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ABSTRACT 

E-learning is the resulting product from the evolution of internet technology. It acts as a medium of learning 
virtually without limitation of time and space and the need for teachers to be present physically. Currently, Moodle which 
is a learning management system has become an important medium to deliver e-learning easily by providing customized 
tool for educators to deploy learning materials in various forms, provide online discussion forum, online quizzes, online 
assignments and online activities among students. Moodle capture the student’s interactions and activities while learning 
on-line using the log files. The data stored in the log files contain meaningful information such as the student’s behavior, 
preferences and knowledge level. This information is very useful for educators to analyze the student’s characteristics in 
order to improve the teaching methods. In addition, the student’s progress can be improved by overcome the problem of 
one-size-fits-all and also to improve student learning experienced while using the system. In this paper, the student’s action 
and behavior while using e-learning system are analyzed in order to identify the significant pattern of the student’s 
behavior using Self-Organizing Map (SOM) clustering technique. The ability of SOM to analyze large amounts of data 
with variety types of variables and with better visualization of the result give an advantage to this technique. The 
experiment shows that unsupervised learning using SOM is able to identify several clusters from the student’s behavior by 
visualization of high dimensional data into two-dimensional (2-D) space. 
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INTRODUCTION 

Nowadays, the evolution of the internet has 
changed the phenomenon in an education field. Students 
face the new learning experiences by using learning 
management system (LMS) as a medium to improve the 
teaching and learning process. Currently, due to the 
limitation of learning in the traditional classroom caused 
LMS to be used as a primary platform for teaching and 
learning process [1, 2]. Therefore, the changes in the 
learning environment from a traditional learning 
environment to computer based and web-based learning 
environment give benefit in the education field so that 
learning can be done at any place and time. 

Web-based learning has become the primary 
medium for teaching and learning in university level. Most 
of the universities have their own learning management 
system that manages all the learning materials for learning 
purposes to be used by educators and learners. LMS is 
used to manage the learning material in education 
institution [3] and Moodle which is an acronym for 
Modular Object-Oriented Dynamic Learning Environment 
is the most famous leading LMS to deliver learning 
materials and to create effective online courses [4]. 
Moodle is an open source software that can be used 
globally and give flexibility to the educators to personalize 
the content of learning environment themselves [5]. 

The learning management system has large 
database storage to record all the activities that run in the 
system and able to produce basic reporting tool to extract 
the useful information from the log files [6]. However, 
LMS does not have a specific function that can give useful 
knowledge discovery about the data recorded in the 

system’s log files and hence, it is challenging to analyze 
the data manually. Due to the complexity in extracting 
meaningful information from the log files, data mining 
will be used to avoid missing and misleading information 
from the data used. Self-organizing map (SOM) [7] is 
chosen as a mining technique in order to analyze and 
cluster the students’ behavior that have been captured 
from the log data file. In this study, SOM is used as 
unsupervised neural network algorithm to perform the 
clustering process of the data recorded and maps them to 
two-dimensional (2-D) space for better visualization of the 
result. 

This paper consists of the literature review 
conducted in this study, the research methodology used in 
conducting the study followed by the elaboration of the 
result and discussion of the experiment. The paper ends 
with the conclusion of the findings from the experiment. 
 
LITERATURE REVIEW 

The advancement in e-learning technology has 
given the opportunity to enrich the learning and teaching 
process in various ways. In the 1990s, education using 
technology started to be the trend in order to meet 
pedagogical goals during learning [8]. Learning 
management systems such as Blackboard, Sakai and 
Moodle [3] are widely used in order to manage the 
learning process and administration in an education 
institution. Recently, Moodle has become the leading 
open-source learning management system that is 
commonly used for teaching and learning [4, 8]. Moodle 
has been used worldwide to support both online teaching 
and online learning, grant free licensing and is highly 
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flexible for educators to deliver the learning materials.  
The flexibility comes from variety of Moodle features that 
help educators in deliver the learning materials such as 
forums, glossaries, wikis, assignments, quizzes and chats.  
Educators can also focus on pedagogical approaches that 
consider student’s learning styles when deliver the 
learning materials [5]. 

Researches in e-learning technologies that 
explore teaching and learning activities in Moodle 
platform have become the attraction lately [9–13]. In 
online learning, there are huge amount of data produced 
by users every time they interact with the e-learning 
system [14].  The concept of learning anytime and 
anywhere enable the students to freely access the learning 
system without informal monitoring from the educators 
[15, 16]. Each learning management system has their own 
database that store the information of the system itself, 
user’s personal information and the user interaction that 
occur while using the system [17,18]. The data recorded in 
the system’s log file may contain some valuable and useful 
information that may be hidden in the database. That 
information captured in the log file can be used for 
improving the learning and teaching process in various 
aspects. However, the reporting tool in the learning system 
does not contain a specific function that can give an 
explanation about the pattern on learning behavior of the 
student while browsing the system. It is also very 
challenging to analyze the data manually. 

