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Fig.1 Learning Goals in Collaborative Learning
Group
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1 1H #9
Table 1 I-goals
I-goal Definition Sources
Acquisiti f Content-Specific K led . .
cauist Iiocllr;"or?n Shl-opecilic Anow ecee To add new knowledge concerning the target domain to [2], [4]~]6],[8],
‘et . . .
Tunin existing schemata, to understand it, and then to (re) con- [12],[16],[17],
8 . struct knowledge structure. [25], [27]
Restructuring : :
Devell t of Cognitive Skill
evelopmen ,0, ognitive = To get knowledge concerning cognitive skills such as di- .
Cognitive stage . - . (3],[4],[15],
— agnosing and monitoring, to practice them, and then to L :
Associative stage [29]
refine them.
Autonomous stage
Development of Metacognitive Skill To get knowledge concerning metacognitive skills for ob-
Cognitive stage serving self-thinking process, diagnosing it and regulat- 19],[14], [26],
Associative stage ing or controlling of self-activity, to practice them, and [30]
Autonomous stage then to refine them.
Devell f Skill for Self-Expressi
eve opmentmo" 1 O mer Pxpression To get knowledge concerning the skills for externalizing
Cognitive stage .. .
— self-thinking process and presenting the learner’s self- [5]
Associative stage N . :
perspectives, to practice them, and then to refine them.
Autonomous stage
&2 Y<I B®
Table 2 Y<=I-goals
Y <«I-goal Definition Sources
Learning by Observation Learning indirectly by observing other learners’ learning processes 2]

Learning by Self-Expression
presentation.

Learning by externalizing self-thinking process, such as self-explanation and | [5]

Learning by Teaching

Learning by teaching something he/she already knows to other learners

[51, [17]

Learning by being Taught

Learning directly by being taught by other learners

[17]

Learning by Apprenticeship

Learning by observing other learners’ behavior and then imitating it. [7]

Learning by Practice

Learning by applying knowledge or skill to a specific problem

[22], [23]

Learning by Diagnosing

Learning by diagnosing other learners’ learning or thinking processes

[6],[18]

Learning by Guiding

Learning by demonstrating knowledge or skill to other learners and guiding the | [7]

learners
Learning by Reflection Learning by rethinking and observing the learner’s self-thinking process. [31],[32]
Learning by Discussion Learning by discussion with other learners [10],[26],
[29]

BE La, L, Lc IT&>THBEEINDFZE T IL—T
ICHE T AGREEENERT. G:I(La) &, La D
I-goal TH 5. E#kIZ, Lg, Lc H &R D I-goal ##
D (G:I(Lg), G:I(L¢)) . La, Lg IZEBT 5L,
G:Y(Lp) < I(La) 1T La DRI Lp EDHEEE
HOBWMERY. —A, G:Y(La) « I(Lp) IEH#IZ
Lg WoRf-Ls EOMEERBIZETRYT. G:I(La)
EG:Y(Lg) <« I(La) IF, Wt Ly OEANRL
FEBNTHS. G: W({La,Lp}) I&, La RU Lp
OlEFICAZFLEAN S R-BRAFEEN (JIL—T
DEEER) THD. MM, FFFEOEANE
MOEZELGAEZIRA THRLELE-LOATEMEN
Y, ZRERICHAET S. G: W({La,Ls,Le})
X, COFEBTIL—TLAEDHEMBENTHS.
WFELE SN 22BEE, HEMGENZER
TEHOOMEEREZRL T, BANGZEBNEE

BT B ELHfFEND.
J. DO00OO0OODOOODO

RAIETHART 3 DOMAICLI=M > T, FEERIC
EOZHAFEENERTET 5.

3.1 I-goal

£ 112, I-goal 779 . FEEE, BRFEBICHENT
TN BRI H T DMBEEFTHETTES,
REHREI, AFRBHMBRATIVGEEDFKELHFE
3. EEMBOERICE, BE~NDELSIFERNMTM
(Accretion), BiG L 1B OBMAOBRERE - }RUE
IE (Tuning), 5HHEE (B) #BE (Restructuring) ®
3ODEMENFEET S ([28. Ffz, AFILOFEZEIZEL
TIE, BET DIFRDEEADF (Cognitive stage),
EBREZBEL-RY DBECHENLOYHDERS (As-
sociative stage), AF¥ILDBELREIL (Autonomous
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®3 WH #
Table 3 W-goals

Type W-goal Definition Siources
Setting up the situation for Peer Tu- | Setting up the situation where a learner teaches something | [8],[12]
toring [ETI to another learner.

