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Table 2. Classification of case studies according to the learning settings

Learning setting Authors & Year (Paper Ref))
VLEs / LMSs® Lin, Hsieh & Chuang, 2009:; Lykourentzou et al., 2009a: Lykourentzou et al., 2009b:
Macfadyen & Dawson. 2010; Merceron & Yacef. 2008; Romero et al., 2008:
Romero-Zaldivar et al., 2012: Tanes et al., 2011

MOOC/soc1al leamingb Clow & Makriyiannis, 2011: Fournier et al., 2011: Kizilcec et al., 2013

Web-based education® Abdous. He & Yen, 2012: Giesbers et al., 2013: He, 2013: Khrib1 et al., 2009: L1 et
al.. 2011; Romero et al., 2009

Cognitive tutors® Baker et al.. 2008: Moridis & Economudes, 2009: Pardos et al., 2013; Shih,

Koedinger & Scheines. 2008
Computer-based education® Al et al., 2012; Barla et al.. 2010: Blikstein, 2011: Jeong & Biswas, 2008: Levy &
Wilensky, 2011; Santos et al., 2012; Thai-Nghe et al.. 2011
Multimodality* Worsley & Blikstein, 2013
Mobility* Chen & Chen, 2009:; Leong et al., 2012
Note. *“VLES/LMSs: controlled environment (VLE/LMS), used for gathering learner and activity data, "MOOC/social
learning: informal, social learning setting, “Web-based education: web-based e-learning environments except from
VLEs, LMSs and MOOCs, “Cognitive tutors: special software, utilized for the needs of the study, “Computer-based
education: other environments that include some type of computer technology (e.g. desktop applications, etc.) except
from those belonging to one of the other categories, "Multimodality: learner data in different modalities, *Mobility:
mobile devices used as the primary learning mediator.

Papamitsiou, Z., & Economides, A. (2014). Learning Analytics and Educational Data Mining in Practice:
A Systematic Literature Review of Empirical Evidence. Educational Technology & Society, 17 (4), 49-64.



Table 3. Classification of case studies according to the analysis method

Data analysis method

Authors & Year (Paper Ref))

Classification

Clustering

Regression

Text mining
Association rule mining
Social Network
Analysis

Discovery with models
Visualization

Statistics

Baker et al., 2008: Barla et al.. 2010; Chen & Chen, 2009: Dejaeger et al., 2012; Dekker
et al., 2009:; Jeong & Biswas, 2008: Guruler et al. 2010: Guo, 2010: Huang & Fang,
2013: Khribi et al., 2009: Kizilcec et al., 2013: Klasnja-Milicevic et al., 2011: L1 et al.,
2011: Lin et al., 2013: Lykourentzou et al., 2009a: Lykourentzou et al., 2009b: Moridis
& Economides, 2009: Pardos et al., 2013: Romero et al., 2008; Thai-Nghe et al.. 2011
Abdous, He & Yen, 2012;: Chen & Chen. 2009; Khrib1 et al.., 2009; Kizilcec et al..
2013: Klasnja-Milicevic et al.. 2011: Lykourentzou et al., 2009b: Romero et al.. 2009
Abdous, He & Yen, 2012: Macfadyen & Dawson, 2010: Romero-Zaldivar et al.., 2012
He. 2013: Leong et al., 2012: Lin, Hsieh & Chuang. 2009

Merceron & Yacef, 2008; Romero et al., 2009

Fournier et al., 2011: Macfadyen & Dawson, 2010

Ali et al., 2012; Pardos et al.. 2013; Shih, Koedinger & Scheines. 2008
Clow & Makriyiannis, 2011; Fournier et al., 2011; Santos et al., 2012
Giesbers et al.. 2013; Guo. 2010

Papamitsiou, Z., & Economides, A. (2014). Learning Analytics and Educational Data Mining in Practice:
A Systematic Literature Review of Empirical Evidence. Educational Technology & Society, 17 (4), 49-64.



