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T'OJIEMHU ITOJATOLHA 3A EUKATUBHO ITOJATOYHO PYJAPEILE, AHAJINTUKA HA
INOJATOIIM U BEb PABOTHU TABJIN
3opan Musescku', Enena I'enosa?, 3opan 3apases?

! @akynrer 3a uadopmaruka, YHuBep3urer ,,I'oue demues®, Iltun
milevskiz@gmail.com
2 pakynrer 3a uHdopMaruka, Yuusep3urer ,,l'oue emues®, ltun
(elena.gelova, zoran.zdravev)@ugd.edu.mk

Ancrpakr. Bo oBaa epa Ha roieMH MOJATOLM Y4YMJIMINTATA W YHUBEP3UTETHTE cobupaar 6e30poj
nndopmanun. Ho, rosem Jen oy THe MOAATOLM Ce YyBaaT HA HAYMH LITO I'M [PABAT TEIIKO HPUCTAILIMBU 33
HacTaBHUIUTE U MeHayepure. OGHYHO NUIIAHUTE W3BELITAH KAXyBaaT caMo eJHa IPUKa3Ha MM CaMo eJIeH
nent o cobpannte uupopmaunn. MHory o6pa3oBHH yctaHOBH KopuctaT Moodle Bo mporecoT Ha yueme u
Kora craHyBa 300p 3a 1orosieM Opoj Ha KOPHCHHIM M YYECHHIM ce pa3bupa CTaHyBa TEIIKO 1a Ce Cleaar
HHUBHHTE aKTHBHOCTH BO KYpCEBHTE. 3a Jia Ce HAIpPaBH yYCHETO MOC(UKACHO, BAKHO € 1a CC OBO3MOXH
[epCOHAIM3ALNja BP3 yIECHUIUTE, BP3 OCHOBA Ha HUBHATA aKTHBHOCT, MOXKHOCT /id CE aHAIM3UPa HUBHATA
aKTHBHOCT BO Da3/IMYHU KyPCEBH, Jia CC MPEJBH/IAT PE3YITATUTE HA YIECHUIUTE U MOJ00pO Jia ce HCTpaXar
aKTHBHOCTUTE Ha ydeHuuuTe. Llenra Bo 0BOj TpyA € Aa ce ONHIIe MPOLECcOT Ha CeleKiHja H T00UBambe Ha
nofaroryn o 6a3ata Ha mogaroi Ha Moodle co ymoTpeba Ha TEXHHMKH 3a MOJATOYHO PyAApere U aa ce
Kkpenpa paboTHa Tabna — BeO GazupaHa armKanmja Koja ke komyHuuupa co Moodle u ke 06e36eau npucran
Ha MoBeKe HUBOA M MPAKTUYHO Ke IO MOA00PH MPHCTAIOT KOH eBajlyallja Ha OroJIeMH TPYIH Ha y4eCHHIIH
BO IPOLIECOT Ha y4eHhE U K& OBO3MOXKH HACTABHUIIUTE Ja O3HAAT TTOBEKe 3a TOa KaKO y4aT yICHHUIUTE.
Kityunu 360poBu: daneuuncko yuere, e-yuerse, edykamusno nooamouno pyoaperse, Moodle, edyxamusnu
KOHMPOIHU MAOIU, U36EUMal 60 nosexKe HUB0a

BIG DATA FOR EDUCATION DATA MINING, DATA ANALYTICS AND WEB DASHBOARDS
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Abstract. In this era of big data, school and universities are gathering tons of information. But much of that
data is stored in ways that make it difficult for teachers and managers to access it. Usually written reports tell
only one story or display just one piece of information. Many educational institutions use Moodle as
educational environment in the process of learning and when it comes to a bigger number of users and course
participants it becomes hard to follow their activity in the courses. To make studying more effective, it is
important to supply personalization of the participants, based on their activity, an opportunity to analyze their
activities in different courses, predict the results of the participants and get better survey of the activities of
the students. The goal of this work is, by the use of data mining techniques to describe the process of
selection and acquiring data from the Moodle database, and to create dashboard - web based application, that
would communicate with Moodle and supply multilevel approach, and practically improve the approach to
evaluation of larger groups of participants in the learning process and will help teachers to learn more about
how students learn.

