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A Review of Empirical Studies about Systems Thinking in
Science Education

Ying-Chieh Lin Silvia Wen-Yu Lee* Chiu-Lan Chuang

Abstract

The aim of this research was to review past empirical studies about systems thinking in science education
in order to understand the applied grade levels and subject areas, the analytical framework for systems
thinking, and its trends in teaching and assessment. We searched for research articles published from
2000 to 2019 in the SCOPUS and Web of Science database and found 20 qualified studies. The results
showed that most studies were conducted at junior high schools and senior high schools. Some studies
were conducted at the elementary school level and found gains in fundamental competence of systems
thinking. The most frequently applied subject areas were ecology, biology, and earth science. In this
review, no studies applied systems thinking in physics. This indicates that systems thinking might not
be suitable for all subject areas of science. In terms of the analytical framework for systems thinking,
different studies invented different frameworks. The common features of the systems thinking framework
include components recognition, as well as the mutual interactions and influence of different components.
Regarding assessment for systems thinking, some studies used multiple assessments, and the most
commonly used types of assessments were open-ended questions and interviews. Many studies adopted
a variety of teaching activities and included knowledge integration activities. Some studies also used
computer simulations to support learning. For future research, we suggest investigating the learning
progression of systems thinking or conducting longitudinal studies by applying the available analytical
framework of systems thinking. Future studies can also apply computer technology in the assessment of
systems thinking. Finally, we offer some specific suggestions for teaching and assessments of systems
thinking.
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FER GG ELRFHENER LERES

of system components) -
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HIZ %0 B35 58 JJ A TR 73 Al BEEk AT 2
HraH R YR (% (relationships) ~ BE&# 3!
LR NAYENEERR % (dynamic relationships) ~
TR Z S EAMEER (cyclic) By AHE -~ BEFE
R AL M TR 4H % S ST 2 (B K -
"tEY L TERBUER L TKER L T B
G TR TR DI RE R )7 X4
G B & R R B (R 28 B8 ) 0 STH & AU
&R ZESRTEI R TEET 3
ARG EFZRE T ol BRI FEAE
(generalizations) ~ BE 3% fill Z 47 H HYFZ ek
A J& (hidden dimensions) A0 i Mk B =&
(thinking temporally) - [=] J&E B2 78 0 - F
o 5 1 B el 1) EE FE Y 2 RE B B B R 1
EEANFRVEIRIAE T B % - B0 AE K&
B ARG N KR E — (ER 31+
Ry E O i E 2 N 0 A E RS S 1 [E]
R B TEOHI IR 45 0 RE PR i A S N B 2 R Y
T OIE AR B TR KB AT AR
& R O A R &5 IR - (140 BE 4 H fi K
W 35 AT AR 7K B B - B RO 45 st B
B R A s N R RE SRR~ R T A B T
T B = R N B S KB s

Eait iy STH #8820 A7 & 5 4l 51 HE &
FEFENDOSIHERBERIAR H
Hipkins % A (2008) A& 5 HF EbH 50
&R B STH 8 20K R R 1 85 51 Ry B
= P T Y 24 RE AR A SR B B - At
TR R AL RE RS (LA 20 E S T e
A L B St A 1% > B 2 T 2K Ay 2
et &4 ML T AR EE— Ry
AT JEE ey P 12 FEL285 B 07 BT A FE 15 By 2 35
R ST = PR
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(=) BHAHEX
R BEFERE NS =R
R 2 A R TR R T A A
7, (Danish et al., 2017; Yoon, 2008) -
H > Yoon £% FH Jacobson JiA 2001 4F 2 4
MY 18 5 %40 0 27 1 2 (complex systems
mental models) 221 2 BF it 52 4 ¥ 7048
EXSHONE Rl e AN [ g~ 50
5 B 18 7 240 875 BE S Ay F - BIIER i
IR % (understanding phenomena) ~ #2& ]
(control) ~ JFRE,HHY (cause/purposes) »
TTENRCR (action effects) ~UHE AR (agent
effects) ~ EE(TE) (complex actions) ~ HZA
PR S 1 e 4R IR B H #Y 1M (final causes or
purposefulness of natural phenomena) -
DA KA #G 5w (ontology) » B 18 5 2400
HE AR EE EH G — @ E e A HE
SR BT AR L A8 1 e 2R S A
B4R HY R Bl 5540 Danish % A (2017) &Y
Bt 52 R 2 R 0 48 R A =R B AR N B AR
(agent-based) Mi[a] > AT e HYCEE A Sy A H]
DUER fife B A A B 4> Lk 2 B E R &
111 ] 226 1 B (8 /S 1 {8 1] 1 BG Y 185 B 2 1R
B ARG RS R ME BT BEHY B
Bt 5% 7 B 06 7Y EE R L & 1R A Bl 85 (positive
feedback) ~ 71X (iteration) DL & B& I Ak
(path formation) =f& Z:4t EF 5 ST Arad
IE[A Bl R e — T T R B R S — 1T Ry
wahn s ERAIZE RS T EEEAENTR
SCENE S TS IRTP 2 R e B B 24
FiE YA AR S o i R T ZR R R Y 248
FiE %24t (complex system) > [N JE & Fy 58 3
Z Y BETE T (stochastic) ~ JE5E 4= FHMITE
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(not completely predictable) DL K7 & #8 -
17 (1 %8 F2 (equilibration processes) » DL &
R E RS 1T R BRSO F FH AT S i 2 50
HESRSFR S -

