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Corso Svizzera 185, Torino, Italyfgoy,liliana,giovannag@di.unito.it

Summary. This chapter is about personalization and adaptation in electronic commerce (e-
commerce) applications. In the first part, we briefly introduce the challenges posed by e-
commerce and we discuss how personalization strategies canhelp companies to face such
challenges. Then, we describe the aspects of personalization, taken as a general technique
for the customization of services to the user, which have been successfully employed in e-
commerce Web sites. To conclude, we present some emerging trends and and we discuss
future perspectives.
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1 Introduction

Electronic commerce includes different types of activities related to the online sales
of goods and services. For instance, the ameris glossary defines e-commerce (EC) as
follows [10]: “The conducting of business communication and transactions over net-
works and through computers. As most restrictively defined,electronic commerce is
the buying and selling of goods and services, and the transfer of funds, through digi-
tal communications. However EC also includes all inter-company and intra-company
functions (such as marketing, finance, manufacturing, selling, and negotiation) that
enable commerce and use electronic mail, EDI, file transfer,fax, video conferencing,
workflow, or interaction with a remote computer. Electroniccommerce also includes
buying and selling over the Web, electronic funds transfer,smart cards, digital cash
(e.g., Mondex1), and all other ways of doing business over digital networks.”

Initially, e-commerce mainly focused on the sales of goods;however, it has then
expanded to deal with all the aspects of business interaction, at the individual and at
the enterprise level. Two main areas of interest may be identified:1 www.mondex.com
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interactions between enterprises.� Business to Consumer e-commerce (B2C)deals with the interactions between
enterprise and end customers.

The most interesting aspect which has determined the increasing success of e-
commerce is the fact that geographical and time zone distance is no longer important;
in fact, people can be connected to one another at any time andby means of multiple
interaction channels, such as e-mail, Web sites, call centers, kiosks, and similar.� At the enterprise level (B2B), business interactions are greatly facilitated by the

continuous and efficient connection between the partners. For instance, the possi-
bility to place orders and monitor their execution and the automated management
of the supply chain support an efficient management of business interactions be-
tween remote service providers; moreover, they reduce production and delivery
costs.� At the individual level (B2C), customers may purchase goodsand services any-
where in the world, at any time. For instance, millions of customers use electronic
marketplaces such as ebay [58] to publish products and placeorders online, or
they use electronic catalogs such as the online retailer Amazon.com [8] to pur-
chase goods and services.

According to recent studies on customer behavior, the adoption of computers and
internet connections in households is constantly growing;e.g., August 2004 Nielsen-
NetRatings data shows that the Web penetration in the UnitedStates is 74% of the
total population, up 11% more than one year before. Moreover, a relevant portion
of the adult population spends some hours on the Internet every day (for leisure
and/or for work) and is reducing the time devoted to TV watching and to traditional
shopping. Those people are a promising target of both Internet advertising and e-
shopping [65].

However, Internet-based interaction poses several challenges to B2C commerce,
which traditionally established trust relationships between vendor and customers by
relying on face-to-face communication. The absense of human clerks, for instance,
brings up the well-knownone size fits allissue, as in principle all customers would
be offered the same solutions by electronic catalogs. Moreover, not all product types
are equally suitable to e-shopping: an electronic catalog enables the customer to
read textual information about products, to view pictures and play audio and video
content, but the customer cannot have the goods in her2 hands. Therefore, while
several types of products, such as software, music, books and some high-tech ones,
can be directly purchased in an electronic catalog, other products (e.g., garments)
are suitable for electronic advertising, but they are most comfortably purchased in a
physical store. Neverthless, Web sites are considered as effective tools toadvertise
most types of goods and most vendors, e.g., in the fashion industry, offer Web sites
supporting the personalized search for products.2 In this chapter we refer to the customer by using the female gender.
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Similar considerations hold for services: information services (such as weather
forecasts and traffic conditions), booking services (such as travel planning), shipping
and transportation services are very good candidates for e-commerce. However, other
services require a direct interaction with a human clerk assisting the customer in her
decisions. For example, insurance contracts, financial investments, etc. are regulated
by Service Level Agreements to be defined on a case-by-case basis with the support
of an expert helping the customer to identify the most convenient solution.

A large amount of work has been devoted to address, at least partially, these chal-
lenges, with the ultimate goal of improving customer loyalty. In particular, B2C Web
sites have been equipped with recommender systems supporting the personalized
suggestion of goods suiting individual requirements. Moreover, dynamic configu-
ration techniques have been employed to support the interactive customization of
products and services. For instance, several online interactive services support the
customization of products or the generation of draft contracts to be revised face to
face with a human consultant; the Italian TeleMutuo online loan service [149] is an
interesting example of the latter.

2 Chapter Organization

The present chapter focuses on personalization in B2C e-commerce and attempts to
provide the reader with an overview of that work. In the following we will describe
the main personalization techniques which have been applied to customize appear-
ance and functionality of e-commerce Web sites to the individual customer. In order
to provide the reader with a complete view on the topic, showing what could be done
and what has been done in practice, we will consider both research prototypes and
commercial systems. It should be noticed that:� The former offer advanced interaction and personalizationfeatures, but they are

usually developed as “closed” systems, which embed proprietary customer and
product databases. Thus, they fail to support a seamless integration with the ap-
plications broadly used by vendors to manage their businessactivities.� The latter are complete systems, supporting the managementof product cata-
log, stock, orders and payments. These systems typically log the operations per-
formed by the users on the Web sites. Moreover, they offer tools to analize the
customer behavior. However, they usually support rather simple personalization
features to assist the users during the navigation of the product catalog and to
tailor the interaction style to individual needs.

In the remainder of this chapter, Section 3 describes the benefits of personalization
in B2C e-commerce, as they have been perceived by retailers and consumers along
the years. Section 4 provides some background concepts about personalization and
adaptation. Section 5 discusses some perspectives on the management of one-to-one
interaction with the customer, describing some of the most well-known e-business
infrastructures and some prototype level e-commerce systems which offer advanced
personalization techniques. That section ends with a briefdiscussion about Customer
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Relationship Management and mass customization. Section 6describes some emerg-
ing trends in e-commerce applications and discusses which personalization perspec-
tives are becoming important and which adaptation techniques are being developed
to achieve such personalization goals. Section 7 closes this chapter, by presenting
some future perspectives.

3 Benefits of Personalization in E-Commerce

Personalization strategies have attracted the attention of marketing researchers since
about 1990, but their value has deeply changed along the years. Initially, online re-
tailers aimed at extending B2C Web sites in order to show thatthey recognized the
current user (by means of personalized greetings) and to support the personalized
recommendation ofoff-the-shelfgoods. This goal was based on the assumption that
a Web site offering a one-to-one kind of interaction would bepreferred to an anony-
mous one.

About 10 years later, the excitement was weaker because there was some evi-
dence that the personalized suggestion of items, taken as a single feature, did not
improve revenue enough to cover its costs, at least in small companies.3 For in-
stance, in 2003, Jupiter Research released a study according to which only 14% of
consumers declared that a personalized Web site would lead them to buy more often
from online stores; moreover, only 8% said that personalization made them more apt
to visit news, entertainment and content sites more frequently. In contrast, 54% of
respondents cited fast loading pages and 52% cited improvednavigation as greater
incentives [81, 64].

However, the interest in personalization is growing again.For instance, in 2005
ChoiceStream Inc. published an analysis according to whichabout 80% of customers
declare to be interested in receiving personalized content, although several people are
concerned with sharing personal information with vendors [49]. Moreover, according
to the study “Horizons: Benchmarks for 2004, Forecasts for 2005”, released in 2005
by consultants BearingPoint Inc. and the National Retail Federation, 48% of retailers
placed personalization high in the list of technologies they would concentrate during
2005.

This growing interest in personalization is mainly due to the increasing demand
for Customer-Centric services, which can flexibly react to dynamically changing
market requirements [86]. This is a new perspective for Customer Relationship Man-
agement (CRM), which aims at improving customers’ loyalty by managing, as de-
scribed by Lynn Harvey (Patricia Seybold Group), “a ‘ME-and-YOU’ relationship
building activity that’s focused on companies getting to recognize, understand and
ultimately serve their customers” [134].