Keywords: Distance Education, E-learning, Educational data mining, Moodle, Educational Dashboard,
Multilevel reports

1. Introduction

Interest in the material to be learned is the best stimulus to learning, rather than such external goals as
grades or later competitive advantage. It is very important how this material is presented, whether it motivates
us to explore and whether it will be available in the future if we need to remind ourselves of what we have
learned and want to go deeper into the details for the field of interest.

There are many systems for so-called electronic learning used by many teachers for easier presentation of
learning materials in front of their students. The usage of this web-based educational systems has increased
rapidly in the past few years. Many universities even offer courses for e-learning and ensure quick, easy and
effective study of a given material. The impact on this trend comes from the fact that neither teachers nor
students are limited any longer to be at the same time on the same location.

In this paper we use Moodle (Modular Object Oriented Developmental Learning Environment) as an
educational system that is well known and widely used because it is open code, and it is also simple to use both
for the teachers and the students as course participants [1], [2], [3].

39



40

lonumen 36opauk 2014 dakynret 3a nHPpoOpMaTuka, YHUBep3uTeT ,,l one Jemaes™ — lItun
Yearbook 2014 Faculty of Computer Science, Goce Delcev University — Stip

Moodle stores great amount of data in its database that is very important when analyzing the students
conduct and represents a gold mine of educational data. Many online activities and communications occur
during the online learning process. Although Moodle, as well as the other systems of this type, offers tools for
reports and view of the more important activities of the course participants, when it comes to a bigger number of
students it becomes hard to follow their activity in the courses. To make studying more effective, it is important
to supply personalization of the contestants, based on their activity, an opportunity to analyze the participants in
different courses, prediction of the results of the participants and better survey of the activities of the students. A
promising area, when it comes to fulfilling this goal is data mining, and in this case it is educational data mining
with the Moodle database [3], [6].

Educational data mining means selective extraction of the kept data of large databases, their processing
with the use of several educational techniques of data mining such as classification, clustering, statistics,
regression etc. and acquiring the processed data that would improve the approach to larger groups of participants
in the learning process [7]. The processed information can be useful for teachers but also for the students.
Teachers receives reports for the advancing in the learning of the students, and the students gets feedbacks from
the teachers for their activities that would improve their learning.

The goal is to make one web-based application so called dashboard that will work in several levels of
approach as: manager, teacher and student role. All these previously mentioned feedbacks and reports, well
organized are contained in this dashboard. The idea is to build one application that will not work as plugin, but
will represent independent application because have more futures that are easy to use, without any further
training. Maybe this complex to use plugins and various techniques for mining was a barrier for many teachers
to use Moodle as modern tool in the learning process and harnessing the potential of Moodle in terms of getting
different reports with a few clicks about when and how students learn.

Whether implemented in primary or secondary education or university this dashboard gives excellent
reports that Moodle does not as such. In our previous work we explore the efficiency in the usage of e-learning
Moodle in the process of education in high school and educational data mining with Moodle 2.4 and using that
research we see the need of building useful reports and alerts which will provide organized data on multiple
levels in the organization such managers, teachers and students. [13] [14]

2. Preparing the data

Educational data mining is an interactive process in which not only the processed data can be acquired, but
it can also be filtered so that a certain decision can be made. The process consists of gathering information about
the students’ interaction within the process, than data processing so that they can be transformed into a relevant
format to be mined. Data mining is applied, i.e. algorithms are used that provide and summarize the acquired
interests about a certain user (teacher, student, manager etc.). Finally, the results are interpreted, evaluated and
represented [2], [6].

Moodle doesn’t keep the records as text, but keeps them in relational MySQL database. Moodle database
has around 145 related tables, but all of them are not necessary to implement educational data mining.

Figure 1 illustrates the data preparation and analysis procedure of this study. First we use SQL (Search
Query Language) to get data from the Moodle database, and then save the data in another separate database as
warehouse. The data preprocessing phase was performed to reduce the redundant data.

