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A7 WA 224

Aol mEgHgel Nt wat Aole] BHE aTan ojdF aFol

we} E378F2] Jhd (cross—cutting concept) S FA O E W& AS
Al oS, 2015 NGSS, 2013; NRC, 2007). E3t3sts 7y
% Sty = Ala"olH (X g et 3-8, 2017; Goldstone & Wilensky,

2008), A F}peto Al Al 2~®l2 A X (Verhoeff, Waarlo & Boersma, 2008)
o H-E <A (Hmelo-Silver, Holton & Kolodner, 2000), AJe}A
(Mambrey, Schreiber & Schmiemann, 2020)7}4] o] 23i= t}okal =52
el A8
AN2=8s FAZ g shFde #4d I Rk ofugl Aj~dlo]
g TRty JidEE oldiste dH ek Atawle] g THETh
(Assaraf & Orion, 2005a; Sweeney & Sterman, 2000). o]w| & Q3+
Aol Al A€l Abaro]w (Assaraf & Orion, 2005b), ©]&= A|~€S
Sls

-

o) A :
Sy

-

>~
!

Aot FEEe] HAAAoR ofud AAE Pom AHE=H
AbaE ojmgtth(Kali, Orion & Eylon, 2003). 53], AeA= Aol
AE A 2 353 As5A8sE FH 34 Jdor FAE AlxHE
E3HA| o] th(Tansley, 1935). Tansley®] “gojo] m2ZH AeiAE Y& 2
2 BHAE 84 AloldlA o] Fojx = HE Aezkgd a0 <l
g d5A T AlzFomAe SAo] FrEZAE FAoRR olE o]
at7] flall Al Abarr wheAl g st 2y, SAEe] e A g
5 AAdAM T2 52 A" AHLE stes s, s 52
Fol AlzE ALLE S WErE B das = Aot
AgAreres 443 w54 /HdS S8l S A=g s
18 JSS 9 $hth(Assaraf & Orion, 2005b, 2010; Assaraf &

Orpaz, 2010; Hogan & Thomas, 2001; Jordan, Hmelo-Silver, Liu &



Gray, 2013; Westra, 2003). ol&ist 2=71E&d A=k 5 O
3835l = Aot} dASo] A|AES FaAR 53 u A]x
of@i =eutA] Awets Axde] FAS vl
stAA, 152 A& 8AEE A 2H
] o] tH(Hogan & Thomas, 2001). %4
Al2~8l Al E 273 (Shen & Confrey, 2007; Verhoeff et al, 2008),
AL Al 2=E AlaL FES Bofele ol Efo] He sow AA
wojgkrh(el Ed 7 53 2009; Assaraf & Orion, 2005b, 2010).
ofgd], A Eo] AR A S FAS=H HLste AAEAQA A

=

483 uSdee g

0%
|

Al
st o] eha Ao JeS v R tH(Sandoval, 2005). 422 A2
of BAy 7ol A ] o] zte dde AEES dAoH
(Hofer & Pintrich, 2002; Perry, 1970), St E29] <1222 o]ajo] <3k

S whol 259 B Aol g 4 Qlth(Sandoval, 2005). A s A
Uely= dAEe JAAEe wge we 24 JvEeEld &
(Hammer & Elby, 2002).

A 2=8S FAR st g Fshol] #g Ak 212 & (Hutchison
& Hammer, 2010)S 22 =2 3t} Jiménez-Aleixandre(2014)= Z o=
H7lol= &2 A Bolgte Wete] w4 A 8T F den
2, AL &1 AFETE AAARIA o E st Aol dad)
S T A LA JAELE 259 QA Hdgs AL
sk o 7 ok 3tk (Hutchison & Hammer, 2010). <l Z1t, Hutchison and

Hammere] @wWEw KA 1A 2SS 717 gALe ‘ojul o] o o
Wi dojyti=x Aysla A~xag 24 371se A s el

S ¥ 23
S Zta, a9 o] Aute Q1A AdS = 5o Ak ALHA
A AAEE el #7449 Az A4E FelE duem A 9
=



oy

S Sl olgfg AAES TFAAL AlAES St Al=F R}
7o s AAHA &2 A ‘A 22 A2 (Assaraf & Orion, 2005b,
pobd)’ o ® ol 159 Ax®El oldrt Astd 4 Jvh(Kali et al,
2003; Verhoeff et al, 2008).

Ao QIAES st A FF St WEto A QIAEA WAA R
dEAHoR FAHM, FAEY AAE Ao FFE vH F A
(Russ, 2018). Ke and Schwarz(2021)= WA} ¢ Ao A A& &
oA ojue W JAAEA el FoE |Eol=A uwhet
A A AAEH HAAE dFEAoE Addttn dHFPe. 15
A AAEFH AHEHE 5W, WA S Ao #3 T EA
72X A “olxl Zhrjel] o @A ¢ o]&o] AV|E=TFYY, Ak A &
Hell g A ¢ =o] YER=7E"et ©
= Apalo] A E kA Aol ¢l

