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What we know is ...



Smart Devices

Source: Smart Devices & Cloud Computing
http://www.exelanz.com/blogs/smart-devices-cloud-computing/
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What we don‘t know is ...



LEARNING COLLECT THE
IS HAPPENING EXPERIENCES
EVERYWHERE. THAT MATTER.
PECPLE LEARN IN MANY PLACES, THIS API RECORDS ACTIVITIES
DOING MANY THINGS. AND DELIVERS DATA THAT I5:
« QUANTIFIABLE
- N « SHARABLE
@ R E; : - TRACKABLE
e Tg"fimﬁ Source: http://tincanapi.com/overview/
e ACTIVITIED
What to measure? How to collect?

Is it connected to each other?



Questions expected from data mining & learning analytics

Educational data mining focuses on developing new
tools and algorithms for discovering data patterns

EDUCATIONAL DATA MINING CAN
ANSWER QUESTIONS LIKE:

What sequence of topics is most
effective for a specific student?

8 Which student actions are associated
with better learning and higher grades?

Which actions indicate satisfaction and
I engagement?

What features of an online learning
environment lead to better learning?

Learning analytics focuses on applying tools and
techniques at larger scales in instructional systems

>

LEARNING ANALYTICS CAN
ANSWER QUESTIONS LIKE:

01000111000010
010100
01000111000010

-_ When are students ready to move on
to the next topic?

Il

\
What grade is a student likely to receive
without intervention?

Should a student be referred to a
counselor for help?

When is a student at risk for not
completing a course?

Source: Collegestats.org
http://collegestats.org/2013/01/how-can-data-mining-analytics-enhance-education/



Case Study to explore

what we don’t know
(Data flow and exchange)



Reporting
Fool

Transcript/learning data
can be delivered to LMSs, LRSs
or reporting tools

Learning data
is delivered to
an LRS.

Experience data

(11

LMS: Learning Management System
LRS: Learning Record Store

Course




IMS
Caliper

IMS Caliper Framework

/ Caliper

Metrics Profiles
> Assessment
> Media

> Reading

> Writing

> Messaging

> Discussion

> Collaboration
> Soclal

> Lectures

> Tutoring

> Web Content

> More...

Learning Platforms / Apps
LTI Consumers | Providers

IdY Josuasg

IMS Services

(LTI, LIS, CP, QT etc integrated / leveraged)

Analytics
Store

Source: New Architect for Learning (Rob Abel, 2014)

http://www.slideshare.net/JEPAslide/day3-edupub-tokyoims?qid=76ce5d4a- 1ccf-468f-a428-c652584c395a&v=default®qb=&from_search=4

(

Learning Data \

Informed
Solutions

> Dashboards
> Gradebooks
> Analytics

> Adaptive
Leaming

> Credentialing
> Personalization
> Remediation

> Content
Curation

> Authoring
> Curriculum

> Learning
Delivery
> Reporting
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Filters - provide greater levels of
detail including: Course Title, ISBN,
Book Title, Student Name and Date
Range.

®

Summary Table - Key eTextbook
usage metrics such as: Average
Session Length, Pages Viewed, Books
Subscribed and CourseSmart
Engagement Index.

®

Trend Analysis - Graphs representing
the CourseSmart Engagement Index
and eTextbhook Activity over a date
range.

@

Top Students and those with

Room For Improvement - Lists
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engagement scores.

http://www.coursesmart.com/go/institutions/analytic






We want to see the iceberg below to understand
what we don’t know yet!!!

» To answer,

o what is the general process for learning analytics?

e do we need to define workflows beyond xAPI or IMS
Caliper?

e How do we prove the concept?




Step 1. design an reference architecture for learning analytics

Area of data analytics (Test bed II)
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Data crawling API Endpoint
(i.e. IMS Caliper and xAPI)

.
Learning apps

k eBook reader
(L.e. Read\ium)

Learning Events Data Tran

T+

Authrization .

