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[z Outline
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* Big Data, Data Mining & Learning
Analytics

* The HOU Data Ecosystem

* Learning Analytics Approaches
and Tasks

* Experiments and Results

* Conclusions
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* A framework and a software
system

* Provides solutions in terms
of scientific inquiries

* Selection of HW/SW
artifacts in PSEs

* Quickest and most efficient
solution

PIDE Form

operator! laplace
demain; Squane
right side:const
ber homogeneous

I!BE%NE“'C The PYTHIA Recommender System

An RS? Interface

Use FFTh with
RSJ Weh ?4'.' fffff IT gl'ird |'ifIER L,
Esr. Time: 0.83mins,
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nder component of PYTHIA-IT implemented as a web server providing
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r!é‘étﬁ“'c Revolution in Higher Education

* Qutlines the problems HEIls Revolution
are facing today in Higher
Education

* Colleges and universities are
. . How a Small Band of Bl !1. =
becoming insufferably costly (‘?

College Accessible
and Affordable

* Incapable of sustaining their
existence

Richard A. DeMillo S———————
w

FOREWORD BY
Andrew J. Young W

* Many graduates lack
necessary skills

Richard Allan DeMillo | N LA =
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r!éﬁéﬁ“'c The Petabyte Age

* An era of rapidly developing
technology

* Information is gathered at
an ever increasing rate

* Capture, store analyze this
wealth of data

* Determine how successful
we are in the future
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[z The Big Data Era

UNIVERSITY

* A field of immense interest
* Store and index data

* Analyze and utilize in an
efficient way

* Answers to most problems

Big data is everywhere — but
does it have the solution?
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[z The End of Theory

UNIVERSITY

* An author and an
entrepreneur, former editor
of Wired Magazine

* Shift in the way we look at
data

* Rather than developing a
theory

Chris Anderson

* Look for patterns, outliers, ...
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N :[MQz Data Mining

Knowledge discovery is iterative. As you uncover

Generalize "nuggets" in the data, you learn to ask better questions
to the future 4

The non—trivial process of identifying

valid, novel, potentially useful, and

ultimately understandable patterns in data.
—— Fayyad, Piatetsky—Shapiro, Smyth [1996]

Not something ‘
we already know ' For our task.
Actionable

Process leads to human insight.

Ronny Kovahi, Crossing the Chasm: From Academic Machine Learning to Commercial Data Mining, ICML 1998
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I!BE%NE“'C CRoss Industry Standard Process

UNIVERSITY

* Describes the commonly
used approaches by data
mining experts

* Breaks the process of data
mining onto six major
phases

* Determining the problem,
preparing the data, etc.
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I!BE%NE“'C Truth and Lies about how Students Study

UNIVERSITY

* Simple statistics, questionnaires and
surveys

* People’s answers are not always
consistent with the reality

* People lying/cheating, being
embarrassed il

* Brain scanning test j
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r. (I;EII-ELNENIC Data Sto rytEI I i ng Numbers have an important story to tell.

UNIVERSITY They rely on you to give them a

CLEAR AND CONVINGING VOICE.

* The Essential Data Science Skill =
Everyone Needs R
cole nussbaumer knaflic
* Not simply data visualization or | storvtellin
analytics reporting — withy J
* A blending of “hard data” and data
“human communication” ol
* Help marketers achieve their goals - =
M 0/ WILEY
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[z Definition(s) of Learning Analytics
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* “the measurement, collection, analysis

i Type of Analytics Level or Object of Who Benefits?
and reporting of data about learners and Analysis
1 Learning Course-level: social Learners, faculty
thelr Contex-ts’ f or p Urp 958.5. Of ] Analytics networks, conceptual
understanding and optimizing learning e opment, Bscourss
and the environment (s) in which it Educationa] | curriculum”
”o Qi data Departmental: predictive Learners, faculty
occurs” -Siemens, G., 2011 ining modaling. patterns of
success/failure
¢ ”IS abOUt COIIECtlng traces that Iearners Academic Institutional: learner Administrators,
/eave behlnd and USing those traces to Analytics profiles, performance of funders, marketing
academics, knowledge flow
Improve learnlng" - Erik Duval E., 2012 Regional (state/provincial): | Funders,
comparisons between administrators
* “the use of data, which may include ‘big Systems
’ . . . . National and National
data’, to provide actionable intelligence International governments,
” education
for learners and teachers” — Ferguson R., authorities