The Customer-Centric CRM perspective includes the provision of features such
as the personalized recommendation of items, but does not limit the offered services3 Neverthless, some surveys reported optimistic data about Web personalization effects; e.g.,

see [148].
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to this aspect. The idea is that the cost of a CRM solution supporting the storage
and analysis of customer information can be balanced by various benefits, among
which the availability of knowledge supporting the design of new products matching
market trends and a substantial reduction in overhead costs.

While the former aspect is clear, the latter deserves further comments: currently,
online retailers benefit from the pervasiveness of e-commerce because they can keep
in contact with their customers by means of multiple channels, such as e-mail, Web
sites, call centers, physical stores, and so forth. However, all those channels col-
lect large amounts of possibly redundant information, represented in heterogeneous
formats. Moreover, customer data continuously change; forinstance, people change
address and job, they get married, etc., and these changes may influence their needs
and interests. As a result, retailers have concrete difficulties in merging the available
information and in keeping it updated. Some negative effects follow:� The lack of data integration and synchronization prevents vendors from effec-

tively exploiting customer information to promote their products and services.
For instance, electronic and paper brochures are often delivered to an undiffer-
entiated population, instead of mailing them only to the target customer base of
products. The most evident consequences of this problem arehigh delivery costs
and possible junk mail effect on recipients [134, 65, 53].� Retailers are forced to sustain costs caused by corrupted data; e.g., they often
deliver goods to obsolete addresses and they produce wrong bills.� The lack of tools supporting the analysis of customers’ browsing behavior (e.g.,
shopping cart abandonment) does not enable vendors to collect feedback useful
to redesign and optimize their Web sites [70].

In order to face these challenges, some Customer Data Integration (CDI) services
are being developed as process neutral modules that can be embedded in complex
e-commerce systems to feed operational business processeswith reliable customer
information. CDI services typically support the fusion of customer data collected
from multiple channels and the unified analysis of information data. Besides depict-
ing the situation of an online store in real time, CDI services support the identifica-
tion of market trends, of successful and unsuccessful products, the segmentation of
the customer base and also the definition of business rules supporting the provision
of services targeted to specific market segments. Thus, personalization comes into
play again, but this time it is supported by vital business requirements smoothing the
impact of its cost.

4 Background

4.1 Adaptability and Adaptivity

The goal of this section is to clarify the main terms of our discussion; to this purpose,
we first report the distinction betweenadaptablesystems andadaptiveones [114].
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tomizes the system to receive a personalized service.� In adaptivesystems, the adaptation is autonomously performed by the system,
without direct user intervention.

Adaptable systems enable the user to customize several parameters by choosing the
preferred values (e.g., background color and language to beapplied in the User Inter-
face). Moreover, some systems enable the user to restrict the features she is interested
in. For example, as the Amazon.com retailer has now become a very large Web store,
it enables the user to restrict the store catalog by selecting her “favorite stores” (e.g.,
Music, Electronics, Kitchen & Housewares, etc.); after theuser has selected her pre-
ferred categories (stores) the system displays them at the top of the category list for
easy access to the most interesting product types.

Although adaptability and adaptivity may co-exist within the same system, the
former is a simpler feature and is based on standard system configuration techniques
largely applied in interactive and batch software applications. In this chapter we thus
address adaptivity, extensively discussed by Brusilovskyin [36, 37] and by Kobsa et
al. in [91], and we focus on those aspects that are relevant toe-commerce applica-
tions.

4.2 Target Factors for Adaptivity

The adaptation of a system may be based on three main categories of information:

1. Information about the user.
The type of information to be taken into account depends on the application
domain. In several domains, the following user features have been considered:
socio/demographic data (e.g., age, gender, job); knowledge and skills; interests
and preferences; specific needs; objectives and goals; see [91] for details. In B2C
e-commerce, the user is the end customer and the following types of information
may be considered:� Theuser’s knowledgeabout the domain concepts and the user’s skills (i.e.,

her “know how”) can be relevant in the sales of complex products and ser-
vices; e.g., computers, ADSL connections, and similar.� Theuser’s interests and preferencesusually refer to the categories of prod-
ucts and services sold in the online store, or to specific properties of such
products/services. For instance, interest in design versus technological as-
pects (if the store sells, e.g., hi-tech products), in hard rock versus pop music
(if the store sells MP3), in cultural-oriented travels versus sport or fitness-
oriented holidays (in case of a travel agency), and so forth.� The user’s needscan include different kinds of information. In particular,
the information about disability is important to offer accessible services to
impaired people.� Finally, theuser’s goalsrepresent the information that is most closely related
to the specific application domain; for this reason, goals can assume rather
different meanings. For example, an e-commerce system should take into
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account whether the user is buying something for herself or apresent for
somebody else; a mobile guide might consider whether the user is traveling
for business or for pleasure; an online shop assistant mighthelp the user
to find the less expensive solution, or the most reliable one,or to balance
conflicting requirements.

Although most adaptive systems only consider individual users, in some appli-
cation scenarios more than one user has to be taken into account at the same
time. For example, some recommender systems tailor their suggestions to possi-
bly heterogeneous user groups, such as some tourists traveling together [20], or
a family watching TV [103, 15]. For a detailed discussion about group recom-
mendation, see Chapter 20 of this book [79].

2. Information about the device used to interact with the system.
The customer can access an online store by using a desktop PC,a laptop, a
mobile phone, a PDA, an on-board device, or other. Every device has different
characteristics, with respect to screen size, computationand memory capabil-
ities, I/O mechanism (keyboard, touchscreen, speech, ...), type of connection,
bandwidth, and so forth. These aspects have been classified asenvironment data
by Kobsa et al. in [91].

3. Information about the context of use.
The user can interact with the online store in different situations, e.g., at home,
while sitting in a train, walking or driving, or during a meeting. Thecontext
category, analyzed in detail by Dey, Abowd and Mynatt in [2, 56], is very broad
and it is difficult to find a unique definition. Although almosteverything can be
considered ascontext of use, for simplicity, we split this category into two main
aspects: thephysical contextand thesocial context.� The physical contextincludes the user location and information about the

environment conditions, including light, noise, temperature, time of the con-
nection, walking/driving speed, and other similar features.� Thesocial contextis much more difficult to define and very few applications
take it into account. This element, considered in a broad sense, can include
features like the social community or group the user belongsto, the task she
is performing and the relation with people close to her whileshe is interact-
ing with the service.

Many researchers include information about the user and thedevice within the no-
tion of context. In this chapter, we use the termcontextin the restricted meaning
of context of use, including the features mentioned in item 3 above, and leaving the
user’s characteristics and the type of device employed to access the system as sepa-
rate categories.

4.3 Phases in the Adaptation Process

Kobsa et al. [91] identify three phases in the adaptation process:acquisition, repre-
sentation/inference, and production.
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1. Theacquisitionof data about the user, device, and context of use can be sup-
ported by the user or automatically performed by the system.In the first method,
usually applied when the unobtrusive collection of data is not feasible or con-
venient, the user is asked to execute some action, typicallyto fill in a form.
The second method relies on the application of intelligent inference techniques
(e.g., machine learning, plan recognition, and stereotypereasoning) to acquire
information about the user by analyzing her behavior. Advanced technological
devices (e.g., sensors, GPS for user location, or on-board equipment for driving
speed) may be employed to monitor the user’s behavior and to acquire device
and context variables.

2. Section 5 briefly presents and discusses the methodologies that can be applied
in the second phase, forrepresentation and inference. A detailed analysis can be
found in [36, 37, 91].