M-PR Setting up the situation for Anchored | Setting up the situation where a learner diagnoses another | [6]
Instruction [AT learner’s problem and then solve it (Problem-based Learn-

ing)
Setting up the situation for learning | Setting up the situation to learn knowledge or skill as an | [7]
by Cognitive Apprenticeship apprentice
Setting up the situation for sharing | Setting up the situation to share cognitive or meta-cognitive | [34],[35]

M-SR (Meta-) Cognitive function between | function between learners based on Sociocultural Theory
learners ECI
Setting up the situation for sharing | Setting up the situation to evoke a learner’s reflective think- | [16],[31],
Multiple Perspectives ing based on Cognitive Flexibility theory. [32]
Setting up the situation based on | Setting up the situation where full participants, whom knowl- | [26], [29]

PR=SR Distributed Cognition edge bases are different each other, discuss problems
etting up the situation based on Cog- | Setting up the situation where full participants discuss prob- | [25]
nitive Constructivism lems
Setting up the community for Legit- | Setting up the the community of practice for peripheral par- | [22],[23]
oW imate Peripheral Participation [PPI | ticipant
Setting up the situation for Observa- | etting up the situation to share other learners’ learning pro- | [2]
tional Learning cesses
Note: Xwmeans an abbreviation for the W-goall.

e.g., The W-goal ”Setting up the situation for Peer Tutoring” is abbreviated as "PT”.

stage) D 3 RISV FEET S [1,[13.

3.2 Y<«I-goal

% 2 1%, Yelgoal 279, BIRIE, “Acquisition
of Content-specific Knowledge (Accretion)” &LV5
I-goal R D=2, “Learning by being Taught” &
LD Y<Tgoal ZERITLEEMICHL VMEZEST
B LLAHETHD. £, FYBNZ2EEOHYKR—
FERITENCEEREREITS 2 &I2KY, “Learning
by Apprenticeship” £LN5 Y<I-goal #FfTTH &
IC&>THHFK goal ZERTH LN TES.

3.3 W-goal

% 3 [X W-goal #;"Y. W-goal (&, BRLERDER
[2&Y, M-PR &, M-SR &, PR=SR &, CW & 4
BIZHEINDS (CRITOVWTIERETHRRDS) . &
W-goal (FZEEHICKIEL =F IL—THERERT.

4. 000000000

AKETIE, W-goal DFERKIZDOWLNTiiRS. ZZTIE
2ETITRTREZEZRANS. £FELE W-concept
&, 2B EL TR P-concept DA VARV AT
HEHWEER o 28D, p/o I& part-of BFETHIEN
TWBZ EERYT. alk, W-concept DHTH H%E!
(Role-name) & R1=9. W-concept DERIZFALH
BDIE, COBED W-concept EEEL TWDHI LZETR
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L, P-concept DRBIZFEALEH B DI, P-concept H
HTEESN TS (MOERESHBLTS) &
XY

2 12 W-goal DERBDO—FERT. W-goal (&
UTIZRY 4 DDERRIZE>TRESINS.

PrincipalRole (00, PR)O &% W-goal [CEDL)
TERINIHBRAEBE T L—TIZE T 5P 00EEL
CORBNER-TEEE (T2) &, BAFB I IL—TIC
BVLWTHLHGEBENMNRER S LN/ S,

SecondaryRole (00, SR)O &% W-goal IZE DL
THREENSHAFLE T IL—TITBEWT PRERET
FEE (7z) B I-goal G : I(7z) ZERT 5= 4
HEERT HHEFRIORE.

SR < PR—goall WG HHAFEIL—TIH
WTHIDHGHEEEROBER (Y<I-goal) . PRZR
=9%EBE (72) N SRER-TFEEE (7y) LHEEE
AT 5EM. 72 D I-goal G: I(?z) EERT 51D
HEEREN.

