SAO CARLOS

@BNU2018

Advancements in Intelligent
Support for Collaborative Learning

From Well-Thought-Out Group Formation
to Effective Peer Interactions

Seiji Isotani
Professor
Computing in Education Laboratory

University of Sao Paulo

sisotani@icmc.usp.br






ilian

Braz



=

Love sports



RN

iendsh

EOSlls i

1P

Fr






2/ |

R\

Undegrad in Computer Science at
the University of Sao Paulo



|

Osaka University Senri Gate of Suita Campus

’ -5 Pk ;
e o e
s e
-,
Qo 3 e
o g % e
2 SN !

S

) i AN
Pt 9 e

r o :

Ph.D. in Information Engineering




-
- )

2 years as a
Research Fellow at
Carnegie Mellon
University, USA



Back to Brazil at USP since 2011



UNIVERSITY OF
SAO PAULO




= 120 Ell &0 0’ 60 % Sevemas 120 ) 1580
Arctic  Ocean izand - Arctic Ocean Zamnh Arctic Ocean
Franz Josef bt
Gresnland &oBard rs:ﬂ:ndose Mew Sibetian Idands
(e (Den] I [Mar) ihite Wrangel kland
Victiotia Baf Firi [Mor. amlys
sland Teland
S 4 Fame Is. NO"W"&}/
o leeland (Den ] Finknd R .
Unied Syyecie ) Estonia USSIa
< Lakwia
Canada i ek He
relan et Bl
le. Gemany Poland & 9’”_5
Idand of Czech. Ukraine
Leiodhland France syre Hung. Moldo Kazakhstan Mongolia
N glil:'omsnla ;
NOI‘th sl 05 N lgatia Georgia Uzbekiztan
H a Snail Albanra Arnehia Azerbaijah M. Ed
UnItEd S_tates Atlan“c Portugsl = Greece, T Urkey Tutan eniztan Taiflistan ®
of America Ocean i skolla JJa
y Tunisie. CWI"_Lehln. walm pan  Aahenis
oreCoo EER
Cah . Isl]ands Jordan el .
P Algeria i3
< ghaﬁamas WWestam i Lbya Egypt Gakal
Mexico Cuba Bominicn E“Eﬁhha;‘]’-* Saudi  UAE. gt
Republic I — | Arabia  orran
Belze " 1 Fshe  -oBemids Vel Higer Suctan BN Yemen Thaiknd Fhilippines
Girstamala ~ HEfgurss Fiiza (U] The Ganbe S - Chad Yigtnam
El Salvador - Micaragua — Barbados Guines Bissui. Gui Fazo Biibout A = Camnbodia
coders Tiitidad and Tobago il o B I;{%J@T
oata Rica G ; Chte Migetia. i =] .
Panitiel Wenezuela %ﬁnme _ s|erra|_eoLniEeﬁaD o y c AR Ethicgaia Y o k. Erunei
Colo french Guisna Ghang, Tege__ 7 e Ul Somalia Makysia
Eq. Guinesa 2 s— Singapord®
Galepagos Idends Ecuaclor Sollon Py Ceber F‘Wda\ i ) Indcnesi:
[Ecuador] fincipe Zaire ~— Burundi
Conga Tarzahia  Seychelles
Ml b
Paru Angola .
Zarmbia Mozambzigue
Bolivia )
Nemibia Fimbabywe Mlackgasear
Faraguay Bl e itius |0nd|an .
. cean Australi
Swvaz iz
Souh  Lesotho
u Africa
[E e T0EN
South chi Nl South
v Argentina .
Pacific Atlantic
Ocean Ocean Tasmania
Fakland Elads
[ Elzs halvinas)
[2dm. bx UK,  chimed Tes  Crozet
by Argentifia) [France)
SouthGeor&a
[z bz UE,  chined
by Argentifia)
Antarctica
150 ° 1z ° ag. © &0 ° 30 ° ne i 80 " ap-® 1207 1507 180"



U S P international
office



Undergraduate Graduate
programs programs

Master’s
14,149
Doctorate
15,398
Visiting
5,041

U S P :‘)r;jtﬁeclénational



Faculty
6,008

Full fime work Academic Titles
dedication (PhD or higher)
5,230 5,964
(87.05%) (99.27%)
Technical-
Administrative
Staff
17,450




lbero
American
SClmago
Institutions
Rankings (SIR)
2018

QS World CWUR
1 1 8 University Ur\ﬁ'\iglrgfy
Rankings .
2019 USP Rankings

2018
Ranking

The Times
Higher Education U.S. News

BRICS & Emerging BeSjT Gl?bd
Economies Universities
2018 2019

U S P :;l;%iznationa!



HGRIT









et dind

i)

1
T e







SAO CARLOS

@BNU2018

Advancements in Intelligent
Support for Collaborative Learning

From Well-Thought-Out Group Formation
to Effective Peer Interactions

Seiji Isotani
Professor
Computing in Education Laboratory

University of Sao Paulo

sisotani@icmc.usp.br



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



___________________________________________ Context §

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)
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- Context

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 (Hernandez-Leo et al.,, 2011;
Dillenbourg, 2013; Pietro et al., 2018)



- Context

The Problem

* These activities are too complex and time consuming
:* They also reqmre((//)lflc knowledge and skills

L L e L L




How to increase the
chances of successful ?

collaborative learning (CL) ;




How to provide intelligent
support to design and ?

carry out collaboration  §




Challenges



Knowledge to design
effective collaboration
Is distributed across
several learning
theories and best
practices

Isotani, S; Mizoguchi, 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.