Danish % A (2017) #9598 A — (@R 7%
Z g BRI S5 R ER A T R R [E] Y 2 4R
BESEA —EEERE AR 55—
T R B S 5B — T o A 2R A S B R R
CMP X - At ff 58 = B 4 v fs B 5
b 2 4 B BE B AN S A LR Y BT Y 75
XA BRER P EH RN E AR
KA MEFERE THELBEEN AR E
EHE ST il E B AN RS T
I EREILE > B2 1B B RIS 2557
Huwk HeEg gyt EReE
P BRI DL CMP Bk i K
175 B2 4 KNI TE % ~ TEEF L R4 1D
Fe PR ~ SEEGSE AN 0 DU A A i X
ROTATIRG - g BB A B R R A 2R
(iteration) fE=% - Q155 B 2 i & A 5 4G
FERACEMNTT Ry

(M) ARERERER

A BERE N ENEEEEN
HEEER - TRRIH TR E R IBH SRR T
BNA G EHVRBA AR W AR LK
MR AR N 21 4R BB BE T > IE B RR A R Fy Bl
BRNELE G R L8N S 8 R A
BEN AR 22 - 40 Verhoeff 25 A (2008)
HY B 72 20} 5 R 2 A= Y A A (A B2 AR
Y 248 BE RE T B O E S R B — R RE
9l 53 [E g A 4H 4% (BP4mAE - 88 B 4
Y1) - BRI R 5 (5] g 4R Y A R AR S A T T

/K3i#E E (horizontal coherence) DL K BE
HHREE R 5 e R A S R A Y 32 L

(vertical coherence) » F 1% HIJ 42 55 %9 7T il
S A AR L A AR Y R T R (0] S

(think back and forth) - iZ£EHY 5 $H & ¢
B AR ARG TEHY R RN A
A S5 R E R E T (EA
A 5E 2 ge i el R B e s P B2 A T
RABNEAE  ERREER AP EDL ERYER
RIS 8 R G 5 RIEI 2838 o] DL E i L
W& 7R 2 4 BB R TR AR R 3 -

B2 E PSR B 4 B BE I ot A8 i
e R B E (B 1) - T — (42
G AR (BB =) N AR4%
BHE g N B ER/ N Bt Eh s
FEEEI A # BR L 0 = (5 R 5 =0)
AL (5 P IS v o B B Y I (PN 725 2 T
) RUARAE 58 R BN B - DASE R Y 2K
KT GH 1R A5 5 R PR g 4 F i = )
& B (E I o B 58 3 a0 Ky 4H (4
FREZUHY 7 B 28 8 B B A e N R B
& HA - A sm /N Bl e g S 22
HIGE: - S A TEER A P e 3 e i =y
IR A e R N i et A R SR =R = i
K% 2 Ben-Zvi Assaraf 81 H i 72 B 5 Fr
##17 (Ben-Zvi Assaraf & Orion, 2005 Ben-
Zvi Assaraf & Orion, 2010a, 2010b; Ben-Zvi
Assaraf, Dodick, & Tripto, 2013) - £ AV
& STH #E=» R LA HL B 78 5 1 P g 3 e
AR EZ AN A (HEHEE
EVUTE AT 2R i P i R SE BEHY o
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bseE

