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Abstract : Current methodologies in personalizing the web 

search include number of hits on a link by the user, inbound 

links and user profiling which are independent of user’s 

action. In this paper we present a new dimension of attributes 

which can be used to get more personalized search results. 

These attributes are based on the user actions after he/she has 

opened the given link. The attributes include actions like 

saving/printing/bookmarking the document etc. which are 

clear indicators of user relevance. Simulation and 

experimentation of the same using a web search interface and 

comparison of search results using precision and recall 

graphs showed an average of 22% improvement in the 

relevance of the search results returned, ranging from 0-60% 

for different weighting models. 

I. Introduction 

            The web consists of huge amount of data and the 

search engines provide an efficient way to navigate the web 

and get the relevant information. General search engines 

however return query results without considering the user‟s 

intentions behind the query. Personalized web search systems 

aim to provide relevant results to users by taking user interests 

into account on the basis of search history. 

             Lot of work has been done in the field of 

personalizing the web search. There are several personalized 

search systems proposed in the literature [9-11],[1]. Some of 

the earlier personalized web search systems [9,10] tried to 

provide personalized ranking to the documents. The drawback 

in these systems is heavy processing as many page rank values 

have to be constructed for every single document. Tanudjaja 

et.al. [11] proposed a personalized technique by taking user‟s 

input via topic taxonomy like dmoz1 and corrective feedback, 

to create user profile. The main disadvantage with the 

approach is extent of user involvement. Several techniques 

have been proposed [1], [16] to create user profile implicitly 

as well as explicitly. In [3], they have proposed the 

probabilistic query expansion for personalization. 

                  There are many common approaches for 

Personalization. First and primary approach was to directly 

asking the user to pick the categories which he is interested in, 

and then guiding the further searches according to it. Even 

though this method could give better results in narrow sense, 

where the web pages are classified and users are clearly aware 

of their category of search but often fail in wider domain of 

World Wide Web, where the web pages are too highly 

diversified and queries are random.  

         The next approach was to display the results from all 

possible categories for a particular query and then depending 

on which one the user opened or clicked on was considered 

relevant and accordingly the terms category was decided and 

stored.  

          Both of the approaches discussed above have certain 

disadvantages first thing is generally user‟s- while searching 

or before searching do not have the patience or time to give 

feedback or check their preferences and also the categories 

may not always be defined properly for the user. These are the 

two things that made it necessary to find new ways to find the 

user relevance of search results. 

II. Objectives 

The main objective of this paper is to achieve the 

personalization of web search by measuring the user relevance 

of the results returned and further using that statistics to re 

rank the search results according to the user‟s relevance. 

These user actions comprise of anything that user does once 

he opens a link, like the time he spends on that document, if 

he finds it relevant he may save, print or book mark that page, 

he may download upload files etc. 

III.     Solution Approach:     

Basically, people surf internet for the following purpose: 

 Page View (Reading a document)  

 Subscribing and paying 

 Watching online video and audio 

 Downloading and uploading files 

 Playing online games 

           For all these different activities the criteria for 

relevance is different. Let‟s consider each one of the activities 

separately. 
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           For a mere page view, user relevance can be measured 

by finding out the time user spends on that page before 

making the next click or closing it. The more the time spent in 

reading the web page more relevant is the page. If the user 

closes the page before a certain period of time (a few seconds) 

then the page can be considered as irrelevant to the user. The 

timer starts when a page is opened, the time increments only 

when the user is focused on that page else the timer is paused. 

It may happen that the page remains in focus but user is away 

from computer, in such a case the timer stops after a threshold 

value is reached. Here, threshold value is maximum time 

needed by a user to read a document; threshold value is taken 

as mentioned in [14]. Based on the time spent the term‟s 

weightage for that particular document is set in its Indirect 

Index file which will make the  probability of occurrence of 

that page in retrieval higher. 

            If a document is highly relevant to the user then user 

tends to keep a backup. So saving a page or printing it can be 

a very useful feedback from the user with regard to the user 

relevance. We are capturing such activities, if any of such 

activity is done then the weightage for those documents is set 

to maximum for saving and printing but bit less for 

bookmarking. 

