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Collaboration among Agents
in a Virtual Collaborative Learning Environment

ToSHINOBU KasAlt and TOSHIO OKAMOTO!

Among the learning effects which are expected by collaborative learning, in this study
we concentrate on problem-solving knowledge fixing via ‘Learning by Teaching’ and problem-
solving knowledge acquisition via ‘Learning by Observing’. We propose a virtual collaborative
learning environment called CASLE (Companion AgentS Learning Environment), embedding
Companion Agents which have each of these learning effects as Teaching Strategies. These
Companion Agents’ behavior is based on a ‘Student Model’, which represents the understand-
ing states of a Real Student, and ‘Learning Rules’, which represent what level of knowledge
a real student acquires by experiencing situations in the collaborative learning environment,
according to each Teaching Strategy. A Facilitator Agent manages these Models and controls
the Companion Agents’ behavior. Moreover, it identifies faults of the learning rules used by
the real student from the Learning Rules, and it points them out to him. In order to realize
such a learning environment, in this study, we model each agent and the collaboration between
agents. In this paper, we describe these models in detail.

Supported Collaborative Learning) 7 WV —7 %%

B, BRBEEMOERICL Y EEORESLHE
DERIL TETVSE. 512, RANFORRIC
YKo TEFNRGTTALDBEELTCETWAE, FRICE
b% o T, HWFETRY AT AOMRICORELE
EBEROND L )T oz, HROMBEE TR X
7 AORFFE, B % MR AR OE TR ER AR
EOL VAT ADOMERHLTHo /. LL, “FF
CIHBERHER L OMEERICL o TEL, £
RIS TH S L) HED S CSCL (Computer

T BREEKFRFEREERY AT L2705
Graduate School of Information Systems, The Univer-
sity of Electro-Communications

3934

D L) BRBEREOFEFZC L ABAEERENHEDE
EEDHERE SN TV 53:9,6),9,13)

20 LS RBRFFRE TR, WL 5 RHEER
DEFHELT 22005 A 7OREMBENIPEFT A
. 1 DR MEZEEZRISLCHEHBETAZLIZLE ST
REINZYVIL 2L a I EDHBOETETH 5.
2 OHRMHFEBESHERRLHBEL L TWH0%
BETLIZ LIS DHARBOBETHL. INHLDEE
FHEIZZFNZFN Learnig by Teaching, Learning by
Observing & BHEN, Th oI BFEFORELH-
12BRFENS & AAAT DI T 58 1D~13),

ARFZEE, BREZIOHT AHNXEL LT, ¥F
EHEOMEERICHL TEEFZEOEFRRME



Vol. 40 No. 11

AT B REE DR L KB T ) BRROEHZ E
BMELTWA, A, SRETHBRAFEERIELL
T, IVFL—=V 2V bV AT AORAAM L BT
NoFrr—Yxr bE3EEEYE (CALE: Companion
Agent Learning Environment) % B#L T & 710,
Z® CALE T, Agent D 12& L Tarv¥a—4 -
AU F Y LI A EHER AR AR LT,
ANEZEZCBER Y7L v ary b voiThi @
LC, MREMRAECEL L DiRVWEROFEIF
FEBDD x50, N\B¥EEOMEZRET
WEBETAZLICEoTC, BFFERECIBVWTY
E ShaEOEBRECRMBREE=F ) VT
T B AME DR L OSEEEEE ERL Twa. L
L, CALEICBIF A3 ¥a—F - arn=F i
THFE 7 SIS MME 2 o TV B DI Tid %z £, Learnig
by Teaching & Learning by Observing |2 & % %%
RO\ ED-OICHNEZEZIToTdWviwn, £
Z TAMFF T, Learnig by Teaching & Learning
by Observing ® FNZFNIZ & 2FF#HFE0m L H
# &4 % Companion Agent % HlA&AA 2RI
FFEBIE CASLE (Companion AgentS Learning
Environment) OEBRZ HIET. XTI, 20k
% B# %D CASLE 2 EHT 57200 KL -V v

FOWREE -V 2y TR AT IR L -V a
YOETFMUICER TR R 5.

