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Abstract— Nowadays, e-learning platforms are widely used by
universities and other research-based and educatiah
institutions. Despite lots of advantages these edatonal
environments provide for organizations, yet there ee many
unresolved problems which cause instructors and tiaing
managers with some difficulties to get proper infomation about
the students’ learning behavior. On one hand, laclof tools to
measure, assess, and evaluate the performance oérleers in
educational activities has led the educators to flato guarantee
the success of learning process. On the other handtrict
structure of learning materials prevents students @ acquire
knowledge based on their learning style. Consequént
developing tools monitor and analyze the learner'snteraction
with e-learning environment is necessary. Businesstelligence
(BI) and On Line Analytical Processing (OLAP) techmlogies can
be used in order to monitor and analyze the learnés behavior
and performance in e-learning environments. They aa also be
used to evaluate the structure of the course conterand its
effectiveness in the learning process. This articlevestigates the
use of business intelligence and OLAP tools in edming
environments and presents a case study of how to @lp these
technologies in the database of an e-learning syste The study
shows that students spend little time with courseotirseware and
prefer to use collaborative activities, such as viual classroom
and forums instead of just viewing the learning magrial.
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. INTRODUCTION

Today, most universities and educational instingiose e-
learning platforms to offer their educational metiebenefiting
from their advantages such as work “any-time, argreh use
of collaborative tools, support different stylesleérning, etc.
However, these e-learning platforms do not covetealching
aspects since they do not usually provide teactzard
instructional designers with tools which allow thésmmonitor
and assess all the activities performed by leafi¢2s3,4].

These environments provide the professor with a&cceso

summary information such as the date of the fired #ast
connection, the number of visited pages accordimgthie
category specified by the platform (not by the pssbr), or the
number of messages read/sent by each learnenttietimber
of page visits, the average time spent on each [age
globally, per page not by learner. As can be dediutiais
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information is not enough to analyze the behaviolearners

and their evolution. Even more, when the numbestofients

and the diversity of interests are high, the psfedas serious
difficulties to extract useful information.

Business Intelligence techniques applied to thaldeste of
Web-based Educational Systems could help instrsictord
other educational experts to generate statisticslygcal
models, and uncover meaningful patterns from thesge
volumes of data. In this article, a framework fqupling
business intelligence in e-learning environments ha&en
proposed, which increased both flexibility and parfance of
e-learning environments. Hence, on one hand, tgosed
environment enables educational technologists &ntity,
analyze and monitor relevant aspects of instructguch as
different style, paths, and strategies of learni@g. the other
hand, such parameters may be used to adapt theinigar
process to each individual learner and improvepréormance
of the learning process.

The reminder of this paper is organized as follo8extion
2 briefly describes business intelligence pringplé brief
history of the related work is represented in thiedtsection. A
description of the e-learning system and the pregos
architecture are represented in section 4, moretivere steps
to deploy the data warehouse for the e-learningremwment
are demonstrated and some valuable results arenpees
Finally, the last section contains the conclusiad the future
work.

1. BACKGROUND

Nowadays, the role of business intelligence asrgoitant
strategic tool for business management and makifigjeat
decisions is significant. Additionally, because pfompt
progress of business competitors, the ability totaiob
information in real-time and reduce decision-makicgrle
times has become increasingly critical in recerryeTaking
advantage of business intelligence in companieshefmthem
improve business performance by giving them the
opportunity to gain insight into their business andke better
decisions [5].

In short, business intelligence helps companiegdin a
comprehensive and integrated view of their businasd
facilitate better and more effective decision-mgkand other



benefits such as having access to the summarized a
distributed relevant information on time. Moreoveosmpanies
are provided with a framework capable of introdgciand
measuring business key performance
analyzing its process and understanding their behdn order
to carry out these tasks, Business Intelligence aseide range
of techniques and technologies: the data wareh@assen
integrated repository of strategic information, AP (On-
Line Analytical Processing) technology for the exption of
information under different perspectives, dashbpscdrecard
and reporting tools for the analysis and visualimatof
information and trends, and data mining techniqaediscover
meaningful patterns and rules in large volumes atadoy
automatic or semi-automatic means. Before contguii
should be said that some authors, such as Kim®jatidnsider
that the data warehouse is the platform for
intelligence; however other authors such as Inndregnsider
that the data warehouse is simply the database ewter
business data are consolidated and stored. Inwbik, we
follow Kimball's idea.

Lots of works have been performed in the literatorerder
to satisfy mentioned problems in e-learning envinents and
overcome their weaknesses. Student’s usage loghamain
starting point to perform such analysis. Usagestizg can be
extracted by standard tools designed to analyzesesler logs
or specific tools developed to satisfy educatioredds. In this
way, some tools, like GISMO [7] were proposed which
monitors activities of students in a popular Leagni
Management System (LMS) called Moodle [8]. The tool
extracts tracking data from Moodle log file and resgnts
results in graphical format. Moreover, it provigasfessors to
the information in several different ways such egorts and
graph representation.

