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Explore the Impact of Multiple Representations of Thermal Expansion
Conceptions on High School Students' Conceptual Change Process

and Brain Process

Students: Lu-Yu Huang Advisor: Hsiao-Ching She

National Chiao Tung University, School of Art and Society, Institute of Education

ABSTRACT

This study employedsthe Dual Situated Learning Model (DSLM) (She, 2002, 2003,
2004a, 2004b, 2005) to.design four dual situated learning events for facilitating students’
conceptual changezinvolving thermal expansion. One of the purposes of this study is to
investigate whether the multiple_representations (static ‘picture-text vs. video-narration)
would have any“impact-on students’ conceptual_change. In-addition, to explore the brain
process while students involve in the process of conceptual change. ~There are twenty 10™
grade students from. three high schoeols in‘Hsinchu City involved in the study. They were
randomly assigned to static text with-picture~fepresentation and video with narration
representation two.-groups, respectively. All-of the students were interviewed during the
process of conceptualschange while their EEG recorded: The [EEG was used to measure
students’ brain process during the'scientific conceptual change process.

Results indicated that DSLMfindeed facilitated'students’ conceptual change of
thermal expansion across four dual situated learning events and one challenging event,
regardless any types of multiple representations. The greater brain activities emerge at the
stage of reconstructing a more scientific view of the concept than to the stages of making
predictions or presenting mental sets. Moreover, it also shows that students, who are
undergoing dissonance with their pre-existing knowledge or not able to change their
concepts, have greater brain activities. Again, students’ brain activities would not vary
during the process of conceptual changes, regardless of any types of multiple

representations were given.

Key words: Multiple representation, DSLM, coherence, topography
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FHRA PR P REFIARTFAL AL PRBRFARET £ A GIROF
o R EA A S FAMKE R MY o A il 4 A o Hannus o Hyona

v

WA A A e B Fd SH G UREBEHRIFHF R e R foR Y o
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AR ARFTALHEF ARG AR c S5 FRIGHFHR Y PRFPFTRG AL
FoFad FHFRT RELZTALPILPFE > 02 AR~ B3 2RO

oo FRE P AR SN a4 (Hannus & Hyo6ng, 1999) o d g+ # L 5 3wt 4 "ﬁﬂﬁi?

o

i 4 F L FERY P hE By (ArdoR AR p e LR S Ry op B

v Schnotz & Bannert (2003)3 ! ~ ~ &2 B]2;32 f22_ & & i3] (B 2-1-2)7 35 & 24
R AR 4 2 MG TLfE > v FILfR R FIA)ILfR LA A L S0P e
WA BHAFEREILY TR AL RS AR B E PR & o R
HLHmMBIZH 2 F 58 M0 R TR R R i > a0 f Bt e AT g 1l
FTME Ao f  RAF DA R, RETE A FAERE > T AKRER .ﬂz;kg_g
3 B43r 84 > Schnotz {- Bannert e T LKA E e F ¥ ";5‘ FRAF TR

£

GEEBT O RN gy FRWYEF LI RLY -

conceptual
organisation

model
construction
propositional > mental
representation |~ | modél model
inspection

semantic
processing

thematie

selection

g
g v Y g’
E o
= o
7 g
S text surfaf_:e visual perception/ | §
E | representation visual image 2
& >
> =
S) w
@ =
B y \ f X =
= ]
c o
° 2P S
g3 verbal visual %_
o8 organisation organisation Q
ie g
S a o
wn
\ 4 A 4
ext picture/
ex diagram

B2-1-2 ~ A& B|A;32 22 & & #-7] (Schnotz & Bannert, 2003)
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=) SR EAAMAY

AREFTAPHB KT AFES B 7P 4 RFLRY 2R LS &
Wt BB Y ock o AT B %A A s o Mayer (2003) ¥ & 4R HE AL

(multimedia instructional message) % % & > F E R F R REEG TAHEY RE £

Boo Fie- HEEe 3 FERMA T FNN e B RS g HE (BT 2 BRI
Pe v ) s (B h ey ) 2550 o Mayer a5 5B 5~ ¢ F s SRS LF i L

EEF E YRR AR AR EE AL T EA PSR Y 2N &R T

=

BN HAPEY AR (40B12-1-3) o LB E N S BB O i B
(The dual channel assumption) ~ 5 # & 4 Bk (The limited capacity assumption) £
1 %8 % BK (The active learning assumption ) o BF8 s ik 3P A S @A BE 2
F HRdR 3 4 0 FrdePaivio (1986) #rdt 41 e EERE I A 0 Mayerde J1 L FE BT L S B iE
(selecting) » # i ALR "6 F ¥ Fai ot ¥ A B A N0 B H 3L R P hlg A F
B AR B WAL G R S A R AR R e - T B G e
(organizing) FFfe » T 4$E 2 S LEE £ - Reans & e (A3 2 #50) 0 2 AR
T daE 2 - R 74 e (A= Bl kBt ) =5 B (6 B 5 AE S BF £ (integrating) » 233
THGU AT E AR AR LT ALY o P EREARRT 0 Bt A a Bt Rty
FIEPERTED S@F o Filaan 4 BRK BldeBaddeley (2001) 01 iFs R £
Sweller (1988) tiznswf fa iz & A7 = L T 5f i AT e L § - 4 5 T
Fad - BoF st g AR F Y BRI AANEYFEEY F LD