Table 4. Classification of case studies according to the research objectives

Research objectives Authors & Year (Paper Ref))
(goals)
Student/Student Abdous, He & Yen, 2012; Baker et al., 2008; Blikstein, 2011: Fournier et al., 2011; He,
behavior modeling 2013: Jeong & Biswas, 2008; Kizilcec et al.. 2013: Levy & Wilensky, 2011: L1 et al..
2011: Pardos et al., 2013: Romero et al.. 2008: Shih. Koedinger & Scheines. 2008
Prediction of Abdous, He & Yen., 2012: Huang & Fang, 2013: Lykourentzou et al., 2009b:
performance Macfadyen & Dawson, 2010: Moridis & Economides, 2009: Pardos et al., 2013:

Romero et al.. 2008; Romero-Zaldivar et al., 2012: Shih, Koedinger & Scheines, 2008:
Thai-Nghe et al., 2011

Increase (self-) Ali et al.. 2012; Clow and Makriyiannis, 2011: Fournier et al.. 2011: Macfadyen &
reflection & (self-) Dawson, 2010; Santos et al., 2012

awareness

Prediction of dropout &  Dejaeger et al.. 2012; Dekker et al.. 2009: Giesbers et al., 2013: Guo. 2010; Guruler et
retention al. 2010: Kizilcec et al.. 2013: Lykourentzou et al.. 2009a

Improve assessment &  Alietal., 2012; Barla et al., 2010; Chen & Chen, 2009; Leong et al., 2012: Tanes et al.,
feedback services 2011: Worsley & Blikstein, 2013: Wilson et al.. 2011

Recommendation of Khribi et al., 2009: Klasnja-Milicevic et al., 2011: Romero et al., 2009: Thai-Nghe et
resources al., 2011: Verbertetal., 2011

Papamitsiou, Z., & Economides, A. (2014). Learning Analytics and Educational Data Mining in Practice:
A Systematic Literature Review of Empirical Evidence. Educational Technology & Society, 17 (4), 49-64.
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some overlap

Models and Methods

Analytical Results

mining methods, the parameters used, and the predictive

Q: How can we transfer information about statistical and data
models produced?

results? How can we track data provenance, guality and

Q:How can we transfer individuallevel and grouped numerical
processing methods?

Possible Purposes:

Transferring models from analyst tools to
production IT, pessibly clo ud-based.

Possible Purposes:

Transferring results from back-end analytical ools to user-
facing exploration and visualisation tools, dashboards, ete.

Sharing and comparing descriptive and predictive
models for research or operational purposes,

Accessing benchmark statistics for your sector,
mission-group, etc.

Curation and archival of the results of

Curation and archival of statistics.

slatistical tests and machine learning.

The Scope of
Learning

Data for Analysis

[ Q: How can we get data out of the operational systems? ]

Possible Purposes:

Pooling data from various learning tools - both formal and
informal - and administrative systems.

Integrating eperational and analytical IT.

Enabling data capture and sterage with minimal impact en
running systems.
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© IMSe| #H fAue| 7| AgS 15(QTL LIS, LTI §)

IMS Caliper Representative Analytics
Learning Mnasurlement Framework Services | Solutions
[ LTI Enabled Learning Metric Profiles !
Provider/ Consumin,
1 9
Consumers /’;:ml;i:;u;nér;gm = Analytics Solutions

> Dashboards

> Quile > Predictive Analytics

> Homework E > Adaptive

> Assessment i Learning

> Reading 3 > Pergonalization

- > Lactures g e Analytics M > Remedistion
> Discussion g l-;ms Store b
u

> Collaboration . “

> Social 5 v Autharing
> Curriculum

> Projects Services

> Tutoring = Learning

> Web Content Oulivery

»OER > Reporting
> Personal Education
Storage Systems

[ IMS LTI Specification ]
] [ IMS LIS, QTI, ... Specifications ] I NENCODE I—
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© Caliper Event

