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ABSTRACT: Data on World Wide Web has been growing in an exponential manner. This raises a severe concern 
over information over load challenges for the users. Retrieving the most relevant information from the web as per 

the user requirement has become hard because of the large collection of heterogeneous documents. It is time 

consuming for the users to go through the long list of odds and ends to choose their relevant one. One approach to 

overcome this is to personalize the information available on the Web according to user requirements. The 

information or services provided by a Web to the requirements of individual or cluster of users, by considering their 

navigational patterns is termed as Web Personalization. The objective of Web Personalization is to provide users 

with what they really want or need, without having to ask or search for it explicitly. This approach effectively 

improves the performance of Information Retrieval (IR) systems. This paper presents an extensive survey on the 

various approaches proposed by the researchers in Web Personalization and challenges with a focus on future work.  
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1. Introduction 

 

The content on the Web in various domains is rapidly 

increasing  and the need for identifying and retrieving 

the content exactly based on the needs of the users is 

more than required. Therefore, an ultimate need 

nowadays is that of predicting the user needs in order to 

improve the usability of a Web site. In brief, Web 

Personalization can be defined as any action that adapts 

the information or services provided by a web site to an 

individual user, or a set of users, based on knowledge 
acquired by their navigational behavior, recorded in the 

web site’s logs. This information is often combined with 

the content and the structure of the web site as well as 

the user’s interests/preferences. Using the above 

specified sources of information as input to pattern 

discovery techniques, the proposed system molds the 

provided content to the needs of each visitor of the 

website. The personalization process can result in the 

dynamic generation of suggestions, the creation of pages 

according to the needs of the user, highlighting of 

existing hyperlinks that are exactly required by the 

users. Most of the earlier research efforts in Web  

Personalization deal with Web Usage Mining [1].Pure 

usage-based personalization, however, presents certain 

shortcomings, such as when there is insufficient use of 

data available in order to extract patterns, or when the 

web site’s content changes and new pages are added but 

are not yet included in the web logs. The users’ visits 

usually aim at finding information concerning a 

particular subject, thus the underlying content semantics 

should be a dominant factor in the process of web 

personalization. There have been a number of research 

studies that integrate the web site’s content in order to 
enhance the Web Personalization process [2]. Most of 

these efforts characterize web content by extracting 

features from the web pages. Usually these features are 

keywords subsequently used to retrieve similarly 

characterized content based on the requirements of the 

user. When Web Personalization approaches were 

embedded with Semantic Web, it yields more effective 

search response and user satisfaction. 

 

1.1 Need for Web Personalization 

Considering the amount of data and variety of users on 

the World Wide Web, key word based search results 
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may not serve the purpose of providing the relevant 

information to the user, as each users’ intention is 

different and the same may not reflect in the key words 

they use. Because of the above reasons web 

personalization has attracted many researchers to look 

into and provide a mechanism to understand the user in 

a better way and provide most relevant information to 
the user. User may not have time to fill in the data 

(method Explicit)describing about his/her interests, 

likes, dislikes, background educational qualification etc. 

Many web mining researchers worked on the above 

challenge and provided a few techniques for automatic 

personalization, the best example till date was Amazon 

where user need not give his/her details, the system will 

fetch the relevant information to the users. 

 

Today, internet has become a part and parcel of our lives 

and one cannot imagine a world without internet, every 
day millions of people use internet for various purposes 

mostly for information. And user is often not happy due 

the amount of information he has been provided with, as 

the user needs further filtering, which is very time 

consuming and expects the system to understand his/her 

thoughts. Understanding user is not as simple as it’s 

said, and web personalization is one step towards the 

goal. 

 

2. Related Work 

 

Generally, personalization methodologies aredivided 
into two complementary processes which are:  

 The user information collection, used 

to describe the user interests and 

 The inference of the gathered data to 

predict the closest content to the user 

expectation. 

 In the first case, user profiles can be used to enrich 

queries and to sort results at the user interface level [12]. 