ARFZED & )12, FEET 5 HIREREL RET
LT ERERELZEROL -V 2 FETOI IR
V= a v 2EFVEL RV OPFET 5.
Takaoka 1%, 702773 /¥ BEREL MK
BY D20 LER VWL DHD Y AT A (Technical
Assistant, Programming Generator, Programming
Recognizer, Pedagogical Scheduler, Adviser) % -
—VxyPELTRZATVS, 2L T, ThHDI—
Vv PERENOBRED O OFIRERE 2 R/ T
I-YxV bMETAT VL2 g 3BT LEITLD
THROHL - HIRERE T ET SRR IREL T 2.
72RL, ZOMRIENEERELEEL TWA7120,
BHALTIC X 2FFHRICHEL TdhoTviv, &
7E S L, EHEFEToTVEERERDOEE
EREHLCVAL-Y 2y (BIZYATFLLEIFA
TWV3) BTATYI—YareifoT, HEFEFHIC
B RRE R FR TN —TEBRT A RA R
KLTWB, LaL, FV—72BRL-REIZEEE
CHBLZHRETOE S EZEERL, FEEHO
IRV =Y a Il TREEN L B ITbR W

SHCH L TARFETIE, EUFEEEL -V oY b

RAENRASBRBIBI AL -V MRV -V a v 3935

EFBETAZ LI Lo TEFBERDI IR L -V ay
CHELCHOBEBMICREZITI L 2EBL TV
UTFT, KRB AL -V vy OBt =~V o
YIMRETHPRBATEL— a vy OEFNVIELOBRE
IZDoWTHRR5,

HFAFBREICB VT Learnig by Teaching &
Learning by Observing (CEH L, HIMEX®L 1T
I DX REOEFIREEL L TRD 2 DO EHRS
VEICR S, 1201F, FEHEF D 5 HEFRRmH#CHE
LTEDVARVETHBLTWELTHS. Thid,
EREICH L ERRAR T BRI L0h, EES
&5 0P EORBRINE T EORERERL TH5
PIMET A0 THA., 2208i1F, FHEICHHH
SEMLAERICE L TH AL ANV FTHBE I H72012,
WRFFRBIZBOTED & ) RIRIEZ BRI ET
I Ths. —BIL MBLZBHET S LvoTd
A RRSEZ bR, FHECED L) 2B
Bir s enid vz, 20FTEFHRAEER
BIBwTEn L) 2Ry BEBETWE, CORERH
PR Y BT A S ST E AP IR T A, L
L, T FEHA BENFROEFHICL > TR
HBlzOVATLLHLPLDOEAAN LI LIEITE
B, o, HADFEFEIISL TEHNIC FEHR
B 23183 2 eSS U BT R 5.

AR TIE, TS DFERE KRBT 5720 1 MR
O 2HAT 5. 3T, FELORMIRELRH
T A0V Oh OSSR ERL, FEET
FVELTWLDOPDLRVTERET A, /2, #
BEOFEEFRAZ RBET 5 -0 BB HOEEREH
b, BELHFEETHOBRRHRNZ BAMICEEL
T HEAZRET S, 20 L) EEEOEFIR
RE% RIL 727 V% 224 Companion Agent |2 %
NENOFIFEBEIIC . - THRERESIES. &5
2, INLOEFNEEET S Facilitator Agent 12
2, FEEOHRZARBICBT 2BHAMAF LV (B
BEBES Y7L Z Y a v ie)) OBED L BIg®R
BEF-Eh, AHIZETHE, ThoDor—T oy M
ZBIFAATEL —L a il ko TEBEOFFINE
IBL 7B Rt T A AT RET 5.