{ {
"ficontext” : "http://purl.imsglobal.org/ctx/caliper/vl/NavigationEvent”, "@CO“tEXt"-"httP=ffPUf1-1m581°hal-OrgfftxftallpfrfvifV1ENEveﬂt"J
“fitype": "http://purl.imsglobal.org/caliper/vi/NavigationEvent”, ,,@tipe“ : {http:”purl'mSglobal'Drgfcallper!u‘wlewﬂent ’
. ", actor™:
act?r H{ . "@id": "http://www.intercode.kr/user/usergel”,
"@id":"http://waw. intercode. kr/user/usereel”, "@type": "http://purl.imsglobal.org/caliper/vi/lis/Person",
“@type”: "http://purl.imsglobal.org/caliper/vi1/lis/Person”, "name” :"tester",
"name™ :"tester"”, "properties”:{},
"properties™:{}, "lastModifiedTime":1418283997868
"lastModifiedTime" : 1418283997868 1
"action":"viewed",
s aetren
"action”:"navigated to", LhjasEE
. . o "@id": "http://www.intercode.kr/contents/a.html™,
object”:{ " . . ) L
e gm , - @type”: “http://purl.imsglobal.org/caliper/vi/Reading”,
@id":"http://www. intercode.kr/contents/b.html", "name” ;"B Section®
"@type"”:"http://purl.imsglobal.org/caliper/vi/WebPage”, “properties”:{}, ’
"name”:"B Section”, "objectType":[],
"properties™:{}, "alignedLearningObjective™:[],
"objectType™:[], “keyword":[],
"alignedlLearningObjective”:[], "partof”:{},
"keyword":[], "lastModifiedTime" : 1418283997868,
"partof”:{}, frame":{
"lastModifiedTime": 1418283007868 “@id": "http://www.intercode.kr/contents/a-1.html",
as iriedime “@type":"http://purl.imsglobal.org/caliper/vl/Frame",
}‘ “name"”:"B Section",
"navigatedFrom”: { "properties”:{},
"@id": “http://www.intercode.kr/contents/a.html™, "objectType”:[],
“@type”: "http://purl.imsglobal.org/caliper/v1/WebPage”, "alignedLearningObjective”:[],
"name”: "A Section”, "keyword™:[],
“properties”:{}, “part0f":"http://www.intercode.kr/contents/a.html",
"objectType™:[], “%i:tﬂfdlfledTlmE :1418283997868,
"alignedLearningObjective™:[], ) indext:l
"keyword":[], }
“partof”:{}, "generated”:null,
"lastModifiedTime":1418283097865 "edApp”{
1
"generated”:null,
"edApp™{

"@id": "http://www.intercode. kr/software/contents-viwer",

“@type”: "http://purl.imsglobal.org/caliper/vi/SoftwareApplication™,
"@id": "http://www.intercode. kr/software/contents-viwer”,

"name" : "Contents Viwer"”,

"properties™:{},
"@type”:"http://purl.imsglobal.org/caliper/vl/SoftwareApplication”,
"name” ; "Contents Viwer",

"lastModifiedTime":1418283097868
"properties™:{},

}s
"group™:q{
"lastModifiedTime" : 1418283997868

"@id":"http://www.intercode.kr/group”,
"@type”: "http://purl.imsglobal.org/caliper/vi/Group”,
|
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© Metric Profile

4 IMS Metric Profile
Activity Engagement and/or
Activity Metrics Information
Learning Activity Metrics Foundational Metrics
Reading Locturos Projocts Gontext
> annolations > framasat usa > dalivarables. > instution
> pagelblock > 5o mars > structure > coursafsectan
e > vigrw 1M > miksstona part > leamer profle
> mada uss > wablink rafs. group prafla :mm
> lookups > pattems isequence
= usags conleat
Homework Media Research
> §00e8 » media type > gearches
> allempts » ramasel use > pallems
> remadiations » B0rub marks > cilations.
> 0 fefs » v fime > lopics
» usage conlest
Gaming
> scores * cannections > Progress
> pattems (item) » assoc context > Cognition
> time utiization > message profle B
= atiempts. = fguancy > Hints.
> compieton > Collabaraticn
Social Messaging Discussions
> connections > assoc cantext > past mark
> as0C cantext = aufbound Pool > frequency
> massage profia > inbound Poal partiopation
> frequency > attachmants >

© Base Metric Profile

. BE MPOj| HEE|E 7|
GO|Ef 2 S Mo

© Engagement MP
» Meta Profile

© 3ol SE0IE O|HE 2

© Session MP

© Reading MP

© Annotation MP
© Assignable MP
© Qutcome MP

© Media MP

e (NIERICODE

1%
o>

EN2 XAl



Property __|DataType  [Description |
DigitalResource (Entit

partOf DigitalResource Parent/Referrer Learning Activity co

Parent reference ntaining or linking to this Learning
Activity

© Metric Profile DR string Name of Object

listOf: Assignable, Gradeable, S Type of Object
- Base MP harable ...
listOf: associated learning objec Associated Learning Objectives (LOs
tives ) as context
listOf: keywords Associated Topics as context. List of
Strings

lastModifiedTime long Last time object was modified
TR JistOf:properties
Eévent 0000 |