3. As far as theproductionof the adaptation is concerned, it is interesting to specify
what is adaptedandhow. With respect to this criterion, we consider three main
broad adaptation features:� The first one is thesuggestion of the product/service, often described ascon-

tent recommendation. The system may play the role of arecommender, sug-
gesting products and/or services tailored to the user, to the device she is
using, and to context features; see Chapter 13 of this book [38]. Moreover, if
the online store sells complex products or services, the system can actively
guide the customer in the configuration of an item satisfyingparticular needs
and preferences. See Chapters 9 [139], 10 [119], 11 [142] and12 [40] of this
book for details about recommendation techniques. See alsoSection 5.7 for
a discussion about product configuration.� The presentation of the product/service. Orthogonally to the provision of a
personalized recommendation feature, the system may tailor the presentation
of items to the user, device and context. For instance, the presentation may
use different media, such as written text, speech and pictures; moreover, it
may adopt different presentation styles (verbose, synthetic, more or less de-
tailed, simple or technical). The system may also personalize the kind of
information about products and services it presents, as well as the presenta-
tion style, in order to satisfy different decision-making styles in the selection
of products and services. For example, Popp and Lödel [125]apply stereo-
typical reasoning [132] about customers to recommend products satisfying
typical buying preferences.� The user interface(sometimes referred asstructure) may be personalized as
well. For instance, the layout, including information and navigation struc-
tures, can be modified according to various conditions, including the user’s
preferences, the limitations of the device and the environment.

Before addressing these adaptation features in detail, it is worth listing some addi-
tional aspects, which will not be further discussed in the present chapter. In the first
place, the adaptation strategies which will be discussed inrelation with e-commerce
systems can be applied to a closely related field, i.e., the personalization of Web
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advertisements; e.g., see [95, 22, 84]. Second, three issues, strictly related to the
adaptation of the user interface (and partially of the presentation), are addressed in
the related work about Human Computer Interaction. Such issues concern the acces-
sibility for users with special needs, virtual reality userinterfaces, and usability and
design guidelines.� Accessibility.As discussed in Section 6, the adaptation of the presentation and

of the user interface can be based not only on the usage context and on the char-
acteristics of the device, but also on individual user needsand preferences. This
kind of adaptation extends the accessibility to people withspecial needs and has
been addressed by several researchers; among others, see [61, 102, 133, 29].� Virtual Reality user interfaces. Most Web-based user interfaces for e-commerce
systems are based on a traditional 2D model. However, some researchers point
out that the user experience during the interaction with an online store should
be as similar as possible to the real world shopping experience. In this perspec-
tive, some authors, such as Chittaro and Ranon, propose a 3D user interface that
enables the user to explore a virtual reality environment representing a physical
store; see [47] and Chapter 14 of this book [48]. The main goalis to satisfy the
needs of those customers that have an emotional style of buying and to enable
them to perform natural shopping actions.� Usability.Regardless of which type of user interface (mobile/traditional, 2D/3D)
is offered, an e-commerce system should be usable. Web site usability is a wide
research area and a complete discussion of its main issues falls out of the scope
of this chapter. We only point out that usability is a prerequisite for the success
of an e-commerce site; if the user encounters difficulties innavigating the site,
in finding information about products, or in managing her purchases, she might
abandon the Web store. Therefore, user interfaces for e-commerce sites should
be carefully designed following usability guidelines; see, for instance, the guide-
lines published by Serco Ltd4 and the article by Tilson et al. [150]. Moreover, as
discussed by Benyon in [27], the adaptation of the user interface should improve
the usability of the Web site in order to be useful. Therefore, adaptation strate-
gies should be designed and implemented having usability guidelines in mind.
For a thorough discussion about this topic, see Gena’s survey about usability in
adaptive systems [66] and Chapter 24 of this book [67]. Finally, Alpert et al.
point out that usability guidelines and User-Centered Design should be seriously
considered when deciding which personalization techniques have to be included
in an adaptive system: according to the analysis reported in[7], it seems that the
users of the ibm.com Web site do not appreciate the attempts to infer their needs
and goals; indeed, those users prefer to be in full control ofinteraction with the
system.4 www.usability.serco.com/research/research.htm
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5 Perspectives on E-Commerce Personalization

5.1 Personalization Features in Commercial Merchant Systems

Along the last ten years, several infrastructures have beendeveloped to facilitate
the creation and management of electronic catalogs. For instance, BroadVision [35],
Blue Martini Retail [33], Netscape Merchant [111], Microsoft Merchant System
[13, 41] and IBM WebSphere Commerce [75] have been employed worldwide by
enterprises to create e-commerce portals.

One of the main issues to be solved to enable a broad adoption of e-commerce
infrastructures is the provision of transactional, secureservices and the integration
with legacy software that enterprises still use for doing business. All the mentioned
systems are strongly focused on these aspects, at the expense of personalization,
which they only partially support. However, maintaining a one-to-one relationship
with the customer is recognized to be critical to the successof an e-commerce Web
site (see Section 5.6); therefore, these systems offer somebasic personalization fea-
tures, mainly concerning the recommendation of products. For example, they support
the long-term identification of customers, based on the assignment of identifiers, and
the storage of purchase lists, as well as the possibility to track and log each cus-
tomer’s navigation actions. In some cases (e.g., WebSphereCommerce), they allow
to define user groups, on the basis of common behavior patterns automatically de-
tected by analysis tools. Moreover, they enable Web store administrators to define
simple business rules that can be applied to promote products and propose special
offers and discounts, on the basis of the products selected by the customers and/or
the visited catalog pages. The discovery of behavior patterns is based on the adoption
of knowledge discovery techniques developed in the data mining research area; e.g.,
see the book by Agrawal et al. [4] and Pierrakos et al.’s survey about Web personal-
ization [122].

As BroadVision seems to be the most successful system, amongthe cited ones,
we will briefly describe some of its features. BroadVision focuses the attention on
two personalization strategies.� In thepushapproach, the system is pro-active and it guides the user by recom-

mending information and access to applications and features.� In thepull approach, the system relies on the user who requests information and
features and it handles the user’s requests in a personalized way.� Moreover, BroadVision offers thequalifier matchingas a filtering strategy, al-
lowing companies to target the delivery of content, the access to applications,
and different navigation paths to individual visitors and groups by using quali-
fiers that match appropriate content and capabilities.

If the company has less complex personalization goals, therule-based matchingcan
be used. This technique consists of IF/THEN, AND/OR statements to tell the system
that it should take certain actions if the Web site visitor meets certain conditions. The
actions result in displaying content or granting the accessto a part of the site. The
business rules depend on the retailer’s goals and may be verysimple; for example,
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a typical rule triggers the generation of electronic coupons (based on previous pur-
chases) that are sent by e-mail to each customer who has not purchased goods for a
while. Of course, the underlying activity carried out by thesystem in order to choose
the rules to be applied along time is very complex, but the Webstore administrator
does not need to consider it.

It should be noticed that, although the services offered by BroadVision support
limited personalization, the wide adoption of this system by e-commerce Web sites
and by the enterprise can be explained on the technical side.In fact, the applica-
tion is built on top of standard technologies such as the JavaJ2EE [146] and rela-
tional databases, which run on Linux, Windows and Solaris platforms, and exist in
both commercial environments (such as IBM WebSphere [76] and Oracle [115]), and
Open Source distributions (e.g., JBoss Application Server[80]). Therefore, Broad-
Vision guarantees important robustness and scalability features that cannot be ne-
glected in a commercial Web site. Moreover, the system can interoperate in a rela-
tively seamless way with existing databases and legacy software already in use within
the enterprise that wants to offer one-to-one interaction with its own customers.

Notice also that, while most merchant systems were initially proposed as pro-
prietary solutions, the current trend is to offer pluggablesolutions, which can be
seamlessly embedded in the retailer’s systems. For instance, WebSphere offers both
the suite WebSphere Commerce, supporting the development of a complete B2C e-
commerce Web site, and a Customer Data Integration service (WebSphere Customer
Center [53]), which enables online retailers to extend their own Web sites with data
collection and analysis capabilities.

