage companies already publish privacy policies. For exam-
ple, some of the policies of companies using facial recognition state they do not 
retain images or identify individuals [7]. Similarly, some companies that integrate 
digital signage and social networking publish privacy policies [20]. However, exist-
ing policies vary greatly in detail, and not all digital signage services specify what 
they do with personal information.1 A privacy policy alone is not enough, however, 
and many consumers confuse the mere existence of a policy with substantive 
privacy protections [30].

5.4.1.2  Notice

At present, many digital signage companies are completely unknown to consumers, 
so consumers are unlikely to look for the privacy policies posted on the websites of 
digital signage companies. Even if consumers come to know the names of digital 
signage companies, current practices give consumers little hint as to what company 
is responsible for a given digital signage display. The challenge for the industry is 
to find a way to present meaningful notice at the point of data collection. Such 
notice is fundamental to transparency and individual participation.

Consumers should be given clear, prominent notice of digital signage media 
units that collect consumer data at the physical location in which the unit operates. 
To the extent possible, the notice should appear conspicuously on or close to each 

1 The Marketplace Station [29]. The policy makes no reference of the data collection systems 
integrated into some of Marketplace Station’s screens. See Digital Signage Today [12].
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digital signage unit that is collecting the information.2 One notice should not cover, 
for example, an entire supermarket, but instead should be at each sensor and 
 associated digital signage screen within the supermarket. There should be no secret 
receivers, cameras or sensors used exclusively for marketing.

The precise manner in which companies provide notice may differ based on 
physical environment, equipment and other factors, but we conceptualize two layers 
of notice: a notice at the entrance of the data collection area and a notice on digital 
signs that collect consumer data.

First, companies should provide a notice near the entrance of a data collection 
area (i.e., in the breezeway of a supermarket using digital signs that record age and 
gender). This is to alert the consumer that data collection is occurring prior to the 
consumer entering the area.3 The notice need not be large, but it should be easily 
readable to consumers.

Second, companies should display a notice on or near each digital signage screen 
associated with consumer data collection. This notice can be a physical sign, such 
as a small placard. The notice can also be mixed in intermittently with the media 
content. If the notice appears intermittently, it should remain on screen long enough 
for consumers to read it.

For standalone signage units, an intermittent notice message should preferably •	
be displayed an equal number of times to the network ID interstitial – the mes-
sage that identifies the digital signage network or operator. However, if the 
 network ID occurs less than four times an hour, a physical sign should be used. 
Alternatively, the notice could be displayed once per average consumer dwell 
time – the time the consumer spends near the unit.
If multiple screens are networked together in one location, another option would •	
be to display the notice once per average consumer trip. Here the goal would be 
to display the notice on multiple screens simultaneously at least once during the 
average time a consumer spends in the data collection area.

In addition, the operators of the establishment in which the unit is located should 
maintain an on-site hard copy of the digital signage company’s full privacy policy.4

2 The POPAI Code permits one notice to cover one establishment. See POPAI Code of Conduct,  
p. 8. However, we believe a notice should be provided at each screen. One discreet notice in an 
isolated location within a large retail store full of labels competing for consumers’ attention is 
insufficient to provide notice for a digital signage network collecting data throughout the store.
3 This alone would be insufficient because consumers often do not observe signs like these (i.e., the 
max capacity sign in a supermarket), which can defeat the point of the notice. If consumers don’t 
observe the notice, they don’t perceive the data collection as transparent and there is no positive 
effect on consumer trust. Hence, the second layer of notice – on the digital signs themselves – 
should give consumers an additional opportunity to become aware of the data collection.
4 Since companies’ privacy policies are online, most consumers are likely unable to access them in 
the store. Also, consumers without Internet access should have the opportunity to read the privacy 
policy elsewhere. Keeping a hard copy in the establishment in which the sign is located is the most 
practical way for consumers to easily review the privacy policy offline.
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The notice message should – at minimum – describe:

What information the location’s digital signage system collects,•	
For what purpose the information is used,•	
Whether any directly identifiable or pseudonymous information is combined •	
with other data, such as purchases or third party marketing data, and
How the consumer may access the privacy policy of the digital signage unit •	
operator (such as the company’s website).

Therefore, a typical notice message might read: This Company Name digital sign 
uses a camera to estimate your age and gender in order to make advertisements 
more relevant to you. No images or identifying information about you is collected or 
stored. For more information, visit www.companyname.com/privacy or see the 
store manager.

Generic notices like “These premises are under video surveillance” are not 
 sufficient. Consumers have come to assume such notices to relate to security mea-
sures, not marketing. Such notices do not provide accurate notification of the 
more comprehensive data collection, sharing and usage associated with market-
ing. If a digital signage unit is used for both security and for marketing, or if 
security information is used for marketing, the notice (and privacy policy) should 
clearly disclose this.

In cases where digital signage units interact with consumers’ devices, such as 
with smart phones via Bluetooth, a comprehensive notice should also be delivered 
directly to the consumers’ devices. This should be the norm when the digital sig-
nage unit or the consumer initiates the interaction.

5.4.2  Individual Participation

The FIPs principle of “individual participation” embodies two concepts: the right to 
consent to the collection and use of data and the right to access to data that has been 
collected about oneself. The robustness of the individual participation protocol 
required varies depending on the sensitivity and identifiability of the information 
collected and the use to which it is put. Similarly to the POPAI Code, we conceptu-
alize digital signage audience measurement and interactive marketing as occurring 
on three general levels:

•	 Level I: Audience counting. Information related to consumers is gathered on an 
aggregate basis and not used for tailoring advertisements. No retained informa-
tion, including images, links to individuals or their property. Example: facial 
recognition systems that track gazes or record passerby demographics, but do not 
store facial images or contextualize ads.

•	 Level II: Audience targeting. Information related to consumers is collected on an 
aggregate basis and is used for tailoring contextual advertisements to individuals. 
No retained information, including images, links to individuals or their property. 
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Example: facial recognition systems that record passerby demographics and con-
textualize ads accordingly.

•	 Level III: Audience identification and/or profiling. Information related to 
 consumers is collected on an individual and aggregate basis and is used for tai-
loring advertisements. Information linked to individual identity or an individual’s 
property (such as a mobile phone) is retained. Example: using digital signage 
networks for social networking, RFID tracking, mobile marketing.

5.4.2.1  Consent

Consumers should have a ready means to choose whether their data is collected for 
advertising purposes. The means will differ between digital signage systems and 
services. Levels I and II (described above) should implement opt-out consent. At 
minimum, opt-out consent can be accomplished via notice by giving consumers an 
opportunity to avoid a particular digital signage unit. Level III requires opt-in con-
sent, which should be issued after the consumer has the opportunity to examine the 
applicable privacy policy.

Consumers should be able to exercise control over what information is collected, 
which marketing messages they receive, and which other companies and parties may 
see the data. The consent should be persistently honored until the consumer alters his 
or her choice, and the consent should also be revocable at any time. To the extent 
possible, opt-in consent protocol should be granular without also being confusing to 
consumers. One way to strike this balance is to offer various privacy control options, 
but to also offer an easy means to opt-out or opt-in to all the choices at once.

5.4.2.2  Access

Consumers should have the ability to view and/or correct any directly identifiable 
data collected about them for digital signage marketing. Digital signage companies 
should designate an internal point person to receive and process consumer com-
plaints and questions. Companies should specify, in their privacy policies, a ready 
and inexpensive means for consumers to submit questions, complaints, and requests 
to access their data.

5.4.3  Purpose Specification

The purpose specification principle requires a company to think through its data col-
lection and use practices and to specify how the company intends to use the data it is 
collecting. The purposes to which consumer data will be put should be specified not 
later than at the time of collection. Properly applied, the principle should lead com-
panies to minimize the collection of unnecessary data, which is the next principle.
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5.4.4  Data Minimization

Through privacy policies and guidelines, individual companies and the digital 
 signage industry as a whole should commit to limit their data collection and reten-
tion to only the minimum necessary to achieve specified ends.

Digital signage companies should collect and use the minimum amount of 
 consumer data necessary to deliver their services. For example, there is no need to 
use a license plate number when a car’s make and model will do [17]. In most cases, 
it may not be necessary to retain consumer data for future use beyond the delivery 
of a contextual advertising message. For example, there is no need to maintain per-
sistent records of phone numbers or Bluetooth addresses when a company does not 
seek an ongoing relationship with the individuals associated with that data. When a 
digital signage company does retain consumer information, that retention should 
last no longer than is needed to serve the purpose for which it was collected, as 
specified in the privacy policy.5 If a consumer opts-out or cancels a service, the 
associated information should be destroyed.

5.4.5  Use Limitation

Consumer data should not be shared for any uses that are incompatible with the 
purposes specified in the company’s privacy policy. Transfers of consumer data to 
any third parties or affiliates should be transparent, specified in advance to consum-
ers and may require opt-in consent [26].

5.4.6  Data Quality and Integrity

Digital signage companies should, to the extent practicable, ensure consumer 
data they collect is accurate, relevant, timely and complete. Allowing consumers 
to access and edit data collected about them is one of the best mechanisms for 
ensuring data quality and integrity. Companies should establish a consumer com-
plaint process that enables consumers to dispute inconsistencies in collected 
information and to notify the company if the consumers’ consent choices are not 
being honored.

5 The POPAI Code recommends that image or biometric data “should be stored for up to 3 months 
or the maximum period allowed by law.” See POPAI Code of Conduct, Pg. 6. It is unclear whether 
POPAI means that the data should be stored no longer than that period, or whether POPAI recom-
mends that the data be stored regardless of whether there is a business need for it, so long as the 
law allows it.
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5.4.7  Security

Digital signage companies should exercise reasonable and appropriate efforts to 
secure information collected about consumers. In so doing, a company should 
 maintain a standard information security program appropriate to the amount and 
sensitivity of the information stored on its system. Such a security program should 
include processes to identify and address reasonably foreseeable internal and 
 external risks to the security, confidentiality, and integrity of information. Collected 
consumer data should be accessible only to those company employees who must 
use the data to perform their job functions.

The nature and extent of security required will largely depend on what kind of 
collection technology is employed and what consumer data is retained. Unnecessary 
consumer data should be destroyed via secure methodologies. The best data security 
is for a company not to possess consumer data in the first place.

5.4.8  Accountability

There has been substantial criticism of self-regulation of the behavioral advertising 
industry because of a lack of accountability for noncompliance. Digital signage 
companies who collect and use consumers’ information should establish internal 
accountability mechanisms. These mechanisms should ensure strict compliance 
with companies’ privacy policies, as well as laws and other applicable privacy pro-
tection requirements.

Companies should maintain a written procedure for processing and responding 
to consumer complaints. Companies should provide privacy and security training to 
all employees, contractors and affiliates who collect and use consumers’ informa-
tion. There should be meaningful penalties for violations, especially willful or 
chronic noncompliance.

The digital signage industry may also consider empowering one or more trade 
associations with independent oversight functions to monitor compliance and offer 
privacy management guidance for individual companies. The organization that 
takes on these functions should provide a dispute resolution forum for consumers 
and articulate clear benchmarks for companies to evaluate the efficacy of their pri-
vacy practices.

5.5  Conclusion

Privacy can be an enabler – not an impediment – to the development of digital sig-
nage as an industry and a communications medium. If companies are willing to 
incorporate strong privacy protections into their business models, then the industry 
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has the opportunity to enter a new era of responsible, consumer-friendly, interactive 
out-of-home marketing. By adopting strong privacy protections early on, the digital 
signage industry can avoid the ire of regulators and the embarrassment of advertisers. 
There’s also the matter of consumer trust: It’s far easier to keep than to win back.
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Abstract Online advertising is currently a rich source of revenue for many Internet 
giants. With the ever-increasing number of smart phones, there is a fertile market 
for personalised and localised advertising. A key benefit of using mobile phones 
is to take advantage of the significant amount of information on phones – such as 
locations of interest to the user – in order to provide personalised advertisements. 
Preservation of user privacy, however, is essential for successful deployment of such 
a system. In this chapter we provide an overview of existing advertising systems 
and privacy concerns on mobile phones, in addition to a system, MobiAd, which 
includes protocols for scalable local advertisement download and privacy-aware 
click report dissemination. In the final section of this chapter we describe some of 
the security mechanisms used in detecting click-through fraud, and techniques that 
can be used to ensure that the extra privacy protections of MobiAd are not abused to 
defraud advertisers.
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6.1  Introduction

Advertising is one of the largest revenue sources of many Internet giants. Targeted 
and personalised advertisements, provided by advertising brokers such as Google 
and Microsoft, are displayed on designated advertisement slots on websites that in 
return receive payment from the advertising network. Google’s advertising revenue 
in 2010 was over $28 billion and is only expected to increase over time [15].

The mobile phone advertising market is also becoming increasingly significant. 
There are currently over three billion mobile phone subscribers in the world. 
Surveys from Gartner and Telsyte group suggest that nearly a third of these are 
using smart phones, with the smart phone market increasing at a rate of nearly 50% 
last year [6]. With modern smart phones having 3G and wireless connectivity, GPS 
and Wi-Fi localisation capabilities, a wide range of social networking applications 
and web-browsing abilities on large touch LCD displays, there is a fertile market 
for targeted and personalised advertising. Naturally, handset manufacturers have 
recently launched a series of advertising platforms which leverage the users’ choice 
of websites, activities, music and social activities to present them with targeted 
advertisements.

There are a large number of technical, legal and user-related obstacles to over-
come on the path to a successful mobile advertising strategy. The use of sensitive, 
personal information kept on the phones can raise privacy concerns, and successful 
and accurate profiling and personalisation of advertisements will depend strongly 
on advertising networks assuaging consumers’ privacy concerns over targeted 
advertisements [41]. Mobile phones in general have also less bandwidth, processing 
power and screen size when compared to ordinary computers. Hence any advertise-
ments must be smaller, downloaded less frequently and have low processing require-
ments. The profiling tasks must also require limited computation and storage access 
to preserve battery life.

This chapter describes MobiAd, a system for personalised, localised and targeted 
advertising on smart phones. Utilising the rich set of information available on the 
phone, MobiAd presents the user with local advertisements in a privacy-preserving 
manner. Advertisements are selected by the phone from the pool of advertisements 
which are broadcast on the local mobile base station or received from local Wi-Fi 
hotspots. In this manner, the user only needs to download advertisements which are 
relevant to his interests, and are for items and services in his locality. Information 
about advertisement views and clicks are then encrypted and sent to the advertise-
ment channel via other mobile phones and intermittent Wi-Fi hotspots, in a delay-
tolerant manner. In this system, other nodes and the network operator cannot 
discover which advertisements were viewed. Likewise, the advertisement provider 
cannot determine which users viewed which advertisements and only receives 
aggregate information. MobiAd allows businesses, both local and global, to target 
users narrowly and directly, without compromising users’ privacy. It also improves 
the scalability of advertisement distribution by using a local broadcast frequency 
with geo-targeted advertisements.
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In this chapter we also discuss the security issues surrounding online advertising, 
such as click fraud, where a weblog publisher continuously clicks on the advertise-
ments displayed on his own website in order to make revenue. Detecting click fraud is 
a relatively new area of research. In its simplest form, the broker can perform thresh-
old-based detection. If a web page is receiving a high number of clicks from the same 
IP address in a short interval, these clicks can be flagged as fraud. The detection gets 
complicated if the clickers are behind proxies or globally distributed. We present Bluff 
Ads [18], a set of advertisements which are designed to be detected and clicked only 
by machines, or poorly trained click-fraud work force. These advertisements are 
targeted at the same audience profile as the other advertisement groups, however their 
displayed text is totally unrelated to the user profile. Hence they should not be clicked 
on by the benign user. This simple set of advertisements, mixed with ordinary adver-
tisements, work as a litmus test, or a “CAPTCHA” for the user’s legitimacy. If a high 
number of Bluff ads are clicked, the user is deemed to be flagged as suspicious. 
Another form of Bluff ads is a set which contain specialised text but they are not 
targeted to a specific profile and are randomly displayed. This group helps in detecting 
click-fraud when the botnet builds up a fake profile to harvest relevant ads.

6.2  Advertising and Privacy

Despite the fertile market for advertising, there are not many dedicated advertising 
networks for mobile phones. There are a few services for serving advertisements on 
mobile websites. For instance, AdMob is a service which provides advertisements 
for more than 15,000 mobile Web sites and applications around the world. AdMob 
stores and analyses the data from every advertisement request, impression, and click 
and uses this to optimise advertisement-matching in its network [2]. However the 
methods used are in no way privacy-aware or localised. This limits the scalability of 
the system as advertisements have to be served individually at the time of browsing. 
This is not an issue in general for desktops, but on a mobile phone numerous HTTP 
connections could slow down the browsing experience.

Adnostic [40] and Privad [16] are also newly-proposed private advertising sys-
tems for ordinary browsers. They work on the basis of downloading all of the rele-
vant advertisements offline and showing them at appropriate times. The core ideas 
of these systems are similar to MobiAd from a privacy perspective. Operation in a 
mobile environment, however, brings a range of challenges on dissemination of 
advertisements, capturing reports and scalability. We have attempted to address 
these issues by using a range of solutions such as DTN for report collection and 3G 
broadcast channel for advertisement dissemination. MobiAd is also resistant to col-
lusion between advertisers and network operators, as the DTN anonymisation strategy 
would prevent the origin of the clicks being easily traced.

Recently, Apple and Microsoft have also entered the mobile advertising market. 
Apple launched the iAd service [20], on which they will perform a range of standard 
targeting options including demographics, application preferences, music and movies 
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choice and location. All of this information will be kept by Apple and will be used 
to target advertisements to relevant customers. Google use advertisements through-
out their Android smartphone operating system, while Microsoft also envisage a 
similar service on the Windows Mobile platform. Having such detailed profile 
information at a content provider or handset provider’s disposal is a clear threat to 
users’ privacy. There are some suggested solutions for managing cookies and trackers, 
but they usually require detailed analysis of the cost-benefit trade-offs [13].

The concept of mobile or pervasive advertising has been researched for several 
years, e.g., [34]. Mobile advertising systems have been built and studied using exist-
ing technologies such as Bluetooth [1] to test their viability. User studies have also 
been carried out on simple mobile advertising scenarios, such as the sale of ring-
tones [29], that indicate that users who are exposed to such advertising do indeed 
purchase the advertised services. M-system has also been introduced by Komulainen 
et al. [24] as a permission based advertising for the use of local retailers and 
consumers. In this system, service provider hosted the system and gathered and 
updated databases of consumers. The m- advertisers or their advertising agencies 
created and sent the m-ads by using the advertising tool. However the profile infor-
mation was provided by consumer and kept up-to-date in the central database. They 
found that almost all users find privacy a concern in this system which could 
potentially be compensated by monetary or entertainment value. However, retailers 
naturally had great interest in use of the system.

But despite this interest in the area, we still lack high-quality data about how, 
where, and when consumers are willing to allow mobile advertising, or indeed if 
they would be willing to allow their smartphones or other mobile devices to be used 
to transport such advertising content. One factor in this dearth of useful data is the 
general difficulty in capturing data from smartphone users. New measurement studies 
have recently been conducted [9,  11,  36] and testbeds built [35], but these tend to 
concentrate on network-level data such as traffic statistics, rather than user-level 
data such as willingness to participate in content sharing.

A second factor is that collecting data from advertising networks is fraught with 
difficulties itself. Guha et al. [17] outline the challenges in measurement, including 
differences between measurement clients, due to noise from DNS load-balancing, 
and the churn of advertisements. These difficulties become even more challenging 
in a mobile environment: a user study that proposed to measure and collect data 
from mobile users in a mobile advertising environment would no doubt have even 
more variations in advertising, given differences between users in locations, activities, 
behaviours and networks.

One solution might be to combine passive measurement with an active user 
study, allowing experimental participants to verify the types of advertisements being 
received, and the contexts, behaviours and experiences under which they are willing 
and unwilling to view, click on, or distribute such advertisements. One mechanism 
for doing this might be to use the Experience Sampling Method, where participants 
combine a diary study with signal-contingent alerts which trigger questions [25]. 
For instance, a participant could be detected near a shopping centre or restaurant, 
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and this might trigger questions about their advertising preferences. Experience 
Sampling has been combined successfully with mobile devices, e.g., [27,  5,  3], but 
care should be taken before implementing a large-scale mobile advertising ESM 
study. For instance, the ethical, legal and privacy implications of collecting mobile 
location and advertising data need to be considered [19], and mechanisms for ano-
nymising data accordingly need to be designed, especially given the number of 
related datasets that have been subsequently deanonymised by researchers [31].

There are a number of solutions for avoiding click fraud and performing better 
advertisement. One suggestion is to charge based on user’s actions, i.e., the publisher 
gets a premium only after the successful conversion of the advertisement, meaning 
the user’s visit to the advertiser’s website and performing an action such as buying an 
item or signing up for a service. There are a number of basic attempts at such an 
approach by means of tracking cookies, however these efforts make up a negligible 
portion of the current advertising revenue on the Internet.

Juels et al. [23] propose a cryptographic approach for replacing the pay-per-click 
model with one in which pay-per-action (e.g., shopping) can attract premium rates 
and unsuccessful clicks are discarded. in this system, the users which make a purchase 
are identified by the network of advertisers as premium advertisers. The client 
browsers use a coupon instantiated by third party cookies or issued by the attestor 
upon redirection. The disadvantage of this method is the ability of malicious attacker, 
possibly an advertiser, to use a botnet and replay the coupons numerous times, for a 
large number of cooperating publishers. This will then force the syndicator either 
discount all those replays, or removing those clients from the system with valid 
coupons. In both cases, the advertisement income is minimised. It also allows for 
the syndicator and the attestor (ad broker and middle box) to profile the users accu-
rately including their spending budget. They also indicate that most standard click 
fraud techniques remain unsolved today. Despite early suggestions of this method, 
it has not been implemented on a large scale as it requires trust between advertisers 
and publishers.

Some advertisers have suggested the use of anonymised ISP data streams for 
verification of clicks and for better user profiling. Attempts to do so, such as Phorm, 
have been unsuccessful due to user privacy concerns. Privacy reasons also prevent 
brokers from releasing their server logs and click data to advertisers and their agents 
for deep inspection of the click rates. Other solutions include use of human-invisible 
advertisements to act as traps for botnets, but these can easily be ignored by a simple 
visibility test in botnet design.

Immorlica et al. analyse the click-fraud learning algorithms to compute the esti-
mated click-through rate [22]. They focus on a situation in which there is just one 
advertisement slot, and show that fraudulent clicks can not increase the expected 
payment per impression by more than o(1) in a click-based algorithm. The complexity 
of the inferred algorithm and the need for click-through rate estimation, however, 
would make it impractical as it also deviates from the pay-per-click model, to pay-per-
view model, which is the least desired model in the modern advertisement world 
where bidding for space is of critical importance.
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6.3  Internet Targeted Advertising Basics

Before introducing our MobiAd system, we first characterise today’s advertising 
systems. These can be broken down into four major components: advertisers, pub-
lishers, clients, and brokers.

Advertisers wish to sell their products or services through advertisements. 
Publishers (e.g., news and review websites, personal weblogs) provide opportunities 
to view advertisements, for instance by providing space for advertising banners. 
Clients are the devices that show publisher web pages and advertisements to 
users. Brokers (e.g., Google or Yahoo!) bring together advertisers, publishers, and 
clients. They provide advertisements to users, gather statistics about which advertise-
ments were shown on which publisher’s pages, collect money from the advertisers, 
and pay the publishers.

Figure 6.1 illustrates the most popular advertising model on the Internet today. 
Advertisers specify their advertisements and bids (how much the advertiser is will-
ing to pay for views and clicks of the ads) to the broker. When a publisher provides 
banner space to the client on a web page, a request goes to the broker, asking it to 
fill in the banner space with appropriate advertisements. The provider makes the 
decision as to which advertisements to place based on a number of criteria such as 
the keywords for the web page, personalisation information about the client (usually 
persistent cookies on client machine), the keywords of the advertisement, and the 
bid associated with the advertisement. It then delivers the advertisement to the 

Fig. 6.1 Targeted keyword-based advertising
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Fig. 6.2 Targeted localised advertising

3 We elaborate in Sect. 6.7 why a landing page is not essential.

client, informs the advertiser of the advertisement’s views and clicks, and charges 
the advertisers and compensates the publishers accordingly.

6.4  MobiAd Architecture

In this section we present an overview of the MobiAd system architecture. Figure 6.2 
presents an example of some of the components of the MobiAd advertising system. 
The main components of the system are: 

Advertisers: The advertising providers aim to reach a specific groups of users 
based on requirements such as sex, age, interests and location. They provide the 
advertisement texts, targeting information, bidding budgets and potentially a 
landing page for the clicks.3

Network Operator: The network operator provides the infrastructure for disseminating 
the advertisements, collecting reports and locating users. In return they receive a 
share of revenues.
Content Provider: Content providers, such as news sites and blogs, provide 
online services and materials which are of interest to users. Alongside their main 
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content, they provide advertising boxes where personalised advertisements can 
be displayed to the user. Social networking sites such as Facebook are a particular 
type of publisher, with access to detailed profile information on their users that 
can be used for targeting.
Ad Provider: The ad providers (e.g., Google or Microsoft) are the interface 
between the advertisers, operator and content providers. They gather advertise-
ments from advertisers, provide advertisements for the users in the publisher 
websites, collect view and click reports, bill the advertisers and compensate the 
publishers and the network operator.
Profiling Agent: The agent gathers relevant information for profiling users. It also 
downloads and filters relevant advertisements, displays them to the user at appro-
priate and convenient times and prepares click and view reports for billing 
purposes.

By using detailed profiling and data-mining techniques in addition to sensed 
mobile information such as users’ locations, MobiAd provides new opportunities for 
localised and personalised advertising. In terms of privacy protections, some of these 
components are also similar to traditional advertising systems (such as Google’s 
AdWords program) or newly proposed privacy-aware systems such as Adnostic [40] 
and Privad [16]. The key difference in our system, however, here is the fact that 
mobility and use of local advertisement distribution and Delay Tolerant Networks 
(DTN) [12] provide a simple and scalable advertisement distribution and privacy-
preserving click-report mechanism, while addressing many of the numerous chal-
lenges for profiling and advertisement placement on a mobile device with limited 
screen size and battery life. The network operator also plays a more central role as it 
needs to broadcast advertisements in a localised manner and collect and forward 
reports. The lower bandwidth, battery life and display size of mobile phones prevent 
us from downloading, sorting and showing a large number of advertisements on the 
user’s phone. Hence in MobiAd we focus on displaying a lower number of adver-
tisements, but with higher targeting and a focus on local advertisements that would 
particularly benefit from the user’s location information.

In the next sections we expand on the key individual components, their roles and 
operation strategies.

6.5  Profiling and Incentives

The most important objective of MobiAd is to serve relevant and interesting adver-
tisements to the user. Since the mobile phone’s battery life and display size and 
general browsing time are currently reduced compared to the average personal 
computer, it is crucial to use the advertisement display opportunities effectively. In 
order to do this, users’ interests and profiles should be maintained on user handsets, 
while allowing the user to configure and delete their interest categories. This is also 
in compliance with requirements and recommendations of most regulatory organi-
sations and privacy advocates.
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6.5.1  Maintaining the User Profile

There are many rich sources of profile information on a typical smartphone, from 
email and browsing activities to social networking and shopping sites. This infor-
mation is in essence an aggregation of information from the user’s web history, 
application caches and keyword extractions from activities on social networks and 
email. Users are likely to have different privacy sensitivities regarding these various 
data sources, and should be allowed to control which are included in profiling activ-
ities. Browsing behaviour can be used to update profiles at lower processing cost 
using server-side pre-categorisation of URIs into interest segments [40].

The profile and the associated software work in cooperation in a similar manner 
to Google’s Gmail or persistent cookies from search engines and advertising providers. 
In MobiAd, however, the profile does not leave the user’s handset and the software 
platform picks up the appropriate advertisements from the broadcast channel.

As a further protection the profile is an aggregate view of user interests rather 
than a detailed history, reducing the risk of information leakage. Such aggregated 
information can exclude information about sensitive matters such as medical 
interests, trade union membership and religious beliefs. This builds user trust in the 
system, reduces the potential for this information to be accessed for unauthorised 
purposes, and enables easier compliance with data protection laws such as the 
European Union’s Data Protection Directive [10].

In this design, user profiles are kept solely and securely on the handset. The pro-
file must be visible to the user but unobtainable by other applications. The isolation 
of information between different applications is readily available on popular smart 
phones. Profiling tasks can be done while the phone is idle. The extent and depth of 
categorisation is dependant on the different regions and users, e.g., Google keeps 
700 categories in a 3-level hierarchy, while Amazon has over 65,000 categories. We 
envisage that a MobiAd client can maintain an extensive database of interests, loca-
tions, mobility patterns and daily habits. Such detailed information would enable 
the relevant advertisements to be easily filtered and directed to the user.

6.5.2  User Incentives

The MobiAd system is clearly beneficial to advertisers and network operators, but 
why would users install such an application? Users have an incentive to install and 
utilise most applications if there is a marginal entertainment or financial benefit for 
them. iPod touch users download an average of 12 apps a month and spend 100 min 
a day using apps [32]. Android and iPhone users download a similar number of apps 
every month and spend a similar amount of time using the apps [2]. On a new 
iPhone app, users have been reported to be searching daily for money saving vouchers 
and local promotions [7]. Hence the intention is that useful services would encour-
age the users to download the client which could also act as a privacy information 
centre on their phone.
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For the MobiAd system, we are exploring a range of advertisement benefits to 
the user, location-based and independent. Location-based benefits could include 
offers and coupons for local businesses and retailers. Independent long-term bene-
fits could include informative applications, such as suggesting events and activities 
which could be off interest to the user and are not necessarily advertised. In addi-
tion, network operators may pre-install this type of software on handsets, or offer 
incentives to users (such as discounted monthly fees) for them to use MobiAd. In 
this way the costs of carrying other user reports can also be compensated by the 
availability of a user’s handset for carrying traffic and hence contributing to the 
anonymisation process. Another incentive could be a small percentage cut payment 
from the advertising click revenue for the report carriers, in an aggregate manner, 
so as to avoid the network operator or the advertiser being able to trace the origin 
of the clicks.

6.6  Dissemination and Reporting

6.6.1  Advertisement Dissemination

Dissemination of advertisements in a mobile environment is different from the desktop 
environment. In MobiAd, the focus is on local advertisements that are relevant to 
the user. Location information can be obtained using GPS, Wi-Fi or network 
provider information from the handset. While users may roam in and out of mobile 
cells and thus affect advertisement download rates, it has also been shown that there 
are limits to predictability of location of users at given times [37]. We therefore do 
not rely heavily on prefetching all the relevant advertisements to the user, apart from 
at locations such as home and work where they appear frequently.

The optimal data dissemination strategy should avoid constant data download, 
but be ready for unpredictable arrival of the user into new areas. The MobiAd agent 
on-handset should be able to classify locations that are frequently visited (using a 
list of GPS positions most frequently visited), such as the route from home to work, 
weekend hotspots and such like. The advertisements for these locations could be 
prefetched when there is wireless connectivity and stored for longer periods, to 
minimise data transfer costs and battery utilisation on the handset.

When a user enters a new location where the relevant advertisements have not 
already been prefetched, she can receive all local advertisements using technologies 
such as Multimedia Broadcast and Multicast Services (MBMS) [28]. MBMS is a 
new service offered on GSM and UMTS networks and uses multicast distribution in 
the core network that enables an interaction between the handset and the network which 
can be used for distributing advertisements and collection of reports. MBMS enables 
network operators to distribute all the local advertisement texts simultaneously to all 
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cell phone users within each transmitter’s coverage area using a single shared 
transmission broadcast. As cell coverage is expected to be in order of a few hundred 
meters, the text advertisements within each cell should not exceed a few kilobytes 
(a few hundred local advertisements, each having around 100 characters of text) 
which is a reasonable amount of data transfer for all modern smart phones to deal 
with. If one channel is used at each cell tower to broadcast locally-relevant ads, all 
phones could listen to all channels and just select relevant advertisements without 
revealing which advertisements are of interest and shown to the user. If more pri-
vacy is required, protocols such as SlyFi [14] could be used to provide anonymous 
sniffing capabilities for downloading advertisements from local Wi-Fi hotspots. 
However since all the local advertisements can be downloaded from Wi-Fi hotspots, 
the hotspot service provider is not able to classify the users, as they cannot find out 
which advertisements were displayed. The number of broadcast advertisements 
even in busy metropolitan areas could be limited by a combination of network 
operator and ad provider using an auction mechanism to limit the number of loca-
tion-targeted advertisements through raising their price. Hence we opted for local 
flooding for the current design.

It is also possible for the advertising network to suggest a shortlist of relevant 
advertisements within specific advertisement frames, resulting from centrally-available 
context and pricing information [40]. One may also consider using Tor [39] for ad 
dissemination or report collection, however Tor requires a real-time interactive 
channel that consumes significant amounts of power. MobiAd’s transmission of 
advertisement reports does not need a real-time interactive anonymous channel. By 
relaxing this requirement, we can reduce power use.

6.6.2  Billing

At the end of each billing cycle, advertisers are billed by the advertising network for 
advert displays and click-throughs. MobiAd uses a cryptographic protocol devel-
oped by Toubiana et al. that allows clients to notify the network of advertisement 
impressions without leaking user interest information [40].

Figure 6.3 provides an overview of the public key encryption stages of the click 
reports. The advertisement report will be encrypted using the advertising provider’s 
public key, so only the advertising provider can open the report. Advertisement clicks 
will then be anonymised, as the advertising provider can identify the advertisement 
which was clicked, but does not know who clicked on the advertisement. Likewise, 
the network operator knows a report was received, but does not know what advertise-
ment was clicked on. MobiAd also uses a one-time pseudorandom number in order 
to avoid replay clicks. This is similar to the reporting mechanism used in Privad [16]. 
We avoid using more sophisticated methods such as Tor due to the complexity of 
running such CPU- and data-intensive systems on mobile phones.
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6.6.3  Report Collection Using DTN

As advertisers are generally billed using information on cost-per-impression or 
cost-per-click, there needs to be a return path for clients to report these data (without 
leaking information on user interests). To further protect users against attempts to 
link reports to user behaviour, we take a similar approach to onion routing [8] using 
the DTN paradigm.

DTN was originally designed for interplanetary communication, where the 
delays can be several minutes or longer [4], and then was adapted to solve intermittent 
connectivity problems in daily life. Furthermore, it has been recently shown that by 
leveraging the delay of transmission, DTN can improve the anonymity of wireless 
communication from physical localisation (e.g., triangulation) [26]. Onion routing 
is an approach to achieve anonymous communication by routing messages through 
several intermediate relays before reaching their destinations, and so the probability 
of revealing the source node of a message is significantly reduced. As shown in 
Fig. 6.4, the MobiAd agent system is designed to report on advertisement views and 
clicks, while preserving the privacy and anonymity of users.

In MobiAd, we use DTN to route advertisement reports to several intermediate 
relays before they are finally passed to the cellular network. DTN relies on mobile peer-
to-peer store-and-forward (using Wi-Fi or Bluetooth connections) and hence there 
is no additional monetary cost on top of the cellular network cost. Here for further 
privacy consideration we have three requirements: (1) the relays should have certain 
social in-correlation with the social network, which prevents identity reverse 
engineering from the social relationship, (2) if possible, the final location of the 
final hop to the cellular network should have certain geographical distance from 
the original location of the report, (3) we want a certain delay (but not too long for 
billing purpose) between the time when the report is first sent out from the source 
and the time when it is finally sent to the network.

To better guarantee successful delivery, we use two-copy forwarding instead of a 
single copy [38] for the reports, which means that the source will make a duplicate 
copy of the report and send them separately to two different relays. The report will 
not be further duplicated during the multiple-hop transmission. To achieve the social 
in-correlation criteria, we take an anti-social network approach as opposite to the 
social-based approach introduced in BUBBLE Rap forwarding [21], where a mobile 
device will periodically scan the environment and detect the devices belonging to its 

Fig. 6.3 Encrypting click reports
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social community. But here we obfuscate the sender’s social network by adding 
random nodes, including friends and strangers, as relays instead of socially-close 
nodes [33]. In this way the social network of a node cannot be easily identified by 
an attacker who monitors all the forwarded packets in a cell network where a node 
is frequently present.

In order to preserve the location and temporal privacy, we will set the number of 
hops before the last hop to the cellular network to be 3 (so in total 4 hops). Based on 
the seminal work on 6-degree of separation by Milgram et al. [30], 4 hops should be 
a reasonable distance in order to scramble the social correction, and long enough for 
the message to have enough temporal delay and geographical distance from the 
source. There may be energy consumption issues due to excessive wireless scans for 
efficient DTN routing, but since delay is not a main concern for the delivery of the 
advertisement reports, we do not need to scan the environment so frequently.

While taking all these measures into consideration, it is theoretically possible for 
an advertiser or the network operator, through long-term monitoring of the mobile 
user, to determine which advertisement reports have a geographical correlation with 
the user’s location. This is due to the user’s routes following a specific home-work-
home pattern for most of the days. In order to overcome this, MobiAd can employ 
a system where base stations follow a similar approach to the DTN system proposed 
before forwarding the reports for, for example reports from a specific region or town 
could be forwarded all over the country, or they could be presented to the advertising 
provider in aggregate form. In this way the advertising provider cannot build an 
accurate estimate of number of phones and their geographic correlation in specific 
regions. We are currently working towards categories of attack scenarios by the 
advertisers, advertising provider, network operator and content provider and plan to 
address these issues in future work.

Fig. 6.4 Collecting reports via a Delay-Tolerant network
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6.7  Security and Privacy Challenges

MobiAd is privacy-aware, but several security and privacy challenges remain. An 
open question is whether users that click on advertisements should be taken directly 
to an advertiser’s URI; redirected to an advertiser site via an intermediate URI 
hosted by the ad provider for click-through measurement and fraud protection, as 
commonly happens in today’s advertising networks; or to content also distributed 
using an anonymous channel, to further limit the potential for linking users to 
specific interests. In general usage the click-through rate for adverts is extremely 
low, so sending users directly to advertisers’ sites is much less privacy-intrusive 
than building detailed server-side user profiles. Users may anyway voluntarily provide 
further information to advertisers at this point, particularly if they make a purchase. 
However, particularly privacy-sensitive users may make use of a service such as Tor 
to reduce linkage of their browsing behaviour to any long-term identifier (such as an 
IP address). Care needs to be taken to reduce the ability of malicious advertisers to 
gain information on users who click-through an advert that is targeted at extremely 
small numbers of individuals – both in terms of interests and in frequently-visited 
locations such as homes and work places.

Careful attention also needs to be paid to client-side implementation details to 
prevent information leakage. Advertisements need to be carefully isolated within 
display pages using mechanisms such as identically-sized iframes, to prevent client-
mediated communications between publisher and advertiser. This may preclude the 
inclusion of active content such as Flash ads [40].

Mobile handsets are less frequently shared than PCs, and hence information is 
less likely to leak between users of the same equipment. However, care must be 
taken to protect profiles using a PIN or password from access by other people with 
physical access to a handset. The possibility of coerced access – such as by parents 
to their children’s handset profile – must also be considered, which is a further 
reason for storing only aggregate information and excluding sensitive personal 
data categories.

An issue outside the scope of MobiAd is users’ reactions to highly-targeted 
adverts, even with guarantees that behavioural profiles remain entirely private to 
the individuals they describe. Advertisers may need to tread carefully in targeting 
adverts for products such as low-fat foods that to some users may raise concerns that 
they have been unfairly categorised, or suggest lifestyle problems. A possible mech-
anism to address the first concern would be transparency in explaining to users why 
they had been shown any given advert. Many countries also have laws that ban 
discriminatory treatment of individuals based on certain characteristics that might 
be inferred from behavioural profiles. For sensitive advertisements we envisage that 
no reports need to be collected in order to minimise any privacy leaks. Even the 
landing pages of such advertisements could be provided using a Content Distribution 
Network (CDN), or they can be pre-fetched using the DTN system. We are dealing 
with the privacy issues in more detail for future work.
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6.8  Detecting Click Fraud

One of the main reasons that online advertising platforms keep detailed logs of user 
clicks on adverts is to detect instances of fraud. In this section of this chapter we 
describe some of the mechanisms used in such click-through fraud, and techniques 
such as Bluff Ads that can be used to ensure the extra privacy protections of MobiAd 
are not abused to defraud advertisers.

For fraud detection, one can add some untargeted ads, or as we refer to them, 
Bluff ads to the advertisements displayed to the user. These are real advertisements, 
but served randomly. Every time the user visits a publisher page, we serve the user 
with probability p(i) with profiled advertisements, and with probability [1 − p(i)] 
with other, non related Bluff ads. The brokers’ entire advertising model is based on 
the idea of showing only the most relevant advertising content. If displayed adver-
tisements are poisoned with context-free advertisements on a frequent basis, benign 
users will perceive this as the broker doing a poor job at finding relevant advertise-
ments. Hence, the Bluff/real ratio must be set in a way that the user’s browsing 
experience and advertising quality perception is not greatly affected. For example, 
a user living in Iran should not ideally be presented with special offer advertise-
ments on beer during Oktoberfest. But it might not unreasonable to be shown car 
adverts, though his profile has no indication of his interests in driving. In practice, 
the Bluff ads should be authentic advertisements of different advertisers, spread in 
the network and shown randomly, but never charged for.

The Bluff ads serve two purposes. First, they give the user “comfort” that he is 
not being watched too closely and monitored too deeply. Secondly and more impor-
tantly, they help identify fraud clickers and eliminate them from the system. These 
fraud agents are just clicking for publishers, or against a specific advertiser.

6.8.1  Using Bluff Ads

We now address different forms of click-fraud attacks and those on user privacy, and 
we briefly describe how the Bluff ads will help minimise them.

6.8.1.1  Profiling the Customer

The Bluff ads will prevent publishers and advertisers from narrowly targeting the 
client as it is not possible to know whether the viewed advertisement was a Bluff 
or not. Unless the publishers work in large groups together which will also increase 
the difficulty level for them. The advertisers can naturally profile users easier, 
however that is not avoidable as ultimately users; interests lead to revenue genera-
tion for the advertiser and broker. If the broker notices that a specific web page 
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covers many categories it can ignore that website altogether. In the case of content 
aggregators the broker can put specific emphasis on pages visited during client’s 
browsing session.

6.8.1.2  Publisher Fraud

The most common case is where a publisher has hired a large botnet to perform 
clicks for it. This can be easily realised from the frequency of the clicks. In this case 
the publisher ID and the Bluff/real ratio for publishers can inform the broker of this 
attack. If the Bluff/real ratio is higher than an average user, it is indicative of a bot 
being in operation.

6.8.1.3  Attacks on Advertisers

These can again be identified by the a combination of simple threshold sampling 
and Bluff/real ratio of the advertisements. If most of the clicks from a host are 
targeted towards a single advertiser, there will be an obvious trend in their Bluff/real 
ratio. If the attacker decides to poison the statistics by clicking on random other 
advertisements, the ratio will be affected again. Many large advertisers today use 
specialised agencies to monitor their incoming traffic and identify spammers and 
click-fraud users, who tend to visit often but spend no time on the advertiser 
website. These users are also identifiable if they come from same IPs with frequent 
visit counts (simple threshold detection). The advertisers’ agents can hence pass a 
list of fraud suspects to the broker who will remove them from the billing system.

6.8.1.4  Attacks on Publisher

These are the most difficult attacks, when a publisher is under attack from another 
source. Such attacks happen when reliable publishers, such as CNN, who use adver-
tising brokers, are under attack in order to damage their relationships with the 
advertisers and providers and ultimately eject them from the competition scene 
when bidding for advertising space on the page. It is possible to detect such attacks 
by examining the Bluff/real ratio for the advertiser and publisher pair and identify 
these if the frequency of views/clicks is less than a certain time threshold. Distributed 
attack on publishers are a new form of attack and further research is needed to deter-
mine solutions for detecting these in detail.

6.9  Summary

In this chapter we presented the MobiAd system architecture, a system for delivering 
personalised, localised and private yet scalable mobile advertisements. In this sys-
tem, advertisements are locally broadcast to users within mobile cells, appropriate 
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advertisements are shown to the user and view and click reports are collected using 
a DTN system, preserving the privacy and anonymity of the user. MobiAd provides 
an opportunity for using the significant amount of information on users’ smart 
phones for targeted advertising while protecting their privacy.

We also presented a brief overview of the current challenges in detection of 
click-fraud in online advertising. We presented a simple detection strategy, Bluff 
ads. These are sets of irrelevant advertisements displayed amongst user’s targeted 
advertisements, which should not be clicked on by an authentic user. Together with 
threshold detection, IP address monitoring and profile matching techniques, Bluff 
ads can be used to make it raise the bar for botnet owners to train their software, or 
a human operator. The Bluff ads also may have a comfort factor of decreasing the 
user’s negative perceptions by reducing the number of accurately targeted advertise-
ments. We are currently working on deployment of Bluff advertisements on a large 
advertising service.
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Abstract Advertising is often the key element in the business case for public display 
networks. However, this is still a limited medium in its support for key advertising 
concepts, such as targeting or impact assessment. This chapter analyses how the 
evolution of the medium is creating the opportunity for re-shaping advertising mod-
els for Digital Signage. In particular, we consider how the increasing availability of 
sensing and interaction opportunities may generate the necessary digital footprints 
that will help to characterise advertising opportunities in Digital Signage and mea-
sure impact. A generic footprint model would enable advertising models to be spec-
ified at a higher level of abstraction, enabling them to be applied across global 
display networks composed by very diverse display types, managed by many differ-
ent entities, and serving many different purposes. We propose a design space that 
relates the multiple types of digital footprints that can be generated with multiple 
modes of campaign targeting and impact assessment, providing the ground for a 
fundamental shift from advertising based on measuring attention to advertising 
based on active engagement with people.

7.1  Introduction

Public digital displays are an increasingly ubiquitous element in our visual culture. 
We can find them in all sorts of public and semi-public spaces, where they can be 
serving multiple types of informative purposes. However, the main driver behind 
most deployments has been their use as an advertising medium. Digital Signage has 
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attracted much interest as a marketing tool because displays can be close to  shopping 
decision points, they can leverage on situations of strong attention availability, e.g. 
queues, and they can reinforce messages from other media. Advertising is thus 
almost always an integral part of their business case, which revolves around the 
revenue obtained from selling screen real estate and time to advertisers. In many 
cases, this revenue is indeed the sole purpose for setting up the network, but even if 
that is not the case, advertising is still very often an important way to off-set deploy-
ment costs and to guarantee the sustainability of the services.

While the revenue generated from advertising in these networks has been steadily 
increasing, and the medium continues to attract the interest of marketers, the evolu-
tion of this market has been somewhat restrained by key limitations of the medium 
with major implications for advertising. The first is that most public displays offer 
very little in ways of interacting with and responding to the people around them. 
This absence of systematic interactive or sensing features means that displays fail to 
produce meaningful traces of how they are used. The second is that the advertising 
process is essentially based on selling undifferentiated screen real estate within the 
scope of a single display network. As a result, there is no significant impact assess-
ment and targeting is limited to the selection of the display networks in which the 
campaign is to be placed. Without effective solutions to these key issues, digital 
agencies will not embrace Digital Signage as a mature and worthy advertising 
medium with which they can have a clear and sustainable Return on Investment 
(ROI). Moreover, web marketing has been generating solid advertising models that 
are enabling that medium to become increasingly central in marketing strategies. 
The sophistication of web advertising provides an inspiring model for other digital 
media, but it also means that marketers will have increased expectations regarding 
the advertising models for Digital Signage and other digital media. Failing to live up 
to those expectations could potentially mean the fallout of the respective business 
case. These concerns have been widely acknowledged by the Digital Signage indus-
try, which has been making an effort to address them, mainly through more advanced 
audience metering techniques. Also, a large number of patents have been filled in 
recent years on targeted advertising for public displays, including major companies 
such as Google, Microsoft, IBM, NEC or HP, reflecting a significant interest in this 
topic. With this quickly evolving landscape, there are many challenges to be 
addressed, but there is also a major potential for a significant evolution of Digital 
Signage towards more mature advertising models.

In this chapter, we discuss the opportunities and challenges for the evolution of 
Digital Signage towards a mainstream advertising medium for public spaces. We 
start by introducing key advertising concepts and how they are addressed across 
different advertising media. We then analyse the properties of Digital Signage and 
discuss how this medium can evolve to meet the increasingly high expectations of 
marketers. We then introduce the concept of digital footprint as a high-level 
abstraction for representing the traces left behind when people implicitly or 
explicitly interact with Digital Signage. This is the basis for a design space that 
associates various sensing and interaction features with the types of advertising 
functionality they can enable.
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7.2  Pervasive Networks of Public Displays 
 as a New Advertising Medium

Advertising is a key element of the promotion mix of companies and covers a wide 
range of communication tools in order to inform and persuade. As in any other form 
of communication, advertising effectiveness depends on understanding the com-
munication process (encoding, decoding and feedback) and elements (sender, 
receiver and media). Developing an advertising process involves at least four major 
steps, namely: setting advertising objectives; budget; message; and media [15]. 
Advertising will thus occur as part of advertising campaigns with specific commu-
nication goals that should determine the structure of the campaign, its intended 
audience, its duration, and the media used to support it, very often more than one. A 
specific budget will delimit the range of opportunities to be considered and will 
necessarily lead to optimisations that are able to produce more results with fewer 
costs. The economic valuation of advertising opportunities needs to be established 
based on the size, characteristics and situation of the potential audience. Impact 
assessment will measure the reaction of the target segments to the message of the 
campaign. Measuring the effectiveness of the campaigns is crucial for control and 
for validating the return on the investment. When performed in real time, impact 
assessment may also enable the campaign strategy to be adapted on the fly, accord-
ing to the reactions it is generating. The execution of campaigns, especially in digi-
tal media, is normally supported by some type of campaign management service 
that supports the campaign specification (what to present in what circumstances), 
the actual delivery of the adverts (generating impressions and tracking actions) and 
some type of analytics (reporting on the results of the campaign).

A key part of the advertising process is thus the identification of the segments 
that are the primary targets for the message and the ability to direct the message 
to this target audience. This delivery of the right message to the right audience and 
in the right context is essential because it allows campaigns to be executed in a 
much more cost-effective way. If an advert is only shown to those people or in 
those situations for which it might be more relevant, it is much more likely to 
produce sales. A targeting process can be very diverse and refined, depending on 
the availability of information about the targets and the contexts in which they are 
consuming the message. With the emergence of digital media, marketers are 
increasingly empowered with a very rich set of information about people and their 
behaviour, enabling a broad range of new targeting techniques that may include 
not only the selection of the targets, but also the dynamic adaptation of the mes-
sage to increase its relevance.

Demographic targeting is the classical segmentation approach that considers 
properties such as the age group, gender, the residential area or the education level. 
Demographic data can be a reasonable predictor for consuming behaviour and 
requires less information than other approaches.

Behavioural targeting tries to model people based on their past behaviour. It 
can be extremely sophisticated, depending on the number and nature of the 
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behavioural data sources, and it has become increasingly important with web 
advertising, where it is often possible to collect substantial information about 
browsing patterns. For example, with information about previous visits to other 
web sites, normally obtained through cookies, advertisers can much more easily 
select the most relevant adverts to show to that person when entering another web 
site. Retargeting is another form of behavioural targeting whereby a person is 
shown adverts from a previously visited web site. The idea is that a person who 
has already demonstrated a certain level of interest on the products of that web 
site is more likely to generate sales.

