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Abstract— E-learning systems become more popular 

than it has ever been. However the popularity of e-learning 

systems, they still suffer from some problems related to the 

completion rate of online courses and the learners’ failures. 

Nowadays, a lot of educational institutions are concentrating on 

how to solve those problems in order to improve the quality of 

learning process. This paper presents an ontological model based 

on machine learning techniques to predict learners coming 

performance using data produced by learners through their 

interaction with Learning Management System and Facebook 

groups. It also presents two different approaches to evaluate 

ontology model in terms of completeness and correctness. 
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I.  INTRODUCTION  

Many fields have been affected by Web technologies 
including the field of education. As they have change the 
way of learning from how it was previously done [1]. Today 
e-learning is gaining popularity with learners around the 
world because of this technology evolution.  

E-Learning systems become usual learning environment 
as they enable the interaction among learners and provide 
access to a board range of learning resources with the usage 
of computer technology [1]. They have been changed and 
evolved over the last years by utilizing internet and web 
technologies. Current researches are examining learning 
process in different e-learning systems in order to find 
different variables that can affect the success of learners in 
e-learning systems. 

Mainly, e-learning system is based on learning 
management system (LMS) which is special purpose 
software. Today many universities start using LMS in their 
learning process. It is used to manage logs of registered 
learners, course syllabus and to track learners’ activities as 
well as learners’ results [2]. Therefore, LMS is considered 
an important part of e-learning solution provided by many 
educational centers.   

In addition, there is an increase use of social networks in 
learning process. Learners usually use it for communicating 
each other as well as for discovering, sharing and 
exchanging knowledge. Facebook, Twitter, LinkedIn, 
Instagram, MySpace and Google+ are the most common 
social networks used around the world. There are over than 
1.65 billion active Facebook users [3]. Because of Facebook 

popularity between learners and tutors, it has been chosen as 
source of learners’ social data in this research.  

This paper presents an ontological model based on data 
mining techniques to predict learners coming performance 
based on data produced by learners through their interaction 
with LMS (Learning Management System) and social 
network(course Facebook group).  Two different 
approaches were used in order to evaluate ontology model 
in terms of completeness and correctness using Recall-
Precision matrix. 

II. BACKROUND KNOWLEDGE 

Educational data mining techniques and semantic web 
technology are described briefly in this section. 
Understanding these two concepts is important for 
implementing our model.  

A. Educational Data Mining Techniques 

Educational Data Mining (EDM) is the application of 
Data Mining (DM) techniques which focus on analyzing 
data and discovering knowledge that comes from an 
educational domain. It is defined as “An emerging 
discipline, concerned with developing methods for 
exploring the unique types of data that come from 
educational settings, and using those methods to better 
understand students, and the settings which they learn in”. 
The EDM process converts raw data coming from 
educational systems into useful information that could have 
great impact on educational research [4]. 

B. Semantic Web Technology 

The Semantic Web is defined as “an extension of the 
current web in which information is given well-defined 
meaning, better enabling computers and people to work in 
cooperation”. It can be used for organizing knowledge 
according to its meaning and enabling automated tools to 
check for inconsistencies’ and extracting new knowledge as 
well [5].Today, many e-learning systems begin to utilize 
semantic web technologies as many of them are lacking in 
knowledge representation technology. 

Ontology is an important part of semantic web 
architecture. It provides a common understanding of a 
domain [5].Recently, ontology has been utilized in e-
Learning in different ways such as representing domain 
knowledge, providing metadata for key concepts and 
entities in the learning domain, allowing for a richer 
description and retrieval of learning content, facilitating 
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exchange and sharing of learning content, personalizing and 
recommending learning content, designing curricula, and 
assessment of learning [6]. 

III. PROPOSED METHDOLOGY 

The main purpose of this study is to build a model that 
can be used to predict learners’ performance by analyzing 
data generated from their interaction with both learning 
management system and Facebook groups related to course. 
In this study both data mining techniques and ontology are 
being used  

A. Data Description 

In this study an educational data of 10000 learners from 
“UCI Machine Learning Repository” was obtained. The 
data highlights learners’ different aspects and variables. It 
contains variables about learner age, address, sex, family 
members, average time spent on learning, number of 
previous failures, learner activities (curriculum related or 
unrelated), attended sessions, exercises grades, midterm 
grade and final grade. It also contains variables about 
average number of comments, posts and likes submitted by 
leaner on course Facebook groups. Attributes related to 
course name, learners’ id, learners’ name and course name 
were excluded from data to be analyzed. 