Or, in other techniques, they are used to infer 

relationships like the social-based filtering [13] and the 

collaborative filtering [14]. For the second process, 
extraction of information on users’ navigations from 

system log files can be used [15].Some information 

retrieval techniques are based on user contextual 

information extraction [16]. Information semantics are 

also used to enrich the personalization process, queries 

can be enriched by adding new properties from the 

available domain ontologies. The user modeling based 

on ontology can be coupled with dynamic update of user 

profile using results of information-filtering and Web 

usage mining techniques. Statistics collected through 

search engines show that spatial information is pervasive 
on the Web and that many queries contain spatial 

specifications, but it is more difficult to find relevant 

resources responding to query including a spatial 

component [17]. The spatial information personalization 

should consider spatial properties and relationships 

found in Web documents. Design of spatial Web 

applications requires at least three components: (1) a 

user model and associated user preference elicitation 

mechanisms and (2) a personalization engine combining 

spatial and semantic criteria and (3) a user interface 

enriched with spatial components [18]. The spatial Web 
personalization requires the representation of user 

features, particularly those relevant to the spatial 

domain. Semantic similarity and spatial proximity 

measures as well as relevance ranking functions on the 

behalf of the user is represented in [19]. 

Semantic similarity is the evaluation of semantic links 

existing between two concepts. [20] introduced a 

classification algorithm for measuring spatial proximity 

between two regions. Another aspect of spatial Web 

personalization techniques concerns interactive adaptive 

map generation and visualization. These techniques are 
concerned with Web maps adaptation according to 

user’s needs [21]. 

The presented personalization approaches have 

contributed to the improvement of information systems 

use. However and despite their widespread use, these 

approaches have weaknesses and limitations. In fact, 

several approaches, like the collaborative ones, present 

the same recommendations for all users within the same 

cluster. Thus, they do not consider some specific users 

preferences when they represent a minority in a given 

group. Content based approaches facilitate items 

retrieval by proposing some alternatives and 
recommending similar items to the one that the user is 

visiting. However it focuses only on the user’s actual 

and temporary needs and can’t highlight the items that 

are related to the current query results. Other approaches 

try to determinate the interests of each user but they are 

limited by their items model that doesn’t describe the 

differences between items properties. This lack of 

semantic description of the items decreases the quality 

of personalization since similarities and dissimilarities 

between items can’t be measured accurately. In addition, 

in most personalization approaches, the spatial aspect is 
not taken into consideration, which requires an 

adaptation of those approaches to be relevant while 

applied to spatial information. The hybridization of 

existing approaches is presented as an alternative that 

would improve the quality of personalized systems 

[22].Dai and Mobasher [23] proposed a web 

personalization framework that characterizes the usage 

profiles of a collaborative filtering system using 

ontologies. The seprofiles are transformed to “domain-

level” aggregate profiles by representing each page with 

a set of related ontology objects. In this work, the 
mapping of content features to ontology terms is 

assumed to be performed either manually, or using 

supervised learning methods. The defined ontology 

includes classes and their instances therefore the 
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aggregation is performed by grouping together different 

instances that belong to the same class. The 

recommendations generated by the proposed 

collaborative system are in turn derived by binary 

matching the current user visit expressed as ontology 

instances to the derived domain-level aggregate profiles, 

and no semantic relations beyond 
hyperonymy/hyponymy are employed. The idea of 

semantically enhancing the web logs using ontology 

concepts is independently described by Oberleet.al. [24]. 

This framework is based on a semantic web site built on 

an underlying ontology. This site contains both static 

and dynamic pages being generated out of the ontology. 

The authors present a general framework where data 

mining can then be performed on these semantic 

weblogs to extract knowledge about groups of users, 

users preferences, and rules. Since the proposed 

framework is built on a semantic web knowledge portal, 
the web contentis inherently semantically annotated 

exploiting the portal’s inherent RDF annotations. The 

authors discuss how this framework can be extended 

using generalizations/specializations of the ontology 

terms, as well as for supporting the web personalization 

process, yet they mainly focus on web mining. 

Acharyya and Ghosh [25] also propose a general 

personalization framework based on the conceptual 

modeling of the users’ navigational behavior. The 

proposed methodology involves mapping each visited 

page to a topic or concept, imposing a tree hierarchy 

(taxonomy) on these topics, and then estimating the 
parameters of a semi- Markov process defined on this 

tree based on the observed user paths. In this Markov 

models based work, the semantic characterization of the 

context is performed manually. Moreover, no semantic 

similarity measure is exploited for enhancing the 

prediction process, except for 

generalizations/specializations of the ontology terms. 

