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Abstract. Ontologies represent an efficient way of semantic web application on
e-learning and offer great opportunity by bringing great advantages to e-learning
systems. Nevertheless, despite the many advantages that we get from using ontol‐
ogies, in terms of structuring the data, there are still many unresolved problems
related to the difficulties about getting proper information about a learner’s
behavior. Consequently, there is a need of developing tools that enable analysis
of the learner’s interaction with the e-learning environment. In this paper, we
propose a framework for the application of Business Intelligence (BI) and OLAP
technologies in SMEUS e-learning environment. Hence, on one hand, the
proposed framework will enable and support the decision-making by answering
some questions related to learner’s performance, and on the other hand, will
present a case study model for implementing these technologies into a semantic
e-learning environment.
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1 Introduction

E-learning platforms are widely used by higher education and other research-oriented
institutions to enhance the efficiency of institutional services related to teaching and
learning, and to improve quality of teaching. Nowadays, many of the e-learning systems
available on market lack in specific functionalities for the creation and delivery of
dynamic, modular learning paths that match the knowledge needs in a contextualized
(according to learner’s current activities) and individualized (according to learner’s
experiences, competences profiles, learning history and personal preferences) way [1].

Ontologies represent an immense opportunity by bringing great advantages to e-
learning systems. Their implementation is seen as a better solution for organizing and
visualizing didactic knowledge, and for this knowledge to be shared and reused by
different educational applications. The usage of ontology represents an efficient way of
semantic web application on e-learning [2]. This is reflected on the realization of ontology-
based description for the learning materials or the knowledge base. Additionally, semantic
notations are added for each learning object. In terms of organizational aspect, ontology
application allows the categorization of learning resources in personalized learning forms,
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which are being accessible to the students upon their request, depending on their profile and
need to learn. In this way, the needed learning resources are easily identified, and the
access time to the learning resources is reduced. Even though ontologies and semantic web
can solve, among others, the process of structuring data in e-learning environments, yet
there are many other problems to be addressed and solved. In order to support the innova‐
tion process in a e-learning platform on getting proper information about a learner’s
behavior, we extend our previous work [3] to apply business intelligence techniques to the
SMEUS e-learning system. Accordingly, on one hand, the proposed framework will enable
and support the decision-making by answering some questions related to learner’s perform‐
ance, and on the other hand, will present a case study model for implementing these tech‐
nologies into a semantic e-learning environment. SMEUS is a semantic e-learning system
that we have developed to focus on and address the issues of integrating ontological prin‐
ciples with        e-learning standards, and to show how semantic concepts can bypass the
problem with unstructured educational data and different techniques of knowledge repre‐
sentation.

The rest of the paper is organized as follows. Section 2 reviews about the related
work. The process of designing the business intelligence solution and the connection
with SMEUS is represented in Sect. 3. In Sect. 4 we provide some valuable results.
Finally, we conclude the paper and give some future research issues in Sect. 5.

2 Related Work

The literature reports some works in order to solve mentioned problems in e-learning
systems. Some tools such as MATEP [4], GISMO [5] and Sinergo/CoIAT [6] have been
proposed. However, the researchers in these works are not incorporating any type of
semantic aspects and BI tools to help track, measure and analyze the activities performed
by learners. There are also some works performed on ontology and BI analytical appli‐
cations in [7, 8] by implementing ontology to find appropriate data from different sources
and semantically integrate the needed data into OLAP cube. Furthermore, tools like SBI
[9], BIKM [10], SEWASIE [11] are worth mentioning.

There are also several case studies of using educational data mining in Moodle course
management system to identify and analyze the learner’s behavior. Authors in [12, 13]
try to answer some of these questions by identifying related indicators and by offering
tools that allow analysis and interpretation of results through data warehouse and OLAP
technologies. To increase both efficiency of the university services related to teaching
and learning and to improve its overall quality, they propose frameworks for applying
business intelligence in e-learning platforms. Nevertheless, the authors provide models,
which are out of the ontology based semantic web technologies scope and they lack to
address the explicit definition of conceptualization on a specified domain and assembling
learning objects.