           Subscribing and paying operations done on a web page 

may be done through the forms which are PHP, ASP or JSP 

pages. If the URL of the page opened says one of these types 

then it is a form for subscription kind of operation. Once the 

browser encounters these kinds of pages the URL of next page 

is studied if that contains any get or post data then it can be 

concluded that user has entered some data or performed some 

operation. This shows that particular document is relevant for 

the user. If such a page is closed or its preceding URL doesn‟t 

get or post any data then it may be considered as irrelevant. 

These relevance details are entered in the Indirect and Direct 

Index files.  

           Online video and audio watching is associated with 

data streaming. If the video or audio is streamed for the full 

length then it is relevant else it can be considered as irrelevant. 

The downloading or uploading of files is also analogous to 

this audio video watching. 

           Once defining the aspects of user relevance we needed 

a mechanism to capture them. We developed a set of 

extensions to the web browser (Mozilla Firefox) to capture the 

user relevance. A framework called XUL [15,14] was created 

to make developments to the Mozilla browser easier and 

faster. It is an XML language, so all features available to 

XML are also available to XUL.  

 3.1 Query Expansion:  When using the bag-of-words model, 

if a relevant document does not contain the terms that are in 

the query then, it will not be retrieved. The aim of query 

expansion is to allow for retrieval of relevant documents that 

do not contain the query terms. Query expansion aims at 

accomplishing this by adding additional terms to the query. 

This leaves us with the question of how to choose those 

additional terms. One way of accomplishing this is to apply 

Pseudo Local Feedback (PLF). In PLF, an Information 

Retrieval (IR) system retrieves a first set of documents for a 

given query. After retrieving this first set, analysis of the term 

statistics of the top ranked documents can be used in order to 

find potential expansion terms. After expanding the query 

with these terms, the system retrieves a second set of 

documents, upon the now expanded query.  

       Whenever a user does a query, we expand his query with 

the terms in his relevant category by using the user relevance 

statistics that we have captured for the user.  

IV. Experimental Setup  

 
Figure 1: Architectural view of the system 

We simulated the user relevance using the proposed 

architecture in Figure 1. The solution setup consists of four 

major phases they are: 

 Indexing Process 

 Retrieval process 

 Capturing User Relevance 

 Refining the Retrieval process 

          These four phases of processing occur serially to 

achieve personalization in the system. Each phase and its 

functioning have been shown in Figure 1. The indexing is first 

performed on the web pages and then chosen an appropriate 

weighting model for the retrieval. 

          There are two aspects of implementation of the system: 
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 The user interface to simulate the search engine. 

Extension to the web browser to capture the user relevance. 

        These two parts have been developed separately and 

implemented to interact with each other to achieve the goal. 

These two together performs the personalization for the user 

in two phases with query processing and capturing user 

relevance respectively. 

4.1. Extension to Web browser (Mozilla Firefox) 

We have used XUL to develop the extensions to the Mozilla 

Firefox web browser. The extensions that we have developed 

are new versions of save page, print page and bookmark make 

buttons, as shown in Fig. 2. Once installing the new 

extensions these new buttons are displayed in the web 

browser. Consider For example, when the user clicks the 

“Save Page” button for saving any document, apart from 

saving the web page the event also calls a function which 

modifies the „user relevance‟ parameter of that document in a 

text file. Whenever a new query is submitted to the system the 

query preprocessor first looks for that term in the user 

document. 

 
Figure 2: Displaying the add-on developed in Mozilla 

4.2. Indexing: A set of web pages have been downloaded 

from the sites which relates to a ambiguous word such as 

“apple”, “Labrador” etc. the significance of these words vary 

from user to user as the word apple can relate to the Apple Inc. 

or to the apple fruit. On the other hand Labrador can be a 

crawler (http://www.dcs.gla.ac.uk/~craigm/labrador/) as well 

as a breed of dog. Taking up the web pages of such words and 

querying over it, by modifying according to the user relevance 

will give us a good comparison to achieve personalization.  

