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Towards the Integration of Physical and Virtual Worlds to Support communication

Fusako Kusunoki Tama Art University
Masanori Sugimoto University of Tokyo
Hiromichi Hashizume  National Center for Science Information System

In this paper, we describe a system that integrates physical worlds (physical cities) and virtual worlds (digital cities),
and its applications to supporting group learning. We have so far constructed several systems for supporting
collaborative learning. One of the aims of CSCL (Computer-Supported Collaborative Leaming) is to promote
mutual leaming through interactions and discussions among leamers.  Through such externalization, learners can
actively collaborate or conflict with each other through discussions. The proposed system integrates a board game
and a computer simulation, is used for studying urban planning and environmental problems. Each leamner
externalizes and represents his/her own ideas on a board game, which allows him/her to actively participate in a
learming situation and to share the representations with other learners. The computer simulation calculates and
visualizes the status of the city being constructed on the board game, in terms of air pollution, water pollution, etc..
Thirty fifth-grade pupils who had studied environmental problems in school participated in the experiments. The
experiments showed that our system is effective for enhancing interactions, activating discussions, and raises
learners' engagement.



1. ABFEDEHY

T, FBICOVTOEZHPEDY22H Y, AMITR L T—ATEED TR . EVICEDS 5
FETHD T LBEMEN TV D, ZOERICIT, BEOFREBEEC UL NEE OB BT BIRNA
HIFH Gituated learning)CIEMAIEI B NN(Legitimate Peripheral Participation) DFZEISEANT 725
T ERBITBILD{ Lavedll. 3720b, AR a=F 41281, BANLEINSHETFEE L
RBLH, PR TUIPLHRBEEFHES T EWIEBEIFTHS. LInAi-T, AT, 8%
A 22T A ~DOEEADBIN, BIOME & DA 8 T35 42 L AREEE L RPN EETH S
&L\%@:&ﬁ3751*§%ﬁ®t%%?¥§%@mmmm&mmmd&%MMMWImmm@
WCHTH DD E D PERIET 5. EARE T, F—2ME2RETL 2 208D, EEDR~DE
m%%gﬁuﬁ%ﬁﬁékk%u\%%E%®%ﬁ®%m(%wmdmmm)%@LT@%E@%/&
I vay, HmEmOEEEEXE TS EHEMELTVD

E7z HCI BFECHNVTE, avBa—F E AR E WD) ZalRRTOL 257 a - Tiind, A
W%ﬁ@@@%ﬁ@kl@% WIZRTDA U H T3 a NIDNTEZBFRBEANTIZ D Doh S,

DOEFIE, FRRCHERIABOEOFIZH A DO TIERL . BEICHEDATN TWADE LW T

—4 v X(affordance) DB 2 FFH3H Y. BARIZIE, HOR Y DATHIC 20 B2 —F % EDAK,
%@AI%K%LTEbﬂé%@%&&WKmDT\ﬁb@ﬁ@%<ﬁﬁ%ﬁﬁ%h%%ﬁé&w5:
EPMTON T D AT, R— P —Ls b av TSN BEER oL Ea—F I al—Y
a AL o TERENDFABHA L 2HATHLVATLAEZHEL, 205 C, ABEarta—&in
AE T arDHYFITONTORET 3.

2. ARRT LOWER,

VAT ARR= NS =Ll arEa—F U a b g U BB Eh TV FIBFILY — AR— R
ZEA, w2 HACEBET A EBESNa~vOBELBII o  Ea—F Y Ial—Yaindy
HEANCRRR SN, TOEINEREZRC I  Ea—F 2 Ial—1abifTbhs. v Ial—igy
RRILV T NG A LTTaY =y 2 EICRESh, FIAE2EICHRT 15 Kusunokios).

