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Abstract
Web mining has matured as a field of basic and applied research 
in computer science in general and e-commerce in particular. 
In the last decade, WWW has emerged as an all encompassing 
technology that has revolutionized the way people live. Web 
browsing has become an integral part of their lifestyle. This 
need has led to rise of range of technologies that overcome the 
information overload problem on the web, which is termed as 
personalization of the web. In this paper, we present a survey that 
gives a precise and comprehensive understanding of work done 
in the last five years in the field of personalization. The paper 
reviews how each of the approaches cater to user needs and give 
examples of projects associated with some of these techniques. 
The paper also mentions few issues for further research in this 
domain, based on the survey. In the end, paper concludes citing 
a promising future of this area of research.
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I. Introduction
With the growth of World Wide Web and the range of services 
available which are cheap, fast and efficient, people are hooked 
on the internet like never before. The use of internet has been 
increasing with a remarkable speed. As such, the need to provide 
coherent, comprehendible and easy to use information has become 
a necessity for every vendor on the internet who is providing such 
services. This need has led to the rise in a range of technologies 
that cater to such requirements, prominent of which is web mining. 
Web Mining is essentially the enhancement of data mining 
techniques (such as association, clustering and classification) and 
other newly devised techniques to cope with the complex data that 
is available on the web. It then discovers and analyzes patterns 
that could be useful for the vendor as well as the user. This is the 
essence of many research efforts going in this direction. There 
are a range of application provided by web mining techniques 
like system improvement, site modification, business intelligence 
and personalization. Personalization among them is one of the 
widely researched and commercially functional applications. This 
is because personalization is an all encompassing process that 
embeds in itself the usefulness of providing easily comprehended, 
efficient and required information to the user as well as provides 
insight to the vendor about how to adapt its site according to the 
requirement of the user that is in turn beneficial for its business as 
well. This paper gives an overall outlook on the research efforts 
in this direction as well as the challenging issues that beckons 
this field in future. The remainder of this paper is organized as 
follows: Section II, describes the personalization process, its 
various approaches and their drawbacks. Section III, discusses 
the need for personalization. Section IV, describes the various 
research initiatives taken in the field of personalization ranging 
from personalized search to recommender system. Section V, 
list the various challenging issues listed by various researchers. 
Finally, paper concludes in Section VI, giving an overall view 
of the current sate and future direction of research in the field of 

personalization.

II. Web Personalisation
Web personalization is the process of customizing a Web site to the 
needs of each specific user or set of users, taking advantage of the 
knowledge acquired through the analysis of the user’s navigational 
behavior [9]. Integrating usage data with content, structure or user 
profile data enhances the results of the personalization process 
[10]. The personalization of Web services is a leap in the direction 
of alleviating the information overload problem and making the 
Web a friendlier environment for its users. Daniel E. O’Leary 
from the University of Southern California coined the phrase ‘AI 
renaissance ‘in 1997, to describe how artificial Intelligence (AI) 
can make the Internet more usable. Personalization technology 
is part of that renaissance [19]. As stated in [22]:
“The Web is ultimately a personal medium in which every user’s 
experience is different than any others”.
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 determination of the set of actions to be 
recommended for personalization [23]. 
Existing approaches used by many Web-based companies, as 
well as approaches based on collaborative filtering rely heavily 
on getting human input [38], e.g. user profile, for determining 
the personalization actions. The drawbacks of this are, (a) the 
input is often a subjective description of the users by the users 
themselves, and thus prone to biases, and (b) the profile is static, 
and thus good for personalization for some time after it is collected; 
but its performance degrades over time as the profile ages. In 
the last decade, a number of approaches have been developed 
dealing with specific aspects of Web usage mining for the purpose 
of automatically discovering user profiles. For example, [30] 
proposed the idea of optimizing the structure of Web sites based 
co-occurrence patterns of pages within usage data for the site. 
Another approach proposed uses clustering of user sessions to 
predict future user behavior [26]. Thus, Web usage mining, when 
used in conjunction with standard approaches to personalization 
such as collaborative filtering, can help address some of the 
shortcomings of these techniques, including reliance on subjective 
user ratings, lack of scalability, and poor performance in the face 
high dimensional and sparse data [21]. However, without content 
knowledge about the underlying domain, such systems cannot 
recommend different types of complex objects based in their 
underlying properties and attributes.  As noted by Mobasher and 
Dai [22], usage-based personalization can be problematic either 
when there is not enough usage data in order to extract patterns 
related to certain categories, or when the site content changes 
and new pages are added but are not yet included in the web 
log. The incorporation of information related to the content and/
or the structure of the Web site provides a way of overcoming 
such problems, thus improving the whole personalization process 
.Thus, there is need to associate Web usage and content knowledge, 
by enhancing the information in the Web usage logs with semantics 
derived from the content of the Web site’s pages. Web Usage 
Mining together with Web content mining is a very promising 
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solution that can help in producing personalized Web-based 
systems, making access to on-line information more efficient. 
This issue is becoming crucial as the size of the Web increases 
at breathtaking rates. The success of personalization on the Web 
depends on the ability of the personalization community in 
promoting responsible use of [19].