-1
A gl R welEd £ At oled ATE wgo

-

4
|

A
N
-

B
4y o w2

@ GelolA] St Eo] FaRtE A EA WAR] 7} sHAje] AfAEA Q]
AES Asa, 2o wep ALEA Adsjo] dojuheE WEgSs £x1%
Aes & F Aok

oA B g X, AladS T fdeEZN Astuso F
838, A|="lE olsfialr] sl Al~gl Aoy Ao A RE AE A&
ANA FAEL] Al2® AlLE FHXIshE W #siA = s AT
A gEskh g go], AEiAe AR AE25EH FHe g FE8A
of 15 Abolo] HFS AEAES v JE FHLAERYH =Yy
A = 5Ao] Al oA YERd T (Eilam, 2002, 2012; Jacobson

2
ol

& Wilensky, 2006). °]&gt AEjAle] 5402 A3, A= Al2=gl9
HEA AR AuEH, AHAE oldfsts HBL Tkt 84 Apol 9]
AEZATD BAZE vEE A" Azl Aol th(Westra, 2008). 18
L, AZuo A Al2]] AbaL A g Al 3toizpE o] Al ~E A}
i Fees WEske v 23S FAWEEST S, 2011, Evagorou,

Korfiatis, Nicolaou & Constantinou, 2009; Lee, Jones & Chesnutt,



2019) 717k ofelgdolnt A3 &F(Eilam, 2002; Manz, 2012)¢] &
2 A8, sl FIAEAE AA st dAgo A8}
, A3 AT (Eilam, 2012)9 4= St E 9

5|
g A S B AEE FH9 Ago] FE ool dAgEol

=
o #2e) N2d ALE St We TAROR BRIldE @A 9
o},

-

ole] ¥ Ao AEHAE FAR FAE] Azd Ang £33}
| 91l 24 wdst Z25S Edete HAE N, ol At
SIS Alz=wl Abare] JEE mAE FAHS SAA Folxl HA 9
54 9 A mAstel #Aste ®Asdth 1ea, AR A d e A
T o] FHT A4 Eol MR TE u FAE 1A A Aol ofn
gx) Hlaste] BAEAT B AT oleh e AT ANE EUE A
28 A} | of g AR s
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3. &9 A9

iy
rlo

BoAFe] det Fo golEe thel el Fostel Agagt

7k Al="

Al=dl e AR & 8450 tds dAdA Faz&ste Ao
W, 23E FASE 84 AlolY AEAES #F AS dolAMe TFH
A YyE5S st Ae 5402 Zh=tHHmelo-Silver & Azevedo, 2006).
A (2016)= FHau-SH Ao AAE A|AdH] EAS HwEH A]A
g8 Ao 5 e 542 ‘HiES(parts), Tjrxéé‘(processes), olE
o] ‘3 A& S (interactions)’©] Atk #A|A|SE v} Qu}, E Ao A=
APATe wgHg S Hed A="Y 59 SAHS whgste] Al
s AEH BB HEAss T A Ay 7es ol A
FA'Z AT

Al e FAQAESY AsHg F3 ol dANES YEUER
(Hmelo-Silver & Azevedo, 2006), 2]WHo|A Hol:= A]|A®Ee] EXL J)

W A QAo EXNULoZE= upolst OiE}(HmeIO*Silver & Pfeffer,

O_u

2004). WEtA], A|2~EL olaEty] M= Al aEe] £A8 Holslr] e
orute Atarzh Qs O'Connor and McDermott(1997)l:— Al 28-S
olafat7] sl A=FS o] F= FaE, oleld BiEE Alole A4, e
A AAZA Y] Al BEE ol E ¢ glojof dhrhal FHIT A

FAAE ole@ ARATY A wdslol, AsY RS A
S Aole] BAE FHste] HARAL Axswo] Zi
FHE AXg el Aot ofgel, YA
A

8
Zow 4sAgdt FBE 22 oFojd BgAHL
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A dFo]l FoAlA] ot H & dFS v
S tH(Berland, Schwarz, Krist, Kenyon, Lo &
A 22 sy dlsol uxzEo] XA A

288 4AsAL, 94
A7 Ae A

KR
Reiser, 2016). 7§<le] <l

e, oFA JAARS Hdae HAIAE JAHEA HAA G o
(Russ, 2018). 14 &2 27o] tish= AA A Ao &£ wef A
AbA o1A 23t WA Q2o w RS S 9tk (Hutchinson &

Hammer, 2010; Jiménez-Aleixandre, 2014). & Eo], AAit# el A&

S Ao FYL s AAg 22 AT F duE BEE ¥
et WhAE, HAAEARD Q1A RS Ao Y WA & FEAH
TAE Aolw AL oA FYZEE AYEE= Aowm wi=r}
(Berland et al, 2016). A4 224 WAIA = Hzpol| Al wx= S npg
o w dfo] LA AdqS Qhlsts A oA X Ao R
F AthKe & Schartz, 2021). ol#d Hoz mFold wf AAA <l
A 22 WAAE A A AR A ES A E H 74T Ao
2 A = Qvh Skl AR A AEAR S FE ol Foxive 9
o A1 (Roth, Boutonné, McRobbie & Lucas, 1999) st EolA A1kA <l
AAEZS A= 7lolsts wAY w7 WAA= Ao IA 4
Ao FFE ARt wEgE 98-S &+ UAthKe & Schartz, 2021).
ofe & Aol Ao JAAEA WA A= A A3 g Aol ek 3}
Aol o)AS Wxst, FAe] dEs Fa AAdA dEEAv K5
H mAIAR HolE Algete] ARE-ghrt

ul, ¥-A

HEA (reflection) 7H1e] A2 olv} Al S AFetal AEstele 344
S o)n 3tk (Mezirow, 1990). drssolg 7j<lo]
AMZ =299 AAS g8t #4olgt & 5 o™ (Davis, 2006),

o
ol HAAA ANl 7H AN AdEe AFEE o] ks
e shgel WA aam B S vk slele] vy wpgel A sh



AtaLE WRd A Abare} gk wRAd A Abale vl AbaL el A AbaL
HERIA A Ala Z2e 2 SFHE9 Al I dyHodu
(Wilson & Jan, 1993).

