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Abstract 

 In this busy world, information in the web is growing 

tremendously as the volume of data is updated daily on web. 

And most of the people use the internet search engine to find 

and retrieve the information.  Since the data is more, 

retrieving the relevant document becomes difficult task.  So 

this problem has paved a way to develop an algorithm on web 

content mining. In this research, Kendall’s Tau correlation 

analysis has been employed to determine the level liaison 

between the documents. The duplicate documents which are 

termed as outliers are identified if the correlation value 

between the documents is 1 and thus it can be eliminated. This 

method enforces the term frequency computation for common 

terms between the documents for which the ranking is done 

individually. From the experimental analysis, the proposed 

method provides better accuracy in detecting outliers in 

comparison with the existing methods.  

Keyword: Correlation, Web Content Mining, Correlation 

Coefficient, Ranking, Outliers 

 

INTRODUCTION  

Now-a-days, the growth of the World Wide Web beat up all 

the expectations. There are several billions of documents, 

HTML files, images, audio, video and other multimedia files 

available in internet and is still growing up for each and every 

second.  Based on the impressive variety of the web content, 

retrieving interesting files has become a very difficult task.  

Web Data Mining is a technique to crawl through various web 

resources to collect required and relevant information. 

According to the literatures, the web mining is broadly 

classified into Web content mining, Web structure mining and 

Web usage mining [1]. Web content mining, also known as 

text mining is the process of scanning and mining the text, 

pictures and graphs in Web pages to determine the 

significance of the content based on the user query. There are 

two groups of web content mining in which the one directly 

mines the content in the web documents and the other mines 

to improve the result of the search content from tools like 

search engine. Web usage mining basically collects the 

information about the identity of web users and browsing 

behavior at the web site and discovers the interesting usage 

sequence or information to better serve the needs of the web 

site. This information is often gathered automatically into 

access logs via the Web server. Web structure mining, is a 

taxonomy used to identify the relationship between Web 

pages linked by information or direct link connection. Based 

on web structural details, web structure mining is generally 

distributed into two types 1) extracting only the pages or 

documents from web and 2) examining the web page by 

constructing the tree.  

This paper focuses on the outlier mining on the web document 

content. Commonly, outliers are the data or record that deviate 

so much or detached from other records which might have 

been engendered using a unlike mechanism or the observation 

that are unreliable when compared to the rest of other 

observations.  

 

Related Works 

The web has several unique characteristics such as huge size, 

diverse in nature, constitutes different data types with 

heterogeneous information and significantly it is dynamic [2]. 

Due to these characteristics, the data mining techniques 

cannot be directly applied and so it becomes one of the 

important field in research. Kosala & Blockeel (2009) 

introduced the different categories of web mining and 

presented several issues on web content mining [2]. 

Agyemang et al. introduced a term web content outlier mining 

for the outliers that are found in web [3]. The taxonomy for 

web outliers along with the general framework for mining the 

web content outlier and few applications of web outlier 

mining is presented in [4]. Particularly the method employs 

full word matching for comparing the words in the document 

with that of domain dictionary. The Hybrid approach that 

pulls the power of n-gram technique and word based system 

without the existence of domain dictionary is introduced [5] 
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The n-gram method has been suggested that uses the existence 

of domain term dictionary along with the use of HTML 

structure of the web page for identifying the outliers in the 

web [6].  The author reduces the processing time by using the 

optimized algorithm that employs only the data caught in 

<Meta> and <Title> tags. The author also proposed an 

algorithm WCOND-Mine for mining web content outliers 

using n-grams however without the existence of term 

dictionary [7]. They employed the Vector space model for 

computing dissimilarity. The authors enhance the work by 

introducing the WCO algorithm for mining outlier in web 

which results in improved efficiency [8].  A traditional 

weighting technique TF .IDF that uses Term Frequency (TF) 

and Inverse Document Frequency (IDF) from Information 

Retrieval [9] which   is   commonly   used   in   text   mining 

has been used Zulkifeli et al. for identifying outliers in web 

documents [10].  

An algorithm has been proposed based on clone detection and 

similarity measures to detect duplicate pages in the web sites 

and applications using HTML and ASP technology [11] for 

structured documents. An innovative approach having 

multilayer framework for detecting duplicated web pages 

using two similarity text paragraphs detection algorithms 

based on Edit distance and bootstrap method is recommended 

however it cannot find duplicates among multiple web pages 

[12].  