5.2 Personalized Recommendation of Products

Section 5.1 shows that the main adaptive feature offered by commercial merchant
systems is the provision of personalized product recommendations, depending on
the customer’s behavior but based on relatively simple techniques, such as business
rules. The question is therefore whether other techniques could be applied, within
such systems, in order to enhance their recommendation capabilities, starting from a
detailed analysis of the individual customer. In the following, we describe the most
popular techniques developed to assist the customer in the selection of items suiting
her preferences. In Section 5.7, we will introduce the broader area ofmass customiza-
tion, which concerns the sales of customized products at mass-production costs and
relies on intelligent techniques for thedesignof personalized products meeting the
customer’s requirements.

Generalized Recommendation Techniques.

Various researchers have proposed to support the selectionof products in different
ways. For instance:� In some cases, an interactive approach is adopted, enablingthe customer to

search for products according to her own selection criteria. For instance, Sacco
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Fig. 1.Personalized recommendation of products in Amazon.com

[135] proposes to utilizedynamic taxonomies, defined by interacting with the
system, to classify items and progressively reduce the search space, until the cus-
tomer isolates a small set of products, which can be comparedin detail. The idea
is that the electronic catalog should not try to identify thecustomer’s preferences,
as she knows them in detail and she can manage the search on herown, if assisted
by a search tool. In the same spirit, Pu et al. propose to enable the customer to
specify hard and soft constraints to be satisfied by the solution [128]. In this case,
the system proposes suboptimal solutions, which can be criticized and refined in
an interactive way, until the customer is satisfied. For moredetails about the re-
search on “critiquing” see also the work by Burke [39] and by McCarthy and
colleagues [105].� Several e-commerce Web sites also offer additional recommendation features
based on data about general customer behavior. For instance, Amazon.com [8]
offers a recommendation feature based on the items already bought by the cus-
tomer (see Figure 1). Moreover, it offers thecustomers who boughtfeature (see
Figure 2), available in the customer’s shopping cart, to inform her about other
items purchased by the customers who bought the same items she has selected.
Other Web sites offer thesimilar itemsor thecorrelated itemsfeatures to sug-
gest items closely related to those in the shopping cart. Fora summary about
recommendation techniques in e-commerce Web sites, see thesurvey by Schafer
et al. [140]. Moreover, see [21] for another interesting perspective on customer
behavior analysis: given the importance of users evaluations in the selection of
products, Avery et al. propose a model to support a market forevaluations, i.e.,
“a mechanism for eliciting, sharing, and paying for information”, which can be a
valuable source of information for personalized recommendation.� In other cases, inference techniques have been applied to elicit information about
the user’s preferences or to unobtrusively acquire them on the basis of the user’s
behavior, in order to identify and recommend the most promising items. See
below for details.
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Fig. 2. Customers who boughtfeature in Amazon.com

Personalized Recommendation Techniques.

In the User Modeling research, the acquisition of information about user preferences
has received a relevant amount of attention and various techniques have been de-
veloped to personalize the recommendation of items. Two main approaches have
been introduced:5 content-based recommendationsuggests the most suitable items
for the customer by relying on information about her preferences (interests) and
on a description of the item features.Social recommendationtechniques employ
the preferences of customers similar to the current one for the suggestion; see
[131, 60, 104, 39] for an overview of the topic. Specifically,the most well-known
techniques that have been developed arecontent-based filteringandcollaborative
filtering:� Content-based filtering recommends goods having properties similar to those of

the products that the customer selected in the past; e.g., see [31] and Chapter 10
of this book [119].� Collaborative filtering is a social recommendation technique; the suggestion of
goods is based on the identification of customers similar to the current one and on
the suggestion of the items which were appreciated by such customers. Similar
customers are identified by analyzing the ranks produced by the whole customer
base and the idea is that, if a customer similar to the currentone liked a certain
item, the current customer will probably like it as well; seeChapter 9 of this book
[139].

The two techniques have different positive and negative aspects (see also the discus-
sion in Chapter 12 of this book [40]). For instance:� Content-based filtering is based on a classification of items, manually or automat-

ically derived from a specification of their features. By applying this technique,
new items can be successfully recommended, if a certain amount of information5 Burke makes a slightly different distinction in Chapter 12 [40] of this book.
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about their features is available. However, the individualcustomer has to be mon-
itored for a while before successfully recommending items;moreover, content-
based recommender systems tend to suggest items similar to one another, at the
expense of variety. Furthermore, the accuracy in the recommendations down-
grades if there are too many item features to be considered.� Collaborative filtering does not require detailed knowledge about the items to be
recommended, but it is subject to bootstrapping problems. For instance, the rec-
ommender is not able to handle items until they have been ranked by a minimum
number of customers; moreover, the recommendation capabilities are poor if the
matrix storing the product ranks is sparse, because in that case it is difficult to
identify customers having tastes similar to those of the current one. Finally, as
noticed by Linden et al. in [98], the comparison of ranks produced by customers
is very heavy in the case of Web sites, such as Amazon.com, visited by millions
of users every day. At the same time, any attempt to reduce thecomplexity of the
algorithm downgrades the accuracy of the recommendations.

Various solutions have been adopted to overcome the drawbacks and limitations of
these techniques:� Hybrid recommender systems have been developed to enhance the accuracy in

the recommendations. For example, in the FAB recommender system [23] and
in the PTV Electronic Program Guide [116], content-based and collaborative fil-
tering are combined to support high-quality recommendations in the presence
of new products and to enrich the variability in the suggestions generated by the
system. As Burke discusses in Chapter 12 of this book [40], hybrid recommender
systems have also been developed to integrate much more heterogeneous recom-
mendation techniques with the aim of combining complementary types of infor-
mation about the user in the preference acquisition process. For instance, some
systems rely on a combination of Naive Bayes classifiers, Bayesian networks,
case-based reasoning, demographic information, and fuzzyclassifiers to perform
content-based product recommendation; e.g., see [161], [15] and the survey in
[39].� Lightweight recommendation algorithms have been developed to solve scala-
bility issues in heavy-loaded recommender systems. Specifically, collaborative
filtering has evolved to theitem-to-item collaborative filtering, which computes
the similarity among items (instead of customers) in order to recommend items
similar to those the customer liked in the past. This algorithm operates on items;
thus, its performance does not depend on the number of users accessing the Web
site. See [138] for details.

The selection of the recommendation techniques to be adopted in a Web site de-
pends on the characteristics of the application domain. Forinstance, item-to-item
collaborative filtering is particularly suitable for e-commerce sites having relatively
stable product catalogs because the ranks may be collected along time. However,
other knowledge-based techniques, such as those developedfor content-based fil-
tering, might be convenient when the pool of items to be considered changes very
frequently.
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Fig. 3. Recommendation based on customer’s owned items in Amazon.com

Before concluding this section, it is worth mentioning the importance of trans-
parency and explanation to enhance the customer’s trust in arecommender system.
In fact, having received the system’s suggestions, the customer should be enabled
to deeply understand the content of the electronic catalog in order to make an in-
formed decision. As a thorough discussion about this topic would lead us far away
from the focus of this chapter, we only mention that rather different perspectives
on the generalusefulnessand trust issues have been proposed. For example, Her-
locker et al. [73] propose to explain recommendations by presenting evidence about
the ratings of items provided by people whose purchase histories are similar to the
customer’s one, or by relying on the rate of good recommendations produced by the
system during previous interactions with the same user (a sort of reputationgained
by the recommender). Similarly, Amazon.com explains its own recommendations by
means of two main features: if the customer has placed some items in her shopping
cart, the system may support the recommendations by means ofthecustomers who
boughtfeatures, discussed in Section 5.2 (see Figure 2). Moreover, if the customer
has specified some of the items she already owns, the system may refer to such items
in the personalized suggestions; Figure 3 shows a portion ofthe recommendation list



16 Anna Goy et al.

in the music category for Liliana Ardissono, who owns Tati byEnrico Rava and has
rated that disk very high.