v T A= HERIAE FEl o] Foxith FAA R, v S A
#How olFd Fx A HEIAE F3f olHA F Utk @] A
Aol k&g Jid el &3 aEWHS BEee A A3A ] ol &
T AUtk ¥ A S0l ApAl o] Atardgo] wha| W sk A wER]

#] o] tH(Skemp, 1971).

Aol A AAATEY] WES v oR o], & Ao vy
& WA AbaL o)A Abar, HIERQIA A ARG Fo] Shut o] o] 84
& Xt gAEe AdgolA =il Abare] #a B ES HAskeE
Ao g oulE Aghslo] AME-ghTh

vk, W ERQIA]

HEFRIA = 7i)lo] ARAle] 1A FA o) dhsl AZbetar REAd sk Ao
W, S5As WEIAE Sl S FAA AV EHS sAY vuE
At g9€E 4= Adtk(Flavell, 1979). Flavelld] w2w, wElQl=] = v
E‘r?lXVﬂ A2 3 wERIA A AES Egerh HERIA A AL ‘ojH
fQlo] ojwl WAow QAAH FPARAHI T A FFS VA=
s Aol 7EAa e AA el Ade ow|ghth HERRIA A A
RNAA Afds Fdsks ol olFoAAE AAA, #AA B SoAA
oA Al A'E oumgitt. ATl A= Flavelld] 8ol 7wkE Fof
HERIAIS S Se] AAS FstE Fol FAY et Bl st
AY 543 =4S 2t A 02 A oste] ALt

l. B A T

A el A we 9ol I5 Aol WA, A|7te] wWE Wi Sow



da] M FHLARFEHE #F2Y F e SAES EEsteE Al2d
o]t} (Jacobson & Wilensky, 2006). AEjAI] o]#3dt EXS 1 o,
A= AHA TF HAGolA Al-Ezte WE AE FEof HAAEA
84 Atole HHEA, AEAIY oA et =49 EFo st A=
g &S veotst Fart Qth(Hjorth, 2002). o] &3 HL AEAES A~
dow Hi= Ao o3 Aolnt. AHAlE Alador W B @

A AE Afolo] #A Tots A xEH7] wiEo]th(Hogan & Thomas,

gk ooy et Al Z2~Hl
— fil“g%fi AEjAS] A= t&
S T 2% AAARAGE
a7 9l ow(Hogan, 2000; Verhoeff et al, 2008), o]l 3+ <A 3}HA
28 AlargteE folZ A A F o] $hoh(Kali e al, 2003; Sweeney &
Sterman, 2000).
AEAIE Al=goR QIAstE A oA AHA R Fxyos)
H

°‘11 AEAE Azxgor et ou 9A e o] A

l

2=
3

ry

3]

o m AN

A

Ay

AR AN FEE gYsy delutt A4 8aF s 7,
AR, AEAL A Brre] hE GEHE Q4 s .

wEW g5t old @ Ausk 4BS T 5 Ae W YA G5 »
ool QA ¥ 5 Ak mebd B AFelAE MU st g
‘ol AAF P BY F st olge] AnE sha 1o g 43

< 3t Ao w Aoste] AEE
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1.1. A9

s}7)e % 2011, &% 2015 NGSS, 2013). 338ty 7y
(cross—cutting concept) I}8} 5ol FEZAQ sdd ¥tk ofug}
S A Aol FFE e AMA S st

o =

THNRC, 1996). <& E°l, a&¥44 Md2 A= £dd Mdss o

Aokl A ARS AWF 4 YRS FrHA Q2 2016)

Tguets Adel Axgel we, Retufeld AsNE FAR
e el agel xAn A Adde SATDE -2
EAAE Bste] FEASA FA2 dusA Aol A

S AAE vk 9l ,

22 Agsta zAIgHE EZAC 98 JIFS dEreE %é%
(Jacobson & Wilensky, 2006) 7<FstH, Al2~®l-S o]sslal A] 2wl
3 FESE A B 2YgS ZE AW FHoE Zad gholt

(Sabelli, 2006).

A=l BREo] A3 2835t= Al el (Hmelo-Silver et al, 2000;
Kali et al, 2003), 7131l AAAQ FAeAERE W3 =duA &
= A HA4S =gUs Aow Ao At (Hmelo-Silver & Azevedo,
2006). thH-o] Al=®le A8 Sk Al2E] oAM= d3EATE &
Bek AAR Bk AARZAY AlAgS a9 & ARl £40]
sy 2 B34 (complex system)Dell &3kt (&-9 529k 2155, 2005).

