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Takeaway Message

1. Take a real world problem that is hard
to solve

2. Organize the knowledge from different
sources

3. Build an ontology

4. Hide the ontology behind a model that
people can understand

5. Apply the model and the ontology to
solve the problem



The field of Computer -Supported
Collaborative Learning - CSCL dedicates to
study about how technology can be used to
support collaborative learning and its
processes (Stahl et al., 2006 )



Learners

A students work individually toward an
academic goal;

A more structured:

A Teacher plays an active role during
the learning process;

A Individual assessment:

-~

Aé

25

Teacher
@ sipport 2 support
Learners ¢ Learners

Learners

A students work in groups toward a
common academic goal;

A less structured:

ATeacher plays a supportive role during the
learning process;

Alndividual and group assessment;

>

é



The field of Computer -Supported
Collaborative Learning - CSCL dedicates to
study about how technology can be used to
support collaborative learning and Its
processes (Stahl et al., 2006 )

Despite of the potential benefits of
Collaborative  Learning, this approach IS
only beneficial when there IS an
adequate design and orchestration of

ItS scenarios (Hern&adez -Leo et al., 2011;
Dillenbourg , 2013 ; Pietro et al., 2018 )



The Problem

A These activities are too complex and time consumlng
A They also I‘eCIUII’((//;'CIfIC knowledge and skills

L L e L L




How to Increasethe
chancesf successful

collaborativelearning(CL).



How to provide intelligent
supportto designand

carryout collaboration



Challenges



Knowledgeto design
effective collaboration
IS distributed across
severallearning
theoriesand best
practices

Isotani, SMizoguchj et al. (2009) An ontology engineering approach to the realization of tihdrorgn
group formation. International Journal of Compu®upported Collaborative Learning, v. 4, p.44%.



Theydo not sharethe
sameterminology,
assumptionsand
expectationsand can
be evencontradictory!

Hayashet al (2011)An OntologicaModelto BlendDidacticlnstructionand Collaborative_earning.
LectureNotes in Computer Scienc&l 6969. Springer, Berlin, Heidelbergl3.



In fact, Only 35%0f
the the current CL
technologyrely on
pedagogical
knowledge

Borgestet al. (2018)GroupFormation TheStateof the art. Communications in Computand
Information Science. Springer, 1401.



Sq the questionis... @

, Canwe organizethis .
. pedagogicaknowledgeand :
build aninfrastructure to use:
' it adequately? '

___________________________________________

34



Solutions

Approachedo RepresenPedagogical
Knowledge

A Scriptbased
A Patternbased
A Ontologybased



Solutions

A ScriptbasedSolution

I Setof componentsto describean
collaborativelearningactivity

| Focuson components
I Way of communicating CL expertise
I Humaninterpretable notations

I Scripts are harecodedin computational
tools



Table 2 Components of collaboration script examples

Mame MURDEER. Seript

Universanté Script

ArgueGraph Script

Social Script

An even number of
participants

Participants

Activities®  a) relaxing, focusing;

b) reading,
monitoring
comprehension;

C) summarizing,
explaining;

d) monitoring,
giving feedback;

¢) elaborating;

f) reviewing,
reflecting

A summarizer and a
listener

Learning material
with a small
number of text
passages

Roles

Resources

Groups Pairs

Kobbeet al. (2007)Specifyingcomputersupportedcollaborationscript. Int.Journalof Computer Supported

Participants from at
least two nations
with at least as many
participants per
nation as there are
case descriptions

a) analyzing and
elaborating the case;

b) summarizing and
explaining;

¢) analyzing,
comparing and
relating new
information to
personal prior
knowledge;

d) giving feedback
and critiguing;

¢) problem solving

MNone

Case descriptions
from at least two
themes, with at least
two case
descriptions per
theme.

Theme groups, case
groups and national
groups

Collaborative Learning (2007) 2(3), 2224.

An even number of at

least four
participants (works
best with 20-30
participants) and a
tutor

a) justifying opinions

and constructing
arguments;

b) comparing,
evaluating, and
elaborating;

¢) negotiating and
constructing
arguments;

d) explaining and
justifying opinions;

e) summarizing and
making connections

None

One questionnaire for
each participant and

another copy for
each small group.

One argument sheet

per questionnaire
item.