Middleton et.al. [26] explore the use of ontologies in the 

user profiling process within collaborative filtering 

systems. This work focuses on recommending academic 

research papers to academic staff of a University. The 
authors represent the acquired user profiles using terms 

of a research paper ontology (is-a hierarchy). Research 

papers are also classified using ontological classes. In 

this hybrid recommender system which is based on 

collaborative and content-based recommendation 

techniques, the content is characterized with ontology 

terms, using document classifiers (therefore a manual 

labeling of the training set is needed) and the ontology is 

again used for making generalizations/specializations of 

the user profiles.Kearney and Anand [27] use an 

ontology to calculate the impact of different ontology 
concepts on the users’ navigational behavior (selection 

of items). In this work, they suggest that these impact 

values can be used to more accurately determine 

distance between different users aswell as between user 

preferences and other items on the web site.  This work 

focuses on the way these ontological profiles are 

created, rather than evaluating their impact in the 

recommendation process, which remains opens for 

future work. 

 

3. Proposed Architecture for Web Personalization  
The proposed architecture for Web Personalization in 

order to address some of the open issues is shown in 

Figure 1. The architecture uses Web site’s Content, Web 

logs created by observing the user’s navigational 

behavior and User Profiles created according to the 

user’s preferences to analyze and extract the information 

needed for the user to find the pattern expected by the 

user. This analysis creates recommendations that are 

presented to the user. Web usage mining can be defined 

as automatic discovery of user navigational patterns. 

The goal of web usage mining has been to support 
decision making process of website owners to 

understand the user in a better way. However, these 

techniques can be used for personalization functions. 

Classifying the web content into semantic categories is 

done for predicting the pages for a user or group of 

users.  Building User files will be done by gathering 

information specific to each user based on their 

interests/behavior and other demographic information. 

Web Personalization can be done to a group of specific 

interested users, based on the knowledge/patterns 

obtained from Web usage mining, Web content 

classification, and user profiles. Web Personalization 
can also include techniques such as use of cookies and 

machine learning strategies. Web Personalization may 

be viewed as a type of Recommender system, 

Clustering, Classification, or even Prediction of pages 

for a web user or group of Users. With personalization, 

the content of the web pages are modified to better fit 

for user needs. This may involve creating web pages, 

that are unique per user or using the desires of a user to 

determine what web documents to retrieve. 

 

 
 

Figure 1: Proposed Architecture for Web 

Personalization through Web Mining Techniques 
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4. Data Sources  

 

The proposed Web personalization system utilizes Web 

data in order to personalize a Web site. Web data are 

classified into four categories [Srivastava et al., 2000].  

• Content data are presented to the end-user 

appropriately structured. They can be simple 
text, images, or structured data, such as 

information retrieved from databases.  

• Structure data represent the way content is 

organized. They can be either data entities used 

within a Web page, such as HTML or XML 

tags, or data entities used to put a Web site 

together, such as hyperlinks connecting one 

page to another.  

• Usage data represent a Web site’s usage, such as a 

visitor’s IP address, time and date of access, 

complete path (files or directories) accessed, 
referrers’ address, and other attributes that can 

be included in a Web access log.  

• User profile data provide information about the 

users of a Web site. A user profile contains 

demographic information such as name, age, 

country, marital status, education, interests etc. 

for each user of a Web site, as well as 

information about users’ interests and 

preferences. Such information is acquired 

through registration forms or questionnaires, or 

can be inferred by analyzing Web usage logs.  

 

5. Web Personalization and User Profile 

 

A user profile is a collection of personal data associated 

to a specific user. A profile refers to the explicit digital 

representation of a person's characteristics. User profiles 

can also be described as the computer representation of a 

user model. The user profiles are created for user 

background knowledge description[4][5][6]. User 

profiles represent the concept models possessed by users 

when gathering web information. A concept model is 

implicitly possessed by users and is generated from their 
background knowledge. This knowledge is used to 

gather relevant information about a user’s preference 

and choices. User profiles are categorized into three 

groups: Interviewing, semi-interviewing, and non-

interviewing. 

 

Interviewing user profiles are considered to be perfect 

user profiles. They are acquired by using manual 

techniques such as questionnaires, interviewing users, 

etc. In these methods each is recommended to read each 

document and give a positive or negative judgment to 
the document against a given topic. Semi-interviewing 

user profiles are acquired by semi automated techniques 

with limited user involvement. For example, these 

techniques usually provide users with a list of categories 

and ask users for interesting or non interesting 

categories. Non interviewing techniques do not involve 

users at all, but discover user interests instead. They 

acquire user profiles by observing user activity and 

behavior and discovering user background knowledge.  