        The tool provides an option to select folders to be 

indexed; the folder should contain saved HTML pages. Each 

page will be parsed to identify unique terms recursively thus 

resulting to form a Direct Index and Inverted Index files. Each 

web page details are listed in the Document Index file. We can 

access these data structures directly to get the details about the 

indexed documents. While indexing of the document to 

remove the terms which adds the noise to the data, a process 

known as stemming is performed. 

4.3. Querying:  Users can input the query in the tool to see 

the retrieved results displayed in the table which can be 

directly opened in the browser by clicking on it. Each time a 

user gives the query it is written into text file (query.txt) to 

maintain his search history. This text file is also used while 

capturing user relevance. The details and the relevance of this 

text file has been discussed in section 5 – Results and 

Discussion. 

4.4. Retrieval: Before the tool to be used as search engine, the 

weighting model has to be selected, as the collection is not a 

standard set of data so we perform all the weighting models 

for retrieval over the indexed file to get better result. The 

weighting models have been implemented one by one on the 

indexed file and then results have been retrieved to compare 

the efficiency of the models.  

4.5. Capturing User Relevance: In the tool after giving the 

query the results are displayed, tool have the ability to open it 

in the browser which by default has been set to Mozilla 

Firefox. If the user saves, prints or bookmarks then the 

relevance of the web page is recorded accordingly to the 

weightage of each of the action i.e. more weightage for 

printing then saving and then bookmarking. 

          Whenever the user does any of the predefined activities 

like saving, printing, bookmarking etc the browser checks the 

“query.txt” file for the present query being searched for, and 

appends the link of that web document in that txt file. 

Correspondingly, the tool further checks the any relevance 

update in the “query.txt” file and refines the search by query 

expansion using this site.  A query may be appended with 

single or multiple web documents. 

           In the query expansion it takes out the unique terms in 

the site(s) attached to the query and further retrieves the 

results for expanded query. Algorithm for “query.txt” of the 

proposed systems is given in Figure 3. The whole system thus 

works toward Personalization of web searching. 

4.6. Algorithm: 

1: Input a query 

2: If query not present in "query.txt" file  

3: Then  

4:        Write the query into the "query.txt" file. 

5:        Display results for the given query 
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6: Else 

7:         Expand the query using DocunentIndex of 

documents listed for that particular query 

8:         Display the new result using expanded query. 

{Taking user relevance into account}. 

9:  End If 

10: User selects a page to open in the browser 

11: If relevant:   {If the user finds it relevant than he could do 

one of three tasks} 

 If print or saved or bookmarked :  

 Append the page to the respective query in 

"query.txt" file. 

12:      End If 

13: End If. 

Figure 3: Algorithm of the System 

V.  Results and Discussion 

The new dimensions of attributes for personalizing the web 

search defined in this paper are derived by user actions. These 

user actions comprise of anything that user does once he opens 

a link, like the time he spends on that document, if he finds it 

relevant he may save, print or book mark that page, he may 

download upload files etc. A set of extensions to the browser 

were developed to capture these actions of the user and used 

that captured statistics to guide further results. To enhance the 

quality of results obtained through personalization we used the 

user statistics in the process of query expansion using 

„PseudoLocalFeedback‟. Precision and recall graphs were 

used to measure the relevance of results that are returned. The 

graphs clearly indicated that the results obtained using our 

approach is more relevant to the user than the results from the 

existing methodologies of personalization. 

          All the weighting models efficiency with respect to the 

query and the document collection has been shown in 

following graphs. The efficiency has been compared on the 

basis of Precision and Recall. 

         Various weighting models have been implemented and 

compared with each other to select the one best suited for the 

given collection of web pages, as it is not a standard 

collection. The data set collected by us is based on the words 

which have different meaning in different context. Thus for 

the word “apple” the web pages have been downloaded from 

http://www.apple.com (Site1) and http://www.apple-fruit.com 

(Site2). All the HTML pages within these sites have been 

downloaded and saved on disk. Site1 contains a total of 553 

pages amounting to 24.6 MB whereas Site 2 contains a total of 

234 pages amounting to 3MB. As we can see that the results 

can be biased due to uneven number of documents providing 

the information on sites. It can be biased by the Inverse 

Document Frequency (IDF) which states that the term which 

appears uniquely in a single document would result more 

information, thus resulting into higher score for that document 

while retrieval.  