Geographic targeting is also an important parameter for segmentation. With a 
small business running a local campaign this may involve selecting local media or 
global media with support for fine-grained geographical scoping. In global cam-
paigns on digital media, geographical targeting may be used to adapt the message to 
different locations, considering for example the respective country, local language 
or time of the day.

Contextual targeting involves selecting places for the adverts that are related in 
content to the products. For example, a magazine about video-games would be a 
relevant context for an advert about a new video game. A web-site about babies 
would be a relevant context for adverts about baby food. Targeting occurs, not only 
because the message is being directed to people who seem to have an interest in 
those topics, but also because it is presented at a time when they are actively think-
ing about them. Contextual targeting may also explore not only the type of place 
where the advert is being shown, but also its potential credibility with the audience 
or even the affinity that people may have with that place.

7.2.1  Advertising Models Across Other Media

Advertising models have evolved very significantly in recent years, especially with 
the new possibilities emerging from the web, but audiences and impact can be 
expressed very differently depending on the supporting medium. Multiple advertis-
ing models have thus emerged to address the specificities of each medium. This 
section analyses several advertising media, uncovering their approaches regarding 
targeted advertising, impact assessment and advert valuation. This will frame our 
discussion on the advertising models for Digital Signage.

7.2.1.1  Television

Television is a medium with solid and well-established advertising models that have 
sustained and driven that industry for many years. Audience measurement is a high-
profile activity strongly associated with the prestige of the TV shows. The measure-
ment unit is the number of exposures by time unit, with the audience data being 
gathered through phone surveys, diaries or even dedicated audience metering 
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devices that detect and communicate which channels are being watched. Advertisers 
want their adverts to be seen by as many people as possible, but they also want to 
optimise the process by focusing more on their main target groups. Therefore, audi-
ence data is complemented with demographic data about viewers, enabling audi-
ences to be determined, not only as a global number, but also according to multiple 
demographic parameters, such as gender, income, age and residential area. As a 
result, the valuation of adverts also considers the type of viewers. As certain 
segments may be more valued than others, a larger audience does not necessarily 
correspond to a higher price. Impact assessment, albeit limited, is typically achieved 
through surveys on brand recall.

7.2.1.2  Static Displays

Static displays differ from the other media being analysed in that they are an exam-
ple of a static medium. With static media it does not really matter when people are 
watching because the message always remains the same. Therefore, audience mea-
surement is mainly based on measuring foot traffic. This can be achieved manually 
or using people counters, small sensors that can count the number of people that 
walk through doors or virtual gates. Even though this is not effective in determining 
how many persons are actually paying any attention to the display, it is still effective 
enough to establish a reasonable valuation model for this medium. More elaborate 
techniques may also include visits to assess display visibility and obtain refined 
demographic data about visitors [23].

7.2.1.3  Web

The emergence of the web raised many challenges, but also immense opportunities 
for advertising. What clearly distinguishes the web from other media in this analysis 
is its inherently interactive nature, and the consequent ability to obtain rich informa-
tion about user context and behaviour. As a user visits particular web sites or places 
search queries for particular keywords, these actions can be used to infer interest in 
particular topics and select appropriate adverts or sponsored links. These character-
istics were first explored by Google AdWords and Google AdSense to address two 
fundamental issues that had previously undermined web advertising: establishing a 
valuation for adverts and assessing their impact. The first issue involves determining 
which ads may be closer to the interests of the potential audience in order to target 
advertisements. The main alternatives include the geographic location, the context 
of the page being visited or some knowledge about user behaviour. The second issue 
involves assessing impact by determining which ads have actually managed to lead 
people into the desired action. In the web this is mostly achieved by measuring 
Click-Through Rates (CTR).

Despite being a relatively new medium, the web has now become a thriving 
environment for the emergence of new and sophisticated advertising models with 



144 R. José and J.C.S. Cardoso

implications for other digital media. The first is that exposure is no longer seen as 
the single or even the main element in determining the valuation of adverts. The 
focus has shifted from merely determining who receives the message towards mea-
suring how many people were interested or even how many people actually bought 
 something. This immediate feedback also means that it is now possible to try many 
different campaign strategies and evaluate on-line which ones are more effective. 
As a consequence, valuation models have also evolved from the traditional  
Pay-per-Impression, based on exposure, to models based on the achieved impact, 
such as the Pay-per-Click (PPC), in which payment is determined by the number of 
clicks generated by the advert. The economic value associated with each click as 
well as the allocation of advertisements to specific advertising opportunities are 
typically managed by automated bidding systems. The allocation algorithms try to 
maximise the value generated to all the parties involved by seeking to allocate 
adverts to the opportunities that maximise the generation of clicks, while subject to 
the limitation of capital available for the campaign.

Another major characteristic of web advertising is that it can benefit both large 
traffic web sites as well as the small blog page. The PPC model and the automated 
media planning system have created the ground for open and automated campaigns 
in which any web site can benefit from advertising revenue and any campaign can 
reach any web site. A web site does not need to attract a high volume of traffic to be 
considered a relevant advertising medium. Through affiliate programs, even a small 
website can offer relevant advertising opportunities and generate advertising reve-
nue, as long as it performs well in attracting some niche segment.

7.2.1.4  Social Networking Sites

Social Networking Sites (SNS) have extended even further the already immense 
possibilities of web advertising by enabling campaigns targeted at very refined user 
profiles. Campaigns are mainly centred on the demographics of users, which may 
include detailed elements such as geography, age, job, company size or gender. 
Information about preferences or likes and the overall history of previous actions 
are also increasingly part of the targeting process. Additionally, social networks are 
particularly strong enablers for Relationship Marketing in which a brand aims to 
promote longer term and stronger ties with consumers in a way that extends far 
beyond traditional marketing messages.

7.2.2  Specificities of Digital Signage as an Advertising Medium

The evolution of the Digital Signage landscape in terms of technology, scale, 
 openness and cooperation models provides a promising path towards the evolution 
of the medium and its support for more sophisticated advertising models. In particu-
lar, we consider two main evolutions that will provide fundamental contributions 
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towards that objective: the emergence of open advertising markets for public 
 displays and the systematic availability of sensing or interaction features.

Currently, the Digital Signage advertising market is very fragmented. There are 
many isolated display networks, each providing its own separate set of advertising 
opportunities and negotiation procedures. An advertiser who wants to create a large 
campaign may need to individually negotiate with multiple network operators to 
buy advertising space.

As a result, only large networks can have the necessary scale to be of any interest 
to advertisers. This limitation is being addressed with the emergence of advertising 
aggregators, such as SeeSaw, BookingDOOH, Vukunet, Argo Digital Solution or 
AdCentricity. These services collect information about the advertising opportunities 
across multiple display networks and provide a media planning service for match-
ing adverts with advertising opportunities. This is opening the opportunity for auto-
mated allocation across multiple networks and for a global and open market for 
advertising in Digital Signage.

Systematically enriching Digital Signage with sensing and interaction capabili-
ties represents the other major step towards new advertising models for Digital 
Signage. Public displays, whether digital or not, can be watched without generating 
any information on their usage, but without such information there can be no effec-
tive solution to the key issues of targeted advertising and impact measurement. 
Displays that react to the presence of people and offer them the possibility to inter-
act will strongly enhance the user experience by enabling people, not just to be 
exposed to adverts, but to engage with content in a much more meaningful way. 
This increased engagement will implicitly or explicitly generate information for 
characterising social contexts and the advertising opportunity they represent. Even 
considering that the resulting information may never be as rich as click-through pat-
terns on the web, it would still represent a major step forward when compared with 
the idea that displays are just to be seen by passive observers.

These evolutions may take the advertising models for Digital Signage one step 
closer to the rich advertising models supported by web advertising. However, one 
key observation from the analysis of advertising models across other media is also 
that the characteristics of the medium are central to the evolution of the respective 
advertising models. Therefore, despite the major role played by web advertising in 
setting the expectations for Digital Signage, we must also understand the specifici-
ties of Digital Signage and their implications in defining what the most appropriate 
model might be.

7.2.2.1  Proximity

Public displays are part of a physical and social environment that strongly deter-
mines their communication context. This means that not only geographic location, 
the type of venue, or the demographics of visitors should be considered for targeted 
advertising, but also other physical and social proximity elements. For example, two 
places sharing a significant percentage of visitors may be targeted in an integrated 
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way enabling the mutual exchange of adverts or providing the ground for Life 
Pattern Marketing approaches [33] in which the same message is reinforced by 
being present, even if slightly adapted, in the multiple locations that a person may 
visit throughout the day. Also, nearby displays may act collectively to provide a 
consistent and strongly situated user experience, such as dynamic guidance services 
[30] that suggest directions to nearby businesses.

7.2.2.2  Place-Sensitive

While web browsing is essentially an individual activity, Digital Signage is part of 
a social and physical setting in which adverts are seen in a shared environment. An 
effective advertising model must acknowledge the role of Digital Signage as an ele-
ment with a potentially strong impact in shaping the places where the displays are 
located. It should, therefore, give the people responsible for the place increased 
control over the nature of the adverts displayed. If those adverts are not aligned with 
the place’s values, practices or commercial strategies, their public presentation may 
become a source of embarrassment.

7.2.2.3  Generate Engagement

It has been argued in this chapter that a strong user engagement will be crucial for 
stronger advertising models in Digital Signage. However, achieving the type and 
level of user engagement that will enable audience characterisation and impact 
assessment is not very natural for this medium. It will require specific approaches 
for bringing people into interacting with public displays in ways that are both mean-
ingful for people and relevant for advertising. Examples may include specific types 
of games, quizzes or polls, specifically designed for that purpose or models of 
shared control over the display in which increased engagement is rewarded with 
increased control. It may also mean that content adaptation should go beyond tar-
geted advertising and be extended to other forms of content. Adaptive content will 
make the display more valuable to people, which will be more willing to express 
their preferences to influence displayed content rather than displayed adverts. For 
example, the ability to select content may enable targeted adverts to be injected into 
the selected content, while being valued by people.

7.2.2.4  Crowd Targeting

Public displays will typically have multiple simultaneous users and the adaptation 
process must consider the best strategy for dealing with the potentially varied inter-
ests expressed by those people. This generates a trade-off between the selection of 
adverts based on a profile combing the multiple interests of the multiple persons 
present and the selection based the use of each individual profile, one at the time [2]. 
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The first is a balanced approach, but faces the risk of not really matching anyone’s 
specific interests. The second approach can be targeted for each individual, but it 
raises additional privacy issues and may conflict with the idea of Digital Signage as 
a place-making tool.

7.3  A Design Space for Advertising in Digital Signage

This section will now consider how we can map multiple forms of sensing and 
interaction into the characterisation of advertising opportunities and their assess-
ment. The challenge is that Digital Signage is likely to support multiple interaction 
modalities, from mobile technologies to touch-sensitive surfaces, and also multiple 
types of interaction semantics, in many cases associated with specific applications. 
Making sense of the myriad sensing and interaction events that can occur across a 
display network requires higher-level abstractions that are independent from the 
specific affordances or the semantics of the interaction offered by particular dis-
plays. Such abstractions should be able to play for Digital Signage a similar role to 
the one that click-through patterns and search phrases play for the web.

We propose a design space created around the concept of digital footprint as an 
abstraction for representing the traces left behind when people implicitly or explic-
itly interact with Digital Signage. A digital footprint focuses on the nature of the 
information generated about the interaction itself and abstracts away from the par-
ticular interaction modality being used or the particular application semantics in 
which the interaction occurred. They aim to represent preferences, characteristics 
and behaviour, regardless of how they are expressed. We have structured digital 
footprints around four main categories: presence sensing, self-exposure, user-gener-
ated content and actionables, as represented in Table 7.1.

These categories represent not only different types of interaction, but also increas-
ingly higher levels of engagement with the display system.

The design space that we propose associates the various types of sensing and 
interaction features with the type of digital footprint they can generate and maps 
these into the types of advertising functionality they can enable. This should inform 
Digital Signage creators about the relationship between sensing and interaction fea-
tures and their possible role in the advertising process.

We will now describe these footprints in more detail, analysing how they can be 
generated and how they can contribute to the advertising process.

Table 7.1 Digital footprints

Presence sensing (Detection, Characterisation, 
Identification)

Being physically there

Self-exposure Explicitly managing exposed identity
User-generated content Pushing content to the system
Actionables (Interactive, External) Responding to the system
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7.3.1  Presence Sensing

The ability to implicitly collect information about the presence of nearby people 
is an important element for characterising situations. Despite its stronger poten-
tial for generating rich information about usage, interaction events are necessar-
ily sparser than presence events, as there will normally be many more people 
present than those actively engaged with the display at any given moment. 
Presence sensing is thus critical to enable targeted advertising to occur even 
when there is no one interacting. Presence sensing may involve increasingly 
complex levels of presence information, more specifically: the ability to simply 
detect presences (detection), the ability to characterise those presences (charac-
terisation) and the ability to associate presences with unique entities across 
multiple sessions (identification).

7.3.1.1  Presence Detection

Presence detection is the most basic level of presence information in which the sys-
tem is simply able to detect whether or not there is someone nearby, and possibly at 
what distance. Multiple off-the-shelf sensors can be used for this purpose. Distance 
to the display can be determined by combining presence sensors with different sens-
ing ranges or using distance sensors that report distance. Computer vision tech-
niques, such as frame differencing, can also be used to sense movement.

Information about the presence of someone near a display, even without knowing 
who or how many, can mainly be used as a trigger for presenting specific content, 
and particularly as part of an attraction loop designed to entice people to interact 
when passing-by. In Community Wall [11] frame differencing was used as part of 
the presence detection system to prevent the display from changing content while 
someone was reading from it. Knowing the distance can be important for the display 
system because there is normally a strong correlation between distance and the 
awareness level that people may have about the display. If they are in a short dis-
tance, it is much more likely that the display is currently the focus of their attention. 
In the Range whiteboard [14], for example, an infrared distance sensor was used to 
determine the distance of people using a whiteboard application.

The digital footprint generated by a presence detection mechanism is essentially 
a presence/absence pattern that may only provide a very basic characterisation of 
the place in terms of people flow.

7.3.1.2  Presence Characterisation

Presence characterisation is the ability to count and possible determine particular 
characteristics about the presences detected near the display, which broadly 
 corresponds to the concept of audience measurement. A vast range of audience 
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measurement technologies has been emerging to estimate, not only the number of 
people in front of a display, but also to determine their attention span or inferring 
some type of characteristic about them, such as age or gender [25, 32]. This nor-
mally involves placing a video camera on the display, typically on the top and 
 facing the audience, and processing the images to generate reports about the num-
ber, attention span, and characteristics of viewers. In an attempt to set industry 
standards for these reports, the Digital Place-based Advertising Association 
(DPAA) (formerly OVAB) has produced a guidelines document that describes the 
Average Unit Audience as “the number and type of people exposed to the media 
vehicle with an opportunity to see a unit of time equal to the typical advertising 
unit” [29]. These guidelines have a clear focus on what is normally called the 
Opportunity to See (OTS) and on three qualifying characteristics associated with 
that opportunity: Presence, Notice and Dwell time.

Audience metering techniques are very important for the Digital Signage indus-
try because they may help to justify and valuate advertisement investment. However, 
they assume a model in which the objective is simply to estimate the number of 
people potentially exposed to an advert, without considering what their real engage-
ment might be. Presence characterisation can also be used for targeting adverts 
according to the characteristics of the current audience, as for example in the case 
of the Eye Flavour that selects adverts based on age and gender [21].

7.3.1.3  Presence Identification

Presence identification is the ability to identify unique identities within presences 
and thus recognise different visits by the same person. A common approach involves 
the use of a personal device as a proxy for the person. Bluetooth has been exten-
sively used for this purpose, as it is widely available and enables many mobile 
phones to be discovered and uniquely identified through their Bluetooth address. 
Radio Frequency Identification (RFID) tags can also be used. They are small and 
can easily be incorporated into many existing artefacts, as exemplified by the 
IntelliBadge system [8] in which conference participants were given RFID aug-
mented badges and then tracked through the conference rooms. A display would 
then generate several visualisations of the resulting data.

Presence identification raises considerable privacy issues and therefore it should 
only occur as part of a process in which people are informed and value the extra 
functionality that the existence of this information may be providing. The ability to 
enable or disable presence identification according to the circumstances would be 
equally important. This is a point in which Bluetooth, which allows discovery to be 
easily disabled, takes considerable advantage over RFID tags.

The digital footprints resulting from presence identification correspond to indi-
vidual presence information and open many new opportunities for the advertising 
process. They may serve to build individual profiles that characterise people 
according to their presence patterns, e.g. regular visitors vs. first-time visitors. 
They can be used to optimise advertising by selecting adverts that have not yet 
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been shown to the people that are currently present, as exemplified by the BluScreen 
system [28] that uses Bluetooth detection to avoid showing advertisements to users 
more than once. If a network of displays is involved, presence identification may 
also serve to show some variant of the same advert to the same person at different 
locations, thus  reinforcing the message, or to select adverts based on where the 
person has been before. The existence of multiple sensing points would also enable 
new forms of impact assessment. For example, it may be possible to measure how 
many people who have been shown an advert about a nearby store will then go to 
that store, or simply how the number of first-time visitors has increased as the 
result of a campaign.

7.3.2  Self-exposure

Self-exposure is the ability of the display system to collect information that people 
have explicitly created to represent their characteristics, preferences or personal 
tags. This personal information can take many forms, such as a reference to a user’s 
personal webpage, the user id in a Social Networking Site or a purposely created 
profile. Self-exposure should also be seen as way for people to take control over 
how their identity is projected in the public space by the Digital Signage. It should 
be part of a process whereby people expose something about them because they 
understand and value the implicit response of the display to that self-exposure. 
Moreover, the intended level of self-exposure may be strongly influenced by a broad 
range of circumstances. Therefore, a key feature for self-exposure mechanisms is 
some type of control on how that exposure should occur at any given moment. This 
means not just the ability to enable or disable presence detection, but also the ability 
to dynamically manage self-exposure in a way that is easily controlled and under-
standable. Self-exposure differs from presence in the sense that it is an explicit act 
of identity management, while with presence we assume that all the information 
was implicitly generated. It differs from interaction in the sense that there is no pre-
established connection between self-exposure and a specific type of reactive behav-
iour by the display system. Potentially, different display systems may react very 
differently to the same form of self-exposure, or even the same system may also 
react differently under different circumstances.

Self-exposure may be achieved by combining presence identification with the a 
priori definition of a user profile that is associated with the identity. In Proactive 
Displays [18], users attending a conference registered their affiliation, interests and 
personal webpage before the conference day and were given RFID augmented con-
ference badges at the conference site. Throughout the conference, several displays 
reacted to the nearby participants showing and creating associations between their 
profiles and creating opportunities to socialise. A limitation of this approach is that 
people could not easily change their profile, and had no control over what informa-
tion to expose at any given moment. Another alternative is the use of a personal 
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information device running a custom application to manage and expose a profile. 
This application can connect automatically, or on demand, to the display system 
and communicate users’ preferences. This can be exemplified by the Hello.Wall 
[24], a system in which people would carry a ViewPort device (a modified PDA) to 
 communicate with an ambient display. Similarly, in the Camera-Phone [31] sys-
tem, a custom mobile application can be configured with personal information that 
is made automatically available to the display system when a user interacts with it. 
One advantage of these approaches is that the information is always available to be 
updated by its owner and it may be possible to have greater control on how to man-
age self-exposure, but they have the disadvantage of requiring a dedicated applica-
tion. The use of Bluetooth names to express self-exposure, as explored by Jose [13] 
and Davies [9], is an opportunistic alternative that is easily available on almost any 
device. It allows people to enter predefined commands in the Bluetooth name of 
their mobile phone. When that person approaches a display, these commands can 
be obtained and interpreted as part of the person’s preferences. For example, 
Ribeiro [27] has shown how tags exposed this way by multiple people could be 
used to select from the Internet content feeds for presentation on a local display.

In all the previous examples, there was the assumption that information would 
be specifically created for the purpose of influencing a display system. However, a 
very promising alternative is to explore connections with the many Social 
Networking Sites where people already have extensive descriptions about them-
selves and their preferences. WhozThat [3] uses the SNSs profiles of people nearby 
to create context information that can then be used to support spontaneous interac-
tions or drive the music selection. People are expected to use a mobile phone run-
ning an identity sharing protocol that will advertise their on-line identities to the 
other nearby devices. This system does not consider the use of Digital Signage or 
any explicit selection of which information to share, but it is an example of using 
SNSs profiles as a sort of personal data aura that can be used to mediate digital 
self-exposure. Böhmer and Müller [4] conducted a study on the exhibition of SNSs 
profiles in public settings. Using mockup images they asked people about their 
willingness to expose profile information in two types of what they called social 
signs. The first was a personal social sign projected around the person and showing 
parts of the respective profile. The second was an interpersonal sign, projected in 
such a way to link two people and representing some type of connection between 
them, such as having a mutual friend or sharing an interest. The study provides an 
interesting example of the type of identity projections that can be generated by 
these connections with SNSs.

Information associated with self-exposure footprints can be very varied. In its 
simplest form, the result may be just a list of keywords generated from multiple 
forms of preferences expression. However, with access to profiles, much more 
structured information can be obtained. The potential of self-exposure in the adver-
tising process is particularly relevant for targeted advertising, where depending on 
the type of information collected, it may support multiple forms of targeting, such 
as demographic, contextual or behavioural.
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7.3.3  User-Generated Content

User-generated content is the ability of the system to accept content originating 
from the users of the display. This is achieved by allowing people to post their own 
content for publishing at the display, either directly or indirectly through a reference 
to the content (e.g. a URL). Many displays have been created that support some 
variant of this feature. WebWall [10], for example, allows people to submit content 
using SMS, email or a web interface. The Plasma Poster [7] system supports content 
(photos, text, web pages) submission through two interfaces: email and a web form. 
MMS has also been extensively used as an input interface for display systems. For 
example, the Joe Blogg project [16] includes a display designed in the form of an 
interactive artwork where people can send pictures and text messages through MMS 
or SMS. Bluetooth can also be used to push content to a display system using either 
standard OBEX exchanges or custom mobile applications. Both Hermes [6] and 
Snap and Grab [17] use the OBEX feature to enable users to send pictures and other 
media to a display. In both cases, the user just selects the content on his mobile 
phone, selects the “send via Bluetooth” command and selects a particularly named 
device. An example of a custom Bluetooth application for sending content is Touch 
& Interact [12], which allows users to choose a picture in their mobile phone and 
touch the display in the position they want to place that picture. The main advantage 
of a custom application is that it can be built to interact specifically with a given 
display, thus allowing a richer and more convenient interaction. For example, the 
application may be able to automatically determine the Bluetooth address of the 
display system, alleviating the user from the task of manually searching for nearby 
devices and selecting the correct device name. The application may also be able to 
determine beforehand what type of content is acceptable by the display system, 
impeding the user from sending content that will be rejected. OBEX on the other 
hand, has the obvious advantage of not requiring the installation of any additional 
software in the mobile device, and thus enable more opportunistic interactions. 
Also, from a developer’s perspective, OBEX is more attractive because, given the 
multitude of different devices, it is often the case that multiple versions of the appli-
cation have to be created to deal with the hardware and software variants in devices. 
Also, these applications must be somehow distributed to users which may be yet 
another barrier to usage.

When generating content to a display, users are implicitly associating that con-
tent with that particular place. The nature of the digital footprints generated by such 
process depends on the type of content. However, the analysis of the content and its 
meta-data should produce a relevant characterisation of that place and its local prac-
tices. This is already common on the web, where a vast and sophisticated range of 
techniques has been emerging to analyse user-generated content. For example, tags 
in Flickr images have been used to extract place semantics [26], and tweets  
have been used to determine mood and emotions [5]. If displays were able to gener-
ate enough content from users, similar techniques could also be applied to generate 
footprints that would be very relevant for targeted advertising processes.
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7.3.4  Actionables

Content on Digital Signage is often some type of actionable, a message or an 
interactive feature intended to cause people to act [20]. Actionables provide a 
specific demand for action, such as downloading a content item, selecting one of 
several available options or reading a 2D code from the display. An actionable foot-
print represents a reaction to one of those actionables.

Generating this type of footprint requires some mechanism for tracking the 
actions taken and also some type of system-wide reference for the actionables, e.g. 
a URL or some unique Id. The existence of a unique reference that can be tracked 
system-wide separates actionables from the myriad interactive features that may 
exist in a display system and which in many cases will not be meaningful outside 
the specific application in which they are available.

Actionables may provide one of the most promising paths for advertising in 
Digital Signage. They enable several forms of automated impact assessment and 
advert valuation, ultimately leading to something similar to the pay-per-click con-
cept. When considering how to generate actionable footprints, we need to take into 
account two major types of actionable: interactive actionables in which the reaction 
occurs within the system and can thus be automatically detected by the system; and 
external actionables in which the action that the actionable is promoting occurs 
outside the context of the display system and cannot be tracked directly by the sys-
tem itself.

7.3.4.1  Interactive Actionables

Interactive actionables are invitations to interaction that can be interpreted by the 
system. They involve giving users some type of control and being able to track 
their options. Allowing people to pull content from the display system is a com-
mon example of an interactive actionable. Knowing who has downloaded which 
items enables the system to infer interest on the content items that are being 
offered. Giving people some type of control over the system behaviour may also 
be used to generate interactive actionables. For example, Jukola [22], which 
allows people in a bar to vote on the next music to be played by selecting music 
from a list, is an example of a system that could generated this type of footprint. 
Rating content items allows people to explicitly say they like or dislike an item. 
Ratings give the display system information about the popularity of content 
items. It is also possible to conceive a Games With A Purpose approach [1] in 
which all sorts of polls, quizzes, questionnaires, or games are designed to pro-
vide engaging experiences, while allowing the display to collect users’ prefer-
ences and interests. These actionable footprints may be anonymous or identifiable 
depending on the interaction mechanism provided, but the key point is that the 
meaning of the reactions can be interpreted system-wide and not just within the 
scope of a particular application.
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7.3.4.2  External Actionables

With external actionables, the intended action is to occur outside the scope of the 
display system, and therefore, the system is unable to automatically assess their 
efficiency. At best, their efficiency can be assessed through some type of off-line 
mechanisms, such as the collection of redeemed coupons.

MobiDiC [19] is an example of the use of digital coupons in public display 
advertisement. The public display shows adverts with coupons that people can pho-
tograph with their mobile phone and redeem at the associated shop to receive the 
announced item. The time and location where the ad was displayed is encoded in the 
coupon. When the coupon is redeemed and the shop owner enters the code back to 
the system, the specific advert and display are identified and the aggregated results 
can tell how successful the advert was.

7.3.5  Analysis

Our goal with this design space was to inform the process of mapping multiple 
types of sensing or interactive features in Digital Signage into specific advertising 
models. The digital footprints that have been presented support the first part of that 
mapping. By focusing on the essence of the information generated from sensing and 
interaction features, they provide a framework for reflecting on the meanings of 
interaction without being caught by the specificities of any particular interaction 
mechanisms. In this final analysis, we discuss the second part of that mapping, 
which is to describe what types of digital footprints may be needed to support spe-
cific pervasive advertising goals. We hope that, by making the relationship between 
advertising goals and footprints more explicit, this framework may contribute to 
focus the design of public displays on the data generation objectives, while avoiding 
the pitfalls of focusing too much on a particular application or interaction 
technique.

Table 7.2 presents a summary of these mappings. Several types of advertising 
goals are listed and associated with the specific types of digital footprint that could 
support them.

Based on this framework, Pervasive Advertising solutions may start by setting 
their specific goals, consider the digital footprints that the display systems may need 
to generate, and finally conceive sensing or interactive features that are capable of 
generating the appropriate information while providing an adequate user experi-
ence. This last step should also consider that these different digital footprints are not 
completely independent from each other. They are more like a stack of increasingly 
richer information about the audience of a public display. For example, availability 
of presence characterisation also generates presence detection. Presence identifica-
tion is implicit in self-exposure and identifiable interactive actionables. The correct 
choice of the interactive features may optimise the generation of the most appropri-
ate set of digital footprints.
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7.4  Conclusions

Advertising models define key properties of the advertising process within a particular 
medium. More specifically, they should address key issues such as how to target the 
message to the most relevant opportunities and how to measure the impact of a 
campaign. Advertising models for Digital Signage are still very limited regarding 
these two key points, especially when compared with the rich and sophisticated web 
advertising models that are increasingly part of the mainstream advertising industry. 
Interactive displays and the emergence of open display networks are two trends that 
will necessarily re-shape the medium and will also open entirely new possibilities 
for advertising.

We have presented a design space that maps between interaction mechanisms 
and their contribution to the generation of digital footprints that are relevant for 
targeted advertising. While this design space has been conceived mainly for Digital 
Signage, many of these same concepts would also apply to other situated forms of 

Table 7.2 Mapping between advertising goals and digital footprints

Advertising goals Digital footprints

Attraction loops Presence detection can trigger specific content to get people’s 
attention.

Audience measurement Presence characterisation may provide sophisticated reports 
about viewers and their attention.

Demographic targeting Presence characterisation may infer basic demographic 
information from presences, but self-exposure and specific 
actionables may generate even richer information, given 
that they involve people explicitly saying something about 
themselves.

Contextual targeting Self-exposure and specific actionables may generate keyword 
sets and other types of aggregate descriptions that will 
help to dynamically characterise the context of a public 
displays in ways that are relevant for contextual targeting, 
such as hot keywords, social situations or on-going local 
activities.

Behavioural targeting Presence identification and identifiable actionables generate 
rich information about people’s behaviour and enable 
multiple types of behavioural targeting. Presence 
identification will mainly revolve around presence 
patterns, possibly at multiple locations, whereas action-
ables will revolve around expressed preferences inferred 
from actions.

Optimise individual exposure Presence identification supports several types of optimisations 
related with specific individuals, from avoiding repetitions 
to purposely generating periodic repetitions for 
reinforcement.

Impact assessment Actionable footprints provide the most appropriate measure 
for engagement and therefore for really understanding the 
reaction of people to the message.
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situated marketing, such as Bluetooth Marketing. Overall, the emergence of a 
generic footprint model would represent a fundamental shift from advertising based 
on measuring attention to advertising based on active engagement with people. This 
would in turn provide a major contribution to overcome some of the most funda-
mental limitations in current models for advertising in Digital Signage.
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Abstract Profile-driven personalization based on socio-demographics is currently 
regarded as the most convenient base for successful personalized advertising. 
However, signs point to the dormant power of context recognition: Advertising 
systems that can adapt to the situational context of a consumer will rapidly gain 
importance. While technologies that can sense the environment are increasingly 
advanced, questions such as what to sense and how to adapt to a consumer’s context 
are largely unanswered. In this chapter, we analyze the purchase context of a retail 
outlet and conceptualize it such that adaptive pervasive advertising applications 
really deliver on their potential: showing the right message at the right time to the 
right recipient.

8.1  Introduction

As pervasive computing technologies (radio-frequency identification, sensors, 
ambient displays, networked video-systems, etc.) become more reliable and cost 
efficient, retailers are exploring ways to leverage them for new services. ‘Pervasive 
Commerce’ promises retailers the ability to reach out to customers electronically, at 
any time and anywhere in physical space. The goal is to influence purchase deci-
sions at the right moment and in an efficient way. Because the point of sale is still 
the site for 91% of earned revenue (compared to only 9% in web-based e-com-
merce) [19] and 75% of purchase decisions [1], advertising within retailers’ busi-
ness premises is key for marketing success.
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Still, reaching out to the customer in the right spot (where he or she makes a pur-
chase decision) may not be enough. In recent years, advertising effectiveness has 
suffered dramatically. Consumers have become blind to promotional messages as 
they are overwhelmed by their quantity. Only personalization mechanisms seem to 
promise the ability to break through the information clutter. Yet, current approaches 
to personalization face an identity crisis themselves. Thought leaders point to the 
limits of socio-demographic customer segmentation and market basket analysis. 
“Using the demographics of a male, over 40, and with an income above a million euro 
would lead to both Prince Charles and shock-rocker Marilyn Manson; this cannot be 
it”, as an expert of the Metro Group – Europe’s leading retailer – points out [35].

But what could be better than profile-driven personalization? Signs point to the 
dormant power of context recognition for personalization, particularly advertising 
adaptivity [28, 39]. Personalization mechanisms for websites (e.g., [2, 39]) and 
mobile applications [42] have used contextual information for years. Recommendation 
systems like Amazon’s ‘customers who bought’ suggestions are popular (e.g., [2, 
42]); one of Google’s key success factors is that it can powerfully adapt advertise-
ments to a user’s context (e.g., language, location, current search interest, etc.). It 
appears that consumers’ context-specific preferences, goals, and behaviors have 
become an integral part of how advertisements work online [39]. Why not transfer 
this context-adaptivity to the physical world, for instance, to the retail outlet?

Few applications for context-adaptive advertising in the ‘offline world’ exist. 
Many retailers still use paper-based promotional material in their retail outlets and 
are only beginning to upgrade to digital displays (‘digital signage’). Experiences 
with this new advertising display medium are positive. Retailers such as the British 
supermarket chain Tesco or Spar in Germany increased sales between 25% and 60% 
by using digital point-of-sale advertisements [30, 32]. However, the way digital 
advertisements are presented is still driven by the traditions of the advertising mar-
ket: Spots produced for TV are often recycled in stores. Content scheduling, display 
times and the order of material shown as well as pricing are based on pre-purchased 
sequence blocks and upfront media planning. The online concept (or ‘Google 
Model’) of scheduling and charging for advertisements in real time, on the basis of 
market demand for specific consumer contexts and response rates, is currently 
unseen in physical outlets.

Present media planning practices are partly driven by business realities. 
Advertising agencies still need to adapt their processes and business models to new 
opportunities. In addition, technical challenges are partially responsible for the 
small number of context-adaptive systems in physical commerce environments. 
Despite grand visions for contextual computing at large (e.g., [8, 17, 18]), research 
on context-adaptive systems is scattered and prototype-driven. In the field, the 
research community works on different individual problems that need to be solved 
in different phases of system construction (i.e., data collection challenges, data 
aggregation, adaptivity, etc.). However, no holistic and systematic methodology has 
outlined how a context-adaptive system, such as an advertising system, should actu-
ally be constructed. System designers find it difficult to elicit user requirements for 
these systems because challenges arise from implicit or indirect interaction with the 
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system. Users often only interact with the system indirectly, while engaged with 
another primary task. For example, a person who is shopping may perceive an adap-
tive advertising screen only in the periphery. As a result, engineers often do not 
know what data they should collect and how they should combine them in a way 
that creates a meaningful adaptive service. User-centered designers, meanwhile, 
gather information by interviewing users about their tasks. But what should users be 
asked in the context of advertising, when they tend to perceive advertising screens 
only in the periphery? Requirements engineering in the field is still the result of a 
few user interviews combined with a dose of engineers’ gut feeling rather than of a 
systematic approach.

Against this background, the present chapter pursues three goals: First, we pro-
pose a high-level process model for context-adaptive service development. This 
model provides a structured overview of the step-by-step challenges involved in the 
provision of pervasive, context-adaptive advertising services. Furthermore, the 
model allows for a better understanding of the current research landscape for con-
textual computing.

We then turn to the first phase of context-adaptive service construction, a phase 
we call “conceptualization of context”. Systematic context conceptualization is a 
system development phase that has not been defined yet for adaptive system design. 
It aims to help engineers in the early requirements engineering phase understand 
what information they should collect and combine. We introduce and define the 
conceptualization of context and argue for its importance because this process 
deconstructs a personalization situation into measurable and logically disjunctive 
information units. We strongly believe that an upfront conceptualization of context 
is vital for engineers working to understand the full bandwidth of a given service 
environment; with this understanding, engineers can compose meaningful adaptive 
applications. By describing in detail how we conceptualized context for pervasive 
advertising, we propose one possible methodology for this phase.

Finally, we outline a concrete context model for context-adaptive retail 
advertising.

8.2  The Process of Context Adaptivity

In computer science, researchers use context to relate information processing to 
aspects of situations in which such processing occurs [38]. Researchers aim to relate 
tasks and devices to the situation of usage in which they are embedded. Context-
adaptive systems have been studied from myriad angles, with researchers employ-
ing various terminologies. However, it is often unclear whether ‘context-aware’ or 
‘context-sensitive’ systems are the same as ‘context-adaptive’ ones. Computer sci-
ence researchers in the field tend to give different names to similar problems while 
concentrating on working architectures, prototypes and toolkits [4, 12, 21] and data 
capture and aggregation challenges [15]. Little systematization of these diverse 
activities has occurred. As real-world deployments emerge, a more structured view 
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of the field’s activities and achievements may be beneficial. To engineer market-
driven requirements, researchers must understand the relationships and dependen-
cies between the various technical components of an adaptive system. We therefore 
set out by proposing a process model for context adaptivity that integrates the dif-
ferent research threads of context-aware computing; this model also provides an 
overview of the sequence of challenges engineers face when designing a fully func-
tional and meaningful adaptive service (such as contextual advertising).

As depicted in Fig. 8.1, there are four phases of challenge.
The first step is to ‘conceptualize context’: to systematically identify the full 

spectrum of context variables that can be used to meaningfully interpret a specific 
adaptive service. In the second step of the process, ‘context computing’, relevant 
sources of context information are identified and collected. The stored context infor-
mation is used to trigger events that mark the beginning of the ‘context adaption’ 
stage of the process. The goal of this phase is to intelligently adapt to the context 
that has been detected. Adaptivity mechanisms then use an algorithm to translate 
the captured context into the desired action. Finally, in the responsive interfaces 
stage, the computed personalization action is operationalized and presented.

In the following sections, we describe the four phases of adaptive service engi-
neering in more detail and comment on what these phases imply for the realization 
of pervasive advertising scenarios.

Fig. 8.1 The process of context adaptivity
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8.2.1  Conceptualizing Context

To seamlessly support a user’s activities, one must understand context from various 
viewpoints [9]. “How are dimensions of context identified, quantified, and interre-
lated for each situational purpose?” [9]. The first step to answering this question is 
to conceptualize context.

We define context conceptualization as the process by which a personalization situation is 
deconstructed into measurable and logically disjunctive information units, all of which 
must be combined to create an adaptive service.

Some scholars already work to deconstruct and identify disjunctive informa-
tion units. Common information categories used to understand context include a 
user’s location and environment, the identities of nearby people and objects 
(entities), and changes to those entities [11, 36]. Schmidt et al. [38] tried to 
 systematize information categories for mobile systems. They relate context 
information to two domains: human factors and the physical environment, both 
in the broadest sense. They then operationalize human factors as information 
about users themselves, their social environment and their tasks. Likewise, the 
physical environment is described by location, infrastructure, and physical 
conditions.

Bradley and Dunlop [9] take a multi-disciplinary approach to context, integrating 
linguistics, psychology, and computer science. Combining and building upon exist-
ing models from these three domains, they distinguish the world of the ‘user’ from 
that of the ‘application’; for both, they consider ‘incidental’ and ‘meaningful’ con-
text. In a circular layer that surrounds both worlds, they add a third ‘contextual’ 
world, which they break down into six dimensions: task, physical, social, temporal, 
cognitive and application’s context.

But are these categorizations of information units valid? That is, are they com-
plete, adaptable and usable for all kinds of service contexts? We challenge these 
categorizations, because we believe that an understanding of the context situation 
and the identification of available and meaningful information for adaptive service 
delivery can only be achieved as the result of a process methodology. Predefined 
information categories, which may be more or less complete depending on the situ-
ation, are insufficient.

Conceptualizing context for pervasive advertising, for example, involves think-
ing about the context of the advertiser, the brand, and promotion and inventory 
levels.

Another possible consideration is the stage in the buying process in which con-
sumers find themselves at the moment an advertisement is displayed. Yet none of 
these variables are considered by existing information taxonomies.

Against this background, we will suggest and demonstrate below (Sect. 8.3) one 
methodology we used to conceptualize the context for pervasive adaptive advertise-
ment services. This approach may be reused for other application domains and can 
amend and replace existing information categories.
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8.2.2  Context Computing

After all potential variables of context adaptivity are listed, context computing [16] 
is responsible for the actual identification, collection, transformation, interpretation, 
provision and delivery of context information [13].

To identify and collect relevant information sources, we use sensors and other 
context sensing technologies [33] such as radio- frequency identification (RFID), 
global positioning system (GPS) and eye-tracking. Context sensing is the most basic 
computational level of context computing [33].

Low-level context information obtained by sensing must be transformed, struc-
tured, aggregated and interpreted (context transformation) to be represented in an 
abstract context world model (context representation) [16]. Contextual augmenta-
tion [33] such as tagging [12, 16] combines context transformation and interpreta-
tion. This technique provides an opportunity to extend information about the 
environment with additional information. This is achieved by associating the par-
ticular context with related digital information [33]. The context information is 
stored in a centralized or decentralized fashion and is used to trigger context events 
(context triggering) [16].

The following example illustrates this phase in the context of pervasive advertis-
ing: A person is identified via a loyalty card, which is scanned by a cashier. The 
company-owned databases are searched for relevant information about that particu-
lar user. Using an eye-tracker, the system recognizes that two eyeballs are looking 
at the display next to the cashier. Combining the information from the loyalty card 
scan and eye-tracking, the system interprets that this particular person’s attention is 
drawn to the display. This information could then trigger a response such as the 
display of a specific advertisement.

8.2.3  Context Adaptation

Context-adaptivity mechanisms take the ‘results’ of context computing and ‘react’ 
to this context based on a defined algorithm. We can distinguish three categories of 
algorithms: the presentation of context information to a user (e.g., showing the cur-
rent time), the automatic execution of a service (e.g., personalized content), and the 
tagging of context to information to support later retrieval [12, 13].

Many scholars refer to the tailoring of products, services or content to consumer 
needs as ‘personalization’ [29]. And an overlap between the literature on context 
adaptivity and personalization cannot be denied. From a large body of information 
sources, personalization provides only the information that is relevant to an indi-
vidual or group [23]. Personalization is used as a means to better satisfy consumer 
needs and increase customer loyalty. On the Web, the technique is typically based on 
consumer information [2] such as specified preferences, past purchases, historical 
visit patterns or click stream data. The consumer who may be interested in (parts of) 
the contextual data from a sensory system or applications can leverage contextual 
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knowledge by adapting their behavior to integrate seamlessly with the consumer 
environment [33].

Personalization as it is lived in electronic commerce contexts today spans a wide 
range of approaches, techniques, and applications. Tuzhilin [41], for instance, dif-
ferentiates between personalized search, personalized content, personalized recom-
mendation, personalized pricing and personalized communication. Personalized 
search aims to offer search results that are tailored to a user’s preferences and needs. 
Personalized content refers to presenting information to a user that is relevant to him 
or her in the most suitable way. Personalized recommendation systems recommend 
products based on user preferences. Personalized pricing offers products or services 
at a price that meets the expectations of a specific consumer.

Any of these services could be transferred to the world of offline advertising. For 
example, a terminal next to an advertisement for a concert hall could be used to 
search for tickets. Search results may be tailored to a tourist’s stay in a particular 
town. An electronic leaflet on a shopping cart could adapt its contents based on 
consumer preferences such as a desire for organic food. Displays may be used to 
recommend products based on a consumer’s past purchases. Digital price tags may 
present personalized pricing based on the number of articles in a consumer’s shop-
ping cart. And displays may adapt advertising based on a consumer’s mood. 
Realizing these context-adaptive services, however, entails new challenges such as 
dynamic data exploitation and real-time adjustment to contextual factors like con-
sumer preferences and behavior [14].

8.2.4  Responsive Interfaces

We can differentiate between two kinds of interfaces in the environment: those for 
input and those for output. If applications are to act instinctively, they have to sup-
port multimodal interaction. Multimodal interaction utilizes a number of different 
communication channels or modalities to enable interaction between humans and 
computers, either in terms of input or output [31].

For context-adaptive systems, the input is context. In the field of human-computer 
interaction (HCI), we identify context as something that can be obtained through 
explicit interaction or implicit interaction. Explicit interaction relies on explicit 
input and output by the user (e.g., involving a command-based or graphical user 
interface). Implicit interaction, in contrast, occurs without the explicit awareness of 
the user [22]; the system ‘understands’ an action as input also when the user’s 
primary aim is not to interact with the system [37].

Traditionally, HCI has focused on the principle of explicit interactions. However, 
the principles that govern desktop computing interactions cannot be adopted for 
applications that “populate the rest of our lives” [22]. Instead, implicit interactions 
become increasingly important [22, 37]. Essentially, there are two kinds of implicit 
interaction. One kind involves an exchange that occurs outside the attentional fore-
ground of the user (background interaction). The other kind involves an exchange in 
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which the system initiates action by drawing the user’s attention; for example, the 
system might inform the user about a computation or ask for a user response (fore-
ground interaction) [22].

The output of a context-adaptive system targets one or more of the five human 
senses: sound, sight, smell, taste, and haptic perception. Output systems of devices 
have greatly improved in recent years; notable features include stereo audio output 
and high-resolution color screens, even on mobile phones or display systems for 
wearable computers [37].

Human-computer interactions that demand the user’s attention (foreground inter-
action) produce interactive output during the adaption process. In pervasive adver-
tising, even an interaction that eludes the user’s attention during processing 
(background interaction) finally leads to the interaction with a user’s attention 
because the adaptation process results in the presentation of an advertisement.

The degree of human attention towards output can be manipulated by adjusting 
the output’s perceptional prominence. Interaction design research investigates how 
to manipulate human attention when users are engaged in some other primary task 
[22]. This research finds that systems can attract attention by using disruptive mech-
anisms or non-obtrusive techniques [10].

8.3  Early-Phase Requirements Engineering  
for Context Adaptive Advertisement  
and How to Conceptualize Context

All traditional system design and development methodologies include a require-
ments engineering phase [25]. Here, stakeholder interests are collected. Business 
expectations are formulated and potentially drawn from the strategic goals of a 
company or system operator. The tool-level tasks of users are also analyzed [40].

When engineering requirements for context-adaptive services, however, it is dif-
ficult to describe people’s implicit or indirect interaction with context-adaptive ser-
vices or determine user requirements. How can users relate to a context that they do 
not explicitly interact with? That they often relate to or see only in the periphery? 
That they do not pay attention to? And how can engineers determine what informa-
tion they should collect and combine to create a meaningful adaptive service if they 
cannot interview users?

Moreover, many commercial adaptive services rely on existing company data 
such as inventory data, promotion data, etc. Very little requirements engineering 
research has investigated how existing databases should be combined for ad-hoc 
service delivery.

To overcome these challenges, we argue that context-adaptive services need an 
‘early’ requirements engineering phase that aims to ‘conceptualize’ context.

Conceptualization of context identifies the full spectrum of measurable and 
logically disjunctive information units available and/or required for a meaningful 
service.
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We believe that the full business potential of an adaptive service can only be 
recognized when this full spectrum or ‘information landscape’ is available (see 
Fig. 8.3 for an overview). Furthermore, from our perspective, prototyping only 
makes sense when this ‘information potential’ of a service has been identified.

In the following sections, we support our argument by describing the information 
landscape for pervasive advertising services. We methodologically conceptualize 
context for this service category and thereby show how this exercise promotes 
meaningful understanding of an adaptive service environment (before delving into 
prototyping).

Our approach to conceptualizing context is both top-down and bottom-up 
(Fig. 8.2). The top-down approach is informed by a literature review and involves 
reflecting on the overall dimensions of the system under review. In contrast, the 
bottom-up approach considers information types and availabilities in each of the 
identified dimensions.

We used these two perspectives to analyze the service context in three phases, 
refining our analysis each time.

8.3.1  First Phase of Context-Model Development: Working 
Model Creation

In the following section, we describe how we contextualized the pervasive advertis-
ing domain. In doing so, we outline a methodology that may be useful for early-
phase requirements engineering in other domains as well.

Our first step was to identify relevant literature from the multidisciplinary (com-
puter science, psychology, business) domain of context (for a multidisciplinary 
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approach to context also see [9]). We chose the context model by Schmidt et al. [38] 
as a starting point for the conceptualization of the pervasive advertising domain. 
Figure 8.3 provides an overview.

Schmidt et al. [38] distinguish context related to human factors from context 
related to the physical environment. On a second level, they operationalize human 
factors as information about users themselves, their social environment, and their 
tasks. The physical environment includes information about location, infrastructure, 
and physical conditions.

8.3.1.1  Top-Down Conceptualization of Advertising Adaptivity

We began the first phase of context conceptualization by challenging the applicabil-
ity of Schmidt et al.’s model to the pervasive advertising context. Top-down brain-
storming and group discussions led to (a) a refinement of their model for the 
advertising context and (b) an extension of the model to embrace all stakeholders. 
More concretely, refining the top-level information taxonomy consisted of renam-
ing the ‘human factors’ category to ‘consumer’s environment’. The refined category 
refers to the concrete human user type that is targeted by the service in the model. 
We also opted for consumer ‘environment’ because the term is more precise than 
‘factors’ when embracing social issues at lower levels of the taxonomy. Furthermore, 
we decided that the entity delivering the service, here the company advertising its 
products, should be reflected in the pervasive advertising model. To acknowledge 
this additional stakeholder involved in the service delivery, we added a high-level 
category called ‘advertiser’s environment’.

On the second level of the model abstraction, we kept five of the six information 
categories proposed by Schmidt et al.: consumer profile, social environment, task, 
location, and conditions [38]; however, we again renamed and amended them. Most 
importantly, we found that Schmidt et al.’s context framework lacks a differentiation 
between ‘manipulable’ and ‘non-manipulable’ environmental conditions. ‘Manipulable’ 
conditions are environmental states that the service operator can influence (e.g., light 
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Fig. 8.3 Starting point – Schmidt et al.’s context information categories [38]
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conditions in a shop). ‘Non-manipulable’ conditions cannot be manipulated: they 
result from natural factors such as outdoor temperature. From the perspective of the 
service operator or engineer (for whom the requirements engineering is performed), 
this distinction is important: the two information categories entail different conse-
quences for the application’s operations and strategic design. Non-manipulable envi-
ronmental conditions are passively sensed or observed and may or may not be used as 
input data for the adaptive service at hand. For example, the weather outside a retail 
store could serve as an input to determine whether or not to show an ice-cream adver-
tisement inside. In contrast, manipulable environmental conditions can be actively 
designed for the adaptive service experience. For example, the temperature inside of a 
store could be tuned to correspond to the outdoor level. If it is hot outside (non-manip-
ulable) and hot inside (manipulable), the probability of ice-cream purchases would 
probably be higher than if air-conditioning cooled the inside of a store. This example 
demonstrates that manipulable environmental conditions are a powerful means to stra-
tegically design an adaptive service.

Finally, three additional information categories emerged that belong to the adver-
tiser’s environment category: product and service demand, product and service 
offering, and the advertising campaign itself, which is the object of the adaptive 
service delivery. Figure 8.4 provides an overview of the refinement of the model.

8.3.1.2  Bottom-Up Conceptualization of Advertising Adaptivity

Specifying and amending generic context models does not produce a sufficiently 
thorough conceptualization of context. To specify “context feature space on the 
third level” [38], we need to understand context from the consumer’s situational 
perspective. Accordingly, we consider the specific situation in which the adaptive 
advertising service is provided to the consumer and try to consolidate all the specific 
information types needed to support service adaptivity.