PR« SR—goall SR%RI-9v%¥BE WA PR%

RI-9%8E 72 LHEERTSEM (Y<lgoal) .
FEBICBEWTIE, HEERAT S AVNADBEWNIf[AL
MOFEMRE/DLICEMNEFEINS. ThHbb, 7y b
7z EFICT BWI G: I(?y) %% D. PR < SR— goal
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Fig.2 Conceptual Structure of a W-goal in Learning Goal Ontology
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3 M-PR # W-goal #fl : PT
Fig.3 An Example of M-PR type W-goal: PT

X G:1(7y) ERDT=HD Y<I-goal.
Y<I-goal I, LT 3 ZEREHD.

10 H2FEMREHRD1-0OIT Y<lgoal %1795
®E. HEERDER.

YO ®REIERIEEE 70 CHEERTSEFA
DRE.

G:I(D BEIER-THEE 20 KNEKTS L
goal.

(
o PR
D
SR
o — D
PR<=SR
/of
| G D
:[Cognitive Skill (Autonomous])
Apprentice
IETE -Imilalor )
SR<=PR-goal

| Metacognitive Skill (Cognitive&Assoch)

4 M-SR & W-goal #mHfl : CA
Fig.4 An Example of M-SR type W-goal: CA

PR(=SR) 7x=7%a

| :|Full Participant [)

Content-Specific Knowledge (Restructuring)
(Meta)cognitive Skill (Autonomous)

5 PR=SR % W-goal #m#l:CC
Fig.5 An Example of PR=SR type W-goal: CC
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6 CW-goal #rfil : LPP
Fig.6 An Example of CW-goal: LPP

X

I-goal &, HAHFEEDWEIKE L T —)LIKREIZL -
TREIND.

W-goal D#ER/I2—2I1, PR3 L <1 SR MEH
BELBZIHNAEMNL->T 3EICHEEND. M-PR
B M-SR E PR=SRETHS. ZEHR/NNF2—2ITx
59 % W-goal &% 3 [, BRBIZIEIZR 3~5 [T
T K, ZERTHIEN-EERE, £i8FT52 L%
RL, * [ FZDOERINERFEEAMREL C LERT.

M-PR OO PRMEHFEELED W-goal. FHIREME
ROPLNESRTHY, PRIIZTNEXET S LIS
EOTHEEMRERDI V0, SRIEMEARAT D L
BRDFDRBEELELS. LI=H>T, SRIFEHTHS.

M-SR OO SR MEHFZETHET PR ABEHED W-
goal. BIREMRDFILE PRTHY, ThEliEd S
DR SRTHAS.

PR=SR OO0 PRMEHEFEL SRHBFELLGNE
ED W-goal. EXFHEINRAFDULBTHAZEICS
MF2ONZDNRNE—2ThHY, SMTE2L2TOEE
EN PR & SROBMEOREZES>TWVSHLERB L
HTES.

T8, PR, SR LLICHHDIGEEIFR 2 (TRL T
W-goal D —MEHIC—EL, £2TD W-goal 125101
THEHAWHETHD.

Ffz, W-goal(W;) [CEDWTHERIAEzIIL—T

CE3) : FBEOFHOT—ILIE, BEZMRRTHLTHDH. TDBE
ERTEIRMICETNREBD. HIXE, “hBORBEEME Jeng
BEFBHOIT—/)L (HEHRR) ThY, ZTOBRERICEVLTHREDRY 45
MLTCTFNMREEZBLEVSFEHETSFEERNE, BIRMIC «BM
MRAFILDOFE LWSEENREES.
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BAD, W-goal(W;) DHEHEBERELLLH5ELNH 5.
CDANTFIRD W-goal(W;) & “Composite W-goal
(CW-goal)” EMES. CW-goal DHERHIZE 6 IZ7R
¥. PRIIEHFEARETHY, SR (LMD W-goal
EFTTHIIN—TTHS. Bkd W-goal (M-PR,
M-SR, PR=SR &) tDHERKLOEEE, SRMOR
= PR L DHEEEABH (PR<SR-goal) BNEEL K
WHRTHS. SRIE, £4LFH CW-goal(W;) &ILRID
W-goal(W;) £ ZER T 2 HBFEEI/IL—TTHD. T
CIZPRASMTHEVSIHEET ELH, SRHD
PR~DOHEMERAIZCK>T SRHIBIZEURECC
TIIPFINBWI LZEHKT 5.