III. Need of Personalisation
There has been a notion somewhere that personalization of 
websites is simply a poor excuse for bad design. Also it has been 
said that personalization only works when information is simple 
to describe in machine-understandable terms, and is relatively 
unchanging. More complex needs means that the computer has to 
know a lot about the user, which raises issues of privacy. One of 
the biggest problems with personalization services is obtaining the 
information about the users, as it is difficult to get people to take 
the time to fill in forms and answer questions about themselves. 
But with the advancement of the area of web mining and a range of 
researchers working in this field , lot of techniques and approaches 
are being developed that provides automatic solution for  user 
convenience. The best personalization services, such as that used 
by Amazon to recommend books, do not require the user to enter 
any information about them. A combination of both content-based 
and collaborative personalization seems to offer the most reliable 
way of providing users with useful personalized information.  
This service could then be improved without requiring the user 
interaction expected by predicting the rating that the user will 
apply. The primary goal of personalization is to overcome the 
information overload problem, the techniques which are developed 
to archive this, needs to be scalable for becoming successful. For 
e.g. Personalized Yahoo! holds all its user information in a specially 
designed user database that concentrates on speed of delivery.  This 
database also uses high levels of security, and Yahoo! use a security 
audit company to constantly evaluate and review security policies.  
The Internet has the ability to act as both a social and antisocial 
device.  Although interaction is encouraged through the creation 
of virtual communities, and the outreach capabilities of the media, 
the use of the PC makes use of the Internet a very personal act of 
consumption.  Use of personalization tools enhances the concept 
of the Internet as a personal tool.  These new technologies for 
personalization are making internet more decentred, democratic, 
and empowering. The term is often confused with customization 
(allowing the user to customize, i.e., some interface), but is yet 
more powerful.
Kohavi and Provost [16] suggest five desiderata for success in 
data mining applications:

Data rich with descriptions to enable search for patterns 1. 
beyond simple correlations;
Large volume of data to allow for building reliable models;2. 
Controlled and reliable (automated) data collection;3. 
The ability to evaluate results; and4. 
Ease of integration with existing processes (to build 5. 
systems that can effectively take advantage of the mined 
knowledge).

Rarely are all these criteria satisfied in a typical data mining 
application. Personalization on the Web, and more specifically 
in e-commerce, has been considered the “killer application” for 
data mining, in part because many of these elements are indeed 
present [21]. 