To inform discussion about the specific information units needed for service 
delivery, we used situational scenarios involving adaptive advertisement services. 
One scenario focused on a hair-coloring product designed to cover grey hair. Ideally, 
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an advertisement for this product should be specific to a customer’s sex, age and hair 
color. Such an advertisement should only be displayed on a public display when few 
people other than the advertisement’s target are near the display. It should be shown 
at the moment when the respective customer is near hair-styling shelves. And it 
should only be shown if the respective product is on the shelf (or at least in stock).

However, the gap between such situational detail and the broader information 
categories identified in Fig. 8.4 made plain that conceptualization of context requires 
further structuring. We therefore introduced a hierarchical specification of the top-
down information categories on three levels: a macro, micro and situational level.

The macro level is valid for all model applications. It should be considered as a 
further refinement of the information categories in Fig. 8.4, but specific to the pervasive 
advertising context. For example, the task of a consumer is specified as ‘shopping’, 
while the location of the service is the region where an advertisement is launched.

The micro level then filters this macro level information category and helps apply 
it to a specific application environment (e.g., a specific store in a region that has 
specific climate conditions, specific clientele, etc.). The specific application envi-
ronment is embedded in the macro environment. Accordingly, the specific applica-
tion environment supplies more detailed information than the macro factors.

Finally, the situational level describes an ‘adaptive incident’ or ‘moment of ser-
vice delivery’ that happens in the application environment. For example, a female 
consumer with blond hair, age 18, is supposed to see a hair-color advertisement on 
a display integrated in a Douglas store shelf in the first district of Vienna.

For context-adaptivity, the situational level is eventually determining, as systems 
have to adapt to the actual conditions at the scene at the moment of service delivery. 
Still, understanding the micro and macro level has proven useful for identifying the 
full spectrum of available information sources.

Figure 8.5 provides an overview of the structuring approach, summarizing an 
excerpt of the pervasive advertisement context model we developed.

8.3.2  Second Phase of Model Development: Working Model 
Verification

The second phase of model development aimed to verify the working model by 
applying a strict methodology. We invited five academic experts to serve as partici-
pants. On a plain wall, the context model was depicted with sticky notes, with each 
model item written on a single note.1 Participants were briefly informed about the 
context of the research, the first level of the model and the concept of the macro, 
micro and situational level. When a participant did not understand the meaning of  
a term, brief clarification was given. To avoid priming, no other questions were 

1 Additionally, the participants had a printout of the working model at their disposal. The inter-
views were held in German, while the model on the sticky notes and printout were in English.
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answered. Participants were encouraged to present ideas for renaming a category or 
introducing a new one.

Participants were first asked to interpret the overall working model (top-down 
conceptualization) while thinking-aloud so that their thoughts could be captured. 
They were also instructed to rearrange the sticky notes or introduce new ones until 
they were satisfied with the model.

In a second exercise, participants were asked to classify a specific advertising 
adaptivity situation according to their rearranged working model (Bottom-up 
Verification of Advertising Adaptivity). For this purpose, we told them to assume 
that a fully functional pervasive advertising system would be installed in a store. We 
asked them to recall one of their last shopping experiences in a physical store and 
imagine that they encountered a context-adaptive advertisement. Again, they then 
had the opportunity to rearrange the sticky notes or introduce new ones until they 
felt that they could accurately classify the situation.

The think-aloud exercise, which lasted 191 min, was audio taped and transcribed. 
The interviewer took additional notes on paper.

The result of this two-sided approach of card sorting was a rephrasing and rear-
rangement of many of the categories on all three (macro, micro, and situational) 
levels. The next section presents each part of the context model we developed for 
pervasive advertising. This model incorporates all changes initiated by the expert 
exercise. Figure 8.9 depicts the consolidated end result of the model.
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8.4  A Context Model for Adaptive Advertising

Following the method described in Sect. 8.3, we outline the conceptualized context 
for an adaptive digital advertising service. The full model is depicted in Fig. 8.9. It 
presents the spectrum of measurable and logically disjunctive information units that 
are available to design adaptive advertisement services.

Note that the model only represents what can be measured on a macro, micro and 
situational level. The model does not contain information about how measurement 
should be performed, whether information sources are accessible, or how the mea-
sured information could be combined to extract additional meaning from it. This 
information would be part of the later adaptation phase of the context adaptivity 
process.

In describing the context model’s details, we presume that networked digital 
displays (digital signage) are spread out in retail outlets and other public and semi-
public spaces and are being used as an interface to transmit highly personalized 
context-adaptive advertising messages. Digital displays can be mounted onto 
shelves, hang from ceilings, be part of a shopper’s cart or meet him or her at waiting 
points, such as sales counters. We also presume that many current hurdles associ-
ated with reliable data collection and aggregation as well as dynamic content deliv-
ery have been resolved.

We are aware that the description of the context model for adaptive advertising is 
in parts highly futuristic from the perspective of today’s operations. That said, we 
believe that our assumptions are realistic and that, due to the increasing availability 
of context-sensitive technologies, this model could soon be realized for advertising 
at the point of sale.

8.4.1  Data Involved in Grasping the Advertiser’s Environment

Naturally, a conception of context for advertising has to include the advertiser’s 
perspective, as the advertiser is the key stakeholder and service operator in this con-
text. At the macro level, advertisers have three core information categories that cap-
ture their operational environment and should drive adaptive advertisement delivery 
(Fig. 8.6): the current market demand as reflected in the consumers’ shopping basket 
(at the macro level), the products and services that the advertising company offers, 
and an advertising campaign that may promote specific products or services.

8.4.1.1  Product and Service Demand

On the macro level of consumer demand, the typical shopping basket consists of a 
set of items purchased by an average customer during an average shopping occa-
sion. The methodological toolbox that enables researchers to study the composition 
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of such product bundles is referred to as market basket analysis and is typically done 
at the national level [26, 27]. On a micro level, the shopping basket can be broken 
down for a certain store; i.e. on the basis of purchase data. On the situational level, 
measurements can relate to an individual shopper; for instance, one can measure the 
actual contents of a shopping cart.

In one scenario, a market basket analysis computes high demand for rye bread by 
an average customer. The system recognizes that a particular customer does not 
have rye bread in her shopping cart. In a next step, based on a certain algorithm 
(predefined in the adaptivity phase), the system presents an advertisement for rye 
bread on a nearby display.

8.4.1.2  Product and Service Offering

The macro level describing an advertiser’s offer should typically recognize the 
availability of goods and services. General availability on the market (at the macro 
level) may be more abundant than availability at a specific site (micro level) or on a 
shelf (situational level).

Fig. 8.6 Excerpt of the context model specifying the conceptualization for the advertiser’s 
environment
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This factor can be operationalized in an advertising scenario; for example, a 
woman who wears size 4 shoes enters a shop and sees a pair of red shoes. The sys-
tem is aware that this shoe model is out of stock in shoe size 4 in this particular 
shop. In a next step, the adaptivity algorithm could then, for example, cause the 
display to show an advertisement for a similar red-colored shoe model that is avail-
able in size 4.

8.4.1.3  Advertising Campaign

An advertising campaign is a series of advertisements that share a single idea and 
message. It includes information that is adapted to the context in contextual adver-
tising and also serves as context itself. Typically, advertising campaigns appear in 
different media across a particular time frame [5].

On a macro level, we consider a retailer’s marketing strategy, which provides the 
frame for any kind of advertising activities.

The micro level involves the campaign set for a specific site. This level considers 
which advertisements (out of the set of advertisements of a whole campaign) should 
actually be displayed and identifies controls for possible restrictions.

The situational level deals with the actual advertisements displayed. For exam-
ple, there may be a ‘2 for 1’ discount campaign or a reduced price policy for prod-
ucts nearing their expiration date. In a purchase situation, a consumer may encounter 
one of these campaigns.

For instance, a system may be configured to the marketing policy of an adver-
tiser. In this advertiser’s particular advertising campaign, there are three different 
advertisements for the same product. The system detects that one of these advertise-
ments interferes with the retailer’s marketing policy, which forbids showing adver-
tisements with offensive language during morning hours. Engaging in advertising 
adaptation, the system would then make only the two remaining advertisements 
available during morning hours.

Note that advertising campaigns may increase the demand for products and ser-
vices and may, therefore, lead to reduced availability of those products and services. 
This kind of mutual influence between different information dimensions is not ana-
lyzed as part of the conceptualization of context. Instead, this logic is part of a later 
step in the adaptivity process (context adaptation).

8.4.2  Physical Environment

The physical environment refers to all elements that characterize the physical sur-
roundings (Fig. 8.7).

One of the most discussed environmental factors for computing context is loca-
tion. Furthermore, we distinguish between manipulable and non-manipulable envi-
ronmental conditions.
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8.4.2.1  Location

Beyond being an aspect of the physical environment, location is frequently used to 
approximate more complex contextual factors [38]. For instance, geo coordinates 
may give information about the social environment or infrastructure at a location. 
As with the advertiser’s environment, deductions that lead to additional information 
in this way are not part of the conceptualization phase.

We take a sociological approach to location. A site with a public display in 
Vienna and a site with the same kind of display in Paris are unlikely to look the 
same. Even two stores from the same retailer in two distinct districts within a city 
may differ significantly, as the subcultures visiting these stores vary. On a macro 
level, we therefore view location from a regional perspective, considering the peo-
ple and their preferences in the particular region. For example, residents of the first 
district in Paris traditionally have a higher socioeconomic status than those of the 
18th district. On a micro level, we then distinguish a specific site within a region by 
identifying its particular ‘microcosm’ [3]. For instance, a specific store may corres-
pond to the average store in the region or be an ‘outlier’.

On the situational level, we are even more specific within the microcosm of a site 
and refer to the actual position of a consumer in the store at hand (e.g., in front of 
the cashier, next to the refrigerated display case). Obviously, a consumer will 
respond differently to impulse advertisements in front of cashiers than to the same 

Fig. 8.7 Excerpt of the context model specifying the conceptualization for the physical environment
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advertisements in one of the aisles where no impulse goods are sold. Actual adapta-
tion, however, is part of a later step in the adaptivity process. The conceptualization 
of context involves only a consideration of location on a macro, micro and situa-
tional level for system development.

8.4.2.2  Non-manipulable Environmental Conditions

This category refers to environmental conditions that are naturally produced, such 
as time and climate. Advertisers cannot manipulate these conditions, but can use 
them to their benefit.

Time. Temporality can refer to particular points in time or general time periods [6]. 
A point in time – for instance, 7 p.m. on a particular day – can inform the character-
ization of an advertisement situation. On a higher level, relevant time periods include 
seasons (e.g., summer, winter, Christmas, Easter) and special time periods such as 
Valentine’s Day.

The conceptualization of a system may consider time of day as a relevant param-
eter. In a later step – the phase of context computing – a system could be equipped 
with a clock. The adaptation mechanism could then act on a schedule and, for instance, 
prioritize organic product advertisements between 3 and 5 p.m. on weekdays.

Climate. Weather is most commonly associated with temperature, rain and wind 
force. However, weather refers to more factors. On a macro level, we consider cli-
mate as a generic, broad factor. On a micro level, we may consider a wide range of 
variables such as temperature, wind force, wind-chill factor, air humidity, baromet-
ric pressure, rain or snowfall and cloudiness; we may also consider forecasts for 
changes in any of those variables. On a situational level, the weather determinants 
act in combination. While the micro level still considers the factors generally, in this 
level we observe the situation in a very specific setting (at a particular site at a par-
ticular point in time). While wind force, for instance, may be weak in a region, it 
might be much stronger right in front of a public display; this factor might imply 
that the area where the display is located is a chillier place than one would expect.

Let us, for instance, assume that ice-cream advertisements are most effective 
when the recipient feels warm and that they are not effective at all when the recipi-
ent is cold. An adaptivity mechanism could foresee to show ice-cream advertise-
ments only when the temperature is high enough at the particular site. This, in turn, 
requires a consideration of climate in the conceptualization phase.

8.4.2.3  Manipulable Environmental Conditions

Atmospherics is perhaps the most studied manipulable contextual element for retail 
environments [7]. It can affect consumers’ attitudes in various ways. For instance, 
retailers seek to create an atmosphere that promotes cross-buying [34]. Cross-buying 
is defined as buying other products and services as opposed to buying more of what 
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a consumer bought before [24]. We consider atmosphere at the macro level of our 
conceptualization. On a micro level, we include atmospheric determinants at a site 
including the temperature, air quality, sound, (functional) music and odor [7]. On a 
situational level, again, these determinants act in combination at a particular site at 
a particular point in time. For instance, the system may detect that the consumer in 
front of a display is in a bad mood. Accordingly, it spreads scents of essential oil to 
put her in a happy mood.

For adaptive advertising, considering the effects of atmospherics is part of the 
conceptualizing phase. After these effects are identified, the system can act on them 
in the adaptation phase. Considering these effects, the system may present adver-
tisements that fit the given atmospherics or create the desired atmospherics so that 
the presented advertisement will be effective.

8.4.3  Consumer’s Environment

The consumer’s environment subsumes all elements concerned with the consumer. 
As outlined above, we consider the consumer him or herself, the consumer’s social 
environment [6] and his or her primary ‘task’ (Fig. 8.8).

Fig. 8.8 Excerpt of the context model specifying the conceptualization of the consumer’s environment
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8.4.3.1  Social Environment

Social environment refers to an individual’s perception of a space. On a macro level, we 
consider whether a space is perceived as public or private. Further distinctions of space 
perception, such as meeting points or points of transfer, can be found in Hillier [20].

On a micro level, we refer to the social density of the respective space. A strong 
aspect of how individuals perceive a space is whether other people are around. If 
other people are around, their number and level of interaction with an individual 
influences that individual’s perception of the space.

On a situational level, we consider an individual’s interaction with passersby, 
co-shoppers, or a retailer’s employees as situational context. For example, a system 
detects that a couple is gazing at a display and is aware that they sympathetically 
interact. Accordingly, it presents an advertisement showing a couple (thus repre-
senting a similar situation) and introducing a new product in an emotional way. This 
form of adaptivity mechanism can only be implemented when social density had 
been considered during the phase of conceptualizing context.

8.4.3.2  Task

On a macro level, we consider the task a consumer is engaged in when viewing a 
display. Naturally, there is a difference between viewing an advertisement while 
driving a car to work (no shopping intention) and viewing it in a shop. In a shop, the 
consumer might want to buy something specific (purposeful purchasing) or might 
just be looking around, the latter of which could lead to an ad-hoc purchase.

On a micro level, we consider the buying process. Every stage of a buying pro-
cess (needs recognition, information search, evaluation, purchase, post-purchase) 
defines different consumer goals (i.e., shapes a different context) and triggers differ-
ent consumer behavior [34]. Consequently, the toeholds for effective advertisements 
are distinct in each stage of the buying process.

On a situational level, we consider an individual’s purchase objective, such as the 
specific product sought (Fig. 8.9).

For instance, a system may detect that a consumer is evaluating a printer she wants 
to purchase. Accordingly, it can launch printer advertisements on the nearby display; 
these advertisements can include a range of printer products with detailed properties, 
prices or even specifications. For this example, it is crucial to consider the stages of 
the buying process during context conceptualization. Context conceptualization is the 
basis for the identification of adequate measures in the context computing phase.

8.4.3.3  Consumer Profile

Personalized advertising is typically based on some kind of consumer profiling. 
Consumers are classified into segments based on various personal traits. Here, we 
distinguish between stable and dynamic segment traits.
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Stable Segment Traits. On the situational level, stable traits include those variables 
of a profile that cannot be changed in a specific adaptive advertisement moment (e.g., 
sex, height) or evolve very slowly over a consumer’s lifetime (e.g., personality traits, 
age, social status). On the micro level, we consider the consumer profile of an adver-
tiser’s target group. This profile characterizes the typical audience of the advertiser.

For instance, let us assume that a clothing retailer’s target group is defined as 
men in their forties. Let us further imagine that a site where a large display is situ-
ated is typically frequented by women in their late thirties. In the advertising adapta-
tion phase, this information could be combined and interpreted to produce a new 
target group for the advertising: women who buy clothes for their husbands. In this 
case, the thorough conceptualizing of the ‘stable segment traits’ variable strongly 
contributes to the development of an effective adaptivity mechanism.

Dynamic Segment Traits. Puccinelli et al. [34] argue that dynamic factors such as 
affect, mood, emotions, and feeling clearly influence all stages of the consumer buy-
ing process. They further claim that consumer affect may trigger affect-congruent 
memories. Pervasive advertising can call on this influence by manipulating such 
factors to its advantage.

Accordingly, we consider unstable, dynamic consumer variables that allow 
advertisers to trigger affect-congruent memories with their advertisements. On the 
macro level, we refer to the dynamic traits of the (market) segment. The micro level 
includes the unstable traits that customers may encounter. Such traits include socio-
demographics and individual behavior.

On a situational level, we consider all unstable parameters – such as mood, emo-
tion or attention – that may vary while a consumer is, for instance, visiting a store. 
The situational level draws from the range of unstable parameters and applies rele-
vant ones to the specific situation of a consumer in a particular moment. For instance, 
when the system recognizes that a consumer is very emotional, it may display an 
emotional advertisement for a hedonistic product instead of product information.

8.5  Conclusions and Outlook

In today’s advertising industry, context plays an increasingly important role. Existing 
adaptive advertising systems tend to account for individual dimensions without con-
sidering the big picture.

The key for any adaptive system is a thorough conceptualization of context, 
which considers the various aspects of context information. Taking a top- down and 
bottom-up approach, we have demonstrated the importance of viewing various 
kinds of context from different angles and integrating stakeholders’ perspectives.

In this chapter, we provided a comprehensive context model for adaptive perva-
sive advertising. Among academic experts, the model has proven useful and coher-
ent. In a next step, we will evaluate whether this model can be meaningfully applied. 
The in-depth description of the methodology should inspire scholars to take a simi-
lar approach for system design.
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Against this background, we emphasize that a model of context is a dynamic 
process rather than a product. The long-term goal is to provide a fully integrated 
model; currently, the model (Fig. 8.3) presents context categories on all levels with-
out fully integrating them. Still, it provides a basis for future development.

While we will never be able to compile a complete list of context variables, 
research needs to undergo a continuous process of conceptualization. We have pro-
vided a basis for pervasive advertising. For further advancement, researchers are 
encouraged to apply our context model for pervasive advertising to other adaptive 
advertising applications in retail.
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Abstract This technological chapter provides an overview of how real-world 
knowledge and context information can be integrated in pervasive advertising 
applications. Often developers of such applications integrate sensing technologies 
directly into their application. This has two consequences. First, developers need 
to learn how to interface, use and manage potentially distributed sensors for each 
individual sensing technology. Second, applications are hard to evolve, e.g. when 
a better sensing technology is available, the application must be modified so that 
it can interface with the new technology. As a solution to this problem we describe 
a methodology that facilitates the integration of sensing technologies and pro-
vides an overview of context management tools that are suitable for pervasive 
advertising applications. The presented methodology is extracted from previous 
research in context-aware systems and our own research in pervasive advertising. 
For a case study based on our Context Management Framework (CMF) we 
describe an application using public digital displays. We illustrate how the meth-
odology can be applied for more effective development of pervasive advertising 
applications.

9.1  The Challenge: Using Sensor and Context Information

It is an intrinsic property of pervasive advertising applications that they rely on 
knowledge about the physical environment in which they operate. For instance in 
research, public displays are often used to show personalized advertisements 
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with the objective of making advertising more effective and show more relevant 
information to potential customers [20]. Such applications require sensors to 
detect the proximity of passers-by. Obtaining additional information, e.g. about 
the current activity of nearby people allows even further customization. Other 
examples include interactive display installations that engage potential custom-
ers with advertised products [12] or contextualized advertisements on mobile 
phones [23].

A common problem of such applications is the effective integration of appropri-
ate sensing technologies in the application. Ideally an application developer should 
be able to simply specify what information is required and get some notifications 
about changes in the real world to which the application needs to adapt. Caring 
about individual interfaces and specific technologies or solving distribution and 
communication problems are practical problems that have to be solved, but are typi-
cally of secondary importance to integrators and researchers that are interested in 
the application itself.

From previous research [5, 8, 37] it is well known how common distributed 
middleware abstractions can effectively speed up development and provide a better 
degree of reusability. Nevertheless, pervasive advertising applications are often 
developed as vertical applications in which sensing technologies are directly inte-
grated in the application. As a consequence developers need to learn how to inter-
face, use and especially manage potentially distributed sensors for each individual 
sensing technology. Also, applications are hard to evolve, e.g. when a better sensing 
technology is available, the application must be modified so that it can interface 
with the new technology.

The objective of this chapter is to provide an overview of state-of-the art in con-
text management and illustrate in a concrete case study how pervasive advertising 
applications can be developed more effectively by using this knowledge. This chap-
ter is intended for

Practitioners in industry that seek to integrate sensors in a cost effective way 
requiring a minimal level of expertise with the sensing technologies,
Researchers that study pervasive advertising applications, e.g. usability, accep-
tance, privacy, novel ways of applications and interactions, and
Sensor Technology Providers, i.e. researchers and businesses that develop sen-
sors and sensing technologies and are interested in making their technologies 
available for easy use by pervasive advertising application developers.

Section 9.2 defines our terminology. In Sect. 9.3 we describe a targeted adver-
tisement scenario with public displays. Based on this scenario we describe chal-
lenges associated to managing context and provide an overview of suitable solutions 
in Sect. 9.4. In Sect. 9.5 we describe a methodology that guides developers in inte-
grating context in their applications. We describe our own context management 
framework (CMF) in Sect. 9.6, and in Sect. 9.7 we present a case study in which we 
realize the application scenario. Finally, we discuss our design decisions in Sect. 9.8 
and conclude the chapter with a summary in Sect. 9.9.
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9.2  What Is Context?

Our definition of context is based and closely related to Dey’s definition that relates 
context to an entity such as people, places and things [7]. Furthermore, we use the 
term context information to explicitly relate to a concrete structured data set instead 
of the high level concept.

We consider this relationship to a real-world entity as an important property of 
context information: rather than describing raw sensor data and having knowledge 
about the related entity implicitly in the sensor and application, context information 
carries the relationship to the entity in the data itself. This way, applications know 
what the data relates to without making potentially wrong assumptions. For instance, 
a context information instance directly embeds the information that the noise level 
is related to a particular shop.

Context is typically related to information obtained from sensors that often pro-
vide potentially fast changing information about the physical world. In general we 
consider context information to be independent of the nature and usage of the data. 
For instance, static user profile data can also be considered as context information. 
When integrating context information in the application, it is however necessary to 
examine its origin, nature and use in more detail. This analysis and realization for 
pervasive advertising applications is the purpose of this chapter.

9.3  Guiding Scenario: Context-Aware Digital Signage

Based on our own experience [16, 32] with building pervasive advertising applica-
tions prototypes, collaborations with stakeholders and previous academic work in 
this area [20, 28], we choose a Digital Signage scenario to illustrate the importance 
of context management. In Digital Signage electronic displays are used for com-
municating to a potential audience. In connection with real-world knowledge they 
can help advertisers to better communicate and engage [18] with potential custom-
ers, e.g. by better targeting and measuring the impact of delivering advertising con-
tent and offer interactive applications such as games.

The tools and methods described in this chapter can easily be transferred to other 
forms of advertising, e.g. using other devices such as mobile phones [23], or modal-
ities such as sound (see chapter 16) or even smell [6, 9].

For our scenario as depicted in Fig. 9.1, we assume that customers have opted in 
to the services described below and provide personal information such as prefer-
ences and privacy settings. We also assume that the services are able to learn prefer-
ences and detect situations in which content and services are most likely to be 
accepted both based on anonymous statistical data and on an individual basis, and 
by correlating other user data.

Displays in our scenario show targeted content depending on nearby individuals 
or groups of individuals. The content may be based on users’ profile information, 
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learned preferences, dynamic knowledge about users’ current situation such as 
activity, environmental context of the display (weather, temperature, brightness, 
noise, etc.), or items on a public shopping list. The presentation of content is further 
influenced by application specific knowledge that provides information about the 
success rates of certain content for a specific situation, time and location [20]. For 
instance younger people may be more receptive to an interactive game than older 
people, or good weather may increase the likelihood of successfully advertising 
ice-cream, while rain may increase the likelihood for advertising umbrellas.

Content is augmented with QR codes, i.e. two dimensional bar codes, or Near 
Field Communication (NFC) tags [22] that allow customers to remember the content 
or access a secondary web page offering additional product information and services. 
Remembered content can later be accessed in an experience log that, among other 
functions, supports the purchase of the advertised product. Other services include 
buying the product on the spot, retrieving personalized discount coupons in the form 
of barcodes, and a navigation service that uses displays and mobile phones [29] to 
navigate customers to a destination, e.g. the place where they can buy the product. 
Such navigation itself may be weather dependent, e.g. to guide users in such a way 
that rain is avoided. The interaction with the display and later actions, e.g. purchasing 
the product, provide valuable audience measurement data for advertisers.

Fig. 9.1 Context-aware Digital Signage Scenario using various context information sources
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In addition to normal content, displays also offer interactive, product-related 
games. Players at different locations can interact by touch with a nearby display 
showing a collection of mobile phone models. The display prompts for a phone 
model that both players must touch at the same time in order to increase their scores. 
At the end of the game players receive a – potentially score-related – discount coupon. 
The game performance is used as a form of audience measurement, i.e. for deter-
mining which models are identified fastest and can provide valuable feedback about 
customer’s product knowledge.

9.4  Context Management

In the last decade, after Dey et al. raised an awareness on the importance of context 
middleware [8], a myriad of systems have been developed that seek to simplify 
development of applications that rely on sensor and context information.

In this section we provide an overview of some recent approaches and relevant 
systems. In particular we point out that current research, as for instance carried out 
in the EU project SENSEI [30], shows that providing sensor and context informa-
tion from distributed, heterogeneous sources is still a challenging task. Further rel-
evant systems are for instance surveyed by Kjær [13].

9.4.1  Challenges of Developing with Context

The scenario described in the previous section raises questions regarding the acqui-
sition, access and management of context information. We consider the following 
aspects of key importance for effectively supporting application developers:

Discovery of context information, related to people, places and objects,  
e.g. identifying the passers-by
Discovery of mobile context sources such as a mobile phone sensor close to a 
display
Providing unified, high level abstractions for accessing heterogeneous context 
sources providing static and dynamic information about people, places and 
things. These abstractions make it easier to adapt and extend the pervasive adver-
tising application to different environments.
Appropriate handling of distributed context sources, e.g. sensors associated 
with displays, mobile phones or wireless sensor networks deployed in the 
environment
Efficient monitoring of changing context conditions, such as passers-by 
approaching or leaving the vicinity of a display or display environment in order 
to display the right content
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9.4.2  Context Management and Access Approaches

There are different approaches for gathering, managing and accessing context. 
These approaches range from libraries offering APIs to toolkits providing building 
blocks, to complete infrastructures through which local as well as distributed con-
text information can be accessed [11].

Based on the challenges identified above, we provide an overview of frameworks 
and their characteristics that can in principle be applied to the domain of pervasive 
advertising (cf. Table 9.1).

Modern sensor APIs such as the Android Sensor API [1] or the Microsoft Sensor 
API [19] typically provide low-level access to local sensors but also provide a cer-
tain level of abstraction to the developer. Both systems provide a SensorManager 
class which allows requesting a sensor by its type. This is possible via a common 
driver model which has to be implemented by device manufactures.

A LocationManager class which uses the SensorManager to get location infor-
mation from the available location sensor is provided by both APIs. Depending on 
the requested quality of the information, the LocationManager uses a predefined 
type of location sensor or tries to get the best result. For the discovery of new hard-
ware sensors, the Microsoft Sensor API can use the driver model and the device 
discovery of Windows.

The Xensor System is a research targeted context system [33]. The main goal of 
Xensor is to allow researchers to acquire logged data about persons’ behaviours 
without requiring them to attend a research lab. It provides clients for Windows 
Mobile 5.0 that gather sensor data and a logging repository to store the data. The 
Xensor client uses three types of Xensor Modules to gather context information that 
is provided as .NET objects to the developer. Module types include (1) Experience 
Samplers that are used to get direct input from a user, (2) Usage Sensors that are 
used to gather application usage data, and (3) Context Sensors that are used to gather 
information from the actual sensors of the device such as GPS, Bluetooth, etc. These 
modules are controlled by the Xensor Engine which loads and unloads modules 
dynamically on request.

Toolkits provide components that can be re-used when building applications. The 
Context Toolkit [8] offers widgets, aggregators and interpreters as components. 
Widgets provide access to context information, hiding the low-level details of sensor 
access. Interpreters are used to derive higher level context information. Components 
can be distributed and re-used by multiple applications, but applications need to be 
statically configured to use them. Information is modelled as programming language 
objects, but there is no underlying semantic model like an ontology.

Context infrastructures are intended to be used by multiple client applications. 
They can be local or distributed and differ regarding their scalability. In the Context 
Broker Architecture (CoBrA) [5] one broker maintains a context model for a certain 
space. This simplifies local reasoning as all information relevant to a certain space 
is available centrally, e.g. hosted by a powerful server. Clients can dynamically 
discover context information, but they need to find the right broker first and any 
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processing or reasoning about information from different brokers needs to be 
 handled by the client. Context information is modelled using the Web Ontology 
Language (OWL).

The Context Management Service (CMS) developed in the Awareness project 
[37] is based on context brokers and context sources. The CMS is structured 
according to domains consisting of one context broker and multiple context 
sources. Context sources can be sensor-based, context reasoners, or context stor-
age services. Context brokers can be peered through an inter context broker dis-
covery protocol. The CMS assumes a context model with entities and context 
associated to these entities. As representations both an extended Presence 
Information Data Format (PIDF) and RDF are supported. Context sources support 
queries based on SQL and RDQL and subscriptions based on the Session Initiation 
Protocol (SIP).

IYOUIT [3] provides a social aspect to Context Management. It provides a client 
for Nokia S60 phones which collects information from the phone sensors (e.g., 
GPS), user input (e.g. mood) and derived data (e.g., weather at the location). The 
underlying context system is the CMS described in the previous section. The deploy-
ment, however, has a strong focus on semantically enriching information, making 
wide use of ontology reasoning and classification algorithms to ensure data consis-
tency and infer new relationships among gathered information. For example, a day 
spent at home, work, a place of the type “restaurant”, then work again and finally 
home, can be classified as a normal working day.

In C-CAST, a broker manages relationships between context providers and con-
text consumers [14]. Aggregation, fusion and inference of context information is 
handled by context providers that have to manage their own inputs, possibly from 
other context providers. Clients can dynamically discover context providers through 
a broker and context information is modelled in ContextML. Context providers 
must support queries and may optionally support subscriptions.

The OGC Sensor Web Enablement (SWE) working group is defining a compre-
hensive set of web services for accessing sensor data [4]. SWE models sensors as 
processes providing geographically referenced observations and measurements. 
Sensors and their information can be discovered based on provided sensor descrip-
tions rather than contextual information. Sensors can be freely distributed, but need 
to push their information to a Sensor Alert Service (SAS) in order to support sub-
scriptions. The Sensor Web has been considered for use with pervasive advertising 
applications by Foerster et al. [10].

SENSEI [31] integrates Wireless Sensor Networks into a sensor framework and 
provides a context framework on top of it. For clients, the Semantic Query Resolver 
(SQR) provides a single point of access for discovering resources as well as directly 
querying or subscribing to context information. The SQR includes a planner that 
can dynamically create processing trees based on the currently available sensor 
and processing resources, which are used for aggregating, fusing and inferring 
context information. Information is modelled as an integrated two level ontology 
representing sensor information as well as real world entity-based context 
information.
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9.5  A Methodology for Developing Context-Aware  
Advertising Applications

In this section we describe a simple methodology that helps researchers and 
practitioners to design and develop flexible context-aware advertising applications 
systematically and efficiently. The methodology presented in this section is gener-
ally applicable to context-aware applications and is extracted from the approaches 
described in the previous section and our experience in designing context-aware and 
pervasive advertising applications. As depicted in Fig. 9.2 it is based on a simple 
system model that considers a pervasive advertising application as distributed appli-
cation consisting of context consuming (sinks), producing (sources) and processing 
components (processors). A processor is both a sink and a source.

The methodology follows a top-down approach for developing the application 
and consists of the following questions that must be answered step-by-step:

What are the context sinks in my application?
What information does each sink consume?
How is the information modelled and described?
What information sources, i.e. sensors and services, are used?
How are sensors and other information sources integrated?
How can sinks access context information?

As illustrated in the previous section many choices exist in particular with respect 
to modelling and accessing the information as well as distributing and structuring 
the components. For the remainder of this chapter we use our own middleware for 
demonstrating how answering these questions helps to realize our scenario.

9.6  The Context Management Framework

We developed the Context Management Framework (CMF) with the purpose of sim-
plifying the development of context-aware applications. The Context Management 
Framework originated from the MAGNET project [24] and has been applied to many 
application areas – in particular to pervasive advertising and Digital Signage [32].

Fig. 9.2 Basic system model of a typical context management system. Sources produce context 
information, processor fuse or modify context and sinks consume information
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As depicted in Fig. 9.3 the CMF consists of multiple Context Agents. A  collection 
of Context Agents is typically grouped in clusters and can further be organized in 
clusters of clusters. Each agent provides access to information stored locally and at 
connected agents. Agents also enforce policies that define which applications and 
other agents can access which entity/attribute pairs.

A Context Agent offers information to applications from any of the following 
three sources: sensors accessed by retrievers, persistent context available from the 
storage component and processing units. Indirectly applications are also context 
sources as they are able to modify information in the storage component. According 
to our system model in Fig. 9.2 processing units, storage components, and applica-
tions are also sinks.

Applications typically access the CMF using the CMF Interface on a local 
Context Agent, i.e. an agent deployed on the same computing node as the applica-
tion. The CMF Interface offers access via a declarative Context Access Language 
(CALA) that is able to query distributed entity/attribute pairs. CALA provides 
query, subscribe, insert, delete, and update operations that operate on a cluster of 
Context Agents. Thus applications can access information in a fully declarative way 
and do not need to address individual agents directly. They are able to use a unified 
interface to access information generated by any sensor.

The CMF uses an entity/attribute based data model (see Fig. 9.4). Each piece of 
information is described as an entity that has an id and a type. An entity consists of 
one or multiple context attributes consisting of a name, type and value. Each attri-
bute can be associated with metadata, e.g. for quality of information. In particular 
we use the metadata to annotate attributes with temporal information indicating in 
which time interval the attribute is valid.

Fig. 9.3 High level architecture of the context management framework consisting of coordinating 
context agents
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The CMF is OSGi based [26] and runs on most devices that support a Java vir-
tual machine, ranging from regular computers to embedded PCs – as used in 
 professional Digital Signage displays – to Windows Mobile and Android mobile 
phones, home gateways and set top boxes. The programming interface is based on 
XML-RPC, and its main concepts are currently being standardized as part of the 
Context API in the Open Mobile Alliance (OMA) Next Generation Service 
Interface (NGSI) [2].

9.7  A Case Study: Developing with the CMF

In this section we apply the methodology described in Sect. 9.5 to our Digital Signage 
scenario from Sect. 9.3. We use our CMF middleware as a tool that supports research-
ers and practitioners in realizing their applications. Using the example of our guiding 
scenario we answer each of the questions presented in Sect. 9.5 and use our CMF 
middleware as a tool to conceptualize and implement the scenario step by step.

9.7.1  What Are the Context Sinks?

Table 9.2 lists the identified sinks. The content adaptation component is responsible 
for showing the content based on the display context such as nearby users. 
Consequently it is realized as a CMF application.

The preference learning component learns preferences about users and content. 
User preferences include preferred content for a user or user group in a given situa-
tion. In contrast, content preferences indicate the preferred presentation context 
(e.g. environmental context, time, location) of a certain content or content type. 
Such preferences can be learned based on previously recorded attention times (how 
long has the audience looked at the content) or on actions resulting from watching 
the content (e.g. purchasing actions for advertisements). Learned preferences can 
thus be considered as context that is known before and constantly updated after the 
content is shown.

The preference learning component is realized as a processing unit that updates 
the preference database. The preference data base itself is realized with the storage 
component.

Fig. 9.4 CMF information model consisting of an entity, ContextAttribute and MetaData [2]



196 M. Strohbach et al.

For a prototype realization selecting the CMF as preference database is the 
preferred choice as all information can uniformly be managed in one system using 
a single API. In a commercial deployment however, it is more likely that learned 
preferences are managed by an existing preference database external to the CMF 
and thus the preference learning component may be realized as application.

The secondary content website, navigation service and the mini game are all 
realized as applications using respective context information.

Finally, the context logging service records related context information, e.g. for 
audience measurement, later analysis and the experience log application. Similar to 
the preference learning service it is realized as processing unit that stores the result 
in the Context Log realized with the CMF storage component.

9.7.2  What Information Does Each Sink Consume?

The information consumed by each sink is listed in Table 9.3. The content adapta-
tion sink component requires a considerable amount of context information in order 
to target the content to the current audience. Similarly, the preference learning 
 component uses presentation context, audience measurement data (e.g. attention 
time, dwell time, interaction feedback, etc.) and other feedback in order to derive 
the user and content preferences. For instance the opportunity to see (OTS) is a com-
mon term to describe the number of passers-by that could have potentially looked at 
the content of the display [31].

The secondary content webpage only requires a launch trigger, i.e. the informa-
tion that should be displayed. In our scenario secondary information is being dis-
played on the mobile phone. In an extended scenario this information could however 
also be displayed on any other nearby display including the display on which the 
original advertisement is shown.

The navigation service requires information about the user’s location, destination 
and display orientation in order to display the right directions.

Component name CMF realization

Content adaptation Application
Preference learning Processing unit
Preference database Storage
Secondary content website Application
Navigation service Application
Mini game Application
Context logging service Processing unit
Context log Storage
Experience log Application

Table 9.2 Sinks extracted 
from the guiding scenario  
and their realization with  
the CMF
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9.7.3  How Is Information Modelled and Described?

Figure 9.5 shows the domain ontology of the guiding scenario in form of a UML 
diagram. It captures the information produced and consumed by context sources 
and sinks as described in the previous section.

Audience Measurement information is captured in a separate entity and is linked 
to both the display and indirectly via PresentationContext to Content as at measure-
ment time it is easier to relate audience measurement context statically to a display 
or a place rather than to dynamically changing content. This way it is easier to 
develop context sources as they do not rely on other context information. The rela-
tionship to content is inferred by processors such as the preference learning compo-
nent or dedicated reasoners.

The relationships between Product, ShoppingList, Person, and Content further illus-
trate how the CMF can be used to capture, store and react to the context of a display. The 
shopping list contains a set of products that a user may eventually buy. The purchasing 
action is recorded in the Person entity. The Product entity is related to the content that 
advertised the product. The associated PresentationContext captures the context the 
advertisement was shown in. This way, user and content preferences (preferredPresen-
tationContext) can be inferred and used to optimize the overall system behaviour.

Finally, we use a WebApplication entity to model our secondary web page. It 
uses the URL as identifier. The launchState attribute is inserted in the storage com-
ponent to indicate that the application should be launched. This shows how the 
CMF can be used as distributed communication infrastructure.

9.7.4  What Context Sources Are Used?

Table 9.4 lists the context sources and their realization with the CMF. In order to 
fully implement the scenario, there must be a source for each CMF attribute. We 
only list the most important sources. Other sources are mostly CMF applications 

Table 9.3 Context Information consumed by each sink

Context sink Consumed context information

Content adaptation Identity/number of passers-by, user profiles and preferences, 
user activity, environmental context, shopping list items, 
content preferences

Preference learning Presentation context, audience measurement data, buying 
actions

Preference database User preferences
Secondary content webpage Launch trigger incl. display
Navigation service User location, destination, display orientation
Mini game Touch event
Context logging service All of the above, game performance
Context log All of the above, game performance
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that provide static information, e.g. the location and orientation of the display or 
processors that infer new relationships, e.g. between the presentation context and 
audience measurement data.

We have only listed those sensors that we have integrated or are considering 
integrating in the CMF. Many other sensors could be used, e.g. body worn sensors 
for inferring user activities [36]. Figure 9.6 shows the resulting information flow 
between sources and sinks.

Shopping list items can in principle be provided by an application that uses the 
CMF as distributed database. If the shopping list application already exists it may 
be a better choice to access the shopping list by a retriever.

Most of the audience measurement data can be obtained by a camera attached 
to the display. Many commercial systems are available, e.g. the VISAPIX People 

Fig. 9.5 An UML visualization of the domain ontology suitable for realizing the guiding scenario. 
Each class is a subclass of Entity and each attribute is an instance of ContextAttribute. Associations 
are also realized as ContextAttributes. The model is simplified only containing the most important 
entities and attributes. For instance it does not show basic user profile information
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Table 9.4 Context sources and their realization with the CMF

Context source CMF realization

User preferences Storage, application, preference learning 
processor

Activity Microsoft outlook calendar retriever
Environmental context (humidity, temperature, 

brightness, noise)
SUN SPOT retrievera

Shopping list items Application or database retriever
Age, gender, attention time, actual impressions, 

viewing distance, OTS, dwell time
Camera retriever

Launch trigger Barcode retriever/NFC retriever
Product purchased Barcode retriever, reward scheme retreiver
Location Bluetooth ping retriever, barcode retriever, 

NCF retriever, GPS retriever, location 
system retriever

Display orientation Application, location system retriever
Touch event Application
Mini game score Mini game application
Context history Context logging processor and context log 

storage
a SUN SPOT Sensor Nodes Web Site, http://www.sunspotworld.com/ [accessed 31 Oct 2010]

Fig. 9.6 Simplified view on the information flow between sources and sinks. Related information 
is summarized and some sources and sinks are left out for better readability. For instance the mini 
game application and related sources are not shown
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Counter, [38] Trumedia’s audience measurement systems [34], or the Field Analyst 
[21]. For obtaining opportunity to see measurements and dwell time we imple-
mented our own source using the OpenCV programming library [26].

The launch trigger can be provided by an NFC or Barcode Retriever on a 
mobile phone. In our implementation [32] we used the QR code reader QuickMark 
[25] that is available for a vast range of mobile phones. While the above scenario 
does not require providing the launch trigger via the CMF, it is an easy way of 
extending the scenario with additional functionalities, e.g. launching the applica-
tion on a different display than that of the device with which the barcode was 
scanned. The ZXing programming library (ZXing 2010) provides APIs for cod-
ing and decoding various barcodes that can be used as launch trigger retriever in 
our scenario.

The purchase of a product can best be monitored at the checkout. In our imple-
mentation we chose to integrate a retriever interfacing a commercial off-the-shelf 
barcode reader that is able to read personalized discount barcodes from a mobile 
phone. Such data collection requires the consent of users. Reward scheme infra-
structures as offered by most larger European supermarkets could be used as alter-
native context source.

User location as required by the navigation service can easiest be obtained from 
any explicit interaction with the display, e.g. when scanning the barcode or NFC 
tag. In our own implementation we have used the scanning of the personal discount 
barcode to infer the position of the user.

For proactive content presentation it is necessary to obtain location informa-
tion without explicit user interaction. Therefore we ping Bluetooth devices in a 
privacy preserving way [32]. For outdoor scenarios we have also integrated a GPS 
retriever for mobile phones. In indoor scenarios it would be necessary to equip 
customers with tags, e.g. integrated in loyalty cards or in trackable shopping carts 
([15], Metro Future Store [17]). More importantly it requires the deployment of 
usually expensive indoor positioning system [35]. If available, such a system can 
also be used to obtain dynamic orientation information. We have experimented 
with an ultrasound-based system [39] and integrated a retriever in our CMF.

9.7.5  How Are Sensors and Other Information  
Sources Integrated?

Sensor information or extracted features of a sensor are typically integrated into the 
CMF by implementing a source and a mapper that together constitute a retriever.  
A source accesses the actual data and provides its data set over a well defined inter-
face to a mapper. A mapper then transforms data representations, e.g. extracting the 
actual data out of encoded Bluetooth information.

Sources and mappers are independent components that are wired in a configura-
tion file. A configuration file defines mappings to entity/attribute pairs as shown in 
the listing in Fig. 9.7.
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The mapper extracts the MAC address from the data set provided by the source. 
Additional retrievers can be provided with even less effort: for instance if one would 
be interested in the Bluetooth friendly name, one could define a mapper that creates 
a BluetoothDevice entity extracting the MAC address and the Bluetooth friendly 
name. In this case the configuration would not contain an entityId property but the 
mapper could be written to provide the MAC address as entity id.

Processing Units are used to fuse context information and use a CALA-based 
interface to access and provide context information. They provide context informa-
tion using update and insert operations. For instance we use a processing unit that 
subscribes to MAC address sightings provided by the retriever above and provides 
the location of a user. It uses a simple mapping between display ids and location, 
and a mapping between MAC addresses and user Ids.

Applications provide context information simply by using insert, update and 
delete operations on entity/attribute pairs.

9.7.6  How Can Sinks Access Context Information?

With our Context Access Language, CALA, single one-time queries can be 
expressed or subscriptions on entity/attribute pairs can be defined. CALA provides 
similar concepts to the SQL query language, but has been deliberately designed 
with limited expressiveness so that it can easily be evaluated in a distributed way. 
For instance CALA does not support join operations.

CALA supports the following language constructs both for queries and 
subscriptions:

Selectors – selects the entity and attributes to be returned. Entities can be selected 
either only by types or type and identity
Restrictions – defines constraints on the returned attribute values
Scopes – restricts the search space. In the current implementation, network 
scopes are supported that allow to specify whether only values available in the 
local CMF agent or a whole cluster should be returned

Subscriptions also allow the specification of a monitored attribute and a trigger 
condition defining when notifications should be sent to the sink. For instance one 
can specify that a notification should be sent every few milliseconds or whenever 

entityId=display1
entityType=Display
retrieverName=BtPingRetriever
attributeName=hasScanned
attributeType=MACAddress
sourceClass=eu.neclab.[...].BtPingSource
mapperClass=eu.[...].ToBluetoothAddressMapper

Fig. 9.7 Listing of a retriever configuration. The configuration defines how BTPingSource is 
wired with ToBluetoothAddresMapper to deliver Display entities
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the attribute changes its value. The example in Fig. 9.8 shows an XML representa-
tion of a CALA subscription used by the content adaptation component to access 
location information.

9.8  Discussion

In our case study we have made certain design and implementation decisions that 
impact the implementation effort, maintainability and extensibility of the realized 
scenario. These are in particular decisions with respect to

Distributed vs. centralized context management,
Semantic and declarative access vs. service-based access, and
Contextualized information vs. low level sensor information.

We decided for a decentralized architecture that allows dynamic peering of con-
text sources and sinks. An alternative approach could have been to use central 
servers that store all context information (cf. CoBrA [5]). This approach works 
well for small scale installations and avoids the challenging task of distributed 
reasoning. But a major drawback is the required communication overhead as all 
information needs to be sent to the server, which may result in unacceptable latencies. 
Additionally, centralized approaches require a higher level of trust that context 
information is not misused.

Semantic and data driven context access as realized in CALA, enables the speci-
fication of what rather than how context information is accessed. This reduces the 
complexity for application developers as they do not need to care about which 
sources to access, nor use a directory service (cf. SensorWeb [4]).

Our case study also shows that even a comparatively simple scenario involves a 
large number of sources, processors and sinks (cf. Fig. 9.6). As the number of 
components increases it becomes increasingly hard to manage the relationship 

<Subscription>
<EntityTypeSelector>

<entityType>User</entityType>
<attrib uteName>location</attributeName>

</EntityTypeSelector>
<OnChangeSubscriptionCondition>

<attributeName>location</attributeName>
</OnChangeSubscriptionCondition>
<Scope>

<networkScope>CLUSTER</networkScope>
</Scope>
<Options></Options>

</Subscription>

Fig. 9.8 Example of an XML representation of a CALA Subscription used by the content adaptation 
component to access location information
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between the components. By its declarative approach the CMF takes away  
this burden both from application developers and developers of sources and 
processors.

Our data driven approach requires developers to carefully think about how they 
model the information. For instance, if we decided to configure a mapper to provide 
Bluetooth sightings directly as user location, we would not be able to derive other 
information easily. Likewise, application developers must be aware of what infor-
mation is available in the system. We are considering providing an extensible ontol-
ogy targeted at Digital Signage and Pervasive Advertising applications to reduce 
and simplify the data modelling effort.

By its entity/attribute model the CMF enforces contextualization of any provided 
data. This is in contrast to the sensor APIs described in Sect. 9.4. The entity/attri-
bute model forces developers to think about the semantics and as a result provides 
richer and more meaningful data.

9.9  Summary

In this chapter we have presented state-of-the art in context management and applied 
it to the specific problems that researchers and practitioners face when developing 
Pervasive Advertising applications. Based on a Digital Signage application sce-
nario, we motivated the challenges faced by pervasive advertising applications that 
rely on context information. We have provided an overview of existing solutions for 
context management including our own framework, the CMF, and presented a meth-
odology for developing context-aware advertising applications. We illustrated how 
the methodology can be followed by presenting a case study using the CMF. Finally 
we have discussed design choices in our case study.
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Abstract With the proliferation of digital signage in the retail environment and the 
simultaneous rise in social networks, a new opportunity presents itself to show 
social network comments in stores. This chapter provides an overview of social 
networks and its relation to word-of-mouth marketing and will then apply these 
concepts to the role of social networking in advertising and retailing, particularly 
focusing on digital signage. Further, a case study of an experiment is presented 
where a chain of small-space retail stores measured the sales data in a controlled 
field study. This chapter will show that stores with digital signage displaying com-
ments from social networks were able to increase sales, though not as much as those 
showing traditional advertising. Additionally, the data revealed that displaying 
product-specific social network comments are more effective than showing general 
brand-related comments. The chapter concludes with recommendations for placing 
social network comments on digital signage.

10.1  Introduction

Social networks have entered the public consciousness and permeate many people’s 
daily lives. Of these, Facebook is the most prominent social network, and by the end 
of 2010 had more than 500 million active users, half of whom log on every day and 
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in total spent over 700 billion minutes interacting with it per month [14]. The result 
is that every fourth web page accessed in the US was Facebook [29]. While there are 
many social networks, the next biggest ones are My Space with about half the size 
of Facebook and Twitter, again just under half as big as My Space [8]. With such 
large numbers of users and activities, it is no wonder that social networks have 
attracted the attention of advertisers and retailers, with estimates of 3.3 billion USD 
spent for advertising on social networks in 2010 [33].

This chapter introduces social networks and looks at the different aspects of 
social networks in the context of pervasive advertising.

10.2  Social Networks Overview

Online social networks are not new: they emerged in the early days of the world-
wide web in 1994 and gained moderate public prominence first with Friendster in 
1999 [32], which was eclipsed by MySpace soon after it launched in 2003. MySpace 
was able to hold on to the leader position of social networks until about 2007 when 
Facebook took the lead. Social networks can be defined as “web-based services that 
allow individuals to (1) construct a public or semi-public profile within a bounded 
system, (2) articulate a list of other users with whom they share a connection, and 
(3) view and traverse their list of connections and those made by others within the 
system.” [3].

