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ExEITo 7z (Tase2), FOFR, BBHOE O HII4HE
EORY BEETH-7: VboEs (HHERK) :
x2(6, N=30) =54.40, p<.01;BdHOES (NEgEF) :
236, N=30)=136.11, p<.01; HWhif (RNEEEZ) :
x2(6, N=30) =227.14, p<.01; F&® @ x%(6, N=30)=
33.23, p<.0D), BERBET L 12T 4 7 > DAFAAEE
W B BB (BN 5%) 2T 12 6R, TO0L0RE
S (HEE®) | Tk (BT, TBbhoES R
e | Tl EM] & TEEMER], [RUED
R&& (E#ER ] Tl [FPERBE & [REM®E] &
[BEERIBER ], £ & TRIMEHRIBEOSIEE] &
SEE] PMUOBEE LD BB HBELTWAZ L
Bohbd, B8, HHEHRE - HEER] conT
i, IRDFONFHREELE - ERrpEL CHES
2LWHIFFOEL, SFEIIBVLWIRLEH
B2 w3 EoERRRE SN0 EuE iR
SERE /R, GEHER T S, WA - 396/881
5], 45% ; FRIEHEREE R : 435/1263 [, 34.4% ; NEERE S - 347/1180
[, 29.4% ; £ £ & : 22/182 [, 12.1%), S AFH S L
Tz [Z DM W DWTHERI U T (BRI : 265/881
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TABLE 1 GREAVEEIO DD 7 ) L FHEHEH]
AT A B B HE E A
@IFROEEE | BROGENECERT 2R (BRIE, £E0S - | REOEBRF R THLS, SNBIEOKRESEZTH[AEN]IEDL S oo

T Z L)

G IDOHBTHN D EEEE - BE I3 L
WESTRRLEZECDAERT 5 %EE

(OB FB - BIRERORBEMIZ D W T ORE
AHSMBE | HE L O REOEE - BEERA L , 5 |
___________ LI &5 hICERT 258

(eNFRNES M T = &R BHE» SR SN0 ED
____________________ PEBERT SRR -
(f\ PR RE HRPTERIZTHTE 2083 »IZDOWTDOREE
@EBENBIE | RS SRR B A R L o b
,,,,,,,,,,,,,,,,,,,,, . S
(WEITHELE ST o T 5 KB - BB BIR T 2 RITIHREBR Y%

TS, P LRI T> BEBREL I >nT
ELERE

et s, TILMBLI,

(0= HEETHY) I8—, Bl kolk— BLLTDoHM, 2
AR A [ARDY] Hiv, < RER >
[RNIEDY] 200 £ 2 0F528, RO FO] B E 238 - 7-, < EHEE >

10g, 1585 TC, BbDEELEALAELLTAT, @HH ST E -, [
B3] BrALEbsEholz,

SNFEORES [OFEBEHR] 1, 5b0BRRBEREHZL 7T E, fit
DHERULZ SN b, IELW I EHTHEDD STz,

SER, 58X 10208V E2207] 2 00D FERREEHCZ &5 XTHI-
THTzs, oA hw? [EiEL#K T 3]

10°,20% 2 Two T, AMlEEbL kol AN S, 30bEb SRV E
B, Bho, HET2ETHRWE,? 2 ?

215, 3fFCBLYEEPLLTH, [FAEAE] 1.098, 1.09 Bk >0
5, HBIL W, ZBELEWT E855h 5Tz,

XREDY —Foru—7b 2535708, oY, u—7H¥3L,
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) #EBEGO [ ] Wi, B Ck aERRT,
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TABLE 2 IO KSR O& BRI 35T % BRSO HIREREE

HEOWEEE R 0 38R /H)

#FTY—  HEEEOLOES/1h) FAgER(EBLYOES/4h) HEEFERUVBRES/7h) 2F0OFR(3ER/8 h)
TR DS 20 (9.1 19 (5.0 9 (1.9 23 (25.3)
RiEM 31 (14.1) 9 (25.1) 118 (25.0) 4 (4.4
HEHSIRE 40 (18.2) 20 (5.2 21 ( 4.5) 25 (27.5)
B EEN 22 (10.0) 68 (17.8) 36 (7.6) 14 (15.4)
FHEE 33 (15.0) 19 (5.0 122 (25.8) 4 (4.4
HERIER 11 (5.0 96 (25.1) 120 (25.4) 13 (14.3)
e 635 28.6) 64 a8 6% (98 § (8D
EETEE 220 (100) 382 (100) 472 (100) 91 (100)