1) E&7A (complex system)$} A|AES AME 2 LA QAE0o| thokdl =54

_12_



Goldstone and Wilensky (2008, p.467)= &-#Alo] &3k APAFLE A
gt HZAZE M e FFA 54 daEl oS3 2ol AASA T
AA, AAe] EAsE B2 AR O3S ol F= HHE s Al
g T AR ettt 24, A2'S TS 84S HAP A
FoAEs Fagon I Algds AT =Nl ST =e] Qi
AA, A=dlS o] F= I 84 Alolo] EAlst= o shvbe] dszkg
olgt HAZAe] Alx®lo] Zt= Ao FasiA A& 5 dar, Al
2de] s olsfste ul 8% 9S & 5 k. ulA|, A"
oA By dY]E FAA8AES] ALl 7Rl xA x4 3}
o] WAE 4 Qv gAA, s oA AlaEle] e miE o] i
A" F Jdow ofd 7|RkS Fol AR & A AHS kst AW
o Q)

AZ, Z18A, WA, 2F, A s eSSl vFe B2 A4

TRE 33} 2 & (Hmelo-Silver, Marathe & Liu, 2007)
W&o A AlaEl wgo] B3 A Fort Besith BRAE ol
e e M FAAQAE] bgketa vy WA o w AEagst

=

St H

= FESt, M S8 Abo]d FSARLEENEH AAF FEolA
H#E = gy A dAg F des Yulstr] o] tH(Sweeney &
Sterman, 2007).

1.2. AJ2=€ Al

1.2.1. A=" Atae] Ao 2 BEA nSoAMe d.4

A" AaE 2R FARE BE 2

1o
0
fols
r o
iy,
o
r o
)
P‘L
k]
S

A GEAgste] FAALAES AEAE FE HoAE TR dse srhe
&S FF3cH(Hmelo-Silver & Azevedo, 2006). T3+ AX 7|3 WA, A
=

A S AP wze A F= UFEe A" A &3t
(Hmelo-Silver et al, 2007). W&tA 2 AFo|A thF= Al2EHS B34 2
< ouE e Ao=m AHolsto] sd ol & AMEgT)

_13_



& AAZA TP AHo= FHste o FHE T Aot
(Assaraf & Orion, 2005b). W3k, Al Ado A ez} A5 ]
i, olgd AERAE Hup anHeln & WHoR 12

W] BE ARE X

r ol
)
i
ro

H3hth(Senge, 1990). &S Al 2=®] AlLE &
3 o AWS @ da, FEAA QY] FRE FHE F JORE A
g Abale SAEOAl AAEA QD AbarrAolgr @ ¢ 9l tH(Resnick,
1987).

gHAES 544 A4S 267 fs HS & et 7] Wi
o (Hmelo-Silver & Azevedo, 2006; Jacobson & Wilensky, 2006) 3}3%}t
WF A A"l Abare] FQ Aol Axw il dvk(Assaraf & Orion,

2005b, 2010; NRC, 2007, 2012; Sweeny & Sterman, 2000). A]Z~§l A}l

= FFA A dEAQ agfol Hlal A Aseolu Aol tigh A
el AHE AFsEE(Lee et al, 2019) FHetuso 7joded 4= gt}
T3 o] FEe HARIF EAstE BG4 AU s, Al 2HE
Abale NLA - ARSI A AR AY Age BRE SN ZAE 2
st dHodXx F 2 3tH(Hogan, 2000).

53], A=l AEA Zoks 5 o, e /dH deE oldst

N
2
o
S
>

gl Abar= Wb=A] 2 5 (Grotzer & Basca, 2003). ‘AY el

AE AagloR olsfata U=7F7et AejAl A8 Ane 15 Alol9]
A 2 AABE g xS E SBTFoEHA T A I
TS BT & gdormZ(Westra, 2008), AEfA dhgoll Al=~® Abar}
HreEAl dositha ddd ¢ Qi ofge], dAEe AHAE 5T
] A|2~® A} E #ZE A EekE AFshol v & (Evagorou et al, 2009) A
A wSo A A2l AL O% ZxE 287 vk o F 5o, uhA
A3 A3 (2003)0] LEIRES o2 A Nd H7tE AAE
A, FAESS HolatEolA sty BE T A F7F Wske d¢
I AE Fo 9, 24 FEY S FE nystY, dEggoly 9
co] el areshA] sk daFo] AT olEd EEe AT SAE
o] A|2=®] AlaLE AR SHA] ot AFE HoFr

_14_



oA A mFelM Alx®l Apare] FaAeol dx¥ uk glow
SHAE e A" Abarh RteA] et oyl AEAl shgolehe
7k ol i Aol M= AR Al alSwEtel A AJAE ALLLE
B

1.2.2. Al Aba BA 9

AgAToA = A2 ALY vggd Jee s o 7HA By
o2 A Assaraf & Orion, 2005b, 2010; Hmelo-silver et al,
2000, 2007; Lee et al, 2019). Tripto, Assaraf, Snapir and Amit(2016)-=
APATol A Azl AFLE Fotstr] 93k B4 E0] A v59 F 7t
AZSTEH FaA 23 v ok

A WA, G- Z(Structure) -3 5 (Behavior)- 7] & (Function)(SBF)  AFaL
E%(Goel, Rugaber, & Vattam, 2009; Hmelo-Silver et al, 2007)°] L
o S ‘jsﬂﬂ TZ(S) TS A= AU, Al2Fe A8
i9)r Atol o] #AIE ongtt. 5 (B)> Al2=w QoA A
ok ‘?J%% ] om gt} 715 (F)2 Al=dlat 2219 s Al Z=Flo A
et dlFo] A|2® FAo] ow g ko] He=Aol gk AEE 9

1 goH(Goel et al, 2009). ol& E°], 55 T7F-385-715(SBF) AL
BEEog 5—*46]-‘34 TZ2OQ)E= dE AMHY 3545 A= 24 %
A2t A AeB)ozes 3F A #Hy 539 #4498, 7)oz
= E¥ A I’ﬂ* F3 F7IEEH AW s AAE FEueE AS <
A= RS 5 7 UthH(Assaraf & Orion, 2005b).

