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A Microworld with Its Construction Set
TaxaruMi NocucHt! and Yuzuru Tanagaft

This paper extends the capabilities of microworlds by providing them not only with
tools and objects that their users can easily combine, but also with the construction kits to
define arbitrary tools and objects. This extension enables their users to customize or de-
compose the given tools and objects, or further to invent new tools and objects. Besides,
a user can easily expand his microworld by importing new tools and objects from any
other different microworlds. The IntelligentPad system that was developed at Hokkaido
University has enabled this extension. Each component of the construction kit is generic-
ally represented as a pad, i.e., an active object with a rectangular shape. Arbitrarily
shape objects such as pulleys and springs are animated on their transparent pad representa-
tions. When pasted together, they communicate with each other to readjust the location,
the orientation, and the shape of each animated object so that they look as if they are me-
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chanically connected. :
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Fig. 1 The internal structure of a pad.
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Fig. 3 A mechanical experiment and its component
pads.
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Fig. 5 Parallel connections of mechanical parts.
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Fig. 13 A learning environment of elementary
functions.

UTEREE o3RRI N 5,

RI3BER LBty FBXURT Sy FTH
5., COMIBOYRFLTIE, BHEAERT 2
Ny FELTImy 2%y FE oy s [EEBSy F
5, B ADLINTBTREPNTVS. 7ayvy
Sy FICREBEBODERMARET 5 &N T &
B, 7/my sty FORAT y MIEREINDEEY =
Mid, (({giveData). true)({variable).n)) TH 3. <
T, n 3BHIE 0=a<HEH) THS. sruyy
EEH Ny F TR, EREBARTET 2 C ENT S
5., Juy JHEHSy FOR v y MCEEIN S
Y R Mid, ({giveData). true)({varible)-x)) T
%, TCT, zREBEEBNOERETH B, HRE
i}, FREBEEEL, KEEPOEBY #EAT
BTEMTER, BT 7 75 BNERTERTZC
EBTES. &5, MVADLETTELERO
DEF Sy FOFIRER Sy NEHAL, 2050
B 57 L ethkoBH s 7 7 4R ICERT A&
HTE 5,

Z LT, IntelligentPad D#fed LT, 2hood
77 7 BHIEEPHEENTE, 754 MicET
52LbTED. BMAEFDS 5 748 LTIRE
LTBE, 5475V A2FELCETRETHS.

4.3 BHELIU Y Fy FO L THEERL T

B2 ILE

%@ ILE TIR, #5228, M, M,
WATE <y ¥ EV - RRTRBEFEREES T
XD LTWw3a. /1% ILE 2¥EE% ILE TRS
NBXST, TS DEERIED AbHic X » THEE
ARINBECERTO., Rbic, EEFENEZ LN
T BABRT OOV ANAREENAEIAT
(AR

AVRAEIIVaVey b EEOL I n T - F 163
HiREE & GBSy R TSN L AL ) &6
VA58 j O HE S 1158

B 14 #fa% ILE 0BG & 2 E
Fig. 14 A component ILE for the geometry
study.

AEAHEIL, OMEAINE Lz, HET 30
EDBTES. EHATR, BEE-E LD, HEsr
TAHZERHEHTH L. LhL, MEDEERZ, 20
FEORTME LD BEL, ZOEAE 21013k
WICK W, AV RF AT, ey FEOAT Sy
FORICEHEERD Sy FOREBOAPMEI €y
FOREDAHARRTLCENTEE. CRERL
BEPHERARRIC I > THRT 20 ENTE3, &
A ILE ofcdofRcy K141 RT. B 0
Mk, AE vy FEE, 2noa2la 8820
Doy Bty F, RESPAHBLZENST 2500y Fig
EMRATOES, Gty FO RSN KS X
ERAUTOSMUAELHNS UAR €y FBLOM
WMoty N TEH 5.

EfR, M, HIL EAEoy Fid, RER Sy F
T, SR~ 2A—vrsBFhvy2aRs ViR
TEILRY, FIKERSCBREEORIELITS C &
MBT&EL. T, Zhoo y FzndFndze v b
ERNLICVA A P VBIEICET 24 v~V ick-T
b, Bl BB, WA BNETS CEMNTE B,
TNy F%y FiIC L, Y424 PVEBEDA v —
AEBTECEST, 7Y v Kooy FLEOoT~NTOE
B, M, MK, PUAR oty NE BRI B C R
T&5.

