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® 1. Introduction
Learning and Instruction #FED8Z & 70 2L, EEDE - TEEEN D EMERBIG A2 1E L <
ED XIS o0 T 52 &
v RSB AE YR — N OHE
vV SR A RAET DREIA T = K L

1.1 fEolzmikL -~
FFRIL 3 DD L~ ULIZB W TRE - CTHfiE X115 (Chi,2008)

D False belief (basic level)
BAROENT 1 DOMBUTH LT, ol 1 DDEXEFFHOZ &
Bl [T _XTOMEIL. #BHD] - [FIROZR, F#1H5S ]
AR A 2 2 VBT M % B L L2V T, False belief (% B ST e

@ Mental model (next level)
VAT BIZOWTOER 7 HERIC X 0 R S 72 HE (Gentner & Stevens, 1983;Johnson-
Laird, 1980)
7o SADOFHEMmE, R OF A EIR D & ARk
— AU B NVETIVIEE A DB X BT EEDTZH DO TIER W
AR OEMM AR E AT 50T, BELIEKGHEZ SO
—ELWMExDEZZF> T LThH, RMSNTEA L INVET NV EFF> TS0

@ Ontological categories (complex level)
FEgigs 1 Oh T Y —12 L B 2 720, o7z mmka 4T % (Chi, 1997,2005)
ontology : ({F{Ei) v AT LARHER ORI H D AT H60E
2 OORFRMFEOA Y ba VAT T Y —EEFK (Chi,2005)
1. Direct process
VAT LOBERPMO T AT AOBERICEEE I E BT DT
Bl D E B AR Dl & B O MR DMEER R & AT LD MK ED K9 AR 52 2 D)
2. Emergent process
Vo VAT ALVLOTEENE, [FRICSIEE L TW S MOEROM AN LEND
FFRL/N— N OBIRDO B TIIEEITE Z 5720
Bl - ARG & ARy FOMAFEC Lk S -+
vV OEETEHEFCET EEHNEI o TVD Z IR OEIC W
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1.2 BIEZH L BEDBEIE 2 (2 S 2 7R anntE

SO ER

LRI AT E LTV D HRRR A LR 5 - L

gap filling ® X 9 7078 miE LS # 2 XA T A2 ML ERH 5

v'  gap filling & 13,
FEHLTWHEMIZOWTOERIHGED RV R TR IS, LW ALY v v 7
DLk

v BEfFORGEROEBSOREAT ORR o To R A LD B < BT

BB L EET DF8AmERIL, HERR-ORFE B2 3 ORESEHRICBfR L T D

v i
SRR A U, B LW EER 2 AT 2 ik 2l i i

v HERELE
AZRBAE=FY VT PREICRY, MiEoTCHRICKSE, FEZHER LML EE
(Chi,2000; Winne & Hadwin, 1998; Zimmerman & Campillo, 2003)

EETREHFH L~ L > TRRARREN R 5

IR T R AR FE DS

v EEOFEFIE E % A= NET VOB OE N EIRT

vV  UAT ALULORHEOF AR LIS N LTV D

A B NVET IVORERCBRMIEEZ A ST T 52 LT, VAT 2OMSEREZRESE S

1.3 B2 OEBEESCHMSEE Y R— N 5#HF

JCRE (refutational)

BGRENFENNTT ¥ A S ZFGATIEAERED ST DBIEHDHEPNIZT F A M EBATEEL D bk

FEA RN

v False belief L~ /LD 7o HGk : KGET ¥ A MIE L~ OMEE S ET DN NRDH D
(Hynd & Alvermann, 1986; Kendeou & van den Broek, 2007)

v' Mental model L ~)LDFE- 7=k : AT A ORI E BB TR WA H - -3
T GET ¥ A N &2 ATZAEREO T S # X 7= (Hynd, McWhorter, Phares & Suttles,
1994)

H i (self-explanation)

BEAF DR 2 BYF AR & — B S5 L O REFROBE IEHER M T D

vV HCOC#HAZEBELEZELWEZOBAERIZEY, IELWET/VZEE (Chi, de Leeuw, et
al. ,1994; Chi, Slotta, et al. ,1994)