Educational Data Mining (EDM) involve the 
techniques such as statistics, visualization, classification, 
clustering and association rule mining in learning 
management system [18].  Educational Data Mining 
Community describes educational data mining as an 
emerging discipline, concerned with developing methods 
for exploring the unique types of data that come from 
educational settings, and using those methods for the 
students’ better understanding in the settings which they 
learn in [19]. EDM help to improve teaching and learning 
process in many aspects such as observing students’ 
response on the course, suggesting suitable learning 
materials for different students, analyzing the time 
students spend on each page, examining student’s online 
learning behavior, customizing the course, etc. [4, 16, 20]. 
Meanwhile, [21] has define data mining as a process for 

knowledge discovery in database that automatically 
analyze and provide model to discover some interesting 
unknown pattern from a large dataset. Thus, data mining 
has been used as an analytical approach to analyze the data 
in order to extract some knowledge information that is 
very useful to improve teaching and learning process in e-
learning environment [22–27]. 

To date, SOM has been widely used in various 
areas such as tumor classification [28], motor rotor fault 
detection [29], industry, finance, natural sciences, 
linguistics, massive textual database [30] and 
bioinformatics data [31], but least in educational data. In 
educational field, SOM has been used  in mapping web-
based communities [32], predict student’s performance 
[33, 34] and being applied in massive volume of 
educational data from university to extract the knowledge 
and pattern inside [34]. The results derived from mining 
using SOM technique are very significant either in 
classification, clustering or prediction. 

Table-1 lists several educational mining 
researches focusing on the mining techniques used by 
previous researchers in order to improve the learning and 
teaching process. Researcher [35] used student’s 
navigation, answers during the quiz session and others 
captured from the log file to match them with the learning 
style. From the table, most of researches used data from 
forum and exercise module to identify the student’s 
learning style and not many focuses on the browsing 
behavior of the learning content prepared by lecturer. 
However, the uses of data from log data file from learning 
management system is still narrow in identify the student 
learning style.  

Other than that researcher [36] use K-Means 
clustering to group the student based on their actively 
using attribute assignment and forum only. Expectation-
maximization algorithm is implemented by [37] to group 
the students according to their performance in Moodle. 
The small numbers of researches that use SOM for 
clustering using the log file have encouraged this study to 
explore the performance of SOM in order to find the most 
significant clustering result that able to discover some 
hidden pattern in student’s browsing activities in LMS. 
 

 
Table-1. Data mining techniques used by the previous researcher. 
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EXPERIMENTAL SETUP  

The dataset used in this study was obtained from 
UTM Moodle E-learning log data file. The history of 
student’s action is collected from Data Structure and 
Algorithm subject with the course code SCSJ2013 from 
semester 1, 2014/2015 session. There were 19 
undergraduate students from Computer Science course 
involved in this study. The recorded data observed are 
from week 1 until week 14 of the semester where the 
teaching and learning process occur. There are about 8503 
raw data recorded from this session. The log data were 
downloaded from the E-learning system in the excel 
format. 

Figure-1 shows a sample view captured from 
Moodle E-learning system.to download the data log file. 

While downloading the data, there are several choices of 
download, such as to download the data for all students, 
all days and all the actions recorded in the log file history. 
This experiment focus on the ability of SOM clustering 
technique to cluster the student based on their similarity in 
the hits of their actions in e-learning. Due to the flexibility 
of SOM in producing better visualization of the result, this 
study use SOM to visualize patterns discovered from the 
clustered group of student’s hits.  

The next section describes the preprocessing steps 
for collected data that is important step before SOM 
clustering is applied. And it is describe how the data being 
process for clustering. 
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Figure-1. A Sample view to download E-learning log file. 
 

Data pre-processing 
Figure-2 shows a sample of the data collected 

from the log file.  The log file data contain the information 
such as course, time, IP address, user ID, action and 
information for each student. Before the data can be 
mined, the data need to be cleaned to remove any noise 
and any data that are not related to this study. Log data file 
capture the action of all users interacts with the system 

which contains not only the student’s information but also 
the information of the educators and the administrators. 
Log data file also contains the history of user activities 
while accessing the learning modules provided in Moodle 
such as assignment, forum, resources and other modules. 

 

 

 
 

Figure-2. A sample view of the information stored in the log data file. 
 

After the cleaning and filtering process, the 
remaining data that is used for SOM clustering are 2356 
hits of student’s actions. Therefore, the data is prepared 
by creating categories of action for 14 weeks and the 
learning process as depicted in Table-2. 
 