A STH(Systems Thinking Hierarchy) ®& o] lth(Assaraf &
Orlon, 2005b). Assaraf and Orion< A3gPATES 2 H35}¢] /\}3501
Al 2= gl EHOH A ztstal o] sh=

—r
(L
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S

o] 9172

w
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o

J»Auo

oy

=K

ol A A"l A4

=

E

3’ A

4 ) A

= A

Well A -5

1=

i
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B
o
0

il
)

3larel o)

A ApaL(ef:

Z O
1 -

o, A
&

fLE

o]

—
=

d

T A
o (Hmelo-Silver et al, 2000) %+
(SBF) Alal E3go=g

kel

3l

S

el

LA S B o =

AAHA o] H27] u

hyA
-

LA

I

}

kel
pad

A ol AFE-F S tH(Hmelo-Silver et al,

F2 A

171 ¢
2016; Hmelo-Silver & Pfeffer, 2004). 7%~

o

T

<]

ARl e Fuw
A% 91 )

SESL

El

[9)

il

]
pl

o]

=
=
1

1

Al

=
T

A Ea= R
}7] ol

3}

°©

R4

(SBF) Ala &

=

.

=
[

Nz g

=wg sho}

57
2007). o]

1233517 9

7%

5

]

o

)

)
<
)

"
=

’

‘04

al

gl

=

gc

,__rL
Sk A
S}

1]

S

=3}

i=]

AR Al Al
Assaraf and Orion(2005b)2] A]

=
=

o

o7 EAyo]gri(Assaraf & Orion,

o] AbaL

9} o] o}, 2015; Lee et al, 2019).
(2015)
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2 Jdel Alzgl Aba
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15 (Lee et al, 2019, p.150)
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L dom, AlAEE on] A et
sttt 1oy daldTte] AdE Atg o R
gt SAlEo] v £ A2 ALLE St Bl e, F
7t o2 st Ee] Al AMALE o oW FES o Yet=A 7t Al
AlEojgkoh(abx] oy, TR A gslel - 2003; Eilam, 2012; Evagorou et
al, 2009; Goh, Yoon, Wang, Yang & Klopfer, 2012; Hmelo-Silver et
al, 2007, Hogan & Fisherkeller, 1996, Leach, Driver, Scott &
Wood-Robinson, 1996).

AlzEle]l Fd e gkt SHA B, S A|AF U S A
2®E59 EAE otstr] oY enh(arA g, WA gsu 2003;
Evagorou et al, 2009). =3k 7FAI Al Q@ Ahogt Fol & 7] &ol= & A
28 A s FshA] ek Aol A vH(Hmelo-Silver et al, 2007,
Hogan & Fisherkeller, 1996; Leach et al, 1996).

Alzdl ) #A Thef SHolA B SAELS Alx"l FAHLALE A}
ole] ¥AES AFAew sefst= 4ol Ark(Hogan, 2000; Sweeney
& Sterman, 2007). T3k, 5 FAALAE o3 AlxdHlo] 2AHATT
AA e, Al=g U HAEEHFH YEtE =
k= dEo] Jth(Goh et al, 2012). A=, Al 2=®l Alare] BFo 2 Q)
3 TAES s Al=El Alo]lo] AZHE o g
Assaraf and Orion(2005b, 2010)¢] A7-ollA =5 3HA, 34, 115 3HAY
= B9 &85 olF= AAELE Aol #A o}
| _

2 |
A7 SR Al2" Abole] A4 o9 ATk Kali er al(20039)°] A

H
1o
El
Ho
2,
>
l
>
T
o
oy
o N
ol
=]

2!

I
Z =
FarEel A



Gotwals(2016)¢] €17 25t 5o A2 Fgo| tolg 7
A7 B2 S W3 ol&#], Gotwals and Songer(2010)% sHA o]
wet olzdon wolage B FEL i AE ANAL. 99
A SASANAL Be £F s ARE & 5 dE gAol
lowl, ol WA 5] aed FAHL WHsEA A7 2
ade A7,

AAATELe FAEo] Axd AnE s d A oees Fu8
7] 913k w52 JR]del waf Albaigkti(e.g. Assaraf & Orion, 2005b,
2010; Hmelo-Silver & Azevedo, 2006; Jacobson & Wilensky, 2006).
Kitano(2002)= A &3tellA Alxgle] Fo S Axst Alxgl #3

A B #E HAe ERE Alade] pxer gFA woto]

ofof & FHITH AlxHle] T2 A5 oS FHxlsH] A A
goz F2 AEHE AL AFE AlEdelde &&oltt(Jordan et al,

H}ed RYPFAAEF Fo e o A2E AlnE & &
S HoFU}(Wilensky & Reisman, 2006). ¢l& £, Evagorou et

al(2009)2 ZsAE°] HAFH AEHlA EFoz 54 AHAE

ot y L= 1, = o -
7F e a4y Alad AAe vA= 9%, 543 sEo] yE]
3l Zeagh Wsts Adsels ARrh FAEJvL A, i

i)
>
2orr Mg Ho

JE A gels FHX8E Aoz B At (Westra, 2008).