3 Towards an BI Semantic Model

Semantic web supports the innovation process in a learning environment, having the prop‐
erty for data creation and management that are machine understandable. Semantic web also
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possess all the properties for creating and reusing the e-learning materials and contexts,
enabling the enhancement of metadata linked with e-learning materials and expanding the
current potentials of e-learning systems. The e-learning field involves many process
resources, such as LOM (Learning Object Metadata), SCORM (Shareable Content Object
Reference Model), RDF (Resource Description Framework), XML, OWL (Web Ontology
Language), etc. LOM includes metadata for learning objects and represents a standard for
educational management system and learning objects. Learning objects are digital contents
or entities deliverable online, having the property of being reused in different contexts, for
learning, education or training. Ontologies’ usage in educational systems may be
approached from various points of view: as a common vocabulary for multi-agent system,
as a chain between heterogeneous educational systems, ontologies for pedagogical
resources sharing or for sharing data and ontologies used to mediate the search of the
learning materials on the Internet [14].

With regards to e-learning, semantic web ensures a technology where the learning
object is [15]:

• Described with metadata – due to the distributed structure of RDF, description can
be expanded and consequently new description can be added. This allows a creative
use of content in a new way.

• Annotated – each identified resource by URI can be annotated with personal notes
and links by everyone.

• Extended – the structured content with XML is allowing multiple versions to exist.
Successive changes in the content can be executed with the help of RDF schemes,
allowing private, grouped, or author versions of a certain document. The versions
history is represented as a tree with known and unknown branches, which can be
traversed with special version tools.

• Shared and communicated – to anyone who has expressed an interest in such content.
Since the metadata are expressed with standard format, which is independent of basic
schemes, even simpler applications can understand portions of complex RDF graphs.

• Certified – there is no reason why only big organizations should certify learning
resources. Individuals, such as teachers, should certify learning contents as a quali‐
tative learning resource, which is suitable for a certain educational work.

3.1 System Structure and Design

Our prototype SMEUS is developed to be used as an innovative system for knowledge
retrieval and other e-learning aspects, including online testing. The system structure is
presented in Fig. 1. As integral part of the system are design interface, system metadata,
description of learning contents and learning methods. Within the interface design, we have
developed special options for testing, online consulting and at the end, we propose a
semantic representation of learning, by applying ontology. The semantic character of
learning or the semantics of the learning object includes our proposal for describing
learning materials within ontology domain. This provides us with a semantic representa‐
tion of the content by adding semantic notation to each learning resource. The ontology is
used for identifying the structure of learning module and defining the needed vocabulary
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for the student to conceptualize the learning modules. Another ontological approach is
introduced for learning materials, which is part of the systems metadata. Here, we included
also the system access alternatives, results registering and the communications.

Fig. 1. System access functionalities

The section with description of learning contents includes some options where we
store syllabi of subjects and learning materials. The learning method section includes
self-testing for students, which is an option of preparation for them before they are
subject to the real examination.

With SMEUS we aim to go beyond limitations that some e-learning application have.
The semantic learning character class includes the knowledge of learning theory,
language, scientific discipline, auxiliary technology, etc. Each of these can be connected
in many ways with fields of ontological modeling. If we consider the scientific discipline,
the content here is distinguished by type and level. In the content type, we may have:
rules, processes, procedures, concepts, etc. whereas in the content level, there may
appear the levels of content complexity, i.e. basic, average and advanced level.

In order to focus the learning expectations or results towards the improvement of
understanding the learning material, the learning models, goals and contents should be
structured or defined with an adequate pedagogical methodology. Regarding the auxiliary
technologies, they support the presentation technique of learning contents with different
technology, such as, ontologies, metadata and learning object warehouses (see Fig. 2).
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Fig. 2. SMEUS ontology

3.2 Designing the BI Solution

The objective of a business intelligence process is to refine business data and information
into useful and valuable knowledge and intelligence for decision making [16, 17]. There
are several proposed definitions in the literature about process steps and models in
implementing BI. However, in this work we follow the idea proposed by [18], who
proposes a lifecycle model as shown in Fig. 3. The first activity to create a BI solution
is the requirement specifications phase. In this phase, a document is produced with
example analytical questions and desired reports that would provide the needed elements
for building the data warehouse schema. This document involves questions related to
the time students are spending to read or view learning materials, which learning
resource they like to visit and use more, how often they use collaboration tools etc. The
second step or activity is dimensional modeling. This encapsulates designing a dimen‐
sional schema, which is based on the analysis of business requirements and consists of
a central fact table and its related dimensions.
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Fig. 3. BI lifecycle [18]

An example of a developed schema in our project is shown in Fig. 4, which contains
details about learning activities.