AT > F AT R G MY FAMY > BT PR - R feil i A o £ AT
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SENSORY LONG-TERM
MULTIMEDIA MEMORY WORKING MEMORY MEMORY
PRESENTATION
N
selecting organizjng Verbal
Words Ears s | Sounds wordh Model
integrating Prior
N Knowledge
) s¢lecting organizjng Pictorial
Pictures Eyes e Images imagds > Model
——

Mayer (2003) %73

AR YRR

(coherence effect)— % & t® 4

£ ?33—\

B B2 FRIWEEA DTS 3R B8 Y ok G

Sd YR
R S

o (3)7 R £17»T (spatial contiguity effect) — 7

Bl 2-1-3 7 {88 Y i

SehE R e 3

»z i (personalization effect)— & & "5 % &

=LA
g

O\ 33 1L
Fala gl o A

B b A ek g

R L

fo Mayer (1999) 45 18+ % &2 %

F o Mayer f= Gallini (1990) r# 5 %2 3

»

5\. "H'J =\ m? 33 “

S £

» Mayer (1999) ¥ -7

xit

DEw S TR

C % AT R (ke A )

- T kg Y oock o 15 kMayer 4o Sims (1994)

I'gjQi

®2-1-4) -

SRR L T N E

o

Ly E:g‘_

14

TOREE s

(Mayer, 2003)

Fﬁ'l‘ﬂ;ﬁiué

ﬁ-}—%ﬁ i?(%f

PR R ok (A

A 2
LAEORe

4B Y Ak

)

WF\?’&'E;IE,?JSAL%'Q*’;';

B gy R (1) S MR — e A
%33—\
B R

w2 E (- R

KN sl LI NP

‘"T?R“%

it o (4)B 4

Y

S R R

MR EAE (et d ~ B AR

- Moreno

By ok Bt d g

FREEL L

TF % F IR



Working Memory

Presentation of Mental representation of
fars

[ verbal explanation verbal system

4{ Performance J

Presentation of )_» Mental representation of
; ; 2
visual explanation visual system

A

A\ 4

Long-term Memory

B12-1-4 Br8Tihz b A8 Yon L Bl (Mayerq= Sims, 1994)

gt GRS PGS e &7 k4 Y Sk o Park {- Hopkins (1992) #< g
REERE y P LA S B Fo s g da i 44 & R (dynamic visual display, DVD)
FKEFR (D) TR B §E 05 (2) oAy st AR G T & H0A (3) #

LAV R s B R s e A A () RIS 3 MR aEnE A (B) SR Ed 43
Fe Mo PR A AR cgrt 5 (6) Bed R 4 BOE N RlE e & i o Lewalter (2003) %=
TrERHF CEEREFLRSFFRFACIFLRY > BEFRRBI Y I E gk

o

%iﬂ&g,g%ﬁ«uﬁv_},ggﬁ k’i;‘ﬁ&hg]@ﬁ ﬁ‘?*?” =N Iﬁ&?%‘fé

Crr

3
b
W dm

Lowe (2003) » sz BtfR gk f § cndb F KERRP-CHF LR P T R

S
pas)

KErD - 2 FE A Y > B4 AR AN LET L6 R
o BE L e Ro RFIAN (1) BROETREEY FRERI LY S L D]
¥ oo gt ek e Sweller #r3k dien Tindv f 7 | 2% (Sweller & Chandler, 1994) ; (2) #
G- N "Fk]xﬂ‘.r?”‘ W e & R A B AR R - Gerlic & Jausovec (2001) £ 3 40 = 3F

FREF L2 A (72 F{0RA)) 8 5SS ¥ F e FREF § HladE
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leﬁfﬁ'fﬁ’f ;B}J:t(pi, - ﬂs‘i?ﬁ%gﬁiég—ﬁ.ué\g‘j—éﬁé » ¥ - 3§ Ak F()/é'ﬁ‘g’vié&ﬁ&é’f‘]gf%)&

Baor dieb e LA o

AET LR S S BB R BAR AL I FEPS R RS A
ENEEYEE ABEFFENA > KR E 5 TRESFENR By

FEF SR AR EET RIS O RHEBETERSFH IR EFY 0 LRE

WREPNF o XFH RV BRSO R SPFRMAY S AHD T2 bR

FR B RERSI LS E ALY PRI TR BRI RERAEY
Eoft S AR RIEAR ML 0 R A KRR G e A FY 2 SR
e~z % o

=

Baddeley{-Hitch >*1974# 4% 1 5 ~ it 1 {£zeff (multicomponent working memory)