RELATED WORK

As another tool, CourseVis [1] can be mentionedctvizan
track students’ data that is collected through \egbfiles of
the LMS web server. Sinergo/ColAT [9] is anotheoltthat
offers interpretative views of the activity devedapby students
in a group learning collaborative environment aedembles
the learning process of students. Another toolgresl [10] in
order to show the tutor-student interaction in ardvichical
representation.

Finally, the most recent tool is MATEP [11] whictepents
a web interface for the instructor providing a eétreports
according to his requirements. According to indtitg
opinion, this tool helps them to gain a more adeura
knowledge of what is happening in their coursesesihallows
them to analyze and visualize data with differenel of detail
and perspectives, discovering student behavioepett and
understanding how their courses are used. Thatsrbahthey
have the quantitative and qualitative informatiomikable to
take improvement actions about their courses.

IV. THEPLATFORM

The E-Learning Department of the Iran University of
Science and Technology (IUST) started its serviceshe
spring semester of 2004 with about 700 students iand
currently serving about 1,800 students in two Blmleand

busines

three Masters’ programs. The instructional plan this
department is designed in a way that main the ilegrn
materials are developed in the form of multimediarseware

indicators whiland can be accessed by students in a weekly mammer.

addition, the teacher can evaluate the processavhihg by
giving the students with assignments and quizzesllf, the
students, having gained proper perception aboutcthese
concepts, participate in a virtual class sessiah ailaborate
with the teacher and other students on the problams$
learning materials. The teacher can also proviadenttwith
complementary information about the content and spehe
feedback about the level of each student's knovdedgpr
supporting the “any-time, any-where” promise oéerhing, all
the sessions are recorded and archived for theerstsidvho
cannot participate the online classes.

After three years of using a commercial e-learrsggtem
and in response to a perceived demand for morabteliand
flexible delivery of courseware, the E-Learning @erof IUST
started to use Moodle as its LMS since March 200godle is
one of the most popular and widely used e-learpia¢forms
in Iran and all around the world. The transitioronfr
commercial platforms to open source systems, ssidvicendle,
is a growing trend in all around the world and #peead of
these online learning environments are under cootig
evolution. Moodle has been used as a platform Farisg
useful information, documentation, and knowledge
management in a lot of research project, yieldimpdrtant
benefits to researchers [12,13]. Data mining tesplnes have
also been used as complementary system to Mootikerevthe
results where the results are achieved through utte of
association rule mining, classification, clusteringattern
analysis, and statistical methods [15].

Moodle keeps detailed log of all activities thatidgnts
perform [12]. It logs every click that students rmaakor
navigational purposes and has a modest log viewisgem
built into it. Log files can be filtered by courgearticipants,
day and activity, but they are not suitable for Iyinzal
applications. Fortunately, Moodle does not stoigslas text
files. Instead, it stores the logs in a relatiodalabase. There
are about 145 interrelated tables in Moodle databas not all
of them contain the information we need for analgzihe data
and building up the data warehouse.

V.

Although Moodle presents several reports about the
students’ activities, they are not flexible enougtsatisfy the
instructors’ needs to observe their interactionth wie system.
The teacher has access to a summarized report stomgnts
such as the date of the first and last connectigtunients and
the number of visited pages. The information abeath
learning activity is also available, but according the
categories specified by the system, not the profess
Consequently according to some interviews withrirtgional
technologists and training managers of the 1USTedring
Center a list of data elements and analytical dsivers were
defined and corresponding information is extradiemn the
Moodle database to answer their questions.

MAIN IDEA
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Figure 1: Proposed Architecture

Figure 1 illustrates the architecture of the preauobs
solution. As one can observe, the data from meltgurces
such as educational system, LMS, and other legatabdses is
integrate in the form of dimension and fact taladesording to
star schema and can be accessed and analyzed hhttoeig
usage of API functions.

The first step to create a Bl solution is the idf@mattion of
business requirements and their associated va®sit is
mentioned before, in this step according to sonterviews
with instructional experts and institutional manage list of
data elements and desired reports that would bedpgwer the
analytical questions were gathered and recordebuamess
requirements document. This document consists ebtiqns
such as: When do students connect to the systemvddig do
they spend viewing learning materials? How ofteaytluse
collaborative tools? Which learning activity theyefer to
participate? Which learning resource they prefesisd?

The second step is designing a single, integratasy-to-
use, high performing information model that gathéhe
identified business requirements and building aedisional
schema [5]. Dimensional schema is made up of aalefaict
table and its associate dimensions. It is alsedadtar schema
because it looks like a star with the fact tabléhim middle and
the dimensions serving as the points on the stecoring to
Star Schema, in proposed solution two fact tabbese theen
designed:

CourseActivity Fact: This fact table contains the
details about students’ learning activities in arse in

each semester such as the number of: resource vie
forum read, forum post, message read, message writ

virtual classroom participation, recorded sessio

review, etc.

VirtualClassroom_Fact: Having focus on virtual

classroom sessions, this fact table contains th?he
e

information about how students participated in th
virtual classroom sessions. It contains detailsuabo
students’ activities in the virtual classroom sashthe

number of: posted text message, raise hands, chan

status, broadcast audio, etc.