Pervasive computing by definition has a location component, so the recent 
development in social networks to add a location component needs to be watched 
closely. There is increasing prominence of location-based social networks that 
include a geographic element in the way their users connect to each other. The 
foremost example of this technology is Foursquare with 5 M users [16], followed 
by others such as Gowalla and over 120 other such services [31]. At the time of 
writing, the newly launched location-based application by Facebook called 
Facebook Places is being watched closely to see if it will by default become the 
dominant location-based social network application [21]. The users’ interactions 
with these location-based social networks are very personal due to the informa-
tion being accessed with their personal mobile devices, including all their logged 
statuses and preferences, as well as being very specific to time and location. These 
social networks deserve the particular attention of advertisers because of their link 
to physical spaces which overlap with the intentions of pervasive advertising and 
retailing.

Many social networks exist, and while Facebook is the focus of this article due 
to the size of its user base and its importance to advertisers, our goal is to keep the 
reported findings general enough so that they translate to other social networking 
sites that exist today or to ones that might surpass Facebook in the future.
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10.3  Word-of-Mouth in Social Networks

The retailers’ interest in online social networks is that they facilitate consumers 
discussing their products, a modern form of Word-of-mouth (WOM) which has 
been recognized as one of the most influential sources of information transmission 
since the beginning of human society [12]. Defined by Brooks already in 1957 as 
being on the rise among younger white-collar consumers because (1) they face 
many more choices and decisions regarding purchases than did their counterparts in 
the past, and (2) at the same time they have less contact with tradition. Thus the 
interpersonal network within the group serves a guiding function in the “delicate job 
of keeping in tune with the life style of the moment.” [4].

These societal trends have only accelerated since then, and for retailers, WOM 
has become a particularly prominent feature on the Internet thanks to the ease with 
which people can transmit information [7]. The Internet provides numerous venues 
for consumers to share their views, preferences, or experiences with others, as well 
as opportunities for firms to take advantage of WOM marketing [35], to the point 
that the term “Word-of-Mouse” has been coined for WOM in virtual communities 
(e.g., [17]).

Other research supports this, showing that consumers prefer gathering informa-
tion about their planned purchases first from friends and secondly from virtual com-
munities above other sources, such as commercial information from salespeople, 
brochures and advertisements [23, 28, 38]. Social networks neatly give users access 
to information from their friends as well as communities of virtual strangers, so that, 
e.g., all the “Fans” of the “Nutella” spread share a passion for that brand and form a 
community around it.

Nearly six in ten adults (58%) in the USA have done research online about the 
products and services they buy, and about a quarter (24%) have posted comments or 
reviews online about the things they buy. On a typical day, 21% of adults search for 
product information online [22]. Given the dominance of social networks and the 
importance of WOM, it is not surprising that the retail industry is one among many 
that is trying to understand what this means for their business.

10.4  Retail and Advertising on Social Networks

Users of social network sites come into contact with advertising and retailers in two 
main ways: advertisements and “fan” pages. Taking Facebook as an example, adver-
tisements are placed in the side-bar of the users’ page, and they resemble any other 
online ad that is not specific to social networks. However, the advertising content 
might be better tailored to the user, since Facebook has access to extensive informa-
tion about each user. These advertisements are relatively passive – relying on page 
impressions and click-throughs to measure success. In contrast, users can actively 
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become “fans” of company pages set up by retailers and manufacturer’s brands thus 
allowing a direct communication between the sellers and consumers.

Companies make decisions on which brands they want to represent on the social 
networks. Some companies will show only their main brand e.g. the clothing store 
H&M has a Facebook fan page, but their sub-brand H&M Kids does not. In many 
cases, a company as well as the brands owned by the company are present, e.g. Nestlé 
as the company is on Facebook, as well as many of their brand pages such as Kit Kat 
or After Eight. Depending on the platform and the company strategy, the communi-
cation can have more of a broadcasting quality (e.g. Nestlé), or a more interactive one 
(e.g. Coca-Cola), or a mix, such as Audi where official communications are visible at 
the top level, and customer comments at a second level where photos of their cars or 
driving experiences are encouraged. Additionally, companies have the option of pro-
viding applications, running polls or hosting competitions within their Facebook fan 
pages. All of these activities and the users’ responses to them are tied to fine-grained 
measurements and tools for analysis. Despite the various efforts from the companies 
and the general popularity of the medium, measuring the effectiveness is elusive [34]. 
Some small cases have been reported, such as the Houston bakery chain that increased 
customer frequency in their stores thanks to their carefully managed Facebook adver-
tising campaigns [10], and an experiment regarding the effectiveness of company-
driven WOM communication showed that it does increase sales [18].

It is an indication of the newness of this medium that many different forms of 
interaction are being experimented with, sometimes with great success. One exam-
ple is Coca-Cola, which found a communication tone that helped it become the 
consumer brand on Facebook with the most fans (see Fig. 10.1).

By contrast, poor understanding of the medium at Nestlé noticeably damaged the 
brand when a consumer post about the destruction caused by palm oil forestation 

Fig. 10.1 Number of Facebook brand fans of various top brands (by January 2011) (Based on the 
number of Facebook fans per brand according to the listing at http://fanpagelist.com/)
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was answered by an official, but belligerent company representative. The resulting 
flood of consumer reactions in support of the original post caused the discussion to 
be much more widely broadcast than would have otherwise been the case, ulti-
mately being transported to mainstream media [13].

The ability to interact directly with customers is an opportunity for marketers 
and is increasingly becoming a requirement for mass-market brands, though best 
practices are only just beginning to form. Different consumer brands and retail 
stores are handling this opportunity and these challenges in different ways. While 
many brand “fan sites” can be found that have been started by consumers them-
selves, notably cigarette brands, but also brands with strong followings, such as 
Coca-Cola, these “renegade” pages can present a problem for the brand owners. 
One issue is that the communication between the users and the brand is not under 
the control of the brand, and many of the users are probably not aware that this is 
not an official site. Another issue is the fragmentation of the fans, making the brand 
look weaker than it is. For example there are two official Nutella fan pages: one for 
Nutella International with 7.4M fans and one for Nutella Italy with 2.3M fans. They 
also provide an application that allows people to send each other virtual Nutella 
gifts [15]. But in addition to these official activities there are over 20 different 
Nutella fan sites, some of which have over 100,000 fans each. These are fans that 
cannot be reached by the company directly, which is one issue with the fragmenta-
tion of fan sites often found on social networks.

Regardless of the online activities, the goal is to increase sales. In general, this 
marketplace rewards more participatory, more sincere, and less directive marketing 
styles [9]. Consumers bring their online worlds and online social networks with 
them when they shop: increasingly, they can access this information on their mobile 
phone or see it on screens in retail stores. This is where the worlds of online social 
networks and pervasive advertising meet.

10.5  Social Networks and Pervasive Advertising

Pervasive advertising enables the kind of serendipitous advertising common on TV, 
radio and print, but with the added benefit of allowing new types of ads [30] such as 
user-generated comments.

The simplest form of pervasive advertising, in the context of social networking, 
is advertisements that are visible to the users when they access their regular social 
networking sites using their mobile phones. While these ads are targeted to the 
user’s preferences and screen content, they are not tailored to the location. This is 
where the marketer’s interest in location-based social networks such as Gowalla and 
Foursquare and Facebook Places come in, since consumers link to their network 
while being in a specific physical location which the social network (and thus the 
advertising algorithms) are aware of. Currently many retailers are experimenting 
with providing coupons based on the location of a consumer or giving awards to 
members that “check in” to a specific store location [1, 6]. One example is Starbucks, 
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which gave a discount to the “mayor” of a given franchise, i.e. the Foursquare user 
who had checked into that franchise most often [37].

Highly targeted, social-network informed advertising on mobile phones is currently 
fertile ground for experimentation. A related topic is how to get social networks onto 
public advertising spaces. Retailers are investing more and more heavily in a better-
understood pervasive technology to convey marketing messages: digital signage. These 
screens show advertisements, tailored content, brand-building information, etc. 
Translating this to social networks would mean showing Facebook “quotes” on a public 
display (i.e. statements provided by fans of a given brand or company page). This could 
either be done as “static” advertising where the content is defined by the marketing 
department ahead of time and broadcast the same way each time, or in a more dynamic 
fashion: updating the content on the display as the Facebook brand or company page 
receives a new comment. Research suggests that due to the customized nature of using 
content from social networking sites, the timeliness of the content is crucial. As such, 
information needs to be harvested, interpreted and consumed in the shortest possible 
time in order to be meaningful, since delays might invalidate the context [11].

Retail stores have a particular interest in better understanding the combination of 
digital displays and social networks, since they often function as meeting points and 
social hubs in the areas where they are located. However, many questions arise from 
this, such as how to show the comments from a Facebook wall on a public display 
so that people can relate without feeling that their privacy has been invaded. Also, 
our research indicates that the cognitive load on consumers viewing the displays is 
very high for the text-heavy Facebook content being shown, probably reducing its 
effectiveness.

The following chapter describes a field experiment which was designed to answer 
the question of the effectiveness of social media comments on digital displays and 
to measure the impact on sales. The background and method of the experiment are 
described and the results obtained are detailed.

10.6  Case Study: Social Network Comments  
Displayed In-Store

To better understand the effect of social networks on public displays, a field experi-
ment [5] was conducted to measure the impact of social network comments on digi-
tal signage on consumers in retail stores. The experiment was set up in small-space 
retail stores, known as kiosks, that primarily sell press products (newspapers, maga-
zines and books), cigarettes, candy and drinks and gambling (mainly lottery). See 
Fig. 10.2 for an example kiosk.

In 16 stores digital signage was installed, and for 5 weeks social network com-
ments were shown and sales data were then analyzed to measure the effects of the 
experiment. The following sections describe the background of the small-space 
retail store, the method used in the experiment, and the findings and conclusions 
that can be drawn.
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10.6.1  Kiosk: High-Footfall, Small-Space Retail Stores

The Valora retail holding company runs approximately 1,000 kiosks in Switzerland 
under the brand name “k kiosk”, usually simply referred to as “kiosk” [36]. Kiosks 
are small or even micro-space retail shops that are characterized by their compact 
size, no larger than 60 m2, selling convenience products – mainly press, cigarettes, 
candy, drinks and lottery – to a mass customer base at high-footfall locations. They 
are frequently located at public transport stops, intersections, pedestrian areas and 
train stations (20% of the kiosks are in train stations; Zürich main station alone has 
more than ten stores).

Kiosks come in three size categories with the smallest kiosk consisting of a sim-
ple window shop, the middle sizes are open-front shops, and finally the largest are 
walk-in shops. However, even the largest kiosks have a floor space of no more than 
60 m2 total (for both customers and employees combined). Depending on the size, 
the larger ones sell a variety of additional products such as phone cards, stamps, 
stickers and collectibles, gifts (vouchers, plush animals) and, in some, food (sand-
wiches, salads, coffee, etc.).

Kiosk customers span all demographic segments, though most of them are “on 
the go” and are looking for exceptionally fast service at very convenient locations. 
Accordingly, sales show high frequency at small volumes: kiosk serves 400,000 
customers per day, who buy an average of between one and two articles and are on 
average 34 years old.

Fig. 10.2 Example kiosk at a busy traffic intersection
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Customers help themselves (self-serve) to most products and hand them to the 
personnel for checkout and payment. However, higher-value items (e.g. phone 
cards or lottery tickets) and restricted items (such as cigarettes), are kept behind 
the counter.

10.6.2  Pervasive Applications in Kiosks

The current kiosk business model is projected to run into difficulties for various 
reasons. Press products are increasingly affected by the digitalization of media 
(mobile phones, e-readers, iPads, etc.); cigarettes are subjected to an increase in 
legislation, bans and taxation; candy and sugary drinks are harder purchases to 
justify in the larger trend towards a healthier life style; and, finally, gambling is 
increasingly moving online. However, the kiosk assets, such as competence in 
retailing press products and convenience foods, together with long-running leases 
of highest-value retail real-estate, make the kiosks valuable. For these reasons, 
Valora began a search for the future role of kiosks in an increasingly digital world, 
in terms of products on offer as well as services.

From a set of workshops with Valora and different industry partners (SAP, 
Siemens, Nokia) on the topic “kiosk of the future”, the conclusion was reached that 
pervasive computing concepts are a good fit with the goals of Valora to take advan-
tage of the superior locations of their kiosks. They aim to make kiosks an “informa-
tion and service hub” [25] and provide customers with a bridge between the digital 
and the physical world. Pervasive applications have been identified as potentially 
being part of the answer in the search for their new role, especially in combination 
with social networks [26]. Valora’s goal is to combine the kiosk strengths of con-
sumer product retailing and convenience with the competition for printed press 
from the digital world, including “Web 2.0” technologies, and specifically from social 
networks. One direction taken was to show advertisements on digital signage, which 
provided the company with advertising revenue, intermixed with entertainment and 
information for customers (e.g. celebrity birthdays, horoscopes, weather, etc.). 
Combining these two goals meant showing online social network activities for 
kiosk products on in-shop digital signage, thus bringing the digital and analog 
worlds together.

10.6.3  Digital Signage in Kiosks

While the high-footfall kiosk locations offer any pervasive application exposure to 
many eyes, the challenges for pervasive applications in this kiosk environment are 
numerous: the customers are exceptionally mobile and usually in a hurry. The envi-
ronment is often very busy with crowds of people, dense information signage (e.g. 
train time tables, direction signs), conventional advertising, and the shopping 
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 environments. All this results in a very intense visual experience against which any 
pervasive application will need to compete.

Digital Signage allows for a broad range of content: from generic advertisements 
to responsive content [27] or interaction [19]. Displaying social network comments 
rests on the principles of “word-of-mouth” described above, with the aim to guide 
consumers, who are used to having a lot of choice and who place an emphasis on 
their social network. However, due to the customized nature of using content from 
social networking sites, the timeliness of the content is crucial; information needs to 
be harvested, interpreted and consumed in the shortest possible time in order to be 
meaningful to the consumer, since delays might invalidate the context [11].

In 2010 Valora conducted a digital signage experiment to understand the effects 
of digital signage in kiosks, involving a total of 50 kiosks. Of those, 16 contained 
large, 40  screens that were suitable for the field experiment and which the research 
team was able to use. The screen design featured an upper bar with time and date, a 
lower bar with news headlines, and a side bar with infotainment such as weather and 
horoscopes. The design was part of Valora’s digital signage experiments and could 
not be changed for the field experiment (Fig. 10.3).

10.6.4  Social Network Content

In addition to gaining access to the digital signage, the research team required access 
to relevant Facebook comments to be shown on the display. For this, a “Fan Page” 
was set up after Valora approved the use of the “ok.-” brand and product range for 
this proposed field experiment. Using this private label brand allowed greater  control 

Fig. 10.3 Digital signage in the retail store displaying social media comments
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over content creation and Facebook messaging to the “Fans” than would have been 
possible with a national or global brand.

The private label ok.- consists of approximately 130 quality consumer goods at 
low prices. The brand name ok.- is a play on the Swiss custom of using the notation 
of 10.- instead of 10.00 CHF. In May 2009 the ok.- energy drink was the first prod-
uct to launch, priced at 1 CHF (0.67 €) and designed to compete directly with the 
Red Bull energy drink (priced at 3.50 CHF (2.37 €)). The customer response was 
very positive, and further products were successively introduced, including a calo-
rie-reduced version of the energy drink, bottled water, chewing gum, etc. Due to the 
success of these items, household products were added (e.g. tissues, soap).

The Facebook Fan Page for the ok.- brand was set up in March 2010 (www.
facebook.com/okPunktStrich) and since then has steadily increased in number of 
“Fans” to over 35,000 in January 2011 (see Fig. 10.4). The success of the Fan Page 
is reflected not just in the user numbers but also in other measures such as number 
of comments, “likes” and photo uploads. The comments provided by the fans were 
used as the content for the field experiment.

Transparency toward the customers has a high priority for Valora, and the intent 
to use the fans’ Facebook comments for commercial uses – such as the digital sig-
nage experiment – was openly declared at the top level of the fan page. In a follow-
on contest, users of the Facebook fan page were asked to mark posts with an asterisk 

Fig. 10.4 Screen shot of Facebook Fan Page for the private label ok.-
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(*) if they wanted their posts to be published on the public displays. Approximately 
80% of the comments posted during the week of the “ok.- star” contest were marked 
with an asterisk, indicating the high willingness of fans to have their comments used 
in public.

Another crucial part of the experiment setup was defining whether comments 
would be edited, shortened or censored. The decision was taken by Valora that the 
comments would not be edited except for length if they did not fit the public display 
template. Importantly, it was decided that comments that were merely negative 
would not be censored. However, a guideline of conduct was formulated for the 
posts, explaining that personal attacks and comments that violate the law would be 
removed. Correspondingly, the team defined an “escalation path” that would be 
taken if comments on the Facebook fan page violated these guidelines.

The content for the field experiment was taken from the live Facebook ok.- Fan 
Page every day at 8 pm. The three most recent brand comments and three most 
recent ok.- Energy drink comments were used for the next day’s display. As 
described, the comments were not edited, and though guidelines were set up to 
exclude offensive content (including porn, racism, sexism, personal ads, etc.), no 
censoring of comments was necessary during the experiment. For privacy reasons, 
the user’s photo and last name were removed before using their comment, though 
otherwise the Facebook look and feel was kept to indicate to passers-by where the 
content originated from.

10.6.5  Digital Signage Field Experiment

In trying to understand the different aspects of social networks on digital signage, a 
field experiment in a retail space is ideal, as the content of the digital signage can be 
manipulated and the effects measured using point-of-sale (cash register) informa-
tion. The collaboration with Valora allowed us access to the necessary infrastruc-
ture, content and data.

10.6.5.1  Hypotheses

As companies like Valora conduct substantial investments in digital signage infra-
structure, it is important to quantify the effect of such digitalization strategies and to 
test for measurable effects in terms of sales volume. Relying on findings that show the 
general awareness effect of digital signage in a retail environment [20], we argue 
that a particular and domain-related content is positively related to sales in contrast 
to unspecific random content. Thus, we hypothesize the following:

 (H1) Showing specific domain-related content information leads to higher sales 
volume than random, unrelated content.
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Furthermore, we argue that presenting specific product information reveals 
stronger effects on sales compared to more global brand-related content. The 
rationale behind this is related to findings from consumer behavior research 
that underline that the more specific the given information is, the better it can 
be mentally processed and lead to specific formative buying behavior [35]. 
Thus, we argue:

 (H2) Product-related content yields higher sales than brand-related content.
Since many companies actively engage in community activities on social 

networking sites like Facebook [24], it remains unclear if presenting com-
ments from members of a company-led community reveals specific effects on 
sales. We argue that in the case of a dynamic kiosk environment, consumer 
behavior is more time-pressured than time-abundant, more information over-
loaded than having a scarcity of visual information stimuli, and so forth. 
Therefore, we hypothesize that due to these retail environment conditions, the 
sales impact of traditional advertising will be stronger than social network 
comments, as these advertising stimuli can be processed faster and demand 
less cognitive effort. 
We finally hypothesize:

 (H3) Traditional advertising yields higher sales than social network comments.

10.6.5.2  Dependent and Independent Variables

Choosing which content to show in which location and at what time will be based 
on a completely randomized experiment design to minimize the impact of the dif-
ferent influences that come from the “natural” setting of this field study [26].

The independent variables are based on our experimental variations. Five dif-
ferent types of content were displayed on the in-store digital signage: within the 
first condition we varied product or brand specific content. Secondly, we either 
presented traditional advertising or social network comments of the day from the 
ok.- Facebook fan page. Overall, we have a final 2 (product vs. brand) ×2 (tradi-
tional advertising vs. social network comments) experimental design. See 
Figs. 10.5–10.8 for screen shots of each of the four conditions. In addition, every 
kiosk was treated with a control condition where no experimental manipulations 
were presented. Every kiosk was randomly assigned to one of the five conditions 
lasting for 1 week each.

The dependent variable is the financial data of daily sales, as captured from the 
cash register of each of the 16 experimental kiosks. Since we were only interested 
in the general sales effect during our experiment, and in order to control for any 
spurious effects of a possible underlying trend component, we applied common 
time series methods to trend-adjust the sales data first [2]. We ran a linear model on 
the longitudinal sales data and subtracted the least-squares trend, as a general pro-
cedure in time series analysis. All statistical models were applied to this final, trend-
adjusted, stationary time series.
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Fig. 10.5 Still frame from 
video advertisement for the 
ok.- brand

Fig. 10.7 Still frame from video advertisement for the ok.- “Energy Drink” product

Fig. 10.6 Digital signage screen with social networking comments for the ok.- brand
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10.6.5.3  Experimental Design and Procedure

In order to test our hypotheses we ran the field experiment with systematic manipu-
lation of the presented digital signage content in 16 kiosks all over Switzerland, 
located in airports, hubs of public transport, shopping centers and in rural areas. 
Initially, Valora had assigned 16 parallel (twin) kiosks to act as a control for each 
experimental kiosk, but they were dropped as the matched pairing did not meet the 
requirements for a scientific study (analyses revealed major differences in terms of 
location, sales area size, sales volume and so forth).

The content was shown in stores for 5 weeks from 5th of May to the 8th of June 
2010. Every experimental condition was run for 1 week, and the shown content was 
visible for 15 s within a 2 min loop. Figure 10.2 shows an example of the digital 
signage placed within the kiosk environment, displaying Facebook comments.

10.7  Results

In order to test our respective hypotheses, we applied a repeated measures linear 
mixed model (LMM). This model family expands more traditional model assump-
tions and allows us to model correlated and non-constant error terms over time and the 
underlying covariance structure explicitly. This is of major importance, as this addi-
tional flexibility in model specification allows us to account for inherent store-to-store 
variation and store heterogeneity within our field experiment, as well as to model 
repeated effects on single stores over time. The respective error terms are assumed to be 
independent among different stores. Since all stores can be assumed to be randomly 

Fig. 10.8 Digital signage screen with social networking comments for the ok.- “Energy Drink”
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selected from a larger population, we specified the respective store as a random effect 
within our model. This is important as we are not interested in specific effects of single 
stores but rather the hypothesized effects of our experimental variations.

Additionally, since we have repeated measurements of single stores over time that 
will probably be correlated with each other (sales volume in 1 week is not indepen-
dent of sales volume in the following week), we have to find the optimal covariance 
matrix first. Therefore we started with the most parsimonious first-order autoregres-
sive covariance structure and expanded the model complexity by applying an autore-
gressive moving-average, a Toeplitz-based covariance matrix as well as a more 
complex unstructured covariance matrix. In order to choose the most appropriate 
model specification, we conducted likelihood-ratio (LR) tests between every nested 
model. Overall, the best fitting model was based on the unstructured covariance 
matrix and outweighs its higher number of to be estimated parameters (e.g., testing 
unconstrained (UN) vs. autoregressive (AR) model with a chi-square distributed LR 
test of –2LL

UN
 = 842.25 vs. –2LL

AR
 = 890.66, c2(13) = 48.41, p < .001).

Table 10.1 summarizes our results. Our experimental variation of the panel con-
tent yielded a significant positive effect on sales in contrast to our control condition 
where only random and unspecific content was displayed (F(1,91) = 4.12, p < .05). 
This supports hypothesis one.

Furthermore, our experimental conditions revealed two significant main effects: 
in the first case, the strongest positive effect was found for product in contrast to 
brand specific content (F(1,601) = 9.628, p < .01), suggesting that product-related 
content reveals stronger and more behavioral stimulating and compulsive effects 
than brand presentations. Thus, hypothesis two is supported as well.

Most importantly, the second main effect revealed a strong negative effect for 
Facebook comments compared to traditional advertising (F(1,357) = 28.641, p < .01). 

Table 10.1 Parameter estimates of effects from repeated measures LMM

Variable S.E t-value

Intercept –22.67 15.47 –1.47†

Experimental conditiona 24.5 12.06 2.03*
Brand presentationb –33.88 10.89 –3.11***
Traditional advertisingc 30.69 10.51 2.92**
Brand × traditional advertising 9.74 15.42 0.63
Small kiosk typed –40.43 8.63 –4.68***
Sales locatione = public transport 26.62 8.21 3.24**
Sales locatione = local retail 21.04 15.95 1.32†

Sales locatione = shopping mall –1.57 17.00 –0.09
Urban areaf 0.88 14.58 0.06

*p < .05; **p < .01; ***p < .001; †p < .20
aReference category = control condition
bReference category = product presentation
cReference category = facebook messages
dReference category = large kiosk type
eReference category = airport location
fReference category = non-urban area
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This finding has to be reflected with regard to the general nature of a kiosk: consumers 
tend to process given information selectively at the point-of-sale and due to consum-
ers’ time constraints, retailers have to choose digital signage strategies that allow for 
very fast information processing with low cognitive involvement. Actively reading 
given social network comments requires cognitive capacity as well as motivation to 
process textual stimuli, whereas easy to process visual cues of classical advertising are 
not dependent on this assumption. Hence, hypothesis three is supported. The revealed 
main effects were not qualified by a significant interaction (F(1,206) = .399, n.s.).

Regarding our control variables, we found a significant effect for the respective 
sales area (F(3,1411) = 5.267, p < .01). Follow-up contrasts revealed that the signifi-
cant effect was attributed to the difference between airport and public transport loca-
tions (M

Airport−Public Transport
 = −26.62, SE = 8.21, p < .01). This effect suggests that 

retailers should strongly account for location specific effects that are dependent on 
the general target audience: while airport area stores are probably more frequented by 
international consumers who aren’t familiar with a specific national brand, this effect 
is reversed for locations with a high local awareness, like local public transport areas 
or shopping centers. Most importantly, we found no significant effect for the degree 
of urbanity (F(1,774) = .004, n.s.). This finding underlines that the general effect of 
digital signage is not dependent on highly urban in contrast to non-urban areas.

Note that although airport locations are usually in more urban areas, the general 
effect between urban and less urban places is less crucial - thus, retailers promoting 
national brands should focus more on panel installations on the right target location 
regarding the sales place than on looking for or distinguishing between urban and 
less urban places. Finally, larger kiosks yield significant higher sales volume than 
smaller kiosks regarding the ok.- energy drink (F(1,2947) = 21.936, p < .01).

Overall, our results significantly underline the efficiency as well as the effectiveness 
of digital signage strategies that rely on social network comments. While we found that 
product-related cues yield stronger positive effects than brand-related presentations, the 
more important finding is the positive effect of social network comments, which none-
theless do not surpass the effects of traditional advertising. We believe that this finding 
is attributed to the higher cognitive requirements as well as time consuming processing 
of text-based messages in contrast to visual stimuli of classical advertising. Furthermore, 
the analysis of our control variables additionally revealed that the prevailing store cir-
cumstances are highly relevant for deriving effective retail strategies: while significant 
sales effects can be revealed by digital signage in local transportation areas, this effect 
is reversed for locations that are frequented by more international consumers.

10.7.1  Discussion of Case Study

The experiment described in this chapter allowed a comparison between standard 
advertising and displayed comments from a social network, both for brand-content 
and product-content. The effects were measured using sales data. From this, several 
core conclusions can be drawn:
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Digital signage showing comments from social networks increases sales, though 
not as much as advertising (but more than showing unrelated content).
Displaying product-specific social network comments is more effective than 
showing general brand-related comments

While the qualitative findings offer a clear picture of sales, the qualitative find-
ings from the experiment are worth consideration:

The text-based nature of social network comments imposes an additional cogni-
tive load on shoppers when compared to traditional advertising. This might be 
especially true in a busy retail environment. Screen design must take this into 
account and aim to minimize the cognitive load.
Though not measurable, showing social network comments appears to add ben-
efits of perceived “coolness” or innovation to the image of the brand or product.
Industry constraints – e.g. regarding placement of displays, layout of content, 
other content on the public displays – must be planned for and built into the 
design.

The evident success of traditional advertising, as evidenced in this experiment 
and the omnipresence of advertising, indicates that a clever design would mix social 
media comments with traditional advertising. This would allow a brand or product 
to benefit from the experience of traditional advertising while adding the elements 
of innovation and word-of-mouth.

10.8  Summary

Advertising agencies and retailers are experimenting on how to use social networks 
in advertising, hoping to harness the new medium to increase sales. The trigger is 
the meteoritic rise of social networks and the large number of users active on these 
websites. With their trusted connections between users, and users placing a high 
value on word of mouth for making buying decisions, brands are increasingly 
ensuring and professionalizing their presence on social networks. In the context of 
pervasive advertising, social networks might influence buying behavior in two 
settings: (1) users may access social networks on their mobile phones while shopping 
in a store location. (2) Social network comments would be displayed either statically 
on digital signage in the store (e.g. selected by the marketing department) or actively 
updated as new comments arrive on the social network site.

To determine the effect of social network comments on digital signage, a field 
experiment was conducted which revealed new insights regarding the effectiveness 
of pervasive computing applications on digital signage. Our statistical analyses 
showed that the integration of social network comments on digital signage results in 
measureable effects in sales. This was true especially for social network comments 
on specific products but also for general brand-related comments, though to a lesser 
extent. Since traditional advertising content still trumped in this context of busy 
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small-space shops selling low-involvement products, we conclude that the ability of 
customers to process textual stimuli in a shopping environment is limited. Thus the 
use of social network comments needs to be carefully evaluated. We strongly believe 
that the general effects of our analyses can be generalized for other situations: pres-
ent product rather than global brand-related content and assess consumers’ capabili-
ties and motivation to process textual social network comments within a given 
in-store situation.

Beyond the effect on sales, the social network comments are likely to provide the 
consumer with an impression of innovation for the product or the brand in question, 
as well as for the retailers themselves. Thus, a carefully designed mixture of tradi-
tional advertising and social network comments would maximize the benefits of 
both advertising and social networks’ ability to generate word-of-mouth.
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Abstract This chapter deals with adaptation of background information and 
 advertisements, displayed in an environment, to the interests of the group of people 
present. According to research on computational advertising, it is important to 
develop methods for finding the “best match” between user interests in a given con-
text and available advertisements. Accordingly, after providing an overview of the 
most popular group recommender approaches, this chapter looks at new issues that 
arise when considering group modeling in pervasive advertising conveyed through 
digital displays. The chapter first discusses general issues concerning group recom-
mender systems, with particular emphasis on the acquisition of user preferences and 
interests. A system called GAIN (Group Adaptive Information and News) is then 
presented. This was developed with the aim of tailoring the display of background 
information and advertisements to groups of people.

11.1  Introduction

Today, many communal and shared places are equipped with large digital displays or 
other output devices typical of the particular environment. Examples include cardio-
fitness machines in fitness centers, food dispenser displays, bus/train/plane notice-
boards, etc. In contrast to online information seeking, such displays entail 
“encountering” the information while conducting another activity [9]. By “back-
ground information”, we refer to content and news that are secondary to the main 
reason or tasks that led users to that particular environment [16]. Examples of back-
ground information are those that may be provided when people queue at an auto-
matic coffee dispenser, at a bus stop, or in some social places, like fitness or shopping 
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centres, where people go for reasons other than that of receiving information. However, 
in these places, people might be interested in reading some news and advertisements 
relevant to them, for instance, because it is boring to stand in a queue.

The information system used in a particular environment may, in turn, wish to 
recommend items or advertisements to users who may be attracted by ads that are 
peculiar to the place or the activity that brought the user there. In this context, it may 
be effective to mix appropriate background information with pertinent advertise-
ments. Indeed, the display of background information of interest for people present 
in the environment may maintain their attention and increase the probability of 
looking at ads, thus becoming an opportunity for effective digital advertising. This 
is the approach discussed in this chapter.

According to the research on computational advertising, it is important to develop 
a method for providing relevant ads, by finding the “best match” between available 
ads and a given user in a given context [3]. Therefore, this problem may be approached, 
as in recommender systems, by filtering information according to user interests with 
the aim of providing interesting ads. Accordingly, an overview of the most popular 
group-recommender systems approaches is provided. We then discuss the importance 
of modeling group interests and of identifying the variables that influence the model-
ing process, in the context of advertising through public displays. Then, we show how 
GAIN (Group Adaptive Information and News) has been developed through this 
approach, and tested in a fitness center. In particular, we discuss the results of an 
evaluation experiment showing that (i) adaptation to the group is a promising way to 
improve the efficacy of information provided in daily life and that (ii) the display of 
adapted background information seems to be an effective way to convey situationally 
relevant advertisements. In the final section, some conclusions are drawn.

11.2  Group Recommender Systems

Computational advertising aims at providing relevant ads by finding the “best 
match” between available ads and a given user in a given context [3]. For this rea-
son, effective computational advertising may be seen as a recommendation prob-
lem, in which the system, taking into account user interests, generates the most 
appropriate set of relevant ads. In addition, in environmental advertising, the system 
must consider that most recommendations must be directed to a group of people, 
rather than a single user. In the following subsections, we provide a brief introduc-
tion to recommender systems and to group modeling.

11.2.1  An Overview on Recommender Systems

A Recommender System (RS) applies search and information filtering techniques with 
the aim of providing users with personalized suggestions about a set of items belonging 
to a specific domain [1]. The starting point is available information about users and 
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items. In this way, it is possible to overcome the information overload  problem that 
may reduce user decision-making capabilities. Nowadays, many online shops in vari-
ous domains utilize a recommender system. Examples of application domains are 
news, music, books, movies and services (i.e. travel, financial, wellness, etc.).

According to Adomavicius and Tuzhilin [1], a formal definition of a recommen-
dation problem may be the following: let’s denote with C the set users of the system 
and with I the set of items that can be recommended by the system. Each user can 
be described with a profile that may, in the simplest case contain only the user ID or 
it may include various characteristics (i.e. gender, age, profession, etc.). Also, items 
in I may be defined with a set of features. For instance, in the music domain, each 
song may be represented by its ID, title, genre, artist, etc. The cardinality of these 
two sets can be very large and, in order to reduce user’s cognitive overload, it is 
important to filter these items for a given user. Therefore, it is necessary to define a 
utility function u : C × I  R, where R is a totally ordered set of values. This function 
measures how much a user liked a given item. Then, for each user, the system has 
to choose an item that maximizes this utility. A central problem in providing recom-
mendations is that u is not defined completely in C × I but only into some subsets of 
this space. Typically, a user does not express a preference or a rating for each item 
in a catalogue. For this reason, an RS must also be able to estimate the values of 
u for the part of the data space in which the function is not defined, starting from the 
points of C × I in which it is defined. The objective is then to predict the rating, or 
the level of preference that a given user would accord to an item that has not yet 
been evaluated. In conformity with this objective, recommender systems may use 
various techniques to provide useful and appropriate suggestions to their users. 
Such systems are generally classified into the following main categories [5]: 
 collaborative, content-based, demographic, knowledge-based and hybrid.

Collaborative recommender systems are probably the most widely used. Systems 
based on this method compute correlations between users, by recognising the affinity 
among user choices and considering their item evaluations. These systems predict 
product ratings for the current user, based on the ratings provided by other users who 
have preferences similar to the current one [12]. In this approach, all values of the 
utility function u(c, i) of an item i  I for a user c  C that are unknown, are estimated 
considering the utilities u(c

j
, i) assigned to the same item by users c

j
 who is considered 

similar to c. In this way, it is possible to predict the rating that would be given by the 
active user to the product and to generate a set of top N items accordingly. A typical 
user profile of a system based on this approach comprises a vector of items together 
with their rating. This profile is updated continuously over time, according to the user 
interaction with the system. A great advantage of using a collaborative filtering 
approach is the independence from the specific domain and nature of the items to be 
recommended. However, since collaborative recommender systems depend on user 
ratings, some problems may arise when only a few users have rated the same items. 
In particular, when a new user interacts with the system, this approach does not pro-
duce recommendations, because they are generated from a comparison between 
the active user and other users based on the accumulation of ratings. Therefore, a 
user with few ratings becomes difficult to categorize. Usually, to cope with this prob-
lem users are required to rate a set of products or to state explicitly their interests or 
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clickstream information is collected and interpreted as ratings [30]. Similarly, a new 
item that has not had many ratings cannot easily be recommended.

Content-based systems use only the preferences of the current user and predict 
ratings for an unseen item, based on the degree of similarity of its description to items 
that the user rated highly in the past [26]. The item description is usually a text and, 
using information retrieval techniques, a vector representation of relevant features of 
the item is derived, by identifying the most relevant keywords appearing in the text. 
With this approach the system learns which are the preferred items of users from their 
rating behavior. These preferences, usually expressed as a combination of item 
description and user preference, are stored inside their profiles. These are formalized 
differently, according to the evaluation method adopted by the RS. The most popular 
methods use decision trees, neural networks, fuzzy logic or probabilistic reasoning. 
According to the computed profile, the ranking produced by the system for a particu-
lar user is static and represents the best predicted ordering of items with respect to the 
relevance of those items for the user. In content-based RS, the value of the function 
u(c, i) of the item i is predicted according to the values of u(c, i

k
) given by the same 

user to items i
k
, considered “similar” to i. Content-based techniques also have a start-

up problem related to new users. Moreover, content-based techniques are also limited 
by the features associated explicitly with the items they recommend.

Demographic approaches make use of stereotype reasoning. With this approach, 
the user is classified on the basis of personal attributes and information stored in the 
user profile and recommendations based on demographic classes usually formalized 
in stereotypes. These demographic features are used to generate initial predictions 
about the user [15, 25].

Knowledge-based systems use a knowledge structure to make inferences about user 
needs and preferences [4]. As with all knowledge-based approaches, for recommender 
systems as well, it is necessary to acquire the knowledge on which recommendations 
will be made. Therefore, it is necessary to formalize how a particular item meets a 
particular user need, as well as the relationship between a need and a possible recom-
mendation. This constitutes the main disadvantage of the approach and the represented 
knowledge influences the range of possible recommendations. However, it does not 
suffer from a start-up period during which its suggestions are of poor quality.

Finally, hybrid systems combine two or more techniques in order to obtain better 
performance with a reduction in the limitations of the pure approaches [5]. For 
instance, collaborative systems have proposed a combination of content data with 
rating data. This may help to capture correlations between users or items, thus 
improving the accuracy of the recommendations.

11.2.2  Acquisition of User Preferences

This brief overview clearly demonstrates the need, when developing an RS, to for-
malize the user profile according to the requirements of the adopted recommenda-
tion approach. Since the system needs to know as much as possible about the user 
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for generating the most relevant and appropriate set of recommendations, acquiring 
such information and constructing a valid and a reliable user model are extremely 
important.

The acquisition process may be explicit, implicit or a combination of the two.
With the explicit approach, preferences are acquired directly from the user. The 

problems associated with this approach are as follows: (i) most users do not want to 
provide much information or spend time answering questionnaires; consequently 
(ii) information gathered through this approach may be only part of what the user 
really needs and will correspond to the image that the user has of him/herself; (iii) users 
may not understand some of the questions and their underlying motivation.

On the other hand, with the implicit approach, the system observes user behav-
iour during the interaction and reasons behind it, in order to infer information about 
relevant user features and preferences. In fact, when users interact with computers, 
they provide a large quantity of implicit information, the interpretation of which 
facilitates profile building. This process is transparent for the user, but the resulting 
model may be imprecise, so that the personalization process may be not effective. 
Moreover, the inferred knowledge may be not reliable in every context, since users 
may have different goals, which may vary according to the context.

A good compromise is a mixed approach in which the system explicitly asks the 
user only a few questions and, from this information, tries to infer more details or 
new knowledge about the user.

A variation of this approach involves a natural language dialogue between user 
and system, in order to acquire relevant information about preferences. Conversational 
Recommender Systems (CRS) adopt this approach in order to build a reliable model 
of user preferences [29]. A variation of this approach entails criticizing items that 
the system recommended [21, 22]. The user is involved in a dialogue in which the 
system suggests items and the user provides an evaluation of one of the displayed 
items. This critique-based procedure enables the system to better understand user 
needs and preferences thus improving the quality and appropriateness of recom-
mendations. In [27], it is shown that critique-based recommendations are particu-
larly effective in supporting mobile users in product selection decisions.

11.2.3  Group Modeling

Most recommender systems address their recommendations to individual users. 
However, in specific application domains, users consult or interact with the system 
in a group. This is the case, for instance, with an environmental information system 
in which groups of people look at information and news on public displays.

The majority of group-adaptive systems employ strategies to synthesize a group 
model from the individual models of its members. In building the group profile, 
systems usually start from preferences and interests of individual users (generally 
computed according to one of the methods explained previously) and aggregate 
these data using variations of the average strategy. A survey of the strategies that 
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may be employed for computing a group profile is presented in [18]. These strategies 
attempt to maximize group satisfaction and/or to avoid dissatisfaction of some 
member in the group or to privilege a group member. However, there are particular 
application domains in which the group profile is computed from a negotiation pro-
cess. For instance, Jameson [13] emphasizes that, in particular applications, group 
recommendations require aggregating preferences on which all members have 
agreed, in order to reflect the preference of the group as a whole. Marreios et al. [17] 
address this problem in terms of an argumentation-based system, in which intelli-
gent agents simulate the behaviour of individuals as group members who participate 
in a decision making process.

Let us now consider some examples of group recommender systems.
PolyLens [23], a component of MovieLens, is a system used to recommend mov-

ies according to inferences made from preferences expressed by each user of the 
system. Polylens uses an algorithm that merges individual user recommendation 
lists, and sorts selected movies in a decreasing degree of preference, by taking into 
account the minimum score given to every item in the list. This strategy seems 
appropriate for MovieLens since it tends to suggest movies that part of the group 
really wants to see.

MusicFx [19] is a system employed in fitness centers to choose music according 
to the preferences of the groups of users in different rooms. The strategy used by 
MusicFx is that of Average without Misery, which is based on the sum of normal-
ized scores of all items in the list preference list. Since this strategy enables fixing a 
threshold (a minimum predefined value under which that alternative is eliminated 
from the final sequence of interests), it insures a minimum degree of satisfaction for 
each item in the final list of music songs. For this reason, the less favourable users 
can eliminate those pieces from the list that he/she dislikes, by giving them a zero 
evaluation score. However, this may constitute a problem since, if several users give 
a zero score to several items, the system will not be able to create a list, because all 
the preferences will be equal to zero.

Intrigue [2] helps guides in designing tours for heterogeneous groups of tourists. 
Intrigue creates a group preference model by aggregating the preferences of sub-
groups of homogeneous users (i.e. children, elderly, etc.). Intrigue uses a Weighted 
Additive Utilitarian Strategy, where the group model is a weighted average of the 
subgroup models, with the weights reflecting the importance of the various sub-
groups (e.g., the subgroup of disabled persons is considered especially important, 
because of the special requirements of its members).

CATS [21, 22] allows friends planning a vacation to reach a consensus in their 
travel decisions. This system offers a cooperative approach to group recommenda-
tion, by providing group members with some awareness of each other’s activities as 
they explore vacation options, working simultaneously around a multitouch table.

Pocket Restaurant Finder [20] helps a group decide where to eat together, by 
recommending them a restaurant. Each user indicates his/her preference with respect 
to each of 15 types of cuisine on a 5-point scale ranging from “Definitely don’t 
want . . . ” to “Definitely want . . . ”. Similar ratings are given for 17 possible restau-
rants, 3 price categories, and 3 ranges of travel time from the current location. 
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Starting from this data, the group preference arbitration algorithm is invoked to 
create a list of prospective restaurants, sorted in order of expected desirability (for a 
given group). The algorithm first computes each person’s individual preference for 
each restaurant, then takes the average of these values to represent the group prefer-
ence for each restaurant, and uses that single value to sort the restaurant list.

Flytrap [7] is a system that constructs a playlist which tries to please everyone in 
an active environment. Users’ musical tastes are derived automatically from infor-
mation about the music that people listen to on their computers. As in MusicFX, 
users are recognized by their active ID badges that inform the system when they are 
nearby. Using the preference information it has gathered from watching its users, 
and knowledge of how genres of music interrelate, how artists have influenced each 
other, and what kinds of transitions between songs people tend to make, the system 
finds a compromise and chooses a song. Once it has chosen a song, music is auto-
matically broadcast and played.

Adaptive Radio [6] is a system that selects music to play in a shared environment. 
Rather than attempting to play the songs that users want to hear, the system avoids 
playing songs that they do not want to hear. Negative preferences can potentially be 
applied to other domains, such as information filtering, intelligent environments, 
and collaborative design.

11.2.3.1  Group Modeling in Smart Environments

When group modeling is applied in the context of ambient intelligence and perva-
sive computing, it is important to consider some other dimensions that influence the 
recommendation process. Apart from the approach used to compute recommenda-
tions, it is important to understand how to compute the information needs of people 
present in a communal space and some context features, such as the particular activ-
ity zone in which information is displayed, the time of the day and so on. In our 
opinion the following variables influence “who is the group” and “what” might 
impact on group interests in this application context.

Group formation: this may occur intentionally, when people join the group for a 
common purpose or in response to the preferences of one person, or accidentally. 
For instance, in MusicFX, Flytrap and Adaptive Radio group formation is acciden-
tal while in the other systems it is intentional.

Type of presence: we define as persistent the presence of a person who usually 
visit that particular place, and occasional, that of a person who does not usually 
frequent that place. For instance, a person who tends to take coffee at the same time 
at the same automated dispenser in the common facilities area of the same building, 
is considered as persistent, while a friend joining her for coffee on a particular day 
is occasional. Knowing the type of presence of people within the environment is 
important, since this may influence for instance, the group modeling strategy.

Amount of time people usually spend at the place: a person may attend the shared 
space for a short period (i.e. waiting at the bus stop or at the coffee machine, etc.) or 
for longer (i.e. training in a fitness center, shopping in a mall).
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Context: certain types of information and ads may exert a greater impact when 
the user is in a particular context. Obviously, context features depend on the type of 
environment and on the activity that people perform there [24]. Examples of rele-
vant contextual features are the current location, social situation, time of day, day of 
the week, as well as the activities of people and some events of that are of common 
interest.

Preferences and interests of the target population in the environment: in this 
case, adaptation requires a knowledge of the interests and informational needs of 
the group of people that is usually present at a particular time at a particular loca-
tion. Targeting news and advertisements to groups, rather than of single users may 
also constitute an advantage in terms of privacy protection. Moreover, it is worth 
considering the social aspect of groups. That is, when a user is in a group, a dis-
cussion about the displayed items is more likely to occur. However, a problem 
associated with group modeling is related to the possibility that its members’ 
preferences may be totally unknown or completely or partially known to the sys-
tem, if the profiles of all or some of the users may be transferred to the environ-
ment. In our opinion, providing a solution to this problem requires a different 
approach to group modeling and adaptation to that used by web-based recom-
mender systems. In such cases, the system identifies users who are logged into it, 
recognizes their interests they state explicitly, or builds their profile incrementally 
from the feedback or rating they provide using, for instance, a collaborative 
approach. Accessing user profiles or collecting user ratings is not always possible 
in a physical location in which the system may be not aware of all the people pres-
ent. In fact, even if we assume that active badges or mobile personal devices will 
be used to interact with an active environment and therefore, the system will be 
able to understand who is present, we cannot assume that everyone will use this 
technology or give permission to use their data or to detect their presence in the 
environment. Therefore, it is reasonable to assume that, while modeling the group 
of people present at a given location, some or even all of them will be unknown to 
the environment.

In order to compute the profile of group interests in such a context, a demo-
graphic approach may be integrated with information about the interests of known 
users. The above mentioned variables can be relevant for targeting useful back-
ground information and ads, since they yield the most relevant demographic 
profile.

Another issue relevant in this specific application domain concerns the tuning 
and updating of the group model. One possible way may be to use implicit informa-
tion that users provide during their interaction with the system. However, this is not 
possible when information is provided through a non interactive wall display, but it 
could be possible if the user has access to the same system through a mobile device 
such as a smartphone. In this way, the degree of interest in particular news or ads 
categories could be inferred. Moreover, individual user profiles could be integrated 
and enriched by mining the web (i.e. analysis of cookies, etc.) and social network 
data (i.e. profiles and posts on Facebook).



23511 Adapting News and Advertisements to Groups

11.3  The GAIN System

In this section, GAIN (Group Adaptive Information and News) is presented as an 
example of a system that has tested the what proposed in the previous sections. The 
current version of the system is an extension of that presented in [8]. It was designed 
using a Service Oriented Architecture [10] and exploits the features of web services 
(WS) technology to enable flexibility and interoperability. The main components of 
the system are:

GAIN Web Application (WA), responsible for filtering news and ads categories, 
according to the assumed interests of the group.
Group Modeling WS, responsible for computing the preferences and interests of 
the group present in the particular environment
Ads and News Reader WSs, responsible for selecting advertisements and news of 
interest.
Ads Manager WS, which can be used by advertisers to compose and make avail-
able an advertisement through GAIN, by specifying its title, category, relevant 
keywords and description, and then making it available as an RSS (Really Simple 
Syndication) feed.

In the presence of people whose profile can be accessed by the system (known 
group), the Group Modeling WS, starting from information about their interests, 
computes the profile of the group by combining this data with the Demographic 
Group Profile (GP), a statistical forecast of the unknown group composition, as 
described in the next section.

User profiles in GAIN are formalized, using the situational statement language 
UserML from UbisWorld [11], since we use it in other user modeling compo-
nents that we developed for other projects. UserML provides a language that 
represents the user model in considerable detail, by introducing information use-
ful for contextualization. Furthermore, it seems appropriate for this kind of sys-
tem. The following is an example of statements describing a situation in which a 
female user is very interested in reading news about “wellness” when she is in the 
locker room:

<situation id=”101”>
<statement>

<mainpart subject=”User1” auxiliary=”HasInterest” predicate = “Topic”
range=”Text” object=”WELLNESS” />
<explanation confidence=”0.8” />

</statement>
<statement>

<mainpart subject=”User1” auxiliary=”HasLocation”
predicate=”locker room” />

</statement>
</situation>
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Starting from the user profile, the system extracts the set of features necessary for 
information filtering as a vector of items and their score or confidence, selected 
according to relevant contextual tags (i.e. time slice, activity zone).

The Ads and News Reader Web Services select ads and news about a given topic 
on channels in the Internet, using the RSS feed technology. In this way, updated 
information about several topics can be provided to the group. Each RSS feed fol-
lows a standard syntax and consists of a set of news and ads, each with a title, a 
description, and a link to a web page where the news is located. A further tag 
describes the category of news or of the ads. This tag is important for filtering items 
according to group preferences (for more detail see [8]). News and advertisements 
can be part of the environment (internal) or sponsored by external advertisers.

The list of filtered items is sorted according to the interest score that the group-
modeling component calculates for each topic of interest, and is used to periodically 
update the digital display.

As far as interaction is concerned, a non-interactive wall display (Fig. 11.1a). 
The user can interact with the same application through a mobile version of the 
system (Fig. 11.1b).

In order to test GAIN, we selected as a fitness center1. Such an environment cor-
respond with the main objective of this research, since:

people take out a contract with the center, and contextually, it is possible to ask 
them to complete a questionnaire about their interests;
users are often provided with magnetic or RFID badges that can identify their 
entry into the environment;

Fig. 11.1 (a) Application of GAIN in a fitness center. (b) The mobile application

1 A.S.D. BodyEnergy, Mola di Bari, Italy.
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users are heterogeneous and have different interests. Furthermore for a certain 
period of time their presence is fairly stable, with some turn-over periods;
the overall environment can be divided into different activity zones, in which 
people may well have different information needs;
it is possible to forecast statistically how many and which categories of users are 
present in a particular activity zone at a given time, and therefore, to combine this 
information with the profiles accessible to the system.

Even if the system has been tested and evaluated in a fitness center, the pro-
posed architecture is sufficiently general to be adapted to different domains. The 
system has been developed using standard protocols and languages. In addition, 
GAIN web services can be used as part of other applications that require that 
 particular service.