2014
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http://www.learninganalytics.net/?p=131
https://erikduval.wordpress.com/2012/01/30/learning-analytics-and-educational-data-mining/
http://www.slideshare.net/R3beccaF/learning-analytics-fa-qs

S

i Evolution of Trends

UNIVERSITY

«/’\\
learning analytics 3
data mining 31

data science A~
big data 84
. data analysis 58 "

* “Data Mining” and “Data Analysis” give
place to “Data Science” and “Big Data”

* “Learning Analytics” are still premature
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r!SEtﬁ“'c State of the Art in Learning Analytics

* Create software,
services and
applications

* Forecast — a Purdue-
developed student
success app

* Develop habits and
behaviors
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[z The Hellenic Open University (HOU) story

UNIVERSITY

Off- . I I t I I . I | . ] 9 9 7 & C | @ Secure | https;//www.eap.gr/e pxg ‘.i
y . ', "i“}"rj‘ TO EAN v ZIMNOYAEZIv EPEYNA v MPOZQMIKO v ANAKOINQZEIZ v ZIYNAEIMOI v EMIKOINQNIA v
X nanena o S
| £l

* The only University in Greece that
exclusively offers “distance”
education programs

To EAAnVIkO AvolkTo MavenioThpio
ne OUHUETEXE!
"‘f[\ otn Aigbvn 'EkBeon @ecoalovikng

* Four Schools (Humanities, Social
Sciences, Science and Technology,
and Applied Arts)

Oec 9 -17 ZentepPpiou 2017

* > 40 programs
Mpoypaupata Znousuw =
«
. Néa MNpoypaupata Zmoudum
* = 50 faculty members, 2000 Adjunct s e o bl Do
’ o Kovwvikwy Egappoopivwy Oemkwy Emomupwy AvBpwmoTikwy
ITIOUSES Emomuwvy  Texvwv & Texvoloyiag Imoudwyv

lecturers/instructors, 40K students, s

EKmatSeuTr| NMOAn

220 employees, 12 km? building . [

WOELG

fa Ci I i ties = . R O 11000666 IO .
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s The HOU Core System Infrastructure

UNIVERSITY

Fhoxos Toriparo Fysadaronn (Saba Meeting Appl OBIyo: Fuviowarn OBayo: Jepyereytvms

Students The Learning The The web
Management Educational teleconference
System Material YA EN
Repository

Information
System

(study.eap.gr) (centra.eap.gr)

(open.eap.gr)

(apothesis.
eap.gr)
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r.c”ni%ﬁ“'c Studying in HOU

BN UNIVERSITY

YEARS

. HpepoAdyto
* Each program consists of modules | eoyecumccionse ercens- aisarcis vaues B —

which comprise of up to three
regular university courses TR

Opasdeqg Zulntricewv

* Each module includes five ——

optional face-to-face group Do
sessions that take place in approx. | = ewem

9 C it i es i N G reece rpamntég Epyaoieg - EEetdoeLg ° "\‘:t"‘i”‘m CETELIE

* Students have to submit 4-6
written assignments throughout
the academic year period at the

=l Tparr) Epyaocia 1 xpriotn
=| Mpamr) Epyaoia 2
=l Tpamr Epyaoia 3 E MAoRynon

&
g
&
il Mpamtr Epyacia 4
&
&

H apyLkn pou

end Of WhiCh they partiCipate in a ET:)EKITC;LS;U‘[U-(;Qﬂpac‘[nplé‘[r]‘[et; v?LizKﬂjC:E

* NMAH11

compulsory written exam PR G

EX Babpol
/] online Epyacia E2-1 = MEMAZ
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[z Our case study

UNIVERSITY

 Student Admission data (1M records) during 2003 - 2013

* Bachelor in Computer Sciences
* Principles of Software Engineering (PLI11) module

* Master’s in Information Systems
* Specialization in Theory & Software (PLS50) module
 Specialization in Software Engineering (PLS60) module

* Code - Create - Learn with Scratch (Scratch Coding)
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I!BE%NE“'C Learning Analytics Approaches

UNIVERSITY

* Non-native approaches * Native approaches

* Data migration * Process data in the origin
* More options available * Easier and requires no

- Entails dangers specialist knowledge

* Scalability of the process ° Can run on real time

* Limited options
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N[ Learning Analytics Tasks

UNIVERSITY
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N[z Learning Analytics Tools
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I!SE%&“'C Learning Analytics Dashboards

UNIVERSITY

.'.|.||:'. "q. |'~\| ".| 113 || tig

‘ Device Analytics == ==

* Completion Progress

Query-based
dashboards

* Course Dedication R

Thia Coure
= : |
. Customizable cards Easy to Interpret data
atoeny B Prysiclogy QUESTIONRS
+) 'Where are students daing

¢ F r m ra h R e O rt How frequently are students logging in? How well are students learning? -
- o =) Where are students daing
orum G e, S e D

: \ | e
* Graph Analytics Block o ‘ el

i) Hiow marry activities have
) — students completed?