They do not share the
same terminology,
assumptions and
expectations and can
be even contradictory!

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.



In fact, Only 35% of
the the current CL
technology rely on
pedagogical
knowledge

Borgest et al. (2018) Group Formation: The State of the art. Communications in Computer and
Information Science. Springer, 174-191.



So, the question is ... @

, Can we organize this .
. pedagogical knowledge and :
build an infrastructure to use:
' it adequately? '

___________________________________________

34



Solutions

Approaches to Represent Pedagogical
Knowledge

* Script-based
e Pattern-based
* Ontology-based



Solutions

* Script-based Solution

—Set of components to describe an
collaborative learning activity

— Focus on components
—Way of communicating CL expertise
— Human-interpretable notations

—Scripts are hard-coded in 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

Kobbe et al. (2007) Specifying computer-supported collaboration script. Int. Journal of 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), 211-224.

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. Human-interpretable notations
:2. Too complex & ambiguous .
3. There is not a common vocabulary to describe ;
. them
4 Different point of views, levels of aggregation, :
i perspective and emphasis ’
5. Scripts are hard-coded in computational tools

38



Solutions

e Pattern-based Solution
— Description of classroom best practices

—Focus on the flow of the collaborative
activities for promoting desired educational
objectives

—Way of communicating CL expertise
— Computer-interpretable notations (IMS-LD)



Example

Individual or initial group
Teacher Y ~

Introductory
Q o " individual (or initial

Individual group) activity

Collaborative
Q activity around the
sub-problem
Expert Group

Herndndez—Leo, et al (2005). Reusing Ims—1d Formalized Best Practices in Collaborative
Learning Structuring. Advanced Technology for Learning 2(4), 223-232

Manathunga K., Hernandez-Leo D. (2016) A Multiple Constraints Framework for Collaborative Learning
Flow Orchestration (2016) Lecture Notes in Computer Science, vol 10013. Springer, 225-235.

Collaborative

activity around the
problem and
Jigsaw Group solution proposal




Jigsaw flow using IMS-LD

Educator Experts group Jigsaw group
Act; Problem and sub- || Collaborative design
rale.part pr0b|€-m formulation |1 ° g - of a camputing systemf
v | each subsystemis . .
i -___ assigned to each expert
l , ; : \
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



IMS-LD Description

<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> '/ <Jroles>
<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> / ;oo . .
cact> p / </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>



Computer-based support to
orchestrate collaboration

-

Ar .;
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Herndndez—Leo, et al (2005). Reusing Ims—1d Formalized Best Practices in Collaborative
Learning Structuring. Advanced Technology for Learning 2(4), 223-232

Manathunga K., Hernandez-Leo D. (2016) A Multiple Constraints Framework for Collaborative Learning
Flow Orchestration (2016) Lecture Notes in Computer Science, vol 10013. Springer, 225-235.




Problems with previous approach

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

. 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 IMS-LD
'5. No support for intelligent authoring, group

. formation or interaction analysis

1
e - 1

44



Solutions

* Ontology-based Solution

— Formal infrastructure to represent pedagogical
knowledge

— Focus on representation and generalization
— Way of communicating CL expertise
— Computer-understandable notations (OWL, RDF-S)

— Knowledge base is shareable accross humans and
machines



What is an Ontology?

* A formal explicit specification of objects and
relations in the target world used to share a
common understanding within a community
and to build models/frameworks about target
objects (Mizoguchi, 2003;2004)

Mizoguchi, R. (2003; 2004) Tutorial on Ontological Engineering — Part 1, 2 and 3. Next
Genration Computing.



Example of Ontology representation

University State university
Is-a
Part-of Professor role
Professor Human
|
| Instance
o
USP

Part-of| Professor role

Seiji Human




Example of Ontology representation:
Ontology of Bicycle

ub

context

city cycle

is-a

pfo 1

front role

carrier

sport cycle
super g

front wheel role <<bicvcleSfron

vehicle \m&.—rs_hs\ er
10 1 (heel role 5= ub bicycle
pro 1. wheel frame role
rider role p/o 1 frame
pfo 1.5
person pedal role
p/o 1 pedal
handlebar role
p/o 1
p/o 1 [front wheel wheel |
/o 1 rear wheel role «
PO 1lrear wheel |
color
afo 1 Color
weight
a/o 1 weight

P/01.. e ont wheel[2] |

sport wheel

rear wheel role <<bicycle$rear

plo1.. lrear wheel[2] |

sport wheel

handlebar
front wheel rol role Concept

role holder

icle$wheelTo
basic concept



Example of Ontology representation:
Ontology of Bicycle in OWL

<owli:Class If: ID="Vehicle">
<rdfs:label>Vehicle</rdf=: lahel>
<rdfs:subClassQf rdf:resource="#iny" />
{fﬁ*'-Class>
<owl:Class :ID="sport cycle">
<;””u.label}3pnrt cycle</rdfs: label>
<rdfs:subClass0Of Ldj':e_uuL_e=“””'; cle™ />
<fowliClassy
<owliClass rdf:ID="city cycle">
<rdfs:labelreity cycle{f s:label>
<rdfs:subClass0Of rdf:resource="f#hicycle™ />
<fowliClassy>
<owl:Class rdf:ID="bicycle™»
{-f'~'label}h1cycle{f =:label>
<rdfs:subClassOf rdf:resource="#Vehicle" />
<rdfs:subllassOoLf>
<owl:Restriction>
<owlieardinality rdf:datatypes"http:// www. vl
<owl:onProperty rdfiresource="#has body
</owl:Restriction>
</rdfsisubClass0f>
<rofarsubClassofs>
< |l :Restriction>
<owl:onProperty rodfiresource= ul
<owl:allValuesFrom rdf:resource="g#Color



My Contribution

Use ontological engineering
to describe formally meaningful

. Common goal
WO ou] S 0.2

How does the group
change its state?