) HiEE, TObDORES | [BbYO&ES | [EVEBOKES] ORI FTOEBERICHL T, Fioure 2107 S 1 5 B FEHEICHE

zEABEShEE (VR s] (h),
KL%

[BHHOES] Ah), [HRVEOKES| (Th) BWT, FXORNTFOERICE
SRR, BREFEREOAT T — ST E2EHEL, 27T —JlcEiLAHEETH S, 2B, 2HONR

Bh) T, 7 7 ARMIC B 2R3 BER) 2oWRRE Lico 7 7 3V —HEFMEH TR L0, EREFEBEBEOL 7 T —
WM T BHE bbb, i, BRI 7 — FIEOBIIEREES — > 7208, A— AP —HEONEDH 5 CiEFEUCHFORDELE

BROFIEY — v iblzo THREL TV
RIB ORI B 2 G5BT 25652 R"LTw 35,

B, 30.19% : FREER « 446/1263 [, 35.3% ; REEES : 361/
1180 [=], 30.6% ; % &8 : 69/182 A, 38%) o

3. BE - ERISEOREBRENOSIT

FEOSTRER TR S NRY O/ FRED K #

BV R T S EAVE B 2, LSRRI U v
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b3, 2T, FIGURE 2 THFENEME AR LA
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ENEECER L 1h, BHOBbYOFES (R
) | R EEROER & U ERTo R, BT
APEBWT [BLYOBES] OBBEEFEEIEE
w EH U7z 4h, BHIQ [RNAIE (HEE) | %2 EEBRO
BERE LI BEL TR, BERT A MBI
NI OBFEFEMICERL EABRShahroT:
5h &, EF@OEELR EENE SN Th, BHIG Y F
ALEOF R E2ITV, FBBRTAMNIBLT [VHDR
X [BHYVOES] RNBEOKX S| O£ TOEE
ENEMIEEICEF Lz8h, 2512, Th 6 DEE
BETBONLLHFET— I o, ORETRONK
ah - RANEB O T L A RBESE LT R %
TL »O@F DBEED S ut A (TR, BiE%)

HEET — S ESIRRNICIEZ A I ENTE S, &
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DM HTOXFHRE Lz,
1) =ZHAD [vbnRE BEEE) | #RBROEFE L
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YARFEY, R TORAME RECEERS I,

BECE, FReE1DD0RKES — Y ERALTa— ML, &b, ( YNORER,

Al~B4%R2zE, 77030 MHEHOBEEK
2L CHERAS I, [0 s Ew EAfRIREL, O
bBREWERABHLEWL] tWwIHAIKCR DR, BE
B CHBHERK SN T WA I E8S05, &5,
HOT7 7R TH52E52&o0dELT,
HARBSEOEZ S (A6, ZORKET HTORSR
WHTEHDZZEICEY, DHORES LEIHE OFER
EHorbo5L0bDOE L TEITIEDSE I L EAREE
LTWw3 (Ad~C6), 25 LIziREH 5, [EITEES] O
BENE & ->77 (Tase 2) tﬁ@ﬂ'ﬂfg %o
2 H=HHQ [BbY)NES [BEgED) | #REBOER
L7389 4h) (Tame4) 4h T, [BYDOES| %
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£ 0L, AORAIMELRHT, L5 EHCH
DHATHS, BYDDES®25g,10g,15g &, X4
BEHTTT—22EBL TS, ZORMAIIBWT,
BYYOEIDPKRELRZEFAMBELI R EVIE
THSE2b o T D, FHRZEZTHABENFED
PrndF—1Iz [YR(ATHBTLHD LSRR |
(Berlyne, 1965) 3R 545 (E6D7), Z D X 5 ZHRFicd
BRI RN B RIGH, b —FEHE 0w HIBT
¥ % (D6~E5 D8~G6), Z DI ki, FHIL Bz 2R
2T AN, B 2B 2201, BH4ES
THELHEPDTHLIENEETHLEVS I LE
TR L TW5, EERTFH X 2 RIETBIE, RV F
DHEIE « EFFOFHE 2T T 2FEHY —v] 26H
LT, (SRS 2 EIcH D R 5 2 L OB 7 —
FHIENTRE L R D, B L TV IR T35 % (D1
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TABLE3 U bDESR (REEE 228 L-EBRAO