A" oA v A FA A i AldE AU

(Assaraf & Orion, 2005b). o]&st AT = SAEANA 4L &

N2 Al2" AlnE =Y de s ArEdd. dE B

and Thomas(2001)2] el A I} wjd o] UFAYof x

g By A gdes 23 AL g =] BReAd 4
X

o =
T Stk olE g A4

i
=
an
)
s
5

N
o
>,
>

y

X

f|rt
ftlo

o=

.

-
AES e PEe AgAAs

S
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fite)

=
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s

2 th(Jacobson &

w}
A 28]

A A =

Wilensky, 2006). o] £ldlx ofe] Ao A

i

)

_Z..Tl
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N

AA 48z

Ea

H
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file)
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53
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file)

puze)

Jl

Assaraf and
% 4o

F, S5l Azwsl T

ot (Evagorou et al, 2000;

s

18

S
&

[e)

R

o
R

(Zangori, Peel, Kinslow, Friedrichsen & Sadler, 2017).
}o] Assaraf and Orion

Ne FAE 5 BAS AL

Hmelo-silver et al, 2000).

Orion(2005b)

I3

o)
b
&

)
K

b
E

Tor
—_—
o
pic)

o

ruge]

of, B AgelA FHAL W&
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2. HA
21. AHAE X &4

AejAl = A, 3 A, g3 HABEA 5 bdsd FFodAY 4
Q49 AY dAdS xgele= AU *ﬂ“é’\]i’:‘%ﬂol‘i}(Westra, 2008). A3
A EAL o] HAZS B Bdo wg g2 gotet = gl
o AHAE By #FomeE AAEA, d3FHA, 9574, 7t~
#H o] Atk De Jong, 2002; Westra, 200804 zj¢lg). <3 M-3>0] =
AlE SRl AAEA I ATFHA AHS AJ="e kg AQl H

(Westra, 2008). ﬁEH o] A5 Al=" FFolA AEAE Bt
T3t EA4o]7] wFo]th(Hogan & Thomas, 2001).

AEUAE B 3oz AuAY Jeds Fotstrld &old #
%% 2 2 (Demetriou, Korfiatis & Constantinou, 2009), A3 & Al

g

ekl
fo o
L2 o

Al TS 01 AEAS] GE53S thFrlol ol HS A Favt
ATt dE , A Eo] HolaEo| A (bottom up) o2 Htd 74
5 O]ZEE TA s AEBAE] ATl we v 5 e
g}etslz] §-o] st E 2 (Hunter, 2001) AefAle] 5 dol HLsh7l o 4
& Ao® Bt} o FAEC] AHAY AsAHS FHetstr] A=
ka0 g 853t Aol #8385 AJAFEH Demetriou et al, 2009).
2 AFoNME S AeA] Al~EAR 5SS Fofstes Y
et Ao S FTasHA tFAnh. 18 a A sl HSd=
AEAE o)]F= ME 84225 E Azste] AgA U #AE A4

1

2 OREs sl AuAe] oEA shud 2 sAse A1
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<E IO-3> AHAE BE Fo 3359 E4
(Westra, 2008, p.50)

7} A
o AAed N A 454 7} 9. 224
= 0
X ° o A = AF
PRA Ay we R T T )
ge sba] 717 ZAE=
= A A7) ol
7] Wl &9
Al 2~ Hl o
J=S g7 23] 7] o g7 g7
A
23] AT
tet Aow shibe ¥ao| o] Hol: A
=R H2E Ty 9x gx 1
'1“1 —11:1?‘5_ EO]'J— ‘IT] oﬂ)?g}?—__} *}l: Si o— HZ]'7]
o AR BFA HE, ow ¥ werel o2 27}aHA
J_!
ST o itk ve =W 7|zl ﬂqii+ CoAREAa, A
oFAold = Z=g3 dae -7 29 oA
R gk}, AFglo] HrAlE
5 9t}
] A Z ot 3l
Ay ZAHAA QA AH o] o}, Vel
Aol e W3l
Ao T A FrjHoz A L o o
7 9= AE
X 213 Alslo =3 3] S rA NS RN C 13
. Hrek gl . ¥= sep e 2@ )
obA4 o} Moz od U uwHd
s N o wgd F 9
3| eeExel th FE I
El=8 Aol At thoAs
A o] ot
217k o o A e A 9] PR
914 - - Pk ph

2) Azre] oA AH AHArAE = 7o Aut o] Fof X tH(Sweller, Ayres &
Kalyuga, 2011). 1j B2 g-Ao] EZFst dAd wEd 45, Asd 25719
GFo g s A AAFAFE7E ot o] & dojuA FES F ArHA
A, 2016). A7)l A FA o] EAo] Erhete v g i U #
o] 84 ko] s Ago] &tsl, o] e AES HEste] EFE AT

ko] dojitr] A EPE gl th(Sweller & Chandler, 1994).