Primary focus (P) Goal state
What activity does the | . . . . .
it el I 82 k/cog, shate (Group) information contained in theories

ry focus (S)

S<=P-goal

1 6 ||Y<I-goal ». 4

P<=S-goal Goal state

¢ ||Y<lgod P & |k/cog. state

You  interact with other learners?

Behavior : ’
bernwviv,
I-goal (T) L-goal (1 N A=
A ¢ = C

Pedagogical knowledge

. . Ty Tgoal 6 \ \
e I-role I-role . \ //’ —
i Behavior :’ ﬁ
Why does the learner want to You-role ’ 6

Ontological structure _ _
Run experimental studies to:

»propose group formation,;
»design group activities;
» 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



Formalizing Collaborative Learning

Sub-group goal

Strategy A S’;rategy B

Whole group goal

Individual goal Individual goal

ndividual goal

52



'hagys(RR)

v'Learning Strategies
v'Learning Goals
v'Group Goals
v'Roles

53



Y<=| -goaI(LA< |_B) Spread of
I a skill
I

Y<=I-goal (Lg<=L, N(L)- goal({LA,LB}

W\

I-goal(L.,

Tutee

ROIG \ l Role

L
L.o

B

I -goal(Ly)

Knowledge Acquisition:
(accretion, tuning, ...)

(L)-goal({La,Lg,Lc})

Cognitive Skill Development
(cognitive, associative, ...)

\

®

Knowledge
sharing

I-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



Formalizing Collaborative Learning: Instances

/ Interaction Patterns \
for Learning Theories

proposed by Inaba et al. 2003

Cogn!tlve . Distributed Cognition OntOIOglcaI fra‘meWO rk
Apprenticeship i
Peer Tutoring Cognitive ( Influential I_L event
Anchored | Constructivism | event |
Instruction |- Sociocultural Theory Instructional event)

_ Instructor
LpPpP Observational | o nitive Flexibility( Le )

Learning S /
y
\ Instructional action )

. Action
Interactions

Benefits for the Instructor

I-goal
Learning Event Instructional Event
L event
Learner Instructor Learning event )
Role action, Role Learner

o - D
: Learning object
Y action g Lg Object

learning goal (Lg) m_‘a ction
Action

_ Benefits for the L earner
Influential I_L Events I-goal )56

learning goal (L,)




Formalizing Collaborative Learning: Example

Cognitive Apprenticeship Theory

_ Learning by
Learnln_g by_ guiding
apprenticeship I Spreading of a skill

\ I
Development of T /
\

cognitive skills
(rough-cognitive
stage)

I

Development of
meta-cognitive skills
(Associative stage)

57



Formalizing Collaborative Learning: Example

| Cagnitive Apprenticeship |

Learning Strateay = gl

pro 1.

I
mmm-wxﬁ'ﬁ‘rnmm""'_. -role

Learner[RH]

cCcCE

Elplayed by

N b e et o B

;

o

itator B

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

mu Instructur[RH] |

iceship®iou-role%Guide |
J I

l
= g

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 .
‘r- Developrment of Metacognitive Skill > fynitive sta sta
1

TS I O T T ST ST ST ST R T S TR

|I Developrnent of Metacognitivedtrill (Associative stage)

Learfilng STt oy i 20

ada

pro 1.

Learmng tnr GLidi

ey - 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]|

II

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

1p o H
A=

& Developrment qungmtwe Skill (Autonomaous stane)
i

[ Developrment of Metacodnitive SkKill (Autonamaous staged

Caognitive Apprenticeship type IP

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

i

o8 Ninstructor]

Master[FH]

u 0 e extil event%learner
I Apprentice[RH]
S —
stration of how to salve a problem
ow ta solve a problem§l event

Yevelopment of Cognitive Skill (Rough-Cognitive stage)

JELE dlry T4 HOVEETE JINELE ALY Eld Ll = WL

hefore-after

pfo 1

@ uctional eventfinstructor
f-sterr|
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
Development of Metacognitive Skill (Autonomous stage) |

Dbserve demaonstration

Learner ==Learning event§learn

—|Leamef]
Eenefits for the Learner ==ramonstration of how to solve a problem$l event%Benefits 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 ==L earning event§Benefits fc_ur_the Lgarner _
| Development of Metacognitive Skill (Rough- Cagnitive 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
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Collaborative Learning Ontology

This ontology-based approach solves
several problems to formalize and
apply pedagogical knowledge! 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 let’s be realistic ...