(A BREODU—THOY —F o770 a RS TR THATWARELOBETREHELTWH12)
Al D (XZEL O, X2, —HBBZ Ry ? <B4 - B>
Bl @ 2o, <%*0nft1>
Cl : 23 #ho,<¥Dih>
A2 1 ESRTY, [XH] —BO-L VEWT Sh <AlfE >
B2 : (YafBaLO)Tadh, —~HFHDIF, Y75k, <EiEHE - 5>
C2 oA, (BEEHAEREGDLETI RIL)<XDM>
B3 mAnE, [Y#] —%&, Bubih,<B2iEx>
C3 I ((RTo))Hs RS, < BiERER - 522>
A3 I [YO] u—778, —Ffh, <BEEKER - BE>
B4 D ((oTwd-)) [o—703] s, H8WT 5, < BiEAE - HE>
g >
(BEVY, L rRs0ou—780y— o753 noTraEEL2T3)
Ad D [a—70] FHOED, Te—AL#lidot, < BEiEFER - 52>
C4 1 (KELH3BTOFTAIY, ENb -, < EEMAER . HE>
B5 [ [u—7#] Buwk, BPATABZ kb, < EEFER - 52>
A5 D23 v E, ((Zhni)) <&iTEs>
B6 : iz ? <#Dith>
A6 I ZRET, BoMBhb—nD[RVWS —PFLrao—FleRmSTaof bt &d, ICOAER o, (FA2ASLHNT) <ASHEE >
C5 1 (BRaz2¥->U)dh»>, ZHEDODR DR, <EIFHES>
Cb I ROPD [BWy—HFro—F]->T&—, ToTb¥>TL 5D, FuAAK ki, <C5fix >
) BFEEIRERS, ( VNBEEEOTSE, [ INEMECI2HE, (( DWRISESBREWHREE, [ BREOES, —
BREFOFISEFL, BV, P X LESHE T,
O NEREFESHONEERT, B8, A—REES—HKZONEH 2V IEEUCABOED R L 2 BBOREY — v ichblizo T
HKELTWIBEHIE, 1200HFES — > s L (REES, #x)rE: L,

TABLE4 B DODEX (HgEd) 228 L7-EEBUh)
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Dl : (BAEEE A2 O)ED FHAY— O [(NBIZH S L x0D] BT ? <*nfth>

E1 1 0.23 %, < E#AER - B2 HS09R% >

FI1 { (7 A%F->0) U, oL VEINT X, <¥0h>

F2 idotru—t—varigt3dk, (Ro—FHEd5)<Fligx>

D2 D v, Aty A <tDfh>

E2 i h, broktioT, TERE,<*Dfh>

D3 b &L T, <tnfth>

F3 1wk, GBEa~En 29 23)<$0fth>

D4 13w, 4, 22,<%Df>

D5 3 ¥ - TE-BRIL? <DAFEE >

E3 :1.32 %, < B34 - Eﬁﬁ/;ﬁ#aﬁﬁaf¥>

Gl @ (/= MIZEEBRL D3 5)1.32—-0.23 i3+, < EIIEAER « 2022 $°PRORER >

G2 11.09%,<Glffs& >

E4 @ U»d, AL, 1.098h, < BHEEE - 58 HPNEE%>

G3 9 Ao 1.09 #0721, < EHEMAER - BRES HUFHIRAE >

D6 ((LABxDW)b>—E [AHE] #loTaky ? <FEME>

F4 1 5A(5m0). £ LEH.<*tnfti>

ES ((FEROU»dH, bIr—Ew< L, GgDBLNEDELLENFE2O-L VELSEYT) <REM>
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(5 gL @RI, 10go)fow%oabf_#§bﬂ)§b§% IV a—FOEALEEEERENSSHL T13)