5.3 Customer Information Sharing

Regardless of the technique applied within the recommendersystem, precise infor-
mation about the individual customer’s preferences can only be obtained by observ-
ing her behavior for a certain amount of time. Therefore, a delay occurs before the
system is able to adapt the interaction to her. This latency issue has been recognized
in various application domains and some researchers have proposed to share user in-
formation between applications in order to enhance their personalization capabilities.
For instance, see the Personis user modeling server developed by Kay et al. [83], the
survey about User Modeling Servers by Kobsa ([87], Chapter 4of this book [89]),
and the survey about recommender systems in e-commerce by Schafer et al. [140].
To provide a simple example, two book sellers might share theuser models describ-
ing their customers in order to increase the knowledge aboutthe common customers
and to extend the set of visitors they can handle as known ones.

In commercial applications, broad initiatives have been proposed to support the
identification of customers across services; for instance,the Liberty Alliance project
[97] grants passports representing universal identifiers associated to users across ap-
plications. Although the passport is the enabling technology to support customer
information sharing, several issues have to be addressed before customer data can be
safely shared by service providers. For example:� Information sharing has to be controlled in order to respectthe customer’s privacy

preferences, which may be rather articulated. For details about this issue, see
Chapter 21 of this book [90], [88, 92] and [158].� The mutual trust between service providers has to be assessed in order to control
the propagation of data. This is important to guarantee thatdata is not shared
with untrusted competitors, or with service providers who would misuse it. See
[14] for a preliminary proposal in this direction.

5.4 Personalized Presentation of Information about Products

Some efforts have been devoted to enrich electronic catalogs with the generation
of personalized product descriptions. In the proposed systems, the presentations are
generated “on the fly” and tailored to the individual customer’s interests and prefer-
ences; see Chapter 13 of this book [38] for a detailed survey of personalized presen-
tation techniques. The personalized generation of productdescriptions is based on
a declarative representation of the product features and onthe adoption of customer
preference acquisition techniques that can be employed, atthe same time, to recom-
mend the most promising items and to highlight their features accordingly. Different
approaches have been developed. For instance:� Jameson et al. [78, 110] propose to present evaluation-oriented information about

goods in order to convince the customer to purchase a certainproduct. The idea
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is to simulate the behavior of a clerk (e.g., a car seller), who would highlight the
product properties having the highest probability to impress the customer. For in-
stance, while presenting a car, a human clerk might focus on information such as
the safety and economicity, or on different properties, such as the speed, depend-
ing on the customer’s priorities. In general, the idea is to provide the customer
with a high-level view of the product which satisfies her information needs and
highlights the most promising product characteristics.� Building on Jameson et al.’s interaction model, André and Rist [11] generate
multimedia product presentations where animated characters, each one interested
in different product properties, criticize products and discuss with one another
about their properties.� Ardissono et al. propose to distinguish thedirect userinteracting with the system
from the indirect userson behalf of whom the user is operating. In the SeTA
system [17], multiple beneficiaries are modeled in order to manage the B2C sce-
narios where expert Internet users may purchase goods on behalf of other people.
The system can thus dynamically generate product presentations targeted to the
direct user’s interests and expertise; however, the properties of items that make
them suitable to the beneficiary are highlighted in order to help the customer in
the evaluation of products from the perspective of the person who is going to
receive them [19].

In the following, we present the approach adopted in the SeTAsystem in some detail.
See the work by Milosavljevic for another initiative concerning the dynamic genera-
tion of electronic encyclopedia entries [108]. Moreover, see the article by McKeown
[107] for details about a seminal work on tailoring the presentation of information to
the individual user.

5.5 A Case Study: the SeTA System

The SeTA system [17, 19] manages a product catalog that is dynamically generated
while the customer browses it, in order to produce highly personalized product pre-
sentations. As already discussed, the system tailors the recommendation of items,
which is managed by sorting items on a suitability basis, to the preferences of their
beneficiary. Moreover, the system tailors the presentationof items to the character-
istics of the direct user, in order to meet individual information needs. The separate
management of direct user and beneficiary is achieved as follows:� The system handles an individual user model describing the direct user. More-

over, it enables the user to describe the main characteristics of the beneficiary of
the items she is looking for. The model of the direct user is acquired by eliciting
some information about herself and by monitoring her navigation behavior. The
models of the indirect users are initialized by applying stereotypical information
about user classes; see [132] and [17].� Each user model includes demographic data about the described person (e.g.,
her age and job), and information about her preferences for products (e.g., she
prefers technological products). Moreover, the model of the user interacting with
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Fig. 4. Product presentation generated by the SeTA system

the system includes information about her features, such asher receptivity (i.e.,
the amount of information she can elaborate) and interest indifferent kinds of
information about products (e.g., technical details or aesthetic information).

Figure 4 shows a typical product presentation page generated by the SeTA system.
The page is structured in various portions that enable the direct user to browse the
catalog, view the shopping cart, examine a particular item (the “Scriba Compact 401”
fax-phone with answering machine), and so forth. Each item is presented by showing
a picture, the price, and a description section which provides the user with detailed
information. The description section is organized in two parts:

1. A prologue summarizes the main properties of the item in order to help the cus-
tomer in the identification of the most promising products before viewing their
details. For instance, in Figure 4, the “Scriba Compact 401”product is described
by means of qualitative adjectives such as nice, portable and easy to use. These
adjectives correspond to the properties of the item that make it particularly suit-
able for the beneficiary (in that case, the direct user).

2. A list reporting the most interesting technical and non technical features (e.g.,
size of the item, format of paper used to print out documents,available colors,
and similar), ended by amore informationlink, that enables the user to view the
complete product description.
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Fig. 5. Detail of product presentation generated by the SeTA system

The summaries and the detailed descriptions are tailored tothe direct user: the num-
ber of features listed in the page depends on her receptivityand the descriptions are
more or less technical, depending on her expertise about theproducts of the catalog.
Figures 4 and 5 describe the same item, but they are tailored,respectively, to a non
expert and to an expert user; the two pages show different lists of features of the
presented item; moreover, the former page is non technical,while the latter has a
more synthetic and technical style. The product descriptions are produced by apply-
ing canned text natural language generation techniques supporting a fast generation
of correct sentences. See [16] for details.

The selection of the features to be shown in the main portion of the page is aimed
at reducing the information overload on the user and at focusing on the most inter-
esting aspects of the product, leaving other details available on demand. Two factors
are taken into account in the presentation of features: on the one hand, the catalog
should mirror the (direct) user’s interests, in order to provide her with relevant in-
formation. On the other hand, the vendor might want to guarantee that certain pieces
of information are always presented. In order to take these two factors into account,
each product feature is given an importance value, defined atWeb store configuration
time, which specifies whether it is a mandatory piece of information for the product
category or not (e.g., price is mandatory for all products).Moreover, each feature is
classified in a typology (technical, aesthetic, etc.) corresponding to some user inter-
est types. During the interaction, the importance of each product feature is combined
with the user’s interests, in order to select the set of features to be shown in the main
page and to filter out those to be made available on demand. In this way, the man-
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ager of the electronic catalog can impose constraints on thepresentation of strategic
or mandatory data; moreover, the customer is shown the most interesting features,
from her point of view. For transparency purposes, the customer is always allowed to
access complete information about products, by followingmore informationlinks.

In addition to the personalized presentation of products, SeTA supports the gen-
eration of personal views of the catalog by providing interactive functions. One of
the most interesting ones is the generation of a customized compare table (see button
in the lower portion of the page in Figures 4 and 5), which enables the user to select
the products and the properties or features to be consideredin the comparison. This
table enables the customer to evaluate products on the basisof the aspects most im-
portant to her. Moreover, it is an excellent source of information for user modeling
because it enables the system to unobtrusively identify thecustomer’s priorities.

The experience gained in the development of SeTA was very interesting, es-
pecially because it highlighted positive and negative aspects which we believe are
common to many Adaptive Hypermedia systems. On the one hand,the adoption of
advanced user modeling and dynamic content generation techniques, together with
personalized recommendation mechanisms, supported the generation of electronic
catalogs meeting individual user needs with high accuracy.The experiments which
were carried out in laboratory tests proved that the users were happy about the pre-
sentations and suggestions they received and some of them were particularly inter-
ested in the interactive features offered by the system, such as the personalized com-
pare tables. The positive evaluation received by the personalization features of the
SeTA system suggested that adaptivity can effectively improve the user interaction
in an e-commerce Web site and encouraged us to continue the investigation of the
benefits of personalization in such systems.