PEL > B IFRR AN R ARBELAEL PN R AP v 4 2 L

PRSI G A AR F A AT e L o IR S B Y 2 RITAR R AL i i

T R ATeiE OF & A 2 ¢ L (7 % AL (central executive) ~ AR 7 B R

(visuospatial sketchpad) {=3% 5 i # (phonological loop) > & %2000 3 4r ¥ i*

(episodic buffer) - = 3 1 & # i ~ it 4= - (Baddeley, 2000, 2001, 2003) (®|2-2-1)

1Lo¢ A B Fald i BB R B A i RaiE i i d A e e
FRUARIZH P L m 2 hd g A e r e v L Rzl & g 6 -

2 AR ZEHER FE AR FIRESEDTROZE ARE - BL L5 H -

16



% HT
= g
F%'?JSE

subvocal rehearsal component) %

RFEES 0 UEEHY L HNF B

L EEEER R RS- B
F R

F- BH-FE Lo

GE &

1\3

p R R G kA d ¢ L B T

FE R ARE G A RS 0 U EY LT E AL -

Bt 234 i (3% 4 6% 5 phonological store) 22 & 4 (5 5 AFE b

3E v TR AR AT AR L L

Central
Executive
Visuospatial Episodic Phonological
Sketchpad Buffer Loop
Visual Episodic : , Language

Semantics LT™

Fluid Crystallized

Systems Systems

B|2-2-1 1 iF3e

fitica] (Baddeley, 2000)

R F L HEAZBEAL UFERP R RRIRE

Engle s> 1 iFzefe$ *Ua & 21 1 iv2e % £ (working memory capacity) gk » 32
;Efﬁkmlf%;a.rﬁgﬁl«qua,fa»ﬁ HIF4 A 1 FeREREALEE NS

=
A
Fhgr (R lafFbFritahi) A FFPFFL IR B5F
RGP A KRB RIS EH 0 S P A1 (TR R B
Engle, 1998) -
e T e PR ML PR S Y A R REF M o AT,
i

F RN LR - PR
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SO TR AT L e RATL A N G R T B R A

Sweller (1988) # iz f =32 % (cognitive load theory) » #3234 f jmI24 5 B &K
BR3P Rl e e eRt 1 vehira o moeRE ik 3 M ok F
AN xj&’é@é”—*frﬂl E2e g m;ﬁg‘fssimmgw TeB Y a4 Mg T T
fOAF IR E A SRR A A B A 99 Baddeley eha (FRefRITin 0 8 A AE 0F
i £ 21%F "L Paas 4= Van Merriénboer (1994), » = & "4 f j7 ) - B
SR A i b Sy e ) jj‘(’r;{l (E%2 B chf g7 o
Sweller f=,Chandler #7532 fe 3 B R R ML P > Uintef FRAHEEA 17
C(1) F RS BRRRATIE B A AR R FET LT (FRe ey A PR nF kB ie
PR AfCae @ s pge it 0 & B4l (2) § R TRt kRt 3 ERF

m TL E' ﬂ'\ﬂiﬁ—mo (3) ;7 é-@% TH E‘f’)l%—;ﬁ,—f s U TFE‘\/S}EP":'B;’:;%}EP\?' Lo (4) ié:‘a‘
CEAILE R F RN R A R Y SR KRR R o (5) B AT

PEFfo MaRE L RT G kP Y A H ) ARTE AR R 5o (6) FP Aeh
B4 QT (R forE2 amgie R 0 ki B e ) R (R R R
20 B RRIER RPN AR FRIIER G Y EMRE o A FRIEAEY B AR
B4 e FINFEY A H I RRAR R IMEFE ARG HINEY > A ADEY 24
FrAEML BT Rz ROC AL SR EE Y (Sweller & Chandler, 1994) -
Sweller % A & 38k 2 el » #inse f fmehkRA L = 48 ¢ (Sweller, van

Merrienboer, & Paas, 1998)

1. p fsxsef g7 (intrinsic cognitive load) @ p Agisrf ek p KE P FDEF )I;g\

HENF AL GEES 2R > AR PEFELKEN F2 822314 (elements

interactivity) » £# S P FRAINLA  SAEY X TR FASLRI R F - A2
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g ehl FrEiR f g o 2 AR L PR /é% FHUERE AR IR 0¥

N

b fznAr g fF (extraneous cognitive load) ¢ ¢h AiRACE FiRp KE RN PRI N E
%?ﬁwﬁmiﬁ%@oﬂ@mﬁéﬁvﬁﬁﬁ%ayaﬁﬁyﬁgyﬁiﬁﬂw
Lena (e lp kg2 e Y P FARM hF