2.1 R —RKF—A

B FiE, BRROBEIC 2> THEY, PRI vE2E 2L ks (®1) . ZoRToR— I
BILUa=ik fﬁm%mkﬁﬁﬁﬁj_owfwiﬁ%i%?aia:Eiéﬂfméﬁﬁiao@
45 %%%ﬁkéhﬂ% EEITIE 3 B TRROBORRFIFOR S H, ETFHOCIHEONT
Z(Au&8@3owﬂ—@%bAw%)mﬁTéh ATESIC 2B 22T ;0T$E57
7varBFREND. ETHGO 32D/ S5—220 T, FNOOFRTEN, BEWVISEEL TV SIS
B, WHE LTOARS U RZEWVD, — D THMOKITTRE (FHNE) 85D EATUR
REIZELT 5, LW OEEIZTRT I ICRESHTNS.



B1. A—F
2. 2 WyEE R & (AR TR & OFEA IR
2 OFEITIE, RFIDRadio Frequency Identification)FfiiaMEbn T\ 5.4 2<Zi RFID O ¥
FHRWMY DT HR TS —F, A— FO&#EITIE. RFID 07 7 FBEORAENTWA. .77
PHIAT HERUENICY FREETAEE. 20X 70 IC TEEZAENTVWAT—F AR5 Z
EBTES.

CPU Astenna
-,

K275 r

K3. RFID

2.3 R— RO

Ez b-BRIOWTEET IS, FFEE IR — RS— L5 HlA, hWELHEEER LR ba<s
BB 5. A— RETOa~vZEEXELC, FEFIBEOOBEREIMET D Z LSFREL 125, F7z,
B— F L CIHOFEEZE OBERDOIMEBITONEOT, FFFEOERZIET 5L LTSS 5.
—%, R—FF—b OavOEBREC, aVEPa—F3Ialb—3 gl Thh, FOREITHR
SN TEEZBIRENS. FHUZLY, R— FFA—LET TR B %, ¥8E
O, METE S, R—FF—LEvIalb—va V- AZHANCHIATS 2 LickY, BRO
WA T FRRCEANE Y, FFEBFOBRROMLE FEERTOERLERE S HIRES
HBEZLWNTED., ZHE UV a—FRFERRA LV AT ATIISERCERVWIRELEXS. £
7r, VAT RS —AMERERL IR EICLY, FEEO engagement(GMER) 2EDD Z &N TE



% {Kafai95}.
3. FEBREFHE

3.1 #EB1

FEOIL, AR B FAEDBK 32 ABKRIC, KUAT LBV ERE( T2 FRIL, 1 71—
FEERT6 AL L, 17 A—TN7 Y 20 SRR 4).

BB Ui/ NEEN, HRELZR D T CBEMEIC W TOEE T /2->TE Y, Epym
WEHIATT TS,

INFECH, VAT LEBERT AN AT AOBNTHS RELZER LIEEY | OBBET,
FVER-FLBC 2L Lo Tava—F v La b—v g hORBREICELSBNG L &
5 KO RIAT hOBHEICEIT BBALAT o7, F7z, HEY £EDHICEE ST, YRal—ia
VEEOE TN SA—DNT R BET DRLERD 5 L OFAE Lis. AT AOEVHE, BT
DEY THB.

1. A—FrhicavzE<.

2. EEERS.

3. LEokviRL.

X4, EBOLH 1
EBER, NEEOUTOL S RITENEBRE SN
& F—RFA—LEBFEHTIECLBZT IV
> BINBEREDDEXITMAELRYET
¥ BoTCWDMENSH RS
> A8 - FREL2HRTS
> BREEALLO
® I Xal—ialEmEEHATIZSICLEZTIVar
> OB TR, BROBAPBESHN, ERSEL O, Z ESREENEVEET
L3 Throt.
> REBREL e X, BREEIRDINERFTS
>  avEREL FIOBEE & AINE ) ONERET S
>



3.25EH,2 o

Kz 2 BOR—FEHE (B5) L. BEVOR— FOL I THRRIZVIEICERE L2 —I2s
ether-cable THEE U Y a2y OB, 7Yy ¥ TERTHIIICLAELSR— N, PC
BB o COB EmIIE. 2 00R— ROER 1 20 L LTERTTLH IO L