On the other hand, the major obstacle to a real-world exploitation of SeTA was
the knowledge intensive approach supporting the system adaptation. This effort may
discourage the Web store designer, who is responsible for the introduction of de-
tailed information about the characteristics of customersand products that have to
be modeled. In most cases, the problem is not related to the amount of information
to be provided, but to the conceptual effort imposed on somebody who is expert in
the sales domain, but not necessarily familiar with knowledge bases and ontologies.
Moreover, the designer often has problems in understandingthe relation between the
domain knowledge introduced at Web store configuration timeand the adaptation
effects achieved at run time. These difficulties, related tothe knowledge acquisi-
tion process, could be mitigated by approaches aimed at supporting the knowledge
engineer at different levels. For instance, natural language processing and informa-
tion extraction techniques may be employed to automatically extract information
about products, starting from the available documentation[5, 50]. These approaches,
coupled with the current work on the automatic acquisition of ontologies (see, e.g.,
[113, 6]), promise to address the knowledge-based design issue in an effective way.
Thus, the work to be carried out by the Web store designer can be dramatically re-
duced.
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5.6 Customer-Centric CRM - Advanced Personalization in B2CE-Commerce

In the last decade, Customer Relationship Management (CRM)has become a key-
word for the enterprise marketing strategies, i.e., the Customer Relationship Man-
agement (CRM). The business model underlying CRM is defined as being customer-
centered, instead of product-centered, and can be viewed asa business strategy that
enables a company to implement, manage and keep long-term relationships with its
customers. Obviously, the ultimate goal of any company is still to increase its prof-
its, but the new idea is that this economic advantage can be reached by increasing
customer loyalty, rather than gaining market share throughthe acquisition of new
customers. This principle could be rephrased as “They [marketers] aim not to find
customers for their products and services but to find products and services for their
customers” [69]. Indeed, the principle represents the coreidea of the milestone book
by Peppers and Rogers [120], that introduces the idea ofshare of customer, replac-
ing the traditionalshare of market. However, customer loyalty implies long-term
relationships, that are based on customer satisfaction [130, 160]; in turn, customer
satisfaction can be achieved by offering products and services fitting the customer’s
needs and desires and by supporting an individual and personalized interaction. In
this perspective, the relationship between the company andits customers becomes
one-to-one; the company takes care of any single customer, and it takes her indi-
vidual needs and preferences into account in order to managepersonalized dialogs
and to offer tailored solutions. For these reasons, different from traditional market-
ing strategies, CRM requires a bi-directional, interactive form of communication be-
tween company and customer.

The inclusion of adaptation and personalization techniques in an e-commerce site
could support CRM in various directions. In the first place, information about the
behavior of a large number of customers can be automaticallycollected and stored.
That information can then be further analyzed by data warehousing and CRM tools
[85] in order to supportcross-sellingandup-sellingoperations6. Moreover, the tech-
niques supporting a personalized interaction based on the management of individual
user models can play a key role, because they enable the e-commerce site to know
its customers at the individual level. Of course, each individual user model should
be dynamically updated, on the basis of the user’s behavior,in order to support the
adaptation to changing interests and needs. The idea is thatthe longer a customer
interacts with a company’s site, the more her user model is precise and accurately
reflects her needs. An accurate user model can then support the proposal of person-
alized offers to improve the customer’s loyalty and thus thecompany’s profit, in the
medium-long term.

Notice that, as Peppers and Rogers claim [121], human interaction is still critical
for most people when making decisions. In this perspective,personalization features6 Cross-sellingis the improvement of sales by offering a product or service complementary

with respect to the one the customer is interested in; e.g., proposing a printer when the
customer is looking for a PC.Up-sellingis the operation of selling a product/service having
higher quality and price with respect to the one the customeris interested in; e.g., presenting
a smart phone instead of a standard mobile.
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supporting one-to-one relationships can improve the feeling of a human-like interac-
tion, and they can contribute to improving the quality of thetechnology-mediated in-
teraction between customers and companies [32]. The shopping assistants proposed
by Krüger et al. are examples of systems that go in the same direction; these authors
describe Web agents aimed at “providing additional value tothe shopping experience
in the form of conversational dialogues, multimodal interaction, augmented reality,
and enhanced plan recognition” (Chapter 17 of this book [94]). A related idea is the
one by Pine and Gilmore [124], who claim that, in order to be more competitive,
companies will move from the provision of services to the provision of experiences.
This means providing the customer with asensation, supported by her active partic-
ipation in aneventthat can be personalized according to her needs and preferences,
thus improving the effectiveness of the experience itself.

One of the main applications of CRM principles ismass customization, which
aims at enhancing the flexibility of the production model in order to create prod-
ucts and/or services tailored to individual customer needs, while maintaining mass
production efficiency and costs. The importance of personalization within mass cus-
tomization processes is underlined by Gilmore and Pine [68]and is discussed in the
next section.

5.7 Mass Customization and the Recommendation of Complex Products and
Services

In the past, the mainstream of B2C e-commerce focused on the sales ofoff-the-
shelfgoods, such as books, and of products available in a fixed set of pre-configured
alternatives, such as phones available in different colorsand including or excluding
a small set of optionals. However, the manufacturing industry has recently moved
towards a more flexible production model, in order to meet an increasing need for
individual solutions at affordable costs.

Although enabling the customer to design her own products isvery challenging,
this possibility has been offered by several major firms, in order to satisfy customers
by providing them with very specific products. However, the availability of several
configurations would impose the production of an excessively large variety of alter-
natives. The termmass customizationhas been introduced to describe the solution
to this problem, i.e., the production of customized products at mass-production costs
[152]. The idea is to produce customized items within stableprocesses and struc-
tures, which enable the industry to reduce fashion risks andoverstock problems.

The customization of products is typically supported by thedevelopment of con-
figuration systems (e.g., see [77]) that enable the customerto generate solutions start-
ing from the specification of functional and aesthetic features. In some cases, e.g.,
as far as high-tech products are concerned, these systems are available in Web stores
and they enable the customer to remotely design products. Inother cases (e.g., in the
sales of garments and shoes), fit requirements impose a direct and physical contact
with the customer, in order to acquire detailed informationabout her; after the acqui-
sition of such information, the configuration activity can be performed online at any
time.
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Fig. 6.The miAdidas Web site

In the footwear industry, some major firms have adopted the mass customiza-
tion approach for the production of their goods. For instance, the “mi Adidas” pro-
gram (see Figure 6 and [3]) offers a foot scanning service available in selected stores
and at special events which enables the firm to store the customer’s measures and
produce shoes fitting her feet at any time. After the customer’s footprint has been
acquired, she can customize as many pairs of shoes as she wishes, by choosing fab-
ric, color, and other aesthetic features [28, 123]. The “mi Adidas” case suggests that
mass customization has the potential to enhance the relationship between customer
and vendor: once the customer has spent her time to specify personal preferences
and create her own product, she will likely reuse her profile when customizing other
products. However, as discussed by Berger and Piller in [28], “there is still only very
little understanding about the perception of choice and thejoy or burden of co-design
or configuration experienced by customers, who often have noclear knowledge of
what solution might correspond to their needs. At times these needs are not even ap-
parent to the customers. As a result, customers may experience uncertainty or even
perplexity during the design process”. As a matter of fact, the kind of choice offered
by online product customization services is usually limited because of two main rea-
sons:� On the one hand, the configuration of a product from scratch iscostly for the firm,

because it leads to an excessive amount of variability, and it might generate un-
desired outcomes spoiling the brand image. For instance, Berger and Piller [28]
report that Adidas prevented customers from designing unusual color definitions,
and similar considerations may hold for fit and quality aspects of products.
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tomer, if she does not have the required technical knowledge.