2ARRI% L (holistic confrontation)
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fil 2 DET N RLIZRFIC R R Z Y TR o TeRHECBIRIEICR S 2 &M TE S

v analogical comparison (Gentner et al., 2003; Kurtz,Miao, & Gentner. 2001; Nokes &
VanLehn, 2008; Clement, 1993)
—HHEATIH L., llx OB AEESE TSR ZRALD
— A HIVET I TORI Cilkin 9 2 M2

1.4 WFZERGR
i B O
analogical comparison (%, HEZEZRFHH, fHigm, AF—~HiHoO L O 2B 2 e+ 5 Lo
I
v IELWRRO L
AEIPES 7

NEIOEER R T AT L DONE

v TELWZFAN—FDOXDOAE R D (Explain-diagram 5:1F)

vV [HESTHMETELWTE XX N— FOXZ i (Compare 5:14)
HERDMT DAL, VAT A OEERBEFRIEICKOE, AV ZVET VL UL TOREERZEHN
G

R
1. Diagram test
v' Compare 5:f
BEFOET NV EELWET VOMERIZZRSE, BEFOET LV E2EERE
v' Explain-diagram &1
TXANR—= NETLVOREEHDAT 522 LICEREY T, BBFEOET L L =F 23—
NETAEOMEICITH £ EAZ Y T

= ZHOH, ELWAUVHNLET LV EZFEF> TUVOIUTE L HMIZEXAD D
= RAFFARFTELWEFAVEAZEL : Compare 54

2. Mental model test, #Eim7T A b
Compare S:{EOSNMNE 1L, EERFHESCE T LV OBRMEICR D S HEGa s T
= iEDO R X @ Compare 524> Explain-diagram 54

3. EEBRRICEEHE L7 amikT A
EBRCTHEH LT A MTENMLTWDEEROEIZF U

= SR K D EVITEN

4. RBFE7o ban
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= fEERRFEE % L7223 . Compare 514> Explain-diagram 5:{4
SR RIS - HICEINZZ L DOE VA U EORE
= [ L7235 0% . Compare 554 > Explain-diagram &1f

5. FBEREICRA L7-HEsa% S
RO, BEARFHIIKOE 0T, ZOREER—SED
= PRAEICR L7 S 0%k : Compare 5:fF > Explain-diagram £:{4:

6. FHEDELE
False belief L ~/LDOHFROIEE (il # D E % E1E)
= &5 DOIEIEEL . Compare 5 < Explain-diagram 5:{4:

® 2. Method
SN
58 4 D, KRFPiE
v' Compare 5:f 30 44, Explain-diagram 5/ 28 4

FEFroyiiu  [Tablel]
1. VT AR
Mental model test (0-20 &%) , FEk7 A 5 (0-22 &%)
— DA 2 Z TV EEERRICBY 2 BRI & R

v AVHLETLORIE
a— Meshi 5 RO 2 ¥ —~ & i
o727 /L (Single-loop model) #FEik LTV T, 10 S8LLFTHH =B IME X L
Tie ) TRz 0 (58 44)

v 74—y 73—l

2. Learning

v' Compare =4
BB DMESTZET VO ZHR/R L, =X A= MO LT 2 & 9 ITHER
—EREICEMZ SRS BINEITHEICH LTRSS
XY A IR SNIEEER VAT JTONWTOT F R b &aiie

v Explain-diagram Z&{4
ELWHOZZRELN, TRIZOWTRATS
—EREIVEMZ SN 6 BIEFFICH L TEHERAT S
XY A IR SNIEEER Y AT MTONWTOT F R b &diie



i
Y - T

Table 1

WA RT A B

BAZFICH LR 6, ZZHOMICHER Y AT JMIOWTESIALT A b,

Mental model test, %

v R HERR T A B

T AN, HEEHEGRT A b (0-25 5%)

Learning @7 % A MIIZEZINZE DL TV Do T2 EIZEIZE

Description of materials.

Materials

Description

Example

Pretest (about 25 min)

Instructional
intervention
(about 25 min)

Compare Condition
(Diagram
comparison: 5—7 min)

Explain-Diagram Condition
(Studying correct
diagram: 5—7 min)

Posttest (about 55 min)

« Mental model test
(Score: 0—20)

e Declarative knowledge
test (Score: 0—22)

e Flawed single-loop diagram
e Correct double-loop diagram
(Talk aloud while comparing

diagrams; verbalizations recorded)

e Expository text describing
human circulatory system;
72 sentences, presented on
computer screen line by line.

e Correct double-loop diagram

(Talk aloud while explaining diagram;

verbalizations recorded)

« Expository text describing human
circulatory system; 72 sentences,
presented on computer screen line by line.