 Our objective is to analyze the data and then classify 
learner into one of two classes “Pass” or “Fail” based on 
his/her final grade. The selected dataset was created as CSV 
file format (comma separated values file format) and then 
different classification techniques were applied on it. 

B. Proposed Model Architecture 

The proposed model consists of two main phases. Phase 
1 is related to selection of best data mining technique to 
predict learner performance and Phase 2 is related to design 
and implementation of learner ontology model based on 
rules extracted from phase1. Fig.1 shows the architecture of 
our proposed model. In the following a brief description of 
each phase is given. 

 

Figure 1.  Proposed Model Architecture 

Phase 1: The main objective of this phase is to build our 
predictive model which predicts learner’s future 

performance based on learner’s data. Twelve different data 
mining techniques were applied on our data in order to 
choose the best data mining technique based on evaluation 
results. Mainly “Phase 1” consists of these four main steps: 

 Data collection: The data is collected based on 
some criteria related to data types, volume and the 
analysis purpose of it.  

 Data Preparation: This is step is considered as a 
critical step in the data analysis process in order to 
improve the quality of data. 

 Selection of data mining tool and technique: 
WEKA data mining tool was chosen to implement 
different data mining techniques. Mainly the type of 
data and the problem domain affect the choice of 
the classification techniques. 

 Evaluation of data mining techniques: Different 
data mining techniques are evaluated in order to 
select the one with best evaluation results. 

Phase 2: The objective of phase2 is to build learner 
ontology model and develop our inference engine 
through the use of ontology reasoning techniques. 
Learner data and prediction rules extracted from the data 
mining output in phase1 is used to build learner 
ontology and build our rule base model. This phase 
consists of the following components:  

 Selection and Design of ontology building 
methodology: there are several methodologies for 
ontology building and construction based on several 
criteria. Usually the ontology building process is 
considered high time consuming. The proposed 
methodology is based on METHONTOLOGY 
methodology. It consists of four main phases which 
are Specification and knowledge acquisition, 
Conceptualization and formalization, 
Implementation and Evaluation. 

  Learner ontology model: It is used to represent and 
model learner’s learning data such as learner’s 
personal information (gender, age, address) through 
the identification of different sets or classes, object 
properties or variables and relationships between 
these sets. OWL (web ontology language) is a 
language which is used for ontology encoding. It is 
used to describe and represent knowledge of each 
set. The extracted rules from phase 1 are used to 
build learner ontology.  

 Ontology Reasoner: The extracted rules are 
transformed and represented as semantic rules and 
relations. The ontology reasoner works as the 
inference engine of phase 2. It is responsible for 
processing and executing both the learner 
information and the defined rules and relations in 
order to derive reasoning results of different 
learners’ profiles.  

 Ontology Evaluation: Different approaches were 
used in order to evaluate quality of ontology model 
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in terms of correctness and completeness using 
Precision-Recall matrix. By implementing this 
model the predication of learner’s final performance 
can be carried out directly from ontology online. 

IV. EXPERMINTEARL RESULTS AND EVALUATION OF 

DATA MINING TECHNIQUES 

As mentioned above, twelve data mining techniques 
from different classification families were examined in 
order to measure efficiency of each technique. Different 
measurement parameters such as Accuracy, Recall, 
Precision, F-measure and Error Rate were used to identify 
performance of each data mining technique. The dataset 
was divided into 10 separate folds in order to evaluate the 
model. 

In general, Decision tree techniques record good values 
in different measurement parameters comparing to other 
data mining techniques. Table 1 and Fig.2 summarize the 
results of different measurement parameters 

Table 1 Results of Different Data Mining Techniques 

 

 

Figure 2 Comaprison of  Different Data Mining Techniques 

 
As observed above both Random forest and J48 record 

best accuracy of “95.8%”. They also have best values in 
different measurement parameters. Random forest technique 
is built from various decision tree techniques. It uses the 
majority vote technique to predict the class label. Usually 

combining results of multiple techniques using an ensemble 
way give better results compared to using single technique 
for prediction. As a conclusion, J48 classification technique 
is chosen to build our model as it’s easy to understand as 
well as it records good performance in all measurement. 