A
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AR AEA L, Ly, BHEEE 2R
o HAsE F 7];; ﬂ%; e Fe oARe  Fo

A, AR Z};A];ﬂf} 4EE wE Age  wE
#esh B oF AdE ) 8 AR ol § glA, o
AwAw g o9 o T, SAR 4 = 54 4
Th(ell: E 2} °:a:;z Aol Az Ao Az

& AAsE oL AR £ oA 4we S+ o4

= N

N
o
Ky

HEAS B oz Axdog Hsts BFWE S A}
ole] AuZE&ES FTAE EBElIAHol HFxFEZ(Hogan & Thomas,
2001), AEfAIS] Al=g2 5o #ek wso] dastth AHAE Al
~Ho2 HE #H AHEA, Eilam(2012)2 APFAFTES T3S
Ho|AAE A~dloz He PSS Fesh v vk [-4).

<E O-4> HolAAE ANadorg W= A3 (Eilam, 2012)

Fdax REl
BZE AL AU AdeA HoAZolA Holg Wi AEo] B4 U
24 ow 243 JuxE Aga.
Nzde] &40l FAase Wol1Ee £A(l: W)l HWolLE
£47 daot A se s e £43 dat
R RERE
TORTANE WA EE Ty sgase mzel womme T4
2 AsdAe Wis zde L
5= = o) o
2= o)oo o] A HsE 2aE 5 ol
T ooaxTm = U
ALz} o] oko] ook Ale]l 4 oJeFe W
G cadne g LT Fol GFAA 7o 3T
4 5 ok
AE QX FFo 3IA _\,1‘_?;531—54_ ‘t}]—g_
el oe waa o TE AE FES B 3
q smdlA o5 go] wolame Txo} #Ae BAI o
Fol A o] 3
o qAol dge .,
Az oz AAE AES L23A Z9
Adel Aol ola Arm @ oo oE ABR AE mfA) T
oo me dolalzel AAVAES dZaA,
3 AEe oZan Ak u ) i
- Mg olsi aAe] TR WelA WA WEw
— it = o
Sl moj 1o WaE o Za
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<& 0-4>5 vEo= F234, HolAAE Ardoer B SAs
< HelwAE Fal 7S ARy RS EEsy Zh B3,

= WAA gl Edo] oleds & 4 %la, RS Fdd A
ANA EAsk] Al mgom dehle Fud S48 deteid, Al-e it
of W& AEAe] wWaE 45 + dSE & 7 Ak F ATl =
T4 A 51 AAdA S AEAE ALdoR Re A
A ATERE AS SRR Y

2.2. A SdFolM FAE A= A=

AEfA] Shgol A St Sl ole et FiES FE A2 Abarst
du, A2gl Ao B2 S A i ol E Algteke
23k gelom g 5 Qrha ARtE (A, Wy} 2 5]
2003; drzlole}l H Al 2013; Eilam, 2012; Evagorou et al, 2009; Webb
& Boltt, 1990).

A 2, Eilam(2002)2 AEAE Alzdlo® HIote #xdA A9
Y7 ZRAEE AR F, o ZRAEd Fold FHPEe daish
AW gge Adom wAskel YA oA sl ofelste
RS b ZWoE WHRHE] ANFAHE -5, 1 A7 A%
=7t ZReA gAEe] AT olelgel AR wANm, BUY FUE
e gl A HolwA] Bggel w# NS THHE ¥ Fa

Eilam(2002)2 stA59] ofgwat 2R doadded wef 24 51
oAM B3k ol A7EA R FASAT A WA, AAA SHoA e o
e Ad B9 ZRAES 3 St AME Ao EHHA FUuth
a2y ide EYste] olalet A« = = v
S JgEts AEA oo Fods A
2 A AY el A 7E H Ak A= R ERE
ot
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o AEfA stFol A vERE o8& (Eilam, 2002)
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of AeAl 3F FEs TAStE AgATEANAAE AuA dd 9E
of Alx®l AtaE A A S tH(Eilam, 2012; Goh et al, 2012;
Mohan, Chen & Anderson, 2009; Schramm, Jin, Keeling, Johnson &
Shin, 2018; Zangori et al, 2017).

4
b AEANG HEAL e Fo HA5E Bgos 2
Qomz A At EFATe ErE Fz B8¥o Avel A
ol o 7lels gt

AEANE AEF A7AE FolA A WA, Filam(2012)& = o] 7

%_
£ FARZ gt ol Fd TS o m HoldAE Al

o

—

= A
2 oolsfet=A dotr 7] % AR AR HANE AAEIT o,
Eilam 4 Swol dia] A="s 7leshs 54 838 7Iee= &
Aottt ol# @ AR AR AR A dEs 248 1 AlaE
< 7lEshs 548 ®ol Wt s Aad Aas g 59
oA FAHoR EMT 5 dvke Aol AUtk

F WA, Goh et al(2012)2 T TS tdez A= A9
el 715 e Al ofw gt ﬂ% dogl=Adl g HEEAS Al
gato] H4A ols) FHolA FHES FFUEIF S T o A
TGS SHAN EHA oldlE £457] A 2" MR F
A(agent)o] o]1mi= A}, F 33501 FE Y A2 d4d HaAE,
gd A, =4, A F 67h MEFE AREElh o] date AEA
o @3 44 FHS H}‘%“’E Al B3k ofelroj S stAlEo] At
i o7l ARH oyt ddate A eAH o dA e ¢

SE!
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Mohan et al(2009)
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W BAE(Zangori et al, 2017)
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AolA thdgt AREAA e Ao olwd AHEFHE A Al
° 2b 4= 9l (Pickett et al, 1994).