- Y

BT o Einl

S8 SRR ]

B S\

AL B IV

B1 REBBENITRERERBBERHRE

ETEHERE RVERVER RS  4H 1A
AR AT AR R B4 ELRG AT — % A%
TR E S 85 B R T P A - AR L = R A
A EZ G2 HANR A 2 TR e
T > PR e 5% fR A B PR aE 1 B - (BAH S
ATERFE T H BB R T A RERE - B0
Bk S ENSTRSC)- =absy i OE GITITISRG: =
R GEEE R -

= ASBERINENTAR

(—) BRMEATHRGERAUE
A& EFENNE TH T A2
2 Nicolaou Hi Constantinou (2014) ¥}
HEE Il TRAIWTIE KRG BE e NE
T By Bl 38 BREEE - R E
‘e BN EE - BB R TR
V> Hh el THAE RS EEE - G- 29k
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B B R SR DL S 22 R R e A
SIERE B Z - B PR & LR IR B RHE
% e 1 Y AR R R ERBHAY 2 0 Jin A

(2019) £f ARV E M T B2 K —F&EE (two-
tier) A B HIVEE — BB MBS 55—
P& B A ZEOR 52 5 1 ) 55 — PR B A B Y B
FEHE 1T 50 BH B AR R - 3 AR B 5T R LB
R RE I P A R R B B i s R R
3¢ B — - i Hrin 55 A (2017) $% F 89
SSynQs (systemic synthesis questions) Ei
Vachliotis Z£ A (2014) £ SAQs (systemic
assessment questions) * {5 &b R FIE & &
22 77 AR MR A B 2SR BB RE 7 iE k%
HY T BB BA RS ERYP 0 B B
REH RIS BEA TS bk
HIE S B E S 2 FIHEHY EAYE R EEOR
LA S R E I 2 SR AR R A4 T fe 2 R Y BH e
B (% > IRIELAE 73 SR A 28 32 18 2 B S sl R
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i
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il
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=H
4

S R T]

FAP RV ZE > TR R E - k9 Bty J 5
A W E B — T B R SUR T AT Y &
FEFREN BN TER RS R R AR 3 -

W 3 B RACE - BB U8 & i
EHEANAEEEFENENTE AE#E
FELL ERIB TR A =R STEE A T
R R SRR T Ry 280 85 BE T B A E— T
B BT A Ry —J7 1B e T (5 AT BAL
EWABEANER —THE e Z s EH
HRELVE B — R A E S
EVERY TR - B4 Eilam (2012) 73 #r B2 4R
AR LT RUERGH TRER (£ TLUT

K3 SHREAHNRHBDEEATR

FBAR SR | e SR A P B ) ©
BOIRAEHEZE ) THEF Al R —
fFREe bRy R (as) Bk T g%
AAPIEEIE DL ? 55 SR B s T A R L SR R Y B
%+ Evagorou A (2009) RIZ RS2 A5
LUHEZRAERR /T EEITR  DIAMER R
Ryl 175 8 Bl S o T R A i I 22 A Y 5
ZEEERE S SR AR T aERR LR
Ay ETETTER ) AR AR T B 2E
PRIV T AIRE R (T TR R B (R -

B 356 LA [ 2 PR R B = /Y
TE - EWE TEE # AR E SRR

SRR #

EATHE
1 2 3 4 5 6 7 8

9

10 11 12 14 15 16 17 18 19 20 &f

A BESE v v v

v oV v v v 8

B i
B v v v
ke
29k

G v v v

HZE v v
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E 4@

F BHJRae

G EyhE
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BLE S B SR A DI R R B YR -

140 Ben-Zvi Assaraf 1 Orion (2010b)

TEH A58 R ERET 22 AR R KTE R R i 2

HHE SRS = B H 2By - e
Az RE Foy 1 At APT S /K IE 2R 2 SR B = - )
W KT S G R AR AR A A B Y 5 AR S
WRHEA 7K ? FRZK N B I g S A EE R 2
FA T E 2 K2 G R 2 =2 2l JE R 2
PR F B AR Y M T & 45 AR (18R 0 FORF B2 A2
O & N A > s Bl 8 55 1 42 &
AE #4057 B3 LR P M A e R B 6] 5

