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Abstract: Web Usage Mining is a broad area of Web Mining Wwhicassociated
with the Patterns extraction from logging infornoatiproduced by web server.
Web log mining is substantially the important pafriVeb Usage Mining (WUM)
algorithm which involves transformation and inteation of the logging infor-
mation to predict the patterns as per differentrliggy styles. Ultimately these pat-
terns are useful to classify various defined pesfilTo provide personalized learn-
ing environment to the user with respect to Adaptilser Interface, Web Usage
Mining is very essential and useful step to implatmén this paper we build the
module of E-learning architecture based on Web &3ddining to assess the Us-
er's behavior through web log analysis.

Keywords: E-learning, Log Mining Analysis, Adaptive Learnistyles, Web Us-
age Mining.

1. Introduction

Typically e-learning is Web based educational syskéich provides the same
resources to all learners even though differennkra need different information
according to their level of knowledge, ways of teag style and preferences.
Content sequencing of any course is a technoloigynated in the area of Intelli-
gent / Adaptive Learning System with the basic &nprovide end user/student
with the most suitable sequence of knowledge carteearn, and sequence of
learning tasks (examples, exercise, problems, otsetc) to work with. To im-
plement the Adaptive personalized learning systifferent types of knowledge
required which is related to learner’s behavioayiéng material and the represen-
tation of learning process [3]. Several kind ofeseh is already addressed in the
field of personalized e-learning; still there iseuirement to concentrate on the
adaptation based on learning styles of the uskin[fact there are two basic clas-
ses of adaptation need to consider: Adaptive Usterface also called Adaptive
Navigation and Adaptive content presentation.



Some of the Learning Systems focusing on staticutesdof contents, which
can be confine the learner to gain knowledge iivedy in some degree. But be-
cause of the difference between learners in studygses, abilities and cognizant
of knowledge, it need to build the intelligent andividual learning platform for
all learners to highly improve their enthusiasmlé&arning.

Ultimately the research emphasizes on followingeotiyes for an Adaptive
User Interface with respect to E-learning:

» Create personalized environment

e Acquisition of user preferences

» Take control of task from the user

« Adaptive display management

* Reduce information overflow

» Provide help on new and complex function

To achieve above objectives it is very essentidhtioduce web data mining
technique. Web usage mining is dealing with theastion of knowledge from
web server log files. It mines the useful behav@mdefine accurate user profiles
for the intelligent adaptive personalized e-leagrégstem

The objectives of research in this paper:

1. Capture learning styles of an individual usarter using log file method.

2. Improve the performance of web services.

3. Prepare web site structure to deal with useramindividual basis.

4. Provide accurate and complete picture of useels activities.

5. Generate sufficient data like server side anentlside logs to perform
meaning full mining tasks in the phase of Pattenalgsis.

The paper is organized as follows; in section Bibarchitecture of Web Us-
age Mining is discussed with different kinds of Bggtions. Section Il talked
about related work directly and indirectly existing this issue. Section IV dis-
cussed about the proposed architecture about WabeUslining and detail de-
scription of steps

2. Web Usage Mining

Web Mining is divided into three important categsrias per the part of Web
based system are Web Content Mining, Web Strudilireng and Web Usage
Mining. Web Content Mining deals with the discoverfyuseful information from
the web contents. Web Structure Mining tries tea®r the model of links struc-
ture from typical applications which are basedinkdd web pages.

2.1 Basic Architecture of Web Usage Mining in E-learning:

The general framework of Web Usage Mining is shamfig. 1 for e-learning
environment [12]. The first basic step of WUM isdollect and manage data re-
lated to users. It is called Data Preprocessinghwiricludes Web Server Log files
and some other important information like StudergGistration details and learn-
ing information. Second step is Pattern Discovehjciv utilizes some mining al-
gorithms to generate the rules and modules to extine learning patterns of the



users based on learning styles which is recordddgrfiles. Pattern Analysis is
the third step which is mainly converting the rubesd modules into important
knowledge by analyzing the user’s usage whichtisately the input to Interface
component manager to change the GUI accordingaoslisterest.