Class group and pairs

An amount of

participants that must
be divisible by three

a) applying theoretical

concepts to cases and
constructing
arguments;

b) critiquing (initially

scaffolded with
prompts for eliciting
clarification,
identifying
conflicting views and
constructing counter-
arguments)

An analyst and two

crifics

Three case

descriptions

Case groups



Problems with previous approach

‘1. Humaninterpretable notations
'2. Too complex & ambiguous
3. There is not a common vocabulary to descrlb
. them '
4 Different point of views, levels of aggregatlmn
. perspective and emphasis

5. Scripts are harg¢oded in computational tools

38



Solutions

A PatternbasedSolution
I Descriptionof classroonbestpractices

I Focuson the flow of the collaborative
activitiesfor promoting desired educational

objectives
I Way of communicating CL expertise
I Computerinterpretable notations(IMSLD)



Example

Individual or initial group
Teacher " ~

Introductory
Q o ) individual (or initial
group) activity

Individual

Collaborative
Q activity around the
sub-problem
Expert Group

He r n "-hed,etal (2005). Reusing Ims-1d Formalized Best Practices in Collaborative
Learning Structuring . Advanced Technology for Learning 2B3232

ManathungaK., Hernandet.eo D. (2016) A Multiple Constraints Framework for Collaborative Learning
Flow Orchestration (2016) Lecture Notes in Computer Science, vol 10013. Spring35225

Collaborative

activity around the
problem and

Jigsaw Group solution proposal




Jigsawflow usingIMSLD

Educator Experts group Jigsaw group
Act; Problem and sub- || Collaborative design
rOIE'part pr0b|€-m formulation |1 ° g - of a camputing systemf
v | each subsystemis . .
i -___ assigned to each expert
l : ; : \ o
Individual study of }
— Activi b-probl
Act, < contch?l( 2 TO il [ Discussion forum
role-parts ( 1 and collaborative
Sub-problem L' copceptual map
\ discussion j too/
lv
¢ Y
— _, [ Problem discussion |
Act, [ Activity } ¥
role-parts COTFC" [ Solution proposal \

; v



IMSLDDescription

<roles>
<|earner identifier="R-class">
<learner identifier="R-couple" create-new="allowed" min-persons="2" max-persons="2"

.77 <learner identifier="R-student-A" match-persons="exclusively-in-roles" />
<learner identifier="R-student-B" match-persons="exclusively-in-roles" />

d 7/'</|eamer>

<method>
< |a > . ’
Py / /- </learner>
v/ «<staff identifier="R-educator" />
<act> v <froles>
<role-part> v
<role-ref ref="R-student-A" /> <activities>
<learning- actmty}ref ref="LA-solution-explanation" /> - <learning-activity identifier="LA-solution-explanation">
<[role-part> | 7 <environment-ref ref="E-communication-tool" />
<role-part> ' S
<role-ref ref="R-student-B" /> ,// </learning-activity>
<learning-activity-ref ref="LA-solution-listening" /> —/% <learning-activity identifier="LA-solution-listening">
</role-part> , A <environment-ref ref="E-communication-tool" />
/ /
</act> / o . -
cact> /[ </learning-activity>
, O
<role-part> / /,r </activities>
»‘

<role-ref ref="R-student-B" />
<learning-activity-ref ref="Is~setetran- explanatlon />
<[role-part> /)
/ <environments>
/ <environment identifier="E-communication-tool"
<service identifier="S-chat">

<role-part> ;
<role-ref ref="R-student-A" />
<learning-activity-ref ref="LA-solution-listening" />
<conference conference-type="synchronous
<participant role-ref="R-couple" />

</role-part>
</fact>
</conference>
</play> <[service>
< /mpet:od> </environment>
</environments>

</learning-design>



Computerbasedsupportto
orchestratecollaboration

Flow group/! Activity phases J 2]
' ‘ /1 Group signal colour

groupd | Group specific resources group1 4 P38

MOOTIe MNESOWCe: Ouncpina »;n"w s 95 MOOTI0 reSOWrCe. Oncpima Crafx B e 24
Raque! Sanchez EESTT00TT 10 D Maria Marsn TN BN

Maria Torajaca 57000 10 DD Marc Garca [ )

Gernma Marsnez D1 3 1D Jessica Baget [T

LRSI Y s 1A 1 » Y Francisco Roarguez e e 3 D
Jdan Torrero 1) N Pauta Jmenez [T -

Ruben Cuacrado B I3 1D - : .

lsabel Traco X33 3 N\ Group members and ‘

device 1Ds of each group \

B i

Wearable devices
& SOS Lamp

Expertgroups engaged in the
activity following orchestration
indications from devices

He r n "-hed,etal (2005). Reusing Ims-1d Formalized Best Practices in Collaborative
Learning Structuring . Advanced Technology for Learning 2@B3232