IV. State of the Art
Personalization of user data though is a recent phenomenon due 
to the rise of internet usage as well as the corresponding information 
overload problem faced by the users, but it existing in others forms 
from the beginning like customization, memorization and guidance 
to the users. The more sophisticated personalized experiences 
have been provided with the help of web mining techniques. Over 
the years web mining techniques have developed as a full fledged 
support to provide personalization experience. The two important 
surveys done by [9, 31], gave a complete overview of the work 
done in this sphere up to 2003. A recent survey by [46], presented 
a survey about current Research, Techniques, And Softwarein the 
area of web mining but it does not pertain specifically to 
personalisation. After that there has been lot of up heals that are 
encountered in this area and yet no comprehensive survey is 
available. So this survey is an attempt to give a precise and 
comprehensive understanding of work done so far in the field of 
personalization. Recent studies  suggests  that the structural 
characteristics of Web sites, such as the site topology and the 
degree of connectivity, have a significant impact on the relative 
performance of recommendation models based on association 
rules, contiguous and non-contiguous sequential patterns. We will 
see how different researchers have applied different methodologies 
to achieve a variety of goals that cater to wide range of applications 
in personalization. Firstly, in present era of dynamic environment, 
continuously changing web data requires personalization process 
and its application  to adapt to their needs. Yeduha Koren [17, 18] 
and his team devised new technique that increases the accuracy 
of Recommendation algorithm that provided personalized results 
to the user. They have particularly worked on including the 
temporal dynamics of user preferences using the concept drift 
methodology to improve collaborative filtering. Similarly, [33] 
also highlight the significance of studying the evolving nature of 
the Web personalization.  Eigentaste 5.0: Constant-Time 
Adaptability in a Recommender System was deveoped Using Item 
Clustering [27]. Secondly, as the number of items and user keep 
on increasing, scalability is crucial since personalization systems 
often have to manage millions of users or items. Tang, Winoto, 
& Chan [41], deal with the issue of scalability by applying a 
different kind of technique that scale down candidate sets by 
considering the temporal feature of items and simultaneously 
increasing the accuracy of the performance of recommender 
systems. Thirdly, incorporating domain knowledge including 
semantics and working with contents of the website also can 
alleviate many problems that recommender system faces. Another 
approach given by [7], employs user’s product-specific knowledge 
and implement a novel web usage mining approach, based on the 
sequence mining technique to discover patterns in the navigation 
Thakur, Jain and Silakari  developed a semantic personalize Web 
search system which integrates usage data with content semantics 
to compute semantically enhanced navigational patterns [42]. 
Robal and Kalja [34], discuss the possibilities of applying 
ontology’s in exploring the web sites’ structures and usage for 
producing various recommendations for the visitors. A special 
log system for capturing access data is introduced as well as 
various data mining techniques are applied for deriving 
recommendations. Pazzani and Billsus [29], explain content-based 
recommendation systems, i.e., systems that suggest an item to a 
user related to the description of the item and contour of the user’s 
interests. Kearney, Anand, & Shapcott [14], investigates how web 
visitor usage data may be combined with semantic domain 
knowledge to provide a deeper understanding of user behavior. 
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Middleton, Shadbolt,  & De Roure [20], explore the acquisition 
of user profiles by unobtrusive monitoring of browsing behavior 
and application of supervised machine-learning techniques 
coupled with an ontological representation to extract user 
preferences. Mylonas [24], proposed a method to build a dynamic 
representation of the semantic context of ongoing retrieval tasks, 
which is used to activate different subsets of user interests at 
runtime, in a way that out–of-context preferences are discarded. 
Also, Satokar and Gawali [35] developed a system based on 
features extracted from hyperlinks using an  innovative weighted 
URL Rank algorithm based on user interested domains and user 
query. Yong [45] proposes to build a semantic-based Web mining 
model under the framework of the Agent. Fourthly, cold start issue 
have always been a problem for any category of recommender 
system. This issue has been dealt by a number of researchers. Chu 
and Park [8] propose a feature-based machine learning approach 
to personalized recommendation that is skilled of managing the 
cold-start issue effectively. They keep profiles of content of 
interest, in which temporal distinctiveness of the content, e.g. 
reputation and novelty, are restructured in real-time manner. 
Another approach by [32], showed how to mitigate cold start 
problem by proposing an extension to the naive Bayesian classifier 
that enhances user control. It is done by maintaining and flexibly 
integrating two profiles for a user, one learned by rating feedback, 
and another created by the user. Nguyen, Denos, & Berrut [28], 
describe how classical new user cold start techniques are improved 
by exploiting the cold user data, i.e. the user data that is readily 
available (e.g. era, profession, place, etc.), in order to automatically 
associate the new user with a better first profile. Relying on the 
existing community spaces model, a rule-based induction process 
is used and a recommendation process based on the “level of 
agreement” principle is defined. Fifthly, to cope up with problems 
of individual techniques in filtering items, hybrid methodologies 
are applied which uses a combination of two or more techniques. 
Such systems have been widely researched upon lately. Scholz 
and Pan [36] propose two novel algorithms for large-scale OCCF 
that allow measuring the unknowns. One-Class Collaborative 
Filtering (OCCF) is an assignment that logically emerges in 
recommender system setting. Chen and Zhang [6] researched 
upon a combinational Collaborative Filtering model for 
Personalized Community Recommendation.  Stephan and Kunegis 
[40], developed Hydra: A Hybrid Recommender System that uses 
combination of collaborative and content based filtering in the 
context of web-based recommender systems. A novel hybrid 
recommendation model is proposed by [4], in which user choices 
and item description are described in terms of semantic concepts 
defined in domain ontology. Herder and Philipp [11], introduce 
the technique of hybrid personalization, the combination of 
multiple atomic personalization mechanisms. They described the 
convenient benefits of this layered, hybrid adaptation techniques 
by means of a case study on personalized curriculum planning. 
Nakagawa and Mobasher [25], present an outline for a hybrid 
Web personalization system that can smartly switch among 
different recommendation models, based on the degree of 
connectivity and the current location of the user within the site. 
Lastly, some other researchers in the last few years have also 
studied various diverse issue that effect the recommender system 
working in a particular domain like social networking sites and 
web blogs [13]. A personalization algorithm for recommendation 
in folksonomies is presented by [39], which relies on hierarchical 
tag clusters. Recently a workshop has been held in Hong Kong 
that has discussed work on social recommender system. 