V. LEARNER ONTOLOGY MODEL DEVELOPMENT AND 

EVALUATION 

A. Development Of Learner Ontology Model 

OWL (Web Ontology Language) is used to create 
ontology classes, subclasses and object properties using 
Protégé 4.3 which is an ontology development tool. The 
Learner ontology was developed based on the proposed 
methodology mentioned before. It is composed of six main 
classes which are Course Class, EducationClass, Personal-
Information Class, Social Activities Class, 
Recommendation class and Learner Profile Class as shown 
in Fig.3 

 

Figure 3 Main Classes of Ontology Model 

 
    Different classes in the ontology are connected and 

related to other classes through object property. Object 
properties are considered as binary predicates which relate 
classes to other classes. Learner ontology model use twenty 
four object properties to connect different classes together. 
For example the class Education is related to class course by 
object property tracedIn which means all the subclasses 
mentioned in class education is linked or related to class 
Course through this relation. Each one of the previous main 
classes consists of different subclasses. For example 
Education class consists of four different classes as shown 
in Fig.4  

 

Figure 4 Sub classes of Education Class 

 
FACT++ reasoner which is an updated version of FACT 

(Fast Classification of Terminologies) was used to derive 
results from Learner Ontology Model. The reasoning engine 
uses reasoning rules to classify learner profiles into two 
categories which are “Pass” or “Fail” depending on 
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prediction rules derived from data mining model in 
“Phase1”. 

Sixteen learners’ profiles are used to test reasoning 
results of ontology model based on results derived from 
phase 1. FACT++ Reasoner infers that 9 learners are going 
to “Fail” while 7 learners are going to “Pass” which means 
56% of learners have high probability to fail or dropout 
course due to different reasons while only 44% of learners 
are predicted to pass the course.  

B. Evaluation Of  Learner Ontology Model 

The Precision-Recall matrix originating from 
information retrieval was used to asses’ ontology 
correctness and completeness. Both precision and recall are 
thought to measure the degree of corrections and 
completeness of results [7].  

Precision measures the total number correctly found 
over whole knowledge defined in ontology (correctness) as 
shown in equation (1). The higher precision, the better the 
model is at ensuring that what has been identified is correct. 
As shown in equation (2), Recall measures total number 
correctly found over all knowledge that should be found 
(completeness) [8]. The higher the recall rate, the better the 
model is not missing correct concepts. Finally F-measure is 
used in conjunction with precision and recall as shown in 
equation (3) [9]. Given that R represents the reference 
alignment and A represents ontology to be evaluated 

 

Two approaches were used to evaluate model. The first 
approach (Approach 1) evaluates ontology by comparing it 
against a source of domain data which can be database 
representing a particular domain [10]. The second approach 
(Approach 2) was evaluating ontology by the help of 
domain expert who assessed the correctness and 
completeness of ontology concepts. The whole ontology 
model was viewed during the evaluation session to identify 
the correct and missing concepts of ontology. Results of 
ontology evaluation are shown in the following figure. 

 

Figure 5 Ontology Evaluation Results 

 
In addition an online web application named OOPS 

(Ontology Pitfall Scanner) was used to evaluate and validate 
learner ontology model against common development 

mistakes or pitfalls. OOPS is a web application used to 
identify and detect some common pitfalls that usually 
appear in the ontology development process [11]. The 
results were evaluated against three evaluation criteria 
which are Completeness, Consistency and Consciousness. It 
indicates good performance of the proposed learner 
ontology model as shown in Fig.6 

 

Figure 6 OOPS Evaluation Results 

VI. CONCLUSION AND FUTURE WORK 

The study proposed a model which can be used to 
predict learners’ future performance and identify learners 
with high risk to drop out course or fail in the final exam. 
The prediction of learners’ future performance is an 
important task as it helps learners to be aware of their 
progress as well as tutors to improve their teaching 
procedures in order to engage underachieving learners in an 
appropriate learning process. 

The educational data produced through learner 
engagement and interaction with both e-learning systems 
and social networks was analyzed through different 
classification techniques. Decision tree techniques give the 
best result among other data mining techniques. Random 
Forest, J48 and simple cart decision tree techniques gives 
best accuracy (95.83%). 

The initial findings of study support the literature in that 
learners’ engagement with e-learning system is linked to 
positive learners’ outcome. The results of this study show 
that some variables have direct impact on learners’ 
performance such as average number of comments, midterm 
grade, learning activities, session grades, study time, age 
and gender.  

In the future, the study can be improved by examining 
more variables such as relationship between technology 
acceptance, learning styles and learners’ success. Moreover 
we could consider the type of errors made by each learner in 
different tests in order to enrich our analysis and identify 
learner’s weak points. 
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