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Abstract 
 

With the advancement of technology and widespread availability of information through the internet and the World Wide Web, it has 

become possible for small-scale industries to convert and expand themselves by increasing awareness and exposure of their businesses. 

One of the most popular and easiest way to increase a customer base is by creating websites and thus engaging with customers online. 

However, with the increase in the number of websites and other available source of advertisements, it has become a need to design web-

sites in a way that keeps the customers and viewers engaged and interested so that they return with positive expectations. One way of 

analyzing website popularity and online customer behavior is by analyzing web server logs with the help of web usage mining techniques 

to find unknown patterns and generate insights about different aspects of the website. The paper discusses a live scenario where logs of a 

blogging website have been mined and analyzed to better improve the structure of the site as well as understand the behavior of the view-

ers who have visited the site. The paper also provides recommendations on improving the structure of the website to adopt effective digi-

tal marketing strategies. 
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1. Introduction 

The impact of the internet has crept on to every sector of human 

life be it education, business, shopping and so on. E-commerce 

has completely encased this user dependency on the web by effec-

tively tracking customer browsing preferences precisely by captur-

ing every mouse click and user input.  Pursuing data such as user 

subscription, websites visited, etc. can be beneficial for companies 

to improve their sales by incorporating suitable marketing strate-

gies. While Search Engine Optimization (SEO) techniques are 

beneficial to increase the traffic of websites by augmenting its 

page rank [1], it has become a need to adopt web usage mining 

techniques to better understand the analytics of website data and 

thus gain valuable insights. These insights can prove to be profita-

ble to the owner in the long run. Web usage mining techniques can 

also help the owner to predict the visitor’s behavior and accord-

ingly recommendation systems are built to ease the visitor’s navi-

gation and experience [2]. 

1.1. Web usage mining and its phases 

Web Usage Mining is a category of web mining where the user’s 

interaction with the web is analyzed and studied by first retrieving 

data such as user transactions, site hits, etc. [3] Some of the 

sources of data required for Web Usage mining include access 

logs, user ratings and profiles, database transactions on websites 

as well as website structure and connectivity [4]. The process of 

web usage mining can be broadly classified into three phases: [5] 

1. Pre-Processing Phase 

2. Pattern Discovery Phase 

3. Pattern Analysis Phase 

 
Figure 1: Phases of Web Usage Mining 

1.1.1. Pre-processing phase 

This phase mainly deals with converting the available raw data 

into a form which can be easily comprehended by the tools and 

algorithms which are applied during the pattern discovery phase. 

Data thus needs to be ‘cleaned’ and this process involves removal 

of noisy and irrelevant data [6]. Missing or incorrect values also 

need to be filled in and modified accordingly. 

1.1.2. Pattern discovery 

In this phase, we apply different algorithms or use tools to deter-

mine patterns which were difficult to predict initially. Depending 

on the business requirement, we apply different techniques such as 

clustering, classification, etc. On the basis of efficiency and accu-

racy, different algorithms are used to get the best possible result. 

This phase assumes that the result obtained is based on correct and 

clean data without which we may end up discovering patterns that 

actually do not exist. Once the patterns have been discovered, one 

can proceed with analyzing them in the next phase. 
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1.1.3. Pattern analysis 

This phase is particularly important for business intelligence and 

analytics. The patterns discovered in the previous phase are ana-

lyzed to decide which patterns are significant and not irrelevant. 

Most of the time, the patterns discovered are in a mathematical 

form which is why interpretation of the patterns is a key aspect to 

pattern analysis. Based on the analysis, we can determine how to 

restructure our website to achieve better results in terms of traffic, 

convenience in navigation and performance optimization. 

1.2. Web server logs 

Typically, a log file stores all the activities performed on the serv-

er [7]. Depending on the condition, the server maintains these 

records in separate log files namely access logs, error logs, piped 

logs, script logs, etc. Access Logs store all the requests which have 

been processed by the server. Error Logs record the errors which 

arise during the processing of requests and can be used later for 

diagnostic purposes. Piped Logs is a mechanism through which 

the server can write both access and error logs to a process instead 

of writing it to a file directly. Script Logs records all the inputs 

and outputs to and from CGI scripts and is useful for debugging 

and testing purposes. 

1.2.1. Web access log format 

In order to perform web usage mining and analyze the mining 

patterns of users, we first start with looking into the access logs of 

the server from where the user requests a service or a web page. 

The Apache access logs are popularly stored in two different for-

mats:  

Common Log Format: This format gives information regarding 

the client’s IP Address, Host Name, Username, Timestamp and 

zone of the request, Request line (method, URL  of resource and 

protocol), status code sent by the server and the amount of  bytes 

of the object returned in response to the client’s request. 

 

Combined Log Format: In addition to the information provided 

by the Common Log Format, it also provides information about 

the previously process request (Referred URL of the current re-

quest) and the User Agent (the client’s browser information). 