‘ Data capture API
| @ensor AP) |
39 party applications adopted data capture API i

. Data transmission via data crawifing API
: Area of Learning Analytics
¥
: Data storing
- and Data analytic Visualization
Data Crawler processing system system
system




Step 1. design a deployment architecture (in 2014)

Rstudio
(Ploting Library)

RImpala / RODBC

JDBC / ODBC HIVE
Client Metastore

Impala Shell Cloudera Manager / HUE

Cloudera Impala Cloudera Impala Cloudera Impala




Step 1. design a deployment architecture (in 2015)

Visualization Tool

(i.e. Chart.js)
RImpala / RODBC

JDBC / ODBC HIVE
Client Metastore

Tools for Triple

i.e. GraphLab Cloudera Manager / HUE

Cloudera Impala Cloudera Impala Cloudera Impala

Mong Mong Mong
o o o
DB DB DB




Step 2. design an abstract workflow for the reference mode

- Inforgraphics

- High Performance Distributed File Processing - Presentation

(Hadoop) Tech
- Data Extracting and Filtering SAURCh as 3D and
- LTI(Learning Tool Interoperability), IMS
| Caliper
Learning Data Data Store . o
L . & Visualization
Activity Collection .
Processing
Policy Framework
- Structured: DB, Spreadsheet, etc - Analytics Algorithm
- Semi-structured: XML, HTML, etc (Schema based - Natural Language
Markup) Processing,

- Unstructured: Text, Image, Video, Voice Data, etc
- Data Masking
- Analysis Algorithm
Selection
- Privacy Policy
Implementaion

Emotion Analytics, etc



Step 2. design a workflow of the reference model v1.0

Intercode Readium Application

Input Data ltems for Learning Analytics

>]
/Lecture (MOOCs, OER) Data Collection Application
- Material (reading etc)
- Learning tool Data Data Storing
- Quiz /Assesment _— . _— .
- Discussion forum Collection & Processing

- Message

- Social Network Secure Data Exchange

- Homework

- Prior Credit

- Achievement Real-time
- Systemo Log Feedback

~

Learning & Teaching
Activity N

« Visualization — Analyzing
Personalization,

Intervention and
Prediction, etc

€ g
Ovutcome from Learning Analytics

Dashboard Web Ul

—
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Step 2. design a workflow of the reference model v1.1

\.

/I_earning Activitﬂ

Reading
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Quiz

Projects-
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rk -
Media -
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Research
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n
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Discussioy

Learning & Teaching
Activity

Intercode Readium
Application

Input Data Items for Learning Analytics

€

/
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Material (reading etc
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Quiz/Assesment Item
Discussion forum
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Social Network
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>
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Application
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~
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Step 2. design a workflow of the reference model
- data collection process

/ Lecture (MOOCs, OER)

Material (reading etc)

N
N

Learning tool
Quiz/Assesment

Discussion forum

Message . . > Temporary
Social Network Secute Data Conforming Data Store
Homework Trangmission Testing (Event Store)
Prior Credit

|dV UOH23||0D Pik(

Achievement

92UD}sU| UoI9||0D) BiP(

Systemo Log

Learning & Teaching
Activity

% Data Collection Applicaion Apache Jena
- receive JSON data RDF Model
from Readium (in Memory)
Readium Applicaion - parsing & translate

JSON data to RDF
Triple



Step 2. design a workflow of the reference model
- data storing/filtering process

JMS Message Data Analysis

> Application

http http
request request
/—\ 4 Data Translator and Filter ) /—\
\_// o \_//
o o]
a g
g Unified Data Dat Natural z
Temporary Data Store | CO Translator F'T: ° Language Qa Analytics Data Store
(Event Store) 3 (i.e. to LOD) mer Processing 2 (Micro Store)
o
3
r r
- J
Translation Filtering Virt Triole St
Rules Conditions Irflvuoso Iriple >rore

Apache Jena
RDF Model
(in Memory)