LROEEERVTE W-goal #oikF 52 &I &
Y, I-goal, Y<I-goal, W-goal DWZWFThhEZRET 5
LT, TNEERTEEHOD0TIL—TICRELER
ZREIET D EAAHREICHS.

5. 0D0O00DOO0O0ODOOOO0ODOODOO
gooo

HAFEBREICE T, 2EAEICIL, 5k, 28, B
ERESFEITFLTANLHEINSE. TAHADEHRT
HHFEEIC, hOFEE L OBERICSOVTORERL
ftmah, HE3HAEZIN—TOhTORENEL
5. R4, BAFTBICEVLWTHEINLGEEED
TAELETIL—ThTORIEZEEYTS. R T4
Presentation 1%, “B 20O RE O BEAREEKIZDOL
THFEICFHE (OME) $5” EWVS5TAZEYT. COfT
Bl(X, W-goal AI, CF, SC IZEBn 5. BL “5RER” &
WSTATH BN, HBAOKNREE, ST 55 1L—TD
W-goal [Zk>TE%4 5. W-goal AT TIE, FREIZEAL
TEEEBFOEEY HBEDHBANTHN, W-goal
CF TlF, REITx 7 2 fFREEE©, BEDOER DA
NIbhhd. Ffz, W-goal SC TlE, B DRHBIE
PHMBIEOIMENTHONS. CONBOEED, fthE
E DXL BERERAMTMEN, BRLDITAERIC
IFELGDRENEZOND. BCOEEYT SEEER
HT 2FEEDREIGIIT “Problem Holder” THY,
W-goal AIICEWVWTHFALEE LRI HEET R
T5. EROXEEETOER - RADHEEZRHET
515 TéH D W-goal CF [THWT, FEMRICET S
HEOHERVLERZIRTT 2FTEIL “Panelist” &
FER. E51T, (A4R) BHMPEEEE 21T 5 W-goal
SCIZBVWTEHEORMBEL ML T HFEE I MLE
M EKIRT % “Client” EFEA.
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Table 4 Types of Learners Behavior and Roles in Collaborative Learning Settings

Behavior Definition Role in [W-goall Sources
Observation To observe other learners’ behavior Observer [1]
Tutoring To explain something he/she already knows to Peer Tutor [FTI [4],[15]

other learners

Passive Learning

To listen something new from other learners

Peer Tutee [PT) [15]

Presentation
or strategy for problem solving

To explain the learner’s thinking process, opinion,

Problem Holder AT

4],[15],[2
Panelist Client ECI [4], 151, [29], [30]

Anchored Instructor A1l

Advising To diagnose problems and give some advice to Diagnoser EC] [5],[16],[32],[33]
other learners

Reviewing To compare and review other Jearners’ opinions Audience [CF] [27],]29], [30]
and self-thinking process

Imitating To imitate other learners’ behavior Apprentice [6]

Guiding To demonstrate something to other learners and Master [CAI [6]
guide the other’s behavior

Problem solving | To solve problems collaboratively Peripheral Participant [LET] [20], [21]

Full Participant

6. DO0OO0ODOOODOOOODOODODOO
oooboobgo

AETI, SIRORZFEMA Y bOS—FAVH
2B IN—THEBOBEERRS. JIL—THEEOF
IBIZEETHY, CCTHRREBFIEEILTLLEET
L. ST, ShETRRLEBSAROERME
ZHIEET 5EMT, “hLFEEDFEENEERT S
FODTIN—TEERT B LS BEMLFIEZEZRT.

BlELT, FBE Ly DEHECHAERFILOERZ R
MELEBEORRAREIIL—T&#£25. BCHAR
AENLIE, BETFOBCOEKEE=42L, FFEL, &
DITHERAEL TO ALBIMRATILTHS. 25
H Ly &, BCRBAFIVICET ZERIIEICETH
Y, EBFEL THZRAFILEFATRAIREICRE
LTWK S ENEFNLIERELRET 5.