The access logs are stored in a file where each line represents a 

request made to the server and provides information related to the 

identity of the user, the resource or service requested, the time the 

request was made, etc. [8] Each aspect of an access log is separat-

ed by a whitespace as can be seen clearly from a sample access 

log file in Figure 2. The combined log format is explained in Ta-

ble 1.  

1.3. Related works 

With respect to web analytics and digital marketing, many have 

proposed different models and techniques correlating the two. 

Chaffey and Patron described techniques that can be used to set up 

a digital marketing optimization program [9]. Xun analyzed the 

visit duration of visitors on e-commerce websites and tested a 

model using observed e-commerce data from multiple stores in the 

United Kingdom [10]. A method has also been introduced using 

social media analytics to assess and understand different issues 

that revolve around a marketing campaign [11]. There has also 

been a study in [12] that describes a web analytics and visualiza-

tion tool which collects analyses and visually represents the data 

collected in an e-learning environment. The goal of the tool was to 

allow the teacher to better understand his students’ behavior in the 

e-learning environment. Hasan, Morris and Probets used Google 

Analytics to evaluate the usability of e-commerce websites in their 

study [13].  

In addition to identifying patterns and establishing the behavior of 

visitors, this paper also suggests how approaches can be changed 

by using newly discovered information and design websites ac-

cordingly.  

Table 1: Description of the combined log format 

Log  

Parameter 

Description Example 

IP 

Address 

Unique to every client (multiple 

requests can be made by the same 

IP address) 

117.195.11.154 

Host Name Gives the identity of the user 

(usually ignored since it is unreli-

able) 

- 

User Name Determined by HTTP authentica-
tion. This should be ignored when 

the status code of the request is 

401 as it signifies that the user 
has not yet been authenticated 

- 

Timestamp Determines which date and what 

time the request was made by the 
user 

02/Jul/2017:15:44:2

6 

Offset Time zone of the request can be 

determined 

+0000 

Method The method of the request made 
by the user 

GET or POST 

Path The URL of the web page or 

service currently requested by the 

user 

www.expressionsec

lectic.com/articles 

Protocol Determines how the request was 

transmitted 

HTTP/1.1 

Status This is sent by the server back to 

the client to determine if the 
request was successful, redi-

rected, etc.  

200 

Bytes Determines how many bytes of 
data was sent back by the server 

to the client in response to the 

request 

408 

Referral URL  Used to determine from which 

resource or webpage the client 

had requested before making the 
current request (refer to ‘Path’ 

above). 

www.expressionsec

lectic.com/home 

User Agent Identifies and gives information 

about the client browser.  

“Mozilla/5.0 … 

Firefox/54.0” 

 
Figure 2: Sample Access Log File 
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2. Methodology 

This section describes the manner in which data has been gathered 

from a blogging website and was processed thereafter to discover 

patterns and generate insights about the website and behavior of 

the visitors. 

2.1. Data Gathering 

In order to perform web usage mining, a new website was created 

(www.expressionseclectic.com) to analyze live web logs. The 

website is a blogging website filled with articles, poems, videos, 

etc. on different themes. Using different SEO tools and techniques, 

the site attracted visitors and logs were collected for a period of 

two weeks before they could be used for analysis. 

2.2. Data cleaning 

The requests in the access log files were stored in the combined 

log format [14]. Requests with status code ‘200’ and method 

‘GET’ were considered for pattern discovery and analysis. In addi-

tion, all requests made by clients involving images i.e. requests 

with extensions .gif, .jpg, .ico, .png, etc. have also been discarded. 

Requests made by robots as well as admin have also not been 

considered since the objective is to analyze patterns of the visitors. 

Users are identified according to the IP addresses mentioned in the 

access logs [15]. The data presented in Figure 3 shows a subset of 

clean and organized data obtained from web server logs in Figure 

2 which includes noisy data mentioned above. 

2.3. Pattern discovery and analysis 

After cleaning the data, it becomes easier to analyze the access 

patterns of the user. For the purpose of detecting patterns, trends 

and popularity of the pages, visualization tools are helpful for any 

non-technical user [16]. Various graphs have been created using R 

viz. a data analysis and visualization tool, in order to understand 

and detect patterns which could not be understood by simply 

viewing the access log files of the server. Pattern discovery is 

facilitated with the help of access logs, referral logs and answers 

questions like “how many people have accessed this page this 

week?” or “how many people from a particular country are view-

ing and accessing the services from my website?” Pattern analysis 

requires that the structure of the website (pages as nodes and hy-

perlinks as edges) as well as its contents are analyzed first. Figure 

4 shows the structure of www.expressionsecelctic.com as a net-

work of webpages connected by inbound and outbound links. 

