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ABSTRACT  

 

Most website classification systems have dealt with the question of classifying websites based on 

their content, design, usability, layout and such, few have considered website classification 

based on users’ experience. The growth of online marketing and advertisement has lead to 

fierce competition that has resulted in some websites using disguise ways so as to attract users. 

This may result in cases where a user visits a website and does not get the promised results. The 

results are a waste of time, energy and sometimes even money for users.  In this context, we de-

sign an experiment that uses fuzzy linguistic model and data mining techniques to capture users’ 

experiences, we then use the k-means clustering algorithm to cluster websites based on a set of 

feature vectors from the users’ perspective. The content unity is defined as the distance between 

the real content and its keywords. We demonstrate the use of bisecting k-means algorithm for 

this task and demonstrate that the method can incrementally learn from user’s profile on their 

experience with these websites. 
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1. INTRODUCTION 

 
The Internet has become a major source of information. Individuals and organizations depend on 

the Internet in one way or another. It can be asserted that the web is the largest available reposi-

tory of data with the largest number of users [1]. Therefore, the web can be viewed as a meeting 

point of providers of information and services and their consumers.   

 

Since its early days the Internet has seen remarkable growth. This growth is fueled by millions 

who provide high quality, trustworthy content. However, in this favorable landscape a good num-

ber of providers may seek to profit by promising users resources which eventually they cannot or 

do not provide. This leads to cases whereby a user might end up wasting time, energy and even 

sometimes money. This situation may also create a disillusioned user. Our goal is to develop a 

website clustering system that takes into consideration the previous users’ experiences.   

 

The paper is set out as follows: First, we introduce some literature on web mining and fuzzy lin-

guistic modeling. Secondly, an experiment is proposed to compute the agreement between what a 

web site claims it provides and what in-fact it provides based on users browsing patterns. Third, a 

discussion is provided to demonstrate the feasibility and effectiveness of the proposed model.  
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Finally, some conclusions are presented at the end of this paper.  

 

2. WEB MINING AND FUZZY LINGUISTIC MODELING 

 
2.1 Web Mining 

 
Web mining can be broadly defined as the discovery and analysis of useful information from the 

World Wide Web. This includes the automatic search of information resources available on-line, 

i.e. Web content, data mining and discovery of users access patterns from Web servers [2]. 

 

As information technology grows, users can aggregate and store mass data more easily and effi-

ciently [3]. Data mining can help users analyze and retrieve valuable information from mass data 

sources available online [4]. Due to the existence of a variety of websites that claim to provide the 

information that the users are looking for, users find themselves dealing with the question of iden-

tification of sources that deliver what they claim. Web mining can be used to analyze user’s 

browsing behavior and provide suitable information for future users of the same websites. Impor-

tant data can be obtained from Web servers or proxy servers such as log files, user profiles, regis-

tration data and user sessions or transactions [5]. From these data we can discover valuable in-

formation about the websites visited.  

 

2.2 Fuzzy Linguistic Modeling  

 
Fuzzy linguistic modelling [6] is a very useful kind of fuzzy linguistic approach used for model-

ing the computing with words process as well as linguistic aspects [7]. When collecting details 

from the user’s on-line activities some aspects are qualitative while others are quantitative. Fuzzy 

linguistic modelling has been widely used and  has provided very good results, it deals with quali-

tative aspects that are presented in qualitative terms by means of linguistic variables [8], [9], [10], 

[1].  The 2-tuple Fuzzy Linguistic representation model provides the following advantages over 

classical models [1]. 

 

1) The linguistic domain can be treated as continuous, while in the classical models it is 

treated as discrete. 

2) The linguistic computational model based on linguistic 2-tuples carries out processes 

of computing with words easily and without loss of information.  

3) The results of the process of computing with words are always expressed in the initial 

linguistic domain.  

 

The model used in this paper to evaluate the conformance of what the web site says and what it 

actually delivers uses a set of quality criteria related to the Web sites and a computation instru-

ment of quality assessments. We assume that the quality of a web site is measured through users 

perceptions on the services offered through its Web site [11] and that users have an objective to 

achieve when they decide to visit a certain website.  

 

Users are invited to fill in a survey built on a set of quality criteria. To measure quality, conven-

tional measurement tools used by the customers are devised on cardinal or ordinal scales. How-

ever, the scores do not necessarily represent user preferences. This is because respondents have to 

internally convert preference to scores and the conversion may introduce distortion of the prefer-

ence [3]. For this reason, we use  fuzzy linguistic modeling to represent the user’s perceptions and 

tools of computing with words to compute the quality assessments [7].  The subjectivity and 

vagueness in the assessment process is dealt with using the fuzzy logic [12]. Multiple raters are 

often preferred rather than a single rater to avoid the bias and to minimize the partiality in the 

decision process.  Figure 1 shows an example of the way the Fuzzy computation with words was 
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used in the experiment in one of the question to the users.  Does the website provide accurate 

information? The choices were None-N, Very Little- VL, Little- L, Medium- M, High- H, Very 

High- VH and Perfect- P.   

 
Figure 1. Linguistic variable “Accurate”. 