*) 'Which studenis have nat
logged in?

* Configurable Report - -

logging i
What have my students learned? How much content have students completed?

Sudents pracioed the most?

(=) Which activities have
sludents practioed the least?
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[ Device Analytics
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Provides a quick overview of  [eemicomos

users’ used devices. o

* Device type = T

* Operating System

* Browser (version logging)

* Display and Window size

* Input type (mouse, . §
touchscreen) -
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[z Configurable Report ™
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* A custom reports builder

* Based on SQL queries on Moodle
Database Scheme

* No SQL knowledge is required?!
* Suitable for admins or teachers

Name ¢ Larvtname ¢ City » Views of farum (Section « Baram) .

 Several types of reports:

Courses, Categories, Users, Timeline .
reports, Custom SQL reports e,
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i Moodle Database Schema
Warems Srcen ‘ﬂ. 2 3 )

=_
b
Key: cick 1o dil down The home of this diagram is http://www.examulator.com/er
admin assign badges
blog_external  » ] config_plugins » lon_dispray > | registration_hubs * v V
Ip-:lw . :Iwr-. Diogueres > esoren . i\ - “_:lw
P > s "7 D tagstors_standare_tog » l*‘v_ i
) cache_siters - L]w au] f = b’
| license - l|' ;’J'
cache_fiags * T lee_petivn > o . }r_ ’; I[
] comments » ] mer_contig + 3 ) badge,_critesio_param »
] config_log L ] faider - | my_pages
Jeonfig v = ey S T page
rtriere =
ouit 1o simglify the diagram. Ch 5
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(M4 Completion Progress ™
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A time-management tool

* Relies on completion settings of CoMPLETICHEEESE =

NOW—

activities/resources in the course Ul PrEEEs

r of touch bar for info.

* Visual representation of activities
to be completed

rrrrrrr

First name | Surname Last in course Completion Progress
. Bimd Business Students  Never T S -
* Color-coded for quick reference C e———
Julia Business Studentd MNever _“““ 75%
I R D B

* Overview for teachers, identify =~~~ = ==———
students at risk
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[z Course Dedication ™

UNIVERSITY
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Detailed course dedication of (A ] Admin Usuar 0.
Allow teachers to keep track of
estimated dedication time of el e s
students in a course
* Time is estimated based on e e e—
* Clicks, Sessions, and Sessions ey e *
Du rati on e
* Offers views of dedication time of ———
* The course, in total
* A group of students

* An individual student

Mean dedication: 1 hour 5 mins

Dedication tool
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(M4 Forum Graph Report ™

Analyze the interactions between = o o >
participants in a forum activity e
* Each node is a user i _
* the size depends on the no. of T
posts
* Each edge represents the N .
interaction between 2 users NGy
* Thickness indicates the no. of N
replies e ]
* Arrow indicates who was replying -y
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(Wi Graph Analytics ™

Provides graphs that facilitate the

identification of student profiles _ memimns - | I
* Grades Chart — L
* Content Access Chart TR T -
* Active Users Chart —
* Assignment Submissions Chart = e

e Hits Distribution Chart

Graphs allow teachers to

message students according to
their behavior in the course
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s Analyzing Admission Data

BN UNIVERSITY
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Gender 18-24 25-34 35-44 45-54 55-64
B female
50K 200K Gender
B male B female
" B male
.% 40K “
o 5 150K
':% k-
30K 2
5 g
j: = 100K
§ 20K g 60.339
g 49.352
=
10K 50K
o 26410 44355 | 52.891 19.829
0K 18.174 14.149 —
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Under Post Under Post Under Post Under Post Under Post
Registration Year
* Created using Python
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(%]
o HELLENIC 1 H H
L Qs Analyzing Admission Data
> N UNIVERSITY
Science &
Humanities Social Sciences Techneology Applied Arts
200K 183 625
§ 161.115
E
g 150K 131.731
§ 105.758
5 100K 81.725 77511
i
8
E 5ok
= .
0K 4530 3,053 ' T e e ,
female male female male female male female male Y )
. f"\"‘:t /{
* Created using Python =y
# Applicants / # Residents (%)
178 T s 27