3. Ap B suAr f 4= (germane cognitive load) : Ap B suse f R A B Y # AL E 4~
Roh hgniof freh- i i B R > T U M Asnaef o fr e R B AP MR
T f F o Rt iEARY o %‘fﬂi"ﬁ%ﬁﬁ EEARZRApEMREY L7 A&

1345 Sweller® < erma § > § Y XL F AR RFEMP L2 TP BgR
7R Tre iy £ B e m S Y OF TR bk ;5 split-attention effect) » iz
PR FAL MR SN R, 1 (el s T EIF B Y AL R A
L (R i i v fis s modality effect) | Fellns BE 2R T 3 RS0 hine
oo A EIRAa (Pl B o RORR B v BA A SO R T A 4 s f R R
Ao 8 ke P P RERS L B Y F AR GRS R e 3V R RE
18 ¥ 2 % (Guan, 2006; Mayer, 2001) -

PAEIREL RO EFRIY EER WIS TSV L ee R Y

’iﬁ L__;'gﬁ 33 '_/k;,}:gf £ mf‘ﬁﬁit‘ y RS I}i#gﬁ&g mégih °

$ 8 gl e gy

AR AL E A R AT L - B RIE kS B A de e B AR AR ATk
BArig » e BS54 0 p B L e ) R BRSO < e TP AR P T

P éi§¢?+ﬂ$§5:ﬁgm,3 ol A e HIA NGRS AR

T A Pﬁp,gff'/wfﬁﬂ*”?ﬁ 4 mm [l

N

%TL , ’,}__\‘z F‘»._m%}i}“ /ﬂ\-{;]&q/g }F»,ﬁ?%l];}‘g_;{ﬁ}gf ﬁbp,u"'f"?-?‘-ﬂé': Lr,ﬂ"&
SRR 0T R R 0 R TR A e g R e DS S
B R BRI e A L TR A L e B
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P EERER ORI A T H R > TEF AL AR FIRA DT LI
Fok RAEER A R AR T KRR MFL A A S 0 gk AR o dn e B e R 0 1T AL
"% % B (electroencephalograms ; EEGS) » ¥ #* &kiTip < Mglm®e B d e n » 3 N i g 2
R FF G aE S o U TRRALREF T RIE LA RS AUGR 0 5x AP R
BR¥ g s g 2R ¥ &% ®%10-204] (international 10-20 system)

s TRz * L19B g AFNEE A o A wR[¥E S S5 £ (frontal lobe) ~ TE
(parietal lobe) ~ ## & (temporal lobe) £2+: % (occipital lobe) » £ 4c t & p]cH8 T4, » &

21 4 (L ®2-3-1)

Inion

B12-3-1 "R 10-204) T &= = ¥ & 2

B s etk A 472 3N 4 4 G 4 4% (frequency domain analysis) 22 pF R 5 4
17 (time domain analysis) = #& > #f & & 4 7 243 4 47 (spectral analysis) % & % > 14
P & > E @ He (fast Fourior transformation, FFT) #-iF g i %k & 3 5 A5 3 % 5 §)
(spectral-power plot) » £ 12533 2V WA PR T R F 2L TP FETE G AR
PR G AR E 24 T =5 4 (event-related potentials, ERP) » ¥ 1% % 31 4= 7538
Al W PER g o G P gL L 0 2 F] X RS ERPIRBLVEFON R hd B asie

D EE S R GIF 2SR F et 1T 3ats 4 7 E®  (Andreassi, 2000) o
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FEFL2 /F*Jei FIELHG JIREY K mﬂ% &% (Tsui & Treagust, 2003, 2004,
Prain & Waldrip,2006) > 23 a5 R 3 fIEYIritG * 5 5% hFl2- A PF 7
B Mo L S L4 » AT RBRRAGELYLRFAR A Gerd {r
Jauscvec 41 * Fa TR L F Y F o I HME~ A3 B Y 2 M7 bl
Ao BERBA MR ERY TRET MEY S AP E Y Y A pE FahE R
(Ger¢ & Jauscvec, 1999) -

Geré v Jauscvec A 540 FF# #EF 12 & (32 FIcH5) & 5 Bt s ¥
WAARRF o BTk F (& Fal,7.9-10.0 Hz22 02, 10.1-12.9Hz) ~ a3t 2 B & %
B 7 HEY 2al2o270L 02> T5 > TOAFE K30~ A F Y > o1 5 {4 WE Y&
Y FERMKS A ER o A B E P T R AR EZ BT 2T e o (27 A
EYERRFI IR Br v ABE P SHEMEY 5 {5 Gt RBnEFoFsA
F TSR T P RIT N B 6 R RS AR V- 2 e Bt
5 R R Bt e & engg 2 (Gerd & JauScvece, 2001) o