ManathungaK., Hernandet.eo D. (2016) A Multiple Constraints Framework for Collaborative Learning
Flow Orchestration (2016) Lecture Notes in Computer Science, vol 10013. Spring&5225



Problems with previous approach

_________________________________________________________________________ & ,.06/‘9
1. Limited framework to describe pedag

. approaches ,

2. IMS-LD is designed for individual learning !

3. There is not a common vocabulary or formal

. way to describe collaboration flows

4 Computers cannot reasoning over HB

'5. No support for intelligent authoring, group
formation or interaction analysis

1
I A 1

44



Solutions

A OntologybasedSolution

I Formalinfrastructureto representpedagogical
Knowledge

I Focuson representationand generalization
I Way of communicating CL expertise
I Computerunderstandablenotations(OWL, RDE)

I Knowledgebaseis shareableaccrosshhumansand
machines




Whatis an Ontology?

A Aformal explicit specificatiorof objects and
relations in the target world used to share a
common understanding within a community
and to build models/frameworks about target
objects Mizoguchj 2003;2004)

Mizoguchj R. (2003; 2004) Tutorial on Ontological EngineatiRgrt 1, 2 and 3. Next
GenrationComputing.



Exampleof Ontologyrepresentation

University |« Stateuniversity

Is-a

Part-of Professor role
Professor Human

I
I Instance

{

USP

Part-of Professor role
Seiji Human




Exampleof Ontologyrepresentation
Ontologyof Bicycle

ub

city cycle
context
51, 1 front role
- pio carrier
vehicle uper er " :
. sport cycle
wheel role - ub bicycle Stper _'ls’-a_’_jlm— —
pfo 1.. wheel o1 front wheel role <<bicyclefront
dor rol plo 1 frame role B0 L. [front wheel[2] || | sport wheel
rider role frame
pfo 1.. rear wheel role <<bicycle$rear ¢
rider erson
- b/o 1 pedal role B/ 1.. [rear wheel[2] | sport wheel
pedal

handlebar role

p/o 1 handlebar
front wheel rol role Concept

B/0 11Tt ont wheel wheel |

icle$wheel To :
basic concept

role holder

rear wheel role «
lrear wheel |

pfo 1

color

afo 1

Color

weight

afo 1

weight




Exampleof Ontologyrepresentation
Ontologyof Bicyclan OWL

<owli:Class 1 ID="Vehicle™>
{._”,.label}VEhlcle<f :label>
<rdfs:subClass0f rdf:resource="#iny" />
<fowl:iClass>
<owl:Class f:ID="3p cycle™>
<rdfs:label>sport cycle{f if=:label>
<rdfs:subClass0Of firesource="g
<fowliClassy
<owl:Class f:ID="city cycle'>
<rdfs:labelreity cycle{f ;.label}
<rdfs:subClass0Of rdf:resource
<fowliClassy>
<owl:Class rdf:ID="bicvcle™"s
< '~'label}b1cycle{f [f=:label>
<rdfs:isubhClass0ot rresource="#Veh
<rdfs:subllassOoLf>
LOowW t:Restriction>
<owlicardinality :datatype="h
<owl:onProperty rresource="’
</owl:Restriction>
</rdfsisubClass0f>
<rdfs:subClassOoLf>
< :Restriction>
<owli:onProperty rdf:resource="gha:

<owl:allWaluesFrom rdf:resource=Tir

£

-

/>

.?g.

' f}

-5



My Contribution

Use ontological engineering
to describe formally meaningful

\W(A) -goal
. W-g Common goal

| (L) -goal | S W(U)-goal

Primary focus (P) Goal siale
What activity does the —_| $ k'/COg' state (Group) I . - - .
ol e information contained in theories
S<=Rgoal
— s | YUl-goal ». s
p<=Sgoal Goal state

S— s | YOI-goal 0 & |k./cog. state

‘® Y<=|-goal ﬁ
“{ | Y<=l-goal goa T \
| -role | -role
Behavior
Why does the learner want to You-role
YOL interact with other leamers? . H
o Behavior
Clhic i, ;
| -goal (I
1-goal (I) goal () -
A [
G

Pedagoglcal knowledge

Ontological structure _ _
Run experimental studies to:

U propose group formation;
U design group activities;
U estimate benefits, etc..