To get certain reports it is important to analyze several tables from the database so that a summary of the
system activities can be provided, to get user-friendly results scheme. That is the aim of this research, with
which we consider that system users (all within their own role) will get view in their activities.

While researching about all this idea of making simple, but rich with reports dashboard, we ask ourselves
about the most needed indicators or learning outcomes of students in an online learning environment. That helps
us in better approach in analyzing server logs to understand student behaviors and then improved the web-based
learning environment accordingly.
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Cauka 1. IIponec Ha MPeTNOATOTOBKA M AHAJIN3A HA MOJAATONIH
Figure 1 Data Preparation and Analysis Process

In the process of data collection in the Moodle database we create variables that we fill with needed data
and transform them into table fields assigned with proper data attributes. All data fields were organized with
tables and formed a rational database.

Table 1 shows a list of some variables from the logs taken from the Moodle MySQL.

Ta6ena 1. [Ipumep Ha HEKOM MOBAKHHU MPOMEHJIUBH 01 3anucute Ha Moodle
Table 1 Example of some variables from the Moodle logs

Variable name Description
$korisnik_id User ID
$vkupno_logini Total user logins in the system

$korisnik_vk_pominato_vreme | Total time spent in the registered courses

$korisnik_broj_kursevi Number of courses enrolled by user
$vkupno_rez_dokum Total resources in the user courses
$vkupno_aktiv_forumi Number of forums in the courses
$korisnik_br_najavuvanja Total number of logins last month

When was the last time accessed course

$korisnik lastaccess .
— materials

Just from these variables we present the dashboard users reports with processed data from the original
database.

For example in the figure 2 we show the user a view of the placed resources in all courses or in specific
course (if the user is teacher or student, the list of courses contains only courses where they are enrolled).

Another report obtained by the values of the previously mentioned variables shows the time spent in the
system. If we want to check if the user is active or inactive user in the courses, or something similar, we need to
use some of the mining techniques that are explained later in this paper.

It’s only matter of SQL queries in order to another report shown in figure 3, figure 4 and figure 5.

In figure 3 the shown table gives information about all teachers and course creators with data for teacher
name and placed resources like pages, documents, URL’s, assignments, polls, forums, discussions in forums and
quizzes.
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The variable identification from table 1 not only provides observation parameters but also leads to the
construction of a predictive model, which enables instructors to predict students learning performance through
real-time data mining analysis.
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Figure 3 Tabular presentation of courses, resources and activities in courses
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For example, the teacher may build a predictive model with data collected in the first month and then to be
able to identify the students that need assistance in learning the material previously learned. With the
information from all this reports teacher may change strategy even during the school year if he notice that the
learning material is difficult to the students, or otherwise, the learning material is easy to the students and may
decide to go into details for the learning subject.

In the figure 4, the graph illustrates the activity of the enrolled participants given by days.

Nueta Ha kypcesn: —WMalepn Apyr kypc— -

Bropa roawHa - MHdopmatika v MHdopMatiyka TexHonoruja

AKTUBHOCT BO KypCOT

Ciaunka 4. AKTHBHOCT 110 ICHOBH BO J1aJleH Kypc
Figure 4 Activity by days in given course

Another report, that is shown in figure 5, gives preview of the activity in the resources and participant activities
in given course.

TMcTa Ha MOM KypCeBM: | ——M30epK Kypc-— v || NsBepu

Cinka 5. AKTHBHOCTH M pecypcH U HHBHH NperJie] BO AaJeH Kypc
Figure 5 Activities and resources and their preview in given course

3. Use of data mining techniques

Besides analyzing the data in the Moodle database, it is very important how the data will be grouped in order
to achieve the required effect.

For that purpose we hold up on data mining and we use some of the known techniques that can provide us all
necessary information and data in the effort to give the teacher simplified view on the processed knowledge.