As can be observed, all these measurements or daets
numeric and additive, meaning they can be summeacupss
all dimensions. CourseActivity Fact contains theores of the
all activities performed by a learner
VirtualClassroom_Fact gathers the information abeuéry
virtual classroom session conducted in the e-lagrni
environment. The level of detail or grain of thif table is a
row for each completed learner session. A learessien is
defined as the time spent by a student since lsb@iconnects

n

to a certain virtual class until he leaves it. Ehare also four
dimension tables designed to hold the attributes describe
fact records:

Date_Dim: It gathers each day of year with all
characteristics such as number of day, month, day o
week, week, year, and so on.

Learners_Dim: it collects the students’ information
such as name, gender, major, city, field of stedy,

Session_Dim: it stores an identifier per each sessi
containing IP address and its relevant location.

Courses_Dim: it contains the information about each
course such as name, type, semester, etc.

These tables are the foundation of dimensional timage
containing descriptive information relevant to aumal the fact
table attributes from different perspectives.

Once the dimensional schema is designed, the dage s
and ETL processes must be defined and programniiedETL
process of proposed solution was quite simple kexcaill the
data is stored in relational database. However some
preprocessing steps have to be performed for wemgig data
into suitable shape (e.g. star schema). ETL pracessally is
a manual process in which the administrator hagpply a
number of general data preprocessing tasks suchdas,
cleaning, user identification, session identificati path
completion, transaction identification, data tramsfation and
enrichment, data integration, data reduction [6].our case,
data preprocessing of LMS is a little more simple do user
authentication in which logs have entries idendifisy users.

Although the amount of work required in data pregan

is less, it is necessary to build some new tabtesrding to
star schema and convert the data from relatiortal multi

dimensional format. For this reason, we have tosfiam the
transactional data from several tables of Moodi@luzse into
fact and dimension tables and integrate the mogibitant
information for our objectives. After these stemta is
epared for multi dimensional analysis in the BVieonment.
he only thing remaining to do is using severalital tools

uch as dashboards, scorecards and dynamic reptwtils for
investigation and analysis of the behavior of stisldn e-
learning environment.

S

There are several products to implement a Bl swiutin
past, while the Bl market was strictly dominaly closed
source and commercial tools, the last few yearsewer
characterized by the birth of open source solutidinst as
single BI tools, and later as complete BI platforrAa Open
8%urce BI platform provides a full spectrum of Bipabilities
within a unified system that reduces the overhead tie
development and management of each applicationcl®ra
SQL Server, Sybase or DB2, to hame some, are cocraher
closed source Database Management Systems whigorsup

in a course.data warehousing and OLAP technology. On the offaerd,

there are some open source platform (namely JasfyerS
Pentaho and SpagoBl) which allows educationaltiriss to
begin immediately to deploy the architecture withany need
to purchase commercial tools, but it requires adaiount of
customization.
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Figure 2: Sample Reports Generated by the Progasiedon

VI. RESULTS

The study examined the activity logs of 1,300 stislein
nearly 100 courses over the 16 week fall seme$t20@8. The
key findings showed that 80% of all students acdated less
than one hour a week with course materials in LM& @ost
looked at large portions of their content for leksn one
minute. Contrarily, about 65% of students partitépain
virtual classroom sessions where they can diréatdract with
their teacher via instant messaging and voice chat.

Around 60% of students spent less than one hourek \n
LMS within the first 10 week, but the percentageiréts to
20% in remaining 6 weeks. There are some activdests
(about 5%) that spent more than 400 hours in LM@iwithe
16 week semester and some passive students (al)uh@t
spent less than 50 hours.

Figure 2 demonstrates some of the reports geneusiad
the proposed solution. Using such informationtrutdors can
adopt some decisions to improve performance ofestisdand
avoid accumulation of students’ works for the ehdemesters
which avoids students to mostly focus on their exanu
review their courses. For example, suitable andfotmi
distribution of assignments during the semester famding
students to upload their assignments exactly aptkscribed
time can be considered as an appropriate decisicechieving
the mentioned goal.

VII.  CONCLUSION AND FUTURE WORKS

In this paper, in order to overcome shortcomings of
traditional e-learning environments in making appiate
decisions, the application of Business Intelligeracel Data
Warehousing tools in the field of e-learning wagsanted.
Moreover, the architecture proposed for these systéries to
solve the lack of analytical and subjective repgrtiools in a
widely spread, open-source, learning managemetgrayand,
moreover, provide instructors with detailed repoabout
progression of students and give them the abilityrack and
assess the student performance and evaluate tiga désheir
virtual courses in order to take suitable managdgaisions.

The study shows that students spend little timé witurse
materials online and about 80% spend less thanhiwos a
week viewing multimedia courseware and they jusveha
participated in virtual classroom sessions. I1$®e énferred that
the students prefer to use collaborative activitissch as
instant messaging and forums, instead of just vigwihe
learning material.

However, expanding the period and the number afestis
involved in analytical study and applying data mgimethods
and association rule mining techniques to extrattiero
unresolved meaningful patterns and rules amongstildent’s
data usage can be considered as future work. Mergov
applying clustering and classification algorithnms arder to
predict the performance of new students accordingheir
behavior is other future work.
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