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]



— [Stages of Skill development]
nothing (0)

rough cognitive stage (1)
explanatory cognitive stage (2)

associative stage (3)

4 440

autonomous stage (4)

5(3.3)

p
LGM is a graph that represents all possible transitions
| in learner’s development

| in the LGM graph

p
A learning theory shows some possible transitions

[Stages of Knowledge acquisition] -

nothing (0)
accretion (1)
tuning (2)

restructuring (3)

od 4




[Stages of Skill development]

nothing (0)
rough cognitive stage (1)
explanatory cognitive stage (2)

associative stage (3)

4 440

autonomous stage (4)

5(3.3) 5(3,3) S(4,3) S(4,2) [Stages of Knowledge acquisition] —j

learning by apprenticeship learning by guiding

in Cognitive Apprenticeship 00 in Cognitive Apprenticeship nothing (0)

accretion (1)

tuning (2)

od 4

restructuring (3)

Learning by Discussion
in Legitimate Peripheral Participant (LPP)

5(3,3) 5(4,3) S(4,2)



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

o1 | event ==Setting up learning contextdl event
pu_{ I|Gi\ring infnrmatiun|

N Instructor ==Sefting up learning contextdl event¥instructor
haster[RH]

Benefits for the Instructor ==Setting up learning contextl event%Benefits for the [nstrud
Development of Metacagnitive Skill (Autonomous stage) |

L evert i ; tendtfL event
o+ BaAlfer ==oeing Up earning contextfl event%Learner
Apprentice[RH]
-

= S TN N N Y YL S Y L DR M Y Y Y Y AN TS YN YT A L PR Y N Y YR AN MW T DY

o +

| Demaonstration of how to solve a problem
o1 | event ==Demonstration of how to solve a problem$l event

\ | [Demonstration |
\N

Flhefore-after

Instructor ==Instructional eventinstructor

. . . o+
learning by apprenticeship N \\ \ ) HasterEt]
. e . . Benefits for the [nstructor ==Instructional eventbBenefds for the Instructar
In COgnltlve ApprentlceShlp \ \ \ \ M | |Deve|npmem of Metacoanitive Skill (Assaociative stage) |
\ o+ Benefitz for the Instructor ==Demonstration nfbojwto zalve a problemil event% Benefits for th
Learner playS an apprentice role \ \ g Development of Metacognitive Skill (dutonomous stage)
\ L event i olve a problemil event

following the learning events S ¢ Observe demonstration

\ o Learner ==Learning eventgl earngf el
§ \p_{| |Apprentice[RH] |

Benefitzs for the Learner ==lremonstration of how to salve a problem il event%Benefits farth

s |/| Development of Cognitive Skill (Rough-Cognitive stage) |

— [Stages of Skill development] —,

k nothing (0) I Development of Cognitive Skill (Explanator-Cognitive stage)

- AN e T D R =T e S I R mE LAt
k rough cognitive stage (1) pfo_w | | Cevelopment of Metacognitive Skill (Rough-Cognitive stage) |

. o+ Benefits-for the Learner ==Leatning eventfBenefits for the Learner
explanatory cognitive stage (2) &{ | | Development of Metacognitive Skill (Explanator-Cognitive stage) |
L e

k associative stage (3) plo 7] Monitating
k autonomous stage (4)




Cognitive Apprenticeship

Learning by Apprenticeship

[Stages of Skill development] ———
P nnthin~ 7N\

[Interactions]

1.Setting up the learning context

2.Demonstrating how to solve a problem

3.Clarify the problem
4.Monitoring

5.Notifying how the learner is
6.Instigating thinking
7.Requesting problem’s details
8.Showing a solution
9.Affirmative reaction

A | T <7

ﬂ restructuring (3)

@ Necessary Interaction

Py The dashed ellipses means

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

The ellipses means that the

C) interaction on the top/left will be

followed by another interaction

bottom/right and vice-versa
(cycle)



The model offers a solution to
create theory-aware tools that
help to design CL activities!?

1. Challco et al. (2016) Toward A Unified Modeling of Learner's Growth Process and Flow
Theory. Educational Technology & Society 19(2): 215-227

2. Isotani et al. (2010)The foundations of a theory-aware authoring tool for CSCL design. 67
Computers and Education, v. 54, p. 809-834.



CHOCOLATO: Concrete and Helpful Ontology-aware

llaborative Learning Authoring Tool

Sequence of activities

2020

—>

CHOCOLATO o

—>
O —O
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Path of different theories

MARI
Main Adaptive Representation Interface

Chocolato - Concrete Helpful Ontology-aware Collaborative Learning Authoring Tool
File Edit

EEX

i ‘Seled one theory |v |Selel:l one theory first |v| ‘In'rlial Stage |v| | Example of Search " Clear Search |




Search for theories

Learning Design Tool
File Edit

Select one theory |v|Selet:1 one theory first |v‘ ‘Inilial Stage

‘ - | | Example of Search " Clear Search |

Initial Stage
Any Goal Stage
Final Goal Stage

Learning process

Search
Results

Learning Design Tool

|Cugnilive Flexzibility

| - |Learning hy Self-Expression | - | |Inilia| Stage

|V| | Example of Search H Clear Search |

Learning process |
4

T

N\

\

f Search Results |

Theory

Learning Strategy

Anchared Instruction

Learning by Diagnosing

Cagnitive Flexibility

Learning by Self-Expression

“N|Peer Tutaring

Learning by Teaching




Search for theories

CBX

B Chocolato - Concrete Helpful Ontology-aware Collaborative Learning Authoring Tool
File Edit

£ Learning Design Tool LPP |v |Leaminu by Practice |v| |Fina| Goal Stage |v| | Example of Search " Clear Searcll

Learning process

Select one theory | - |Selet:1 one theory first | - ‘ ‘Inilial Stage ‘ - | | Example of Search " Clear Search | ;
Learning process Initial Stage i
Any Goal Stage

Final Goal Stage

Initial stage mfp. Final stgge
&/ .