11.4  Group Modeling Strategy in GAIN

In smart environments, group modeling may be more complicated than in other 
types of application domains, since the group may be heterogeneous and not share 
a common goal or task. Moreover, the system may have access only to the personal 
profiles of some group members. For this reason, in order to model the group, we 
assume that it can be split into two subgroups:

the known subgroup, which includes the set of users (and their profiles) that are 
surely near the display for a certain period of time. For instance, they have a 
personal device that allows them to log transparently into the system;
the unknown subgroup that includes users who cannot be recognized by the sys-
tem, but who should be there statistically.

In GAIN, we formulated the hypothesis that, in order to improve the level of 
effectiveness of the adaptation process, a mixed approach to group modeling could 
be adopted, combining the statistical distribution of preferences of people who usu-
ally attend a particular location, with those of a subgroup known to the environment. 
In order to collect statistical data that could be used to build the demographic pro-
files, we conducted a study of the people distribution and the interests about news in 
each activity zone of a fitness center.

In particular, as shown in Fig. 11.2, the following activity zones were considered: 
the reception hall, the male and female locker rooms and the fitness rooms.

Groups in these places comprise people who spend a limited period of time (short 
or long) there and their formation is accidental. However, it is implicitly regulated 
by the type of activity that people performs there (i.e. group courses, individual 
training, and so on).

The study involved 170 subjects (a typical representation of the target users of our 
application during a given day) who usually spend some time at the fitness center. 
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Subjects were requested to complete a questionnaire that was divided into three 
sections:

demographic data about the subjects (gender, age, category);
frequency of attendance (at what time, for how long and how many days during 
the week subjects were present) and in which activity zone subjects are supposed 
to stay at each time slice, according to the specific habitual activity. We identified 
10 time slices, from 9.00 in the morning to 13.00 p.m. and from 16.00 to 22.00 
in the evening.
topics of interest, by asking subjects to score them in a list, using a 1–5 Likert 
scale (from 1: I really hate it to 5: I really like it) for each activity zone.

Due to space limitations, we do not show present the results of the study in full detail. 
However, from this data, we derived some information about the habits of each user, in 
term of the average number of minutes spent at each activity zone during a day, and 
about their distribution during each time slice, and about their flow in the environment, 
according to their activity program. Figure 11.3 shows the distribution of subjects inter-
ests, when in the fitness room around 10.00 a.m. and 18.00 p.m. These time slices were 
selected as quite relevant. In the morning, mainly women attend the fitness room, while 
in the early evening there are mainly male students. From this example, one might infer 
that the user’s gender is the triggering feature of a stereotypical profile of group interests. 
However, gender is not considered as a trigger, in this phase of system development, for 
two main reasons: (i) the preliminary study showed that in another time slice (late in the 
evening) women have different interests (partially because they have a different cultural 
background); (ii) in our application domain, users are not always recognizable by the 
system and therefore, it might not have access to information about their gender. 
Therefore, we used these data to build the statistical dataset of our group modeling 
module. From this set of data, it is possible to identify that the time slice and the activity 
zone in which users were located. These are important factors for triggering different 
demographic interest profiles. For each zone and time slice the default confidences for a 
list of possible topics were then derived independently of personal data.

The group profile is then defined according to the formula described below in 
(1), where different weights may be assigned to the known and unknown groups, 

Fig. 11.2 Layout of the fitness center, grey boxes indicate displays
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according to the relative importance one wishes to allocate to one group as opposed 
to the other. In the formula, we denote as:

P
SURE

, the weight (from 0 to 1) allocated to the preferences of known group.
P

PROBABLE
,2 the weight (from 0 to 1) allocated to the preferences of the unknown 

group.
K, the number of topics;
UM

j
i the score for topic j in the activity zone A from user i;

b the base of the votes; can be 1, 5, 10, 100, etc.
N, the number of known users;
M, the number of profiles that constitute the statistical dataset (initially, M was 
equal to the number of profiles collected in the preliminary study);
f
i
, the frequency of attendance for each user of the selected activity zone, calculated 

as the number of days attended by user i divided by number of working days;
t
i
, the average number of minutes in which the user i is in the activity zone in the 

considered time slice;

m 1
F  = *

N M

m mm N
f t , the frequency in the statistical dataset.

Then, C
j
, indicating the confidence value for a topic j to be shown to the group in 

the activity zone A, is computed as follows:

 

SURE i i
PROBABLE1

m

P f *tN+Mj j
j 1,..., K : Cj = 1 / UM P UM *i i Fi=N+1

N

i
b

N  
(1)

with N > 0 and M > 0 and b <>0.3

Fig. 11.3 Comparison of interests in two time slices

2 We wanted to express the confidence of each topic as a percentage. For this reason, we set 
PPROBABLE = f(P

SURE
), f being a function that relates these two values to one another.

3 This is valid if P
SURE

 + P
PROBABLE

 = 1, otherwise, it is necessary to divide the value of C
j
 by the value 

of P
SURE

 + P
PROBABLE

 in order to obtain a result between 0 and 1.
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This formula is a variation of the additive strategy [18], in which the weight for 
the unknown part of the group cannot be distributed uniformly, since people are 
present in a place with different frequencies. For computing, as accurately as 
 possible, the confidence values for the unknown part of the group, news filtering 
considers the fact that some users are more likely to be in given activity zone at 
some times than others. This frequency in the formula (1) is calculated by consi-
dering (f

i
 * t

i
)/F

m
 that allows approximating the presence of users according to data 

in the statistical dataset. In particular, we used the data collected in the preliminary 
survey in order to calculate f

i
 and t

i
 as the average number of minutes that a user i 

spends in the activity zone, during the week, in the time slice in which the group 
modeling function is activated. Obviously, when N = 0 and M > 0, P

SURE
 should be 

set to 0 and P
PROBABLE

 to 1. In the opposite case, when N > 0 and M = 0, P
PROBABLE

 
should be set to 0, and P

SURE
 = 1. Once the list of preferences is computed by the 

group modeling web service, it is used to filter the news by means of the GAIN 
web application.

11.5  Updating the Group Model

In the context in which GAIN is applied, the group model can be updated in different 
situations: (a) in a non-interactive context in which users passively look at news on 
a wall display, (b) using a personal interactive version of the system in which the 
user may receive a personalized selection of news on his/her mobile device. In all 
cases, we believe it would be impractical to update the model by asking people to 
explicitly rate the relevance of background information, especially since they are 
actually there for a different purpose.

In GAIN, group model updating occurs when new users come into the activity 
zone or when the next time slice is reached, according to the statistical distribution 
explained previously. The system re-applies the formula (1) to calculate the new 
confidence value of all news categories. In order to avoid sudden changes in the top-
ics list, scanning of known users is done every n(A) minutes. This time interval 
corresponds to the average time that subjects involved in the preliminary survey 
stated that they spend in each activity zone A, calculated for all time slices.

However, we can assume that some users interact with the system using a per-
sonal device. If so, the user whose personal profile has previously been transferred 
to the system, is considered part of the known subgroup and the group model is 
updated according to the user’s clicking behavior. This information may be 
 considered as a kind of implicit feedback, since we can assume that users do not 
click on news at random, but rather on issues that interest them [14]. Therefore, 
clicked links may be considered as positive samples, which match the user prefer-
ences from a statistical perspective.

Information on the clicking behavior of all known users in a determinate activ-
ity zone, together with information on the date and time, are used for updating and 
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tuning the demographic profile of the group in that zone, for that time slice. To 
this end, a temporary profile for each time slice and for each activity zone is cre-
ated. With GIP(A)t, we denote the Group Interaction Profile for the activity zone 
A in time slice t. This profile has the same structure of UM(A)

i
 and contains a list 

of the news categories of the considered domain, but with an initial confidence 
value of 0. The only difference is the lack of information about the average time 
spent in the shared place (f

i
 * t

i
), because we consider it constant for the current 

time slice. Each time a user selects a news item belonging to a category x, this is 
denoted as positive feedback and the relative counter is increased. At the end of 
the time slice, the confidence for each category is updated by dividing the relative 
counter by the total number of selected news items. For example, if N is the num-
ber of all the news items selected by the users, and we consider K

j
 as the counter 

of selected news for each category, the confidence value C
j
 in the GIP(A)t for the 

category j, will be calculated as K
j
/N. The temporary profile GIP(A)t is then used 

to update the group preferences for activity zone A in the given time slice, since 
it is added to the statistical dataset and used in the next computation, according to 
formula (1).

In this case, the number of profiles M, used to build the statistical dataset, is 
increased. This approach enables us to adjust the statistical profile, in order to 
achieve a situation that is closer to the real usage model of the system. However, a 
possible problem may arise with respect to the number of collected profiles (M), 
since they enrich the statistical dataset and are never discarded. In order to solve this 
problem, the idea is to stop this form of information gathering, when we have a suf-
ficiently large number of usage profiles (around 1,000) and to use machine learning 
techniques to extract information for building stereotypes, relative to activity zones 
and time slices. With this new approach, the temporary profiles will be considered 
as new examples for updating stereotypes. Moreover, direct interaction through the 
personal device facilitates user identification and thus, the implicit feedback may 
also be used to update his/her personal profile.

11.6  Evaluation of GAIN

In order to validate our approach we performed two subjective evaluation studies 
aimed at testing: (1) the impact of adaptation on news presentation and (2) whether 
the display of adapted background information is an effective way to convey rele-
vant advertisements. In both experiments, we used only the statistical demographic 
group profile. Accordingly, in the first experiment, we could assess the adequacy of 
this profile to the interests of people in the selected activity zone and time slice, 
and obtain a more accurate adaptation in the second study. In these experiments, the 
data is obtained from questionnaires. We are aware that combining this subjective 
eva luation with a more objective one could improve the accuracy of results, as for 
instance in [28].
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11.6.1  First Study

This study aimed at assessing whether the user interest in the news differed, depending 
on whether or not the news presentation was adapted to the specific group.

The study involved 80 people who usually attend the fitness center. The test was 
conducted at about 10.30 a.m. on two different days in the fitness area.

We formed two groups of 40 subjects each. Each group comprised 15 males and 
25 females, chosen randomly among users of the fitness center in that time slice (this 
distribution mirrored that of the preliminary study). Both groups were provided, for 
30 min, with a set of news selected by GAIN. According to the preliminary study, 
this was the average time people stay in that activity zone in that time slice.

The interface used in the experiment was a non-interactive wall display. Both 
user groups could look at the news on three displays positioned at the center of each 
wall of the room (see Fig. 11.2), all displaying the same set of news simultaneously. 
The news was refreshed every 7 min.

Before the experiment both groups received a short description of the purpose of 
the experiment. The first group was then provided with news selected randomly 
from the following categories: Local News, News, Wellness, Cooking, Football, 
Music, Cinema, Gossip, Weather, Culture.

For the second group, the experiment was conducted under the same conditions 
and with the same procedure, except for the news selection method. In this case, 
news categories and the number of news items provided for each category were fil-
tered and ordered according to the group interest profile, triggered by the activity 
zone and daytime (see the distribution of interests in Fig. 11.3).

At the end of the experiment, both groups were asked to complete a post-test 
questionnaire as accurately and honestly as possible. The questionnaire took no 
more than 5 min to be completed, after which participants were fully debriefed.

The questionnaire consisted of 15 items, some of which concerned demographic 
data, and other items aimed at understanding which categories they liked and dis-
liked. The other items were aimed at assessing whether subjects: looked at news, 
were interested in the displayed content and found the content appropriate and ade-
quate to the situation, needed more news categories, liked the service of providing 
background information on displays, would have liked to interact with the news on 
their smartphone. Table 11.1 summarizes the results of the most relevant questions 
for evaluating the effectiveness of group adaptation.

The results show that subjects in the ‘adaptation’ modality gave, on average, a 
higher evaluation score to questions Q2, Q3, Q4. These questions, in fact, aimed at 
assessing the impact of adaptation on individual satisfaction: the results indicate 
that adaptation seems to increase the appropriateness, adequacy and interest of 
information provided.

Answers to the fifth question indicate that there was almost no need for different 
news categories in the adapted condition. The table shows that, at least for these 
four questions, the p-value of the t-test is less or equal than 0.01, indicating that the 
difference between the two conditions can be considered significant.
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Answers to Q1 and Q6 show that people liked the service of background 
 information provision and looked at news in both conditions. Moreover, for both 
conditions subjects would have liked to interact with the news, since the average 
score to question 7 is between 4 and 5.

As far as questions aimed at assessing which categories of news subjects liked 
and disliked, results summarized in Fig. 11.4 seem to confirm the distribution of 
preferences stored in the Demographic Group Profile (DPG), with a difference for 
cooking and shopping that change their position in the list of preferred topics.

11.6.2  Second Study

The aim of this study was to understand whether the display of adapted background 
information was an effective way to present ads.

The study involved 60 people who were in the fitness room at the same time and 
on the same weekdays as for the first study.

We formed two groups of 30 subjects each. Each group comprised 10 males and 20 
females chosen randomly among people that attend the fitness center in that time slice. 

Table 11.1 Analysis of results of the most relevant questions for evaluating the effectiveness of 
group adaptation (Scores expressed on a scale from 1 to 5)

Question No adaptation Adaptation p-value

Q1: Look at news 3.9 4.3 0.19
Q2: Interest 3.0 3.9 0.01
Q3: Appropriateness 3.3 4.3 0.004
Q4: Adequacy 2.7 3.3 0.01
Q5: Need for more categories 3.2 2.5 0.01
Q6: Liking 3.4 3.9 0.176
Q7: Need for interaction 4.5 4.7 0.388

Fig. 11.4 Difference between the DGP and the results of Study 1
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Also in this case, before the experiment, both groups were given a short explanation 
of the experiment.

The first group was then provided with news and ads selected randomly, without 
adaptation to the group profile. In this second study, internal and external advertise-
ments were added to the previous list of news categories.

For the second group, the experiment was conducted under the same conditions 
and with the same procedure except for the news selection method. In this case, 
categories were filtered and ordered according to the group interest profile triggered 
by the activity zone and daytime (see the distribution of interests in Fig. 11.3). The 
number of news items and ads provided for each category was proportional to their 
confidence value. In particular, in each category, the number of ads was in a 1:2 
proportion to the number of news items on show. For instance if 7 was the number 
of news to show for a given category, then 3 advertisements were shown.

At the end of the experiment, both groups completed a post-test questionnaire that 
was structured in two main parts. As in the previous study, the first part of the ques-
tionnaire assessed the impact of adaptation on individual satisfaction. In addition, in 
this second phase, we wanted to measure the degree of recall. Therefore, we included 
questions on information recall of the ads messages. In particular we included recall 
questions about words contained in the advertising message or about the topic cate-
gory to which the advertisement belonged. The answers to this form of question 
were formulated as a single choice (e.g., Based on the news displayed, XXXX is a 
useful product for improving: (a) teeth (b) skin, (c) heart, (d) muscles).

Subjects of both groups evaluated the service positively. However, the results 
show that the degree of recall was higher for participants who received adapted 
advertising. The proportion of correct answers given by the subjects, both for 
words and categories, was lower in the non-adapted condition than in the adapted 
one (71% vs. 90% for words and 60% vs. 83% for categories). Therefore, the 
results of the second study seem to confirm that adapting categories of news and 
ads to the group profile was effective in providing relevant advertisements and 
that the display of adapted background information was an effective way to 
present ads. However, in general, from specific recall questions, subjects from 
both groups showed a preference towards environment-related ads, rather than 
external ones.

11.7  Discussion and Summary of Results

In this chapter, we discussed how group modeling can be used to adapt background 
information and to make advertising on digital displays more effective. To this end, 
after having analysed the different group modeling strategies proposed in the litera-
ture, we implemented a group modeling service to compute the profile of group 
interests in situations where members can be totally unknown, or partially or com-
pletely known. This is an interesting situation in pervasive computing contexts, in 
which a potential use of personal devices, storing relevant information about the 
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user, can be combined with environment computing facilities. In order to test this 
approach, we developed GAIN, a system that combines the features of a news 
aggregator with those of a recommender system, mixing news and advertisements 
adapted to group preferences. The results of two evaluation studies indicate that the 
group that received news adapted to its profile was on average more satisfied than 
the other group and that group-adapted news display may be an effective way to 
present advertisements of interest to the specific group.
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Abstract Farmers’ markets are the source of a rich and pleasurable consumption 
experience. In this chapter, we report on our attempts to support and augment these 
experiences through the deployment of pervasive advertising. We describe the eth-
nographic approach we used to delineate the areas of enjoyment and pleasure, how 
narratives are weaved around and through the stalls and their products, and how 
trust is formed and maintained between the stallholders and the customers. We 
show how this understanding can be applied in the design of supporting advertising 
applications. We then evaluate the applications using the same ethnographic 
approach, uncovering problems which would not have been visible with other eval-
uation techniques.

12.1  Introduction

Elsewhere in this volume, there has been much discussion of how semiotics can be 
used to analyse the relationships between customer, advertisement and object. Van 
Waart et al. [19] have discussed how the touchpoints between a brand and the cus-
tomer can be analysed across a number of dimensions, to ensure that the touchpoints 
offer an experience that enhances the relationship between the customer and the 
brand (see Chap. 3). In this chapter we show how the existing relationships between 
the customer and brand can be uncovered, so that the touchpoint experiences  support 
and reinforce the brand.

I. Wakeman (*
 

e-mail: ianw@sussex.ac.uk; D.Chalmers@sussex.ac.uk

e-mail:ann.light@gmail.com

Chapter 12
Deploying Pervasive Advertising  
in a Farmers’ Market

Ian Wakeman, Ann Light, Jon Robinson, Dan Chalmers,  
and Anirban Basu



248 I. Wakeman et al.

In previous work we have developed computing support for a located shopping 
guide [15], and an augmented reality system for commenting on poster presentations 
[16]. The consequent research question that emerged was whether such technologies 
could be used to support located shopping areas, and in particular, whether such sys-
tems could be deployed with a limited fixed infrastructure such as a street market.

Street markets are commonplace all over the world. They are characterised by 
the temporary nature of the stalls, although some stalls are regular attendees, and 
used by a diverse range of customers. Farmers’ markets are a particular form of 
street market, emerging from the movement to encourage local produce and connect 
food producers directly to their customers. The eponymous farmers run stalls pro-
viding vegetables, poultry, meat and other produce. Such markets are typically not 
restricted to farmers, but do emphasise local artisan producers such as chutney 
makers and pie bakers. The organisers of our local farmers’ market were enthusiastic 
about cooperation in exploring the possibilities of our technology, and so the 
development began.

When we deploy pervasive computing systems, we are often deploying in situa-
tions which already function well. In such cases, we must ensure that the existing 
processes and interactions are supported and enhanced rather than interrupted and 
disturbed. The approach often promoted in the literature is to take an ethnographic 
approach, where the existing sets of interactions are observed, analysed and used as 
input to the design process. In developing our application we have taken a pragmatic 
approach to capturing qualitative data, utilising accompanied shopping trips with a 
researcher acting as participant/observer to gain an understanding of how the market 
functions, analysing this data to inform the design process, and then using more 
accompanied shopping to evaluate the effectiveness of our deployed applications.

From our observations, it emerged that trust was the fundamental concept 
underpinning the interactions between the consumers and the stallholders, and any 
pervasive advertising would have to build and support trust at a number of different 
levels. In the rest of this chapter, we will first provide a brief overview of the limited 
existing work in deploying to market situations, summarise the basic consumer 
behaviour understanding of markets, and our underlying theoretical approach to 
describing trust. We will then discuss how narratives, pleasure and trust relationships 
are manifested and developed within the farmers’ market, based on the evidence 
from our observations. We will then describe the technologies we deployed within 
the market, and discuss the effectiveness of our deployments.

12.2  Related Work

Designers of pervasive computing systems have begun to consider retailing. In 
[13] the impact of a dynamic map on retail is explored, whilst in [14], the same 
group ask whether an interactive mannequin increases browse time at shop win-
dows. Focusing on social dynamics, Heath et al. [7] report on quasi-experiments 
with an intelligent gavel, designed to link internet bidders at live auctions more 
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dynamically into the auction-room action. Work at Limerick [2] specifically targets 
a market to examine the situated nature of the interactions taking place. They note 
that with “an ever evolving urban space and social activities, a careful approach is 
required for introduction of computational technology to conserve and enhance 
them.” The final outcome of this work [12
users to access and share recipes that incorporated market produce. This took the 
form of an installation located in the market to which people contributed person-
alised recipes and from which they were issued to other shoppers triggered by 

station over the 5 week pilot became interleaved with people’s discussions about 
food and shopping.

12.2.1  Markets and the Shopping Experience

Categorising outlets in his ethnographic description of a flea market [18], the soci-
ologist John Sherry challenges the view that shopping can be reduced to the analysis 
of purchasing and selling behaviour. He clusters marketplaces around two axes: 
formal/informal and economic/festive. Sherry characterises the economic function 
by notions of rationality and utility, whereas the festive function is hedonic and 
experiential in nature. Farmers’ markets appear in the festive/informal quadrant. 
Further, he argues that sidewalk sales, auctions and farmers’ markets exhibit greater 
dialectical intensity than other venues do – “That is, the counterpoised dimensions 
of the model are brought into such intimate association and are condensed so 
tightly that the resulting tension is palpable to participants and seems to energise 
them as well.”

Market shopping preserves earlier relations between customers and clerks. 
Shopping at the local grocery store was an opportunity for shoppers to chat with 
each other while waiting in line to be served and comment on the clerk’s remarks 
and the quality of the products. Markets date from the first days when surplus pro-
duce allowed people to exchange one kind of value for another. They have long been 
the social heart of a community or city as well as an economic and political hub, 
though in industrialised regions they are not as common or as extensively patronised 

items such as washing powder, books and electronics, the chance to buy food in the 
-

duce has fuelled a resurgence. Stalls trading on the pedigree of their goods are 
springing up in town squares and suburban car-parks. They are often distinguished 
by simple, rustic presentation of items.

The Common Cause Co-operative, which runs the farmers’ market in this study, 

farmers’ market as 
one “where farmers, growers or producers from a defined local area are present in 
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been grown, reared, caught, brewed, pickled, baked, smoked or processed by the 
stallholder”[3].

Given that farmers’ markets appear only for a day a week/month, are usually 
open air and stock only a few of the goods that make up a typical monthly shop, they 
are not attended for their ease of use. Instead, the market fulfils a different role in 
meeting people’s shopping requirements. Friends of the Earth [4] identify several 
reasons why shoppers might wish to use this source for produce, apart from the 
indirect benefits to farmers, the environment and the local economy: consumers 
enjoy the atmosphere and experience; they get fresh, healthy produce at competitive 
prices, often in areas where there are no alternative sources of this kind; and they 
can participate in building up social connections through shopping locally.

12.2.2  Theoretical Approach to Trust

In general trust is required within a transaction when there is the possibility of 
consequent loss or harm and the other party can influence whether the loss or harm 
is suffered. If the transaction proceeds, then the party at risk is trusting the other 
party will not intentionally cause harm or loss. Of course, within a farmers’ mar-
ket, the loss or harm is either a perceived monetary loss in feeling that the pur-
chased item has been oversold – the same item is found significantly cheaper in a 
local shop – or the damage done to the fabric of everyday life when an item is 
found to be unfit for purpose – the special joint of meat bought for dinner turns out 
to be rotten.

11], trust can be examined across a 

refers to the intrinsic traits of an individual that predispose them to trust. Over the 
course of their experience, people develop expectations about how people behave 
in any given situation, and these expectations will be carried through into similar 

the other individuals. These trusting beliefs are themselves likely to be formed of 
judgements about the others’ ability and competence to perform, the others’ 
benevolence and good will to the believer’s well-being, the others’ integrity and 
principles on which the other acts, and the predictability and consistency of action 
in the given situation.

their beliefs about the systems and societal structures in place to support interactions. 
5]) 

and subject to such structures as the legal system, and local assurance criteria such 
as membership of trade associations, then the individual will also have system trust 
to support their trusting intentions. Further, if they have become accustomed to a 
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particular sort of situation, and a particular trusting decision has become habitual, 
their intention will become affected by a situational decision to trust.

The combination of the above cognitive and affective states will influence the 
individual to decide whether to trust the other, and their intention to behave in a 

on the others with confidence, even though negative outcomes are possible, whilst 
the trusting behaviour is the actual act of committing to the transaction.

12.3  The ShoppingLense Framework

Connecting the physical and virtual worlds is a key goal of pervasive computing. 
One promising approach to linking location to its virtual shadow is through aug-

provide links off to relevant websites and other services. To experiment with this 
approach within the shopping context, we developed a set of technologies to support 
the collaborative tagging of patterns within the environment, and to allow users to 

1], or 
9] as tags. In other words, we had the means 

to equip users to wander through the market finding tags linking to product-related 
-

mented in situ. Our design question was then whether we might incorporate this into 
the market in such a way that it brought something of value to the shopping experi-
ence and avoided detracting from other aspects.

The underlying design of the tool reflects our belief that eventually it will be pos-
sible for everything and anything to be used as a pattern, and for everyone to both 
create patterns and add anchors to any pattern. In recognition of the sheer quantity 
of tagging that would ensue from this, the team has developed a trust-based means 
of prioritising information associated with patterns to help users manage the data, 
based on previous work in Wakeman et al. [21].

If information comes from a trusted source it is given more prominence in 
display than other material. This is achieved by ensuring that each pattern and 
anchor can be ranked by users according to their trust in the source of it, using a 
system of pseudonyms to give privacy while ensuring that the right trust rating is 
assigned. So at the heart of the tool are concepts of pseudonyms, patterns and a 

up in the pattern registry and retrieve data attached to the pattern, such as comments. 

Personal Computer (UMPC).
Given this framework, we set out to investigate the market, and to understand 

how best to design advertising applications to support the market experience.
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12.4  Methodology

We first approached the market organisers explaining that we had a toolkit that 
could support customers and stallholders in communicating to each other, and that 
we wished to experiment within the market. The market is held monthly, so our 
timetable was as laid out as follows: 

February 2009 Initial visit: discussions with stallholders and market organisers.
March 2009  Pre-intervention: accompanied shopping ethnographic study of 

two separate shoppers.

ShoppingLense on a UMPC.

reader on a mobile phone.

The techniques used for data gathering were chosen to answer the questions: 
What is the shopping experience? Which aspects are fun and should not be tam-
pered with adversely? What might the tool offer? For this reason, we adopted a 
method that situated our informants as deeply in the experience we were research-
ing as possible. Our trained ethnographer accompanied the participants whilst shop-
ping, acting as a stimulus to provoke shopping behaviour and observe encounters 
between our shopper and others. We collected accounts in two parts: a chat during 
shopping and a reflective interview afterwards.

The sample we worked with was carefully picked. We chose four volunteers, 
including one couple who volunteered together (I 44 years old, W 41 years old, 

are articulate, confident of their opinions, extrovert and fairly competent with ordi-
nary technology like phones. Within this, we selected for variation in their priori-
ties, so that some liked cooking, others food more generally, some were concerned 
with buying local or a different ethical/social priority while others weren’t. Since 
we were testing out a tool that we specifically didn’t want to use to interrupt the 
better aspects of the shopping experience, it was important to us to work with par-
ticipants for whom shopping was a pleasure in the first place, and who would then 
be able to articulate the experiences they were having.

To collect data about the shopping experience, an interviewer shadowed each 
participant for the duration of her encounter with the market. The interviewer 
requested that the shopper give an account of the experience as it happened, using 
the interviewer as a foil for comments, a potential source of answers to any ques-
tions that occurred to her and the recipient of a verbal protocol that corresponded 
loosely to a think-aloud tour. This interaction was recorded as audio, as were any 
incidental encounters that accompanied the shopping, such as hearing other shop-
pers or chatting to stallholders. Moments of encounter with others or with objects in 

the shopping, the two sat down locally and the shopper was asked to reflect on the 
shopping tour. During this phase, the interviewer asked questions about things 
noticed during the previous stage and pressed for amplification of comments made 
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by the shopper at this time or during the interview. This was also audio-recorded. 
Just as this think-aloud tour used the market as a stimulus for accounts of shopping, 
similarly reflection was encouraged by use of photos of stalls as an aide-memoire 
for different points in the tour.

to change the way that the participant went about shopping, it did not seem to 
impinge greatly on their processes. In fact, it could fairly be said to have become 
part of their housekeeping exercise, noted below, since they normally set out with 
an idea of budget and/or things to buy in mind. Instead, the incentive was uniformly 
regarded as fair acknowledgement of their time: they spent at least as long reflecting 
on their shopping with the interviewer as they did conducting it.

We chose aspects on which to focus before embarking on the accompanied shop-
ping. These were: 

Indications of trust and relationship building with stallholders/other shoppers
Patterns of encounter and particularly those that seemed to give pleasure
Stories told about the products by the stallholders or the shoppers
Points of interaction: shopper/stallholder, shopper/other shopper, shopper/objects

Using these emphases to guide us, we analysed the accounts and the visual mate-
rial we collected in the first phase to inform the design. In the second phase, we used 
it to evaluate the design. The next section outlines our findings.

12.5  Setting the Scene

The market is laid out as in Fig. 12.1, with a mixture of stalls, ranging from simple 
tables (Fig. 12.2) through to refrigerated vans (Fig. 12.3). The stalls were used to 
display products, with the majority providing samples for tasting. Mobile network 
coverage within this street was mostly good, although we did notice occasional varia-
tion, and we were able to complement these networks through an ad-hoc WiFi net-
work. The companies behind the stalls varied greatly in their embrace of the Internet 
for marketing. The butcher collected email lists and sends a weekly update of where 

-
nesses had a web presence and some were able to offer online ordering.

12.5.1  Developing Trust

Our participants provided many insights into how the market and stall holders pro-
vide many different signifiers upon which to activate and build trust. Most signifi-
cant was the development of conversations between the stallholder and their 
customers, both whilst negotiating at the point of sale, and from joining existing 
customers’ conversations with the stallholder.
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Fig. 12.2 Simple stall

Fig. 12.1 Farmers’ market view



255

In one case, the stallholder of the pie stall invited other customers to join the 
negotiations of sale to provide bona fides of the quality of the product, and to dis-
cuss whether the product can be frozen. In consideration afterwards, the participant 
showed how these conversations can help induce trusting beliefs: “So if French 
people think its good food then it really must be a recommendation” (I). The other 
participant started a conversation with one of the couple currently being served by 
the butcher, exchanging tips about how to store roast beef. Such reassuring conver-
sations help to generate trusting intentions about purchase decisions, developing 
trust that the decision will be well founded.

Overall, we found there were a number of subjects around which conversation 
formed. The most significant of these was the provenance of the produce, when 
customers would ask about the place and means of production. For instance, at a 
stall selling goats’ cheese, we had the following exchange:

Do you have your own goats? (W)
Yes, its a full time goat dairy farm…with about 400–450 on the farm

The stallholders understand that the key attraction of the farmers’ market is that 

“Real people who have put together their own stuff from farms, or stuff they’ve 
made. Authenticity is really important.” To that end, the stallholders not only discuss 
the provenance of the produce, but provide the history of how the company came to 
be. One stallholder proudly talked of this year being the “30th anniversary this year, 

Fig. 12.3
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and its our 8th year of doing farmers’ markets,” whilst another stallholder told a 
vignette of they came to be selling on the stall:

I’ll tell you a little story about how I came to work for them. I went to a charity event and bid 
£27 for three pies. I bought them, put them in the fridge, ate them, they were so nice, and 
phoned him up went up to the farm, buying off them ever since, and eventually he says what 
do you do at weekends …and now you know and I’m here and that’s how it all started.

develop trusting beliefs in the customer, reassuring them that the products are local, 
and are produced in line with their expectations.

there was discussion about what they were looking for, whether the produce was for 
a special meal, and advice on cooking or how to present, whether the produce was 
venison, pork, chutneys or goats’ cheese. Such conversations promote trusting 
intentions prior to purchase by showing that the stallholders are both interested in 
making sure the purchase decision is correct, and that they are knowledgeable about 

I trust them because they have 
investment in their produce” (W). However, there are differences in motivation 
across shoppers – our other participant reflected on how trust was engendered with 
a greater emphasis on the product:

[There’s a] …genuine sense of enthusiasm from stallholders, enables trust in the stallholder 

homegrown. The stallholders then back that up. (I)

Such conversations have other positive effects. One participant noted that “My 
self-esteem has gone up through having a conversation that we’re both interested 
in” (W).

Determining the quality of a product in food consumption is a subject studied by 
consumer behaviourists and others. Products from supermarkets rely upon the uni-
form standards of quality generated by marketing and the other trappings of a con-
sumer society. However, within a farmers’ market, these uniform standards don’t 
apply, since the necessary signage is absent in packaging and other shop displays. 

10], the quality of products in farmers’ markets is 
negotiated contingent upon conversation and place:

In the case of FMs, the producers and consumers concerned are engaging in face-to-face 
interaction in order to create conventions of exchange which incorporate spatial and social 
relations that can replace ’uniform standards’.

The display of materials is set up to differentiate between the farmers’ market pro-
duce and that available at conventional shops and supermarkets. Packaging is less 
sophisticated, emphasising the artisan nature of the product and the small scale pro-
duction, in contrast to the slick packaging of supermarket produce. Produce such as 
cheeses and chutneys are all available to try, rather than solely those on special offer, 
encouraging the belief that the producer is confident you’ll find something to like. Our 
shoppers found this to help in forming trusting beliefs – “You can try stuff out – its just 
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all ’ere for you to have a go at” (I) – and indeed found the unsophisticated presentation 
a key piece of evidence for the products’ quality.

The very appearance and presentation of the stalls signify the temporary nature of 
the stall. Stalls typically use a lightweight awning, and a covered table. Signage is 
attached to the awnings using market clips. Even the vans used by the meat suppli-
ers, enabling the use of refrigeration equipment show the consumer that there is a 
time limited opportunity to get access to the stall. This can be seen as part of the 
“charm” of the market. Our accompanied shoppers displayed the same positions:

You can get that feeling that its real people selling their produce, actually because it quite 
thin, the displays are relatively thin. Its not absolutely piled up like a commercial thing

and that there are “Banners hanging behind stalls, there’s a sense of homemade 
quality, the higgledy piggledy look.” (I).

trust over time, which is facilitated by consumers being able to make direct connec-
tions with the place and nature of the good they are purchasing” [10]. In our obser-
vations, we found that customer I on her second visit to the stall was recognised and 
asked about how they had found the chutney they had bought previously, which was 
followed by the descriptions of similar chutneys.

Finally, there is an element of system trust. The norms of the farmers’ market are 
primarily created by the organisers of the market. Producers who apply to run a stall 
within the market are required to fill out a form explaining their provenance chain, 
showing that their produce is primarily local1 and are subject to inspections by the 
market organisers. The organisers also work closely with the local agricultural col-
lege to promote organic and ethical production. Producers admitted to the market are 
therefore aware that they are in the market because of the origin of their produce and 

-
ing the organisation and ethos behind the market, these are almost always ignored. 
However, in our observations, one stallholder described how stalls had to be certified 
to be in farmers’ markets to one of our participants. Such system trust is reinforced 
as shoppers become more aware of the origins of the stalls and the market.

12.5.2  Shopping as Fun

We observed several common behaviours in our shoppers. The following list fea-
tures particularly those aspects we deemed to have given pleasure, based on the 
valence of descriptions in the accounts:

1 The emphasis is on locality of produce but obviously producers of chutney can make use of ingre-
dients sourced outside of the locality.
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Our shoppers all started by surveying the market, by walking through to savour 
experiences to come, assess the range of produce available and decide where and 
how to begin.

then turn round and come back up again…I’ll walk the other way and take a much deeper 
look. What I often do, if I’ve got somewhere I really want to look at, I often delay it, I save 

This “pre-consumption” activity did not involve specific planning. Instead, they 
approached shopping with a mix of loose intentions (getting chutney) and situated inspi-
ration (trying venison). I really enjoyed that, just nosing around and having a look. (I)

It is all about the relationship with the stallholder and they are very practised at engaging 

that. Thinking about the encounter with the couple at the pie shop, it would be fun to have 
a bit more of that. (I)

Not only were these encounters pleasant, but the shoppers relished the inspira-

people delighting in endorsing the quality they had appreciated. In some cases they 
made a point of telling the stallholder that they had returned to make a repeat buy. 

known to the shopper but at the point of assessing the goods, by the deliberate courting 
and/or appreciative reception of input from others present.

He prompted them to say something and they were really enthusiastic, quite spontaneously 

buying the pies and saying they’ve been back, that they’ve moved and that they came back 

must be worthwhile.

demonstrate taste and quality:

It’s something about having little bowls of things out: “just try it”: there’s no commitment. 
It feels very generous. “We want to share it, we want to hand it out to you” …this encour-
agement to just dip in and taste things. It gives a sense it’s his own stuff, he made it so he 
can give it out and you get a sense that it’s a privilege to be sharing it. (I)

Even if it’s just the opportunity to taste them. (W)

In [10] there is an analysis of how markets are distinct from conventional shop-
ping arenas in that they provide a temporary space for consumption. Indeed, they 
are often as much about theatre and participatory entertainment as about locating 
necessary items of consumption [8]. In Gregson’s analysis of car boot sales [6], the 
market space is described as:

one where people come to play, where the conventions of retailing are suspended and 
where the participants come to engage in and produce theatre, performance spectacle and 
laughter.
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Whilst the farmers’ market is not quite so anarchic as a car boot sale, the interactions 
between stallholder and customers can be viewed as creating a spectacle. For 
instance, as part of a conversation with four other customers, the stallholder selling 
pies started singing loudly to the tune of Don McLean’s American Pie

Have a pastie, have a pork pie, give my game pie a try
They’re really good and they’re lovely to buy…

Whilst this obviously entertained the immediate customers, it also generated 
interest from other passers-by, and thus attracted custom.

process/environment also induces pleasure:

The first thing that you look at is the product and you see these gorgeous yummy things laid 

stories, that’s actually reinforcing that first impression of variety, tastiness and difference. 
…I think if there had been someone just standing there, arms crossed, bored behind the 
thing, you’d probably say “that’s really nice chutney or whatever, I’ll have some of that”, 
but it wouldn’t have been as interesting. (I)

12.5.3  Narratives and Stories

Narrative is so much part of selling that the commentators who have recently 
observed the rise of narrative marketing do so with a certain embarrassment, 
e.g. [17
products have blurbs on their packaging to enhance their meaning to those buying. 
The use of narrative in an informal setting differs from the marketing of big 
business, but, in Sherry’s words, “[d]ealers impart meaning to their goods, providing 
cultural biographies for objects, which many consumers believe enhance their value. 
In fact, these “stories” or “histories” are sought by some consumers as avidly as the 
objects themselves” [18].

Common Cause has its narrative, on its website, as a form of authentication/
promotion: “Fruit and vegetables sold at a farmers’ market will have been 
harvested the day prior to, or even on the very morning of the market.
producers are forthcoming with tales, such as the story from pie man of coming 
to work for the stall in Sect. 12.5.1, or from the man with the goats’ cheese 
stall:

How many goats does it take to make this much cheese? Well, we have about 400, 450 on 
the farm. Oooh! We have obviously a full time diary staff to look after the goats. They are 
obviously not milked by hand: we can put 36 in there at any one time and milk them. It’s 
actually our 30th anniversary this year and our eighth at farmers’ markets.

Hearing stories made a big impression on the shoppers: They’ve got really good 
stories: so it’s either genuine or they’ve been well primed. It felt like you’d sat down 
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next to them in a pub and you’d got chatting, rather than sales patter (I) The shoppers’ 
accounts build on the producers’ stories:

One has this vision of a wonderful 1920s farm kitchen. You know, you want it to be like that 
but it’s probably not. You would quite like it not to be some industrial processing centre, so 
I was trying to work out where this food might be on that sort of scale, from jolly Mrs 

I’m now imagining that everything is a jolly family business. (I)

This, in turn, affected the accounts of purchasing. It is no longer a transactional 
event but an exchange of gifts; payment as an act of gratitude that someone is pro-
viding food with this level of care:

It makes it feel less like a transaction: less like “I’m coming to purchase your goods” and 
more like “Ooh, you produce lovely stuff. Isn’t that nice? Can I have some?” “Why don’t we 
exchange some money and you can have some.” It feels a lot more friendly somehow. (I)

So producers’ and others’ stories can be seen to add to the fun of events and, both 
directly and indirectly, to relations built through them. Of course, how the stories 
are told is important: not just as 'sales patter' but like something one might hear in 
the pub. This emphasis on sharing stories points to both opportunities and incipient 
problems in developing a tool: there is an important flow of information that can be 
augmented, but at the same time, it is situated in a vulnerable place, at the heart of 
face-to-face interaction.

12.6  Application Design

the territory, pointing out places to visit and what was on sale. It could support plan-
ning what to buy and balancing the budget. However, the information that seemed 
particularly valuable took its shape out of the incidental communication: the stories 
told about people and products of production, cooking and other uses, and of con-
sumption and special tales of delight or mishap. These were shared producer/
shopper(s) and shopper/shopper(s). Only some of this informing occurred through 

the spectacle of selling from around the stalls or, indeed, from a point in the queue, 
they were honing their judgements about what to buy through listening as well as 
observing and tasting. So, we conceived the tool to provide forms of 'listening in'  
to others. We decided to harness the 'remembered consumption' phase.

experiential terms. Physically, this occurred when approaching a particular stall, 
either to examine goods or to queue. Experientially, the moment was when others’ 
stories intersected with the shopping narrative, just before and influencing purchase. 

data to stalls, allowing us to fix markers to them and work directly with a single 
stallholder for each set of contents.
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stallholders, this would create a marketing tool, influencing to buy or arousing 
scepticism. We decided to experiment with two distinct sets of voices.

One reason we had focused on trust in our analysis was because the underlying 

a default (and a courtesy), the stallholders were set up as most trusted source in an 

about a stall’s products. However, we had witnessed alternative sources of informa-
tion that were as entertaining and potentially more customer-focused than that sup-
plied by producers (who might be expected to give a positive gloss to any enduring 

trustworthy information would be the stories of other shoppers, and particularly 
those personally known to the shopper and/or whose preferences are known. In the 
absence of independent reviewers, this source might come to be a highly trusted 
source, as we see with recommender sites and user reviews.

everyone could contribute their opinions and anecdotes. Separating the two func-
tions to encourage real-time interaction with the trader and to offer asynchronous 
interaction among shoppers allowed us to avoid some politics of deployment (by 
simultaneously making producers’ information trusted and distinct) and to draw 
attention to the subtlety of behaviours, described above, that supported the develop-

would be able to offer a tool that was more trusted itself, rather than regarded as a 
marketing tool by shoppers.

12.6.1  AskUsAbout

dialogue between the producer and the shoppers at the stall. Placed near the point of 
sale but set back from the counter, it showed news and product information when 
users pointed their mobile device at the code/fudicial marker. This offered a talking 
point for shoppers as they reached the front of the queue, alerting them to new or 
unusual stock to ask about or order. For instance: We have pet mince and free bones 
available. These are excellent value and really loved by dogs. Just £1.50, with 
reduced prices for regulars.

12.6.2  VisitorBook

experiences across time. Comments left by shoppers could be read by later users, 
some known, some unknown. In this way, recommendations (and friendly warnings) 
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of the kind that shoppers interacting at a stall might share are preserved. We anticipated 

function because of the different source of information. For instance: We had some 
pork chops from David back in February, and they were delicious. Not only did they 
have the porkiest taste since we had Dotty down in Devon, they were cut so large 
that they were almost a roasting joint in their own right.

12.7  Evaluation

using the ShoppingLense (seen in Fig. 12.4, left hand side), and then one month 

(a screen shot of this is seen in Fig. 12.4, right hand side).

be that the shopper would read out the information to their accompanying shopper, 
when the stallholder would overhear and confirm the information. Discussion would 
then ensue. One shopper believed that the information helped increase her confi-
dence in talking to the stall by providing her with background – its the “Kind of 
thing that’s useful when you don’t really know [the stall] at all.” (H).

otherwise have purchased:

that’s what my son likes to eat, but the fact that the kit mentioned pork chops made me think 
he really likes pork chops and I don’t very often buy pork chops, so, yeah, just raised that 

and similarly

Its good, if I go to that [the application] first before looking at this [stall], then I’m immedi-
ately drawn to the pork chops, which is something I wouldn’t normally buy …I suppose this 
is really good marketing (H)

H then reasoned that the application worked because it was “A review at point of 
use which you wouldn’t normally get in any other way.” Given that a trusting belief 
is generated from the comment that is converted to a trusting intention of the pur-
chase, it can be argued that the applications directly influenced the cognitive trust of 
the shoppers.

shopper was encumbered with bags, using the UMPC or paying became a struggle to 

shoppers became accustomed to the kit,

something at and I think I’d kind of…I don’t know why it was easier there, I can’t remember 
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it was noticeable that the phone was easier to use – “This is really intuitive – I don’t 
know this phone, but taking a photograph is really good” (H). Underhill noted in 
[19] that when the hands are too full, the shopping spree is over. If we expect the 
shopper to then manipulate gadgets whilst holding bags, we will encounter problems. 
Indeed, the ballet of placing bags and kit on the stall to dive for the money to pay 
almost resulted in the UMPC being left behind – see Fig. 12.5.

We had problems with sunshine producing glare on the screen making it difficult 
to angle the UMPC so as to see the display – “I can’t see anything here. Hmm, I’m 
really struggling because of the sunlight to make it work.
later referring to the need to move backwards and forwards to find a visible angle as 
“the dance.” This may prove a major hurdle for the deployment of augmented reality 
in outdoors settings, since the UMPC has to be continuously pointed at the pattern 

-
lems, since once the picture was taken, the returned HTML pages could be viewed 
in the shade of the stall, or by turning to position the body correctly.

Internet connectivity for our phones was occasionally problematic, and we were 
at the mercy of the idiosyncrasies of particular browser implementations. During 
the shop, one phone stopped getting 3G connectivity, so we had to switch to an 
alternative phone, with a different browser, and thus different approaches to scrolling 
the screen.

Whilst our focus has been on delivering the technical solution to facilitate com-
munication between stallholders and queueing customers, it became obvious from 
our deployment that the content of the comments is all important.

Fig. 12.4
application
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Wasn’t the [information] the cue for you to have a conversation with the stallholders? 
(interviewer)

No, it wasn’t…it felt like the information from the stallholder was, em, telling me some-
thing to persuade me to buy something, whereas I feel as though my conversations with 
stallholders usually are about, em, getting information that I want rather than information 

The most successful comments contained the copy that was most informal, align-
ing itself with the authenticity of the market.

Positioning of the patterns could also present problems. The patterns had to be 
placed so that they were easily visible to the queueing customers, which could be 
difficult when queues would form irregularly.

One shopper raised a problem about whether the visitors’ book was intended for 
comments about the experience of shopping and interacting with the stall, or about 
the experience of consumption. Our naive answer was that it was for both, but we 
plan to investigate in future work how to capture and provide comments at the 
appropriate time.

Finally, we saw several examples of the problems of combining the virtual 
world with a located market. Our shoppers wanted to talk to the stallholders and 

Fig. 12.5 The participant tastes chutney (a), points (b), extracts money (c), puts away purse  
(d), takes product (e f). Note the fudicial marker visible in a
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found the applications to be a hindrance, especially when they weren’t accustomed 
to the gadget:

Hmm, I guess it kind of it feels more awkward for me, yeah, em, normally I would, my 
focus would be to try something and then probably talk to the stallholder and em, be more 
interpersonally focused than elsewhere which I feel focused elsewhere today

We saw suggestions that this may be a digital divide between how the younger 
and older shoppers would use the kit, where the younger shoppers would naturally 
explore the virtual world before conversation – “I don’t know what they sell – I’m 
going to check out the bar code thing to see if that’s any help” (H) – whereas the 
older shoppers all expressed a preference for conversation if possible – “My atten-
tion split between stallholder and the kit.”

12.8  Conclusion

The investigation showed a complex system of trust and engagement between stall-
holders and shoppers in farmers’ markets. The nature of these markets focuses on 
honest, even rustic, products and direct contact with producers. This first deploy-
ment went some way to exploring the use of technology to support the pervasive 
advertising needs of such markets. We found that there was a desire from stallholders 
to open up new ways of being in touch with their customers and that customers were 
generally interested in exploring the technology. However, in using technology care 
must be taken to blend into the existing experience.

In use, the application’s interaction with the shopping experience, and the normal 
building of trust and selection of products, was mixed. The direct interaction with 
stallholders at a market is important to shoppers and their understanding of quality 
and the nature of products. In some cases the applications added to this, suggested 
a change from routine or prompted interaction. In other cases the way comments 
were written felt out of place. Static text failed to have the subtlety of direct contact, 
and so the marketing side of such a system seemed better limited to factual, e.g. 
provenance and prices, when direct interaction was still possible. On the other hand 
feedback from other customers would be harder to obtain without such a system, 

connection to the products might also be of interest away from the market as an aid 
to discussing the purchases.

The adding of comments presented a conceptual challenge for future work – 

the purely utilitarian, but commenting on the product most naturally occurs away 
from the point of sale and the tags of this application. Entering comments was found 
to be harder than browsing existing comments.

Pervasive computing has deployment issues for outdoor markets – glare on 
screens, use of hands when shopping and familiarity barriers. It may be that other 
form factors will have an advantage over UMPCs/phones. However, the simple and 
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quickly built.
The tools described here should translated to other forms of market, e.g. perma-

nent or weekly general markets and other markets selling clothes and other specia-
lised items. In the first case utility and price are more prominent, which may create 
a greater need for evidence of quality and less for providence. In the latter the 
association with youth culture may give rise to a stronger desire to understand 
social perceptions of products and benefits from a willingness to blur the real and 
virtual divides.
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Abstract Digital signage is most commonly seen in urban environments targeting 
large groups of viewers. We believe that there is also a role for pervasive technology 
in smaller communities, including in rural areas that are typically late to receive the 
benefits of new technologies. This chapter describes a recent pervasive advertising 
display deployed in Wray, a village in North West England, which was developed 
with the involvement of community members and evaluated ‘in the wild’. Our 
research contributes an exploration of rural communities as a site for pervasive digi-
tal signage, including our experiences relating to the design of the display and find-
ings relating to its use in the community.

13.1  Introduction

As the technology required to realise pervasive displays becomes readily available 
and affordable, digital signage has become a common sight in urban areas, particu-
larly when used for advertising purposes. However, this proliferation of pervasive 
technologies has largely omitted rural areas; while many rural residents are finding 
that technology can help to solve issues caused by their remote location in a soci-
ety that is increasingly centred on large cities, the technologies readily available 
elsewhere are not always accessible. This is most apparent in the case of broad-
band Internet, which is often unavailable in rural areas, but also extends towards 
 technology research: the vast majority of research into pervasive technologies 
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takes place in urban areas, university campuses and workplaces, and the fruits of 
these labours may take many years to reach rural areas, if at all.

To address this disparity, our work is primarily concerned with how digital sig-
nage in public spaces can be utilised to help support the community in a rural village 
by displaying community-generated content, which might be used to promote a 
sense of community and awareness of events in the village. Over a 4 year period, we 
have worked closely with Wray, a village in North West England with a keen inter-
est in technology, where we have engaged the community in the development of a 
series of iterative prototypes to explore the domain. Initially, deployments took the 
form of a photo display used to show a community-generated collection of photo-
graphs in a public location, but feedback led us to consider the use of such a display 
for other types of content—namely, for advertising and event listings. This has led 
to the development of WrayDisplay, a public display that allows residents to share 
event listings, advertisements and photos with other members of the community via 
two displays in public spaces.