G4 1 (V) — MICECER L d5)1.35—0.26 73 5 -, < BIHE(AES - BHER MU HORDIR >

G5 :11.09,<GAKEx >

E6 @ H-o, [FAHFIZ] £721.09! <%TF8S>

D7 1z, 5gnr xrEL ? (DELEXEY RELY 3) <E&THEE>

F5 D ((R7:RU))5¢gk 10g [OIRY FOREIR], BUE -7 &, < BEHEEEER - B>

D8 : ((Ew,< )b 5—E, H->TlhLhrdkd,<FEHE>

G6 b —[ElE, blzLIZ®5ET, (Webh ASDMBLHELEL, 1020BL D 202 ULy, BERETZ) <KEM>
< >

(2EDIRDFR2ED ./ — XY AV RZOBHBTER, 58 10g%2 22 L-iEY FrRERCEE S ¥ THBgT 2)
6 1oV 5gb10gd [AHAIZ] 1.098 T, BL %v, < EEHER - B #PHRa% >

D9 1 iEA L, <*Dfh>

T IRV FH] Lo THESTL BRI [5gd 10g%] 1.09 TR, < EiEFE - S FROESH >
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TABLE 5 IENIEOK X X (H#ESD 228 & UI2FEER T 5h)

(RAIE 200D Y T ES 2 Weby X I TIEEZ L, PCu#E 2l AL, BBICHELTHMLT»E)

<>

Hl: (/— MICESRELA35)1.91—0.82 72 5 -, < EIERER - BRE SRR >

11 :1.09, < E#AER - BIZE HPH0REER >
JU 2o ? &7 [AWN] 1.09 2 <E&THE>

Kl :#nUs—, [RhIED] 1000 & 2 EFILU L A, <HEfTilE>

J2 i hozun,<JlfgE>
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R LhAaT?<t0ft>

I3 ishiBgizhslvae, [AR] B h2dd, <J2Hk& >

J  (FEEEOHMEEI LR ->T, HRVFO] B Fa V»EL 23 TL 3, <J3HmE>
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J6 y M, [A%] #loTaLI, <REMHE>
(RNIE 200IE Y T EE %, HERIET 5,)
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K3:%5, ((ZhRT,)) [KEHM] OB TU A ? (BLEEE2IEST) <tnftt>

I8 195A, (BEMW] zzFTlE, EEWEAERZIEST) <J7HKE>

H4 : 72y, AL ? <tofh>
14 1 1.10, < B4R - BIZS HER0RAR >

H5 : [ENIEZ] 100 & 528, [FEf25] 1.09 T < EHEMFER - 812 #FMfBR >
J9 D HRNES] 2000 & &3, [A#ASS] 1.10 Twune, <EITEE>
H6: Uw, /— I, SREEEKRELT2E, (Vhx—2)ABREL RS, > TEL L, (/- NZERTZ) <ETEE>

JW A= —, (V= b EDFEAL) <JMEE >

MR 25T 2 EEM AR TRE I WA Gl
~E5, G4~D7, F6~E7) %8, EMRIZHE (F5) X,
HEESEWERE U CHBMOBEFORILE sh T
7z 9 ULIztREi o, [RIEM], [#ErBEfRlosE
BREL ko7 (Tape2) EIRTE S,
3) HAIQ MENiE FE#ES) | #EBRNERX & L 1%
#1 (5h) (Taee5) 5h T, [BVIBOKE S | 2F
e LERBMfTON, £HEEZEZTHRWMNET
TH2 I, [1BELA » B2 FRHDREE) | (Berlyne, 1965)
RRTEFBRTENS (J1~]2), 22 THHEDHD
R : —H L w7 — 8BRS NBICh 5 —EiED»
D 5ABELNT WS J6), UL, &xbEENKE
HThDIDBEIBLTIE, KENICT—5 25
CERZEoTHEE, KRNI [RNESKESLS
ERMBEL R3] twiERcEboTLES T,
ZDE I RCHITHEPEBEINZVWEREHES £
M BDN]4~]5 DFETH 5, &Y FOBHG,
HERB—ETIREW=V20h), B FRTIRREEREIC
FL, BbiEvUIn X305, Lrl,
SIEHST Ao TWDS [Fa ) =RHxXHE] &
WO ERIZIRD FOEBNCERAL TWADTH 5, T
bbb, HEN—ETH2DELTRY FOEH %

BRL LD ELTWwa D), IRUBSKEWENS Z
id, FaURHOEMBL»EOREHEZ T,
D& D RETHSIZIER ICEER D TH 7291,
(R FOERIF—ETREEV] w3270 T 4 H
REEER ) BEBOMECD ST, HH5IEESO
FHRNCHES T2 FIANE T — % RAET TR (Dunbar &
Klahr, 1989) LCUL & o7 (J7~J10) £FEZ o6 b,