FOAF:Agent (user, system) Required. Agent that performed act

ion.
String Required. Action performed by Age
nt
EEES T Base(Object) Required Activity context
timestamp Required time in milliseconds
timestamp Time in milliseconds
CIEREI xsd:duration
EEET T Object Target of action
Object Object generated as result of action
[Action O The navigated_to action.
NavigatedFrom Entity Describes the resource from which t

he navigation starts
Object Describes the destination frame and
its location within the content

TARCODE M—




Reading Object (DigitalResource
Object

Location or range within the content (page,
section,epub cfi)

o . . navigatedFrom CreativeWork URI
Metric Profile learningResourceType String Type characterizing the learning resource (Pr

. esentation, Handout)
- Readlng MP timeRequired String (ISO 8601 duratio Typical time it takes to work with this learni
n format) ng resource for the typical target audience
educationalUse String Purpose of a work in its educational context
(Assignment, Group Work)
version String The version of the Creative work embodied

by a specific Resource

Frame Object (DigitalResource
String The human readable identifier for the locati
on of the frame as is shown to the reader
integer The numeric index of the location relative to

sibling locations in the content

View Object (Entit

frame Object Location or range within the content (page,
section,epub cfi)

FOAF:Agent (user, syste Required. Agent that performed action.

m)

startedAt timestamp Required time in milliseconds

endedAt timestamp Time in milliseconds

Reading Events (Event
View Event (Event

enum The viewed action
Reading The Object where the view took place.

Target Reading The Object that came into view.
Search Event (Event

P enum The searched action
ST Reading The Object where the view took place.

——— L1 R [1hinG Phrase with substring for search term —



© Sensor API

« Java sensor complete. All other sensor bindings for JS, PHP, Python, Ruby and .NET
are aligned with Java

© Caliper Event

« Metric Profile implemented model covering: Reading, Assessment, Media,
Annotation, Assignable, Outcomes, Engagement (Session, BaseActivity, + selective
entities from other MPs)

© Conformance Test Framework

* Framework complete

» Caliper Event (Beta aligned) event JSON stream validation
© Documentation

» revised version of Implementation guide, best practices

« UML model in process
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© IMS Caliper MP %} 49|
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1. MP X9
| GlperPopety | wmEPopey | wanszus |

DigitalResource (Entity) DigitalResource (Entity)

partOf partOf HAgS

name name HAgS

objectType objectType HZi9le

alignedLearningObjective alignedLearningObjective HAGS

keyword keyword HZi9le

lastModifiedTime lastModifiedTime HAGS

properties properties HASS

Event Event

actor actor HEeS

action action HZ9S

object object #1% / CIXIE K0S GA|

- annotation =7}t / bookmark, highlight, tag, shared event0j| &

startedAt startedAtTime HASS

endedAt endedAtTime HAGS

duration duration HZAQS

target target A

enerated enerated HZA / attempt, result object 27}X| SO F =H5t
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2. Sensor/API

© Caliper Projecto| A API i @10{9} 22 W3tD, oiT MAS AL 2 1 HgetofLt

‘SensorQ} Endpoint &4 1= |
10 LTI Tool( GIOEIS AP 2R MY 4 Sensor Endpoint

LTI Tool2 BIOIE|A% AP 01 x| LT Configuration

T2 4%
. initialize 28 » initialize (session 7| M)
2 LTI % H0|E+T API 2 Y
LTI Consumer ~ > LTI Provider session 7| ME «
LTI AP 2281004 CIOJE4SE API | M3 session 7| + ATHO|HZE D
S FA| 2|
describe e 2%
3: HAOME M (activity, person, course, etc)

measure 2

8t 8 WO B0 # .