Step 2. design a workflow of the reference model
- analyzing process

RDF Store
Server

JMS Message

Data Analysis Application
run R script using

rcaller library
spargl query using

Virtuoso

rrdf package in R Triple Store
Virtuoso Triple Store Analysis
Algorithm /
/_4 | A 4 ~N
M~~~ T v / 1 Data Analysis o
o =
Analytics Data Store  |—> § § % v
H ~
(Micro Store) @ Andlysis _ Qg
-~ 0 Analysis Output 5 .
Interface P . Generation 5 Analytics Data Store
rocessin
W (i.e. R) 9 S (Analyzed Data)
(Curricula, Learning > §"
Resources, Preferences) T - ""'"---...,.._.‘
.,.--"""'-—_ - ‘h"‘h_z v
=" sparql query spargl-query

Statistic Analysis
Topic Analysis

Social Analysis

Network Analysis

Pattern Analysis

Dynamic Modeling

Association Analysis

Dashboard Integration
Content Recommendation
Learning Path Recommendation

(Curriculum Support)

http request

»  Web Ul Server



Step 2. design a workflow of the reference model

- visualization process

bt it e br e

Virtuoso Triple Store

N~

Analytics Data Store
(Analyzed Data)

N~

Data Analysis

Dashboard Web Ul

- using Javascript chart library
(Morris, NVD3, HighCharts, =
xChart, efc...) I ‘

i

Web Ul Server
(using Node.js)

Data Interpretation to Visualization I l
o
o O
2 Dashboard ) Perth = Dashboard and R
ashboar i earning Pat S ey )
0 _ ePortfolio 9 o ePorting System
S Information & Resources 3
s
\ / Personalization,
Intervention and
Prediction, etc

http request

Application

X



Step 3. design a scenario

(Basic analytics process)

1. Studentopen digital textbook on Readium-JS viewer

2. Data is generated through reading activities by student
3. Data capture API crawl the data and send to event store
4. On the analytics platform check collected data
5

. See simple dashboard from collected data (without analysis algorithm)

(Advanced analytics process)
6. Design analysis algorithm with data filtering from collected data
/. See advanced dashboard pertaining to customized analysis

8. Calculate personal learning path connected to LOD for curriculum standard



DEMO



DEMO 1. open digital textbook on Readium-JS viewer

[#] Contents Managing Syst: x »
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mCODE Resources v o English ~ My Info o) i
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Discussion Topics

Resource List [ New Copy Delete Select All
Quiz
TEST KERIS - Readium - Digital Te[it Book Sample - 5 AlZ]| MZ - Lesson1 | EB00K ]
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Web Link - KERIS (keris1)
Social hitp:/fintercode.iptime.org:8080/rmm/rsc/getResource.do?rscSno=80209&rscTpDscd=RTP10 L]
(Is not used in the course.)
Others
EBOOK
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Edit
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Open sample digital textbook via Readium-JS Viewer ===
- Edit

‘ | Completed

- &2y Kevin J. Lee (Icmadmin)
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DEMO 2. Reading activities on Readium-JS viewer
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DEMO 3. Reading activity data converted to the RDF format

"@context “http://purl.imsglobal . orgictxical|DerfvliV|ewEvent
i http J/purl. imsalobal . arascal ipersvl /Y iewEvent

'http Afwww, intercode. kr/user/user00l”

http://purl. imsalobal . orgscal ipersvi/lis/Person”
“name” :"tester’”,

“properties” i},

"lastModifiedTime” - 1418283397268

“action” I "viewed”
DbJECt
“@id” http Afwww intercode.kr/contentsSa html”
“@type”: http://purl. imsglobal oradcaliper/vl /Reading”
“Rame” "B Sectjon”,
“properties”:{},
“objectType”:[],
"aI|9nedLearn|n90bJect|ve He
“keyword”
“part0f :{},’
“lastModifiedTime” 11415258393 7865,
“frame”:

"@Bid":"http: /A www. intercode.kr/contents/a-1.html ",
"@type":"httpiffpurl.imsgluhal.urgfcaliperfvlfFrame"
"name” "B Section”,

“properties” i},
“objectType”:[],
“alignedLearninalbjective”:[].
“kewward” D[],
“partOf”:"http://www. intercode.kr/contents/a. html ",
[ Tasthiod] fiedTine" 1415263957565,
index":