Web Usage Mining

in E-learning

Data Preprocessing

Collection of
learning records
from web server

l

Preprocessing of
learning data

Pattern Discovery

Apply mining
algorithm

l

Design rules and
modules

Pattern Analysis

Interpratation of
Iog records s per
rules and modules

}

Generate useful

knavdedse to for

interface

Fig. 1 Basic architecture of Web Usage Mining

2.2 Applications of Web Usage Mining:

1. Personalization Service: Personalization for a user is achieved by keeping
track of previously accessed pages e.g. individaedlprofiling for E-Learning.
Making adaptive interface on the basis of her/hifile in addition to usage
behavior is very attractive and essential featfieelearning in the field of
Education. Web usage mining is an excellent appréacachieving this objective
which is described in next section. It will clagsifie user’s patterns as per the
learning styles captured in log records. It camsed to find the learner’s interests
and preferences by mining single learner’s browsifgrmation such as[6]
visiting pages, visiting frequency, content lengflvisit, time spent on each visit
and preferences so as to provide each learneithétpersonalized adaptive pages
which are accurate for his learning style and tedast the learning behavior of
each learned and to offer personalized educatigin@mment.

2. System Improvement: The improvement factor of the system is totally
based on User’s Satisfaction. The performance aatitg of web site are the im-
portant measures of user’s satisfaction. Web usaméng can provide useful
knowledge and patterns to design of Web Serverliatier way so that sever can
focus on special features like [5] Page Cachindwidek Transmission, Load Bal-
ancing, Data Distribution and Web Site Security.

3. Site M adification: The structure and interface of web site as perésteand
contents are the key factors to attract learnedeam. Web Usage Mining can
provide site improvement as per the mining knowéedgd modify the structure
as per the learner’s navigation path and feeddackdaptive environment of web



site, structure and interface of a web site chaagésmatically on the basis of us-
age patterns discovered from server logs.

4. Business Intelligence: Business Intelligence service is related to custsme
information captured on web based system. In exiegrcustomers is nothing but
learners whose learning behavior can be identifigdweb mining technique
which will be ultimately used to increase the leai® satisfaction and to improve
the business.

3. Related Work and Discussion

Up till now many papers have been suggested teabnitplated to Web Usage
Mining and Log Analysis in E-learning environmeRXue Sun and Wei Zhao in-
troduced how to use WUM in e-learning system witah be more intelligent and
individual learning system and promote the interedtlearners [2]. Shahnaz Nina
et al. [3] propose technique of Pattern Discovemyvfeb log records to find out
the hidden information or predictive pattern by tteta mining and knowledge
discovery. Navin Kumar et al. surveyed about dagpmcessing activities like
Data Cleaning, Data Reduction. Some research ¢s ddse on personalized e-
learning using different agents related to domains.

Our work is differs from above mentioned researclvarious aspects. As the
main focus of research is to design an e-learnyisgem with personalized adap-
tive interface, this paper is primarily focusing the first step of personalization
of users which is based on Web Usage Mining. Tlepgsed framework of e-
learning system is shown in fig. 2 [10] where we amplementing the Learning
Style Acquisition phase using the advanced logyamlmethod of Web Usage
Mining framework.

¥ ¥ s

[ Adaptive E-learning Portal ]

Fig. 2 Architecture diagram of E-learning System

The approach of architecture is as follows:

1. Learning Style Acquisition: In this phase Web Usage Mining technique is
used to analyze the log data for identificationlezrning styles of different us-
ers/students.

2. User Classification Manager: The learning repository is the input for User
classification manager where Back Propagation NeMNetwork algorithm of



Classification is performed to identify differennk of users based Learning style
of Felder and Silverman.

3. Interface Component Manager: After identifying the categories of users
the Interface component manager is changing thghgral representation of user
interface as per user’s need.

4. Adaptive Content Manager: This phase generates the adaptive contents
based on user classification with the help of adstiative activities and E-
learning content repository.

4. Proposed approach of Learning Style Acquisition

In the field of web based e-learning, we are maanyphasizing on the above
mentioned to application areas: (i) Personalizaton (i) Site Modification
(Adaptive User Interface). When users visit the,sihey are interested in some
course material, so they visit different pages. €Hearning sever log the infor-
mation based on their visits. Through the log asialand mining we can get the
user’s interest and behavior towards the pageteslisiWhen users log on to the
portal, the system will classify the users to dife classes based on the previous
behavior and generates the personalized pagedoeeify adjusting the contents
continuously and timely.

The idea of the architecture implementation:

1. Activity Recorder: Authentication of the user on e-learning portal aap-
turing of client side information through Activigecorder.

2. Log Information: Capturing of Server side logs and proxy side ogdss
through the data pre-processing with the additiagmfakmation of user.