« Blank diagram to be completed
and explained while drawing; audio

protocols were collected.

e Knowledge Inference test (Score:0—25)

« Mental model test (Score: 0—20);

Same as pretest

e Declarative knowledge test

(Score: 0—22); Same as pretest

6 short-answer questions

12 definition questions

Diagram
Diagram
List of prompts

Text

Diagram
List of prompts
Text

Diagram

18 short-answer questions

6 short-answer questions

12 definition questions

Describe the path of blood
from the heart to the various
parts of the body. (See
Appendix A for complete list)
Aorta: What does it mean?
Where is it located?

What is its function?

See Appendix B

See Appendix C

See Appendix E

See Appendix D

See Appendix C
See Appendix E

See Appendix D

Why don’t we have valves in
pulmonary veins?

Same as pretest;

(See Appendix A for
complete list)

Same as pretest

® 3. Results

- Diagram test

AUEIVETIVDEA T ha— Rk

YNGR EAEY

[Fig.2]

Kappa=0.94
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100%

90%

S Sst

80%

70%

60%
OUnclassifiable
50% OSingle-loop with lungs
40% BPartially correct double-loop
W Correct double-loop

30%

Proportion of Participants

20%

10%

0%
Compare Explain-diagram

Fig. 2. Proportion of participants’ diagrams for each category by condition.

v ELWAUHNLET IV (Correct double-loop) % 1k
Compare 521 #J90%, Explain-diagram 54 64%
v R, MIITTAER S NZET L (Single-loop model) (IR A R T A R TIEENML
Mmool
= Learning Zh - OFEILNHE ST~
v 1ELW[E (Correct double-loop) % EHW -G LhiESTE (L 3 D) ZFEWEIE
% b
HA TFBE  x (@2, N=58)=7.12, p<.05; phi=.29
= Explain-diagram §:/4- £ » & Compare S50 5 3 AR S 21T - 72 (K
W 1)

Mental model test
RARNTFZ RO Za7  [Fig.3]
Instruction OFRZHM <5728, 3T (ANCOVA)
v FLLERZAR F (1, 55) = 20.14, p< .05, hp* = .27
v 25 F(@1,55)=4.00, p=.05 hp® =.07
= Explain-diagram &4 £ » & Compare SO N A3 7 @y (G 2)
Compare &fElIZA LV Z VBT IMEENTE 2

HRkT A

RART A RO 227 [Fig.3]
Instruction DR EZFHB7-0 . 58080 (ANCOVA)
v UL ERAR F (1, 55) =32.78, p< .05, hp’ =.37
v 2%M  F(,55) =580, p=.05hp* =.09
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= Explain-diagram #tBASE L W & Compare SED TR A 2 7@ (i 8 & B
%)
Compare SR IXHFRICOWTOFRIRN TE 7=

kA Rm T A b
RANTFZ RO Z2a7  [Fig.3]
Instruction OEREZH 57280, 73T (ANOVA)
v 2% F(,56)=4.86, p=.05hp* =.08
= Explain-diagram §:ff X ¥ &, Compare &ED T B A a7 @ (G 2)
Compare ST IE LWHERR N T 7=

0.80

0.70 _I_
0.60 ...}.. _I_ _I_
050 358 ha

0.40 _I— OCompare (n =30)
OExplain (n = 28)

Percent Correct

0.00 -

Mental Model  Declarative Inference
Fig. 3. Adjusted mean posttest performance and standard errors on mental model and

declarative questions, and mean posttest performance on knowledge inference
questions.