. %

l/ Search Results
: Theory Learning Strateqy

Cognitive Apprenticeship Learning by Apprenticeship

ﬂ LPP Learning by Practice

Search
Results



| Cognitive Apprenticeship |

Learning Strategy
_os = 9 Learning by Apprenticeship

pro 1.

plaﬁ,red hl!"l Teaching-Learning Process ==L earning TheoriTeaching-Learning Process

| | Cognitive Apprenticeship type IP |

; rentice ==L earning by
’D H Learner[HH]|

pio

R

L= LN L 1 L 8 e

b limita ==L earning by Apprenticeshipdl-role ¥lmitator R
3 Mirnitator ]| Participant/RH] |
haster B ==Learning EWnrenticeship$YDu-rnle
pfi|u Instructor[RH] |
Glide R == i
a0 | Participant/RH]
l-goal ) ==Learning by Apprenticeshipdl-goal
}L| | | Development of Cognitive Skill (Cognitive stage) | .o’
l-qoal (I ==Learning by Apprenticeshipgl-goal 0

‘e

Tt

F"i| | | Development of Cognitive Skill (Assaciative sta‘gﬁb
l-goal (1 ==l earning by Apprenticeshipgl-goal 1 N

| | Setting up learning context type CAl

01 | event ==Setting up learning contextdl event
&,—I Giving information
Instructor ==Setting up learning contextdl event%instructor

\m
o+ MasterRH]

i+ Benefits for the Instructor ==Setting up learning contextdl event¥%Benefits far the Instrufitor
o | | Development of Metacognitive Skill (Autonomous stage) |

L event ==Sefting up learning contexdfl event
| | receive infarmation |

; : i ) ing contextil eventLearner
pro jlLearnerl| [Apprentice[RH]

Development of Cognitive Skill (Rough-Cognitive stage)

Mecessary Interaction activ

pfo 1

EEEEEN
pemmmEEEEEE "'-...
IS
.

}L| | | Developmeant of Metacognitive Skill (Cognitive stage) | T pm —
.I' |-CIUEI| “l:l {{Leaminﬂ bl‘f‘ -ﬂ-ﬂﬂrEﬂUCEShlﬂﬂ-ﬂﬁmﬁce _: | -Icn.'nni Ciormnmetration of bhoww ta colve o birohlern 1 event Hhefore-after
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Learning Strateoy ==L earning Thf-eﬁi'ﬁfearning Stratedy  w :.:F:"P' Ed" - % - — —
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Learning by

Apprenticeship
\ Guiding

Receiving M !

Learning by

information

\
) \ / ®

Apprentice

Development of
cognitive skills
(rough cognitive stage)

Ontology

Development of
meta-cognitive skills
(Associative stage)

£ Chocolato - Concrete Helpful Ontology-aware Collaborative Learning Authoring Tool
File Edit

‘Cogn‘rtive Apprenticeship

T
‘ 2 iLeaming by Apprenticeship

1 T I =
‘V‘ ‘Initialstage NV| ‘ExampleofSearch Clear Search |

Learning process
4
2

Giving
information

A

/.
N

N\

Setting up learning
context

Monitoring Affirmative
‘_ ’ reaction

.: Notifying how the ‘e
learner is 9=

...............

[ B
1
1 2] details 9=

femmmmemmmm---a I

:.: Instigating L
' thinking




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



CHOCOLATO: Concrete and Helpful Ontology-aware

llaborative Learning Authoring Tool

Effective Groups

Group
Formation

CHOCOLATO

75



How to group students?

Student 1 Student 2

Student 3



How to group students?

Student 1

Student 3
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Student 2




How to group students?

Student 1 Student 2

Student 3



Student 1

Student 3
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Student 2



Theory-Driven Group Formation

Identify which collaborative learning scenarios can help learners to achieve their goals
learning goals

D D CL scenario
* Learning Strateqy IT<=LR
Y<=l-goal
;. 4 |-role
Teacher’s | : ——— Can play —_ * Learner )
intention s : High Performandge Group ,
N e O Behavioral role
(W o Can play You-role
I—A LB = Learner
o LB_ehaviora
. Satisfies
; Satisfies | (-goal
" Teacher's |
intention Learning Strategy LR<=|T
g Y<. -goal
I-role
) - * Learner )
learning goals
LBehaviora
l-qoal
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Knowledge Base

©) Suggest group formation - MAC110 - Osaka University - Mozilla Firefox

File Edit Yiew History Bookmarks Tools Help

& -c

Osaka University

Seiji Isotani - My course list | My calendar | My User Account | Logout

= [ )
(o} E ﬁ; I\ " http:/flocalhostfclaroline 159/ claroline f groupfpedagogical _groupfgroup_Forr T? T "

Department of Knowledge Systems

Learning

Objects

i
Ontologies

3
Learner
Model
®

PN
i <
:
" CL Design R
Support System
i
I
i
i
.I | I.
(A 4 ;
|
Learning Material i