Inbound links are the hyperlinks which connect to a web page 

whereas outbound links are those which leave a webpage to con-

nect to another. It then helps the business owner to gain insights 

about his website’s strengths and weaknesses based on the popu-

larity of the web pages after tracking the access pattern and behav-

ior of the user. 

 

Figure 4: Website structure as a network of web pages and hyperlinks 

 

 
Figure 3: Snapshot of dataset after cleaning 

 3. Experimental Results 

This section will summarize the results obtained after following 

the methodology explained in the previous section. 

3.1 Pre-Processing Phase 

In a period of two weeks, the total number of requests processed 

by the server was 5427 (1.36 MB). After cleaning and removing 

the irrelevant data, the number of requests available for analysis 

was 427 (71 KB). For the purpose of this experiment, only 7.83% 

of the contents of the log file were considered fit for pattern dis-

covery analysis. 

3.2. Pattern discovery 

After the data cleaning process, it is much easier to discover pat-

terns by correlating different variables and aspects of the data to 

get a new perspective and thus, a new insight. Based on the per-

spective, the patterns can be analyzed to find out useful infor-

mation like which page grabs the interest of the user or which 

page ensures that the visitor continues to browse the site. Finding 

out which websites on the World Wide Web is directing traffic is 

invaluable with respect to digital and search engine marketing 

(SEM). Table 2 shows some of the general statistics gained after 

processing the data. 

http://www.expressionseclectic.com/
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Using visualization tools such as R makes it easier for non-

technical users to understand the statistics of their website and 

how well their website is performing. This helps them make deci-

sions as to when to take action or change something to get a better 

result. Figure 5.1 and 5.2 give a representation of which pages 

were accessed and visited on which day as well as the number of 

hits for a particular page. 

Figure 6 shows the hourly traffic analysis over the period of two 

weeks that the site was active. It becomes easier to understand the 

browsing patterns of the user. For a literature-centric blog which 

was analysed, it can be seen that a proportion of the visitors prefer 

reading between 6:00 and 9:00 in the morning whereas a higher 

proportion of the users prefer reading in the afternoon. The traffic 

density reported to be the least during the later hours of the 

evening. 
Table 2: General Statistics of Website 

S.N. Website Aspect Gained  

Information 

1. Number of Unique Users 52 

2. Total number of Sessions 147 

3. Average Number of pages accessed 

per session 

3 (approximately) 

4. Average time spent per session 2 minutes, 32 seconds 

 

Figure 7 shows which pages were accessed the most by the 

visitors. Analysis of such patterns can help the website owner to 

decide which pages pique the interests of the visitors and helps 

identify their preferences. Similarly, it is possible to find out from 

which page the visitor has come to the current page as shown in 

Figure 8. The page named with ‘-’ in Figure 8 means that users 

visited the site by typing in the URL of the website directly in 

their web browser. Analysis of such patterns helps in identifying 

which pages keeps the visitor engaged so that they continue 

browsing the website. For a more comprehensible analogy, 

consider online shopping sites. Based on the logs of various 

customers, the site suggests recommendations to the viewers. For 

instance, if customer A considered buying mobile phones the site 

might recommend the same customer to buy additional accessories 

such as covers, screen-guards, etc. since previous customers have 

done the same [17]. 

 
Figure 5.1: Frequency of pages accessed on a daily basis 

 

 
Figure 5.2: Legend for Daily Traffic Analysis 
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Figure 6: Visitor Traffic recorded on an hourly basis 

 
Figure 7: Most frequently accessed pages from the website 

 

Figure 8: Top 4 Referring Pages from which user has browsed to another 

page 

 

3.3. Pattern analysis 

By analyzing the information obtained in section 3.2, it is now 

possible to change the approach and adopt different strategies in 

order to effectively increase the exposure of the website. The in-

formation shows that aside from the ‘Home’ and the ‘About’ pag-

es, the ‘Articles’ and ‘Videos’ pages on the website proved to be 

more popular than the others. This suggests that the website 

should focus more on these aspects as they engaged the audience 

more than the other web pages. Assuming the website was related 

to e-commerce, it would be beneficial if ad campaigns were based 

on the popular pages so that the website would attract more poten-

tial customers. By analyzing user behaviour on websites, it be-

comes clear how to adapt and change marketing strategies so as to 

increase website visibility and quickly achieve the purpose and 

goals of the website. 

4. Conclusion  

The World Wide Web has surpassed print and television to be-

come the most common and popular form of media. For online 

marketing proper analysis of a user’s browsing behaviour is inval-

uable. In this work, hits on www.expressionseclectic.com  is scru-

tinized to closely study the website owner’s altercations with the 

web like time of the day when hits are more, sites frequented more 

by users and so on. Using data visualization tools, it becomes 

easier to analyze raw data from web server logs and generate in-

sights that can help achieve the intended results quickly. This 

work can be extended to improve personalization so as to predict 

the web page or website the user is likely to visit based on past 

preferences, semantic analysis and so on. 
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