Use ontologies to
support the
development of
ontology-aware systems

users
Teachers and students

Theory aware
intelligent systems 50



Formalizing Collaborative Learning

smaller group Interaction

part of the whole

Whole group

51



FormalizingCollaborative Learning

Sub-group goal

Strategy A S;rategy B

Whole group goal

Individual goal Individual goal

ndividual goal

52



FormalizingCollaborative Learning

W(L) $ybedigLip doa})

Y<=| _goﬁt(%tgg# E\A) g/tf&tbgg@ﬂ'(LA<:L B)

Wihdlg egmalgdal,L g, L })

ol o)

VLearning Strategies
VLearning Goals

V Group Goals
V Roles 53



Y<=I -goal(L,<= LB
J a skill
Y1002l (Lo T=Lodpu (L) -g0aI({L o L g
|-goal(L Ro'e ‘ 0" Izqo)le I'gﬁ]"&B)
Lo

B
Knowledge Acquisition:
At 1 VEeccFetion t

(L)-goal({L a:Lg.Lc})

Cognitive Skill Development
\(c ognitive,

\\é’

Knowledge
sharing

|-goal(L

54



Formalizing Collaborative Learning: Ontology

CL Scenario

o

o]

EUTPRPPTTTILILY
Leatning Strateoy
: | [y==kgoal] oo
g Lrole eeeeeeeee e _———=—E1layed by
B2 [CL Role Holded| | Agent| #°1°7
o1 Befiavioral role
J.lﬂaﬂmmant[RH] |
YOU-role eeesesett’ ;
R0 _{[CL Role Holder] |Agem\
Eehavioral rale
Pl 1] | [FarticipantRH] |
o ool rtor
L Process ShE _——
| |W(A}-gual| Gained by
¥ Common goal =="YWiA-goalfCommon goal
plo_| | [wiL-goal|
plo howy to interact

| | Intaraction Fattern |

/ ¥ilecessary Interaction activity ==Interaction F'attern$Nn§.c'é
£ | { Influencial |_L event [

hecessary condition

fo | | Knowledge [ Cognitive state |

.f_|

ak]

desired condition
| knowledge I Cognitive state |

o
o

; ¥ Complementary Interaction activity ==Interaction Patternd
e | Influencial I_L event|0‘

; how to collaborate
ﬂ| | | Behavioral role

-+ Influencial I_L event |

| event
/0 | Instructional eventl
pID_| S H Learner[RH] I_ ati —H Gained by
Instructional action ohject
pm—| | |Acti|:|n |
/ Eenefits for the Inaﬁactl:ur
e | | l-goal |
L event
M | Learning Event|
Learner
pm—| |-| Learner[RH]| actor Gained by
/ Learning obejct _
o | | Object| ohject
Learning action
PI'I'_I |Pu:ti|:|n |
Benefits fnrtheflf@arner
B ] | [-goat|

55



(e

Interaction Patterns
for Learning Theories
proposed by Inaba et al. 2003

~N

Ontological framework

Influential I_L event

\

Cognitive L -
Apprenticeship Distributed Cognition r
Peer Tutoring Cognitive (
Anchored | Constructivism
Instruction | Sociocultural Theory
LPP Obfe“’aﬁo”a' Cognitive Flexibility
earning Theory /

Interactions

Learning Event

Learner

Role

L A

learning goal (L,)

Instructional Event

Instructor
action 5 Role
action g Ly

learning goal (Lg)

| event
Instructional event )
Instructor
Lg )
Instructional action
Action
Benefits for the Instructor
I-goal
L event
Learning event

)

Learner

La

Learning object

Object

Influential I_L Events

Learning action
Action

Benefits for

he Learner

[-goal




Cognitive Apprenticeship Theor

, Learning by
Learnlng by ~ guiding
apprenticeship I Spreading of a skill

\ I
Development of A /
\

cognitive skills ' Master Development of
(roughcognitive metacognitive skills
stage) T (Associative stage)

57



Formalizing Collaborative Learning: Example

| Cagnitive Apprenticeship |

Teaching-Learning Process ==L earning TheoriTeaching-Learning Process

Caognitive Apprenticeship type IP

Learning Stratecy = gl

pro 1.