55 2 SR AE S 1R ot fde W 1 5T 2R 2 [
HREY AT 55 3 &R 2l = (840 il 7 2
FEIAE G Y A 5 55 4 &R0 1 i 0 R g
] 4 FEE B (A Y 7)1 B BR Y BUE BE 2R BE R
AT PR AERREE  HAIE EFE B
[t Brandstadter 2 A (2012) E s B &
B 4 UG SR B - 0 HE B B By U7 =0 2K
TR B Za 4 BB RE D &M RV AT
Mo EM S E e Fe T —EE—R

i B2 AR AR A48 B 2 [ (Brandstadter
et al., 2012) - |fj Tripto, Ben-Zvi Assaraf Eil
Amit (2018) Hyf 7> RIGEE2 A5 T &2
DS RIS A B RE S R A4S
{ERE &Y B T iR F A E T A8
TER 288 HUAHRRME & - 3l 25 HH A A Py
& J¢ 7 16) - 1fi Danish % A (2017) AEE
B TEEEFAVRRE TR TR g B2 A
¥ Z4e BB TRy R TR I 1] $1 I HE
S6 O H Y RO 1T s st MU B2 4R B
HIREZR - FREE AR R B ELAC HIARERYIRIEE C
B2 gny 8L - tAh A S [ FEEE A T8
FI 5 #&AF Ry &M T H - Bt Keynan ~ Ben-
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Zvi Assaraf Bl Goldman (2014) #yHF5E >
MG ES T T LAGLF 7 48 By 240 B R
=M T B AR F7M:

R 2T 6 Y 200 TR ¥ E K
B AZRWREEEN T A% EH
BOH T - 407 i G SR 5 B Bl
/D ol 2 R 1 O A A AR P R Y SR BE
(Rodriguez et al., 2015) ~ F M s RE 2K
TR EEHEMNEHRE T RS RE
k& 15 P (Eilam, 2012) ~ DLk {5 F BRI
MR R4l 2248 A 4 B35 BE Iy J70&
(Evagorou et al., 2009 ; Kali et al., 2003) -

—EESEENI S ZE R STH &
G BB RE A A RE IR S T K ERA
T tEfyREE 7574 40 Ben-Zvi Assaraf
B Orion (2005) fy W 5% gL A T2 & £
EEANENTE BfE: 6 gE- %
IR 5K B AR S E - FLA T AS - 2
=P ETREHL STH A48 B 58 137
ZefE B AREAVRE DELRS B IRt B1E TR
AU FRERE AT > RBL S A s
RHTZELAGEZEN T DUFEE T
BERE RN 250 B E /e ) - H P B
T BR B A 55 T MM P AR Y A BE KOS
WAVFTA & B v DL BRI A g
YA AR BB AR — T 5 RS [ 2
AT R & 2 TR (R AV AR - ATDARAT
B2 A4 T 2V LR (White & Gunstone,
1992) - ifii STH AHREH Y R4 57 5l Wi (I P B -
FIER R RK EER (FE - T
EAER)  ERBEEFEELERT TE—
1] 71 ) 2 R - SN R 482 22 A 1 e P 1 i (R}
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B2 EAIERE / AXUE /AR B ERAY
FHE EER oy IR ~ B2 b IR A AR R ) -
Keynan 5 A (2014) JR /& #% FH STH 2.4t
EHERE T 484 (BANE R FL A TR 04
MAERNELEN AT EFET BB
R PR Y T E B - G 5 A8 B AE i 20 40 e
FEAE B B2 A0 465 18 P LA SH 4 it > 2B
BERE H T RIS R R AR ST
2o G R RV R AR B o BT R (B
HHVEE) - 45 (2B EHIE LT RATHE
) MIEF (2B R BRI RBGEE L
MHIBE (R ) - ST RA T A WE - —(E
bt AR R G EEEN ARG ERY
S8E F(RER2HEEFEICRM &
Keynan FEAHIBFFEH R TT R EFEHK
fE LAV EL A RE R A B AY 15 [ E (B 5
#ERE S KE S EYE - NBRE) - &in
RESHEEHH TR LH Z FERGAER
£ Keynan £ ANHYBFFE o ZHoR S BLE L
g — ] 7T 2R 1 6 A A [ T 2R PRI RV A DL .2
Ji > PUR BRSE = Te RV I B AV B IR
17\ e AR AR R S B 1R - Bk —
20 B 2 RS G2 0E  WFE2HE
H (T R B AS R T A R (A ol fE HETT 57 0
(F&1-5) R EFAIENEE /L
S RIA T B ERBERE RS TR
= fEE &R AT (A) - & (B) FIERTT (C) »
TR Y2 BT FE B F 4 R Y (M
e 5 = P& B2 DL EG o3 i 22 A P IR A Y
T3k H YR E 7T FR DA R &5 1 2 ] Y B
EHHRE - BA 80% LA AV FHRBEA #258 fy =2
EHEHYMHE -