In this chapter, we explore the process of engaging the community that led to the 
development of this display and describe results from a 6 month period of deploy-
ment. We present WrayDisplay as a case study to illustrate numerous insights into 
the role of pervasive advertising displays in rural communities and factors to take 
into consideration when developing such displays.

13.2  Background

Our work builds upon a wealth of public display research, much of which is aimed 
at supporting community in some way. This section will briefly explore related 
work in the field, including existing research into community displays in both the 
workplace and more social environments, and introduce our own previous work in 
Wray that led to the development of WrayDisplay.

13.2.1  Community Displays

Digital signage has formed part of the pervasive computing vision since its incep-
tion. However, it is only within the last 10 years that the technologies required to 
realise large, public displays have become commonplace. Since then, many digital 
signage projects have emerged supporting community, initially based in the work-
place and typically with the ability to post content that might be of mutual interest 
to colleagues [2, 5, 10, 16]. Although these displays each had different means of 
submitting, displaying and bringing content to the attention of passersby, each found 
that displays quickly became valuable additions to the workplace community.

Outside of the workplace, a number of more recent projects have begun to explore 
digital signage as a means of supporting neighbourhood communities. These have 
included both urban and suburban social spaces [3, 15] and rural areas in developing 
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nations [4, 9]. Typically these displays have been deployed in public social spaces, 
such as cafés or community centres, often described as ‘third places’—locations 
distinct from the home and workplace where people gather and socialise [13]. 
Deployments in the wild rather than in the researchers’ own workplace naturally 
introduces new complexities and a need to better understand deployment environ-
ments, and several of these projects have thus sought to engage community members 
in the design process by various means, including participatory methods.

13.2.2  The Wray Photo Display

WrayDisplay builds on the Wray Photo Display [17, 19], a previous public display 
developed for Wray that centred on sharing community-generated photographic 
content between residents, deployed in the village’s post office/shop over a period 
of over 3 years since August 2006. This was intended as a technology probe [7], 
designed to help us understand the rural environment while allowing behaviour to 
emerge over time and providing residents with a concrete example of the technol-
ogy in action in their community to inspire feedback and suggestions. Our approach 
to working in Wray has been to use a participatory methodology to engage residents 
in iteratively improving these prototypes, in order to create a useful technology for 
the community while improving our own understanding of the issues surrounding 
rural technologies [18].

The Wray Photo Display was initially deployed as a simple application for dis-
playing photos uploaded by residents. Following deployment, we observed usage in 
the community and logged interaction with the display, as well as collecting feed-
back through various means, including a comments book, meetings with residents 
and deployments at public events. Based on feedback from participants, the display’s 
functionality slowly developed to meet the community’s needs and the content of the 
display grew to include over 1,500 photos depicting both the village’s history and 
recent events. We discovered that digital signage had a clear potential for supporting 
a sense of community spirit and awareness by sharing content in public spaces.

Despite the overall success of photos on the display, feedback consistently 
pointed towards news and events as a possible area for expansion. In this sense, the 
Photo Display had succeeded as a technology probe in demonstrating the potential 
of public displays and eliciting feedback on how they might be used, leading us to 
begin designing a replacement display with a wider range of content.

13.3  Designing the Display

Throughout the process of iteratively designing and evaluating public displays in 
Wray, we have attempted to engage the community in the process as much as pos-
sible, drawing requirements for the display’s functionality directly from discussion 
with residents and revising prototypes based on feedback collected through a variety 
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of channels, including group meetings with participants. The following sections 
describe the process of developing a new display following repeated expressions of 
interest in news and advertising content from residents, from surveying existing 
noticeboards in the village to probing the possibilities of digital displays and gather-
ing feedback leading to the development of a new display.

13.3.1  Survey of Existing Displays

While photo sharing behaviours were not prevalent in Wray prior to the introduction 
of the Photo Display, the same could not be said of news and advertising content. 
Existing public noticeboards were located outside the village hall (Fig. 13.1), church 
and both outside and inside the post office. Although some were locked and reserved 
for official notices, others were freely accessible and widely used to post advertise-
ments, typically for small local businesses, items for sale and upcoming events 
within the village. Other notices on display showed information about local  services, 
maps, wildlife and activities, as well as information about health services and chari-
ties that may be of interest to residents. This was often highly localised, not only to 
the local area, but also to the vicinity of the display: for example, the display outside 
the church was used exclusively for church information, while a series of displays 
near footpaths outside the village showed information about walks and wildlife. 
The village was also served by the Wrayly Mail, a monthly newsletter edited by a 

Fig. 13.1 An existing noticeboard outside the village hall in Wray
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volunteer and distributed to residents, which mostly contained very brief adverts 
and event listings for the coming month.

However, residents had reported issues with the use of existing noticeboards and 
newsletters within the village. For example, several participants had told us that the 
noticeboards were filled with expired notices that made it difficult to identify new 
and relevant content. Furthermore, those living outside the main village on farms—
who were still considered to be part of the community—were unable to see the 
content on a regular basis without making a lengthy trip into the village. The monthly 
distribution of the newsletter also meant that information had to be submitted far in 
advance, which was not always possible. Many of these problems seemed to indicate 
that a digital display might be capable of augmenting the distribution of community 
information to address these issues.

13.3.2  Working with the Community

Based on feedback from community members and problems identified in the previ-
ous section, a meeting was held with residents to determine exactly what features 
might be desirable on a digital noticeboard. This was aided considerably by two 
events that had recently occurred in the village: in the first, a suspected con artist had 
visited Wray and sold an elderly resident £1,000 of frozen fish, a significant event 
that quickly passed around the village as people encountered each other on the street, 
or as they arrived at our meeting; in the second, a consultation meeting for a new 
wind farm development in the area was advertised in the newsletter, but had been 
forgotten by the time of the meeting and was missed by several interested residents. 
Both these events were used to illustrate possible scenarios for use of the display, 
such as distributing urgent news that could not wait until the next issue of the news-
letter, or bringing notices to the attention of residents as relevant dates approached.

In response to these requirements, a modified Photo Display was rapidly devel-
oped that added a news ticker along the bottom of the display (Fig. 13.2). Items 
could be scheduled to appear on the ticker between two set dates by the designated 
administrator, our primary contact in the village, and other residents were able to 
email submissions to her for inclusion on the display. Like the original Photo 
Display deployment itself, this was not intended as a fully-functional feature, but as 
a very basic function that would help residents to explore issues surrounding news 
submission and generate feedback to inform the design of subsequent displays.

This modified prototype was trialled in the village post office for several months, 
during which a total of 44 messages were posted. However, despite generally 
 positive feedback, it appeared that few residents had taken notice of the new addi-
tion, suggesting the need for a more salient means of displaying news content, and 
it was decided to proceed with a display that would combine the existing Photo 
Display’s content with more prominent news content.

However, as the Photo Display was well-established and used by this point, we 
were somewhat hesitant to dramatically alter it in ways that might prove unpopular. 
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To address this, residents were presented with several suggestions for a redesigned 
display to judge their reaction and gather input. We were particularly interested in 
how much display space for photos participants would be willing to sacrifice in 
favour of notices, and the designs presented were intended to provoke comments on 
the division of photo content and notices, the proportion of each type of content and 
navigation between them.

Contrary to our expectations, residents wanted the majority of the display to focus 
on news content rather than photo content. Where our designs had featured one third 
news, it was instead suggested that this should be reversed. One participant explained 
that he and other residents had already seen most of the photos, which were not time-
sensitive, and it was more important to see notices and advertising on a regular basis.

13.4  WrayDisplay

A revised display based on design input from the previous meeting, dubbed 
WrayDisplay, was developed to replace the existing Photo Display. This combined 
the existing photo content with notices that could be posted by members of the 
community and displayed this content in public locations in the village.

Fig. 13.2 A modified Wray photo display with news ticker
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The main component of WrayDisplay was a touchscreen display running a full-
screen application, which showed the top three current news items along with the 
most recent three photographs submitted to the display (Fig. 13.3). Each news item 
comprised a headline, short summary and optional image, which were shown on the 
front page, with an optional text field for further details that could be accessed by 
touching the news item to open it. Each news item had a start date and end date, 
between which it would be shown as an active news item, and an optional ‘reminder’ 
date on which it would receive renewed prominence by returning to the top of the 
news queue. Users were also able to post comments on notices using an on-screen 
keyboard, or send notices as an email to themselves or others. In addition to current 
notices, it was also possible to browse through archived news items by month.

WrayDisplay’s content was stored on a central server, which allowed multiple 
individual displays to share the same content by synchronising their content with 
this server, caching local copies to reduce reliance on an Internet connection. 
Residents could submit content to the server using a web application, but were also 
able to email the administrator directly and request that she input a notice. All 
notices were checked and approved by the administrator before appearing to the 
public, due to strong feedback in meetings indicating that this was necessary.

Displays were deployed in two locations in the village. The first deployment 
replaced the existing Photo Display in the village post office, located near existing 
paper noticeboards (Fig. 13.4) and utilising a 21  portrait touchscreen display. 
Shortly after this deployment, we began discussing the possibility of a second 
deployment with the owner of a local café that had been identified by residents as a 

Fig. 13.3 WrayDisplay home 
page showing photos and 
notices



276 N. Taylor and K. Cheverst

suitable location. After the owner responded positively, this was deployed on a 
smaller, 19  display, initially on a trial basis.

Upon deployment, there was interest from both business proprietors in having a 
dedicated section on the display for their own content. As a preliminary means of 
exploring this requirement, the display was modified slightly to ensure that the latest 
news item submitted by each proprietor would always be displayed in the top-most 
notice slot on their respective displays. We also received feedback from the café’s 
owner suggesting that she might like to be able to moderate content herself in addition 
to moderation conducted centrally by the administrator. A need for this later became 
evident when an advert for a new coffee machine in the post office was shown on her 
display, which was reportedly perceived as competition by a displeased café owner.

Other feedback from both the café owner and residents suggested an advertisement 
feature, although it had been intended that the existing features would perform this 
function. The ambiguous term ‘news’ had been used on the display to indicate that any 
type of content could be posted, much like a normal noticeboard, but a large number 
of event listings had been posted early in the deployment (further detailed in the next 
section), leading residents to believe that this was the purpose of the new features. This 
eventually led to notices being separated into ‘adverts’ and ‘events’, where adverts 
operated as before and events were listed chronologically as a village calendar.

13.5  Usage and Content

WrayDisplay was deployed in the post office in February 2010 and installed in the 
café 1 week later, where they are both still deployed as of January 2011. During 
this period, 190 individual notices have been posted, a number which continues to 

Fig. 13.4 WrayDisplay in the village post office
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grow, and both displays have seen regular use by village residents and visitors. The 
following sections describe the type of content posted by users and analyses usage 
levels of the two displays.

13.5.1  Adverts and Events

Despite the apparent desire for a digital noticeboard, posting of content was 
 initially somewhat lacklustre. Initially, the vast majority of content was posted by 
our contact, who imported the listings directly from the Wrayly Mail as she 
received each copy. Although it had been expected that she would add any infor-
mation submitted for inclusion on the village website she ran, it had not been 
anticipated that she would copy Wrayly Mail content across en masse, but this 
meant that a wealth of potential content was already available without requiring 
any extra effort from the originator, including content from those who might not 
otherwise have used the display.

Overall, 148 (78%) of the notices posted were event listings, compared to only 
42 (22%) that were adverts, largely because the majority of the notices in the news-
letter were event listings and our contact was particularly interested in the use of the 
display as a village calendar. As described in the previous section, this appeared to 
have the effect of discouraging other types of content, such as advertisements, until 
the notices were split into two distinct categories. Prior to this split, advertisements 
accounted for 17% of the notices posted, but 33% of the notices posted afterwards 
when alterations to the display encouraged use for advertisements.

Event listings typically included a date and title in the headline, with a brief 
description including the venue and any entrance fee. Where they had been copied 
from the Wrayly Mail this was usually the only information available, as the news-
letter only had brief listings, but those community members who added their own 
events normally included a longer listing. The following examples show typical 
events posted on the display:

Mon 22nd Feb, Ewecross Historical Society
High Bentham Town Hall, 7.30 pm, Mark Rand ‘The Settle-Carlisle railway’. 
Membership £5 a year, visitors £2 per evening.

Fri 26th Feb Domino Drive 7.30 pm
Wray with Botton Sports Committee in Wray Institute. Refreshments provided.

Groups within the village, such as the Women’s Institute and Over 60s group, 
regularly used the display as a means of advertising their activities both by listing 
upcoming events and by posting photographs of past events. At evaluation meetings, 
both these groups felt that the display was useful for advertising their events to a 
wider audience, where previously they had typically been spread by word of mouth.
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Following the addition of an explicit advertisements section, use of the display 
for this purpose grew considerably. One resident posted numerous advertisements 
for her homemade jewellery business and later posted a hen hut she was attempting 
to sell that was quickly purchased by another resident. Further items for sale have 
subsequently been posted by this user and others, including a successfully sold tum-
ble dryer, and even a car. The following advertisements are typical of content posted 
into this section of the display:

Part Time Job Vacancy
There is a part time job vacancy at Bridge House Farm Tea Rooms.
Come and be part of the team at Bridge House Farm Tea Rooms. We have a 
part time job available. This is just for one day a week at the moment but pos-
sibly more hours available as the season becomes busier. The job will involve 
general front of house duties. For more information contact…

Hen hut for sale
Wooden hen hut, about 6 years old, wind and water tight, perch, water 
feeder - £50

Interestingly, the photo section was also used for advertising during this period, 
where it had not been in the past. The resident who had posted adverts for her jewel-
lery business also created a photo category on the display and uploaded photos of 
her goods. We had always been slightly surprised that the Photo Display had not 
been appropriated in this way, particularly given the obvious desire for advertising 
content, and it appeared that the addition of advertising functionality encouraged 
this behaviour.

13.5.2  Display Usage

In addition to the content itself, both displays logged all interaction, allowing us to 
track use of the prototype and the relative popularity of different types of content 
and different locations. Based on logs running for 6 months from deployment, the 
display amassed some 33,497 touches spread across 784 individual sessions (where 
a session is defined as a series of interactions after the display has been dormant for 
at least 10 min). While many of these interactions related to the existing photo-
graphic content on the display, there were also a total of 736 notice views in 370 
sessions—very roughly four notice views and two sessions each day. This might 
seem to be a somewhat low number, but given the size of the community, the pos-
sibility of peripheral awareness and the fact that the display is only one of many 
information sources in the village, we believe this represents a satisfactory number 
of direct interactions.
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Figure 13.5 shows the number of notice views per month in each location: in 
the first 3 months, it is clear that use of the new café display far surpassed the 
existing post office display. Clearly this is at least partly due to novelty, as the café 
installation was new while the post office display had been in place for several 
years, and usage did appear to level out during the second 3 months. However, the 
café could certainly be considered to be a location more conducive to interaction, 
given that customers are likely to spend time relaxing and socialising there. 
Conversely, the post office display might be considered to better support more 
peripheral engagement, due to the higher number of people passing the display, 
albeit only briefly.

When talking to the owners of the post office and café, both said that the dis-
play saw use on most days, and the post office owner reported that people would 
often enter discussion around it. Although our logs show that a majority of ses-
sions were primarily made up of photo viewing, it is important to remember that 
usage logs do not tell the entire story: many listings visible on the front page of the 
display convey all the necessary information without the user needing to open the 
notice or physically interact with the display, possibly to the point of enabling 
peripheral awareness. For this reason, the proprietors’ observations are particu-
larly useful.

From our own anecdotal observations, both locations appear to be well-used, 
particularly given the village’s location. The post office is usually busy during our 
visits, and on one occasion when we spent half an hour inside the café, at least one 
group of customers was seen using the display in that period alone as they entered 
the building and waited to be served.

Fig. 13.5 Notice views in the post office and café
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13.6  Discussion

Following 6 months of deployment in the wild, we have been able to use WrayDisplay 
to illustrate a number of insights into the role of digital signage in rural communi-
ties. This section discusses these findings, including methods of engaging the com-
munity in the design of such displays and design considerations for future displays.

13.6.1  The Role of Advertising Displays in Rural Communities

Even before the deployment of WrayDisplay, local advertising played an impor-
tant role in village life, including advertising upcoming events, local businesses 
and available services, as well as facilitating small, local transactions such as items 
for sale. This is demonstrated by the prevalence of existing noticeboards, newslet-
ters and websites serving the community—services that exist in many other similar 
villages and neighbourhoods.

Despite this, there certainly seemed to be a role for digital signage in the village 
as well. Naturally, we do not wish to replace any of these existing means of advertis-
ing with digital alternatives, but to augment them to improve the distribution of this 
content through the community. Input during the design stage showed that there 
were a number of issues that could be addressed by digital displays, such as out-
dated content, the need for timely ‘breaking news’ and reminders, and better sup-
port for those outside the village proper. Selling items in a local newspaper was also 
reported as being problematic, due to the distance that people in nearby towns had 
to travel to collect goods, and participants had felt that the ability to advertise goods 
on a very local scale would be helpful.

WrayDisplay did not simply inherit existing behaviours surrounding the sources 
of information it was augmenting. Although the post office display was located 
adjacent to existing noticeboards used to post items for sale and local services, it 
developed its own identity as a place for events listings, taking on the role of a vil-
lage calendar. These unique aspects of a digital display were further evidenced by 
the contentious coffee machine advert: it is unlikely that the post office owner would 
have attempted to post such a notice alongside other adverts in the café’s window, 
but the distributed nature of the system led to unexpected results. Other features 
unique to the display proved to be more beneficial: in one case, the commenting 
features were used to mark an item for sale as sold, something that would not be 
possible on a newsletter listing.

The display was also particularly useful for those outside the village, including 
residents of nearby villages and farms. Many who could be considered to be part of 
the Wray community did not pass paper noticeboards regularly and consequently 
could miss important information. Our contact, for example, lived on a farm close 
to the next village and was heavily involved in community activities in Wray, but 
complained that she had no way of regularly seeing noticeboards without travelling 
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to the village hall or post office. For these residents, as well as those further afield, 
such as expatriates who still wish to remain abreast of events in the village, this is a 
valuable resource.

13.6.2  Engaging the Community in Designing Displays

Rather than a general-purpose display suited toward widespread deployment for 
advertising purposes, this project has sought to develop a display tailored to the 
needs of an individual community through the use of a participatory approach and 
the iterative development of prototypes. This process of deploying functional proto-
types, collecting feedback and improving the deployments has proved to be very 
successful in creating a technology that is well-suited to its deployment environ-
ment. Although we designed to support certain types of behaviours that we expected 
would occur based on our fieldwork, our prototypes have been flexible enough to 
allow behaviour from the community to emerge over time. The approach also 
appeared to create a sense of ownership of the display by the community, and one 
participant in an evaluation meeting said that the village was proud to have a facility 
that their neighbours did not, suggesting the café display itself acted as an advertise-
ment for the entire village when seen by visitors.

This approach has also made frequent use of our primary contact as a “human 
access point” [8], an individual who is a part of the local community but also com-
fortable with technology who can act as a bridge between researchers and partici-
pants, as well as promoting the technology and helping people to use it. Although we 
must be careful not to be too reliant on this individual, it proved to be an excellent 
means of accessing the community. Our contact also served as a curator and modera-
tor for the display, ensuring that nothing unsuitable was posted and importing list-
ings from other sources. While this role could have been fulfilled by a researcher, 
having a member of the community acting as an administrator meant content was far 
more likely to be appropriate and grounded in the community’s needs.

Although our approach has meant the development of the display has been cen-
tred on Wray, it is reasonable to expect that other communities and neighbourhoods, 
particularly rural villages, will have similar requirements. Further study would be 
required to determine to what extent our observations hold true in other communi-
ties and how suitable the technology developed for Wray is elsewhere, but we 
believe WrayDisplay could be easily adapted to other environments.

13.6.3  Harnessing Existing Flows of Information

Previous work with digital signage has identified the importance of fitting in with 
existing routines to ensure users were able to integrate displays into their existing 
practices with as little personal cost as possible [1], and this proved to be equally 
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true of advertising displays in Wray. But whereas this previous work found that 
particular technologies, such as email and instant messengers, were important in 
harnessing these practices, we also found that particular individuals could act as 
gateways to existing information. Our contact, for example, was already a gate-
keeper for information on the village website and this role further allowed her to 
acquire early copies of the Wrayly Mail from its editor (who otherwise eschewed 
attempts to update her methods of creating and distributing the newsletter) in order 
to ensure its content was also added to the display.

Although it had not been anticipated that content from the Wrayly Mail would be 
imported wholesale, this did ensure that there was always current content on the 
display to ensure it remained useful. However, as the display was designed with 
occasional individual posts in mind, large batches of content meant that some items 
would be immediately pushed off the front page. This also led to an ebb and flow of 
content on the display, as large amounts were posted at the beginning of the month 
but gradually expired towards the end prior to the next batch being posted. Future 
displays might be designed to better support this behaviour.

Our contact had also previously expressed concerns about what would happen if 
she were unable to continue acting as a moderator for the display, fearing that it was 
too dependent on her—a common problem identified by Redhead and Brereton [14] 
in their survey of community communication. For these reasons, community systems 
should make use of key individuals, but not rely on them alone.

In terms of technology, a web application was a suitable means of submitting 
content for many residents, as using simple web applications was part of their exist-
ing computer use. For others, unfamiliar applications were a considerable barrier to 
use. Even those who embraced technology were often only familiar with particular 
applications that they used regularly—such as their webmail—and were not confi-
dent using new services. For this reason, we intentionally stressed that news could 
be submitted via our contact due to her existing role in distributing this type of con-
tent. This meant that those unwilling or unable to use the display’s website were still 
able to submit their content by email instead, a medium that most in the village 
appeared to be comfortable with. For those who weren’t, notices could naturally be 
submitted by non-technical means as well.

13.6.4  Importance of Location

It should come as no surprise that location was an important factor in the deploy-
ment of displays. The effect of location on the usage of displays, in terms of both 
volume of interactions and type of content, is well represented in public display 
research and the “interaction between technology and its location” [12] is central 
to our understanding of public displays. Our experiences confirm the findings of 
past research, particularly the observation that ‘waiting’ spaces attract use [2], but 
also note that different locations bring differing audiences and senses of appropri-
ate content.



28313 Rural Communities and Pervasive Advertising

At the simplest level, the impact of location was visible in the usage statistics. 
The original Photo Display was briefly deployed in the village hall prior to being 
moved to the post office, where it subsequently saw far greater levels of usage due 
to its increased visibility by the large number of residents passing through the shop. 
Likewise, the deployment of a second display in the café initially showed higher 
levels of usage than the post office, likely due to the novelty of having a display in 
this location and the more varied audience who are less likely to have seen the 
display before, although usage did flatten out after several months.

The display’s audience also differed significantly by location. While the post 
office reached an audience that was mostly local, the café received far more visitors 
from other villages and further afield. Although we had initially feared that this 
might make the café display less useful, feedback from residents indicated that 
reaching a wider audience was seen as a welcome effect of this deployment, sug-
gesting that it might be advantageous to intentionally harness this effect to target 
adverts at particular audiences. For example, some groups might only want to adver-
tise their events to residents within the village, while others might be actively trying 
to encourage visitors from elsewhere to use their services. The suitability of differ-
ent locations for adverts targeting different groups is something that community 
members appeared to be well-equipped to judge for themselves.

Beyond this, appropriate content also varied between locations, again exempli-
fied by the coffee machine advert. While this was perfectly acceptable in the post 
office, it was not appreciated in the café due to the perception that it was promoting 
their competition. The differences in appropriate content across locations is also 
reflected in existing paper noticeboards in the village by a noticeboard outside the 
church, which was unlocked but only contained church-related material. In this 
case, either residents recognised that posting other content was inappropriate or any 
unauthorised notices were taken down. This is behaviour that could be replicated in 
a digital display by allowing notice posters to choose which displays their content 
would be shown on, or by allowing individuals in the deployment venues to remove 
items on a local basis, rather than rejecting them from the entire system.

13.6.5  Terminology and Signifiers

One of our more interesting observations was the way that established content 
appeared to influence subsequent usage despite the display being intentionally 
designed to support any type of notice content, as demonstrated by requests for a 
‘classifieds’ section so that residents could post advertisements. The high number of 
event listings posted to the display relative to other types of content when the dis-
play was first deployed appeared to give the impression that this was the only 
 appropriate type of content. Furthermore, although we had used the term ‘news’ on 
the first prototype as a catch-all term for noticeboard-type content, a term that 
 originated in discussion groups with residents, once deployed this term appeared to 
suggest content exclusive of advertisements.
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Norman used the term ‘signifiers’ to suggest that “we know how to behave by 
watching the behaviour of others, or […] the trails they leave behind” [11]. This 
certainly appeared to be occurring in this case, highlighted by the sudden influx of 
advertisements when the content was divided into events and adverts, signifying 
that this content was permissible and appropriate. This relates to Harrison and 
Dourish’s [6] concept of ‘spaces’ and ‘places’, in which interactions are governed 
by both the physical space in which they are situated and the cultural expectations 
associated with that particular place.

There are many further examples of noticeboards dependent on signifiers to 
indicate appropriate behaviour, both in Wray and elsewhere (Fig. 13.6). We have 
often been drawn to one noticeboard in the post office, located very close to our 
own display, where notices have been attached to the side of a branded drinks 
refrigerator, subverting the refrigerator’s original secondary purpose as an advertis-
ing device for the drinks company and appropriating the surface to display com-
munity content. At some point, the surface was used to post a notice for the first 
time, indicating to others that it was ‘okay’ to post notices there. In a similar exam-
ple, a whiteboard in our department kitchen went unused for many years until a 
single message was written on it, after which the board quickly became used for 
doodling, banter and notices.

13.7  Conclusions

This chapter has described our work developing a digital noticeboard for use in 
Wray, based on input from community members themselves and deployed in the 
village for an extended period of time. From this experience, we have gained a 
 number of insights into the use of digital signage in rural settings and the process of 

Fig. 13.6 A refrigerator and whiteboard appropriated as community noticeboards. The presence 
of notices indicates to others that this is acceptable



28513 Rural Communities and Pervasive Advertising

engaging a community in designing displays tailored to their needs, as well as 
factors to consider in the design of such displays.

Our observations have included areas in which Wray was not already well-served 
and where digital interventions could augment existing practices to address issues 
that exist, and the value of fitting in with existing information flows and carefully 
considering display locations with the village. We were also surprised by the extent 
to which early content on the display influenced its later usage and perceptions of 
appropriate content by residents.

Above all, our research has shown that there is clear potential for appropriately 
designed digital signage in rural communities. While public displays are often 
deployed in urban and workplace environments, such pervasive technologies are 
rarely investigated elsewhere. Work in Wray has demonstrated that displays can be 
successful in rural environments as well, suggesting a need for further research to 
explore digital signage, and pervasive technologies in general, in this area.
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Abstract In this chapter we analyze the attention of users on the move towards 
pervasive advertising media. We report the findings of two multi-sensor eye track-
ing studies designed to provide a better understanding of the actual attentional 
behavior of users on the move in different public environments. In the first study 
106 participants were equipped with eye tracking technology and asked to use 
public transportation vehicles equipped with information and advertising screens. 
In a second study 16 participants were asked to stroll through a shopping street for 
about 15 min, and during this time different indicators for their behavior and focus 
of attention (eye tracking, movement and pose tracking) were captured. Motion 
and pose data was correlated with eye tracking data to identify typical patterns of 
attention. We report the results of these studies, then discuss the implications of the 
main findings for pervasive advertising and finally reflect on the used research 
methodology.
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14.1  Introduction

Measuring the attention towards different kinds of advertising media is of high 
interest in marketing research. Most existing research in this area focuses on a per-
son’s attention towards indoor advertising media like printed advertisements and 
in-store placement. The more uncontrolled environment of outdoor advertisements 
has not been targeted and analyzed in detail yet, mainly due to limitations of avail-
able methods for tracking the user’s focus of attention.

Different investigators try to overcome the methodological difficulties of unre-
stricted situations by using virtual representations of the real world. This approach 
allows studying a person’s attention in a controllable way. However, due to the 
rather artificial situation concerns regarding the external validity arise, i.e. whether 
the results obtained in the virtual representation are comparable to those in real life 
situations.

To investigate the characteristics and mechanisms of successful outdoor advertise-
ment design reliable data and knowledge about the detailed visual attention of users 
on the move is needed. By knowing how people perceive different kinds of advertise-
ments in a realistic outdoor setting, the impact of pervasive marketing approaches 
can be increased through better design and placement of advertising media.

In this article we describe two studies aiming to advance the current knowledge 
and methods in the field of visual attention on advertisement media of users on the 
move. We investigated the participants’ visual fixations on digital displays in public 
transport (study 1) and on brand logos while walking through a pedestrian shopping 
street (study 2). With the results of the studies’ explorative field trials we want to 
answer basic questions about the perception of these outdoor advertisement media. 
The data can also act as a reference for further research about visual attention in 
public spaces.

14.2  Related Work

In this section we present previous work related to our studies. The main focus is on 
visual attention, eye tracking technology and attention to public displays and 
advertisement.

14.2.1  Special Importance of Attention in Pervasive  
and Mobile Computing

Mobile computing technology allows having electronic devices available whenever 
and wherever we want. However, designers and developers of mobile applications 
like palmtop computers, PDAs, and mobile phones have to face unique challenges, 
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because location and environment are usually less predictable than in desktop 
applications [3]. Similar restrictions apply also to public displays. Furthermore 
mobile computing devices have the common problem of rather small visual dis-
plays and limited input techniques, wherefore performance is often substantially 
worse than in the desktop context (e.g., [29]). Multitasking and support for task 
interruption are of high relevance, since in a mobile context the frequency of dis-
tracting events is much higher than for a desktop application [12] and tasks with 
interruptions take longer to complete on a mobile device than with a desktop appli-
cation [28]. Therefore special interest is on the increased competition with regard 
to attracting the users’ attention and on interaction as a non-primary task in a certain 
context – which is also an issue for public displays.

14.2.2  Human Visual Attention and Perception

Humans are continuously confronted with a vast amount of information and stimuli, 
but they are not able to process all of it in parallel. Therefore it is believed that the 
human information processing includes a bottleneck where attentional systems 
decide which information an individual processes. In visual attention this bottle-
neck is quite obvious defined by the fovea, an area of the retina with the highest 
resolution. In foveal vision humans tend to fixate objects which they are attentive to. 
However humans are also able to attend objects which are in their peripheral visual 
field and 24° distant from the fovea [34]. The spotlight metaphor considers visual 
attention as a kind of spotlight which can be moved around to focus different objects 
in the visual field. The size of this spotlight can vary [13] and the smaller the atten-
tional area is the higher is the processing capacity for that area. When an individual 
wants to attend another object in the visual field the “spotlight” has to be moved. Is 
a person involved in a visual search task, the feature integration theory [38] postu-
lates the existence of a pre-attentive subsystem, which at the earliest stage of visual 
processing decomposes a visual stimulus into its elementary features. At a more 
focused attentive level, these independent basic features are recomposed in order to 
obtain an integrated perception of an object and the world.

14.2.3  Development of Eye Tracking Technology

To analyze a person’s gaze behavior is not a new idea. Research on eye tracking is 
conducted since over 100 years. In the last decades a strong focus was on eye move-
ment recording systems, with the aim to gather objective and quantitative data of a 
person’s visual attention [11
electro-oculographic techniques or contact lenses covering cornea and sclera [33].

Today we can look back to a variety of eye tracking systems, differing in terms 
of their appearance and their eye detection techniques and algorithms [16]. 
Basically eye tracking can be infrared-based, i.e. the different reflection of infrared 
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light between cornea and pupil is used to determine the line of sight (e.g. [33]) or 
appearance-based, i.e. computer vision techniques are used to find the eyes and 
their orientation (e.g. [37]). Furthermore eye trackers can be head-mounted, build 
into the computer screen, and – since about the last decade – even portable. The 
development in the direction of more and more non-intrusive and mobile eye track-
ers enables researchers to observe close to natural behavior unaltered by limita-
tions of the technical equipment. With mobile eye trackers it is possible to go into 
the real world and gather data in realistic settings [19].

low-cost systems (e.g. [1]) which enable eye tracking in various situations and 
activities and to make it affordable for the general public. Most recent developments 
try to expand the application of eye tracking to infants, for whom the portable eye 
trackers for adults are ill-suited [15].

14.2.4  Eye-Tracking in Public Spaces

The development of portable and less intrusive eye trackers enables attention 
 measurements in the public space. However, only a rather small body of research 
exists using eye tracking in real environments. This probably can be explained by 
two factors. Firstly, investigations with mobile eye tracking imply a reduced control-
lability of the setting and consequently difficulties to realize an experimental design 
arise. Secondly, it is a big challenge to deal with the free movements of head and 
body. These movements make it harder to map eye tracker coordinates onto world 
coordinates, and often require a laborious, manual processing of the data [22]. Thus, 
many researchers rely on virtual environments simulating a real setting (e.g. [27, 
35]) to investigate visual attention in an environment as natural as possible but nev-
ertheless allowing experimental control. In this regard Hayhoe and colleagues [20] 
pointed out the necessity to validate performance in virtual environments by inves-
tigations in real environments and – the other way around – to use gaze behavior in 
the real world to generate hypotheses tested in a virtual environment.

with free head and body movements typically concern everyday activities like driving 
a car [17, 24], playing golf [14], washing hands [32], or making a sandwich [21].

More recent research also targets the visual attention in public spaces mainly with 
explorative field trials. For example Wessel and colleagues [40] investigated the gaze 
behavior of science museum visitors to examine which eye movements are related to 
exploration behavior and cognitive elaboration. The authors could identify a com-
mon pattern. All participants first scanned each exhibition wall as a whole, and then 
explored single exhibits in their vicinity. Results show an initial quick skimming of 
pictorial information, which is a rather automated process, followed by processing 
like reading text – an elaboration pattern commonly assumed in research.

Gaze patterns usually depend on the given task of a person. This was shown by 
10] who investigated gaze and memory for objects while walking 

around a building with the aid of a mobile eye tracker. Participants being told that they 
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will be asked about what they saw following their walk were much more likely to 
notice exchanged objects along their path. They also fixated objects longer prior to 
the change than participants being simply instructed to walk around the building. The 
authors state that this result suggests task demand to have an influence on gaze con-
trol. Another study [18] investigated natural gaze behavior while ascending and 
descending a hill in an urban environment for two different terrains (street with con-
stant slope and irregularly spaced sidewalk steps). The conditions resulted in different 
gaze distributions and the authors claim that the task strongly affects gaze behavior 
even when instructing participants and environment are kept identical.

Concrete implications for the placement of wayfinding information in nursing 
homes could be drawn by a mobile eye tracking study of Schuchard and colleagues 
[36]. The authors investigated wayfinding in a nursing home of older adults with 
mild dementia. They could support earlier findings that participants look mainly at 
the floor and lower part of hallway, and therefore rarely look at areas where way-
finding information is usually placed.

The various insights in gaze patterns in public spaces are only possible due to the 
evolving mobile eye tracking technology. Although authors point out constraints 
like limited conclusions on cognitive processing, obtrusiveness of measurement, 
limited temporal and spatial accuracy, and laborious data analysis [40], mobile eye 
tracking has the potential to explore eye movements in a more natural setting than 
every other technology before.

14.2.5  Attention in Guidance Systems and Driver-Environments

The user in public spaces who is typically on the move in public transport or car 
 traffic has to face the challenge of filtering out the relevant information from the 
large number of available information. To facilitate this filtering process the design 
of signs in guidance systems (like platform numbers or speed limits) is essential. 

-
ception, like smaller reaction times for warning than for regulatory signs [8] and 
longer reaction times for extravert participants [26]. More recent research in this 
field [4] could show that ergonomic design principles play an important role in the 
comprehension of traffic signs. The results show a strong relationship between the 
comprehension level and the three principles of compatibility, familiarity, and stan-
dardization for drivers of different cultural backgrounds. Ng and Chan [30] consid-
ered the participant’s experience with icons. They identified semantic closeness as 
being most important for signs not learned before, and that sign features determining 
sign usability change as the experience with the sign grows. The authors conclude 
from this result that designers of traffic signs should consider different user groups.

Research was also conducted on how the attention of drivers can be distracted from 
relevant information like traffic signs, e.g. by advertisement. Since for the advertising 
industry it is desirable that roadside advertisements gain a lot of  attention, it can be a 
seen as source of distraction, increasing the complexity of drivers’ visual environment 
[39]. In the worst case this can result in a fatal accident. An interesting question in this 
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regard is how much attention different kinds of roadside advertisements really attract. 
A driving simulation study found that roadside advertisements increase mental load 
and eye fixations and can distract the attention from more relevant road signage [41]. 
However, the visual attention on ads is high especially in situation which are monoto-
nous and with a lower workload. Another driving simulation study investigated differ-
ences between static and video adverts [6]. The authors found that video advertisements 
cause a significantly greater impairment of driving performance than static ones (indi-
cated for example by longer and more fixations and a greater variation in lateral lane 
position). Besides the type of advertisement also placement seems to be an influenc-
ing factor for amount of attracted attention. Crundall and colleagues [7] used eye 
tracking of participants watching a video clip to study the influence of different loca-
tions of adverts. They found that adverts placed at the height of bus shelters attract and 
hold attention at inappropriate times compared to adverts placed in 3 m altitude. The 
findings have direct implications for the representation of roadside billboards as means 
of marketing. Nevertheless they shouldn’t be a risk for car drivers.

14.2.6  Attention in Advertisement

The question how people attend advertisements in general has concerned many 
researchers in the fields of marketing, psychology and neuroscience. Research was 
done for all kinds of media including print advertisement in magazines and papers, 
in-store marketing and outdoor advertisement.

attention of observers is a frequently researched topic in printed advertisement. 
A study investigating eye movements while choosing businesses from yellow pages 
[25] could show that 93% of the consumers notice quarter page display ads but only 
26% of the plain listings, and that color ads are noticed before and viewed longer than 
non-color ads. Furthermore consumers spent 54% more time viewing ads they end up 
choosing than ads they didn’t choose, which demonstrates a certain relationship 
between visual attention and choice behavior. A study by Drèze and colleagues [9] 
investigated the consumer choice for brands on different shelf levels in the context of 
in-store marketing. The authors found brands on shelves near the eye or hand level 
being chosen more often than brands on the lowest shelf. Similar results were found 
with a study applying eye tracking technology [5]. Investigations of the visual atten-
tion of (potential) observers of outdoor advertisement are also often about whether 
and how long the observer looks at specific aspects of boards, brands, banners, or 
posters. Basically outdoor posters catch a lot of attention, e.g. in a study of the OAAA 
[31] 70% of outdoor posters in the visual field of the subject were seen, and 63% of 
these were likely to be read. Maughan and colleagues [27] found a correlation between 
the fixations of participants on advertisements and whether they liked the advertise-
ment or not. Interestingly there is a strong relationship between increasing number of 
fixations and increasing preference for the advertisement, though nothing can be told 
about the direction of causality – i.e. which factor is the cause and which the effect.
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To provide passengers of public transportation systems with advertisements on 
digital displays is a rather new advertisement medium, thus there is still a lack of 
research investigating the mechanisms of this type of advertisement. Research on 
attention towards public displays in general provides valuable information also for 
digital displays in public transport. Huang and colleagues [23] for example state 
that attention towards public displays is difficult to attract and hold, and define valu-
able design recommendations regarding e.g. positioning and content format.

14.2.7  Methods of Attention Measurements in Advertising

As measurement of the effect of specific marketing strategies, researchers frequently 
rely on recall and recognition as a measure of attention to the advertisement in ques-
tion (e.g., [2]). This approach follows the rational that objects gaining more atten-
tion will also be remembered more likely. But the relationship between attention 
and recall is not unambiguous as was shown by a series of studies of the OAAA 
[31]. The studies reveal that people tend to recall only a third of outdoor boards they 
looked at and also recall boards which were never shown. This is why the authors 
claim unaided recall not being the best method to assess ad effectiveness, and con-
sider aided recall and recognition as more accurate. Another possibility frequently 
used in marketing is to measure brand choice or numbers of sales (e.g., [9]). On the 
one hand these measures seem comfortable in the context of outdoor advertisement, 
since they are a simple assessment and deliver valuable insights about the effective-
ness of pervasive advertisement. On the other hand it is questionable if these rough 
measures can really teach us detailed about the person’s attention in a complex 
advertising situation including many factors moderating between attention and 
memory (and respectively purchase). Justifiably, researchers claim for better mar-
keting metrics of visual attention than self-reported recall or number of sales [5].

In the context of advertisements eye tracking is a promising and increasingly 
used method, since it supplements subjective measures like questionnaires with 
objective data, telling if people really look at specific objects in their visual field. 

-
tionnaires and can’t be easily manipulated by the person [40]. Considering the little 
amount of research using mobile eye trackers in a realistic context, much work has 
to be done in technical and conceptual regards to advance findings in this field.

14.3  Attention in Public Transport Towards Digital 
Displays (Study 1)

The driving idea behind the first study was to investigate human attentional behavior 
towards digital displays (so-called info-screens) in urban public transport with the 
aid of mobile eye tracking under natural conditions. More specifically the focus was 
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on the attention, awareness, attitude and memory of people related to such displays, 
as well as the influence of different content-types, like advertisements and news.

14.4  Method

Field Study Context. The info-screen is a display mounted in trams in the city of 
Graz in Austria (see Fig. 14.1a). Four info-screens with a size of 17 in. are installed 
in each tram (two in the middle of the train and two in the front part). They are either 
pointing against the driving direction or sideways, wherefore their visibility and the 
viewing distance varies depending on the observers’ location in the tram. The info-
screen is broadcasting its content in cycles that get repeated every 14 min, which is 
about the length participants were in the tram in one direction. The content-types 
forming a cycle at the time of the experiment were advertisement, news, culture, 
entertainment, sports/weather, event-tips and passenger information.

Participants. A random sample of 106 people (51 female, 55 male) with a mean age 
of 30 years took part in the study. Participants were located in Graz and had differ-
ent educational (bachelor, master) and professional (apprenticeship, teacher) back-
grounds. Due to technical problems (malfunction of the information displays in the 
tram and problems with the mobile eye tracking system) six participants were 
excluded from the data analysis.

Material.
tracker of the company SMI, consisting of a size adjustable, lightweight helmet, 
tablet pc (carried in a daypack), and a sampling rate of 50 Hz (see Fig. 14.1b).

After the eye tracking in the public space a questionnaire consisting of 22 ques-
tions was provided, which includes the following topics: subjective measurement of 

Fig. 14.1 (a) Placement of two info-screens in tram either pointed against the driving direction or 
sideways. (b) Mobile eye tracking system
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how long participants paid attention to the info-screen; inconvenience by the helmet 
and the daypack; attitude about the info-screens; likability of the content-types; 
 likability of different kinds of advertisement media; and demographic data. 
Furthermore recall and recognition of content shown on the info-screen was 
assessed. As a recall test participants were asked to tell in no specific order which 
content they had seen during their ride. Then participants were asked to recall which 
specific ads, logos and brand names they could remember. For measuring recogni-
tion participants’ were provided with a textual list including ads actually being 
broadcasted and ads that were not shown on the info-screen.

Procedure. Participants were informed about the general aim of the study to mea-
sure attentional behavior in public spaces, but not that the focus lies on the attention 
towards the info-screens. After presenting the mobile eye tracking system partici-
pants could decide if they still wanted to participate in the study.

The actual testing procedure started with the calibration of the eye tracker once 
subjects had the helmet on. The calibration was done using a five-point calibration 
target. Then participants were asked to carry out the simple task to bring back books 
and magazines to the return box of a public library located about 25 min away from 
the starting point, and then to come back. With a detailed description of the route, a 
ticket, a mobile phone (in case they have additional questions), and an umbrella (to 
protect the eye tracker in case of sudden rain), participants left. The calibration was 
checked again when the participants left to go to the public library and when they 
came back to see if the helmet had gotten out of place. In total participants were on 
their way for about 50 min.

When the participants returned the questionnaire, presented in electronic form, 
was filled out by the facilitators with the participants providing the answers, because 
some participants were not familiar with the computer technology.

Data analysis. The data from the eye tracker, consisting of the scene video and the 
data of the eye movements, was recorded on the tablet pc that had been carried in the 
daypack. The operators of the info-screens provided the corresponding time-stamped 
log-files. The quantitative data set (with the log-files and the eye tracking data) 
enabled to determine on a frame by frame basis if the info-screen was in the visual 
field of a participant and which content was displayed. With the questionnaire it was 
possible to compare whether a participant’s memory and self-assessment regarding 
length of attention towards the info-screen was consistent with the quantitative data.

14.5  Results

Participants’ attitudes towards testing and advertisements. First of all we investi-
gated how inconvenient participants felt because of the testing equipment. Overall 
participants reported in the questionnaire that they were not bothered very much by 
the helmet and the daypack (23% of the participants were not disturbed at all, 70% 
were disturbed a little bit, 5% felt severely disturbed by the equipment). Furthermore 
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most participants reported that they didn’t feel nervous (64%) during the ride at all, 
34% felt a little nervous and only 1% reported having felt very nervous. Regarding 
the participants attitude towards the info-screen two thirds of the participants rated 
the presence of the info-screen as being good, 20% where indifferent and 10% 
didn’t like it at all. The preferred advertising media in general assessed with the 
questionnaire were television and posters.

Attention towards the info-screen. The eye tracking data reveals that of the 100 
subjects included in the data analysis 61% fixated the info-screen at least once. The 
respective data from the questionnaire is not in line with the eye tracking data since 
88 participants reported to have seen the info-screen.

From the 48.7 h all participants together spent in the tram, 23.06% of the time the 
info-screen was in the visual field of the participants, and in 3,64% of the time atten-
tion was directed towards the info-screen – i.e. the info-screen was fixated. 
Participants focused on the info-screen between some seconds and 9 min – on aver-
age for 104 s (see Fig. 14.2a for the frequency of fixations durations overall partici-
pants). Subjects were also asked in the questionnaire to measure their subjective 
feeling about the attention-span towards the info-screen. Most subjects thought 
about their attention-span being up to two minutes (see Fig. 14.2b), which corre-
sponds to the measured average value of attention-span.

Differential effect of content-type. One of the main questions in this research was to 
investigate the visual attention on different types of content. Analyzing the fixation-
time of different content-types shows that “news” got most fixation-time (4.54% of 
the overall testing time) followed by “sports/weather” (3.98%) and “entertainment” 
(3.81%). The remaining categories got around 3% except for “culture” which got 
2.65% of the overall testing time. A further analysis with the distributions of the 
number of fixated frames on the info-screen for each participant and content-type, 
shows no significant differences between the content-types (p = 0.39).

The differential effect of content-type was also addressed in the questionnaire by 
asking the participants whether one content-type is of interest for them or not. 

Fig. 14.2 (a) Percentage of participants’ duration of fixation on the info-screen over the whole 
time spent in the tram. (b) Participants’ estimation about the overall duration of fixation
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The (due to an organizational error left) 96 participants rated “news” and “event-
tips” as most interesting, followed by “weather” and “sports” (see Fig. 14.3). These 
differences in interest towards the content-types can’t be found in the eye tracking 
data in terms of a higher number of fixations.

Differential effect of daytime. The investigation of the attention towards the info-
screen at different daytimes shows the longest mean fixation times between 8 and 
10 a.m. and between 2 and 4 p.m. (see Fig. 14.4). A possible explanation for this 
might be the fact that in the morning participants’ interest for news is higher than 
during the rest of the early day hours. The even higher peak in the afternoon could 
result from a relationship between the daytime and the number of travellers in the 
tram, which is in the early afternoon probably small.

Recall and recognition of the info-screen information. From all participants 80% 
were able to recall categories, and on average participants recalled three different 
categories. Twenty-seven percent were able to recall specific spots and logos and 
18% recalled brand names. In the recognition task 43% of the participants were able 
to recognize spots correctly, but they only recognized between 1 and 4 advertise-
ments (mean 1.37).

The correlation between fixation time on the info-screen and recall/recognition 
was tested next. The results show no significant correlation between number of 
frames fixated and number of content recalled (r = 0.102) and respectively content 
recognized (r = 0.341).

Fig. 14.3 Percentage of 
participants rating the 
different content-types as 
interesting in the 
questionnaire

Fig. 14.4 Mean duration of 
fixation on the info-screen (in 
percent of the whole testing 
time) of participants’ at 
different daytimes
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14.6  Discussion

The results of this study show that according to eye tracking data more than half 
of the participants did focus on the info-screen, and nearly nine out of ten  
reported to have noticed the screen. Therefore the info-screen gains a considerable 
amount of attention of the participants – even under the given free-exploration 
condition.

The content-type seems not related to the length of fixation time. For example 
few participants found “advertisement” interesting, but nevertheless the fixations on 
“advertisement” did not differ from any other content-type. A possible explanation 
for this could be the fact that fixation time on the info-screen does not imply that 
participants’ were actively following the presented content. Or maybe participants’ 
have the mental model of ads being not interesting.

Further, no significant correlation between duration of fixation on the screen and 
recall/recognition exist. One explanation for this result might be the experimental 
setup that participants had no idea about the purpose of their ride and no order to 
look at the info-screen. Another explanation could be the fact that – as already men-
tioned above – fixating the eye tracker does not implicitly mean perceiving its 
content.

Considering the fact that participants did not know about the aim of the study and 
the natural environment, those results are very interesting because of their explor-
ative character. We learn from this study that fixation time on digital displays in 
public transport seems not to depend on content-type. Also, fixation time per se 
does not seem to be a suitable indicator for content-memorization.

The findings from this study can serve as a basis for future research, e.g. if we 
can actively and reliably catch people’s attention in a natural environment like this 
one (or any other urban environment) and how we can optimize content for such a 
form of advertising to improve content memorization. Despite their similarities with 
TVs digital displays like the info-screen do miss audio as a channel for communi-
cating with its audience, which requires separate considerations for pervasive 
advertisement.

14.7  Attention in Shopping Streets Towards Logos (Study 2)

In this section we describe the second field study which aimed to better understand, 
which areas and objects receive attention by pedestrians in an urban setting (shop-
ping street). The basic research question was whether there is a significant influence 
of the users’ movement on the direction of attention. Additional research questions 
address the influence of context variables (e.g. daytime and frequentation) on the 
relation of motion and attention and the effects of the relation of motion and  attention 
on memory.



29914 Attentional Behavior of Users on the Move Towards Pervasive Advertising Media

14.8  Method

Field Study Context. The study was conducted in the inner city of Graz (Austria) in 
a pedestrian shopping street, which represents a realistic urban setting.

Participants. 20 participants – males without contact lenses or glasses (to ensure a 
stable recording of eye tracking data) – were recruited. A financial allowance as a 
compensation for the participants’ effort was offered. Because four of the partici-
pants could either not be tested because of bad weather or cancelled their participa-
tion, 16 study participants remained.

Material. The same mobile eye tracking system as in the first study was used to capture 
gaze movement data and scene video. Additionally built-in sensors of the Google Nexus 
One smartphone were used to capture GPS-position data. The position fixing compo-
nent of the device is a GPS receiver, which is integrated directly within the chipset. The 
device is also equipped with integrated accelerometers and a tilt compensated magnetic 
sensor. Only the GPS-data will be used as the sensors do provide more accurate data. 
The conducted questionnaires include questions regarding e.g. demographic data, famil-
iarity with the test area (Herrengasse), and free recall of shops in the test area.