EBNT 1 OOFE— RIZH L1 FA—F B8 ANE L. 12 AT2Oo0R— RT, #EY Z{Tho7z. (K6) .
EBE 20 570 2 TR T2 RIS A — R — LD EEE A b FRTITRo7L. ZD L &IT, 2
BOR— FFoeiloTHA Z L, EBECERENSEZ. 200K — F L CEAER—fEIcRRSh
BT BEXAOE, B - FOEDYIC 6 ATV 22008 - FERVTHEIEY &4hbi i
BT, NPECT = MCREALTE o

-]

A Y F L

]

\
LAl ~Fou yarir—-In REr—T

B 5 R 2B 5 VAT AR

24 ADT vir— b, (RS RF L) Elbolk, A00EWEERSR] LoEZEE, B0
B, K5I, (zvo) BE s L CRHEER LT 200 m AV L EE L2 EEE bV,
INLOEEMND, F—bMEEREYIAL, R RF-blarta—F Y Ialb—a L pE S
PR AT BT, FEEOBMERZEDAMERD SO TIRRONLBERZD ZENTED, i,
2 BOR— FEORITTRAZLICEALT, o7 RICRLRNVENRIEE LDz, KUl L&
X RICWok LEZ FNEEL W2 BOR— FORBoTND ZEBNVNE S ML TR,
HEOERE LTAER [EbLREELOEEIDMBRL ol [EIRoTERTE R
BELZZORNRE] ThOWTF—LRERIEZLTHMBOZARN] LWIBRTHA EEE
BRERE LTE DV TF—L0OWEERER LML XV EEDDIIEE LV MRENMSTE 5]
LoBERAHES



6 2HEOR—FOLIT
AE, FRIEZHRTATENEESNZDE, Yz b—Ya VBRIENS % BT, F0/55
VAERDDDEELN2OIZ, TA—TRITHET 2L 022720 T RV L EX BRD. £,
DT P AZAS—DEDEILE & BIZBEIELT 5720, 1 FA—TFTINT U RARRE XV
KR T OBREECH . 207D, MDIN—TNBW-BRZEL, BAL T VHEEE
55 LV I BREBIERDD, FELAV. TOBRDBRDITEER> TV L HBETES. ZOVA
T ATFEEOMIZ, HEORENL LI TH o7, FEHED, 1 BOESTH 2 OB THEE
B EHEIERE LA DR D TS T L B8 EshE. 7, ¥¥FFLTaALE L
wEBRLEY, BREHLOREATHIHES—ACEERER 572 L, FEEEENEROEEY
BT HFA 2T OHTFORERTE. LA L—H T, 300/ —0FR L-EES, /NERE b4
I > THETHoTeME I DPERMNTIMNERDD EEXLD. SHOBEL LT, REHROKS
DFE, BEOFKTOLE, FEEOBRMEBROFT: EVAT AORRETR>TOL FETHS.
ZDBIRZATIZOIZETZY, VAT AOFERIZES U TG RRIT L A N O B RIRS AR I
BB L E4. V7 N2 TRIUVEEROT YA R0 LTl LT N RBENICHERT YA v
¥, AR, HEER, HEEFRSAR, ERTERFOBAERIEH LET. B FVATA
BRRICY = o T, A ou et BEY 7 MRS OIS 2213 . — o, #gE
M & 0 THME 21 TR &) BIERIR 2 — 332 TIThn T 4.
BEIWR
{Kafaio5} Y. Kafai, “"Minds in Play: Computer Game Design as a Context f
or Children’s Learning,” Laurence Erlbaum Assocciates, New Jersey, 1995.
{Koschmamn96}T. Koschmann, ““Paradigm Shifts and Instructional Technology: An
Introduction,” in CSCL : Theory and Practice of an Emerging Paradigm, ed. T. Koschmann, pp. 1-23,
Lawrence Erlbaum Associates, New Jersey, 1996,
{Kusunoki9®}F. Kusunoki, M. Sugimoto, and H. Hashizume,
A System for Supporting Group Learning that Enhances Interactions,"
Proc. of Computer-Supported Collaborative Learning (CSCL99) Dec. 1999 (to appear).
{Lave91}J. Lave and E. Wenger, “Situated Learning: Legitimate Peripheral Participation",
Cambridge University Press, Massachusetts, 1991.