Fig. 4. Facts table schema

After the dimensional schema is designed, we start and define the development of
ETL (Extract-Transform-Load) processes. During this phase, we also apply common
data preprocessing tasks such as data cleaning, user identification, session identification,
path completion, transaction identification, data transformation and enrichment, data
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integration and data reduction. Once these steps are completed, we use SQL Server BI
edition for multidimensional analysis.

3.3 An Architecture for Semantics and BI Integration

In order to increase both flexibility and performance of e-learning environments, we
propose a framework for applying BI in semantic e-learning environments. The work‐
flow scenario of our model is given in Fig. 5.

Fig. 5. Proposed workflow scenario for semantics and BI integration in e-learning environment

This model is based on the idea of web-based systems that integrate two information
sources: (1) from OLAP browser, which extracts data from data warehouse, and (2) from
the document management system, which enables access to the unstructured data in
documents database. Considering the sensitive nature of the educational data in terms
of privacy, especially those from the testing results, the heterogeneous character of the
data on one hand, and to keep the global ontology updated on the other hand, we propose
that ETL process to be executed two times. Firstly, for data warehouse creation and
secondly, prior to integrating data into the global ontology. The process of data extrac‐
tion and access control for the documents will be coordinated from the document
management system, which will support RDF based metadata, thus, we use the global
ontology.

The global ontology, which is an indispensable part in our model, contains the global
data model and the mappings of metadata from document management system and
metadata that are generated during the second process of ETL. In addition, it includes
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other information about learning objects. Many of the objects that are located in educa‐
tional data warehouses are used for extracting various documents of the same nature.
These objects can easily be created or updated; even at the first ETL process, prior to
the data warehouse creation.

4 Results

Based on the suggested analytical questions that were established in the first step of the
BI lifecycle, we generate several reports that would help us to answer them. We exam‐
ined and analyzed the activity of 865 students over the 15 week spring semester of 2014.
The conducted research provide instructors various reports related to different aspects
of the learners/students behavior, by giving them the possibility of assessing learner’s
performance and progress. These reports using the proposed model provide information
for different aspects of the student behavior, such as, the time they spend for reading or
viewing learning materials online, participation in online collaborative activities and
virtual classrooms, information on how frequently students do online self-testing, read
and write messages, etc.

By referring to these reports, part of which are demonstrated in Fig. 6, we can
conclude that 86 % of student spend their time with reading or viewing materials, but
the majority of them is using this option at the end of the semester or before the exam
session. Concerning the participation to collaborative activities, such as forums and
messaging, on average more than 69 % are using this application, and this option is most
heavily is used during weekdays. Around 14 % of students spend less than 30 min a
week with online testing within the first weeks, and this percentage increased in weeks
to come. During the 10th week of the semester, around 73 % use online testing, and in
remaining 5 weeks this percentage grows to 87 %.

This explains the fact that as the exam session is approaching, students become more
aware for their preparation and try to do online self-testing more frequently. From the
teacher’s perspective, by using such information, they can adopt different learning
methodology of uniform distribution of teaching assignments during the semester to
improve performance of students in terms of avoiding the accumulation of student’s
works or activities for the end of semesters.

The results of our study will give the teachers the availability to assess and track
even more the student performance and to monitor the existence of certain user activity
trends, for instance when to expect to have more participants in virtual classrooms, more
online tests, discussions in forums, exchanged messages, etc. Hence, it is also easily to
predict when to consider the system maintenance.

5 Conclusions and Future Works

In this paper, we presented an approach of application of BI tools in semantic e-learning
systems to analyze and monitor the learner’s behavior and performance. The ontology
we presented is used to design an e-learning system and to play a significant role in
representing different educational concepts. Our framework demonstrate the idea how
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ontology or semantic concepts can bypass the problem with unstructured data, and
different techniques of knowledge representation; and the idea of solving the lack of
analytical and reporting tools in LMS, providing the instructor with detailed reports
about students progression and performance.

In the future, by enlarging the number of students involved in this analytical study,
we consider applying data mining techniques to extract more patterns and rules to
enhance our analysis on learner’s performance. In addition, having in mind that BI
solutions have started to advance into the Cloud, we plan to adopt and extend SMEUS
to be a semantic and cloud-based business intelligence solution.

Fig. 6. Different generated reports
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