SOM Clustering 

SOM clustering is unsupervised learning that 
analyze browsing behavior patterns to form the clustered 
group. In this study, Waikato Environment for Knowledge 

Analysis (WEKA) is used as data mining tools which are 
free software available under the GNU General Public 
License and developed at University of Waikato [44]. The 
data is prepared in ARFF format and need to be 
normalized before the data can be feed in SOM.  

SOM is a type of Artificial Neural Network 
(ANN) introduced by [7], which is a competitive learning 
algorithm to convert the high-dimensional input to low-
dimensional space. SOM clustering is applied on the hits 
in each module from the data log file. 
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Table-2. Attributes filtered from E-learning. 
 

 
 
The advantages of this method are based on 
implementation of simplicity, execution speed and a 
shorter training process using an unsupervised learning 
[45]. Figure-3 shows the process of SOM clustering 
algorithm in WEKA based on the [46]. 

 

 
 

Figure-3. SOM Algorithm. 
 

RESULTS AND DISCUSSION  
The data set used for this study is extracted from 

UTM Moodle E-learning environment log data file for 14 
weeks learning sessions. The data contain the sum of the 
hits for each student based on the number of attributes and 
number of weeks. There are 14 weeks with 126 attributes 
which contain 2394 datasets to be analyzed. WEKA is 
used as a simulation tool that embedded data from Moodle 

and interpreted the result using SOM clustering. By using 
the attributes mentioned in Table-2 SOM visualize the 
student’s browsing behavior in one semester. In addition, 
the data extract are from the module course, assignment 
and resource only.  

Table-3 shows the sample of cluster analysis for 
week 1 of semester I 2014/2015. It contains the mean 
value of hits for student’s browsing behavior. In the table, 
value 0 shows that there are no hit or similarities for the 
attributes in the cluster among the students. This is 
because in week 1 there are not many assignments to be 
submitted and no examination or quiz to be done, since in 
week 1 more on the fundamental of the subject. 
Furthermore, the non-zero values show the similarity in 
the clustered group for that particular attributes. The result 
also shows that students in cluster 3 have not browsing the 
example given in Moodle compared to other clusters. 

 
Table-3. Sample cluster analysis for week 1. 

 

 
 

Furthermore, based on the cluster analysis, from 
the data in week 1 to week 14 there are four clusters from 
19 students data set which are 3 students in cluster0, 8 
students in cluster1, 5 students in cluster2 and 3 students 
in cluster3 as shown in Figure-4. The clustering result is 
based on unsupervised learning, so the clustered group is 
based on the similarity of student’s browsing behavior 
without grouping the student. Besides, Figure-4 also 
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displays the percentage of hits of student’s browsing 
behavior actions for each cluster. It shows that, for the 
whole semester, students in cluster 2 actively browsing 
the materials by 72% hit from 126 attributes. Followed by 
cluster1 (70%), cluster3 (64%) and lastly cluster0 (57%). 

Although cluster1 have the highest number of 
students compared to others, but as shown in Figure-5 
cluster2 have a high value of similarities for browsing 
behavior in most of the attribute for 14 weeks. For 
example, students in cluster2 likes browsing and 
downloading the example from the resource, do more in 
course view for the subject and active in assignment 
module compared to others. The data used for the Figure-5 

is the value for cluster analysis for 14 weeks. Example’s 
attribute shows the highest value and it shows that student 
tried to enhancing their understanding by downloading 
more on example prepared in the learning material. Lastly, 
it shows that each cluster group has the different pattern of 
browsing the resource material in the E-learning 
environment. SOM is very helpful in visualization the 
patterns that are hidden in the log data file and 
transformed it in very useful information for future 
student’s performance. 
 

 

 
 

Figure-4. Student’s cluster based on SOM clustering. 
 

 
 

Figure-5. Student’s cluster based on browsing behavior throughout one semester. 
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CONCLUSIONS  

 This paper explores on how students’ browsing 
behavior captured in log file were clustered using SOM 
techniques. The browsing behavior being analyzed is from 
E-learning environment for one semester. SOM give great 
visualization in clustering for unsupervised learning. 
Besides, the process of data mining takes place in 
minimum amount of time when conducting experiments. 
The result shows well on how the pattern of student’s 
browsing behavior is formed. Students in cluster2 show 
the active browsing behavior in certain attributes 
compared to others. They are eager to use the learning 
material prepared in the learning environment from the 
start of the learning process until the end of the formal 
weeks for teaching and learning in class. Due to various 
type of input, SOM can be very helpful in visualizing the 
cluster group. Finally, for future works, this research 
would like to explore more on how relation for student’s 
browsing behavior with student’s learning style and 
knowledge level for future adaptation in adaptive E-
learning environment framework and explore more on 
SOM clustering using GPULib for big data of education 
data.  
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