Support System

Domain Mapping
Support System

3 Group Formation _ .-
Support System

-@ Select an User Role
7

» Course test 1
MACT10 - Seiji Isotani

# Dsaka University > MACT10 = Groups = Pedagogical groups > Suggest group formation

Groups

» Pedagogical groups
Suggest group formation

+® Select the group goal Select applicable theories

— Mo specific goal — — All thearies —
Creating a solution Anchored Instruction
K q Ul Peer Tutaring
knowledge sharing
Spread of a skill
» Topics Skills
Add child | Add brother | Delete Add child | Add brother | Delete
== Topics == skill related o 3
;| o ] _ | skill related to 3.1
] Topic 2
== ontology 1
_] Topic 1.1
] Topic1.1.1

Select Users

— Al Roles — — Al Students —

achar halder rale
Anchored instructor role

Student 17
Student 18
Student 19
Student 20

Start Group Formation

Manager(s) for MACT10 : Seidji lsotand

= Anchored Instruction

It supports a scenario where users can play 2
roles: (1) the Anchor holder role, in which the
player should behave as a Presenter; (2] the
Anchored instructor role, in which the player
should behave as a Adwiser. The desirable
number of users playing the Anchor halder role
i= X1. and playing the Anchored instructar role is
xi2.

More about this theory

Knowledge
Add child | Add brother | Delete

+ knowledge related ta 3

Select the topic, skillknowledge and students to start the group formation process (only adequate students are shown)

= Summary of Student's Profile

Select a student in the left box to obtain more
infarmation about it

Administrator for Ozaka University @ Sedji lsotani

Developed by Mizogueli Laboratory. Using Ortologies and Semantic Web Technologles to empower Clarofine

31




CHOCOLATO

< (- lass rID= 3 <owl:Class rdf:ID="Anchored Instruction type CL session™>

labelxEnowledge Construction</ :lahel}l frdfs:label}ﬂnchnred Instructinn{frdfs:label}l

< rsubClassot IrESOUrce= S <rdfs:subClass0L rdf:resuurce=”#M[A]—gnal” S
</ :Classr <rdfs:subClass0fs>
< 1z lass 1 ID= > <owl:Restriction>
< labelxEnowledge sharing-</ labelr <owl:cardinality rdf:datatype="http:/ www. w3 .org/ 2001
< isubClassof rresource= £ <owl:onFProperty rdf:resuurce="#has_€nmmun goal™ A
< - lass> </owl:Restrictions
- 1z lass 1 ID= > radfs:subClassofs>
< labelxCreating a solution</ rlabel> <Rdfs:subClassofs>
< rsubClassof Iresources fx <owl:Restriction>
4/ :Classr <owl:onProperty rdf:resource="#has Common gogl' S
- i lass 1 ID= = owl:allValuesFrom rdf:resource="#EKnowledoge ConsStruct
< labelx3pread of a skill</ labelr fowl:Restrictions
< rsubC lassof Iresources fx </rdfs:subClass0Lfs>
< - lass>

Select the group goal Select applicable theofies

Anchored Instruction

— Mo specific goal — — All thearies —
Creating a solution

YRV WS [ F e P It supports a scenario where Users can way 2
= : ' roles: (1) the Anchor holder role, in which the
Knowledoe I._.-|:|r|::trl_u::tu:lru Feer Tutoring player should behave as a Presenter; (2) the
Knowledge sharing Anchored instructor role, in which the player
spread of a skill should behave as a Adwviser. The desirable
nurmber of users playing the Anchor holder role
i= ¥1. and plaving the Anchaored instructor role is
X2,

Maore about this theory

Development
B RDF/OWL Parser (ARC2), PHP, Claroline (LMS).
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Select the group goal

— Mo specific goal —
Creating a solution
Enowledge Construction
Enowledge sharing
spread of a skill

Select the topic, skillknowledge and students to start the group forn

Select a user role

— A&l Boles —

haster role

Apprentice role

Select applicable thearies

— All theories —

Ohservational Learning
Sociocultural Theory

Select users

— &l Students —
Student 12
Student 13
Student 18
Student 18
Student 20

=elect a user role

— Al Roles —

Full participant role
Feripheral padicipant rale

Select applicable theories

— Alltheories —

Cugnitive Aﬁirenticeshiﬁ

Dbservational Learning
sociocultural Theory

d students to start the group forn

Select users

— Al Students —
Student 18
Student 15
Student 20
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CHOCOLATO

Groups Registered || Max. || Edit || Delete

(a) Created grOUpS 5 Group 1 - Distributed Cognition = B 7 X

(R Group 2 - Peer Tutoring 3 g 7 X

@ Group 3 - Cognitive Apprenticeship 4 = i X

(b) Users’ details @ Group 4- LPP ! AN

Last name | First name | Profile Role Group Group Tuter | Course manager | Edit | Unregister
£ 1 lzatani Seiji Manager Group Tutor Course manager F

L Student 1 User Peer Tutee Group 2 - Peer Tutoring (35) F %
L Student 10 User Full Participant Group 1 - Distributed Caognition (34) F %
LN Student 11 User Full Participant Group 1 - Distributed Caognition (34) F %
g s Student 12 User Peer Tutar Group 2 - Peer Tutoring (35) F %
e Student 13 User F %
L Student 14 User Full Participant Group 1 - Distributed Caognition (34) F %
L Student 15 User Full Participant Group 1 - Distributed Caognition (34) F %
L Student 16 User Full Participant Group 1 - Distributed Caognition (34) F %
2 1 Student 17 User Full Participant Group 1 - Distributed Caognition (34) F %
2 n student 18 User haster Group 3 - Cognitive Apprenticeship (36) F ™
2oz Student 19 User Full Participant Group 4 - LPP (37 F %
2o Student 2 User F %
314 Student 20 User Full Participant Group 4 - LPP (37) F %
& os Student 3 Uszer Apprentice Sroup 3 - Cognitive Apprenticeship (38) F G
TS Student 4 Uzer Apprentice Sroup 3 - Cognitive Apprenticeship (36 F G
&7 Student 5 User Paripheral Participant Group 4 - LPP (37) F %
g o1s Student B User Paripheral Participant Group 4 - LPP (37) F %
2 19 Student 7 User F %



Collaborative Learning Ontology

Does it really work in practice?