2. CASLE O#E

ABFFETIRET 5 CASLE OBEARAEE 1 ISR
CASLE Tid, A\FZBEL FEZELHET L2200
Companion Agent LT 5. 2 5H D Companion
Agent ¥, SO AMEETEEL L TEREY, #X,
FLTHZ LN B2 DEETEI% 7R Y. Companion



3936 TEHLEE 2 S5 GRS

-
ATEY I
-

4 Faci‘l_itabor Agent
H 'ﬂ' A Y
R R 5 == '
4
< = TEHE
Advanced Agent
1 CASLE Ofe
Fig.1 An outline of CASLE.
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Fig.2 Explicit knowledge and potential knowledge.
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Table 2 Values of learning effects.

ObK ObS ObT AcTT AcP  AcS
ExS 0 0 0 0 1 0
ExP 0 1 1 0 0 2
ExT 0 1 1 0 2 2
R_ExS 0 0 0 0 0 1
R_EzP 0 1 1 0 1 2
R_ExT 0 1 1 1 2 2
N_ExT 2 2 2 1 0 0
N_EzP 0 2 2 2 1 0
N_.ExS 0 1 2 2 2 1
Nolnf 0 0 0 1 1 1

DI L T AgentA VHEE-LFHHEZ L7270
12, AgentAl X FA X ZOFHEPEL VOL % HH
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#®3 TEHEFEE (Novice Agent)
Table 3 Consistence values of the NA’s actions.

(Not)AcTT (Not)AcP  (Not)AcS
Ez8 (-2) 0 —1j0 -1y 0
EzP (-1)0 (-1)0 (0) -1
ExT (-1) 0 (0) —1 (0) -1
PoT (0) 0 (0) ~1 (0) —2
PoS (0) -1 (0) —1 (0) -2
PoK (0) -1 0) -2 0) -2
NoInf | (0) -1 (0) —2 (0) ~2

F4 FTEHEFEE (Advanced Agent)
Table 4 Consistence values of the AA’s actions.

(Not)AcT  (Not)AcP  (Not)AcS
EzS —2)0 (—2)0 (=20
ExP (-2) 0 (-2) 0 (-1) 0
EaT (=2) 0 (-1) 0 (-1) 0
PoT (-2) 0 (-1) 0 (-1) 0
PoS (-=2) 0 (1) 0 (-1)0
PoK (1) 0 (-1) 0 (0) -1
Nolnf (-1 o0 (-1)0 (0) -1
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WiR (b L T ADMMIREE) & Iy o7 ) T8
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RWEEDEFEETH 5.
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FREEFKEVIEEZERL TS, I, TORK
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ik FWCEER 2178 (ANEFEEVRRHT 50
TEIRET 5 & EOITE)) OEFERIE, Not DEDF
S (PBELTUHET) &35, COTBETFEES
FAWAZ L2 Lo T, Novice Agent iZ AFZEEZITH
BHEEs &) ufT8E#RT 52 8122, Advanced
Agent iZ N\IEFEICBIE Y 5 L) #1781 % BIRY
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load =
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RERWTED L) TEZRET 55DV TilR
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(1) 41 HTHWL 72 AgentA OWFHFET N
EHCTTRETHOREES ACT =
{Ac1, Acs, ..., Acu} &, ZOITENCZ LB A
RMEBEVRET L RADOES COND =
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EOFEEE ENETN LSp., Valgs(Ex €
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N
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HRIKEEL BIRL, A, 1& AgentA DI O;
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Facilitator Agent D78, BFAFEZEOMEBIE
ERBHBIAE N DREDIRTHD 2 2I23F b s, &K
BT, O 2BECTEHREIIOVTHRN, Z0%K
{2 Facilitator Agent |2 £ % Companion Agent D47
B oV TS,
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o BIBMFHTELW
T L)% 200RMICBNTHEEETIR
WERET .
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£& Companion Agent IZ13\Vio S WTEISE 7\,
Facilitator Agent D RAOSITEIT 5.
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Fig.4 The system’s interface.
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Fig.5 Results of the questionnaire.
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Fig.6 Relations between results of pre-test and actions
of Companion Agents.
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