 

The interviewing, semi-interviewing, and non 
interviewing user profiles can also be viewed as manual, 

semiautomatic, and automatic profiles, respectively. 

 

There are many models that have been developed for 

representing user profiles. These models provide 

knowledge from either a global or local knowledge base. 

The global analysis uses existing global knowledge base 

and to produce effective performance. The commonly 

used knowledge base include generic ontology such as 

Word net, Thesauruses, Digital Libraries. The local 

analysis observes user behavior in user profiles. The 
user background knowledge can be better discovered 

and represented if global and local analysis is integrated. 

Local analysis is used for analyzing the user behavior in 

user profiles. It can be better improved by using 

ontological user profiles. 

 

5.1 Techniques using User Profiles 

 

The most common way to use a profile is to store 

information that enables personalization on an 

individual basis as represented in Figure 2A. This is 

called Content based Filtering which, applied to a 
textual document, evaluates the document's relevance by 

matching the keywords contained in a user profile with 

the keywords extracted from the text [7]. On the Web, to 

prevent the user profiles transmitting through the 

network, user profiles are stored at the server. Social or 

collaborative filtering [8] is another effective way to 

take advantage of user profiles. This method collects the 

user profiles of a group of people and generates 

recommendations based on the similarities of the 

profiles as given in the Figure 2B. To implement 

collaborative filtering, the profiles of all users must be 
compared and therefore the best storage location is also 

to centralize them at the server. A user profile can also 

be shared between different personalized applications 

that require the same user profile's content as in Figure 

2C. This collaboration enables both applications to gain 

a much more knowledge about the user's interest. 

Because all the personalized Web applications (on 

different servers) need to have access to the complete set 

of profiles for a specific user, it is required to store user 

profile at the browser. 
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Figure 2: Different Uses of Profiles 

 

6. Semantic based Personalized Search 
Personalization aims to find a subset of Web data 

thatmatches the interested profile of a user or a group of 

users.This can be achieved by recommending Web 

pages orWebsites to the users, or by filtering Web pages 

that are ofinterest to the users [9]. For example, this can 

done byanalyzing the historical data recording user 

accesses toWeb data, and mining the topics relevant to a 

user byclustering previously accessed Web pages based 

oncontent similarities. When a new Web page is found 

to besimilar to one of the clusters, it can be routed to the 

user.Personalized search takes advantage of Semantic 
Webstandards (RDF and OWL) to represent the content 

and theuser profiles. Semantic based Personalization of 

Web dataaccess can be effectively used for improving 

the precisionand recall in search, particularly by re-

ranking the searchresults based on the learner's past 

activities. The core partof Semantic approach on Web 

Personalization is the use ofOntology. As Web pages are 

annotated with ontologyentity labels, the Web pages 

accessed by a user can lead tomore effective content 

recommendation. More detailed survey on semantic web 

personalization has been presented in [32]. 

 

7. Conclusion 

 

Although the World Wide Web is the largest source 

ofelectronic information, it lacks with effective methods 

forretrieving, filtering, and displaying the information 

that isexactly needed by each user. With the advent of 

theInternet, there is a dramatic growth of data available 

on the World Wide Web. Hence the task of retrieving 

the onlyrequired information keeps becoming more and 

moredifficult and time consuming. To reduce 

informationoverload and create customer loyalty, 
WebPersonalization, a significant tool that provides the 

userswith important competitive advantages is required. 

IT Personalized Information Retrieval approach that is 

mainlybased on the end user modeling increases user 

satisfaction.Also personalizing web search results has 

been proved asto greatly improve the search experience. 

This paper reviews the various research activities carried 

out to improve the performance of personalization 

process and also the Information Retrieval system 

performance. The purpose of this survey is to describe 

the state-of-the-art of personalized recommender 

systems and various techniques employed for the same. 

We have presented a comprehensive description about 
various web personalization systems in the recent years. 

Though a lot of research has been done in this field, yet 

a system that effectively integrates various diverse 

requirements of the users has not yet been proposed. 

Future work in web personalization includes the in depth 

study on fusion of User profiles, web content data and 

web mining techniques for effective web 

personalization. This survey also identified a few areas 

to be explored like learning techniques including the 

vector space model, Genetic algorithms, and the 

probabilistic model or clustering in the field of web 
personalization. Integrating the systems like social 

networking and blogs and other popular websites is also 

a potential area to explore. Owing to the spread of 

mobile devices in the current era, web personalization 

needs to be explored on the mobile arena as well.  
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