           The other word for which the web pages have been 

collected is “Labrador”, the sites for this are 

http://www.justlabradors.com (Site3), http://www.labrador-

crawler.com (Site4), and http://www.labradormtn.com (Site5). 

Site3 provides information about a breed of dogs and contains 

441 HTML documents amounting to 11.9 MB. Site4 provides 

information about a web crawler from university of Glasgow 

having 628 HTML pages amounting to 5.26 MB. Site5 

provides the information about a mountain named Labrador, 

having 170 HTML documents amounting to 3.03 MB.  

            As the dataset is very random and not standard we first 

evaluated following weighting models available [6],[17] 

&[18] to compare which provides the best results about the 

query. 

Table 1: Weighting Models index used in graphs. 

Weighting Models Representing Number 

on graph 

BB2 1 

BM25 2 

DFR_BM25 3 

DLH 4 

DLH13 5 

Hiemstra_LM 6 

In_expB2 7 

In_expC2 8 

InL2 9 

155

http://www.apple.com/
http://www.apple-fruit.com/
http://www.labradormtn.com/


 

  

LemurTF_IDF 10 

PL2 11 

TF_IDF 12 

 

They are evaluated by giving queries over the PWS tool and 

comparing the results using the concept of Precision and 

Recall. The user marks the pages relevant or irrelevant 

accordingly. Precision is computed as the ratio of the number 

of relevant documents marked by the user to the total number 

of documents retrieved for query. Recall is defined as the ratio 

of the total number of retrieval documents to the total number 

of actual relevant documents. In this case as the total number 

of relevant documents retrieved is not knows so we are using 

relative recall which is computed as the ratio of the number of 

relevant documents marked by the user to the total number of 

distinct relevant documents retrieved for the original query 

and the expanded query. The precision and relative recall 

graph of the each of 

the models in Table 1 without user relevance is shown in 

Figures 4-15. 

 

Figure 4: Precision Graph for the query „apple‟ as computer 

 

Figure 5: Relative Recall Graph for the query „apple‟ as computer 

After selecting the appropriate weighting model the user 

relevance is used to refine the results further to achieve 

personalization.  The user relevance is captured using the 

extensions to Mozilla. The query is then updated using the 

“query.txt” file and retrieval is performed again. The precision 

and relative recall is calculated for the affect of user relevance 

and it can be seen from the graph that the capturing user  

Figure 6: Precision Graph for the query „apple‟ as computer. 

relevance gives better results in comparison to the searches 

without taking user relevance into account. 

 

Figure 7: Relative Recall Graph for the query „apple‟ as fruit. 

 

Figure 8: Precision Graph for the query „apple‟ as computer with and without 

user relevance 
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Figure 9: Relative Recall Graph for the query „apple‟ as computer with and 

without user relevance. 

 

Figure 10: Precision Graph for the query „apple‟ as fruit with and without user 

relevance 

 

Figure 11: Relative Recall Graph for the query „apple‟ as fruit with and 

without user relevance 

       The following are the precision and recall graphs for the 

results obtained for the search of the word „Labrador‟. 

 

Figure 12: Precision graph for the query „Labrador‟ as a breed of dog with and 

without user relevance. 

 

Figure 13: Relative recall graph for the query „Labrador‟ as a breed of dog. 

Figure 14: Precision graph for the query „Labrador‟ as a web crawler. 

 

Figure 15: Relative recall graph for the query „Labrador‟ as a web crawler 

with and without user relevance. 

VI. Conclusion and Future scope 

It can be observed from the results that by using the new 

methods of capturing user relevance based on user activities, 

the precision and relative recall values for search results 

shows improvement. We have taken only explicit user 

activities such as saving a page, printing it etc but the one of 

the most implicit activity i.e. time spent by user on a web page 

has not been considered because it is very ambiguous and 

cannot be measured precisely. Time spent is ambiguous 

because it depends on factors like reading speed, document 

size which are very inconsistent.  If time spent parameter is 

considered, the results may further improve.  
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