 

3. CLUSTERING FUZZY WEB ACCESS PATTERNS BASED ON K-MEANS 

 
By making use of the log files details and analysis of the results obtained from the online ques-

tioners, it is possible to adapt the paradigm of clustering. The key effectiveness of the clusters is 

an intuitive distance function [13]. Since the content of each single page p ε W can be represented 

by a feature vector of term frequencies, the whole details measurable properties as seen from the 

users is represented by set of feature vectors. One assumption made by this approach is that sites 

that fulfills a user needs as seen from the users pattern mining of related content but varying size 

will become very similar with respect to the Sum of Minimum Distances (SMD) [14]. Let U1, U2 

be two users and let f: P → Nd
 be a feature transformation that returns the feature vector of a us-

ers’ profile p ԑ P where P is the set of all profiles. The concept of SMD is discussed by Hans et al 

in [15]. Using these details we create S1, S2…S3 as centroids that represent the various log fea-

tures. Figure 2 shows the modeling of the clusters based on the fact that websites are different, 

based on the fact that users have different expectations when visiting the websites.  

 
Figure 2. The Clustering Model. 
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4. EXPERIMENTAL SETUP 
 

An experiment was performed with the aim of collecting data from two sources, log analysis and 

online questionnaires. Students were used as experimental subjects. It is a known fact that this 

could lead to results that are artificial, particularly when students are asked to perform tasks 

which they have little or no experience. After identifying this as a potential problem, a number of 

websites were selected. The selection criterion was that a specific objective needed to be achieved 

by the website users.  The time users took on this websites was then read from the freely provided 

Google API. A total of 199 randomly selected samples were collected, this included the time 

taken in a website and the time it would take to carry out the specific objective on the website.  

 

Several methodologies have been suggested for rating websites [17], [2], since our objective was 

to cluster websites based on what it promises, a new criteria needed to be  developed.  The criteria 

developed identified the following as the important features with respect to our objective: accu-

racy, believable, relevant, details, value, revisit, and deliverability. These factors were obtained 

from the literature. Table 1, shows the online questionnaire with results from one rater of the 

websites. In this example on Table 1, the user is rating a website that he has already visited. The 

questionnaires were administered for ten visited URLs for which already the time taken by users 

while visiting this websites had already been noted. The fact that we had 199 log details for users 

and only selected 10 URLs to evaluate was dictated by a number of factors, the major one being 

the evaluation that we had carried out about the nature of the websites that we were to use in the 

study, but to introduce randomness this information was not available to the users. Table 2 shows 

the analyzed results for the ten URLs. The arithmetic mean for the 2-tuple linguistic aggregation 

operators was used for calculation.  
 

Table 1. Website Online Questionnaire Example. 

 

  None Very 

Little 

Little Medium High Very 

High 

Perfect 

1. Accurate information       X 

2. Believable information      X  

3. Relevant information       X 

4. The right detail of infor-

mation 

      X 

5. Value for your time   X     

6. Would you visit it again    X    

7. Does it deliver        X 

 

Table 2. Analyzed data from the questionnaires. 

 

URL Accuracy Believable Relevant Details Value Revisit Deliverability 

1 8.72 8.33 8.88 7.89 8.33 8.55 8.49 

2 2.39 2.78 3.11 1.45 1.40 1.62 2.17 

3 8.00 8.44 8.22 8.44 8.22 7.88 8.33 

4 2.72 2.78 3.17 3.67 3.50 4.00 2.33 

5 8.27 7.44 7.22 7.22 7.22 8.11 8.16 

6 3.22 2.95 4.56 2.89 2.33 3.33 3.83 

7 8.55 8.49 6.72 8.16 7.50 9.32 7.33 

8 6.78 8.11 8.33 7.22 8.11 7.77 7.22 

9 3.50 3.67 2.67 4.33 2.83 2.83 3.67 

10 2.89 4.06 2.72 3.50 3.56 3.17 4.17 
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5. RESULTS AND ANALYSIS 

 
The Bisecting K-means algorithm was used. Table 3, shows the results obtained from the cluster-

ing program and Figure 3, shows the clusters for the ten URLs. The websites used for this ex-

periment URL1, URL2…, URL10 were well analyzed with respect to what the websites promised 

to deliver. Any new website that promises to deliver what these websites were delivering can now 

be clustered with respect to the created clusters.   
 

Table 3. Clustering Using k-Means. 

 

Cluster Data Unit Sum Time(Seconds) 

1 0 59.2 5.3 

2 57.5 5.2 

4 54.1 5.5 

6 56.1 6.0 

7 53.5 5.6 

2 1 14.9 2.7 

3 22.2 3.0 

5 23.1 3.1 

8 23.5 2.9 

9 24.1 3.6 

 

Clustered Data: K=2  

 

 

 
Figure 3. Clusters for the ten URLs. 

 

6. CONCLUSION 

 
In this paper, we proposed a new solution to automatic classification of websites based on the 

level of satisfaction of the previous users’. The experiment shows that clustering can be used as a 

way of telling how far a website is from the ideal users’ website. The results so far point to an 

interesting direction in the sense that previous users’ experience can be used to rank website and 

provide a metric for classification of websites. Combinations of these results are key point to de-

veloping future websites classification system.  
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