Stepl: 000 La0O Igoal G: I(La) OO0
BIHEDIRELY G : I(La)=“Development of Meta-

cognitive Skill (Associative stage)”

Step2: G:I1(L,)00000 W-goal 00D
4 ETHARF= W-goal DERZSEL, BRERT
IZ G : I(PR/SR)= “Development of Metacognitive
Skill (Associative stage)” & 8L W-goal 1KY
5. COBAEICIE, G : I(PR) ' “Development of
Metacognitive Skill (Associative stage)” T#H D SC,
LPPHEHEIND. £z, G : I(PR)= “Development
of Meta-cognitive Skill (Cognitive & Associative
stage)” THBH CA BLIEHEL TEHENS.

Site—p3:l 00000 W-goadl DOOOOOOODOO
Step3-1: Sharing Cognitive/ Metacognitive Func-
tion

SC DY IW—T &, Client(PR) & Diagnoser(SR) Tt
BEnbd. COVL—THEHHZER7IRY. 2EE
L I& Client IZE|Y H¥THNB. Client DITAIL Pre-
sentation TH Y, Diagnoser DITHIX Advising TH
%. MEERIE, Client BB CDRAFEE Diagnoser
2%t L THME L, Diagnoser NZNEZEIL, BIE%
5Z2%. Clhent [FZITHRo-ME% L &I2, BEDAT
AEHIET S i, “RFILIE, DHEABTER
SN, BIZEARIZHIEEN S &3 B Sociocultural
theory [CEDKZBRETHS. T4bs, BEHE
A¥I%E, (a) BECOBREZBEOHE, (b) B8, (c) R
DITHOHEE LD 3DDFEHICHEIL, TDO—H T
&% (b) &1th& (Diagnoser) [THBEEH &ITE
THCHEAXILOERRZHY, EORLEZHFT S
ZFERETHD.

Step3-2: LPP

LPP & CW-goal TH 5. 745, SR [Lthd W-
goal (CC#HBWIE DC) I=&S T IL—TTh%. PR
I& Peripheral Participant T&H 3. ¥ IL—TERMBI %
8 IZ5RY. La I& Peripheral Participant IZE|Y &
TN 5. Peripheral Participant D1T&IL Problem
Solving THY, SR DY )IL—TF A2\ (Full Partici-
pant) D15 +E Problem Solving THB. WMELITA
ELTIEELTHY, LLICRBERRT HIHNET
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G:Y (L4 )<=I(Lp) = Learning by Diagnosing Client (Presenter)

;vG:I(LA)

= Development of
Metacognitive Skill (Assoc.)

= Development of

Cognitive Skill (Assoc.)
) ) G:W({La,LB})=SC
G:Y(LB)<=I(L 4) = Learning by Reflection

7 W-goal SC O L—F
Fig.7 An Example of Group Formation for W-goal SC

G:Y(Lp)<=I(Lc)
G:Y(Lc)<=I(Lb)
= Learning by Discussion

G:W({La, L¢c, Lp}) =LPP

Full Participant (Problem Solving)
G:I(Lp)
G:I(Lo)
= Development of (Meta-)
Cognitive Skill (Autonomous)
& Content-Specific Knowledge
(Restructuring)

Peripheral Participant (Problem S()lvi/?_g )bt
G:I(LA) P
= Development of
Metacognitive Skill (Assoc.)

k4

G:Y({Lc, Lp})<=I(L 4 = Learning by Practice G:W({Lg Lp})=DC or CC

8 CW-goal LPP D% )L—
Fig.8 An Example of Group Formation for CW-goal LPP

G:Y(La)<=I(LEg) = Learning by Gyiding Apprentice (Imitating)
7GI0) f
- = Development of Metacognitive
%%ﬁ% -------------------- ) v Ly Skill (Cognitive & Assoc.)
= Development of
Cognitive Skill (Autonomous) \G:W({LA ,Le}) =CA

G:Y(Le)<=I(La) = Learning by Apprenticeship

9 W-goal CA OF IL—THHEAI
Fig.9 An Example of Group Formation for W-goal CA
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G:Y(La)<=I(L p = Learning by Diagnosing
G:Y(LB)<=I(La) = Learning by Reflection

Diagnoser (Advising i
G:I(Lp) = Development!