Al I N AT ANA RSB FEEGA S ria e » BicE 4270512
Bow o R R RG T i B del ittt (T AR AR AN F T

PR R R 2 ER i A (Weiss & Rappelsberger, 1996) -

= »

a2

Molle £ A 77 ~F E%INeRiTiF? > FIRL022 FH L4 FHORH 0 (a2
desynchronization + 6 synchronization) #& i &[4 { &t & ~ 7 % Bl<% & (encoding) > & %
BT Az fERFRWRNEY @ TERRMENL DB F o B H S e
T ¢ 02 ps =[0-2 Mr— 02 /-2 wr]X 100 5 0s=-[Omr— 01 /Omr] X100 » a-2 mr % Omr & E 5
PFee-2% 0k » ma-2 % O £ B Y pFena-2% 04 (Molle, Marshall, Fehm, & Born,
2002) -

Jauscvec fr Jauscvec (2000) » FU* ok 2 a Fe 33 M3E 31 B R84 fe R o R® RE 8 A &
ik e B B 4 0 b el (7.9-10.0 HZ) 2202 (10.1-12.9 Hz) &7 I o 477 it F chik I »
FRAEFEEFRPEY val 22 B RAPOREFLE ) ARHELAHN (B8

T F) Lo WA EA LT R 0P RS BT T R AR R RIS R AL
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fRiir T Rl A FER G M TR G L R B S TR I e (task-specific) o
JauScvec fr Jauscvec (2004) - BAFFE (IQ) 4 2 1 vk (WM) =Zir2 B
GEY EA Pk Ee o FR (1) AWMERY > 3T 22 0 4 (0F #H 1L

0 synchronization » * % & B < A iE# ) ted42500nm > & KA ] A BT

(2000nm) 074 ¥4 4¢ » * H {5 £ iz 4% (1000-2000nm) > B 7 & AH At 2 AFE g
PP G A i LR A o s MR REEN L TN P R AR e

1 TR PHFLAERL S wF REDFEYER PR L pFit o KEREY o
WATE oo (2) RE Y =axe Pl 3B A ok (lower-1, 6.17-8.16 Hz ; lower-2,
8.17-10.16 Hz ; upper a, 10.17-12.16 Hz) #35 2. # (desynchronization)sf % > ¥ 4 IR i<
TP ezupperod bFERIHRAIFH T FHPRET-LERF T R RS
o BT BT B Y AR 2 I AR 0 B R e A 2 e B
L g 0 FIR iR ER AT S R E v B A TR R 4 R A iR o

Papousek F& Schulters® 3 = & 4 = Z 7.7 (4= 72 (word fluefty tasks) % « i §
iz 7% (mental arithmetic tasks) ¥ 0= 26227 4044 > & 450k (812 Hz)~Bit (12-30 Hz)
% ik i i) 1Y tadie (laterality coeffieientsplkCunk=E=((L —R)/(L +R)) x100) > % &} (1) *
a2 HHFL YL S - SRR R T E & 2 (2) $Esh A HAC (frontopolar
asymmetry) £ 452 jg b 4o d b )2 4L (dorsolateral frontal asymmetry) 4p & > 5 #F
HARFES TR ERERS Q@) PFRRE IS0k R APARF R KT
nAvEde s 2Bk 4p B (Papousek & Schulter, 2004) -

Fenl gk VERARGEESFFREY G MO R REN0 - o ik
SRR kPR B SIERARR EARF M R BRCHFRFE L Ras LM
f2 are ¥t (alpha blocking) # a2 5 it (alpha desynchronization) » @ O£ Bk & s 45775
RN R TRy FRFCERT - Ll a2 R BT

TR Tk 2 PR F g R k@ ¢ 4 (Cahn & polich, 2006; Klimesch, Sauseng, &
Hanslmayr, 2007; Sewards & Sewards, 1999; Ward, 2003) - ¥ ¢t » » g k g 3 #77 ¥ 4

AR IRATRALY ARG A N2 P B P B A G AR AR AR A R R s
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TRt o
EEG B* *H#E KT I 2FLH 3 500 A5 et $2 03 F S MR

SERMEFREEY o BV RET R EEG #7 -

S AP IS
BApmbai & KhER F a5 % (sensual impression) ~ p % * 3% (everyday

language) ~ + #a£r 4 Bk chirig (innate structures of the brain) ~ & 2 44t € ki @ i

(learning in students’social environments). 2 # & (instruction) » fiz i £ 4 A5 = &%
ABP O T UFIN P R AS S T R SR B R T R L
Fopvia s gamyy g (Duit,1991) 1345 fed R F 4 F FieL e 3
TS YV MARAR TR PERE g RRTEEIER LGl A RFATER
IRTI AL B p SR gaAvi e i S0 MR AT L AR O F 4 T R fam PR