(Z) ZAHMBERNHERNTEERZFE
EREND N RBHEE

HHIEEINERS] #E28 20 BXR T A

A {18 BT 2 {55 P 2B FG SR i AR 1T 2 800 S8 R
(Kali et al., 2003 ; Riess & Mischo, 2010) -

1B T AP 1 AR 3 BLA (o BRI RS 1 s 2 41
R RE &N T EAIR 9% - 15 B DL S #R
HG 2 B R 21 48 85 BE T H AT E A 1 bR 95 9H
i EHE R ARG TS BN T HBEZGE
FRE o A A I AH IR (R 4) - 3K
5 B B — A D M 2R R I 5T » £
B R B M B A 2SR EERE T T
BRI SE AL M ZR AR Y AT 22 IR 2 B
STH &KX > Fr DA F B9 & 001 T B 40 51 By i
& %70 B S =S ISR 7y
MARBHIH T R ER D - fEE R E
(IR

0 ZgEEHRZ

B FE AT 20 RSOk 5HE 13 5%
R G RS RE I BB TR R - 24 B 5T
FITER FH Y 2240 -5 AR Mg B OB R YL H B
TR AR FEABERTEH RN TR (R
5) < B H & EE B EW R R AT AP A
DL 2558 B (B ER S st B A LU 28 1 %
BB M RAMBRE 7L EEE
g B EERR TRENER) (B 515
FIRE - B Em - ERUEEE . F) K FINE
BN EE TS ARG EEE) (knowledge
integration activites) (Ben-Zvi Assaraf &
Orion, 2010a, 2010b; Ben-Zvi Assaraf &
Orpaz, 2010;Kali et al., 2003 ; Keynan et
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al., 2014) - FIERGEEEHIEZHEY ERE

S8 SRR ]

HETTRE A - B O A5 SR IR R By 1 B YRR -

BER AR FTEEE BIRVRIEE - (E AU MERURIE W SRR RS B Ry S BB e >

K 4 - RABSENEA TRERMBVEENITRBREHRK

I WU (TR EEDOR)  EED QR SRV G
G R P i R 5 LR RS ITIEEy

A BES 2 5 1 1

B 3 5 5

C ZhIHE 3 1 1

D fi 208 1 4

E 418l 1 3

F e

G BB

H L7174 5

K5 BRARMBEENDNEEZHRE

zggz gi BHH / X8HE B ] R R B R I TR EES)
e O -2kt 1= 9 a3 i SSynQs #52
L 7 (LER AL 15 %38 M SAQ %22
= 14 ZEBE/ Bk 11 B3R it - 3R AEE - 2R Bk
6 ERE/HARYE 40 /NI HIEE LEE) (Rsfi)
11 HiR/ K pEER 45 /\i% EHEEE - ARESES) (EE - AR
ézié 12 R/ KAEE N RS - A ST (AR - AR
gk 13 HORL/ g 30 /]\i% RS - BTG - PR BRI - A
15 ‘EfE/EE 450 574 i
19 iR}/ KfEE 45 /\i% " - FANES)
SR
MRS 18 £/ ER 40 /\I% INET SR~ 48 RETER - B ATE
i
sy 9 ERR/EMERAG —REGUNEE)  ERER
WA 17 4/ S 500 434 GF R B
B 20 R mEms 40 /1N FHEE  HISEATER (MaE)
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FHEFRABMCERERES 7 BEFES
BERHIThRE - R R R i MR B S HI4E
T.H (Ben-Zvi Assaraf & Orpaz, 2010)
b7 @ SN B g B - AR E '
M5 22 55 R S B2 AR R R B R R 0 DL AR B
FEARHYE B TR & R Y T = il :
Kali % A (2003) i 8 5 #f % £ 758> 38
SAFEEERE PSR ERETE SR A
e KRR S A A IRAYIETE S Ben-Zvi
Assaraf Bl Orion (2010b) RIJ &% F % & 4
FEFN R R IE Fe - WA B R 2 T hn b i 5 R AR
KGR BE B ST AY B 2R IE Ry /KGR B
TCHYRE & B TE ) - EE A - At AT [F] e PR 2
PR & 4g [ SR - s 22 4k DASE 8 o H 3R B
#7720 R 23 E O A /KT ER BB A -