Client (Presentation)
Y GI(La) = Development of Meta-
Cognitive Skill (Assoc.)

A
>

———G:W({La, Ls}) = SC

G:Y({L4, Lp})<=I(Lr)

of Cognitive Skill \
(Assoc.)

AL
GI(Lr), GI(Lc)

7 GY({La, Lg})<=I(Lc)
= Learning by Observation

" G:W({{La, Lg}, LEL d)=OL

= Development of Metacognitive Skill (Cognitive)

10 CW-goal OL D% L—F &kl
Fig.10 An Example of Group Formation for CW-goal OL

H5d. B BRIE, Full Participant BNEE& XX ILIC
BIL TBRICE B L Autonomous stage TH 5 DIt
L, Peripheral Participant I& Associative stage T#&H
BB THS. Peripheral Participant &, &Y EN =2
BELDIN—FIZBMLTELIZEBERRT HT
OtX%EL T, BOHEBIAFILEEEL, AL TWL
T ELEIFSNS.

Step3-3: Cognitive Apprenticeship

CA DT IW—T1&, Apprentice(PR) & Master(SR) T
BHREND. EBAEHIZER 9IZRT. La & Apprentice
ICEIYHTEND. Apprentice DIT AL Imitating
THY, Master DT 5L Guiding TH 5. Master
%, BECABRXTILOERBIEZE Apprentice 1250
BAL, Apprentice X Master DH A4 K ZZ TN 5
ERICHZAFILEERTH. FEH La D IL-goal
& “Deve-lopment of Metacognitive Skill (Associa-
tive stage)” TH Y, Apprentice D I-goal (& “Devel-
opment of Metacognitive Skill (Cognitive & Asso-
ciative stage)” THB1=8, Ly IZE>TIFRRLFE
BRETHDEVRD.

Stepd: 0000000
Metacognitive skill DERE, BEEADRNELE G
BTHdH, TOERABEEZMENCBHESTSH &
ITRETHS. LHLELNL, EROZETIL—TD5
5 W-goal SC DIHFEICIFEHDFEERMTZ OHEE
51 Y 5718, AFILOBERBESIMESH, SIS
BIZAREICAD. ik, CW-goal OL DERAAIREM
ERETSH. Thbhb, ZERARNEEEMOBER

ETHEERATHNE, thOoZTEEHIERETL CHEN
[CHNEBEBDC ENTREL D, LA > T, Steps-1
THEL 2T IIL—7I2I1F, CW-goal OL &y
5ENTED. O L—THEBHIZER 10 IZRT.
Observer(PR) 1%, SCIZEDWCTHENIIL—T
(SR) BRI H&ITL Y, HERAEBXXILOEHIBE
BEEENICZEETLIENTES.

7. 0 OO0

ABTHE, BRAZBEOFDEERIAT H2EERIC
BOTHERITEESINIBRAFEREZ, 2EMRL
SMEOREND, HEERAEWSERERIZK->TH
FEICLfz. ShickY, RZEERTINIRLT 22T
TIL—THERCHEEEROEENREEIZE 1=, -,
BRAFTEMA Y FOC—FAVT, 2EEMITELC
T, PEERICRIESNEEZEZINL-TEEBRT S
EAEBEICAE o Tz,

B ENEEBTIL—TIBVTHRAEBTLTOIE
2L, 2EREELDRBICOVTEERT HIHEN
L% Ff, 6 BEITBITRBITRLEELDIC, H5%F
EEMEROLOHICEMNLE T IIL—T ORI, BHE
#3558 H5. ThoDS56KRLBENESIL—T
EERT 0121, FEIIL—TI2EVTEEE%E
RITT2EEDOEHEEHASMILTOKRBELH S.
Ffz, BTV NL—TEMHIL (M) TEAL, HE
AHEGEELHD. THbL, —ADEEENEHD
FI—TIz8mL, BHOKRBNEES ZLICKDHEE
DRAYEINDS. —AT, THILBAEFICL 2T
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DEFEVSBERELHFFERD. LizA>T, £&E
BRITHRICTbADIIa=r—>avEREL, R
[CETAIRELRAPCEEEOERNNEREZHET S8
HEBET DI EMNSROFRELL THIFoND.
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