- FEREF 4 R TRl AR & B Myl (TR R 2 R ohaEhlE
HAlE B s A3 P HERORSfeewm(BEFLERE? ) » &0 5

Y e R LA R O Bl e e 2 8 Ak e A g T

R el LRRBEEEY 3 L &1 8> &V 23 GUrR AR - G F i
o B EREA e R TR EE A RAF HL T p e - BAREE S T G

PA 2R G LR e AR - G R EART B -2 ar AL

el L RFREF LI RAT R T F 2 il L R

A
I

)
|rml.
(dm
AW
3

X B LR B -

Chi% + j& 18 4 3w (ontological categories) =& & % A 47HE4L JEHE » 1 1% 23

3

B
Ji

Bk g 4 Ak ek T A RA ) (ontological trees) kB F 4 o dpdimAET A
i %g %] (categories) : 4 B (matter) ~ 42 (process) ~ = 7% & (mental state) » ¥ 4= & ~
WA AR EZ A A AAT I S §EAEY P MAR B2 AR
AR PR O g S FIEEo el - B AT Y - BAMEOMETEHE LA
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T RE_ R F] 5 A B AMASER 2 F 3 2 ¥ £ &4 (incommensurable) > #714isfE P
AR L BAR MW P4 e (across ontological conceptual change) > * £yl 7] e
P£ 4 2z % (radical conceptual change) (Chi, Slotta, & Leeuw, 1994) -
Thagard (1992) R4t 41— B¢ Z 9B 7 P ARE PLL 207538 A Bl
Bk BHEA T LB FAEM B (s~ T8 s R AEF) e B
(drb 83 3L fokrh) ~ AR BIEA FRPIF ol 5 (dof e V7 &) 0 @i
Bkl e AL A S ch- 300 B % Rl R A1 0 - kP ane AN 0 KR e g
%3N9§5j§:a)mﬁyc$§wW$(amwma&Mbnmdmamm:—Tﬁﬁﬁﬁ%c%(ﬁ
) B A ks e (2) izBE:R (branch jumping) s — B 1EA d - FEA K ST Y - kAL
° (3) Ak A (tree'switching) © #24 B chie 58 R 3R ez atn JL fE 5 L b 5 7] e o
RS ORGEES R FF 2 o A5E 0 & v PF A pF > Thagardss 5 ¢ Pl F 2 1@
EZIE R T - A R
She (2002:2003, 2004a, 2004b, 2005) Al &M & ML s KLl 5 > PR 47 3
ooFG oy AR R A% B onE Bre g ahin M AR IREE § 0 LA i

ﬁ%ﬁ&aﬁf4£’ﬂﬁﬁkmf%w1“ﬁ%§ ® 2§ % b & FERg

\“é

»

2

B RFRF R PRRAEAE 2 b A A s 0 et

;o

%

im
q\k

i TR FEL o @ F A

~

¢

EEPEAIE A R RE ST RS L G PR 2B T 2 SR A R A e
REA - TFRBP R AT JGIBAMEL EY R R REBEEHe g0 B
Tz L TReEd Az AR P o
PintrichR|# & 2 AV i F P FMA SR T4 2 FMA R iy v f&
BHA R EFT A AR FEA P AL NS PR E P
N U E LR A FI Aok AP IEEE S HE AEY AR A gend d 0z H
A BV (R3S 2 A %2 84 (Sinatra & Pintrich, 2002) -
FEFUAGTRIERFMACE RS (DM BMLRPFFANR L

CRAfrAF AR e QAR KRNI RAEFETE Y B AR R o K
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FREAF M KE G HAE DT EIEET S FFA Y o (AR T N ERE R
fez 3 P Flo g e ? P o BEFRY - FILFRP P ML UL RKE R
AArms R G SERFIESF B 7T ) LA AR RALE ¥ L ehir
AR FIL G AR e B A E A S v AR EE S 2 B RS R
FAG oo T2 ATER 2 B A0S (mental model) (Schnotz,
Vosniadou, & Carretero, 1999; Sinatra & Pintrich, 2002) -

Vosniadou f- Brewer cfCA| R4 ) A AR L T 0 Tl MGE A R A R
PTG S R R B AT REETE AR SR R R F REF 2 TR R Y &

EP IR G PE R S A AR 2R R RE B AR R F IS R AR A o B R

gakz&i‘a SPEA R eI I E R A AR B A end & ] £ e % o Vosniadou v
Brewer:#-rakcind & 35 4 5= - 204H (global). & 3 =45 3 (domain-specific) e &
o Fe A I b2 juAvat BTgEGmm 5 0 AGERRarae 4 20 B A 8 - FRA R
Mk oA PR SRS FRR AR o ARSI BIRE A FWEE s
© X Pl el F LA R B e B o B EFER R abiE g M
(domain-dependent) > @ Ffead & BF ¥ 4 TARE 2 TS SE B & (Behrendt &