B AP B A SR T £ F 13
R H BB A M ER MR I A
T ER SR 7 R B AE Y A4 R
RE 7 ° BEZA(E AR RN 5 (HAR IR HC 5T
&R BT B B (simulations) A] {73 B)
BPHABERRGENEERE  HILZE 2%
B AR Y .5 2 — (Evagorou et
al., 2009 ; Riess & Mischo, 2010) - ] 41
Evagorou & A (2009) % 22 /F 1% i 28 i 15
BEARETAMER AT e 24
T] DALE 2B M A5 e A AR ~ AR SR B OREE
B o0 TR R B - R B A SR AR
B R - B 1 N KE -~ )%
5 1 R 2 PR 55 3R B S B - SR AP (AT 3R
BARE B Rk —1 - 1 Eilam (2012)
s AT EENABIREPENE
HEG MY B EE R KEEM 24
AR SRS e RN, SO i AR R E

ZEEREFRIRE T Rt E R A E 5 - 58
B2 AR ] DU R A AT Ak i 92 Y S0 - R 1 Y
&> Eilam (2012) i &40 Riess 81 Mischo
(2010) = Evagorou % A (2009) AYHF5E
PR MR By 7 AR EETT 28 T DL
BEHE (live model) 2 A2 #E 5% 4 3 2 4 HY
Hfg- i 4 EEME - HREELER SR
ALY BRI AL WI/KERE 6846 ~OR
%z %> Eilam (2012) 30 5y 4 S T HY 248
SR R AR E R F A R E B A
RE A 5 EAI PR —E i
IR DASE 22 — LIV E B A & 24
BEE IR - SRR i BB EE B O A R Y
AU TERE M » T H A e RS E TA R
FIIREA BHR T2 A A R4 B RE

F# > Danish Z A (2017) fybH Tt 2
W PRAF S Bl [ Y BE M - 2 0 A B T Y
e WEERA MWL (B2 AR ETEHCH
ML Bl Evt s BRI sk R T A —
EEERE 45 BN EILH EE  Frlh
a2k T iE S A TEAIE 7 Bk T s 4k
LA fCE FrliE EE R FE L - HE
Hy s T BB AAC AR B NE 2 15 Lo
ETEER B AR ? ) I 24890
EANEGE HKEE HERANAGFEEEH
R ~ A AR U 1] - R R OB 4
falgt ¥ B2 E N A R E T G By S E 12
k224 HEEAYEAL TN HG B RIER
HEZ—-

e & > BT 52 & 3% 302 BT 8 A S B2 IR
FEEE & REVENAE 30-45 /N 26 i3
AJREEL HER ALY 2 L BRI A B L HIE
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FONE A i A BRI R o N
EEF =AY E > Riess 81 Mischo (2010) L)
J¢ Evagorou %5 A (2009) Ay IR ER I T8
RS T 052 AL B Y BB 43 1) By
1B R K 5 5 90 73 YRR HE A1 &
G EEHVEE A RTHERE - SRR N
HYERAZ A » F ] B HA B FE Ay BB A
TE#% -