Personalized recommender systems are requisites to help people 
deal with the information surplus of participatory media content 
such as blogs. Seth and Zhang [37], focus on news associated 
content and suggest the design of a social network based 
recommender system for this rationale. On the other hand, [2],  
has dealt with a completely new issue where he proposes 
recommender systems to work in multidimensional settings as 
opposed to the traditional two dimensional user/item environments. 
Also active learning strategies have being studied by few 
researchers. Khiribi, Jemni, & Nasraouii [15] build a 
recommendation engine which aim to compute on-line automatic 
recommendations to an active learner based on his/her recent 
navigation history, as well as exploiting similarities and 
dissimilarities among user choices and among the contents of the 
resources. Another approach is devised by [12], in which an active 
learning strategy that exploits session personalization is employed. 
Previously with the greedy strategy, information about the user’s 
previous targets can be used to make more accurate estimations 
about the probability that a certain page is the user’s next target 
Evaluation shows that this strategy leads to significantly shorter 
user sessions than the greedy strategy. Thus overall, various 
challenging issues have being researched upon by a number of 
researchers in the past few years that shows the need and importance 
of this growing field which sets the pace for future of  accessing 
information on the world wide web.

V. Challenging Issues
The wealth of Research projects described in the previous 
section means that the demand for better Web Mining solutions 
for personalization is high. However, many challenging research 
problems must be addressed if this demand is to be fully met Issues 
that cut across all of the applications are henceforth described, 
where progress will consequently have the broadest impact. The 
goal of personalization is to provide users with what they want 
or need without requiring them to ask for it explicitly [1]. This 
does not in any way imply a fully automated process, instead 
it encompasses scenarios where the user is not able to fully 
express exactly what they are looking for but in interacting with 
an intelligent system can lead them to items of interest. Following 
are listed some of the major issues that needs to be catered to 
provide a better personalized system.