Dahncke, 2001; Sinatra & Pintrich, 2002).-

Vb bR AP FREFAY LB RS §RPE RS Ry s £ A
- E L jKuhn & THEE i, - T Rt AR PR T2 8 R ¥
EyEE P p ek g (paradigm) 2 € T fERE ) (puzzle-solving) 1 iF o BArT 2 L
fo 2R 6] (anomaly) IR % pF o B € % 2 2 g (paradigm shift) o & g £ T
o355 ) (gestalt) 3¢ g > BL BARATY BN o L B 2 hE Y P E RO (T
» FIU PR L FT R AR o742 (Kuhn, 1970) -

ARG TR PR A B2 KB N F KA %% She (2003) 4%t THEIE | A 2

FEFEE Y 89w 7 o @ She (2002, 2003, 20044, 2004b, 2005) # 1z gFEHHEE ¥
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sl P g enfEE (dual) 2R - AP BREYVELE- e WEF AR
T R - PR REHATOCHERE - AR E Y ERY - e R mAE
B - GG RPRE L RROPE G L 2 LPF LA RS HPE
SO E I PE e aFBRE Y (situated learning) RYss A PEL T R P B
PEMENATER S HPEMENTLED BAAZ VP REFFHRGBGELILZHR

L REL Srak b e TR 0 B ARIRE 4 Srak b dhe TR R - 3%-§*§‘?

BAAMOFEE YR 2 A - FY TR RELT - & ”iﬁii’%”ﬁﬂéi
SPLE e o ADSLMaKE P 3 A a7 T A BIFE O FFE - L AP MA
ld o VB R L ERE T s A o R R e TR ]

FREE MR F RFEE 2 ot e S22 R A R L TR o B
CREE SR aa T Ep e ST ST i e S I R SRR R s L
LR REE [ 58S a s Sy S S e ST
DSLMFEF5 8 i F P eohinfy o g r SRAREFBRE VT o 8% hRILLAL
Wi - p FEERF PR E A G L R RN AT 0 AT T A% KA
A o R F MG A SRR R TR 2 2R TP F L L e
R EI CEFREMBE RS ORE - FREEEES LR MR F T LT %
BHRZ RFRF IV EREEN D RBGRY 2 S RETPEME ML
BRo IR CPREBREY IR @BFERT URBRF A LT LD KT ERY EF
B kedk b s IR o B RAE IR E Y 0 HILR R FE T L F

2-5-1% [§]2-5-2 -
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Determine what essentia
Provide students the

opportunity to apply all the
mental sets they have acquired

mental sets are needed to

construct a scientific view

of the science concept.

to a new situation.

nstructing with Examining the
Challenging Attributes of the
Situated Science Concept
| earning Event

Provide students with

Instructing
with Dual
Situated
Learning
Fvents

Probing
Students’
Misconception
of the Science
Concept

an opportunity to

Probe students’

create dissonance as

beliefs of the
well as build up a new

science concept.
mental set.

Designing
Dual Situated
Learning Events

Analyzing Which
Mental Sets
Students Lack

Designa series of dual situated Pinpoint which particular mental

learning events which is based sets students lack for
upon S3 results.

restructuring thé science concept.

F12-4-1 B E H508 ¥ 55N «(She, 2004)

Nature of

Science Concept

Students” Belief of
Science Concept

Creating

Motivate Students’

Dissonance Concept Reconstruction

t 3

Challenge Students’

Building New

Belief of Science
Mental Set

Concept

Dual-Situated Learning Events

B2-4-2 & FHE Y 5% 8 (744 (She, 2004)

2

EE YT RGEF 2 5 B F (matter) ~ 42 (processes) % Fi & B
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(hierarchical attributes) 72z + jgcg| e hec® > A5 5 MIEA e R AT BE o
* I 2 i A AR RS & 2 G senZ oS and k] e s s % 2 DSLM
PIF e ] cnPr & sc 0 RPLA TR L Aot FIEE 0 7 £ - TF & E M bne i
Ao A BES - P KFZEEE S PEMANAR B A > 2 B MA
(. 11%%@ PG A5 HPEMEDIRReAMG 22 F 2 A a3 - &Ko

THEeR e dE  RF L EATERL F L MEDPFRE - 4 R L
RiEALF TERE BT L 0 B HEE I ROL > REFLFLERBHEEMEN R &
M2 Fee 2 B4 T A LMARY

FRA  RPHAF RSV FE AP

SRR LS MAERE S W T - 0 i ARESL G T

-

LA kRS 0 ¢ G T R R L L e F 2 e o )
' DSIM B4l i g T 22 Rt e Tl F ER R T2 A KE
S0 4 R gER S 8 dprr AR e Sy T g ¢ s T A
BEYVE v S 2 55 p & i ASegh o R 5 4 dle o BB e TR
SRR e LEIEe S
Ao T EPIR | PEE A G Rl 4 SRS T AR BRI