Isotani et al (2013) A Semantic Web-based authoring tool to facilitate the planning of
collaborative learning scenarios compliant with learning theories. Computers and Education, v.
63, p. 267-284. 85



In vivo studies: PCA

10

I Year 4

2"d Principal Component

3 ) & notas
linear
2F Comp 1
Comp2

18t Principal Component
R N N N W S S AN N R

Score in the first Test

Valores das notas e componentes principais
PR1; MTP 2008

Average score of all tasks
Average score of all tasks

1

=

w
T

Year 8

Average score of all tasks

Average score of all tasks

0 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 T 8 9 10 0 1 3 4 g 5 7 ) g 10

Score in the first Test Score in the first Tes




Future Directions



Collaborative Learning Ontology

Does It really work at scale?

(self-controlled learning environment)
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High Performance Groups

INSTITUIGAQ EXEMPLO

MEUS CURSOS -

« &davance

Turma: UX DESIGN - 2017A

20 e
20 eD

20 @D
©

Grupos formados

TRABALHO EM GRUPO

Formacao automatica de grupos
Selecione a(s) atividade(s) v

Selecione critérios para 0s agrupamentos

Género |dade Perfil Grupos |4 5 Integrantes |6 &

Formacgao manual de grupos

Para formagao de grupos manual, arraste e solte aqui os integrantes do grupo



High Performance Groups

INSTITUIGAQ EXEMPLO

MEUS CURSOS -«

UX DESIGN

Turma: UX DESIGN - 2017A

Grupos formados

Grupo 1
6

A

O O
O A

C D

TRABALHO EM GRUPO

Formacgdo automatica de grupos

0 Selecione a(s) atividade(s)

Jéssica Selecione critérios para os agrupamentos

i Género |dade Perfil

Formagao manual de grupos

Para formag&o de grupos manual, arraste e solte aqui os integrantes do grup

o A
O ©
Grupo 2 Grupo 3

6 0 0 6

O @A
O
A A

A

Grupos |4 %

0O

Grupo 4

O

o

Integrantes |6 &
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1. Tenorio et al. (2016) A gamified peer assessment model for on-line learning environments in
a competitive context. Computers in Human Behavior, v. 64, p. 247-263, 2016.
2. Paiva, R. ; Bittencourt, I. I. ; Jaques, P. ; ISOTANI, S. . What do students do on-line?

Modeling students' interactions to improve their learning experience. Computers in Human
Behavior , v. 64, p. 769-781, 2016.

LEARNING PARTICIPATION
EFFECTIVENESS INCREASE

POTENTIAL



Opening
educational

DADOS ABERTOS

CONECTADOS data

‘ Seiji Isotani ng[
g {gtELeactiEt data infrastructure to support

learning improvement online

l Carnegie N .
| Mellon
} University

‘ Stanford
novatec ORGANIZACAO pewebdr Universit \/ M E M P H l S



http://learnsphere.org/

Understand the role of affective
states Iin group formation (and
collaborative learning processes)

@9 ©o

i

Reis et al. (2018) Affective states in computer-supported collaborative learning: Studying the
past to drive the future. Computers & Education 120: 29-50




______________________________________________

Dealing with the

demotivation problem
. when using computer-
supported collaboration

Challco et al. (2018) Using Ontology and Gamification to Improve Students’ Participation and
Motivation in CSCL. Communications in Computer and Information Science, vol 832. Springer,
174-191




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
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CHOCOLATO: Concrete and Helpful Ontology-aware
llaborative Learning Authoring Tool

Interaction
Analysis

|

99



Idealized by
Inaba et al. (2002)

Desiani Designer’s intention i
—|>>| Designing \,/J

~ Cluster of utterance-labels

Iﬂ?ﬁ%ﬁﬁi @
>Intem Tagging

Learning Group

: protocol with labels
o0 % : > JAN
< U O i |©
S S |eee (7:5 i> ‘* °
LI N <> Q? 'ﬁ <:>

Y \/
[ g expected Abstraction
7 Pe=E @ @of pattern

Interaction
Recommendations$ U/ \/ s e
<): i <): % @ Roles for learners
users D1 c _ g S g*’, - group/individual goals
A= omparison =\/= - Sequence of activities
(teaCher) -~ Q <> - Expected interactions

- Expected benefits
- etc...




Domainmsigpandeiipergdiaritenarios Domain specific

Gpecific reGMRFANGEAMAEndations — £y knowledge
: Teacher/Designer Mapping to fit -

. in our Model .