Mecessary Interaction activity ==Cognitive Apprenticeship type IPEMecessary Interaction activity in
| Setting up learning context type CA

K I ——
fe e eoetic o O mmm-wanmﬂ‘""'—, “Tale

‘ Learner[RH]

ﬁﬁe v AT = elmitator B

Elplayed by

o

i

o8 ntructar]| [MasterRH]

Master E ==Learning b Wnrentmeshiplﬁ‘r’nu-rnle

mu Instructur[RH] |

iceship®iou-role%Guide |
J I

o y ;
.
" - o = mssamianann el eventLearner
‘ et Apprentice[RH]
4 h___,i'm—_ o

ITITT = =T = L IVEIE T pNELE Aly =ld 7T d WLy
stration of how to salve a problem
ow ta solve a problem§l event

Yevelopment of Cognitive Skill (Rough-Cognitive stage)

T I A=l T TS ST AT E ST R ST R T T =T5T I =T ST N A T i L

g -I Develnpment qungmtwe Skill {Asauclatw Aﬁ

IDE'-.-'ElI:I ment of Metaco n|5k|ll . g clional eventfinstructar
‘r- : : : 1 e
1

hefore-after

TR P T T SIS TR ST A TR e TaTa

== |I Developrnent of Metacognitivedtrill (Associative stage)

LEarmiirG ST e (Y i (91| L[ L2 Ly

he Instructor ==Instructional eventiBenefis for the Instructor
| Development of Metacognitive Skill (Associative stage) |

for the Instructor =<Dermanstration nfhﬁ/wto salve a problam$l event%Benefits far th

pro 1.

Development of Metacognitive Skill (Autonomous stage) |

Learmng tnr GLidi

F ==Laarningh - Widing§l-role % Gunie
M| | Participant[RH] |

Apprentice Eﬁ‘ﬂjaarnmq by GuidingFou-role
[pprentice ]| | Leamer(RH] |

Imitator B ==Learning by Guidingdyou-roleimitator B

Al 'M| F'art||:|pant[RH]|

Dbserve demaonstration

II

Learner ==Learning event§learn

i Apprentice[RH]

Benefits for the Learnar ==

rmonstration of how to solve a problemEl event%Benafits for the
Development of Cognitive Skill (Rough-Cognitive stage) |

. Benefits for the Learue/r ==l earning event§Benefits far the Learner
| Development of Cognitive Skill (Explanatory-Cagnitive stage) |

i+ Eenefits forth&’ﬁearner ==Learning event§Benefits far the Learner
| Development of Metacognitive Skill (Rough-Cognitive stage) |

Benefitzfor the Learner ==Learning eventBenefits for the Learner
' fo + | Development of Metacagnitive Skill (Explanatory-Cognitive stage) |
L lecessary Interac‘ﬁun activity ==Cogpit f ne IPEMecessary Interaction activity
o tonitaring

& Developrment qungmtwe Skill (Autonomaous stane)
i

[ Developrment of Metacodnitive SkKill (Autonamaous staged

-
58



Collaborative Learning Ontology

This ontology-based approach solves
severalproblems to formalize and
apply pedagogical knowledgé?3

1. Challco et al. (2016) Gamification of Collaborative Learning Scenarios: Structuring Persuasive Strategies
Using Game Elements and Ontologies. Communications in Computer and Information Science, vol 606.
Springer, 12-28

2. Hayashi et al (2011) An Ontological Model to Blend Didactic Instruction and Collaborative Learning. Lecture
Notes in Computer Science, vol 6969. Springer, Berlin, Heidelberg, 1-13.

3. Isotani et al (2009). An ontology engineering approach to the realization of theory-driven group formation.
International Journal of Computer-Supported Collaborative Learning, v. 4, p. 445-478. 59



Collaborative Learning Ontology

OK. But | etéeds e

Almost nobody can understand
this ontology

60



Takeaway Message

1. Take a real world problem that is hard to
solve

2. Organize the knowledge from different
sources

3. Build an ontology

4. Hide the ontology behind a model
that (some) people can understand

5. Apply the model and the ontology to
solve the problem



PQ O —~+~ W”

DPQ © —~+ W”

Acquisition of Content-Specific Knowledge

Nothing

Accretion

Tuning

Restructuring

Nothing

od 4

Development of Skills

Rough-cognitive

Explanatory-Cognitive

Associative

Autonomous

evr-

[Rumelhart D.E. and
Norman, D.A., 1978]

[Anderson, J. 1982]



S5

N
g

— [Stages of Skill development}——

nothing (0)

rough cognitive stage (1)
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[Interactions]

1.Setting up the learning context
2.Demonstrating how to solve a probl
3.Clarify the problem
4.Monitoring

5.Notifying how the learner is
6.Instigating thinking

7. Requesting prohp
8.Showing a solution
9.Affirmative reaction
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Py The dashed ellipses means

\_ _ _ _ thatthe interaction on the
top/left must be followed by
another interaction
bottom/right.

The ellipses means that the
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bottom/right and viceversa
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The modeloffers a solution to
create theory-aware tools that
help to design CL activities-?
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