@) H=EH@ [Ehig FEsS) | #RKBOER &L L1-1R
FI1I (7h) (Taee6) 7h TlX, Him (6h FCREINE
HAWE) &7 — % REOFEBCHET 2EHS) L OEEME
ZOWTORERIEENMTb I, ZOK, 8112, 5h
TRFERsNE»o 7 IR FORE « RETOFH E
XTI LFEEY V] LTS 7 7DFERIE, E
EBrosBonlBiiE 7o 763 % 2 T, [100 53D
1 BB OMA RS, ED X BELTnLD
) REBY - SEACEEI 3 mEERZLTY
72 (MI~M5) Z Emn, 77 7 3EERBIRT 2700
DA ARH ZBEBIE2Y -V E L TERTHS &
Ezohb, £21Z, ShTREHS RGP [V
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vayv] &g, [SHENHRE R 2HREEHRCTHIL,
FHICE OO TEREEEEL, HRLELET 5 (HRO
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TABLE 6 IRENIBOKE S (N#ES) 2258 U2 EER I (7h)

6hxciREsNlzavEa—8 L0V 7OMBMICH > TEBRY Y23V — ML, HEDEY FHELIBET2)

M1: [0 & OEZH 25 cm TIRIUE] 20°0 & X,
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Ll : [0 boREsHM 2B emTRAIE] 100 =, [AR] LOBE 705, 1.0BTELSALEESIF Y- NZES ? <Fill

FEEE>
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Ol 1 1Z< %, [AHI] 1.0M1 2, < TRKEE>
L g >

M2 @ (A EE % Rch35)1.55—0.55 7270 & -, < EIEAER - ER22  #PRopa(E >

L2 1 1.0 B, < EHEFER - BIZR HFHIBIR >

M3: o, HENIEL10°L 200 L 20] BHRFEIL | < PRERE>

L3 I hADD, b5—H, HBrHTHS—, <REHE>

N2 2570, b5 —F, URIIE20 OMEICRD Frey b1 2) (EHIE200y 2 I v—va v 2RET2) <REM>

< g >
02 : ®o i, FHED . <FARBE>

M4 : [HENIESS] 10°, 2005 Cwo T [AfIR] b o wArsrs, [RAES] 300HEET 2 (T AWV L)) < FEE>

L4 = [RAEDY] 30°b L.OMI X, =k, <FRKEE>

N3 D [HENES] 200 L & (RTO)EBD0IARTE -, 10D EEED ED FOBIEH] B o7 L, < BHEFE - BHE>

03:[z—oo<%mM>
L5 : NEA LS ? <t0fth>

O1 1 EZRELELHMS) S5 —EH, RTALS L. <RiEH>

(2ED|Y FTE2HD/ — b8y 2D RWTHN, IRAVES 1078 200 D T % FIFFICEDS) S & CHET 2)
L6 : [RiES] 1008 200, ¥ v R b1 H, <EHEHER - BEE - HEFHRAE >

05 1 IFA L — . <¥Dfh>

N4 : [BENIED] 200 & 2 OAH [HRED FORIE 23] Bn - 7, < BEEAES - B>
M5: 705, RV FOBS Fa V] B Th, fToTHE2TL 300w L ki b, < BIiEAE - 5>

AH=AL%FERTE)| 2 Thb, BEMICIE, 7,
lh~6h FTWHEINT—F CESWLTER IR
JleavCa—% D27 (Feuke ) OFEED S,

(AN 1R 2K TREH OV b DR &I
25cm TH B Z & EFAWMY, K2, 77 7 L oEH
SNV DBDORE 25ecm OIR D FEEEF IS FEEE I H
1R DEPEFANL DI, BUEOAX S %
AREUTERPEBR LUBHEDOREY THR LIBET 3,
EVIIEBNCI D AR, MI~L4 OREFEL RS L,
DL REHBET BV [HHcEILF—¥
OFH] PREINZBET, YIav—varDlE
BB ROIET 2 0, o b2 ey EE L ER
L Z RSN, 25 L [TFHEEE) s
K3 2HBEBEBEVEACITHONBE Z LT LD (Tass
2), ShTREELSNTWIIEY FORI Z—ETIX
W] EWS 7T 4 AV TEERS, IR B X
NAEZENEERST-DIZEEZ NS (N3~M5),