In e-learning systems clustering can be useful for finding similar characteristics students clusters, revealing
the user conduct and grouping the students into several groups: students who are active in the system, discuss in
forums, send homework, spend some time in the system in checking different contents etc. [6].
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In this research we will divide students into three clusters as follows: cluster 0 (inactive), cluster 1 (very
active), and cluster 2 (active course participants). Cluster 0 is characterized by students who haven’t sent
homework, have read only few messages, took only few quizzes and spent very little time in checking the
resources, activities and forum participation. Cluster 1 is characterized by students who have sent at least one
message in the forum, have read at least three messages, have passed successfully at least half of the quizzes and
have finished less than half of them unsuccessfully and have high score and grades. Cluster 2 is characterized by
students who have lower score than students in cluster 1 and more than the students in cluster 0. In this way the
teacher can use these information so that he can divide the students into groups of different type of students for
example at least one student from cluster 1 and students from the other clusters or a group of students from cluster
1 who would work on problem assignments of higher degree than the others [6], [12].

Classification of participants is used to discover potential students with similar characteristics for a definite
specific pedagogical strategy, to predict the final results for a group of students, even to identify the students who
need motivation to get better results.

We divide the students into bad, good and excellent by generating decision trees that involve certain
classification rules. Our goal is to classify students in different groups depending on their activity in Moodle.
Table 2 represents the knowledge by decision tree with if-else rules. This process goes on until all data are
classified perfectly or we run out of attributes. Students with lower number of passed quizzes are classified as
weak students, students with bigger number of quizzes are classified as excellent and the students with an average
number of quizzes as good and of course taking into account the total time spent on resources and activities, the
number of sent homework assignments etc. [6], [9], [11].

Ta6ena 2. MHOKeCTBO NPaBUJIa TeHEPHPAHH 0]] O/IJIY4YBa4YKO APBO
Table 2 Rule set generated by Decision Tree

if(n_quiz=low) then mark=bad
else if(n_quiz=medium) then {
if(total time=low) then {
if(view_resource=low) then mark=bad
else if view_resource =medium) then {
if(forum_post=low) then mark=bad
else if(view_resource=medium) then {
if(total_assigments=high) then mark=good
else if(overall core=high) then mark=excellent

else if(total time =medium) then {
if(view_resource=low) then mark=bad
else if(view_resource=medium) then mark=good
else if(view_resource=high) then mark=excellent
if(overall_score=good) then
if(forum_post==good) then
mark=excellent

4. Conclusion

Data mining techniques are powerful tools for discovering hidden knowledge. In this paper we give analyses
of the raw data from the Moodle database, their potential in receiving useful conclusions for the activity of all
roles in the system. Also we give a look at the results from the data mining with the use of several techniques
applied on the application that works with several levels of approaches. It is very important to integrate the data
mining tools in the e-learning environments which is the goal of this research, because in this way all these data
mining techniques will be applied in a single application and the feedback and the acquired results will be directly
applied on the e-learning environments [17]. Here are several data mining techniques that can be used for
acquiring processed results and reports in the process of learning, and they are not complicated to be used by the
teachers. That is why this approach of creating dashboard — web based application, which is user-friendly and
give better control when it comes to larger groups of students when the standard reports reduce the control clarity
and the ability to evaluate their results at the end of the course [3], [5], [17]. Nowadays, data mining tools are too
complex to be used by the educators and their futures go beyond the scope of what educator might to do. By
creating a dashboard that would communicate with the e-learning system Moodle, the teachers can easily evaluate
web activity in order to get more objective feedback, and find out more about students capability in successfully
passing the exam. Also this dashboard will directly solve the teacher’s problems in supplying support in dealing
with various kind of algorithms. It could also be oriented towards the academics and administrators responsible in
order to obtain parameters about how to improve site efficiency and adapt it to the behavior of their users, have
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measures about how to better organize institutional human and material resources and their educational offer,
enhance educational program offers, etc.

Further ideas, implementations and improvements are planned to be integrated in this Moodle dashboard that
are important for the goal to be fully achieved. For example building alerts where the managers or the teachers
can see which user has not signed up for some time, mark for courses that have no content and courses where the
resources are not read by the participants.

All previously transformed data using educational data mining are stored in a warehouse, separate database
and will be available for additional research in order to improve the work of the teachers and the way that
students learn their material more efficiently.
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