While the former issue can be addressed by introducing hard configuration con-
straints to reduce the solution space, the latter can be addressed by employing person-
alization techniques aimed at improving the quality of the interaction with the cus-
tomer during the configuration process. For instance, the customer could be greatly
helped in the design of her products if the configuration system supported the speci-
fication of high-level features corresponding to usage requirements; e.g., the reliabil-
ity, ease of use and robustness of a technological device. Inthis way, the configura-
tion system would act as an intelligent assistant masking the underlying configuration
settings.

The integration of personalization and configuration techniques has been exper-
imented in the CAWICOMS EU project [43] to support the development of user-
adaptive configuration systems customizing complex technological products and ser-
vices. As described by Ardissono et al. in [18], in the proposed framework an Intel-
ligent User Interface elicits the customer’s functional requirements, which are trans-
lated to technical constraints to be solved by a configuration engine. The acquisition
of the customer’s requirements is carried out in different steps, each one leading to a
restriction of the solution space, and the user is preventedfrom expressing inconsis-
tent preferences because, at each step, the admissible values for the product features
are suitably restricted. Starting from the industrial partners’ needs, the CAWICOMS
framework was exploited to develop a prototype configuration system supporting
sales engineers in the online configuration of IP/VPNs. However, the same tech-
niques could be used to support the customization of other products and services,
which challenge the customer with complex expertise requirements. For instance,
in the configuration of a loan, an automated assistant might guide the customer in
the selection of technical features matching family and income constraints, but also
features such as the flexibility of payments, risk assessment and so forth.

6 Context-aware Applications and Ubiquitous Computing

6.1 The New Scenario

Recently, the introduction on the market of mobile devices has lead to the idea of
ubiquitous computing, i.e., the possibility of accessing a service anytime, anywhere
and by means of different types of (mobile) devices. The services offered should
be tailored to the specific context of use, that is particularly significant if the user
is mobile, e.g. walking around a city or driving a car. The importance of providing
ubiquitous access to integrated services, and the consequent centrality of context
modeling and adaptation to context and device, are advocated by many authors, who
claim that ubiquitous computing will play a major role in thefuture of both academia
and company research labs; e.g., see [159, 34, 54] and Chapter 17 of this book [94].

This new scenario requires service providers to consider new adaptation fea-
tures, such as the user’s location, her traveling speed, theenvironment conditions
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(lightness, noise, etc.), and, especially, the characteristics of the increasing variety
of mobile devices used to access the services; see [136]. Besides, different interac-
tion conditions must be considered: the mobile user does notusually interact with
services for exploration purposes (as sometimes happens instandard Web interac-
tion), but she often has a precise goal, such as finding a specific piece of information.
Moreover, she is likely performing other activities in parallel, such as carrying a lug-
gage or listening to the announcement of a train arrival. These situations generate
additional constraints that have to be taken into account byubiquitous systems; see,
for instance, [159, 72, 96].

The number of applications which may be classified ascontext-awareis very
large and their presentation would lead our discussion out of the scope of this chap-
ter.7 However, we think that the most important aspect of context-aware applica-
tions is the possibility to integrate different adaptationstrategies, in order to con-
sider the user’s interests and needs, as well as context conditions and device specific
requirements (e.g., bandwidth and screen size). With respect to this issue, mobile
guides represent an excellent example of how adaptation cansupport the provi-
sion of ubiquitous services; see [93] and Chapter 17 of this book [94]. Since the
first example of a mobile guide, Cyberguide [1], many research prototypes (e.g.,
[155, 126, 9, 45, 127, 100, 26]), and commercial systems (e.g., [63, 151]) have been
developed. While car manufacturers offer more or less sophisticated on-board navi-
gation systems,8 research prototypes aim at offering ubiquitous services based on the
integration of different adaptation strategies enabled byheterogeneous technologies.

6.2 M-Commerce

Ubiquitous computing poses new challenges to e-commerce, as well. Recently, the
termm-commercehas been introduced to refer to commercial transactions performed
by using wireless devices; e.g., [51, 153, 154]. However, m-commerce has evolved
differently from traditional e-commerce; for instance, Stafford and Gillenson [144]
point out that, while the latter is mainly focused on supporting commercial transac-
tions, the former is more oriented towards offering an enhanced information access.
The authors highlight that this change could be due to the flopof the WAP proto-
col, that was explicitly designed to support transactions on wireless networks; after
the WAP failure, mobile devices gained a new role, by supporting product informa-
tion provision instead of business transactions. For example, the authors report that
in Japan there is a common practice, according to which customers retrieve infor-
mation about shopping choices by using iMode phones, but they place orders within
in-store self-service kiosks. In this perspective, m-commerce can be viewed as a sup-
port for actual e-commerce transactions, providing information and promotion. Other
possible exploitations of mobile devices to support e-commerce activities are digi-7 Chen and Kotz [44] provide an interesting survey of context-aware applications, and Dour-

ish [57] discusses the concept of context from different perspectives.8 A query on www.globalsources.com lists more than one hundred products under the cate-
gory “Car Navigation System”.
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tal wallets, push information services, and location-based services, like automatic
updates of travel reservations, and up-to-date information about on going events.

As discussed in [145], the most innovative aspect of m-commerce is the possi-
bility to utilize information about the user’s local context to tailor offers and sugges-
tions. The information about the user’s location, for instance, can be useful to provide
timely, relevant, and focused services. Moreover, her location provides rough infor-
mation about the physical context and the type of activity she is involved in; for
example, the user might be visiting a museum, or attending a concert, or driving on
a highway. Rao and Minakakis [129] list various business opportunities for location-
based services, ranging from adaptive maps and driving directions to the automatic
tracking of material, people, or products along the supply chain. Moreover, in Chap-
ter 17 of this book [94], Krüger et al. describe several mobile applications support-
ing the user during her shopping activity. Those applications are good examples of
context-aware, ubiquitous services, providing the customer with information about
products, guiding her around the (physical) store, suggesting personalized shopping
lists, and so forth.

Given all these opportunities, at the very beginning of the new millennium, many
researchers, service providers and mobile device vendors,had foreseen a great ex-
pansion of m-commerce, thinking that it would have soon beenthe main business
[59, 141]. However, the expansion of m-commerce has been much slower than ex-
pected, and the enthusiasm had to be put in perspective. There are various reasons
for this mismatch between expectations and reality. In the first place, mobile devices
are not very usable and they are still limited in processing power, bandwidth and
computational efficiency, I/O capabilities, etc., coupling high service costs with poor
quality of service. Moreover, the lack of standards and shared protocols represents
a serious obstacle to the provision of truly ubiquitous services. All these reasons to-
gether made the acceptance of mobile devices very low. Sarker and Wells [137] list
several factors that influence the adoption of mobile devices, and thus the fruition of
ubiquitous services, ranging from individual attitudes tocultural context, from the
quality of the technological support to the user’s goals. However, according to the
authors, the key factor is that, taking all these aspects into account, the use process
must result in a positive experience for the user.

6.3 Future Perspectives

From these considerations, it is clear that the ubiquitous/mobile access to services
poses new challenges to the design and development of e-commerce systems, and,
in particular, usability seems to be a key factor for its success. In fact, the traditional
user interfaces design methods, developed for desktop computers, cannot be applied
as they are to the development of user interfaces for mobile devices. New design
methods are required [62, 156, 96] and adaptation techniques are widely recognized
as key tools to handle the interaction in mobile user interfaces and to enhance the
usability of mobile and wireless services; see, e.g., [30, 143, 37, 72]. In this perspec-
tive, new features become relevant for the usability, ad henceforth for the adaptation;
for instance, the physical location of the user, but also environment conditions like
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noise, lightness, whether she is driving or walking, and thecharacteristics of the de-
vice she is using, as claimed, e.g., by Wahlster [159] and Hinz et al. [74], among the
others.