. > } > ) Designer’s A

= intention

— —

II!IIIIIII:IIIIIIII
7y
A

=
> O O —O :
. . - |
Elnstantlatl_on to flt] . S
the domain = N e
|
: T v— ———————————————— ~ N ]
E" CHOCOLATO (CL Design system) \ .
| =m
o / 4 Interaction Patterns \\ //:’_\ /\\ | =
o for Learning Theories ﬁ'\_/ o ' :
i CL Theory l—li el Domain -
|
T\ Gy ) Tioviesne || e | 4
| N Y |
: : I
l\ \_ Domain Independent VN Domain dependent 4,
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Framework to design domain-dependent CL scenarios

Learning
state
Domain
GMIP independent
ontologies
oundary

Knowledge/
Skill
dependent
earping objects
Learning
resources
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Formalizing CL

Knowledge Formalization Learning by
Learnin_g by_ guiding
apprenticeship 1 = Spreading of a skill

Development of
cognitive skills
(rough-cognitive

stage)
I

Development of
meta-cognitive skills
(Associative stage)

f"
-

Learning by Spreading of a skill

observation
Development of

cognitive skills
(explanatory-cognitive stage)
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Formalizing CL

Knowledge Organization: Learning goal

l-goal Definition Sources
Acquisition of Content- To add new knowledge concerning the target
Specific Knowledge domain to existing schemata, to understand it,
. . ) : [2, 3, 4, 6, 15,
Accretion and then to consider relationship among 16]
Tuning knowledge, and (re) construct knowledge
Restructuring structure.
Development of Cognitive
Skill To get knowledge concerning cognitive skills
Cognitive stage such as diagnosing and monitoring, to [16, 18, 23]
Associative stage practice them, and then to refine them.
Autonomous stage
Development of To get knowledge concerning metacognitive
Metacognitive Skill skills for observing self-thinking process,
Cognitive stage diagnosing it and regulating or controlling of [16, 19, 23]
Associative stage self-activity, to practice them, and then to
Autonomous stage refine them.
Development of Skill for : :
: To get knowledge concerning the skills for
Self-Expression . o
— externalizing self-thinking process and
Cognitive stage : , ) [3, 21]
— presenting the learner's self-perspectives, to
Assoclative stage : .
practice them, and then to refine them.
Autonomous stage
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Formalizing CL

Knowledge Organization: learning strategy

Y<=I-goal Definition Sources
Learning by e : , .
Observation Learning indirectly by observing other learners' learning processes [2]
Learning by Self- Learning by externalizing self-thinking process, such as self- [5]
Expression explanation and presentation.
Learning by Learning by teaching something he/she already knows to other [5.17]
Teaching learners ’
#gﬂg?&ng by being Learning directly by being taught by other learners [17]
Learning by Learning by observing other learners' behavior and then imitating 7]
Apprenticeship it.
;?Z;E::Zg by Learning by applying knowledge or skill to a specific problem [23,24]
Learning by Learning by diagnosing other learners' learning or thinking [6,18]
Diagnosing processes ’
Learning by Learning by demonstrating knowledge or skill to other learners 7]
Guiding and guiding the learners
Learning by Learning by rethinking and observing the learner's self-thinking

: [33,34]

Reflection process.
L‘?am"Tg oy Learning by discussion with other learners [10,27,30]
Discussion
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Formalizing CL

Knowledge Organization: Role for learners

Role Condition Predictable benefit (I-goal) Sources
Development of cognitive and/or
Apprentice nothing metacognitive skill (cognitive stage & [6]
associative stage)
knowing how to use cognitive skill
having experience in using the cognitive skill .
Master having how to use meta- cognitive skill Developm_e_nt of cognitive ana/or [6]
. . . . metacognitive skill (autonomous stage)
having experience in using the metacognitive
skill
knowing how to use cognitive skill
. knowing how to use metacognitive skill Development of cognitive skill (associative
Perlphe ral not having experience in using the cognitive stage) 21
participant skill Development of metacognitive skill [21]
not having experience in using the (associative stage)
metacognitive skill
having the knowledge
having experience in using the knowledge Acquisition of content specific knowledge
having related knowledge in the domain (restructuring)
Full knowing how to use cognitive skill Development of cognitive skill (autonomous | [21, 25,
participant having experience in using the cognitive skill stage) 28]
having how to use meta- cognitive skill Development of metacognitive skill
having experience in using the metacognitive (autonomous stage)
skill
Peer tutee not having the knowledge g‘é‘glrjg;gno)n of Content Specific Knowledge [7]
having the target knowledge I -
Peer tutor not having experience in using the knowledge '(At‘l(jgiur:;;tlon of Content Specific Knowledge [7]
misunderstanding the knowledge
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An Theory-based Ontology for CL
< .

Necessary Condition

Knowledge/cognitive state
N Desired Condition
C CL Scenario Knowledge/cognitive state
L earning Strategy How to collaborate
Y<-I-goa|l ) Behavioral Role
I-role e
Role Holder Leang.[..-'>
You-role e
Role Holder ||| Learner >
| |-goal (1)
- I-goal >
CL process
o @ || W(A)-goal
Common

oal
f W(L)-goal >

How to interact
Interaction Pattern >

Necessary Interaction Activity
Influential I_L event

Complementary Interaction Activity
Influential I_L event




Example of Ontology representation

Anlmal Human

‘ IS-a
B t
Huma g asic °°"°D Teacher

instance-of | insta
Seij Seij

Basic concept

It is incorrect to have the is-a relation between “Human” and
“Teacher” given that teacher is a role played by a human in a
context (where is the context???). .



