
732  

Chapter 2.23
Integrating Semantic

Knowledge with Web Usage 
Mining for Personalization

Honghua Dai
DePaul University, USA

Bamshad Mobasher
DePaul University, USA

Copyright © 2009, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.

AbstrAct

Web usage mining has been used effectively as 
an approach to automatic personalization and as 
a way to overcome deficiencies of traditional ap-
proaches such as collaborative filtering. Despite 
their success, such systems, as in more traditional 
ones, do not take into account the semantic knowl-
edge about the underlying domain. Without such 
semantic knowledge, personalization systems 
cannot recommend different types of complex 
objects based on their underlying properties and 
attributes. Nor can these systems possess the 
ability to automatically explain or reason about 
the user models or user recommendations. The 
integration of semantic knowledge is, in fact, 
the primary challenge for the next generation 
of personalization systems. In this chapter we 
provide an overview of approaches for incorporat-
ing semantic knowledge into Web usage mining 
and personalization processes. In particular, we 

discuss the issues and requirements for successful 
integration of semantic knowledge from different 
sources, such as the content and the structure of 
Web sites for personalization. Finally, we present 
a general framework for fully integrating domain 
ontologies with Web usage mining and person-
alization processes at different stages, including 
the preprocessing and pattern discovery phases, 
as well as in the final stage where the discovered 
patterns are used for personalization.

INtrODUctION

With the continued growth and proliferation of 
e-commerce, Web services, and Web-based in-
formation systems, personalization has emerged 
as a critical application that is essential to the 
success of a Website. It is now common for Web 
users to encounter sites that provide dynamic 
recommendations for products and services, tar-
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geted banner advertising, and individualized link 
selections. Indeed, nowhere is this phenomenon 
more apparent as in the business-to-consumer 
e-commerce arena. The reason is that, in today’s 
highly competitive e-commerce environment, 
the success of a site often depends on the site’s 
ability to retain visitors and turn casual browsers 
into potential customers. Automatic personaliza-
tion and recommender system technologies have 
become critical tools, precisely because they help 
engage visitors at a deeper and more intimate level 
by tailoring the site’s interaction with a visitor to 
her needs and interests. 

Web personalization can be defined as any 
action that tailors the Web experience to a par-
ticular user, or a set of users (Mobasher, Cooley 
& Srivastava, 2000a). The experience can be 
something as casual as browsing a Website or 
as (economically) significant as trading stocks 
or purchasing a car. Principal elements of Web 
personalization include modeling of Web objects 
(pages, etc.) and subjects (users), categorization 
of objects and subjects, matching between and 
across objects and/or subjects, and determina-
tion of the set of actions to be recommended 
for personalization. The actions can range from 
simply making the presentation more pleasing 
to anticipating the needs of a user and providing 
customized information.

Traditional approaches to personalization 
have included both content-based and user-
based techniques. Content-based techniques use 
personal profiles of users and recommend other 
items or pages based on their content similarity 
to the items or pages that are in the user’s profile. 
The underlying mechanism in these systems is 
usually the comparison of sets of keywords rep-
resenting pages or item descriptions. Examples of 
such systems include Letizia (Lieberman, 1995) 
and WebWatcher (Joachims, Freitag & Mitchell, 
1997). While these systems perform well from 
the perspective of the end user who is searching 
the Web for information, they are less useful in 
e-commerce applications, partly due to the lack 

of server-side control by site owners, and partly 
because techniques based on content similarity 
alone may miss other types of semantic relation-
ships among objects (for example, the associations 
among products or services that are semantically 
different, but are often used together).

User-based techniques for personalization, on 
the other hand, primarily focus on the similarities 
among users rather than item-based similarities. 
The most widely used technology user-based 
personalization is collaborative filtering (CF) 
(Herlocker, Konstan, Borchers & Riedl, 1999). 
Given a target user’s record of activity or prefer-
ences, CF-based techniques compare that record 
with the historical records of other users in order 
to find the users with similar interests. This is the 
so-called neighborhood of the current user. The 
mapping of a visitor record to its neighborhood 
could be based on similarity in ratings of items, 
access to similar content or pages, or purchase of 
similar items. The identified neighborhood is then 
used to recommend items not already accessed or 
purchased by the active user. The advantage of this 
approach over purely content-based approaches 
that rely on content similarity in item-to-item 
comparisons is that it can capture “pragmatic” 
relationships among items based on their intended 
use or based on similar tastes of the users.

The CF-based techniques, however, suffer 
from some well-known limitations (Sarwar, 
Karypis, Konstan & Riedl, 2000). For the most 
part these limitations are related to the scalabil-
ity and efficiency of the underlying algorithms, 
which requires real-time computation in both the 
neighborhood formation and the recommenda-
tion phases. The effectiveness and scalability 
of collaborative filtering can be dramatically 
enhanced by the application of Web usage min-
ing techniques. 

In general, Web mining can be characterized 
as the application of data mining to the content, 
structure, and usage of Web resources (Cooley, 
Mobasher & Srivastava, 1997; Srivastava, Cooley, 
Deshpande & Tan, 2000). The goal of Web min-
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