A=l =YYy
Renkl's (1997 DR E X A T oA LTz AX—~ a— R&Ff
FEEAWEMENE  Cohen’s Kappa = 0.87

Z A TRIOREER TR DY) [Fig.4]
ST (ANOVAs)
v RMEMofERRESE F 1,42 =17.59, p=.05 hp® =.35
= Explain-diagram 5§/ & ¥ & Compare {407 3 &R S, IRE S HN %
v (i 4)

v Functional-Related 2351 % 2 50 F (1, 42) = 3.37, p=.07, hp® =.07
= Explain-diagram 5{f X Y & Compare SO N, HERAR T AT LADOHERI B R
— M OBEREIC DWW THERRFE S 232 (i 5)
(Functional-Related ¥ 5 1. FHSH OBRMEEZRBELLIEL WA U ZLET L OEE

7



i
Y - T

M md)

v' Revision 2815 254 F (@, 42) =5.64, p=.05,hp* =.19
= Compare 51 X ¥ ¢ Explain-diagram S50 5 2R3 S DEENR LV (G 6)
Explain-diagram 514 Cl. False belief L /L CHIFRDIEIENRTTHIL TV

14 OCompare D Explain diagram

2 M

Z FTT Cll - el El_

Total Constructive Function-Related Elaboration Revision Monitoring Monitoring Comparison
Statements Negative Positive

Number of Statements
o

Fig. 4. Mean and standard errors for number of statements of each category.

® 4. Discussion
analogical comparison
AU B NVET NVORREBIHRD o 5
ET VORI ORISR DO ZEIC X VRl BIESE 5
= MOFEZRALT A MOHERT A b OFERRRERIC LD R

M DEXIAHT A N TH 90% D Compare SIFEOSBIMENRELWET VAEAERK (G 1 %X
£7)
Vo EEIE, ESEHICRIRINTH D Z L AR

Mental model test T Compare 54D F 23, AN BV (G 2 & k)
Vo OEIE, VAT ARERORA L ZIVET NMMEEEE X BT VORI DA ES R O
BIRE~DOR D E 2 RtESH 5

LEMSAE O T7 3k 7 A b ORHED BV (i 3 (S L7 R)
v RIATONDFETIE, YIHoOFEIEEINE%) (Schwartz & Bransford,
1998;Schwartz, Bransford, & Sears, 2005; Schwartz & Martin, 2004)
—AEDEE (Learning 7 = — X)
TR MEEORNATON ., MA i U2 E B TEE S R T A MO LT
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vV S ELOEENT, (MR EEPICEERNEHATWDIER LY &) RIT ) Z 5
S A X % (Schwartz & Bransford, 1998)
v HERRIZ I VR E, PR S AT EnGio I A S 1S
v OBERS UTCHRAEIE L, SRR S CH T EERA XA LI 0 BT S 72 oI fE S
%
EEEIPES 74
Compare {4 CTld, kAl T 72t E A LR LI Z & TA U ZVET LV EEIE
AR LTS 2 A LT, %OT XA MEEH TH TS 2EREEfECcX

Compare ZfFEO 7 D3 FadctEim T A b ORMKFEA R < BE LIZEOHER M THON D (RGE 2 -

i 5 2 3CHF)

Compare fFTid, HEFEECT AT ARIOBRIEDOREE N D 72 (R 4 + 5 % 3HF)
voOERIE, ERRNRREEBICK OSSR, eSS

Z OWFZEIX, FH 21T % analogical comparison DO ECHE 43 B OME S S HL O EEM: 2R
L7z
analogical comparison
FATET VOFHERE OBRE Bk ST L 5 & Lcks, #EaE#zslsZ 3 oIlcaH
BHROTJEZREFEOSIEDL LD L0 | FHIEEE R T D720 ERY Y — A% b 2
Za)

vV HE FCREEE) [CHERREEERZD

BIEORT I Y ¥ 2 7 L%, BPrET L& B S OFRIFRE e, bl S8 2 fe 2 a0 L
T2 (Richland, Zur, & Holyoak, 2007)

#HE ~0 analogical comparison DFHAIAZIL, A O FFTEHAEEE OIRAN) 72 B 2 5281
T 25 DI

AL, B, T OBRME A S BTN D MEN B D
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[Appendix A)

Appendix A. Mental model questions

1. Describe in a few lines the path of the blood in the circulatory
system.
2. What types of blood vessels are present in the circulatory
system and what are their functions?
3. Describe the structure of the heart in a few lines and explain
the functions of each part.
4. What are important components of the circulatory system and
what role do they play in circulation?
. What are the primary and secondary functions of blood? 6.
What is the main function of the heart?

(%]

[Appendix B] [Appendix C]

Appendix B. Single-loop model (Flawed)

Appendix C. Double-loop model (Correct)
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