BERRAR s & AR ORI BR S B RS A RE R &
TEFERICE T, FREOBTLERT LIRS
BREMEZZ NS, ¥BER, EELPHLEOEKR
HREEST, BYPLSY v Foty FO LicHbIck
R CENTEDE, # LT, CORBATEENICE



164 TN A%

AT 5 LI L T, REOEBEELA 7 = 4 —
D Vi&’axﬁ’@%ﬁ?ﬁiﬂ”éc&?ﬁf%é TNy ey F
, EEONBIESEFRETICLENTES. 7

Yoy Koy F EDERE Y FiT, %@EM\’J&E}]AL\ cla]
RR, WANEETTS. 77w Foty FEED,
Ay —VIE o THEBLUBENTE S, $ik,

EliE A w2 —

Clock->0)

G2G1Go

(a) ANy ROJ Y &bH4
A 2~ SRS /Sy K e TYyRAYE
Gg Pz '\
G | Py ] o Hﬂm/wx
7~
Go 1 [ ¢ YHMK
—
| v sr Yy sy K

X227 w K8y FOER
(b) @O FHERER

X 15 MHiclEdT 2=HE0 A OEE
Fig. 15 The study of the characteristic of a triangle
touching internally a circle.

(#basePoint->0@
0 #update->true
#rotateAngle->30
)

tateAngle->3 | rotateAngle 30,
lock- I

corvcootovseborcmmsrsvoosaricph

R 16 44 7oA FilikrAesE < RO EER
Fig. 16 A satellite and its cycloid trajectory.

Jan. 1995

7Yy ¥y FiZ, ZUR-7cx v 2—Y0DH B, [0
EMPPREOBEAEBRLTHEED Yy FICIEA 3 &
JICHET HCEETEE, o DOBREE BV
215 S 16 iT/RT.

K15d(a)id, ZAKO 102 EE L, HEHEE—

BICHR- 72 & SOTHAOR ik 4 ERER T 2 %8
ThHb. EEIL, SKOBWHES Y » Foow FEER
Ny FROTETL 5. MD&bEoRZRER 150
(b)icRd. K150 (b)i3, EDICKBER L &
PRSI B CEAEDPD 120D My Fis—F
TDIY v ¥ty ¥ Go i &NhTn3., 205
v B2y ¥ Go @RI, [EAO—uOREEA L 3
57 )y Fey ¥ G &, 351 G Ficdhd>—FHoD
WAEENETE2 ) v Foty F G BRI AT
5.G1EG D7)y Foy FiTi, #NENOHES
A Uk I & L OBEB Sy PRI hTn
5.5 Gt & G D7)y Fovy N3, Ol 4 v
-V LTRE LRV IS IKEEIN TV . G
DTy Koy FIT, —EAEDEREA vt —Y %R
Dvh%ﬁbf%%&,%@%v%—vu,7UvF
2y FOREGEET -2 5 MEh, ZODOREEE <y
FIZEONE., ZNENOEE Sy FRZOIW5EA
Yy 2 bid, (((rotate), 8)({(basePoint). P1)) & (({ro-
tate). 0) ((basePoint)-P2)) T% 5. = LT, #1d
DEMRIL, 7 v Fovy FOHEE P1 & P 2dc
Rk, ZhZTh—EAKOEETE. ok
&, THODEROBTAEI—EIFEIN, TED
MBI AR, K150 ()it BT, [BliEA v
=V ET A=Y g YVEIRT B0y NS, By
FOH 722207 Y v Frey FOLIc 22 st
ENTV3

516 r?ﬁi JEREAE A SRS B T I RRR
LIcEBTHA. KBOADANZT 2RES L OH

BEEEFMCLTVS, O SEREOH BRI,
BEICEAOND A ve—Y, BRIEZONE A v
=Y LJEICEB TV C &I ZOBERRERL
WROCEBT2CEBTE S, COXRETIR, K13
OB ILE TRLUTY 2 RO & Aok
BEBERTHCENTES.

MO &b, 7Y v Fooy FOREIKBICES

TAHMM Sy N, S ULEN BB HIcd M
ey FEZOMI Sy FOFLEESER UL §5

TOHDBIEE ) v Fo%y RT3, X
ST, ZOHDI Y v Koty FiKid, wmEICHE L



Vol. 36 No. 1

FE Sy B EZ DAy FOPLEESERC LT
BEDHOBMIS Y v Foty PRI NTO S
EDHDI Y v Koty FO RITERE Sy FHEEA X
T3, Fie, ZOBDI Y v Koty FAE LS
HEONTELMEBOBEAERE L THE LOM ¢y F
BT EICE T, ZO0OMMONEFAEL 2
TESTEA.