FER vALFMORIARES N ek A R Tl 4R e 5 M (Brick & Lawson,
1999; Kwon & Lawson,2000; Peckham, 1993; She, 2003) » & H #. 3 & 1k F] 437 § %4t
TAFTREMNPLFEHRAEELF P 2520 % 04§ (Brick & Lawson, 1999; Fang,
McWherter, & Gilbert, 1998; Peckham, 1993) > = Brick 4= Lawson (1999) %= 7 - Jif,
WS o AP vk PA PR IS R > d NG HORUE (FEME)
mEWFEEF (FFPE) > Ry a4 £ LN T F R 2R E AEg et
FHCPILR S g AEUP D M4 Fricig 0 & FELR PR A P TEL 0 @ Rl g e
R T HER v AR PR o R R AR RN o I A SR R RIT R CALR R D
21% >« BFIFAEG THPRENEY 21% i F oA okt A0 21%, 2
¥ 3 #A o She (2003) w3 L - HH32B 4 £ g A FER T AR P B - 1 2

17 Rz ml e G ER v RUFMBLR APk 2B REEARF p B S 40.1%
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Wik SR > Tkt 2B R AR 5 37.5%:nE i Fl A 2 e L% R
FAookE A FRPE A TG 31%NE A 4y T MR A L RS R R
T OER BHCRWR S A e Tk 2R R B o FlU AT Y g5 She
(2003) s g @ g ieh= B Y 3 PELE > A ATE 2 TR R TFME TR P B

AR AEEY2EF oM BREFREYV IR RETEEY SN HREZF S
IR F Y - D R RS A ME R - P h R R e W A KEY

P AL AT AR
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AETEHE T A EEFER EFAP Y D R AL KBRS K
- e GEE A RE R - B G B RS L Amna AT 0 I S L R
B RATHEFHET c AR RAUPFIHE PR PR TR

?Ig)p.) ?vimm%bﬁg%%ié} J/A—I.“l’ bti F]g o

-

mr

e TS T R

I 0
i1
S R

}3 Fﬁg réﬁj}g/ﬂgJ fﬂf:u\%i‘%ﬁ‘%ﬁ

[k e NE;
b
(m

FEEVEE F e FEFREVE
Prple £ AR kS d RIS NEERF BRI AGRFFLSHTUPFRE
PIER D T AR £ S Y &0 NE ek (Interview-about-events) = sViE Tt 0 T

S TR B e R SRR o

54 ﬂy‘—u
T I i

-&n\n_\';
Tl
=

AFPTHEYBRHRRZ - FLORALFLREBLP Y -7 b 4 k2
Y RRAESEYHD TEROGIEMAZ R EE NS E | 2 TR TR 245
i rgl 7 &5 A& (power 5 pV) ~ I3 1 (coherence) % Jri£ M (topography) | o fet%
AR AL o B AR EAMEEY S B ZFERERES UL T AL
TPt TR BRI TR rE PR A TR R RFEHX A & "k

A AMRA A X HT AT Y AR TR UEH D R AT Y HRA

HRLPE AP L2 LR E A RS2-1007 0 HE- KR AP 2 Y R
o B AFY 2] FHACRI3-2-297 1 o
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TR R R S H~ A M TROE L RENRE Y e
W R AR REEFRTVE
1 W#FERF Ae> F 4T
2. ME R A B AR IR
TORW L RE S HI~E T N TR A REFRE VT R aY

i

A RHE T B

SR (PrA A e et )

AT R R S e b SRR
7 F 3 B ((spectralpower

wV2) s I 4 (coherence) =

iF# B (topography)
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2. BERMHEERFITEL

3. & piEREigic o
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WAI Rz el GER CAFUEPLRALE Pk A 3RETHR | D
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oo~ TR AN R ORI B g B

T CAEPATRETRATIER DR F g 0 Osborne® 4 i@ * F 69 2k
(Interview-about- Instances) &= ;% Sesd JdF a2 3 HAE L o F A & > F B 2
3 ¥eh A ApEkandg i (Osborne & Gilbert, 1979) » . (2 5 70 g 53 { B 4 40iF » £ ¢
23 gL ELBkantr B g 2 L Osbormes A i ficigic bl skens o A g R IE R
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Fa F] e
() FE2v PP R ABRAIR REFEYEE- ~20 R

rEYFEZ o

RN P& ¢
AEE g i€ % 22k k5 Neuron = @ #7 % 1¢ 2 Neuron-Spectrum-5 > 4-[§]3-4-9#7 7% -
IR LTEDE TR ER o T “Neuron-Spectrum” EEG softwaref i+ #7

o ehlicdy o TR

e leNeNeNe)

WR&&@MMd~m%&W 10-20 & bhmxmmm 10-20 & %
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