}

Qenerated null,
“edipp”
“@id":"http:Swww . intercode. kr/software/contents—viwer”,
"@type":"httpiffpurl.imsglobal.org!caliper!vl!Softwarehpplication",
name” :"Contents Yiwer”,
Dropertles k.
"lastModifiedTime” - 1415253997565

“aroup {
“@idTiThttpfwew . intercode . kr/group’
"Btype”: http:/ purl . insglobal orgfcallperfvlfGroup
"name"I"grUuD",
“properties”iil,
"lastModifiedTime” 1413283337368,
"0rgan|zat|0n :
"@id" http Afwww, intercode. kr/part”,
"@type "http-/fpurl. insglobal . arafcal ipersvl/lis/Oraanization”
"name” :"team a"
“Broperties” it
“lastModifiedTime” 1413283997568,
b, “parentOrg” i}
"courseSectjon”: {
c@idTIhttpfwww . intercode. kr/courses/sect jonl”
"@type “http://purl . imsalobal.orafcal ipersvl /1 is/CourseSect ion”,
"name":"cuurse 1"
“properties”:il,
“lastModifiedTine” :1415283997368.
“parentCourse” 1

¥

“starteddtTime” :0,
“endeddtTime” 0,
"duration”:0

khttp://purl.imsglobal.org/ctx/caliper/vl/ViewEvent/1>

ractor <http://www.intercode.kr/user/user®el:;

:startedAtTiem "8";

rcontext <http://purl.imsglobal.org/ctx/caliper/vl/ViewEvent>;
raction "wviewed™;

ttype <http://purl.imsglobal.org/caliper/vl/ViewEvent>;
:object <http://www.intercode.kr/contents/a.htmls;

redApp <http://www.intercode.kr/software/contents-viwer:;
:group <http://www.intercode.kr/group>.

<http://www.intercode.kr/user/user@al:

:lastModifiedTime "1418283997868";

iname "tester™;

ttype <http://purl.imsglobal.org/caliper/vl/lis/Personz.

<http://www.intercode.kr/contents/a.html>
:lastModifiedTime 1418283997863 ;

:name "B Section™;

ttype <http://purl.imsglobal.org/caliper/vl/Reading>;
:frame <http://www.intercode.kr/contents/a-1.htmlx.

<http://www.intercode.kr/contents/a-1.html>

rpartdf <http://www.intercode.kr/contents/a.html>;
:lastModifiedTime "1418283997868";

iname "B Section™;

rindex "1™

rtype <http://purl.imsglobal.org/caliper/vl/Framex.

<http://www.intercode.kr/software/contents-viwer:
:lastModifiedTime "1418283997868";

iname "Contents Viwer";

rtype <http://purl.imsglobal.org/caliper/vl/Softwarefpplicationz.

<http://www.intercode.kr/group>

rcourseSection <http://www.intercode.kr/course/sectionls;
:lastModifiedTime "1418283997868";

rorganization <http://www.intercode.kr/part:;

tname “group”;

rtype <http://purl.imsglobal.org/caliper/vl/Groups.

<http://www.intercode.kr/course/sectionls

:lastModifiedTime "1418283997868";

iname “"course 1";

rtype <http://purl.imsglobal.org/caliper/vl/lis/CourseSectionz.

<http://www.intercode.kr/part>

:lastModifiedTime 1418283997863 ;

rname "team a";

itype <http://purl.imsglobal.org/caliper/vl/lis/0Organization>.