A. User Privacy
There are some technical limitations with the collection of the 
needed data, and maybe even more important, there are a large 
amount of ethical issues involved. There is a thin line between 
collecting data for the user’s benefit and an Orwellian way of 
spying. Currently U.S. laws impose little restrictions on private 
parties communicating information about people, leaving it up to 
the parties involved to define the extent of any such communication 
through a contract [44]. 

B. Scalability
A significant problem with most of the pattern discovery methods 
is their difficulty in handling very large scales of data, such as 
those typically collected on the Web. Despite the fact that most 
of the Web mining process can be done offline, the sizes of Web 
data, particularly access log data, are orders of magnitude larger 
than those met in common applications of machine learning. In 
a Web personalization system that is required to operate in real 
time, the scalability of the pattern discovery method can become 
critical [3, 43]. 
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C. Dynamic User Modeling
Few systems have attempted to handle the dynamics within the user 
profile. A different but closely related problem is the incorporation 
of time in the discovered models. The behavior of users varies 
over time and it should affect the construction of models. For 
instance, the interest of a user in car sale advertisements is only 
expected to last until the user buys a car and then it should decrease 
suddenly. A Web personalization system should be able to adapt 
to the user’s behavior, when this changes. 

D. Semantic Annotations
It has been highlighted that semantics can be integrated at different 
stages of the knowledge discovery process. Thus, a related 
practical issue is the requirement for a common representation 
of the extracted knowledge, i.e., the user models generated by 
Web mining tools. Work towards this direction is proposed by 
[22], who employ integration of semantics together with usage 
data. Also the use of semantics can bridge the gap created by 
various techniques used on the web. As a result web data could 
be effectively mined and used for various purposes [5].

E. Diversity
There is a great need for a shift in focus that is related to the 
functionality offered by Web personalization systems. As already 
discussed, almost all of the examined systems focus on the 
recommendation of links, or the customization of a Web site in 
terms of content, layout, and hyperlinks. However, there are other 
interesting functions, such as user tutoring and task performance 
support, that can exploit directly the usage data, and add more 
value to the browsing experience of the user. 

F. Evaluation of Personalization Models
Finally, an important problem of Web personalization systems is 
the lack of studies comparing their performance. This is partly 
due to the difficulty in producing objective evaluation criteria. 
Clearly, carrying out a comparative evaluation of various systems 
at all three levels is a difficult task. However, the results of such 
an evaluation would be of great value to the design of effective 
Web personalization systems.

VI. Conclusion
The World Wide Web provides a direct communication medium 
between the vendors of products and services, and their customer 
with very low cost. Therefore, it presents tremendous opportunities 
for e-commerce development. Web personalization is a very 
important, if not necessary, part of the e-commerce. Even outside 
of the e-commerce, Web personalization has many applications. 
In the context of Web mining, personalization is the provision 
to the individual of tailored products, services, information 
or information relating to products or service. Though lots of 
web mining techniques have been implemented to improve the 
personalization process, but still collaborative filtering, rules the 
sphere. Though Collaborative filtering is an excellent technique 
but it lacks novelty and therefore advanced artificial intelligence 
techniques for Web personalization are required. In this paper we 
have presented a comprehensive description of the various web 
personalization efforts in the last five years. Though, lot of research 
has been taking place since the last decade in this area where 
many researchers have addressed the problem of information 
bombardment, yet a system that effectively integrated various 
diverse requirements of the users has not yet been proposed.
Future work in relation to personalization will include further 

exploration of the presented text mining technique for web content 
analysis which could further help in finding user requirements. 
There is also need for development of well-specified datasets for 
the evaluation of future algorithms precisely for personalization 
problem in various domains. There is also a great need on 
further experiments with different combinations of the system’s 
functionalities, study the contextual behavior of the system from 
user’s perspective, and how the user profiles evolves with time. 
This survey has identified potential directions, providing at the 
same time a quest for exploration, in terms of Web mining tools 
and methods for personalization.
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