4.4 DRFLDERAERERRT B8y K

A ILE v 274 TiE, BrRBEPverAealkL
TERAEEBCEZ 2 ENTES, HiDWMED
BRERBMT, RRCHERTLICENTES. LbL,
D TEHECESZ 5N 3MEPHEREICDOTE, &
DRHERFEAERT 2 0B H 5.

B17 3RSy BT, T D%y FiclifdshTn
LDy FOREAEHBE DEIRTBL &
BT&5, 2LT, —DORED SROREE GIBEL
TOBNTNORENEBEHTEB) KBBEE,
v ¥ ORIESR - T, 2OEAEBS L
C%ﬁé%ﬂﬁéﬁﬁ%iﬁtbfbé RED R

1, BT HEBLETESEHFEL, memory K &
/%WTC&TT%é.@mLiJMY$5/%W¢
CETIEFICRBUICREAERT 2 &N TE 3,

ZORR Sy FItk - T, —DDERP2BEDEK
B OERAFEA, BB MOEBESEELTH
IRFEBCRTOEDOL S KEHAELTEYZC &
WTED, X5, THFRA MYy FOEEREAE/ ¢y F
ELEIFNL, XEPEFFICXIHMAEANS C &
HTEL. MITTRR, 7FX Py FRERINT

ictionar, "y (w state -
ay

B 17 %y FOERFEARRT 300 F
Fig. 17 A special pad showing how to combine and
decomposed component pads.

AVANT IV avEy PEEOIAL V0T - K 165

W5,

TRy Wi, HR& Nz h & nroAksBisy,
FAFy 2 ICERAPERARR L, EEEE RN
THTENTER, §72, EFFELREVETRSN
7oy FIH LT, 2E—=0L4 7 pEEDH L
2y FOBIMEW - I ERBEMICT S C &N T &
B, BERABCOERR Y VEFERT 2L, fikor
FARRED &SRR BEET B LB, #4145
Ly VISPRIC K BEMEIEL C EBTE 5,

5. 8 b b I

IntelligentPad % FW 72 J12%, WIS L OV s (]
ZOEEDIDD ILE ¥ 25 A0 DN Tik~iz,

CCTRFR U, By FICER AR RT A F
EF =2 QFEFER, EEBROL 7Y 27 &
Fa A w2155y FERELE UTERT 5T &4 04
WClie, Ffe, Wy FELTELNAIRATE R
DERIS BRI AT & T, T UARMUE
DOEMRERE CRRICFATE L5 -7z,
BELU ILE v X574 TRE, ¥EOFFR HEE

HEOBESDIZIC S Db ST, SREA
EEBZEBTETNS,

—, EBINEEBEZ OhIcE &, #his
BUTIRO M Uizt y Fid, 20 Riciiffs iy
FERLEDT, —2OHREE LTHRITENTE
%. J1% ILE Tid, HRHEoEESOAEZR LT
BEEBREEL CENTE, MEBEK ILE kB33
B¥cy FTWR, BHRBEMOARTTE TR, &
CTHBLTOLZOEMD S 5 7OWRABRT A
EBTENR., Fh, #%¥ ILE T, 2a vy M40
LTI v Fr%y FICAEN LIRS R4k 4
A E—FERIET B O L SEERIT S - K.

BRI NTMEIL, £ OBEEEEOBED S 3103
BTENTES. FEER, —D—2FRERDIL
BfEERER L2 D, fhOMMETE S WML TARDOET
HEIET B T LT RE ’Czb;% LT, FEEORR
WHEEOMBAFD B0, MREOA v 2—YD
XEZEA0y MR Lfnm ZDF— & % RBEHIC
RE27:008EAFBE L. AHTRULERIR
WINOIETLCENTES., C0Es, zhsh
DIEER, WRELBCHATEZ XL D TEL,
T=s%2IF LY, —FTHEINF— 2% flc
E%Lﬁ%?%c&@f%é Ay ZAFLEBOBC

LT, FEEE, —DOVS AR A IIERDS



166 TR L0 G

ZAMICEE L, ¥ET3CENTRRICE .
IntelligentPad # i 7oAk ILE v 25 403, S48
BHEECI LT, BOHMELHEZEL, »pOEEE
BMABRNLLENTELBIEAEL A0 ENTEK,
Fio, BEBCH LR THRAKL ILE v 2 7 2 B%
Ve ERBTEER L.

2 £ X #

1) Papert, S.: Mindstorm: Children, Computers,
and Power ful Ideas, Basic Books, New York
(1980).