ViewEvent data in JSON format

ViewEvent data in RDF format



DEMO 4. Collected data on event store

P

s
|http://demo.uos.ac.kr/sample.user001 http://demo.ucs.ac.kr/name

"Son"

://demo.uocs.ac.kr/software/testapplication httézzzdemo.uos.ac.kr/name

"TestApplication

lhttp://demo.ucs.ac.kr/readingl6 htté:;idem o.ucs.ac.kr/name

"Page7"

http://demo.uos.ac.kr/readingl0 http://demo.uos.ac.kr/name

"Pageb”

http://demo.ucs.ac.kr/reading? http://demo.ucs.ac.kr/name "Page8"”

http://demo.ucs.ac.kr/readingl4 http://demo.uos.ac.kr/name "Page9”

lhttp://demo.uos.ac.kr/readingl8 htté:éédemo.uos.ac.kr/name "Pagel0"

http://demo.uos.ac.kr/readingl htté:ZZdemo.uos.ac.kr/name "Pagell”

http://demo.ucs.ac.kr/reading2 htté:ZZdemo.uos.ac.kr/name "Pagel3”

: demo.uos.ac.kr reading8 htté‘.éédemo.uos.ac.kr/name "Pagel4q”

lhttp://demo.ucs.ac.kr/readinc demo uos.ac.kr/reading? htt ://demo.uos.ac.kr/name "Pagels”

lhttp://demo.ucs.ac.kr/reading5 demo.uos.ac.kr/name "Pagelh”

http: demo uos.ac.kr/reading3 tté QZdemo uos.ac.kr/name "Pagel7"

http: demo.uos.ac.kr reading4 tté,ZZdemo.uos.ac.kr/name "Pagel8"

http://demo.ucs.ac.kr/readingh htté:ZZdemo.uos.ac.kr/name "Page2l"

htt demo.uos.ac.kr/readingls http://demo.ucs.ac.kr/name "Pagel”

htt www.intercode.kr/contents/assessment |lhttp://demo.uos.ac.kr/name "TestContents”

htt, demo p://demo.ucs.ac.kr/sample.user002 http://demo.uos.ac.kr/name "Kang"

http: demo.uos.ac.kr/readlnll tté.éédemo.uos.ac.kr/name "Page4”

http://demo.uos.ac.kr/readingl2 http://demo.uos.ac.kr/name "Page2”

http://demo.uos.ac.kr/readingl3 htté:ZZdemo.uos.ac.kr/name "Page3”

://demo.uocs.ac.kr/readingl? htté:;édemo.uos.ac.kr/name "Page5”

lhttp://demo.uos.ac.kr/sample.user003 htté:éédemo.uos.ac.kr/name "Bae"

Ihttp://demo.ucs.ac.kr/sample.user004 htté:ZZdemo.uos.ac.kr/name "Jo"

http://demo.uos.ac.kr/sample.user005 htté:ZZdemo.uos.ac.kr/name "Byun"”
lhtté://demo.uos.ac.kr/software/keris lems ’htté;ZZdemo.uos.ac.kr/name "KERIS_LCMS"
htté:g;demo.uos.ac.kr/event40 ’htt ://demo.uos.ac.kr/actor demo.uos.ac.kr/software/testapplication

http:
tt demo.uos.ac.kr/actor http://demo.uos.ac.kr/software/testapplication

http://demo.ucs.ac.kr/event3l

demo.uos.ac.kr/event63 tt demo uos.ac.kr/actor http://demo.uos.ac.kr/software/testapplication

[ tté QZdemo uos.ac.kr/event85 tt demo uos.ac.kr/actor http://demo.ucs.ac.kr/software/testapplication

http: demo.uos.ac.kr eventl03 http: demo.uos.ac.kr actor http://demo.ucs.ac.kr/software/testapplication

http://demo.uos.ac.kr/event104 http://demo.uos.ac.kr/actor htté:éidemo.uos.ac.krgsoftwaregtestagplication

http://demo.uos.ac.kr/eventl125 Ihttp://demo.uos.ac.kr/actor htté:éidemo.uos.ac.krésoftwaregtestaQplication

lhtté:éédemo.uos.ac.kr/eventl50 lhttp://demo.ucs.ac.kr/actor http://demo.ucs.ac.kr/software/testapplication

htté:ZZdemo.uos.ac.kréevent165 http://demo.uos.ac.kr/actor http://demo.uos.ac.kr/software/testapplication

lhttp://demo.ucs.ac.kr/event189 Ihttp://demo.ucs.ac.kr/actor http://demo.uos.ac.kr/software/testapplication