Bt~ BB AR

— MR TR

TEAIA FEAHRE SRR > B R a5 2400 8
EE— s AR T Wl HIRE T A
WAEERENE s 2EMSE EBE
BARA H A4 B RE ST E g EE A -
EVINEA FERTEBIN T E AT R T
HEWR ARG EEFES) MiELLaE T EER
B T S A4 B AR AV AR IR/ N2
P& L HETT a4 BB B H o B - 5540
BHEZEDR ARV RN 25 8%/
Sy M 2R RSN FHIE > 48 T RE B B BUER RN
HY i 8 R BE A — EAYAE#E (Boersma et al.,
2011) » B R R EEGHE D ERET AR -

WEI+ZFEHREAFE R4 %
AR o B 51 e S8 B RE A R Ry B A
IR LRERBEZ— EE AR 2 =
o SRR A A H B AR IR TR A S WA T
LB BT Y RIAE - AR IMAE R EE H
s [N R B2 <E IS SR R AN E]
3 Z 80 8 A S T Y (8 B AR
SHIETT - IRBAWI TR EERAE
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EAEFEZEENANEARS L — 8248
HY S 4E I BIIANAER) ~ A2 R~ RS SR

PRI B2 R P 25 o 1 B 2 & S8 5 mE DD Y D 1)
BRI B2 AR R ARG ES
HYAEE RS — T E T LIE 2 A B2 EN
AHYE > —J7 AR A B B AR
ARG EFRE T NI S 2 AT ] DA
JefiiE L E ST AT B

RIS 280 BB RE JIHY o M 28 1> &
FMRBE R 2 EH AN F B HAY M ET E /Y
B A AL 2 A S5 AR ] i 90 2 ik L B 49 Ry 1
TR USRI R R e B — A
ERESE o S SN DR R g A NS N 7
Vi~ V)RR B IR A AR B g 2
T E - B R R 5 B S IR = A
SN N =1 O & TR - =
WA S E R EETT - 18 AR P
s EfE L DL Ben-Zvi Assaraf Ei Orion

(2005) P $2 Hh Y STH 5 =0 & % - STH
EHERAIEL RS EFZR I EEZEEAIHT
TRy EEREANE N EHERA TR R
SPEHIRE ) - B ER R I T P R
IITER A 4 -5 BE 1182 #E AR (learning
progression) - B¢ #E {7 #7 & BAAY 4t & =it
70 BB A B E R T B R RS - 5
SRR RS HENERE 2%
HyBET&E (stochastic) ~ JE5E & FHMIE (not
completely predictable) DI k7 BhFEE - Y8
f2 (equilibration processes) » ¥ FA ¥ X
NS T = L VT VAR €A
e BN E VU AZE LA R YR
A PRI TL 48 BB BE Y N S )
AL ZER IR E R AT 2 A Y 24 B
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RETI > EHRIEH R EH REMATHEHE—
TEREERY TN IR -

SN ERREFHE L J TR
P T ER R e B B 02 - R RS R (R R
15 T LR B2 A 4 el o B 15 46 17 BB 215 6
AVENRRSE SR i B IR SR (bR R A
RES S R RN IR ER WY B I IR B Y
—EEFSNES) - (8 R RS e ] DA R R
RF ] » B Y s Lo B BT RAKE B E ST
FHRAVERBNERE > 40 - SRS B - Rl e
B ERE DU R B R HREA 24t
AT -

& RFEHHYRFE T TR
HEAAST R E N A GV ERERE R B
T R R ~ SR B A A [ ) 2 A (e
BT H - 2 8arE TR 7 UETA
ERIRSG LRI AT RE M B R P AR Y > 3T
RAH EAHRH AT S R E A M RE S PE &
G HHY RS - pEON SR R
A [E T H LA E S E [ H % TRt & 7
A BRSO EEN —(EHEEES 58
FUE UK R A E A I S Y - 28T H
FFT I RE A SRR e AR B B R R R RO T
Bo-QUINLES SFI s ENTRGS SIS E RS
& > DRIILE f S R 20 m] DA Fee A ol BB M il B e
B RGBT -

T REATFERARMRNAR
@i
FEFRETIEAHE Ry 108 SR IR
SEIZORBE L HAHBER S 28 HEEIR
AHERNE BRKEEEHN 2RSS

RE IRV EE AR - (B 33 S R A R 25 R I A S 1%
A MEPR A B RE ST R BR SR 0
ZEZ— HAREHEANMES TR
B> LG Y B R By & U7 TR R B B
B —RBABAETN S 2K EHRE
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