Procedure. The study started with a detailed briefing. The aim of the study to inves-
tigate the visual attention in a shopping street was not revealed to the participants 
– instead of that they were informed that the study focuses on the improvement of 
eye tracking equipment. The participants were asked to act as natural as possible 
and try to ignore the eye tracking equipment as far as possible. Test participants 
signed a consent form and were asked to fill out a pretest-questionnaire. Then par-
ticipants were equipped with the technical test setup and accompanied by a test 
facilitator on their way through the inner city of Graz. Participants were asked to 
follow a specific route (to reference GPS data tracks). Overall time of data capture 
per test person was about 15 min. Then the technical equipment of the participants 
was demounted and the data was saved. Participants were asked to fill out a final 
post-questionnaire and the financial allowance was paid.

Data Analysis. The main focus of this study is the relationship between eye tracking 
and motion tracking data. Therefore the synchronized data was investi-gated accord-
ing to correlations between eye and body movement metrics. But also the general 
visual attention while walking through the shopping street was analyzed by consid-
ering how many fixations participants had in different areas of their visual field and 
on commercial logos.

14.9  Results

Visual attention and orientation while walking through a shopping street. The first 
part of the data analysis focused on the attention on different areas of the visual field 
based on the eye tracking data. Without considering the body orientation this – of 
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course – doesn’t tell anything about the concrete direction of visual attention. As 
can be seen in Fig. 14.5 most times the gaze of participants falls in the horizontal 
middle in a somewhat lowered position. This result indicates that participants direct 
their eyes most of the time towards this default position so to say.

Also the horizontal head orientation of the alongside the shopping street moving 
participants is mostly aligned centered (see Fig. 14.6a, b), with a stronger orienta-
tion towards the right side (where the shops of the street in our test scenario were 
located). For this analysis the orientation of the street was taken into account. 
Regarding the vertical alignment of the head of pedestrian users (see Fig. 14.7a, b) 

Fig. 14.5 Number of fixations over all participants at different areas of the visual field from left to 
right and bottom to top (752 × 480 pixels)

Fig. 14.6 (a) Horizontal head orientation in relation to orientation of the Herrengasse in percent 
from back left to back right. (b) Categorization of the horizontal orientation data
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the average orientation is directed towards a slightly elevated position (mean = 4.10°), 
and there is more orientation towards the upper sphere than the lower sphere.

Relationships between head and body orientation data. The relationship between 
head and body orientation was analyzed with the data of the two motion sensors. 
The results show a distribution of orientation as might be expected: In the majority 
of cases the head orientation is aligned with the body orientation, with decreasing 
numbers for relative orientations to the sides (see Fig. 14.8).

Relationships between situational factor, visual attention, and motion. The  relationship 
between the number of people on the shopping street (categorized into “few” and 
“many”), the motion speed of participants’, the number of fixations on commercial 

Fig. 14.7 (a) Number of vertical head orientations in percent from up to down. (b) Categorization 
of the vertical orientation data

Fig. 14.8 Relative horizontal head orientation (difference between head and body orientation) 
expressed in degrees across all test participants
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logos and the horizontal centrality of the head orientation was calculated. The results 
(see Table 14.1) show an interesting correlation between motion speed and horizontal 
deviation: higher speed is associated with a smaller deviation from the centered ori-
entation (r = −0.26, p < 0.01). The other correlations (although also statistically signifi-
cant) are rather small, but indicate e.g. that a lower motion speed is related to the 
fixations of logos and a higher number of people on the street. A subsequent compari-
son of means shows a significant difference in motion speed while fixating a logo and 
fixating something else than a logo (0.92 compared to 0.99 m/s) and between few and 
many people on the street (1.00 compared to 0.97 m/s).

Attention to logos. Besides its relationship to other variables (see previous section), 
the attention on advertising media in the shopping street was investigated also in 
general. The fixations on logos were annotated by means of the scene videos, and it 
was coded for each frame if the participants fixated a logo or something else. The 
results show that big size logos in the shopping street received a considerable 
amount of attention, because about 4% of the fixations are on them (89.5% are on 
something else, than logos and 6.5% couldn’t be assessed in the videos). In 60.4 % 
of the logo fixations the head orientation of participants was ahead right, which 
means that they looked at logos on the same street side in front of them and didn’t 
turn their heads too much to look at logos (see Fig. 14.9). 29.7% of the logo  fixations 
were on the other side of the street.

Table 14.1 Pearson correlations between the situational factor “number of people on the street”, 
the attentional factor “fixation on logos” and the motion factors “motion speed” and “horizontal 
deviation of the head”

Motion speed

Horizontal 
deviation 
of the head

Number of people  
on the street

Fixation 
on logos

Motion speed 1 –0.26 –0.05 –0.05
Horizontal deviation of 

the head
–  1 –0.02 –0.03

Number of people on 
the street

– –  1 –0.02

Fig. 14.9 Head orientation over all participants while they fixated on logos
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14.10  Discussion

The investigation of pedestrians’ attention and motion with the aid of mobile eye 
 tracking delivers initial results relevant for advertisement strategies in a shopping street. 
The eye, head, and body orientation of the participants may indicate how advertisement 
should be placed. The eye gaze of participants were in average on a slightly lowered 
position, whereas the head was a bit elevated from straight ahead (4.10°). This can eas-
ily be explained by the needs of pedestrians to navigate between other pedestrians, the 
usage and consultation of personal devices (e.g. looking on the watch, consulting writ-
ten materials, using electronic devices, etc.) and watching objects of interest in shop-
ping windows, for which the head orientation doesn’t need to be necessarily lowered. 
Interestingly 4% of fixations are directed to logos, and these fixations tend to relate 
slightly with the lower motion speed of participants’, which is again related to the 
number of people on the street. Furthermore people tend to show less variation in their 
horizontal head orientation when they move faster. Since participants’ fixated mainly 
logos which were straight ahead of them, and didn’t look at logos beside of them, it 
may be advantageous to place logos so that they can be seen from more distance.

14.11  Attention on the Move – Summary of Findings

The two presented studies investigated the attention on advertising media in two 
different situations: within a digital display in public transport and towards logos in 
a pedestrian shopping street. The results show that the attention towards advertising 
media is in both situations not negligible. 61% of the participants fixated the info-
screen at least once, and 3.64% of the time the participants’ attention was on the 
display, although they could only see at the displays at certain positions in the tram. 
Similarly 4% of the visual attention of pedestrians in a shopping street was targeted 
on advertisement logos. The results also indicate that daytime and crowdedness 
(which are probably related to each other) may have an impact on the visual atten-
tion on advertisement, but for clear results this has to be investigated in a more 
systematic way. Interesting are the main orientations of attention of participants 
walking through a shopping street, which lies in position horizontally centered, and 
vertically lowered for eye gaze and respectively elevated for head orientation. While 
walking along shops, participants mainly looked at advertisement logos which were 
distant in front of them, so that they didn’t turn the head to the side much. Furthermore 
logo fixation has been found related to a slower motion speed.

14.12  Implications for Pervasive Advertising

Initial implications for pervasive advertising in public spaces can be drawn from the 
presented studies. Digital displays installed in the public transportation systems 
evoke a decent amount of visual attention; regardless of the actual content (news, 
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entertainment, advertisements etc.) they are transmitting (study 1). This result is 
even more interesting considering the fact that participants were not instructed to 
stand near by the displays to have the possibility to look at them. For plain adver-
tisement logos the location and placement seems to be of high relevance, since 
people fixate logos located in front of them (study 2). Therefore logos which are 
mounted at right angle to the house walls might be seen better from their perspec-
tive (see Fig. 14.10) than those mounted parallel. The results of study 2 also indi-
cate small relations between the logo fixation, motion speed, and number of 
fixations. A slower motion speed as well as fewer people on the street, slightly 
relates to logo fixations. This instance seems reasonable, since on the one side 
pedestrians with a higher motion speed have to be concentrated more on where they 
are walking and on the other side viewing logos could decelerate them. Furthermore 
people on the street could block the view on logos. However, because of the field 
design of the study, with many uncontrolled variables, the correlations are (although 
significant) very small. To clarify causality the relation between speed and logo 
fixation has to be investigated more systematically, within an experimental setting. 
The eye tracking and motion data of the pedestrians’ reveals the ideal placement of 
logos at medium height, since most eye gazes and vertical head orientations are at 
this level. For future research it would be interesting to analyze the relationship 
between eye and head/body movements.

14.13  Discussion of Research Methods for Analyzing Attention

The used method of mobile eye tracking to investigate the concrete visual focus of 
participants in public situations has a great potential for researching perception and 
attention processes. Only by tracking the participants’ eye gaze and motion valuable 
data about the actual attention and orientation towards advertisement can be 
assessed. However, the procedure needs a further development of tools for  automatic 

Fig. 14.10 Shopping street 
“Herrengasse” with logos 
mounted at right angle to the 
house walls
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processing, because so far the data handling is quite laborious. Also less obtrusive 
technology would be very much desirable to minimize possible influences of the 
tracking equipment on the users’ behavior.

tracking provides very valuable research data as they have the chance to also pro-
vide situational and not only out-of-context and summative data (as recall and rec-
ognition rates), therefore this method allows studying the involved perception 
processes in much more detail.

In future work we plan to develop formal models of the users’ attention behavior 
to be able to quickly and cheaply estimate attention distributions in virtual models 
of the environment, thereby allowing considering these data already in the design 
phase of buildings and public spaces.

14.14  Limitations of the Studies

As for all research, for understanding the results the limitations of our two studies 
should be considered. Whereas the number of user was very high in the first study 
the results of the second study need to be interpreted more carefully as the number 
of users was much smaller. However, with regard to mobile eye tracking studies the 
number of users is still on the top of available research.

Another limitation that should be considered is possible effects of the used track-
ing technology on the movement pattern of the users. As the equipment is very well 
visible people might have behaved differently compared to casual situations. Users 
were asked after the tests whether the technology had an influence on their behavior 
or not, and a majority of users replied with minimal to no effect.
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Abstract In this chapter, we give an overview on the use of pervasive computing to 
persuade customers in the shopping context and therefore present novel approaches 
towards Pervasive Persuasive Advertising. We synthesize the results of three studies, 
each of which lasted several days and was conducted with situated prototypes in 
actual shopping environments. The aim of these prototypes was to influence the 
customers’ shopping behavior by means of persuasive strategies and to ultimately 
improve the overall shopping experience. Based on these studies, we give a charac-
terization of the shopping context and propose a contextually adequate persuasive 
strategy based on striking the balance between engagement and unobtrusiveness.

15.1  Introduction

The transition of the retail environment towards the creation of an increasingly 
sophisticated shopping experience [1] opens up a great potential for Pervasive 
Computing applications in general and specifically Pervasive Advertising in this 
context. Providing customers with an ambient shopping environment can raise the 
customers’ awareness of the shop, enhance the overall efficiency of the shopping 
process, support the delivery of different messages to the customers, and ultimately 
improve the overall shopping experience. Specifically, Ambient Persuasion 
Technologies can be used as advertising means and to help customers to make more 
advantageous buying decisions. They lead to an increased customer engagement 
and allow combining the benefits of online shopping with those of “real” shops.
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In this chapter, we give an overview on three consecutive case studies of Ambient 
Persuasion prototypes in the shopping context. The aim of these studies was to 
deploy Pervasive Advertising applications and to enhance the shopping experience 
in real life. In order to create a new shopping experience, retail stores were equipped 
with Pervasive Computing technologies, especially Ambient Displays. The results 
of these studies are synthesized in order to give HCI researchers and practitioners 
insights about the design, deployment, and user experience of such applications. 
Based on these results, future possibilities and challenges for applying Ambient and 
Pervasive technologies towards Pervasive Advertising within shopping environ-
ments are discussed.

15.2  Background

Persuasive Technology is defined as “any interactive computing system designed to 
change people’s attitudes or behaviors” [6]. One of the key prerequisites for a suc-
cessful persuasive intervention is to interact with the user at the right time and place. 
According to Fogg, important strategies for Persuasive Technologies are social 
facilitation, persistence, and simplicity [7]. Complementary to Fogg’s strategies, 
Cialdini [3] names six basic tendencies of human behavior, such as reciprocity or 
scarcity, that can be utilized for persuasion. Two different fundamental persuasive 
routes (central and peripheral) are laid out in the Elaboration Likelihood Model 
(ELM) [13, 14]. The central route to persuasion involves the presentation of argu-
ments, which are central to the issue at hand and require careful thinking and delib-
eration on the side of the recipient or persuadee. On the contrary, the peripheral 
route requires much less cognitive processing and relies more on aspects like the 
attractiveness of the source, the message length and the presence of positive or 
negative stimuli in the context in which the message was presented.

Whereas the first two presented case studies describing an ambient store map use 
the central route of persuasion, the case study third case study about an interactive 
mannequin is based on applying the peripheral persuasive route.

15.2.1  Ambient Persuasion

The term Ambient Persuasion refers to the use of Persuasive Technologies that rely 
on context sensing and a network infrastructure, to enable the delivery of context 
sensitive system behavior and persuasive content, personalized for the user, at the 
right time and at the right place [18]. This opportune moment is also referred to as 
kairos [6]. A persuasive intervention, which takes place at this opportune moment, 
has an increased persuasive potential, i.e. a Persuasive Technology is more likely to 
change a user’s attitude or behavior when the principle of kairos is taken into 
account. Ambient Persuasion constitutes an innovative synthesis of the paradigms 



31115 Ambient Persuasion in the Shopping Context

of Ambient/Pervasive Computing and Persuasion. The Ambient Intelligence system 
uses implicit and explicit input to make inferences about the state of the user and the 
environment and thus enables the delivery of a contextually adequate persuasive 
message or interaction.

The concept of Ambient Persuasion was also discussed as an element of societal 
interfaces, which are advanced interaction approaches that are explicitly designed to 
solve or improve specific societal problems by utilizing HCI to create a more 
socially and ecologically sustainable society and to support the quality of life [24]. 
There are applications that have already employed Ambient Persuasion successfully 
in order to change peoples’ attitudes and behaviors regarding environmental sus-
tainability [8], to support proper posture in the work place [12], and to foster a more 
physically active lifestyle [4].

15.2.2  Shopping Context

The shopping context in particular is a challenge for the design of Pervasive 
Interfaces. In shopping malls, advertisement messages and other distractions 
are omnipresent. Therefore, designers have to find a middle compromise between 
the unobtrusive nature of Pervasive Interfaces, and the necessity not to be overlooked 
by the user who is already confronted with an information-rich environment.

Underhill [25] claims that there are three important benefits which can only be 
offered in “real shops”: Firstly, sensory perception like grasping, trying on and try-
ing out, smelling and other sensual stimuli; secondly, immediate gratification; and 
thirdly, social interaction. Therefore, the shopping experience in retail stores is 
completely different to the experience shoppers get when buying in online stores. 
By integrating pervasive technologies into real stores, they can be enhanced without 
sacrificing the benefits that these stores offer already.

Several researchers within the HCI community [2, 10, 27] have conducted 
research on public displays. Schmidt et al. [22] discuss how to improve the user 
experience by tailoring advertisements and to improve the understanding of the 
advertising space. Researchers in the field of pervasive computing have already 
investigated how digital signage can be integrated into the shopping experience in 
retail stores. Recently, these displays and other pervasive computing applications 
have been exploited within the shopping context.

Pinhanez and Podlaseck [15] applied their studies on frameless displays to the 

retail environment to attract shoppers or inform them about special products.
A similar approach is followed by Sukaviriya et al. [23]. In their study, text, and 

for user interaction are used to design a retail store. An interesting approach on how 
public displays can augment shop windows is presented by van Loenen et al. [26]. 
The Intelligent Shop Window (ISW) is a public display that reacts to the presence 
of users in two modes. In the signage mode, it displays advertising images related 
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to the shop. In the interaction mode, it provides additional product information 
 whenever a person looks into the shop window or touches the screen.

The introduction of Persuasive Technologies in a retail setting was studied by 
Russell [21]. The paper specifically discusses the use of video displays depicting 
advertising messages and their persuasive effects on the customers. They conducted 
a field study by comparing customer exit interviews in various retail stores, which 
showed that the customers noticed the displays, recalled the content, and were influ-
enced towards the desired effect.

Typically, researchers try to improve the online shopping experience to compen-
sate for what is missing compared to shopping experiences in “real shops”. The 
approach presented here employs the opposite strategy: to enhance the shopping 
experience by merging the advantages provided by online shops with the benefits of 
shops in the real world.

15.3  Situated Prototype Studies of Ambient Persuasion

The first two studies presented in this paper are based on the perCues framework 
[17] which enables the individual users to relate their actions to those of a larger 

awareness. Specifically for the context of shopping, the purpose was to make the 
users aware of the collective behavior of other customers over a certain period of 
time. The ultimate aim was to influence their shopping behavior by enabling them 
to make more informed decisions based on the collective intelligence of the previ-
ous shoppers. In this case, the global factor is the shopping behavior of all custom-
ers in a shop over a certain period of time, e.g. all customer activity in a shop over 
the last week.

The collective behavior is a rather elusive factor, which cannot be easily grasped 
by the individual without the help of a perCues application. Yet again, this factor 
can have a profound impact on the shopping behavior of the individual user. Through 
awareness of this factor, the user can discern the popular areas of the shop from the 

informed and hopefully intelligent decisions. Giving the individual user information 
about the collective behavior of other customers empowers the individual in a con-
text where more or less subtle forms of manipulation are usually the norm. Instead 
of manipulating the user into behaving in a desired way or creating false desires in 
order to make him buy a product that he ultimately might not even need, the per-
Cues application puts the individual in the center of the decision process. It does not 
manipulate the user to change his behavior, on the contrary, it only presents further 
information which was previously not visible to him and leaves it to the user how he 
ultimately acts on this information.

The third study included a prototypical application that aimed to address the user 
at an earlier stage in the shopping process, when he is still outside of the store. 
Rather than presenting information to the user, this application, an interactive 
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mannequin in a store window, aimed to engage the user and catch his attention. This 
design decision was made based on the lessons learned from the first two studies. 
There it was found out that in order to benefit from ambient applications like the 
ones outlined above, the customer needs to be made aware of their existence, a task 
that is not trivial in an environment like the shopping context which is saturated with 
media and full of distractions.

15.3.1  Case Study 1: Enhancing the Shopping Experience  
with Digital Signage

Usually researchers try to improve the online shopping experience to compensate 
for what is missing compared to shopping experiences in “real shops”. The approach 
presented here employs the opposite strategy: to enhance the shopping experience 
by merging the advantages provided by online shops with the benefits of shops in 
the real world.

For this case study [16], we equipped a retail store with a digital signage 
(see Fig. 15.1) by using the metaphor of a store map. One reason for this decision was 
that an exploration of the mall where the application would be deployed showed that 
static maps were already used to give customers an overview of the mall and its shops. 

Fig. 15.1 Digital signage prototype entitled “Ambient Store Map” as deployed in a sporting goods 
store. Dark areas (originally colored red) show increased customer activity
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Additionally, using this metaphor we could build on the previous knowledge of 
the users and their existing experience with maps. The use of darker and lighter 
colors to indicate different levels of activity also follows the standard map conven-
tions in other contexts, where e.g. darker colors indicate higher altitudes or higher 
temperatures.

The figure shows a map of the sporting goods store, where the application proto-
type was deployed. The areas colored in different shades of red (in the figure visible 
as darker areas) indicate the customer activity in the particular parts of the shop. 
This design integrates the awareness of the activity of other customers, a feature that 
was previously limited to online shopping, with the qualities of real world retail 
shops such as sensual perception, social interaction and immediate gratification.

In order to research our application, we deployed a prototype in a single brand 
sporting goods store where we conducted a 3-day field study (see Fig. 15.2). The 
study was carried out during the regular opening hours of the mall. Therefore, we 
were able to recruit a considerable number of participants. The results of the study 
indicate potentials and challenges for an improvement of the shopping experience 
with pervasive computing technologies.

To evaluate the prototype, we combined three different methods. Firstly, 400 
customers in the shop were directly observed. In this way, social interactions with 
companions or shop personnel as well as products and areas of special interest, and 
the usage of technologies such as mobile phones could be investigated. The particu-
lar focus of these observations was targeted towards the perception of the digital 
signage, the duration of fixation as well as towards the following actions. The sec-

Fig. 15.2 Digital signage prototype as deployed in a sporting goods store, where the study took 
place
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investigated the digital signage. This way, we aimed to find out if the customers 
understood the information delivered through the digital signage. Furthermore, they 
were asked for suggestions on how to improve the prototype. Finally, video material 
recorded through a spectacles camera worn by 37 customers was evaluated and 
utilized in the study.

The findings indicate that the data presented in the map was easy to interpret and 
to understand for most users. 46 out of 50 customers who were asked in short in situ 
interviews understood the information delivered through the digital signage. It was 
one of the design challenges to find the right balance between a short and long time 
interval as basis for the displayed customer activity. The actual setup of our applica-
tion displays the collective behavior of the shoppers over a period of 30 min. The 
result was a map, which only changed gradually over time based on the collective 
customer activity.

During the field study, it was discovered that the users liked to see their own 
impact on the map as well. This was the case when we set the time interval to 1 min 
or less so that the individual activity could change the map easily. The users imme-
diately became more interested in the map, since the map reacted instantly to their 
behavior. This finding indicates that the display of the individual position is a key 

-
tional public maps. One challenge for future development of the ambient store map 
concept will be the integration of the individual impact with the collective impact. 
The user should be able to grasp the collective activity and yet see the impact of his 
own behavior as well.

Additionally, the user feedback indicated that the information richness of the 
visualization adds to its perceived usefulness. Some users e.g. suggested adding 
information such as the contents of a particular shelf. These findings were espe-
cially useful for the redesign of the map presented in the next section.

15.3.2  Case Study 2: A Dynamic Map in a Retail Store

The prototype we developed for the second case study was based on the results 
we obtained from the first study described above. It consists of a digital signage 
(see Fig. 15.3) showing an enhanced store map [11], which combines the dynamic 
visualization of customer activity (e.g. hot-spots, sales ranks) with conventional 
map elements (e.g. product locations, promotions). On the right side of the figure, a 
list with iconic representations of the different products on sale is displayed. These 
icons are used to mark the locations of these items in the map. The top left part of 
the display pictures bestseller items, which are also emphasized by a visual cue 
(animated glowing). In the bottom left corner on the screen is a legend for the color 
scheme, which is used in the map to dynamically indicate the customer activity.

In order to research our prototype map in the context of shopping, we deployed 
it in a retail store and conducted a 3-day in situ study. The study consisted of a struc-
tured interview based on a two-part questionnaire divided into open questions and 
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statements. Since the study took place in the busy shopping environment, we decided 
not to hand out the questionnaire but to conduct a guided interview with 47 custom-
ers to increase the rate of return.

The study results indicate that customers immediately understood benefits in 
areas where we used concepts already established in the shopping environments 
(e.g., promotions). The reaction to less conventional concepts like customer activity 
information was mixed. Information about bestsellers was valued highly, whereas 
the information about frequently visited areas was valued lowly. Our findings show 
that the assigned value for customers is related to the personal value and to the size 
of the mapped area. In general, the study revealed that the context of shopping is a 
promising but challenging area for pervasive computing.

15.3.3  Case Study 3: A Persuasive Interactive Mannequin  
for Shop Windows

This case study outlines an interactive mannequin [19] for persuading bypassing 
customers to extend the time they stay in front of a shop window (see Fig. 15.4).

The mannequin was designed and prototyped to be seamlessly integrated into a 
real shop window, constituting an Ambient Persuasion Interface. The design con-
cept of the virtual mannequin is based on actual “real world” mannequins. Based on 
implicit input from the customers, the mannequin reacts on their presence by 

Fig. 15.3 Iterated version of the digital signage including a bestseller list on the left side and a 
store directory on the right side
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looking into their direction. We implemented a prototype of the Persuasive 
Interactive Mannequin (PIM) as a 3D model, visualized on a large LCD, and 
deployed it in a retail store within a shopping mall.

In a 3-day field study with 102 participants, we evaluated this prototype of the 
PIM, by gathering data for incremental development steps, validating preliminary 
design assumptions, and obeying user feedback. In order to study the prototypical 
implementation, we conducted a series of structured interviews. Like in the second 
case study, the main reason for this methodological choice was the increased com-
pliance we expected from an interview as opposed to questionnaires.

In general, participants had positive feelings towards the Persuasive Interactive 
Mannequin (mean 3.26, SD = 1.28). 45.5% of the participants were very pleased or 
pleased with the PIM.

The study also revealed that the PIM could attract the customers’ attention. 
Regarding this persuasive effect of the PIM prototype, our results show that the PIM 
prototype lead to an increased perceived duration of stay in front of the shop win-
dow. In sum 75.2% of the participants agreed that they remained longer than nor-
mally in front of this particular shop window, whereas only 17.9% stated that the 
PIM did not change their duration of stay. This assessment is further supported by 
our observation. The discovered effect can be explained through the customer’s 
implicit interaction with the PIM. As soon as the PIM has gained the customers’ 
attention, the challenge is to shift from implicit to a more explicit form of interac-
tion in order to engage the customer. To accomplish this, the next version of the PIM 
will include the most frequently requested additional features. This could comprise 

Fig. 15.4 Interactive mannequin deployed in a shop window
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the possibility to change the type and color of its clothes using gesture input. 
Additional information such as price (in particular special offers), fabric, available 
sizes, and colors could be displayed gradually based on the length of stay. 
Personalized recommendations could be visualized based on information stored on 
a customer’s loyalty card (e.g. suitable shoes based on the customer’s shopping 
history), which could be implemented for instance through near-field communica-
tion technologies (NFC).

15.4  Implications from the Ambient Persuasion Field Studies

The above mentioned field studies took place over a period of 3 years and lead to a 
deeper understanding of the design of Ambient Persuasion Interfaces in the shop-
ping context. The main questions we want to address based on these field studies are 
as follows:

(RQ1)  What are the most relevant context factors to inform the design of Ambient 
Persuasion in the shopping context?

(RQ2)  Is Weiser’s vision of calm computing, which stands as a paradigm for 
Ambient Technologies, still an appropriate means for guiding the design of 
Pervasive Technologies in the shopping context?

(RQ3)  What is the adequate persuasive strategy to influence customers in the shop-
ping context?

In the following sections, we will discuss these research questions.

15.4.1  Characterizing the Shopping Context (RQ1)

Based on the three studies and the experiences we gained by designing, implement-
ing, and researching Ambient Persuasion Interfaces in the shopping context, we 
were able to identify five universally relevant context factors to inform the design of 
such interfaces. This characterization strives to demonstrate that there is not one 
monolithic shopping context but rather different distinct shopping contexts with 
diverse characteristics. Firstly, there is the aisle of the mall (see Table 15.1), which 
constitutes a large open space, inviting customers to leisurely stroll from one shop 
window to the next. Finding your way in this space is a task of medium 
complexity.

The single brand sporting goods store has a higher level of physical obstruction 
by medium height shelves and tables with goods on display. Customers are still able 
to overlook the space fairly easily and the limited number of products makes finding 
a particular desired item not too complicated. Contrarily, the large national chain 
grocery store where the second case study was conducted constitutes an environ-
ment with a much higher level of complexity. This is due to the large selection of 
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products and the considerable size of the store, which is structured in a labyrinthine 
way with high shelves that block the view of the customer. Most customers in this 
environment focus their attention on getting the task of buying the desired groceries 
done, and do not react favorable to any distractions.

For an Ambient Persuasion application to be useful, the context in which it is 
needs to be sufficiently complex, as there is little need for additional information if 
all relevant aspects of the context can be easily understood by the user without the 
help of technology anyway. For example, a tiny local grocery store consisting of one 
main retail space can be easily grasped by the customer without the help of technol-
ogy, whereas in a large hypermarket the customer can benefit from the introduction 
of an Ambient Persuasion application that would support him mastering the com-
plexity of this situation.

15.4.2  Striking the Balance Between Being Engaging  
and Being Unobtrusive (RQ2)

In the context of shopping, it is necessary to aim for designs that strike the balance 
between being engaging and being unobtrusive. Often, Ambient Displays are used 
to provide information peripherally. Their unobtrusive nature makes it sometimes 
uncertain whether a person notices the information displayed or not. At the same 
time, Ambient Displays should not distract persons from their main tasks.

-
mation from the periphery to the center of the users’ attention. This transition from 

Table 15.1 Context factors in the shopping environment

Context factor Shopping mall aisle (CS1) Sporting goods store (CS2) Grocery store (CS3)

Physical 
structure

Large open space, 
mid-grade difficult 
navigation, medium 
complexity

Mid-size semi obstructed 
space, easy navigation, 
medium complexity

Large obstructed space, 
difficult navigation, 
high complexity

Stress/time 
constraints

Leisurely strolling, few 
time constraints

Relaxed browsing, some 
time constraints

High stress factor, little 
time to spare

Motivation Spending time, entertain- Buy something nice to 
have

Fulfill basic needs

Attention level Particularly high level of 
distraction by 
competing cues

Broad focus on different 
goods on sale and on 
branding elements of 
the store

Focus on getting the 

Social factors Diverse range of 
customers

Younger, mostly male 
shoppers, alone, 
couples, or groups of 
friends

Wide range of 
customers, 
comparably more 
families and 
children
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the background to the foreground has to be performed in a cognitively adequate 
way, in order to make an Ambient Display helpful and efficient instead of distract-
ing and annoying. The findings of the two studies of prototypes of enhanced store 
maps in different retail stores indicated that while they were able to attract the atten-

-
ing enough to be noticed. Based on these results, we decided to move on from the 
notion that merely an Ambient Display is perceived which implies a certain passiv-
ity of the interface design. The resulting design consists of an interactive manne-
quin, which does not require active input on the behalf of the user since it implicitly 
reacts to his presence, but still actively tries to engage the user precisely through this 
reaction. Instead of waiting for the user to incidentally perceive this interface, the 
design aims to actively lure the user in order to shift the focus of his attention 
towards the display.

15.4.3  Developing a Contextually Adequate Persuasive  
Strategy (RQ3)

Based on our experiences in the shopping context, we developed a multi-step 
persuasion strategy. Fundamentally, there is a difference between micro- and mac-
rosuasion. Microsuasion has the goal of achieving only small and incremental 
behavior and attitude changes, whereas macrosuasion aims at a comprehensive 
change in behavior and attitude. In the shopping context, traditional methods aim at 
an outcome at the level of macrosuasion, ultimately leading to a buying decision. 
With Pervasive Technologies, we aim to foster a discrete microsuasion strategy, 
aiming for a sequence of minor persuasive effects. Each step builds on the success 
of the previous persuasive intervention. The sum of these small steps ultimately 
results in the desired behavior.

When looking at the interaction process of how customers interact with ambient 
persuasion applications in the shopping context, we identified a sequence of persua-
sive steps. Firstly, the ambient persuasion application has to attract the attention of 
the customer. Hereby, the application has to compete against a variety of other 
attractions within the shopping context in order to stand out. Secondly, once the 
digital signage has acquired this attention, the second step is to retain the focus as 
long as possible (engagement). Thirdly, additional information, e.g. about the prod-
ucts in the store, and further persuasive cues can be presented to the customer. The 
first step focuses on the creation of awareness, which is difficult in the shopping 

persuasive cues. Henceforth, it is necessary to create an interface that stands out and 
attracts the customer’s attention.

With our first study about digital signage in a sporting goods store, we aimed to 
tailor the public display to the shop design to integrate it as unobtrusively as possi-
ble. The study results indicated that this approach was too unobtrusive for some 
users, because it was too calm and too abstract. In the next step, we designed an 
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iterated version of the map for a retail store where we made the map metaphor as 
clear as possible and less abstract than before. The map contained specific useful 
information such as bestsellers, items on sale, and location information. In our third 
study, with the interactive mannequin we employed a different persuasive approach. 
Like in the first studies, the digital signage was seamlessly integrated into the shopping 
context, again using a familiar and appropriate metaphor – that of a mannequin. The 
mannequin was not designed to gain attraction merely by its presence, but rather 
aimed at gaining the awareness of customers already looking into the shop window. 
By actively reacting to implicit input from the customer, we actively created a new 
situation, which we could use to further guide the user. Now that the first microsua-
sive step of creating awareness was achieved, the next step was to provide additional 
interesting information and try to engage the customer to actively interact with the 
Ambient Persuasion Interface. In this way, the user’s attention is secured and he can 

together fulfills the aim of influencing the user to either enter the shop or make a 
buying decision.

15.5  Conclusion and Outlook

We have presented how technology can be used to influence customer behavior in 
order to foster Pervasive Advertising. Based on our results in this context, we argue 
that the design principles of ambient and pervasive interfaces in shopping environ-
ments need to evolve from Weiser’s original notion of calm computing [28]. In 
agreement with Rogers [20], we propose to move on from calm computing and 
replace it with the new aim of creating engaging user experiences with ambient and 
pervasive technologies. This is particularly necessary because in the shopping con-
text there is a fierce contest for the awareness of the user from all sides.

In this attention economy [5] all stakeholders compete for one scarce resource: 
the attention of the customer. Ambient interfaces that follow this new design 
approach may be ambient in the sense of the word, which means that they are inte-
grated into the environment of the user and surround him, but they are not unobtru-
sive or disappearing in the sense of the original vision for such interfaces. Rather, 
they have to actively react to the presence of the user, finding the right moment for 
maximal engagement based on implicit input about the situation and the context of 
the user. Further research regarding a deeper understanding of contextual attention 
and specifically the underlying factors that influence the attention of users is needed 
to inform the design of digital signage in the shopping context.

Considering our findings, digital signage in the context of shopping does not 

tightly interwoven into the environment so that it can be perceived peripherally and 
unconsciously, thus also reducing the cognitive load of the user. In this way, it is 
also possible to introduce a new interface as an addition to the already overloaded 
and noisy shopping environment without overly disturbing or annoying the user.
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Our future work will take observations in the area of Neuromarketing by 
Lindstrom [9] into account, which state that 85% of the time people’s brains are on 
what he calls autopilot. Whereas Lindstrom specifically points out that he only 
wants to study what goes on in people’s brain on an unconscious level when 
they make buying decisions, our approach would go one step further by sublimi-
nally persuading the users and influencing them at the tipping point (kairos) of 
their buying decisions.
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Abstract In this chapter we present future opportunities for using sound within 
pervasive advertising. We focus on current trends of interacting with sound, which 
we believe will have a strong influence on sound branding in the near future. We 
start giving an overview on the topics of sound branding and music making. Then 
we outline requirements, application areas and design issues for interactive music 
systems from an advertising and musicological perspective. From the advertising 
point of view, the benefit of music is that it is a strong vehicle to convey a memo-
rable message to the target group. Originally used as jingle in radio and television 
ads or as background component in shopping malls, nowadays sounds are also used 
within interactive media in the internet and in digital signage. Yet, there have been 
only very limited attempts to include sound itself to the interactive experience. We 
describe in detail an approach that enables users to control advertising sounds by the 
interaction, utilizing a novel technique of algorithmic composition based on soft 
constraints. That followed, we present a public display prototype for interactive 
advertising music, and close with first results from a user study.

16.1  History of Sound Branding

John Groves, a pioneer in the field of sound branding, proposes that, from a historical 
point of view, the church constitutes the first truly integrated corporate identity [8] 
that would have, besides a corporate structure, a corporate behavior and a visual 
logo, also a brand sound: the bell. The use of music within advertising media began 
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in the twentieth century with jingles in radio and television commercials as well as 
music playing statically in the background at the point-of-sale or sales events. With 
the emergence of the Internet, sounds used in the branding context became attached 
to interactive elements. Sounds in such dynamic and interactive media are used in 
different marketing contexts and appear in various forms. The most important are:

Sound Logo. A sound logo is a short, distinctive melody or tone sequence with a 
length from 1 to 3 s. It can be seen as the acoustic equivalent of a visual logo and, 
in the ideal case, establishes a symbiosis with it. It is mostly played along with the 
visual logo at the beginning or ending of a commercial [26]. Famous examples for 
effective sound logos are Intel’s “Intel inside” tune and Deutsche Telekom’s 
“T-Mobile” tune [9].

Advertising Jingle. Advertising Jingles are short songs that are often played along 
with lyrics, to convey an advertising slogan. They distinguish themselves from 
sound logos by not only transporting associations, but functioning as mnemonic for 
the slogan. Thus they often follow known and memorable folk songs in melody, 
rhythm and tone, and integrate other brand elements like the brand name [26]. 
Famous examples are Pepsodent’s “You’ll wonder where the yellow went” jingle 
[9] and Haribo’s jingle [26] used with slogans in different languages.

Background Music.
purpose is to create a certain atmosphere, thus functioning just as a supplement to 
other stimuli such as voice or images. An example is accordion music, eliciting 
convenient associations to an advertisement for French wine [6, 26]

Sound Objects. In the case of product design, so-called sound objects are con-
nected to activities like the closing of a car door [16]. In the case of interactive 
media, acoustic signals connected to certain events like a mouse click on a graphical 
element are also referred to as sound objects. They are sometimes part of metaphors 
of the used graphical interface itself (e.g. the sound appearing when moving an 
 element to the recycle bin of the desktop metaphor), but also connected to virtual 
products in online advertising material like banner ads. An example is a banner ad 
from Apple where you can choose different colors of the iPhone, and a sound 
appears when the user hovers the mouse cursor over one of the items.

In literature, many more types and subtypes of sound branding are described, 
such as Brand Songs, Soundscapes, Sound-Icons, Brand Voice or Corporate Song 
[26]. Most of the sound branding elements are used in different application areas 
and have been transferred to various platforms, e.g. you can find a sound logo, jingle 
or sound object today as well in television, the internet, the mobile phone or even 
when unpacking a real or virtual product. As diverse are proposals for possible 
future applications of sound branding, including areas such as multi-sensory com-
munication, the use of interactive sounds in packaging or at the point of sale [9]. In 
the following, we take a look at interactivity in advertising and outline the trend of 
interactive music that we suggest has been neglected so far in conjunction with 
sound branding.
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16.2  Current Trends: Interactivity in Advertising and Music

In the last years, a trend to interactive advertising media can be identified. Examples 
are casual games in the web, appearing as banner on the logout page or inside a 
news portal, as well as interactive wall or floor displays in the out-of-home domain. 
Contents of these media are sometimes small games, such as a goal kicking game, 
but often also interactive plays [1], i.e. invitations to less structured activities that 
imply creative or participatory elements. Such media often allow manipulating 
visual objects that are constituent parts of the brand identity, like a brand logo that 
can be moved along the display surface by hands or feet (see Fig. 16.1).

For some reason however acoustic events do not appear at all or play only a sec-
ondary role in these interactive advertisements: often they are delimited to sound 
objects supplementing the visual interaction or statically playing background music. 
Nevertheless, the identity of many brands is defined by both a visual and acoustic 
appearance. On the other hand, beyond the advertising context interactive music 
systems have become increasingly popular: with social music games like Guitar 
Hero, popular songs can be re-played together, and easy-to-use musical applications 
(e.g. for the iPhone) give everyone the possibility for musical expression, even with-
out having any musical knowledge (see Fig. 16.2).

The great commercial success of such interactive musical applications shows, 
that many people have fun playing with them. Yet, for some reason, such musical 
applications have barely been employed for advertising purposes so far, even if they 
are quite popular. A reason may be that they are rather new. We propose that the 
trends of interactive advertising and interactive music making will successfully 
combine in the future, producing new advertising media that will enable customers 
not only to play with, but also manipulate and shape brand melodies by means of 
interactive control mechanisms. Generally this may include sound logos, jingles as 

Fig. 16.1 Point-of-sale display where users can play with visual brand elements
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well as background songs. Thinkable vehicles for such applications are interactive 
displays in shopping malls and outdoor environments, the internet, mobile devices 
or gaming consoles.

In this chapter, we present an approach which brings together interactive adver-
tising and interactive music systems. When combining advertisements and music 
systems, the question arises how the given acoustic brand identity can be integrated 
in a suitable way. With our approach for creating musical advertisements, it is pos-
sible to create music in many different styles. For example, music can be generated 
in such a way that it resembles the melody of a well-known sound logo. This way, 
it is possible to develop interactive music applications which match a brand’s acous-
tic identity.

16.3  Requirements of Interactive Music in Advertising

The functions of music in advertising are manifold. Sounds are used to gain or hold 
the attention of the listener [15, 17], to influence the mood of consumers, to struc-
ture the time of an ad or to persuade consumers by using rhetorical elements like 
rhythm, repetition, narrative, identification or location [25]. The benefits are a more 
effective information reception, memorization and an enhanced user experience by 
the use of multisensory branding [26], as well as the fact that the acoustic sensory 

specific requirements. For example, according to John Groves the characteristics of 
an effective sound logo include memorability, distinctiveness, flexibility, concise-
ness and brand fit [9, 26]:

Memorability. Memorability is the most important quality of a good sound logo. It 
strongly depends on the sound designer’s ability to create a “mini hit” or catchy 
tune. Memorability includes the recognition and recall of the sound logo, where the 
latter is more difficult to achieve. The advantage of memorable elements is that they 
help to quickly evoke associations when communicating a product or service.

Fig. 16.2 Trend of interactive music making with Guitar Hero and the iPhone
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Distinctiveness. A good sound logo has to be distinctive, otherwise it may not be 
recognized or confused with a competitor. For this reason an unmistakable sound 
characteristic has to be found. This is usually done by analyzing the market sector 
and how competitors deal with music and sound.

Flexibility. For a sound logo, two kinds of flexibility are advantageous, musical and 
technical flexibility. Musical flexibility means that a melody can be combined with 
different contexts and emotional situations of different advertisement, by recording 
it with different instrumentations or styles. Technical flexibility means, that the 
sound can be perceived cross-platform (e.g. via phone, computer speaker or televi-
sion) without impairments.

Conciseness. A good sound logo has to be short, with tone combinations usually 
only lasting seconds. That is because they are often combined with visual logos, 
which also appear only a few seconds. A good sound takes less than two seconds to 
communicate the brand message.

Brand Fit.
brand’s values and communicate its attributes on the acoustic level. It can be very 
adverse, if the sound identity contradicts or obviously overstates the brand’s 
attributes.

These are strong constraints an interactive musical advertisement has to conform 
to. To comply with such requirements, we make use of a novel technique that allows 
generating music in real-time with respect to certain preferences that express ‘how 
the music should sound’. With this approach, it is possible to automatically derive 
preferences from existing melodies: this way, well-known melodies can be used in 
interactive applications and their characteristic properties can be preserved up to a 
certain extent (e.g. distinctiveness or brand fit). With this kind of preferences, it is 
possible to flexibly alter given melodies based on user interaction. Not only can the 
musical context of a melody be varied (e.g. instrumentation or style), also the 
melodic material itself can be subject to dynamic changes.

We use three kinds of preferences: First, we use preferences which are derived 
from user interaction, e.g. a touch display or a motion tracking system. These pref-
erences reflect how the user wants the music to sound, for example ‘I want to play 
fast notes with a high pitch’. The actual transformation of raw sensor readings to 
preferences depends strongly on the chosen user interface and interaction paradigm. 
The second type of preferences expresses general melodic rules: With this kind of 
preferences, it is possible to make the music consistent with a certain musical style 
(e.g. Hip-hop or Jazz). Furthermore, it is also possible to make the resulting melo-
dies comply with a brand’s distinct acoustic identity, e.g. a certain advertising jingle. 
In most cases, the preferences derived from user interaction will be concurrent to an 
advertising jingle, i.e. the user interaction does not fit to the jingle with respect to 
both tonality and rhythmics. Since a certain amount of control over the music is 
assigned to the user, it is inherently not possible to exactly play a given melody note 
by note. Nevertheless, it is possible to generate melodies which are similar to it by 
using note pitches as well as tonal and rhythmic patterns appearing in the brand’s 
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distinct melody. This way, melodies can be generated considering both interactivity 
and brand recognition. At last, we use preferences that coordinate several instru-
ments playing simultaneously, for example a single player with static background 
music or multiple players among each other. This coordination is made by prefer-
ring harmonic intervals between different instruments. Furthermore, it is also 
possible to coordinate multiple instruments such that they play similar rhythmic 
patterns.

16.4  Related Work

In this section we present existing work on some basic domains that affects our 
concept of using an interactive music system for sound branding, and that consti-
tutes the basis for our technical solution for combining user interaction and music 
composition. Of interest to our work are theoretical works on sound branding and 
interactive sound branding. There exist many articles on specific sound branding 
issues in classical and digital media, but they do not cover the field of user-controllable 
brand music. No work so far focused on how to control the brand music itself within 
the interactive experience, while the same is often done with visual elements of the 
brand identity. For a general survey on the topic of sound branding we refer to [9] 
and [26]. A good overview on algorithmic composition is provided by Essl [7] and 
Nierhaus [20]. Examples for interactive music composition and generation systems 
are Electroplankton [13] or Cyber Composer [12].

Approaches for imitating musical styles are related to our work: typical tech-
niques for dealing with this problem are based on musical grammars or statistical 
models (see e.g. [7]). The Continuator [23] combines style imitation and interactiv-
ity. The purpose of this system is to allow musicians to extend their technical ability 

model, the system is able to learn and generate musical styles as continuations of a 
musician’s input, or as interactive improvisation back up which makes new modes 
of collaborative playing possible.

Our approach for generating music is based on constraint satisfaction problems. 
Several related approaches have been proposed where constraint programming is 
employed in a musical context. Especially in the field of musical harmonization, 
constraints are widely used: automatic musical harmonization deals with the prob-
lem of creating arrangements from given melodies with respect to certain rules. For 
example, a typical automatic harmonization problem is to generate a four-part 

F. Pachet and P. Roy made a detailed survey on musical harmonization with con-
straints [24]. This work gives a short introduction to the problem of automatic music 
harmonization and refers to relevant works in this area.

To our knowledge, there is currently no work describing the combination of 
music generation and interactive advertisements. In [21], a system for musical perfor-
mance is patented based on user input and stored original music data representing a 
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music piece. A user’s physical actions and physiological state are acquired and used 
to alter the stored tones. Similarly, in the patent [28], sensors are used to assess a 
user’s physical condition which alters a stored piece of music. This gives constant 
acoustic feedback to the user and helps him to achieve a certain desired behavior in 
a training or therapy context. Another tool targeting the same application context is 
described in [14]: pressure-sensitive controls allow even people with severe dis-
abilities to control the generation of music. The system introduced in [4] uses a 
performance device (e.g. based on hand proximity) to interactively control several 
aspects of a composition algorithm. When no input is provided, the system proceeds 
automatically to compose music and produce sound. A general-purpose position-
based controller for electronic musical instruments is described in [27]. The posi-
tion signal may be used for generating music or for applying effects to the output of 
another instrument.

Our approach for generating music is based on a reasoning-technique called soft 
constraint which allows dealing with soft and concurrent problems in an easy way. 

2] introduced a very general and abstract theory of soft constraints 
10] monoidal soft constraints were 

introduced, a soft-constraint formalism particularly well-suited to multi-criteria 
optimization problems with dynamically changing user preferences. Soft constraints 
have successfully been applied to problems such as optimizing software-defined 
radios [29] or orchestrating services [30]. We introduced a soft-constraint based 
system for music therapy in [11], giving us basic proof of concept in composing 
music with this technique.

16.5  Application Areas in Pervasive Advertising

Along with the emergence of interactivity in common media, advertising has also 
become interactive, for example in form of interactive internet banners, advertising 
in video games or public installations. Today, there exist a variety of platforms 
which are potentially suitable for advertising involving user-controllable music. In 
general, we see two different approaches for using interactive music in advertising: 
On the one hand, it can supplement other content, e.g. as part of a company’s web 
page or an interactive application running on a public display. In this case, interac-
tive music has the function to enhance the overall experience. On the other hand, an 
interactive music application can also be the primary part of an advertisement, for 
example in the form of a free application for mobile phones which is fun to play 
with and hence will be used voluntarily by people. We see a variety of application 
areas where interactive music can be employed for advertising:

Online Advertising. In the World Wide Web, all kinds of Rich Media advertising 
material [3] such as interactive banners, rectangles, skyscrapers, floating ads or 
streaming banners are thinkable to integrate interactive applications where users can 
control visual and acoustic brand elements via the mouse cursor. Last but not least 
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the enrichment of ads by sound and interactivity is already common in online 
advertising. Microsites are usually intended to display a product, sweepstakes, sea-
sonal advertisements (on Christmas or Easter) or the invitation to a promotional 
event [3]. Due to being self-contained web presences, they can provide a suitable 
interface for controlling music. Of course not all formats provide the convenient 
spatial and temporal environment for playing with music or interactive content in 
general. For example, peel backs or interstitial ads might be clicked away too 
quickly before the user understands he can interact with music.

Mobile Advertising. Interactive music applications can also run on platforms like 
mobile devices. These provide many possibilities for designing user interaction: 
from common controls like buttons or multi-touch displays to specialized functional-
ity like acceleration sensors or global positioning. Musical applications are very 
popular and there exist a large number of applications for all common platforms. 
There are professional applications designed for musicians and, much more interest-
ing for advertising, simple applications targeted at non-musicians. Figure 16.3 shows 
a prototype for an iPhone application which we currently port from an existing ver-
sion for the Microsoft Surface table. With this application, music can be intuitively 
composed by arranging planet constellations. The user has much control over the 
music: for each planet, it is possible to control its speed (slow/fast) as well as the note 
pitches (low/high). Furthermore, the user can continually control how harmonic the 
music should sound. Musical applications on mobile phones have already been used 
for advertising purposes: for example, Audi gives away an app for the iPhone which 
is a combination of car racing and rhythmic games. For Procter and Gamble’s Pringles 
potato chips there exists an app where one can play on virtual drums.

In-Game Advertising. Advertisements in console and online games are an expanding 
market. Common formats of in-game ads are virtual billboards in sports or role-playing 
games and product placements (e.g. usage of car brands in racing games [19]). 
While these classical forms of in-game advertisements might provide possibilities 

Fig. 16.3 Prototype for an application on the iPhone, where musical parameters like tone pitch 
can be controlled via the positions of the planets
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for interactive music, a more obvious field of application are video game 
soundtracks, traditionally contributing considerably to the gaming experience and 
in some cases being even the primary purpose of the game. Classical platform games 
like Super Mario Bros or Sonic the Hedgehog constitute a good example: if the 
player characters collect some treasure items (such as food containers or special 
equipment) or lose life energy, also the background music changes to a more posi-
tive or dramatic sound. Thinkable is to combine special abilities the characters get 
by collecting an item with interactive brand music.

Out-of-Home Advertising.
interactive music could also be used on public displays. We developed a prototype 
of an interactive music application running on a large display where music can be 
intuitively played by hand movements; a detailed description of this prototype will 
be presented in the following sections.

This list of application areas can only cover a part of advertising opportunities 
for interactive music systems, and may be completed with many others. Also, there 
might be types of advertising or sites, where interactive music or music at all do not 
make sense or are inappropriate. Many people have fun with musical applications, 
but they can also be annoying in some situations. It is much harder to ignore sounds 
than visual stimuli and hence, one has to take care of maintaining a moderate level 
of loudness and avoiding sound pollution, especially in out-of-home applications 
(e.g. on public displays). Another issue is that interactive musical applications 
should not be misplaced. Music is first and foremost entertainment rather than infor-
mation, and should only be employed where the user can expect at least entertaining 
content. Imagine a guerilla marketing campaign, where interactive music appears 
when waiting at an automated teller machine for drawing money; the audience 
might not be amused by such an advertisement.