5) FHOG®I 5 RALENEES 8h) (Tase 7) 8h T,
GIsML @ [ ] OFBEE: B, £7V—7T0
EBRERNT 7 7R0XEICI>THRESH, 77 2%
HTOR@mMTbIz, ZO¥BFER, HS DI v—
TOERE 7 5 A 2B BT LT, o r—7¢
T=IB—HL T 2HENID S EFEFIC, T4
BEIZOWTEBMMDO I NV —TD7 4 F7 2H0 AT Z

EDTJREIC 8 5 Ty B (P~R, S1~S2),

T, WESHED VR WRIEZED BT, TE
MEDY 10° & 200DHR D T % RIRFIC G L 72k | %
WU NROEERE # s, [ R FOES 13—
ETEZ] LWIRD TOBHRKELEL  BHET 572
D O AR L 72 (T8~T10), I DS EI DS B 1
Thhi-M#EERZFH L2235 OEEEOE W IER
2, HEEANEE VOV TWAETNS5 5 (Cn
~Y), ZOBJETIE, HAMIZ & % Revoicing (O’Connor
& Michaels, 1993) 28 R S vz, AN, WIHRITHD
MAEITTORERICH 2 1L 2EOFEEL H 2 THD
EFTD, 1HE2MOFEFE 2T B 2V T 4 H )L
ZIEHE UC MLl LTw3 (T1), 2D kT, F
Ehlebn sl RE o INODTAF 47
Z, [#D T AHORMR] 2 E DT 2RI - L
T [HEAME] LTw3 (T12),

D Eo@Eimsfer s, o/ Vv—707 — & 0
2BET2 [#E2ER] b, ik > Ttz
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o7z (Tase2) LBIRTX 2,
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310w, Tl (7 78RA VI —THLENS)BY, ZARCS 7 78—EHBIZ Zolp, LwIHH, BEZF>TTES
LZARELRE ? FRET T, <HEWBER SRR > (RE, FHESLRV)
Td: Usdh, BEXL TS, HHTE2WIIRV ? <HSHNBEB> (FE2EF - RELXEHAT2)
S1 :30em7T, [UH D] BEE3NEE((EH5)) - ? <EFHIEGR>
U :2h-7T, FEREOHBIE > TRV A, < ¥NDfth>
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Designing a Learning Envivonment for Science Education :
GISML and the Inclusive Support Tool for Understanding the
Motion of Swinging Pendulums

Mayumi TAKAGAKI (DEPARTMENT OF CHILD STUDIES, KAMAKURA WOMEN'S UNIVERSITY GRADUATE SCHOOL),
HIroTOSHI TAHARA (ELEMENTARY SCHOOL ATTACHED TO KAMAKURA WOMEN'S UNIVERSITY) AND Eyr Tomipa (FACULTY OF
HUMAN-ENVIRONMENT STUDIES, KYUSHU UNIVERSITY) JAPANESE JOURNAL OF EDUCATIONAL PSYCHOLOGY, 2006, 54, 558 —571

The aims of the present study were to propose a learning environment for understanding the motion of
simple pendulums, and to identify discursive processes that facilitate conceptual change in learners.
Participants were fifth graders (V=10 boys, 20 girls ; average age 11.8 years) in an elementary school in
Japan. Instruments used included Palincsar, Collins, Marano, & Magnusson’s (2000) GIsML, and the present
authors’ Inclusive Support Tool for Understanding the Motion of Swinging Pendulums. The results indicat-
ed that the type of explanation that the pupils generated depended on the difficulty level of the task. With
relatively easy tasks, the pupils’ explanations tried to relate their observations in the experiment to their
prior knowledge. With moderate level tasks, their explanations referred to replication of the experiment’s
results, and also included formal representations for principles of the motion of pendulums, mapping the
results of the experiments onto a mathematical model. With relatively difficult tasks, the pupils’ explana-
tions referred to the precision of their observations having helped to coordinate their predictions and the
results more rigorously. In the whole-class discussions introduced in the last phase of the unit, the most
common explanations referred to other groups’ data and hypotheses, or quoted reliable resources, such as
the teacher or the textbook, as a framework for the pupils’ integrated understanding.

Key Words : conceptual changes, design of learning environments, GIsML, motion of swinging pendu-
lums, elementary school pupils
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