Poonkuzhali et al. offered a few mathematical approach for 

finding outliers from the set of web documents. They 

employed set theory that uses intersection and union 

operations for removing web outliers [13] and signed 

approach that uses domain term dictionary for mining outliers 

in web content [14]. The authors introduced a method to 

remove the duplicate web documents through rectangular 

approach along with correlation analysis [15]. The authors 

also employed chi square test in their research for extracting 

required information which increases the quality of search 

engine result thereby increasing the efficiency [16]. However 

all the existing method uses domain term dictionary for 

identifying outliers., compiling the dictionary for each domain 

is a time consuming process also the methods do not provide 

weightage to keywords in the document.  

An approach has been suggested for web content mining using 

Genetic Algorithm which extract relevant and required 

information from the web [17]. Schematic Outlier Elimination 

Scheme for detecting and removing has been proposed to 

remove unwanted redundant data into the server end [18]. 

However, the method works for the web server log files. The 

new method has been introduced without compiling the 

dictionary by using ranked correlation analysis that ranks the 

terms based on their number of occurrences in the document 

to mine related web content to eliminate redundancy [19]. 

Several Outlier detection methods are suggested to detect 

outliers [20], however many of the methods are applicable for 

numerical data. Thus for mining outliers in web content, the 

content data has to be transformed into numerical value for 

employing mathematical concepts. This paper introduces the 

use of Kendall’s Tau correlation for detecting outliers 

especially duplicates in web documents. 

 

Outline of Paper  

The following section, Section 4 presents architectural design 

of the proposed system along with the explanation. Section 5 

presents the algorithm and explanation for web content outlier 

mining. Section 6 explains the experimental results and the 

performance evaluation. Section 7 presents conclusions and 

future work. 

 

Architecture of the Proposed Work 

The  Architecure of the proposed  method has been depicted 

in the figure1. Basically it has five steps.  

 

Figure 1: Architecture of the proposed method 

The following are the steps to be performed for finding 

outliers.  

1. User requests through search query 

2. Pre-processing of extracted documents 

3. Term frequency calculation 

4. Comparison of  term frequencies of common word 

between the documents  

5. Relevance computation. 

 

In the first step, the user request through the search query and 

is processed through the search engine. The results of the 

search engine are extracted. The documents from the result set 

might not be relevant to the user request. Therefore the set of 

documents are preprocessed.  Pre-processing is an important 

step which reduces the size of the documents through stop 

word removal, Stemming, Filtering and Tokenization.  Stop 

words are frequently used words that has less meaning and are 

less important than keywords (a, an, the, on, etc.,). Stop word 
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removal filters stop words from the document by removing 

every term from the built-in stop word list. Stemming is 

replacement of word suffixes to its root form (removed, 

removing, removal to the root word remove). Filtering is 

applied to limit the words with minimum and maximum 

length. Generally after stemming, the length of the word will 

become minimum as two or three. These words can be 

removed since it is not significant. In the proposed work, the 

minimum length is set as 3 and the maximum length is set as 

15. Tokenization is the process of splitting the text of a 

document into a sequence of words, phrases, symbols, or 

other meaningful elements. For further processing these 

tokens are used. 

The third step is the term frequency calculation. The words in 

the document are analyzed and the occurrence of each word is 

calculated. Each documents is compared with all the other 

documents. Thus in the next step, the set of common words 

for each document pair is extracted and terms are ranked 

based on the frequency values. The term having highest 

frequency will be ranked 1 and in the same way for other 

terms also. 

The last step is relevance calculation using the statistical 

correlation method. In this proposed system, Kendall’s Tau 

rank correlation coefficient is applied to find out the 

redundant document owing to its advantages. The distribution 

of Kendall’s Tau has better statistical properties. Also it is 

very insensitive to errors due to which the correlation value 

will be accurate with smaller size. Since the correlation is 

applied only for the common terms between the documents, 

the Kendall’s Tau correlation has been employed in this work. 

The rank of each term is compared in the document pair based 

on which the concordant and discordant pairs count is 

calculated. The number of larger ranks below a certain rank is 

concordant pair count and the number of smaller ranks below 

a certain rank is discordant pair count.  

The Kendall τ coefficient is defined as:   

τ = |
𝑛𝑐 − 𝑛𝑑

𝑛(𝑛 − 1)/2
|                                    (1) 

Where nc is the number of concordant pairs and nd is the 

number of discordant pairs between the documents Di and Dj. 

n is the number of common terms in the documents Di and Dj. 