DEMO 5. Dashboard showing engagement profile

Summary for [Son]

Subscription Period Page Views

7 74

DAYS PAGES

Trends number of Page Views

15

12.5
10
[e]
=
g 75
[
o
5
2.5
0
2015-06-14 2015-06-16 2015-06-18 2015-06-20
2015-06-15 2015-06-17 2015-06-19 2015-06-21
Days
Top 5 most viewed Page
1 Page8
2 Page9

3 Pagell

Total Session Average Session

982 35

MIN MIN

Quiz

Correct

Incorrect

Most active Users

1 Cho 2015-06-21
2 Jung 2015-06-20
3 Son 2015-06-21



DEMO 5. Dashboard showing engagement profile

,®Summary for Son
Recent Activity

Total Session

200

Reading
Trends number of Page Views Views Comparison
3.25 25
3 4 20
2.75 ‘,/ ) 15
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g 25 10
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2.25 /. s
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Days M 1.Son M 99.0thers
Assessment
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Assessment
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Most Viewed Page Most Active Students
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= = &= | ast Visit: 2015-09-15 &= |ast Visit: 2015-09-14
L U
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&= |ast Visit: 2015-09-15 &= |ast Visit: 2015-09-10



Future works by 2017



By February 2017

Complete development for data capture API (beta version)
- collaborate with IMS Global
* to improve efficiency of data sharing format

- Complete design and development for test-bed of reference model
- complete tests for open source SWs to organize optimized composition
- design interface for analysis algorithm based on R

« Complete design for LOD of achievementstandards
- to connect digital resources with specific topics of curriculum standards
* connected digital resources, ISO/IEC 19788 MLR will be used



K-12

Curricula o e P e e S —
Training =7 ,,,‘.;;., o8 ks
S e : Identifying i poe R _
2 filtering trends =_L o S— | —
(Anonymousp : el e —
v Effectiveness of curricula
HE ) v Service trends
Curricula i Results of »
analytics -
“NEIN{ . C“;:.,' < & G 1158
profiilng g ¢ $
Global &~ - 6 'y, ,4(:1 285%
Curricula Analytics Algorithm -3 "
Curricula- - v Learning pattern or attitude, etc.
Content Data v Suggesting Learning path
LOD collection
LOQ. Crawling
Research profiling learning data
DB
Content
LOD
Education
Search
N
Private Global Digital Textbook, online content, etc.

DB Search User data, system logs. etc.



But, keep in mind!



expectations

Internet of Things

‘ Natural-Language Question Answering
. . Wearable Userinterfaces
Speech-to-Speech Translation

‘Autonomous Vehicles gg’;f;’gg;%ﬁ:"""g
SmantAdvsors Complex-EventProcessing
Data Science O Big Data

Prescriptive Analytics D In-Memory Database Management Systems
Neurobusiness O ContentAnahtics

Biochips

Affective Computing - "'G’:":‘?ﬂg%‘;g“mmno 0

| SmartRobots Augmented Reality Speech Recognition

3D Bioprinting Systems Machine-to-Machine - Consumer Telematics
Volumetric and Holographic Displays Communication 3D Scanners
Software-Defined Anything Services g
Quantum Computin .
Human Augmenptggorg\ QuUaraBed SN :gﬂggﬂ!’ram PRl Enterprise 3D Printing
Brain-Computer Interface " 8 Activity Streams
Connected Home ; Y In-Memory Analytics
‘ Cloud Com NFC‘:’ Gesture Control
Virtual Personal Assistants W Virtual Real
Digital Security SmartWorkspace ity
Bloacoustic Sensing A
As of July 2014
Innovation Peak of Trough of : Plateau of
Trigger Exlnﬂate‘d Disillusionment Slope of Enlightenment Productivity
pectations
time v
Plateau will be reached in: obsolete

Olessthan 2years ©2toS5years @5to10years A morethan 10years @ before plateau

<Gartner Hype Cycle, 2014>



Thank You Il