(ARIEndpoint) %) USRS BN M sessionkey 4% 4 H¥
a4 (%4 +
SHEEA describe —
' ' + Z0xf22E HE)
measure
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2. Sensor/API

© API Z4 %)
<E 32> AA API A A <E 34> <imskorea Entity> 22| HliA=
Zh =] 74 a7 A= A
imskoreaAction | Action tlo18] B110] He)m 4 Se"fs"';"“g SR Eiel 29218 keyhehie el ARET
value
imskorea.Caliper | Bk 248 9% tlolg] A& Hsle 2 get(String key) Entity®] &7d2k5 key b2 258}% valueg #HE
c}.

imskorea.Context | g5 2404 B/48l= Event tl|o|&] Blqlo] Aol® 24| getDatal) Ertity®] £37h2 JSON &ef= =]sisic),

imskorea. Entity B EMof|a] @hadsle Entitys AJo)sl= 2|

imskorea. Event Bk 2M0A A8} Bvents A9 8l 24|

imskorea. Type B EMollA] ALR== Entity dlole] Elgo] Aolg 24
(& 33> dimskorea.Caliper> A 2] #litc (£ 35> <{imskorea.Evnet> A2 dl4£=

A= A ] = dd
o A=zegt FA87] AT AT AHell A4 _ . ]
initialize() 2w AEE BolHe. sefString key, Siring value) | Bvent®] S8S keyhalue Jeh= AT@Eh
setOptions0) J=zolzcl A8 98 2HZHE ARHTL get(String key) Bvent®] SO key G& =0 vees
lakige

getStatusCode() A=ZAEY G HEE 28T getDatal) Event=] &gk JSON Heiz 2lrisich
describalentity) Entity RS =zl =0 Hbao)
send(event) Event HEE =220 #HEHc),




© Endpoint M| 7 +4

Learhing analytics data collection

TESTBED

Nm

UADKOEYEY

| TESTBED Introduction

S 24 Ol0lEf =& TESTBED = IMS Caliper E=2] ‘S
£ Hal 5l CHf LIt

MetricProfile2 St5ZE € Ol2l Holghyl SiEEE 24 Al ZSHlolge 2
JHELICE
3t atE24 {06 24 TESTBEDE Sensor AIZI0IEIE HEZ 5k CHeF
ZE k=8l Zhuct

L

Metric Profile Information

Base Metric Profile

Reading Metric Profile

A2t HlolE]

TEtH olsh o] 218

http://intercode.iptime.org:90/
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# & (MetircProfile)

(F 42> =T E by T4

78

2%

Metric Profile Information

s&dole HEZ Z2xdd tidk A= JSON oA,
HAA APl & A A~E AHFEoh

Sensor Simulator

HEOE S AEAT AN AENE dEET, A
del A28 Fa) AAL FE eolg T4, dolg

AES T 4 Ao
g&HolHE FAS T, 74
w, Al APl oA 222

+ Hlo]H e digk JSON =
ZAE 4 Utk

7

Download 3 AA APIE 2 zghch
A4 APE S e SEacEs A84E HF
MP Schema
7] dg 270 Belg.
User Management e AEE FEEty, AA FHYS SAFI Sk
My Info U FEE Tk
. A% A= 7Iged A4 ¥ 294 g 2
5ign up

ofor BeE Foiwich

Login/out

2I/230k% St



http://intercode.iptime.org:90/

© Event JSON 4=

EndpointOf Al measure T2 M|A =AM

et E
2z e
(xml validation) schemalocation

HA| v
xml tag A5
! (wellformed)
false
23 Mo g
500 true XMLReader0] xsd 273
Hole} M ,

AZ Handler 4%
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© Sensor Simulator

© Mo HEg T

SEH0EE £ & Ys

| Sensor Simulator

Initialize the Sensor Simulator. Simulator proceeds will be available after the initialize ().

apiKey : e1f65a8aba8ef1c5d727ed44afacic4bleeed7bl

[z
L 2

| Sensor Simulator

The certification process is complete. Sensor simulator can be tested.

| Context

—

o
=
x

>

9

N

* context -Selectevent-

* type -Selecttype-

-

| Sensor Simulator

StSO0|E E &= At 3¢

The certification process is complete. Sensor simulator can be tested.

re
olI

>
|o
Hu

| Context
* context -Select event- v
* type -Sekect type- v
| Actor
“id hitp:/fintercode iptime orgiuser/admin
name Administrator

| Action
* action -Select action- v

| Object

“id Please enter id.
* type -Select type- v
name Pleass enter name
keyword IFyou use a comma(,) when entering muliple registration is available.
| EdApp
id ot e
name Sensor API Simulator
| Group
organization
id Please enter id.
name Please enter name.
courseSection
id Please enter id
name Please enter name.
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