Only absolute correlation values are taken into account since 

correlation between the documents Di and Dj is same as that 

of Dj and Di and so the τ value always lies in the middle of 0 

and 1. If the τ value for the documents Di and Dj is 1, then Dj 

is the duplicate of Di. Also, if there is no common terms 

between the documents, then the documents are not related to 

each other and so the value of τ will be 0.  

 

Proposed Algorithm for Web Content Outlier Mining 

Input:  Set of web documents.  

Method: Kendall τ correlation coefficient 

Output: Mining of unique web document after eliminating 

outliers.  

Step 1:  Input the user query Q to the Search Engine.  

Step 2:  Extract the Web Documents Di related to the given 

query where 1≤i≤r, r is the number of input documents.  

Step 3:  Pre-process the complete set of input documents by 

removing stop words, stemming, filtering and tokenization.  

 

For all the document pair Di and Dj do the following steps. 

Step 5: Identify the common terms for the documents Di and 

Dj. Calculate the term frequency TF(Wk) for all the common 

words Wk where 1≤k≤n, n is the number of common words in 

documents Di and Dj along with  the list of keywords.  

Step 6: Allocate the term frequency ranking TFR(Wk) to each 

words Wk in the document Di and Dj individually where 

1≤k≤n. n is the number of common words in document Di and  

Dj.  

Step 7: Determine the number of concordant pairs (nc) and 

discordant pairs (nd) for each common terms.  

Step 8: Compute Kendall’s Tau  correlation value based on 

the Equation (1) for each document pair. If the τ value is 1, Dj 

is duplicate document, else Dj is a unique document.  

Step 9: Perform correlation for all the possible document 

pairs. 

Step 10: Calculate the Total Correlation Value for each 

document by summing the calculated correlation value and 

assign the ranks accordingly. 

 

EXPLANATION  

The proposed method has been explained using an illustration. 

The sample data in table 1 shows the term frequencies for 6 

documents denoted D1, D2, D3, D4, D5 and D6. Term 

Frequency (TF) for the terms Database, Knowledge, 

Structure, Technique and Mining from each document D1, 

D2, D3, D4, D5 and D6 is computed.  

Table 1: Sample TF values in each document 

Terms / Doc D1 D2 D3 D4 D5 D6 

Database 5 1 1 4 1 1 

Knowledge 3 3 1 2 4 3 

Structure 17 8 8 7 11 8 

Technique 10 6 11 15 4 6 

Mining 8 5 8 23 1 5 

 

The terms are ranked based on their term frequency for all the 

documents individually. Then each document is compared 
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with all the other documents, for which the number of 

concordant pairs (nc) and the number of discordant pairs (nd) 

will be computed. Finally, the Kendall’s Tau correlation given 

in equation (1) is applied for all the document pair and the 

correlation value is calculated. The τ value for all the 

document pairs based on the term frequency given in Table 1 

is shown in Table 2.  

 

Table 2: Correlation value (τ) for the document pairs 

 

Doc 
D1 D2 D3 D4 D5 D6 TCV 

D1 - 
0.80

0 

0.67

1 

0.40

0 

0.44

7 

0.80

0 

3.11

8 

D2 
0.80

0 
- 

0.67

1 

0.20

0 

0.67

1 
1.00

0 

3.34

2 

D3 
0.67

1 

0.67

1 
- 

0.67

1 

0.25

0 

0.67

1 

2.93

4 

D4 
0.40

0 

0.20

0 

0.67

1 
- 

0.22

4 

0.20

0 

1.69

5 

D5 
0.44

7 

0.67

1 

0.25

0 

0.22

4 
- 

0.67

1 

2.26

3 

D6 
0.80

0 
1.00

0 

0.67

1 

0.20

0 

0.67

1 
- 

3.34

2 

 

Since the τ value of D2 and D6 is 1, the document D6 is 

considered as a redundant document and therefore it can be 

eliminated. The documents are ranked based on their total 

correlation value calculated by summing its correlation value 

with all the other documents. The ranked documents based on 

their total correlation value is given in Table 3.  

 

Table 3: Ranking for Relevant document 

Document TCV Rank 

D2 3.342 1 

D1 3.118 2 

D3 2.933 3 

D5 1.815 4 

D4 1.247 5 

 

 From table 3, D2 is ranked first since the Total correlation 

value (TCV) 3.342 is high. Then D1 is ranked next followed 

by D3, D5 and D4 based on their TCV values.  