16.6  How It Is Realized: Composing Music  
with Soft Constraints

To realize interactive, user-controllable music systems within advertising we devel-
oped a technical solution for real-time music generation that helps to coordinate the 
different characteristics of user interaction, the acoustic identity of a brand and the 
general harmonic and rhythmic concordance of instruments.

We make use of a framework for algorithmic composition of music which is based 
on a reasoning technique called soft constraints [11, 18]. With this framework, music 
can be interactively generated in real-time by defining so-called ‘preferences’ which 
express ‘how the music should sound’. As an example, a typical preference for a 

single instruments, it is also possible to coordinate multiple instruments with addi-
tional preferences. These global preferences typically involve harmonic or rhythmic 
relations between several instruments, e.g. ‘play together in harmonic intervals and 
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in a similar rhythm’. All preferences can also be generated dynamically while 
 playing, for example based on user interaction: this way, music can be composed 
interactively in real-time by continually defining preferences which reflect ‘how 
well the music matches the user interaction’. Furthermore, it is possible to define 
preferences which express that the generated music should resemble a given melody 
in order to make it fit to a musical style or a given brand melody.

In general, a soft constraint expresses how well an assignment of values to vari-
ables (a valuation) matches a desired result. A valuation is a function from variables 
to values:

 ( ).Valuation Variable Value  

The extent to which this valuation is desirable can be expressed in various ways. 
The cited theory introduces a very abstract and elegant way of rating valuations with 
a set of grades and several operations e.g. for combining or comparing grades. Many 

values. A soft constraint assigns a grade to each valuation:

 ( ).SoftConstraint Valuation Grade  

Typically, one is interested in the best possible valuation which can be computed 
with a general solver for soft constraints. In our application of soft constraints for 
generating music we want to assign actions to voices: each voice corresponds to a 
certain sound (e.g. a piano, guitar or synthesizer sound); actions are for example 
‘play a note’ or ‘pause’. When an instrument should be polyphonic (i.e. it can play 
multiple notes at the same time), it has to have an according number of voices. We 
use soft constraints to rate action assignments:

 ( ) .Voice Action Grade  

At certain time intervals, each instrument is being asked to state preferences for 
its own notes. These preferences from all instruments are then extended with global 
coordination preferences and combined to a single constraint problem. This prob-
lem is being solved, yielding an action for each voice which satisfies the preferences 
best. In the next section, we will introduce a prototype where hand gestures are used 

from a user’s movements: the total amount of movement (corresponding to the rate 
of played notes) and the average vertical position of all movements (corresponding 

desired speed and pitch. For example, when the user makes fast movements and lifts 
his hands up, the music should also be fast and have a rather high pitch. Vice-versa, 
when the user is moving slowly and his hands are down, the music should be slow 
with a low pitch.

The music should fit the user interaction on the one hand, but we also want it to 
fit to a given sound brand on the other hand. This is realized with an additional 
preference reflecting ‘how well the music matches a jingle’s distinctive melody’. 
This preference is generated based on a timed transition model representing the 
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jingle’s note pitches and rhythmic patterns as well as transitions between notes (e.g. 
‘C is often followed by E or another C’). Our approach is based on a custom transi-
tion model which represents sequences of events aligned upon a structured metric 
grid. Intuitively, the model represents (1) how often an event occurs at a certain met-
ric position and (2) how often other events follow this event at this position. Following 
typical terms from the closely related area of probability models, the ‘events’ are 
called states. The discrete metric positions (representing ‘time’) are called steps:

 
0, ,

State

Step n  

In each step, each state has a certain weight for a given voice. This weight repre-
sents how often the state occurs at the given step:

 :VoicestateWeight Step State R  

The transitions between states at a given step are represented with the following 
function. The first two arguments define the original step and state – the third argu-
ment defines the next state. Transition weights are always defined for subsequent 
steps; the state in the third argument is implicitly assumed to be on the next state.

 :VoicetransitionWeight Step State State R  

The following figure visualizes a timed transition model with three steps and 
states. State weights are visualized with black circles: the bigger the circle, the 
higher the weight. The transition weights are visualized with arrows (a thicker arrow 
indicates a higher weight). When the model is untrained, all weights are the same. 
Training the model modifies the weights; the right picture visualizes a trained model 
with shifted weights (Fig. 16.4).

Fig. 16.4 Transition model visualization (left: empty model, right: trained model)
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The actual states can be modeled in several ways: the simplest way is to directly 
use the existing set of actions as states. However, there would be a little disadvan-
tage: if note pitches are directly used within the states, it is not possible to play a 
model in another tonal scale. If this is desired, it is better to use abstract stages in a 
tonal scale rather than concrete note pitches. Now, we define a constraint which 
expresses ‘how well an action matches the data represented in the model’. Given the 
last step and the last actually executed state (the state corresponding to the last 
action chosen by the constraint solver), we can compute a total weight for each state 
on the subsequent step. This is done by just summing up the transition weight and 
the step weight itself:

 

:

( , , , )

, , ) (( , )

Voice

v v

v

totalWeight Step State Step State

totalWeight lastStep lastState step state transitionWeight

lastStep lastState state stateWeight step state

R

 

The constraint itself for a certain voice v Voice is constructed based on the last 
step, the last executed action and the current step. When the sets of actions and 
states are identical, the constraint can be defined like this:

 

:

, ,

, , , ( )

Voice

v v

modelConstraint Step Action Step Voice Action

modelConstraint lastStep lastAction step val totalWeight

lastStep lastAction step val v

R

 

To sum it up, we have preferences based on user interaction (1) as well as prefer-
ences reflecting the similarity to a jingle (2) and – in most cases – these preferences 
will be concurrent among each other. Furthermore, it is also possible to coordinate 
several instruments among each other with additional global preferences (3). In our 
prototype, we define a global constraint which maximizes the amount of musical 
harmony between the interactive instrument and the background music.

Soft constraints are very appropriate for dealing with such problems and allow 
accommodating several concurrent preferences in an easy yet expressive way. 
When the preferences have been stated, a soft constraint solver can be employed 
for computing the best possible notes with respect to all preferences (see Fig. 16.5). 
We use a soft constraint solver which was originally prototyped in Maude [29, 30] 

Fig. 16.5 Concurrent 
preferences
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and that we later implemented in a more efficient version in C#, making it possible 
to use it in a soft real-time environment. For more detailed information about 
composing music with soft constraints, we refer to [11].

16.7  Prototype: Interactive Music on Public Displays

To test how people can interact with brand music, we developed a prototype system 
within the application area of digital signage. The scenario is an interactive public 
display installed at a preferably quiet public place. A primary objective was to test 
a system that allows manipulating music by novice users in a public setting with no 
previous training period or musical expertise, and to explore which gestures users 
would use to control such an application. The prototype is based on a large public 
display where users are also able to interactively play music with hand movements. 
The system consists of a hardware setup and a software solution, which are described 
in the following.

The hardware of our system consists of a wall of luminous plasma displays (four 
42  seamless displays arranged to a 16:9 screen of 1.85 m width and 1.05 m height, 
with a resolution of 1706 to 960 pixels) and a high resolution camera attached above 
the screens for detecting user postures and gestures. We see a vision-based sensing 
framework to be the most convenient technology in this scenario, as it allows col-
lecting information about passerby’s movements and gestures in an unobtrusive 
way. For testing reasons the sensing is realized using marker-based techniques. 
We attach two colored markers to a user’s hands for analyzing his hand movements. 
The next planned step is to use marker-less body tracking involving the detection of 
individual body parts.

The software of the system is developed in .NET with C# and integrates sev-
eral software components: We use the marker-based vision framework Touchless  
SDK [5] for tracking the hands with markers. The music is generated with the soft-
constraint framework for interactively composing music described in the previous 
section. To conduct user tests with the system we developed several sample applica-
tions where the note pitch of the music can be controlled by up-and-down move-
ments of the hands and the rate of played notes by the velocity of hand movement. 
The visualizations of these applications were developed with Microsoft’s XNA 
framework and the Mercury Particle Engine. For example, we created an advertise-
ment for a soft drink that allows users to control the brand sound by hand move-
ments (see Fig. 16.6).

Depending on the passer-by’s movements, notes are played and are visualized by 
bubbles, each note corresponding to one bubble. When someone starts to interact 
with the system, he can realize the connection between his movements and the notes 
he hears: When the movements become faster, the notes will also play faster – not 
moving at all leads to silence. The resulting melodies do not only fit to the person’s 
movements, they are furthermore being generated in a way that they comply with 
the company’s brand melody.
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To explore how users would use a public display where they can interact with the 
music, we conducted a user study. First of all we found it important to figure out if 
users understand that they can control music, and second, how people would inter-
act with a display where they can control the music. Generally, applications on 
public displays can be controlled by finger touch, hand gestures, body movements 
and postures, or also by changing body positions in a simple, unobtrusive way. With 
our vision-based system, we were especially interested in hand gestures. We already 
knew, based on informal observations of colleagues, that hand movements in front 
of our displays are understood and accepted quite quickly if the visual feedback is 
accurate enough, and developed different techniques for interacting with the system 
and controlling the music with hands. From these, we chose to compare three tech-
niques in the study that had shown promise in pretests:

The first interaction technique is a gesture-based technique where the user can 
control visual elements and acoustic events only with one hand at a time. The note 
pitch of the music is controlled by up-down movements, and the rate of played notes 
is controlled by the velocity of movements. The second gesture-based technique 
allows the user to control the visuals and the music with both hands, and for com-
puting note pitch and the rate of played notes the mean values of both the hand verti-
cal positions and velocity are taken. The third interaction technique extends the 
second technique by allowing the user to control the acoustic events (note pitch and 
rate of played notes) with separate hands, i.e. one hand controls the note pitch and 
the other hand controls the rate. User observations on the understanding of our 
musical advertisement and on the different interaction techniques were conducted at 
our lab over the course of 3 days (see Fig. 16.7). For the study we prepared a room 
which contained the interactive display prototype. For the observation we used 
4 cameras (allowing for detecting user behavior from different angles) and recorded 
to a synchronized, time-stamped video file using OpenCV [22]. In total, 21 people 
participated in the study (12 males, 9 females). The average age was 30 years; 
participants were students, employees, technicians, web designers, marketing man-
agers, assistants and housewives. We started with an initial briefing of the  participants, 

Fig. 16.6 Sample advertisement for a soft drink on our public display prototype that allows users 
to control brand sounds by hand movements
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where we also explained to them the setting of the study. Participants were told that 
there was a room containing a public display, but we did not tell if or how they could 
interact with the display. To be able to sense the movements of the hands with our 
marker-based system we asked them to put on colored gloves (after the study we 
surveyed if participants felt constricted by the gloves in any way). After the initial 
briefing we guided the participants to the room where our sample music content 
with one of the three described interaction techniques was running. We surveyed the 
people via webcams and did not interrupt them during the study. When they came 
out, we conducted a semi-structured interview with them. For all 21 subjects syn-
chronized and time-stamped videos were recorded and predefined user behavior 
regarding hand movements and gestures was transcribed.

Even without any previous instructions, most users were aware that they have 
control over the music. Only 2 out of 21 people did not recognize the connection 
between their hand movements and the music they heard. No user stopped interact-
ing while standing in front of the system for longer periods, and the average user 
made hand gestures for over 90% of the time which gives us further confidence that 

how long it took until people interacted in the way we intended, i.e. when they 
started to primarily make hand gestures which are relevant for the music generation. 
The variant based on only one hand took 132 s on average, the variant based on the 
mean values of both hands took 118 s and the third variant (separate hands for both 
parameters) took 92 s. Most users seemed to interact in a rather intuitive way but 
interviews revealed that not everybody did consciously identify the variable param-
eters (“pitch” and “rate of played notes”) and how they can be controlled: 12 out of 
21 people stated that they used up-and-down movements to control the music and 
only 10 out of 21 people could tell how note pitches can be controlled; only 2 users 

Fig. 16.7 Recordings of the user study on our interactive musical advertisement. In the left image 
the user controls a red particle visualization with one hand, and a yellow particle visualization 
with the other hand. The left hand is used to control the rate of played notes, and the right hand 
controls the pitch. In the right image a test run with one-hand control is seen
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understood how they can vary the rate of notes. Nevertheless, the results of this 
study make us confident that public displays are an appropriate platform for adver-
tising based on interactive music and that hand gestures can be used for interacting 
with music without any previous training. We are confident that additional visual 
clues or context-sensitive help instructions can greatly help in understanding how 
the system works: we observed that users were able to understand the system if we 
gave them only few initial instructions.

This prototype gave us basic proof of concept for intuitively interacting with 
music on a public display. We also plan to conduct a comparative study on recall of 
content: we want to figure out if the manipulation of acoustic events leads to a better 
memorization of presented visual elements. Further, it would also be interesting to 
see how users would interact with music in public places.

16.8  Conclusion

In this chapter we presented an overview of the topic of sound branding, and pro-
posed how current trends of interactive music will open up new opportunities in 
this field of advertising. We described the requirements of interactive music in 
advertising, outlined possible application areas and limitations and presented 
related research on design and implementation issues of musical systems used for 
advertising.

We further introduced a general approach for developing sound branding appli-
cations, where advertising sounds are controlled by the interaction. To make sure 
that the resulting music complies with both the requirements of interactivity and 
brand recognition, we made use of a novel technique of music generation based on 
soft constraints. First user tests with our prototype with large advertising displays 
showed that algorithmically composing music with soft constraint solving works 
quite well, giving the user the impression of control over the music while producing 
quite recognizable sound. There exist a large number of platforms where applica-
tions involving interactive music could be employed, for example the internet, 
mobile devices, video games or out-of-home media. The evaluation of our prototype 
makes us confident that public displays are generally suitable for musical advertise-
ments. We want to improve this prototype and experiment with other application 
concepts. We also plan to deploy the system in a real situation and evaluate how 
people interact with the system in public. We are further interested in developing 
and assessing new user interfaces and interaction paradigms for other platforms. 
At the moment, we work on an interactive musical advertisement for the iPhone.

Many people have fun with musical applications, but they can also be annoying 
in some situations. Thus, one has to take care to avoid sound pollution. It would be 
interesting to find criteria which indicate whether musical applications are appropri-
ate in a certain context. Sound is a powerful tool which has to be employed with 
care. Within interactive advertising media, it can have various functions. For exam-
ple, background music can create a certain atmosphere or sound objects can enhance 
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user interaction. Interactive music applications are a rather new trend and allow 
interacting with music in an expressive way, enabling control over the melodic 
material itself. We think that combining musical applications with interactive adver-
tisements will be fruitful in many regards.
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Abstract Store chains and service providers beguile customers with a pleasant 
shopping atmosphere often realized by installing scent diffusers to evaporate over-
whelming fragrances. Such systems are becoming a standard interior of commercial 
locations as well as public places and are gaining in importance for human com-
puter interaction. A historical, physiological and psychological overview shed a 
light on different aspects of scent marketing. Current scent marketing technology 
puts the relevance of olfactory communication for pervasive advertising and human-
computer interaction up for discussion and constitutes prospectively technological 
challenges for olfactory human-computer interaction.

17.1  Purpose

Like other media-based business, the advertising industry is increasingly confronted 
with the problem of information overload. Penetrating this information bulk and 
reaching customers with advertising messages becomes correspondingly difficult. 
An important issue for advertisers is finding new methods of persuading consumers 
to purchase their goods and services. The first that come to mind in connection with 
the word advertising are posters, newspaper ads, commercials on TV or radio, etc., 
that is, visual and auditory media. However the advertising industry does also use 
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consumption-raising instruments like scents to manipulate consumer behavior by 
unconsciously raising emotions and consequently manipulating purchase decisions. 
The marketing expert Martin Lindstrom writes on his website:

Did you know that currently 83% of all commercial communication appeals only to one 
sense – our eyes. That leaves a paltry 17% to cater for the other four senses. This is extraor-
dinary given that 75% of our day-to-day emotions are influenced by what we smell, and the 
fact that there’s a 65% chance of a mood change when exposed to a positive sound. This is 
a long way of saying that the importance of our senses has been completely overlooked in 
the brand-building business… until now.

Smell-supported advertising is called scent marketing [2], and relies on the 
neuropsychological effects of olfactory stimuli – emotionalization and recall by 
smell. The area of research analyzing the neuropsychological effects of advertising 
and commercial activities on the consumer is referred to as neuroeconomics. The 
term scent marketing came up in 2002, and defines a subarea of neuroeconomic 
research and should to be distinguished from scent advertising defining perfume 
advertisements. Designing fragrances and installing scent-dispensing systems for 
scent marketing purposes is called air design.

Olfactory perception allows a distinctly subliminal communication between 
human beings and their environment, through a direct connection of the olfactory 
system to our emotional center. Pam Scholder Ellen, marketing professor of Georgia 
State University states:

With all of the other senses, you think before you respond, but with scent, your brain 
responds before you think. [50]

In the mid-1990s, psychologists examined the effect of scents on purchase behav-
ior and confirmed that perfumed sales rooms contribute to increase sales [45]. 
Therefore, marketing experts did not hesitate to use the olfactory communication 
channel as a medium for subliminal messages [15].

Scent marketing is implemented in various shops, hotels or recreational facilities 
and has affected consumer’s behavior for nearly 20 years, and with considerable 
impact: However, this is not always positive. Scents are interpreted very subjectively 
and can quickly annoy people. In cases where consciously perceive olfactory adver-
tising messages, they sometimes fear injurious effects on their health [23]. Fearing 
miasma and the beguiling of people are known reactions to smell and can be found 
through the ages. It is necessary to avoid such reactions by respecting people’s pref-
erences and individualizing olfactory advertising messages, this requires the imple-
mentation of more intelligent and pervasive Scent Marketing systems.

17.2  The Historical Background of Scent Marketing

Scent marketing is not merely “a child” of the 1990s and was already used in ancient 
days. The first scent marketers to use were scent traders who sold fragrant goods 
like fresh bread, fish, cheese or flowers. These products disseminated their smell 



34517 Scent Marketing: Making Olfactory Advertising Pervasive

throughout the market square and lured people to the various different stands. This 
raises the question of non-fragrant products can be sold? These can be scented with 
perfume, for example. In the ancient world people used perfume to sell themselves, 
such as prostitutes, or their estate like their house or their slaves. However, the rel-
evance of smell, perfume and olfactory perception has varies according to the 
historical with and culture, as the analysis and investigations of historians and 
philosophers demonstrate. For instance Alain Corbin speaks of an “olfactory 
revolution” in the eighteenth century, which was influenced by the French Revolution 
and a new standing of hygiene. Todays scent marketing is intensifying the relevance 
of olfactory perception and is compelling us to learn about the perception of odors 
once more. A brief retrospective review of the historical and cultural background of 
scent marketing is revealing:

Human perception was already of interest to ancient philosophers, but olfaction 
was neglected until the last decade. Why do the senses of sight and hearing gain so 
much more attention nowadays and why did researchers fail to the sense of smell 
until the last decade?

Walter Benjamin considered changes in the social relevance of perception, as 
people’s adaption to new technical media [31]. Accordingly, the hegemony of visual 
and acoustic perception is due to the rise of telegraphy, photography, film, radio and 
television. However, as Paech [37] wrote in her article Das Aroma des Kinos, after 
the first cinemas had opened their doors, the first experiments with scent movies 
where also conducted. These pioneering efforts demonstrated the beginnings of new 
media on the one hand and resistance on the other hand, involving psychological 
effects, which would be discovered only a hundred years later.

In evolutionary terms, the sense of smell is the first form of perception, as dem-
onstrated by German researchers who identified the reaction of sperm cells to the 
aroma of lily of the valley [20] and the fact that the olfactory bulb is situated within 
the oldest part of our brain [11]. In prehistoric times when visual and acoustic ampli-
fiers did not exist, perceiving odors was crucial to survival. Studies on indigenous 
peoples and feral children indicate the relevance of olfactory perception far from 
civilization [20]. With respect to contemporary history, a decreasing impact of smell 
corresponds to increasing civilization.

Ancient advanced civilizations like those of Mediterranean area or in the Middle 
East invented perfume. Ancient people used scents to render homage to gods. 
Hygiene and sanitation were an important part of cohabitation and bad body odors 
were considered unacceptable. Accordingly, higher castes, which could afford these 
luxury fluids and scenting themselves and their home with perfumes. Body odor 
came to indicate class differences and was a symbol of social distinction as a 
consequence.

Scent also found its way into religions like Christianity or Buddhism as a spiri-
tual instrument. In both religions, incense occupied a central position in communi-
cating with god in both persuasions. Generally, Asian cultures have a special 
relationship to smell and especially to body odor. On the one hand, Asian people 
have almost no own body odor [8], On the other hand, hygiene and fragrances play 
an important role in their social coexistence and led to the development of a bathing 



346 B. Emsenhuber

tradition. In the early Middle Ages crusaders brought this tradition to Europe and 
consequently introduced the installation of bathhouses. Increasing plague epidemics 
and sexually deviant behavior in these bathhouses supported the church’s opinion 
that personal hygiene makes people sick and encourages degenerate behavior. 
Accordingly, bathhouses were closed and bad smells were a daily occurrence.

A lack of understanding of personal hygiene existed for several centuries. In The 
Foul and the Fragrant, Corbin describes the olfactory situation in the eighteenth 
century in France [10].. Before the French Revolution, baroque society not only 
suffered from political instability and excessiveness, but also from unbearable sani-
tary conditions and diseases. Because of their ignorance, scientists ascribed the 
spread of disease to the malodor in the air and appealed for an improvement of pub-
lic hygiene. As protection against miasma, people used a plethora of perfumes and 
scented powders, which contributed both to olfactory excesses and to the develop-
ment of capitals of perfume like Grasse. It’s is therefore surprising that Süskind 
chose that period of time and that location for his bestselling novel Perfume [47]. 
Only such an environment could constitute the perfect background for an olfactory 
genius like the character Jean-Baptiste Grenouille. Ultimately, the olfactory situa-
tion was so unbearable that philosophers of the Enlightenment had also stressed the 
importance of personal hygiene. With the French Revolution, says Corbin, there 
was also an “Olfactory Revolution”. The installation of sewerage systems and 
another manifestations of hygiene also manifested the prominence of smell. People 
became more sensitive to miasma, but also to fragrance and began to prefer light 
scents [44]. Enlightenment philosophers again raised the issue of a hierarchy of 
senses and labeled the sense of smell as unworthy of mention. Smells were undesir-
able and olfactory perception was classified as animalistic and ignoble [29]. The 
invisibility, immeasurability and subliminal perception of smell were the main 
reasons why scientists abandoned the concept of olfaction.

As already mentioned, Asia occupies a special position in the cultural history 
of smell. Smells, body odor and personal hygiene play an important role in the 
traditions, medicine and daily life in the Far East. This has its roots in an early 
understanding of hygiene and awareness that scents have a healing effect. In con-
trast to Western cultures, the peoples of Eastern Asia preserve their ability to 
smell and do not ignore olfactory incentives to date. They regard smells and the 
sense of smell as a natural part of their daily lives and there are no inhibitions in 
this context.

A comparison of civilized cultures shows how Enlightenment philosophers 
effectively influenced the perception of smells in the Western world. The olfactory 
Revolution led to an increasing disapproval of smells until they became a real taboo 
in European societies and an unsuitable topic for discussion. Only good old perfume 
survived the era of “deodorization” [10]. The commercial launch of Chanel No. 5, 
the first perfume consisting of artificially produced fragrances, initiated another 
olfactory revolution, because perfume was no longer a luxury good and was now 
achievable to everyone. Being scented no longer constituted a social class distinc-
tion. However, this was not the last milestone in the cultural history of smell. Indeed, 
it would seem we are going through a third olfactory revolution right now. Scientific 
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success in olfactory research, such as the decoding of the first olfactory receptor by 
Linda Buck and Richard Axel [20], discussions about olfactory disturbance caused 
by cigarette smoke and biogas plants [49], the development of the first smell recorder 
and smelling mobile phones in Japan [10], and the increasing use of scents for 
marketing purposes, indicate a new relevance of odor.

17.3  The Sense of Smell

Without the special characteristics of olfactory perception, scent marketing would 
not work. Smell differs from other perceptions in the ability of the perceiver to 
respond and recall without thinking. Olfactory stimuli are almost instinctively pro-
cessed in the human brain, in contrast to other sensual impressions [11]. Over the 
last few years, the mystery of smell could be unraveled more and more and will 
surely keep researchers busy the next years. The following discussion provides an 
overview of current research results, which constitute only the beginnings of olfac-
tory research.

Skepticism about the significance of smell in social and cultural history is rooted 
in a lack of understanding of the smelling process. As the cultural history of olfac-
tion reveals, there has never been a rational explanation of smelling. People were 
ashamed of this animalistic behavior, which was led by that incomprehension of the 
sense of smell. However, scents were always much sought-after for their emotional-
izing and overwhelming effect. Since the end of the twentieth century, researchers, 
especially neurologists, psychologists and biochemists have attempted to explode 
the myth of olfaction.

The neurological olfactory center is situated in the earliest part of the human 
brain to form and a foetus’s nose already develops at between 11 and 15 weeks [53]. 
Olfactory perception also includes the sense of taste, because tasting without smell-
ing is almost impossible, a familiar effect of colds. Therefore, the perception of 
aromas can be defined as just one sense.

In comparison to other senses, smelling assumes a special position within the 
modalities of perception. The process of perceiving volatile components is charac-
terized by spontaneous recall, inevitableness, unfiltration, unconsciousness and 
emotionality. As researchers have found out over the last few years, primarily neu-
rological factors account for these characteristics, which give customers the poten-
tial to perceive highly emotionalizing advertising messages.

However one problem remains: The interpretation of odors can be very subjec-
tive and related to individual emotions. The recognition of odors is based on a learn-
ing process starting in the embryonic phase [42] and entails perceiving odors and 
saving them in combination with memories, incidents and emotions, forever stored 
in the long-term memory. Perceiving a known odor is essentially an odor-related 
memory recall. Accordingly, the sense of smell should constitute a perfect interface 
with the human brain, eternally depositing information and recalling it by means of 
“re-perception”.
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Perceiving a smell starts with a biochemical process based on a lock and key 
principle at the upper end of the human nose. The olfactory epithelium is located 
there and consists of about ten million olfactory receptors, which are sensitive to 
about 350 different volatile components. In 2006, Linda Buck and Richard Axel 
were awarded the Nobel Prize for decoding the first olfactory receptor. Meanwhile, 
another three receptors or sensory neurons have been decoded [20, 41]. In compari-
son, a dog’s epithelium consists of about 220 million receptors. If an odorant molecule 
docks to the right receptor, an impulse is sent to the olfactory nerve, also called an 
olfactory bulb, which is the connector to different cerebral areas. The discovery of 
these neuronal connections explains the extraordinary characteristics of olfaction.

Evolutionarily and neurologically, the sense of smell is our fundamental instinct 
and also bears this functionality today. Odors can yield information about good or 
bad food, toxicity, or whether something is burning. Generally, we use this function-
ality every day and can identify at least 16 different scents. Specialists as perfumers 
or gourmets train their olfactory tool and can isolate up to 1,000 fragrances. Yet, the 
Sense of Smell Institute determined that the average human being could potentially 
recognize approximately 10,000 different odors [3]. This aptitude shows that we 
don’t usually use our sense of smell to its full capacity.

Perceiving odors occurs spontaneously and is only avoidable by stopping breath-
ing. This unavoidable nature is caused, on the one hand, by a lack of an olfactory 
palpebral and on the other hand, by the direct connection between the olfactory 
epithelium and long-term memory. Olfactory signals are processed without any 
filtering by our brain. Any perceived odor is saved in the long-term memory, in 
combination with the current smell situation, which includes locations, plants, per-
sons, emotions, etc. Smelling such odors promptly recalls that particular situation, 
including various details. Researchers refer to this phenomenon as an “olfactory 
memory” or the “Proust Phenomenon”, which obtained its name from Marcel Proust’s 
explanations of sensual impressions in his work In Search of Lost Time [22].

We are always exposed to smells, but often they are too diffuse for conscious 
perception and we perceive them subliminally, which is a kind of protection mea-
sure. Odors can cause positive as well as negative emotional reactions, which are 
due to close links between the olfactory and the limbic system, our emotion center. 
How the perceiver is emotionalized depends on his or her memorized impressions. 
The combination of inevitability of perceiving odors and the emotionalization 
could be dangerous relating to psychological effects. The human olfactory system 
is equipped, more so than other senses with a habituation function. It rapidly habit-
uates if the same smell is present for a longer time. Accordingly, it is almost impos-
sible to identify one’s own body odor or that of close relatives. Also, a constant 
environmental odor is no longer perceptible by habitants; only foreigners such as 
tourists or visitors will notice it [12]. The intensive emotionalizing effects of smells 
are the determining factors for a faster olfactory than visual or auditory habitua-
tion. The nostrils can not be closed instinctively, in contrast to eyelids. Olfactory 
habituation can serve as a protective mechanism that keeps us from having to con-
stantly bear smells, which we can not escape and which could otherwise cause 
emotional harm.
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The perception of pheromones another subliminal perception of volatile 
components is. Both humans and animals exude pheromones sensed by the vero-
monasal or Jacobson organ, so as to cause instinctive reactions within their species, 
which is also called olfactory communication. Most recently, there was a debate on 
whether humans have such an organ and generally communicate via pheromones 
[52]. Through numerous tests, scientists have now established that the human spe-
cies is capable of perceiving and reacting to pheromones. After the discovery of the 
human Jacobson organ at the internal nasal septum, the first human pheromone was 
also extracted [46]. The sex steroid Androstenone, which could previously only be 
isolated from the saliva of boars, can in fact be found even in the male armpit sweat 
and urine [4]. Another argument supporting the existence of veromonasal commu-
nication is the ability of women to identify whether a man correlates genetically to 
her own DNA by checking his body odor, including pheromonal information [52]. 
Pheromones also play a role when mothers recognize their babies through smelling 
its body odor [52]. However it is also known that pheromones of other species can 
influence humans. Perfume components like cibet or musk are animal scents, 
which contain sexual pheromones from the male cibet cat and musk deer. Women 
find a small amount of such animal scents appealing, but do not instinctively react 
to them [52].

By understanding the human smelling process, the psychological effects of spe-
cial fragrances can also be explained. An area of expertise concerned with these 
effects is Aroma-Chology ®, a term created by the Sense of Smell Institute [51]. 
This scientific group accumulates established knowledge of olfactory perception 
and deals with the relevance of smell to behavior, emotions and mood.

Food designers were among the first to explicitly apply fragrances for sales-
promotion. The food industry relies on color-odor associations to inform consumers 
about the taste and smell of products. Heinrich Frieling, a color psychologist and 
expert for color associations, explains how colors influence consumption and why 
different sensory stimuli can complement another [17]. Table 17.1 shows colors and 
the associated odors or tastes used for food packaging and advertising. The tasting 
process is actually a smelling process, because the olfactory epithelium determines 
flavors through the internal channel to the pharynx. Tasting and smelling are almost 
the same perception process, an important fact for food producers. Color-taste and 
color-odor associations are derived from individual experiences affected by general 
factors like nature, culture and habitat. Therefore, it would be counterproductive to 
produce, for example blue sweets in the shape of a bear with orange flavor. However, 
such associations can diverge in different cultures, which forces producers to adapt 
their products according to the market in question. Air designers are also geared to 
color-odor associations and the aroma therapeutic effect of fragrances, when they 
develop perfumes for scent marketing.

An exceptional quality of olfactory perception is a direct connection between our 
smelling system and the hypothalamus, a neurological area, which controls the 
autonomic nervous system. This connection facilitates an influence on the viscera 
by perceiving odors and is the reason why aromatherapy really works and why some 
scents can affect consumer well-being.
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Physiological and psychological research are increasingly expanding into the 
field of sense of smell and accordingly developing from a scientific background for 
scent marketing and the unique impacts of smell on human behavior. However, this 
research is in its infancy and many elements of the smell phenomenon remain 
unexplained.

17.4  Scent Marketing

Scent marketing relies on the neuropsychological processing of olfactory stimuli in 
the human brain. It utilizes the effects of smell on human behavior and the Proust 
Phenomenon. The creation of a pleasant atmosphere for clients is a general objec-
tive of scent marketing. The aim is to ensure that customer remain in stores as long 
as possible and enjoy the ambiance, so that they buy more products and consume 
more [3327, 33]. However improving store atmosphere is not the only aim of scent 
marketing. Bradford and Desrochers differentiate between three forms of scent mar-
keting, depending on how scents are used [3]: the marketer scent, the product scent 
and the ambient scent. Marketer scents are used for product or service promotion 
and form part of a promotion campaign. If the scent itself is the product, as with 
perfumes or air fresheners, Bradford and Desrochers refer to it as product scent. 
They refer to the original purpose of scent marketing, as an enhancement of the 
retail environment, as ambient scent.

It seems likely that product scents are only a form of scent marketing, when used 
in the form of marketer or ambient scents, or to promote themselves as product. 

Table 17.1 Color-odor 
associations according to 
Frieling  [17]

Colour Odour

Pink Sweet, mild
Lavender Sweet, unerotic
Magenta Heavy, narcotic, 

charmingly, sweet
Indigo Scentless
Blue Scentless
Mint Juicy, fresh to salty
Green Fresh, fragrant, perfume 

with green fragrance
Olive Musty
Lime green Sour, dry, fresh, bitter
Yellow Perfume, flower
Orange Hearty
Red Sweet hefty, hot
Gold Sweet, good, stunning
Ocher Sourly, neutral
Brown Aroma, musty
White Scentless
Grey Bad
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For example, EPAMEDIA, a European public space advertising company, equipped 
some of their illuminated panels with move-detecting perfume dispensers as olfac-
tory support for perfume advertisements [27, 33]. Therefore, scent marketing gener-
ally means supporting the sale of products and services with odors.

Ambient scent was an early form of scent marketing. Decades or even centuries 
ago, bakeries, coffee houses and restaurants often worked unintentionally with 
scents as attractants. Their chimneys and ventilation systems released enough aro-
mas that made people’s mouths water. Today, such shops work systematically with 
synthetic fragrances in order to provoke similar reactions.

Improving the ambience of essentially negative locations like hospitals or dental 
practices is another form of ambient scent. It is a social impact of the western world 
that people become uneasy when they smell chlorine-camphor and phenol, which 
give disinfectants their typical smell. In order to cope with this pattern, dentists 
sometimes attempt to improve the atmosphere of their practice by using a so-called 
doctor’s fragrance intended to put patients at ease [32].

A logo or corporate scent is a variation of marketer scent. Customers will hopefully 
perceive these shopping scenarios as pleasant and relaxed, which is due to the already 
mentioned Proust phenomenon. Customers use the recall of autobiographic memories 
as described in [22]. This effect entails the idea of using fragrances as part of the cor-
porate identity of stores, hotels and service chains. Each time a client perceives the 
unique perfume of the chain, he or she will recall the shop, the situation and the pleas-
ant atmosphere [34]. In 2006, hotel chains like Weston, Sheraton, Omni, Four Points 
and Hyatt incorporated special fragrances as part of their brand image [26].

As history shows, the scent of goods plays a relevant role in the sales process. 
Not only must food aroma meet one’s expectations, other products are also liable to 
smell-related associations and connotations. For example, new cars do not smell of 
plastic and metal as one might expect. They are sprayed with an oil or leather fra-
grance, which is more appealing and familiar to drivers. However the RAC 
Foundation established that these odors can lead drivers, especially old men, to 
over-estimate their own capabilities, because they feel younger and more energetic, 
leading them to take more risks when driving [35]. Nonetheless, some producers 
experiment with such associations and perfume their products with unexpected aro-
mas, in order to achieve a unique selling proposition or to cheer up their customers. 
Products like scented writing utensils, socks, CDs, USB-sticks, papers, etc. have 
already been introduced into the market.

Marketing strategies often include promotional events, such as advertising plat-
forms and presentations of provider individuality. Event managers use the latest enter-
tainment forms to compete for visitors and publicity. Thus, scents also capture the 
attention of event management and it is not surprising that there is a new occupation 
called “Aroma Jockey”, with the aim of lifting the audience’s spirit through composi-
tions of fragrance [13]. The aroma jockey sets fragrances free, rather like a disk jockey 
plays songs. Affecting moods changes by using special fragrances may also assists in 
social interchanges, like meetings or classroom situations [26]. Researchers have 
noted that some fragrances contribute to improving the ability to think and enhance 
powers of retention [25]. This effect can also be used for marketing purposes.
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All these forms of scent marketing have a common problem – they treat all clients 
the same. Each person who enters a shop is confronted with the same fragrance, 
often exuded mindless electronic dispensers, which evaporate one scent in fixed 
intervals and do not respond to individual preferences. Currently, scent marketing is 
inflexible and not adapted to custom tastes as formed by their culture and individual 
experiences. Therefore, scents can affect customer behavior in the wrong way, with 
dysfunctional consequences. There is no guarantee that each individual correctly 
understands a scent-borne, olfactory message.

17.5  The Olfactory Medium – Transmitting Information 
Through Smell

Like pictures or music, smell conveys information, which can be transmitted from 
sender to receiver; we can communicate via smell and therefore, it is a medium [15]. 
As explained above, olfactory perception allows a very special form of communica-
tion, which is almost impossible to compare with other interaction modalities. No 
other sensory stimuli are so impossible to ignore and perceived unconsciously so. 
No other information affects our moods more intensively than odors. Odors can 
have a special meaning and invisibly and spontaneously transmit information, which 
other media cannot. Odors can bear information like emotions, warnings or memo-
ries, and also genetic information through body odor or pheromones.

The communication process through a medium can be formulated as a commu-
nication model, as in Shannon and Weaver (Fig. 17.1) [21]. According to Shannon’s 

Fig. 17.1 Communication model by Shannon and Weaver
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information theory, each message requires syntax, semantics and pragmatics, in a 
word: a language, which is spoken by both the sender and receiver. However, there 
is no unique olfactory language. Syntax, semantics and pragmatics vary, depending 
on culture and individual experience, but also on profession such as perfumer, food 
designer or wine steward.

According to Shannon’s paradigm, a scent dispenser (the transmitter) and con-
sumer (the receiver) should have the same understanding of the dispensed scent (the 
message). In order to ensure that in retail environments, where there is a high fluc-
tuation of people and consequently a rapid change in tastes and olfactory languages, 
scent marketing systems must adapt dispensed scents to individual preferences as 
quickly as possible. In short, they need to detect consumers’ olfactory language, 
before disposing their olfactory message – they have to become smart.

17.6  Olfactory Technologies and Interaction  
Within Pervasive Environments

General scent diffusers like scent candles, fragrance lights or other kinds of air 
fresheners work mechanically, without electricity. However, in the last few years. 
more and more electric scent gadgets were developed and tend to replace the analog 
models. Additionally to smell-sending devices, chemists are developing smell-
detecting systems and e-noses. Devices that disseminate odors or detect volatile 
components can be categorized as olfactory technology. These components can act 
as olfactory displays or sensors, as human-computer interfaces and allow a bidirec-
tional communication between them via smell. Thus, the technology for making 
scent marketing smart already exists, but the implementation stage still needs to 
occur. The following section provides of current olfactory technology for sending 
and sensing and how it is used.

17.6.1  Sending and Sensing Olfactory Information

Most scenting systems in sales rooms are integrated in to the air conditioning, but 
there are also heat-based standalone devices. The first commercially available air 
design systems could not adjust their running time, fragrance or scent volume; they 
ran continuously and led to a suboptimal flood of fragrances. Modern systems offer 
both time and volume adjustment, as well as the option of changing between various 
fragrances.

Not only advertising takes advantage of odors, olfactory communication is receiv-
ing more and more attention in human-computer interaction. Today, digitally con-
trolled odor diffusers are not only applied for advertising purposes, they are 
increasingly used as ambient indicators, such as an olfactory display in HCI-systems. 
For instance, Keye [30] describes an ambient olfactory reminder system. The inte-
gration of an augmented reality application, with an odor machine for improving on 
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the reality experience, is presented in [14]. NTT Communications developed a smell 
machine called Aroma Geur[36], laying the foundation for the first olfactory emails 
in 2004. This device was also used to create an ambient smell when listening to 
Tokio FM. In 2005, TriSenx launched their ScentDome[48] to enable websites to 
emit scents. The special smoothness of olfactory interaction spaces was the central 
subject of the Space-of-Scent project [19].

For the telecommunication industry, smell has been introduced successfully as a 
new sensory modality for interactions between human and mobile devices. The first 
“smelling” mobile phones were placed on the market in 2008. The Sony Ericsson 
SO701i is scented with an aromatherapy fragrance to enhance relaxation during 
stressful phone calls. In order to satisfy different preferences, the mobile phone is 
available with 8 different fragrances, which can also be useful for advertising pur-
poses and tagging personal items like mobile phones with corporate scents. The 
Hyunday MP280 integrates an individual refillable scent diffuser, which acts as 
smelling tone. Samsung [7, 18] also hold patents for smell phones. German inven-
tors have already patented a mobile phone with a smell chip, which can send and 
receive smell messages [9]. These mobile devices could be the future of mobile 
advertising – they offer a new method of sending not only informative, but also 
emotional advertising messages.

Odor diffusing facilities provide odors for static as well as mobile smart installa-
tions. Current scent marketing systems treat customers’ homogeneously individual 
preferences into account. Making such systems intelligent responds to these prefer-
ences as well as to the consumers’ psychological state, as aroma therapists do. The 
combination of emotion recognition, referred to [39] as emotional computing, and 
the use of smart olfactory technology can be a powerful advertising instrument.

Not only is the output of olfactory information an increasingly subject important 
for information technology research, but also the use of volatile substances as input 
for digital communication is becoming increasingly useful. Gas sensor arrays and 
electronic noses are especially useful for forensic investigations, for the detection of 
explosives, and for medical science as a means of diagnosing diseases like cancer. 
Today, they are used increasingly to control digital systems. For instance, the 
Japanese Hanahana-installation can manipulate flower-animations with ten differ-
ent perfumes. Wyszynski et al. have even sent a recorded odor by email and repro-
duced it for the receiver [54].

Researchers of the Austrian Konrad-Lorenz-Institute are currently developing a 
system for recognizing individuals by their body odor, which reflects the identity like 
a fingerprint [38]. Body odor is the volatile state of sweat whose components are 
influenced genetically. Emotions like fear can also manipulate the sweat composition 
and contribute to the production of cold sweat [6]. Ackerl et al. ascribe this manipula-
tion to a release of fear pheromones [1]. According to this theory, body odor has the 
potential to become a new data source for intelligent systems, enabling them to rec-
ognize individuals, as well as their emotions. It can be expected that in future, human 
pheromones will be measurable as animal pheromones are now [43].

Sensing odors could be a useful instrument to enable advertisers to find out more 
about their clients, especially their emotional states. Other useful elements include 
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individual odor preferences, which could be examined by identifying their body 
odor or personal perfume. The development of body odor detection and analysis 
through gas sensors and artificial noses, is a current challenge for scientists.

17.7  Olfactory Zones of Interaction

The recognition and manipulation of emotions are basic instruments of advertising. 
The olfactory information channel allows both the detection of emotions by body 
odor analysis and the stimulation of emotions by means of aroma therapeutic scents 
or pheromones. In the near future, smart advertising systems may be able to react to 
individual emotional states and manipulate them at the same time. Such bidirec-
tional communication via odor would function within unconventional zones of 
interaction.

Generally, we can define smells as ambient media, because of their subliminality 
and inertia. Therefore, olfactory interaction operates in the ambient interaction zone 
[28]. However, communication via odor operates within an unconventional ambient 
zone of interaction. Each smell-emitting human being or object is surrounded by a 
distinct vapor, constituting an olfactory aura, defined as Olfactory Interaction Zone 
[16]. This zone can be extended dynamically from a square meter size to a square 
kilometer scale. Consumers are often able to detect the aromas of nearby bakeries 
or restaurants over several meters leading them from the street to their salesroom as 
an olfactory direction sign. Within an olfactory interaction zone, the information 
priority is defined by the intensity of an odor and the odor itself. As an example, the 
odor of fresh bread is not so important as that of smoke.

Raab was concerned with the current sociology of odor [40]. He renders this 
unconscious communication modality explicit and defines interaction zones for 
olfactory interaction between humans, based on Erving Goffman’s territories of the 
self (Fig. 17.2).

The body defines the individual odor and is a source of the most familiar fragrance. 
An individual’s personal space encloses the body and varies in impact depending 
on olfactory sympathy. The unpleasant body odors of interaction partners can 
 maximize the extensions of personal space and pleasant ones can minimize it. 
Special smells constitute a social identity, an affiliation to a social group, which 
defines the social space. Smells associated with regions, localities or goods define 
the public space as interaction zone. Such smells are more acceptable than foreign 
ones in the personal space, because they entail a communal territory, apart from 
the box territory. They form a private territory in public space, which is occupied 
by an individual and its individual fragrance, such as a table in a restaurant or a 
seat in a train.

Raab’s olfactory interaction territories are comparable with interaction zones 
used in HCI, apart from the fact that one interaction partner is replaced by an intel-
ligent computer system. Therefore, Raab’s territories of interaction constitute 
another principle for olfactory interaction zones in Human-Computer Interaction. 
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An olfactory communication process can only be acceptable for a person, if the 
computer sends smell information without violating the human interaction territo-
ries. This needs to be kept in mind when planning scent marketing concepts and 
developing Scent Marketing systems.

17.8  Make Scent Marketing Pervasive

The current use of odors in human-computer systems, especially for scent market-
ing purposes, is based on the psychological knowledge of olfactory perception on 
the one hand, but also enters unfamiliar territories. There has not yet been suffi-
cient psychological investigation to analyze the full range of mental effects of 
olfactory stimuli. However, in the near future, we have to content not only with 
visual and acoustic information overload, but also with olfactory information over-
load. Given that we suffer from excessive visual and acoustic impressions every 
day, nobody knows what mental damage numerous waves of fragrance could cause. 
Olfactory information overload could lead to two different scenarios: Scenario A 
describes a complete habituation of olfactory perception and a complete loss of our 
sense of smell. Scenario B would constitute another olfactory revolution, as in the 
eighteenth century, when miasma became overwhelming and intolerable [10]. In 
order to avoid such scenarios, users of the smelling medium must dose olfactory 

Fig. 17.2 Olfactory zones of human-to-human interaction according to Raab and Goffmann
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information very carefully, which requires respect for individual preferences and 
sensibility.

The highly subjective interpretation of olfactory stimuli requires an adaption of 
olfactory messages to the individual. Therefore, olfactory systems must know 
such preferences – they need to become more intelligent, or smart. Room-scenting 
product lines like Brise Sense & Spray or AirWick FreshMatic are the first sensor-
controlled mass-market scent diffusers. Fragrance and intensity can be adjusted 
individually by hand. In public spaces, especially for scent marketing, such systems 
need more flexibility, because fragrance and its intensity must be autonomously 
adapted to people’s preferences or moods. In the near future, smart scent marketing 
systems may be able to react to individual emotional states and manipulate them 
with aroma-therapeutic scents. Mobile smelling devices like smell phones offer a 
further possibility for mobile advertising – they offer a new method if sending not 
only textual, but also more emotional smelling advertising messages.

Whereas digital scent diffusers have already been brought to market, the devel-
opment of gas sensors and artificial noses is still a topic of fundamental research. 
Especially for HCI-systems, there are not useful gas-sensing interfaces yet. Various 
interviewed computer scientists pointed to this aspect as a reason why smell is 
seldom used for Human-Computer Interaction [15].

A second problem is the social acceptance of such systems. At present, consumers 
are often unaware of these scents, which should potentially affect their mood. 
Maybe they cannot perceive them, because they are not trained to perceive smell, 
or they ignore them because they do not recognize odors as relevant information. 
Therefore, scent marketing is currently a productive advertising tool, which 
unknowingly effects customer behavior. Whether or not this is ethically accept-
able, is discussed by Bradford and Desrochers [3]. They argue that only an 
objective ambient scent, which can be recognized by the consumer, is ethically 
acceptable. A covert objective ambient scent “is developed to motivate an action or 
influence consumer behavior below the consumer’s absolute threshold of con-
sciousness”. Therefore, the consumer cannot avoid the manipulation, as would be 
possible in the case of listening or not listening to shopping mall music. Bradford 
and Desrochers [3] refer to Brehm [5], who described consumers’ negative reac-
tions to the loss of freedom to make a choice, as “psychological reactance”. Raab’s 
olfactory interaction zones could support the social acceptance of olfactory scent 
marketing systems. Also, a technological system has to respect olfactory borders 
and personal spaces. An HCI-system should not cross these borders by, for exam-
ple emitting a flood of fragrances.

The Shannon-Weaver model implies that both sender and receiver need to have 
the same knowledge about the meaning of a message in a digital communication 
process. This meaning, code or language is a connotation of information to a word, 
number, picture, sound or smell and must be conveyed within such systems. In 
human-to-human interaction spoken languages are restricted to countries or culture 
groups. Olfactory languages like the aroma classifications of perfumers or the terms 
used by oenophilists, and also the meaning of smells within indigenous groups, are 
even more localized. Therefore, scent marketing systems need to know the user’s 
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cultural affiliation and his or her individual olfactory preferences. The future 
 challenge for computer scientists and other developers or designers of scent market-
ing systems will be the spontaneous detection of individual preferences and the 
individualization of olfactory advertising messages.

Today, we can detect user preferences in different ways. Especially online 
 marketing works with user profiles, such as Amazon, Facebook or Google. These 
user profiles include precisely individual such preferences, which can also be used 
for scent marketing and the adaption of scents to customer taste. Mobile devices like 
mobile phones or gadgets with a digital ID, facilitate identification of customers and 
their preferences, wherever and whoever they are. However, this can lead to a viola-
tion of privacy. Therefore, users need to agree with the process and accept it. 
Alternatively marketers can take the next step and allow customers to design their 
own individual shopping environment by means of a customizable preference 
profile saved on their mobile device, which, for instance contains color, sound and 
scent preferences.

Another way to individualize scent marketing is changing by scents, depending 
on customers’ current emotional states and using the aroma-therapeutic effect of 
scents. Thus, shops and public places can adapt their shopping environments to that 
what people currently need and not that what they want. Depending on the general 
mood, they can calm people down or awake them up by using special scents like 
lavender or coffee aroma [24].

Sensing odors can also support advertising, which can be a useful instrument for 
finding out more information about people, especially about their emotional states, 
such as fear. Individual odor preferences, which could be examined by identifying 
body odor or personal perfume, are valuable data for pervasive advertising systems. 
Such preferences can refer to color preferences via color-odor associations, which 
could be useful for, e.g., fashion style suggestions in fashion stores, to give but one 
example.

Reacting to one person and adapting olfactory marketing messages to his or her 
taste should not be a problem for scent marketers. After all, every day perfumery 
employers, who scent each customer with different perfumes, do just this. But how 
can crowds be handled, how can a mass of people with different tastes be satisfied 
by that one right scent? As already mentioned, smell is a very inert medium, and 
cannot be changed in milliseconds, not even in a few seconds. It takes minutes to 
exchange olfactory messages. Therefore, pervasive scent marketing systems need to 
manage the preferences of people and groups, especially demographic groups, in 
order to satisfy the majority.

Current olfactory technology allows only a restricted form of intelligent scent 
marketing. Depending on how fast olfactory technology will be improved scent 
marketing can become more and more pervasive. However, first of all smell has to 
be accepted as serious communication channel for developing pervasive scent mar-
keting systems.
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