2) Papert, S.: Microworlds : Transforming Edu-
cation, J. Artificial Intelligence and Educa-
tion (USA), Vol. 1, No. 1, pp. 79-94 (1987).

3) Ocko, S., Papert, S. and Rensnick, M.: I Un-
derstand Because I Built It Myself, Proc. of
the Australian Computers in Education, pp.
314-326 (1988).

4) Alakent, B. and Orhun, E.: Computer Micro-
worlds for Pre-school Children, Proc. ISCIS
III. The Third International Symposium on
Computer and Information Sciences, pp. 131~
138 (Nov. 1988).

5) McMillan, B. W.: Expolring Two-Dimen-
sional Planes with a Logo Microworld, Proc.
IFIP TC 3 Fifth World Conference on Com-
puters in Education, Amsterdam, pp. 671-675
(July 1990).

6) Stevens, A. L., Roberts, B. and Stead, L. : The
Use of a Sophisticated Graphics Interface in
Computer-Assisted Instruction, IEEE Compuz-
er Graphics and Applications, Vol. 3, March/
April, pp. 25-31 (1983).

7) Hennessy, S., Spensley, F., O’'Mally, C,
Byard, M., Driver, R., Mallen, C., Mohamed,
R., O’Shea, T. and Scanlon, E.: A Direct Ma-
nipuration Microworld for Vartical Motion,
Proc. IFIP TC 3 Fifth World Con ference on
Computers in Education, Amsterdam, pp. 375~
382 (July 1990).

8) O’Shea, T.: Magnets, Martians and Micro-
world : Learning with and Learning by OOPS,
J. Artificial Intelligence Education (USA),
Vol. 1, No. 3, pp. 11-25 (1990).

9) Maloney, J. H., Borning, A. and Freeman-
Benson, B. N.: Constraint Technology for
User-Interface Construction in ThingLabl,
Proc. OOPLA 89 Conf., ACM, pp. 381-388
(Oct. 1989).

10) ®fr, Mrh: AlER CAI ~o IntelligentPad
DISH, ALHEEE2E 2 —2 v v g —7 o —
AHRFELHREE, pp. 87-94 (Jan. 1992).

Jan. 1995

1) 0, B av2 53793 vty b 2HD
vA a7 - F GEENOYEAOEMH, A
THREFESAEAS (BB 6[H) 31C%#, pp. 655-
658 (1992.6),

12) ¥, AP : A7V 227 M4 w2 —V B H
L7cgf CAL ATHRERASEKRS (BT
H) X%, pp. 773-776 (1993. 7).

18) Tanaka, Y.: A Toolkit System for the Syn-
thesis and the Management of Active Media
Objects, Proc. Ist International Conference
on Deductive and Object-Oriented Databases,
Kyoto, pp. 259-277 (Dec. 1989).

14) Tanaka, Y.: A Synthetic Dynamic-Media
System, Proc. International Conference on
Multimedia Information Systems, Singapore,
pp. 299-310 (Jan. 1991).

15) Tanaka, Y., Nagasaki, A., Akaishi, M. and
Noguchi, T.: A Synthetic Media Architecture
for an Object-Oriented Open Platform, Proc.
IFIP 12th World Computer Congress,
Madrid, pp. 104-110 (Sep. 1992).

16) Blf, Hb: v Y 2F 4 vs  AF4 TV RF
2 IntelligentPad, HAY 7 + v = 7Hi2%L%
i, Vol. 11, No. 1, pp. 36-48 (1994).

(Epk 642 3 F 28 [524))
(GERk 6 4 10 7 13 HiRsR)

O #F#X (F&H)

1953 4EH:, 1978 FEEE TR
A LYRIZrgE, 1080 4Es2 il T3
REBELR LY HBELHBRET. B
1, ¥ I%Iﬁrm%ﬁﬁ‘ﬁ“ BRI
B &, & FEE YR
;A,t;—7y4y57l~x%®ﬁncﬁ$ =54
FREREEFR, V7 by 7RSS, AT i

Be  #E (E£E)

1950 #EA:. 1972 SEREASES

FERAFE, 1974 FEFUT K ¥ E
I+§K@iﬁ&@7.1%ﬁi.
BIE, Al RS LRSS,
WS T A N—RTy Y, FegN—2
B, AF 47 « "=, HEHIr0s5 00, &
2 =R YA VE T =R EOWR ICNE, FzE
T (IVEa—2 T—F577F 5| (F—24,
HMavea—2 - T—F77F+] (-2t #
#). IEEE, v 7 b v = TR¥S, ATHHRARS
H.

%