 

EXPERIMENTAL RESULT 

An experimental analysis have been made with the manually 

created dataset that consists of 100 web documents in which 

80 web documents are relevant and 20 web documents are 

duplicate or irrelevant possibly outliers. These input 

documents are pre-processed and duplicate documents are 

identified based on the proposed method. The correlation 

value is computed for all the documents. The duplicate 

documents are carefully eliminated if the document having 

their coefficient value as 1.  

The results of the proposed method is analyzed based on the 

various measures, such as Precision, False rate, Accuracy. The 

experiment is conducted by varying the number of documents 

including relevant documents and outliers. The experiment is 

analyzed by calculating the precision, recall and accuracy of 

the method in detecting outliers. The table 4 shows the 

precision, recall and accuracy of the proposed system for each 

trial.  

Table 4: Calculation of Precision, False Rate & Accuracy 

Tr

ial

s 

No. 

of 

Do

cu

me

nts 

No. 

of 

Rele

vant 

Doc

ume

nts 

No. 

of  

Out

lier 

Doc

ume

nts 

No. 

of 

Outl

ier 

Ded

ucte

d 

Precis

ion 

Rate  

(%) 

False 

Rate 

(%) 

Accur

acy 

Rate  

(%) 

1 10 8 2 1 50 50 90 

2 20 16 4 3 75 25 95 

3 30 24 6 4 66.67 33.33 93.33 

4 40 32 8 6 75 25 95 

5 50 40 10 7 70 30 94 

6 60 48 12 8 66.67 33.33 93.33 

7 70 56 14 9 64.29 35.71 92.86 

8 80 64 16 10 62.50 37.5 92.5 

9 90 72 18 11 61.11 38.89 92.22 

10 100 80 20 13 65 35 93 

 

 

Figure 2: Precision values at various trials 
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Figure 3: False Rate values at various trials 

 

 

Figure 4: Accuracy at various trials 

 

Based on the experimental analysis the Precision and accuracy 

of the proposed system is high enough. Also the false rate is 

low for the proposed method. The efficiency of the proposed 

method is compared with the other existing methods such as 

Ranked Correlation analysis, Weighted Approach and n-gram 

method. Precision and False rate is calculated by varying the 

number of documents having outliers and the result is 

compared with existing algorithms. The table 5 shows the 

precision and false rate at each trial for the proposed and 

existing methods.  

Table 5: Comparison of Precision & False Rate with existing 

methods 

Do

c 

Siz

e 

KCA 

(proposed) 
RCA 

Weighted 

Approach 
N-Gram 

Pre

cisi

on 

Fals

e 

Rate 

Pr

eci

sio

n 

Fals

e 

Rate 

Pre

cisi

on 

Fals

e 

Rate 

Pre

cisi

on 

Fals

e 

Rate 

10 50 50 0 100 0 100 0 100 

20 75 25 50 50 50 50 25 75 

30 
66.

67 

33.3

3 
50 50 50 50 

33.

33 

66.6

7 

40 75 25 
62.

5 
37.5 50 50 

37.

5 
62.5 

50 70 30 60 40 50 50 40 60 

60 
66.

67 

33.3

3 
50 50 50 50 

33.

33 

66.6

7 

70 
64.

29 

35.7

1 
50 50 

42.

86 

57.1

4 

35.

71 

64.2

9 

80 
62.

5 
37.5 50 50 

43.

75 

56.2

5 

37.

5 
62.5 

90 
61.

11 

38.8

9 

44.

44 

55.5

6 

44.

44 

55.5

6 

33.

33 

66.6

7 

100 65 35 50 50 45 55 35 65 

 

The results of the precision and false rate comparison is 

depicted as a bar chart in Figure 5 and Figure 6 respectively. 

 

 

Figure 5: Precision Comparison Chart 

 

 

Figure 6: False Rate Comparison Chart 

Thus from the analysis, it is clear that the precision for the 

proposed method is high when compared to the existing 

methods. Also, the proposed method reduces the false rate 

thereby increasing the efficiency in detecting and removing 

outliers. 

 

CONCLUSION 

Web content mining is an emerging research area in the field 

of mining data as all the discipline rely on web. Due to the 
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incredible development of information found on the web, 

several retrieval tool have been introduced for the web 

extracting relevant information without duplicates. This paper 

introduces an analytical methodology based on correlation 

analysis to distinguish the irrelevant and duplicate outlier 

documents from the web documents and to remove them. 

Based on the experimental results, it is proved that the 

proposed algorithm is efficient in finding outliers when 

compared with the existing algorithms. The future work aims 

at performing experimental evaluation on the real dataset and 

also to employ other mathematical concepts in mining the web 

for the betterment of the outlier detection.   
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