3. Data Pre-processing: Perform data cleaning, data integration, and data
duction steps to generate useful data for mining.

4. Clustering: Apply Usage clustering method for patterns discpv&he ad-
vanced k-means clustering algorithm is used to dintdappropriate clusters based
on user’s usage.

5. Profile Generation: Generate user’s profiles and content profiles ating
to clusters. The user’s profiles are used to geéadhe learning styles and content
profiles used to find out the domain interest & tiser.

4.1 Steps of Web Usage Mining:

(i) Data Collection: The first step in the Web usage mining processistsiof
gathering the relevant Web data, which will be yredi to provide useful infor-
mation about the user’s behavior.

Typesof log files:

1. Server Side: The Extended Log Format (W3C) [[7}ihich is supported by
Web servers such as Apache and Netscape, andntilarsiv3SVC format, sup-
ported by Microsoft Internet Information Serverglide additional information
such as the address of the referring URL to thigepae., the Web page that
brought the visitor to the site, the name and wersif the browser used by the vis-
itor and the operating system of the host machiie Server side logs should
contain the information of Web server and cachegepa



2. Client Side: [5] Client side data are the loaativities collected from the
host that is accessing the Web site using JAVA \peapechnique. The local ac-
tivities include actions of user on desktop likevedarint the page,
back/forward/stop the browser, email link/page, addookmark etc. This infor-
mation is additional and reliable to understandabeurate behavior of the learn-
er.

Learners

Activity Recorder

Adaptive E-learning Portal

E-learning Web Server

Cliert
Side Loes |

Data Preprocessing

Data Cleansing

Data Integration

Data Reduction

Clustering

User Profiling

3. Intermediary Side: Proxy Server Logs: The ativge of using these logs is
that they allow the collection of information abougers operating behind the
proxy server, since they record requests from jpielthosts to multiple Web serv-
ers.

(ii) Data Preprocessing: The captured log files are not suitable directly data
mining techniques. Files must be gone throughhheetdata pre-processing steps
1. Data Cleansing: Useless information removal e.g. graphical paggent

[6]. An algorithm for clearing the entries of lagférmation:

(i)  Removal of picture files associated widguest for particular pages:

(i)  Remove status of error or failure on diffat pages.

(iii) Automatically generated access recordsusdhde identified and re-
moved.

(iv) Entries with unsuccessful HTTP status codeutth be removed. Codes in
between 200 to 299 are successful entries.

2. Data Integration: Integration of cleaned data is the process oftifiestion
and reconstruction of user’s sessions from log file

This phase of prediction is divided into two bastieps:

User ldentification: The identification of differensers based on three ways:
(i) By converting IP address to domain name expasede knowledge. (i) Cook-
ies help to easily identify the individual visitorghich gives information regard-
ing the usage of website. (iii) Records of cachades are used to find out the
profiles.



Session Identification: The need of session idieatibn is to separate out the
different sessions of same user by checking thidskadue. Usually threshold of
each session considered as 30 min. time interyal [3

3. Data Reduction: Need to reduce the Dimension of data to decrease t
complexity. Access log files on the server side praky side consist of log in-
formation of user’s sessions. These logs inclua@eligt of pages that a user has
accessed in one single session. The log formdieofile is in Extended Log File
Format which includes special records. The inforomain this record is sufficient
to obtain session information. The set of URLs aftigular pages are forming a
session which should satisfy the requirement tmatime of elapsed between two
consecutive requests is smaller than a giyemhich is accepted as 30 minutes
threshold value.

After preprocessing of log files the following fildl are used for research:

1. Users: In e-learning system it refers as a kawho visits the e-learning
portal with different learning styles.

2. Page view: A page view can get users by clickinghe page once which
can be used to represent as one learning behavior.

3. No. of click streams per session: Click streares nothing but the user’s
page requests which can be considered as a lea®ingnce.

4. User Session: All sequence of clicks from thedrwisits from whole web-
site i.e. aggregation behavior of the user.

Evaluation of Parameters for Method:

1. Topics (T) are related to the contents of the web site aaddafined by
the owner of the portal.

2. Weight (W) defines the importance of the topic based on thierss.

3. Actions (A) is nothing but the clicks of the student on patticewontent
type like text links, video lectures, downloadabié etc. Each action
can be defined by the weight as per the importanEeg.
Al=PageRequest and weight WA1=1 or A2=VideolLectamne weight
WA2= 4 or A3= Download PDF and weight AW3= 8.

Action Al is default action for any other action.

