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INTRODUCTION

The Web information age has brought a dramatic increase
in the sheer amount of information (Web content), in the
access to this information (Web usage), and in the intri-
cate complexities governing the relationships within this
information (Web structure). Hence, not surprisingly,
information overload when searching and browsing the
World Wide Web (WWW) has become the plague du jour.
One of the most promising and potent remedies against
this plague comes in the form of personalization. Person-
alization aims to customize the interactions on a Web site,
depending on the user’s explicit and/or implicit interests
and desires.

BACKGROUND

The Birth of Personalization: No
Longer an Option but a Necessity

The move from traditional physical stores of products or
information (e.g., grocery stores or libraries) to virtual
stores of products or information (e.g., e-commerce sites
and digital libraries) has practically eliminated physical
constraints, traditionally limiting the number and variety
of products in a typical inventory. Unfortunately, the
move from the physical to the virtual space has drastically
limited the traditional three-dimensional layout of prod-
ucts for which access is further facilitated, thanks to the
sales representative or librarian who knows the products
and the customers, to a dismal planar interface without the
sales representative or librarian. As a result, the custom-
ers are drowned by the huge number of options, most of
which they may never even get to know. In the late 1990s,

Table 1. Possible goals of Web personalization

JeffBezos, CEO of Amazond once said, “IfThave 3 million
customers on the Web, I should have 3 million stores on
the Web” (Schafer etal., 1999, p. ). Hence, in both the e-
commerce sector and digital libraries, Web personaliza-
tion has become more of a necessity than an option.
Personalization can be used to achieve several goals,
ranging from increasing customer loyalty on e-commerce
sites (Schafer et al., 1999) to enabling better search
(Joachims, 2002).

Modes of Personalization

Personalization falls into four basic categories, ordered
from the simplest to the most advanced:

1. Memorization: In this simplestand most widespread
form of personalization, user information, such as
name and browsing history, is stored (e.g. using
cookies), to be used later to recognize and greet the
returning user. [t usually is implemented on the Web
server. This mode depends more on Web technology
than on any kind of adaptive or intelligent learning.
It also can jeopardize user privacy.

2. Customization: This form of personalization takes
asinputauser’s preferences from registration forms
in order to customize the content and structure of a
Web page. This process tends to be static and
manual or, at best, semi-automatic. It usually is
implemented on the Web server. Typical examples
include personalized Web portals such as My
Yahoo!™.

3. Guidance or Recommender Systems: A guidance-
based system tries to automatically recommend
hyperlinks that are deemed to be relevant to the
user’s interests in order to facilitate access to the
needed information on a large Web site (Mobasher

Converting browsers into buyers

interests

Improving Web site design and usability

Improving customer retention and loyalty

Increasing cross-sell by recommending items related to the ones being considered
Helping visitors to quickly find relevant information on a Web site

Making results of information retrieval/search more aware of the context and user
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etal.,2000; Nasraouietal.,2002; Schaferetal., 1999).
It usually is implemented on the Web server and
relies on data that reflect the user’s interest implic-
itly (browsing history as recorded in Web server
logs) or explicitly (user profile as entered through a
registration form or questionnaire). This approach
will form the focus of our overview of Web person-
alization.

4. Task Performance Support: In these client-side
personalization systems, a personal assistant ex-
ecutes actions on behalf of the user in order to
facilitate access to relevant information. This ap-
proach requires heavy involvement on the part of
theuser, including access, installation, and mainte-
nance of the personal assistant software. It also has
very limited scope in the sense that it cannot use
information about other users with similar interests.

In the following, we concentrate on the third mode of
personalization—automatic Web personalization based
on recommender systems—because they necessitate a
minimum or no explicit input from the user. Also, since they
are implemented on the server side, they benefit from a
global view of all users’ activities and interests in order to
provide an intelligent (learns user profiles automatically),
and yettransparent (requiring very little or no explicitinput
from the user) Web personalization experience.

MAIN THRUST

Phases of Automatic Web
Personalization

The Web personalization process can be divided into four
distinct phases (Mobasher et al., 2000; Schafer et al.,
1999):

1. Collection of Web Data: Implicit data includes past
activities/clickstreams as recorded in Web server
logs and/or via cookies or session tracking mod-
ules. Explicit data usually comes from registration
forms and rating questionnaires. Additional data
such as demographic and application data (e.g., e-
commerce transactions) also can be used. In some
cases, Web content, structure, and application data
can be added as additional sources of data in order
to shed more light on the next stages.

2. Preprocessing of Web Data: Data is frequently pre-
processed to put it into a format that is compatible
with the analysis technique to be used in the next
step. Preprocessing may include cleaning data of
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inconsistencies, filtering outirrelevant information
according to the goal of analysis (e.g., automatically
generated requests to embedded graphics will be
recorded in Web server logs, even though they add
little information about user interests), and complet-
ing the missing links (due to caching) in incomplete
clickthrough paths. Most importantly, unique ses-
sions need to be identified from the different re-
quests, based on a heuristic, such as requests
originating from an identical IP address within a
given time period.

3. Analysis of Web Data: Also known as Web Usage
Mining (Nasraoui et al., 1999; Spiliopoulou &
Faulstich, 1999; Srivastava et al., 2000), this step
applies machine learning or data-mining techniques
in order to discover interesting usage patterns and
statistical correlations between Web pages and
user groups. This step frequently results in auto-
matic user profiling and is typically applied off-line
so that it does not add a burden to the Web server.

4. Decision-Making/Final Recommendation Phase:
The last phase in personalization makes use of the
results of the previous analysis step to deliver
recommendations to the user. The recommendation
process typically involves generating dynamic Web
content on the fly, such as adding hyperlinks to the
last Web page requested by the user. This can be
accomplished using a variety of Web technology
options, such as CGI programming.

Categories of Data Used in Web
Personalization

The Web personalization process relies on one or more of
the following data sources (Eirinaki & Vazirgiannis, 2003):

1. Content Data: Text, images, and so forthin HTML
pages, as well as information in databases.

2. Structure Data: Hyperlinks connecting the pages
to one another.

3. UsageData: Records of the visits to each Web page
on a Web site, including time of visit, IP address,
and so forth. This data typically is recorded in Web
server logs, but it also can be collected using cook-
ies or other session tracking tools.

4. User Profile: Information about the user, including
demographic attributes (age, income, etc.) and pref-
erences that are gathered either explicitly (through
registration forms) or implicitly (through Web server
logs). Profiles either can be static or dynamic. They
also can be individualized (one per user) or aggregate
(summarize several similar users in a given group).
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