* Created using Tableau v. 9.3

@ empower Assessing Students and Tutors with Learning Analytics Dashboards (C( EADTU

higher education




(lYEARS:

[ Customized Reports

UNIVERSITY

n ==+ Customized reports
based on Moodle
SQL scheme

* Knowledge of
Database Internal
ngé course users = StUdEHtﬁ Organization iS
Required

EREERENERAEY Y

= SC4 SC1 Show users 271

SC2 Show users 166

SC3 Show users 187

5C4 Show users 236 Created using Moodle Configurable Reports plugin
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Students Performance Visualization

"Show all groups” ¥

50

Grades

rpant Epyaocia 1

25 Number of grades: 298
Lowest grade: 0.00
Highest grade: 1.00

- 75 Students with grades inferior or equal to 68 {25%)
a
- 149 Students with grades inferior or equal to 85 (50%:)

- 224 Students with grades inferior or equal to 57 (75%)

Assessment distribution =
— —— -
—
— —
b
A
i i i - LT d H
Online Epyacia E1-1 A TeAiki) EETaon X
Number of grades: 288 Mumber of grades: 37
: Lowest grade: 0.14 )
4 Highest grada: 1.00 Lowest grade: 0.12
o | T ' Highest grade: 1.00
pecrrriy Epyoioie: 2 Tpocrrrn £ - 72 Students with grades inferior or equal to 71 (25%) E2-1 Online Ed . g stydents with grades inferior or equal to 45 (25%) FEéTeon
) - - a ) L
144 students with grades inferior or equal to 84 (50%) - 19 Students with grades inferior or equal to 60 (50%)
) - - o ) L
216 Students with grades inferior or equal to 83 (75%) - 28 Students with grades inferior or equal to 77 (75%)

Analytics graph for grades distribution of written and online assignments

(&) empower

higher education

Assessing Students and Tutors with Learning Analytics Dashboards

* Created using Moodle Forum Graph plugin
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s Visualizing Students’ Submissions
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Assignment submissior

In time submission

Course: MAH11 - Apyég Texvohoylog Aoy @ Late submission
Begin date: Mon, 28 Sep 2015, 12:00| @ Kotpiee utroBohn

Submission ratio
< On time ratio

361

0.75 “\—9‘0\ o

=)
= 05 180.5
o
0.25 90.25
a — — L]
~ %
, T . LY . T &
d-o\ec‘rqu 6é\df‘)qv d-o\'d:;gqv 0'6\,0 >
&5 &5 Lo Rk
AR NI oY ,\'-:\Q' >
L¥ SRS Lo S
W arj' (QQ ?:(;L Q0 [\ Q‘FL
< w
2 s 5> -
& & o o
- - A ".‘\0

SIUBPNIS 4O Jaguuinp

“Show all groups™ ¥

Quiz submissions

@ In ume submission

rse: TIAH Apxec Texvoroyiog Aoyiopixol @ Late submission

xte: Mon. 28 Sep 2015, 12:00 AM ® Koapio unioBols
Submission ratio
< On tme ratio

361

Online Epyocoic E4-1 3
Wed, 18 May 2016, 11:59 PM 4

] ® Kapic uriofodi 164 Students 05 &

R 90 25
0

& &

&) emp

ower Assessing Students and Tutors with Learning Analytics Dashboards

higher education

Assignments and Quizzes submission graphs

* Created using Moodle Forum Graph plugin
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i Measuring Engagement with the Platform

Students’ dedication info | R T
TThenla ARV P MNAHT1-AGH1 25 wpeg 32 Asmra 0.28
* Created using Moodle Course Dedication plugin - - MAHIIAGHT | 12 pee 19 Aer oas
PETTEv frmiT TS NAHT1-AGH1 7 wpeg 28 Aemtd 0.32
Course DEdlcatlon mATIR e R MNAHT1-ASH1 34 wpsg 28 hsmta 0.21
2000 T NTYR LWL ) PR NAHT1-AGH1 2 wpeg 50 AemTd 0.1
| PV R ] MNAHT1-AGH1 28 wpsg 12 hemra 0.35

20000

Connections per day

15000 0,93

20807
0g 078
10000 8853
F 0,7
0,62 0,6
5000 @ 0,5 0,51
@@ 0,5
0 . I 03] [031]]0,31