4. Duration (D) is the time; a student spends on a page whichgii# us
the interest area based upon actions on pages.

To calculate the exact duration, there is one gmlilelated to the time a
student spends. You cannot predict whether theestud really reading
the page or might be sleeping. To solve this prmblee are considering
the time duration up to timeout of the login.
PN X DIE; )W) )

D= e 0

(P;):each visited page that contains

TopicTF;

W(P;):weight of the page associated

according to contents

Different pagesvisited as per Learning Styles:



The Web Usage Mining architecture we propose ainfsxtl a mapping of stu-
dent’s actions on the browsers to learning styiey fit. Based on the formula de-
rived in equation (i) we can find the duration spen number of pages of E-
learning portal.

The observed actions are as follows:

1.

2.

4.

Access of contents and Reading Material:
F . .

Dii)y = Contenty.
s . .

Dii) = Content . oaning

D(i) = Contentlisty;y,

Access of Examples:
e 7

D) = Example,.qaing

Exercises or Quiz
D :!:l = Q'll!.zrl.':'ff:

D :1:' = {ghizfm‘:.‘ing
D(i) = Downloading Exercise

Chat Usage/Forum Usage/Email Usage: Student maghasghator forum
or email service for social communication basedamtents.

(iii) Clustering: There is a need of clustering the user’s profiled the con-
tents profiles based on the log information. Clistgis an unsupervised classifi-
cation method which groups the objects togetheedhas the similarity feature in-
to the same cluster [2]. Clustering can be possihjetwo ways which are
partitioned based and hierarchical based. Partitiociustering is to separate the
records of n objects int& clusters which include most similar objects imo
groups; the separation depends on distance me#suhés approach we are using
populark-meansclustering method with some advance featuresn éiut most
frequent pages access by the user on specificrasraédomain.

192 168 100 3-[30/Dec/2010:18:36:55-0800] "GET /'templates

‘dbms/introvideol/videol awvi HTTP/1.1" 200 188 "hutp/ww
learning recoe in/™ "Mozilla'4 0 (compatible; MSIE 6 0; Window
1921681003 - [30Dec2010:18:56:56 - 0800] "" hwp v
learning recoe in/ "Mozilla'4 0 {compatible; MSIE 6 0; Windows 7};

Fig.4. Web Log Record

Page Contents No. of users accessing

contents or frequency

Text Data/Read:View 312
Video Lectures 64
Graphical Data 47

PPTs/Demos 23

Downloadable pdfs 77

Exercise 55

Reference Links /Online 22
Resources

Fig. 5. Web page contentsand frequency
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Fig. 6. Histogram of calculated durations of different pages and contents.

5. Experimental Details and Results

Although user registered his or her favorite dorsaihthe time of registration,
user’s identity or work will influence the style obntent reference of each visit,
for example user submits the domain of interededddatabase management sys-
tems” but to understand the concepts of the databssr always prefer the con-
tents based on his/her individual learning stylee Btyles of user we can get by
analyzing the log records. It's sure that the dkidim of interests is not easy. In or-
der to get satisfied criteria for interests, weéhdone a great deal of experimenta-
tion. We employ the extended data which is a kihdlient level Web log data
and server level log data that are recorded, dinealata contains behaviors of a
large numbers of users among the investigatione®as the mentioned steps of
web usage mining we built a system on extractiregsisnterests. The experiment
on used web log data, collected frevw.e-learning.rscoe.iweb server (see in
Figure 4). This record is used get web pages ac¢hedsy user. The accessed web
pages contain different type of contents for thdigalar search topic. According
to user’s interest they can access different linke. have recorded 600 users log
records and the frequency of the contents (se@ime 5). After Clustering we
can define the 7 types of clusters as per web pagtents to decide user profiling
and content profiling. The graph (see in figuresBpws the number of users ac-
cessing and spending time on the different pagemuahl which are useful input
for Neural Network Algorithm to classify differehearning Styles.

6. Conclusion

In this paper we proposed approach of Web Usageniliny surveying data
preprocessing activities and different kinds of fegords. Web Usage Mining for
e-learning environment mines the log records td fime user’s usage patterns to
provide users with personalized and adaptive ses3ioe next phase of research
is to use the effective User’s profiles as inputapaeters to Neural Network based
algorithm to classify the users as per the Feld&ilgerman Learning style mod-
el. According to classified users the interface ponents can be changed adap-
tively on website by using adaptive contents andiatrative activities.
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