An important form of adaptation is the generation of productand service presen-
tations whose length is tailored to the screen size. Many systems adapt the quantity
of information presented to the size of the screen. For instance, the UbiquiTO sys-
tem [9] presents items at different levels of detail on the basis of the screen size
and of the user’s interests; to this purpose, the system applies adaptation rules which
support the selection of one out of four pre-stored versionsof the item descriptions
(long-essential, long-detailed, short-essential and short-detailed).

However, the most important feature for context-aware applications is the adap-
tation of the layout of the user interface to the characteristics of the device used
to access the service. This adaptation form can be implemented following two ap-
proaches [74]:� The first one aims at adjusting existing (HTML) Web pages to the requirements

of mobile devices. In this approach, the limitations imposed by display size and
interaction capabilities are taken into account; e.g. [99].� The second approach is based on an abstract, device-independent definition of
the content of the user interface (usually based on XML), which can be used
to dynamically generate different instances of the user interface, tailored to the
device features and constraints.

The former approach has the advantage that it can be applied to already existing
Web resources, but the latter is more flexible and extensible; for instance, new rules
for generating user interfaces for new types of devices can be easily added. The
automatic generation of alternative layouts starting froman abstract definition of the
user interface has been addressed in several projects; e.g., [55, 118, 52, 109, 9, 71].
A standard approach is based on the application of XSL stylesheets that transform an
XML object into the object representing the actual user interface (HTML, XHTML,
CHTML, WML, Voice-XML, etc.), by taking the characteristics of the devices and,
possibly, other context features into account. For example, in a dark place voice
output is preferred to written text, but the opposite preference holds in a noisy place.

7 Discussion

This chapter has offered an overview of the techniques developed both at the research
level and in commercial settings to support personalization in B2C e-commerce ap-
plications. In this overview, we have focused on the techniques applied in Web stores
and electronic catalogs, which are nowadays used by millions of customers. More-
over, we have analyzed the provision of personalized services customizing the defi-
nition of Service Level Agreements; that application scenario poses interesting chal-
lenges because it requires the integration of personalization and configuration tech-
niques to support a user friendly interaction with the customer during the negotiation
of the service to be defined.
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B2C e-commerce is the area where personalization techniques have been most
frequently applied. However, before closing this chapter,we would like to shortly
discuss the potential of personalization in a in B2B e-commerce context, where we
believe that personalization may play a key role in dynamic supply chain manage-
ment. Usually, service providers rely on alternative suppliers, which may offer sim-
ilar services but at different costs and supporting different Quality of Service (QoS)
levels. When a customer requests a service, the appropriateproviders should be se-
lected, in order to offer a service matching functional and QoS requirements. We
identify two main issues:� Service Discovery:this issue concerns the dynamic selection and composition of

services satisfying the customer’s needs and preferences.� Logic interoperability between service providers.This second issue concerns the
adaptation to diverse business strategies during the interaction with suppliers and
includes adapting to the requirements of business partners, such as QoS levels,
business protocols, and similar.

Within this scenario, the new paradigm of Web Services comesinto play. Web Ser-
vices are distributed software modules, wrapped by standard communication inter-
faces enabling them to interoperate with each other.

1. The first phase of Web Service interaction is thediscoveryof the service fulfill-
ing the consumer requirements. In Enterprise Application Integration, this phase
is trivial because all the available services are known. However, in an open envi-
ronment, such as the Web, the discovery phase can be criticalbecause it requires
advanced match-matching techniques.

2. After discovery, in many cases the services need to be integrated in order to offer
a composite service, made up of several, simpler ones, possibly organized within
a workflow (Web Servicecomposition).

3. Finally, the last phase is theexecutionof the selected service, that implies an
interaction between the Web Service provider and its consumer. This type of
interaction can be as simple as a request/response exchange, but in several cases
can have a complex structure, which can be modeled as aconversation.

In the Service Oriented Computing research [117], Web Services description lan-
guages, such as WSDL [157], enable the specification of service public interfaces.
Moreover, Web Service orchestration languages, such as WS-BPEL [12, 112], sup-
port the definition of composite services based on the orchestration of multiple
providers within possibly complex workflows.

Although some proposals have been presented to address the service discovery
and logic interoperability issues mentioned above, it is fair to say that personalization
has not attracted yet the attention of Web Service application developers, who are fo-
cused on other, primary issues, such as security and trust management, and low-level
interoperability enablement. In fact, the first goal to be achieved is to abstract service
management from the details of the deployment environment of the applications,
and to support a seamless interaction between the possibly heterogeneous Enterprise
Resource Management software employed by the various partners. For this reason,
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Web Services are currently mainly intended for B2B integration, but we can foresee
that networked services will probably move soon into the area of B2C interactions.
With the number of services and also their diversity expected to grow, adequate tech-
niques for user-centric and preference-based service discovery and selection will be
needed. Even though UDDI9 and WSDL are standards today to implement service
catalogs, they still lack concepts for service personalization; the work by McIlraith et
al. [106] and by Sycara et al. [147] are examples of research in this area. Considering
the interaction with a user-centered, personalized service, all of the three discovery,
composition and execution phases may be enhanced by personalization, but in par-
ticular the service discovery and composition. Semantic Web techniques have been
used to improve standard Web Service languages in order to add information used
in personalization; see, e.g., [106, 101]. Moreover, some attempts to conform to the
customer’s preferences in the selection of suitable service providers have been done
in the work by Balke and Wagner [24, 25]. At the same time, research in the design
of composite Web Services has started. The creation of complex e-services requires
innovative approaches to the design process, in order to guarantee the service quality;
in particular the service must be reliable and available, and it must comply to quality
dimensions, such as QoS, temporal constraints, stability,etc.; e.g., see [42].

As a last consideration, we would like to remark that, regardless of the scenario
to which it may be applied (e.g., B2B or B2C), personalization is not a value per
se. As discussed in the previous sections, a Web site tailoring the interaction to the
individual user, or customizing products and services on anindividual basis, is not
necessary better than a Web site offering standard solutions. In other words, person-
alization should not be considered as a goal, but as a mean providing the company
and the customers with some advantages. Indeed, the personalization can be consid-
ered as an added value only if it represents an advantage in terms of:� CRM: i.e., if it supports long-term relationships between the company and its

customers, increasing customer loyalty;� Quality of the offer: e.g., the products and services are tailored to individual
customer needs;� Usability of the Web site: i.e., if the personalization of the interaction makes it
easier for the user to navigate the e-commerce site;� Backoffice integration: e.g., if the personalization supports flexible interoperabil-
ity between suppliers.

Many researchers who design and develop personalized e-commerce systems seem
to forget that the added value of personalization is not given a-priori, but must be
demonstrated within the context of any specific application. For this reason, testing
personalized e-commerce systems with real users is of paramount importance; see,
e.g., the discussion in [82], [46] and in Chapter 24 of this book [67].9 The current basic standard for service discovery. See www.uddi.org/



30 Anna Goy et al.

References

1. Abowd, D.A., Atkeson, C.G., Hong, J., Long, S., Pinkerton, M.: Cyberguide: a mobile
context-aware tour guide. Wireless Networks3(5) (1996) 421–433

2. Abowd, G., Mynatt, E.: Charting past, present and future research in ubiquitous com-
puting. ACM Transactions on Computer-Human Interaction, Special Issue on HCI in
the new Millennium7(1) (2000) 29–58

3. Adidas: mi adidas - customised shoes for you,
http://www.adidas.com/products/miadidas04/content/UK/container.asp (2005)

4. Agrawal, R., Mannila, H., Srikant, R., Toivonen, H., Verkamo, A.: Fast discovery of
association rules. Advances in Knowledge Discovery and Data Mining. AAAI/MIT
Press, Cambridge, MA (1995)

5. Alani, H., Kim, S., Millard, D., Weal, M., Hall, W., Lewis,P., Shadbolt, N.: Automatic
ontology-based knowledge extraction from Web documents. IEEE Intelligent Systems
18(1) (2003) 14–21

6. Alani, H., Kim, S., Millard, D., Weal, M., Hall, W., Lewis,P., Shadbolt, N.: Us-
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