0,41
03 0,291 10,28
XV73 AV34 ST12 RV33 XA32 MMO1 GV11 AMI10 SS02 OV38 YA10 TTO3 FEO4 ZG17 KQO5 JYO6 ALO7 ' I I I I 021 0,25
I 0,17

’ H XV73 AV34 ST12 RV33 XA32 MMO1 GV11 AMI10 SS02 OV38 YA10 TT03 FE04 ZG17 KQOS JYO6 ALO7
Tutors’ connections per day

@ em pp@\}{({?m!' Assessing Students and Tutors with Learning Analytics Dashboards (C( EADTU

0,2

Tutors’ course dedication time

0,1




HELLENIC
OPEN

BN UNIVERSITY

YEARS

"Show all groups” ¥

Distribution of access to contents (resources, urls and pages)

Access
Course: TIAH11 - Apxéc Texvorovice Aoviouwkod @ No access

Begin date: Monday, 28 September 2015, 12:00 AM

Measuring Engagement with the Content

Distribution of access to contents (resources, ur

Course: NTAH11 - Apxég Texvoroyiag Aoyloptkol | @ No access
Begin date: Monday, 28 September 2015, 12:00 AM

Mept Aoywopikoo (epxelo pE

1 S)

Access

254

eowThon) N 107
Testl g
I 381 EpuTAgELC yie: Ta MovTERG 219
Kkrov Zwiic Aoviouos I 142
- Online Epyooice E1-1 Ele
% — 4 Aroipaveleg Twy Kepahaiwy 1 226
g Topic 1 ke 2 | 135
(=]
o] : Online Epyooio E2-1 281
Online Epycioie E2-1 i
I 80 Scces= B tudents EpWwioeLc OXETIK e TiC 187
Amrotnoslg AslToupyLkég ket Mn I
Online Epycioice E4-1 20
_ 14 EpWwTNOELC OXETIKG HE TLIG 170
Amauriioe ato To ootk I 191
[v] 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400

Number of students

Online tests and content access distribution graphs

Fevikd ylo Tnv Avihuon
ATroTioewy (EpwThoeLg)

Alcipdiveleg Tou Kepoholou 3

ALOPAVELEC TETEPTOU KEPaAxion
BLBAlOU

Mapadelypo dlaTGEewy

I 159

187
I

I 189

162

Aoviouod I 199
Nop&derypa "YTroAoyoThg 159
TEELBLO0 auToKLVTOL" 202
MNpoKTIKEC KOKATELS ETTL TWV 184

BOTLKUIV EVVOLLIY

* Created using Moodle Forum Graph plugin

Assessing Students and Tutors with Learning Analytics Dashboards
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Students’ Activity Visualization

Number of active students Number of student activities
400 25k
20k
300 cl g 3 SRR
HEHHTHE i
L . SRR ’ £ 3 W
B % = £ 15k 8 S N
E 200 = o E 5 °.¢:° 3 g g 2
| i : 2882
2 & £ 10k i &
< % < &)
100 @ o =3
X = ok o 8
S @ 9 o g
0 % 0
F P PP PP & < PP P o P &
S U G G\ CHEEN BN N S SN N N N W
The distribution of active students and students’ activities to daily hours
* Created using Moodle Analytics Graphs plugin
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s Monitoring Activity Completion
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COMPLETION PROGRESS Overview of students
Visible groups SG4-DODEK v Role Student A
Nl:jl‘llul Page: 12 3 4 (Next)
v First name / Surname Last in course Completion Progress Progress
|||||||||||||||||||||||[|||||||[|||]||||.||||l|||| A vy R AANARAN A -
Yroged ewtiow [ Pmeneirneac 422 B oo ﬁejfi\s;ja*' SRR 11T T LT LT e
gt
woxcompias @ A - seerescoy. 1209207, AN ERNARR N A -
[ oo e gy A o
’ b :
Student’s progress bar A sarray oy 2017755 [ NEEENNNANEN AN AN
0o o sy Qg
0o - IR

Tutor’s overview page

* Created using Moodle Completion Progress plugin
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* Created using R packages
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s Forum Participation & Frequent Threads
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-

8
w &
@®s
c 3
@
=R
3o
P
(750

82114 -

5 -

participationFrequency

* Created using R packages
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g Monitoring Participation in Forums

The PLI11 Module forum graph An integrated view of the groups forum graph

* Created using Moodle Forum Graph plugin
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