131‘/} ﬂ*g 2 Alzd AALE oYkl W Y Alad Abn
£ Hol= Aol AvtEAGH A 2003; FHxlotet HI=A, 2013;
Eilam, 2002, 2012; Evagorou et al, 2009). o]&3F 43S dbadsle] A
A nSo A AeA g d-AE ofolr]o] Feol A A~ ARaLe] -
e A g 284S & B840 AtH vk Ath(Westra, 2008). =
ol e A wfo] F2 712 sidoely &ojo] 2HE w50 AA
Hol Al="lomA o AHA] 54E& vFe e AV AATH e
A FAEAA s AEA AAS AdsriEthe AuAe dAEE
g 8ds 1dd 73 E AEele Zo] T8t AT (eg. WA
A A, 2003)7F A 7IE A = °

e A aSoll Al A|~] A S-S Axe FAAAd A dgd+

(Assaraf & Orpaz, 2010; Eilam, 2002; Verhoeff et al, 2008, Westra,

2008)1 4 F=2 ol #AE FAR vF= Aol UATE HoluA=
oAw g A= BgHeola FrHl BE 248 2439 x9S
o, o] FAlZ g w GBS H AL Fxek 7ol WE

ols7F & =y Aol 7] o]tk (Eilam, 2002). Eilam(2012)-2
Hol BAE Alxdlor Hitsts oA AAS £d& FEAEAA

A9 BT ZeAE guz ¢tk 1 Ash A W F5E§o
B3t SIS st BT, SFAYEC] RS B UG B
oo HolpAe AL Adst FFE Uuurh oH@ AF 2
= st Ee] ARAAL ol A4 At HolpAol A AlxgH
S4g sobe & nks AsAS ANBTE 997t 9

YA A 78 Seoz AA AEAE APse 7EE AFste
Aol 7hx7F Aot 7= Fh(Lee & Brown, 2011). o]#dk Ao+
YA AT A A vl FAE AL RS 23 e
AdE A= AHe AUARTH e 032}% =
F Aoe dHE B8 2y MydEA= 2!
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i o
2
ox

_33_



EH7F ool AAE v ATHelHE, 2017).

o
‘.Er
e 5FY A2Y ARE T 5 AeT B

)
o] Atk dE Eol, A"l Abale] o<&slx] @2 SAENA HAA

2 Alz" AluE vt2E " e Aol Aetwe v ti(Assaraf & Orpaz,

AE A L&A A ES] A" AbaE £X87] 9% G52 &AF
@ dsor 7AE W o & 2RV s AR dAdEn. AEA
Al=d A QL S S kg ol oA AT SEo] zte FAA]
Aol 7] wEelt) Eilam(2002) A& EE 9= shgeiA =2
o, Z} 7HQle] Aol 7k Ao FTHe sUkske oldE & ¢ UL, ¥
TAoZ A A A dojui= dAd dig olslE FASH HE=R &
Fsbar 71 #AE T uf A Jhle] zte JAAAQD R A
e Zlow Wilrtka #4438 v ot

AR A o] #gk AgAFoles 27T 143 55 7= X3
3t tH(Evagorou et al, 2009; Westra, 2008). st Eo] A E % Al ~H
of g TS HLEAZ| = A" ALaLE AREekeE A EFe] 7] W
o|th(Verhoeff et al, 2008). eAEo] AEHAE xdstst= FAGAA A

M o

£

2®o] westEa, AEAY #HFold F8 AAHE
o2 Fof gAEo] AxHS TE F Adth(Zangori & Forbes, 2015).
ol & &9, Manz(2012)= Zs&AE0] o HES Shaste FA A
S AVlEst A2 #AES gl vt

A
WEE )

o

it

Sugs 24

A AEol AH
Bedy g d54d3 A=
Al el oA Fx2E A4Etd & vk (Verhoeff ef al, 2008). ©] 2
g AFATENA AAE vhE HtgeR sto] & Ao a4 34 A
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3. %

et oA EES “FHH otelr oyt MdE A
H, dold AHAw, A, =%, a2dxE, AlEEold ZE FH(Tang,
Delgado & Moje, 2014, p. 306)" = YEFE 4= T}

Lemke(1998, p87)= “¥late olm 27 98, B8 walr] o4,

[ e = e e RS e R A
AT davt g #uGolA %
th oA FFo R AAle
#ek s ols] HAHAME FFEH JTHGilbert, 2005). A @A
ME F4Y F8o] Hetu g nA= FAHAA JIFS A
FE FAEol A= #8 Ndes YAARTEEe H T ast
(Mathewson, 1999). &4 E°] R4S &
L S i) OP g7k Ad Wey, g, We&& vidste o
A% 7] wjFo]th(Linn, Lee, Tinker, Husic & Chiu, 2006). ¥+ WA, A
e ]7”4 H2FE I EAEY dA= O]TOV‘] ARE oS & 7
st 4= dth(Peeck, 1993). Al WHA|, ®AF>

Ndstar, st Ee] 7IEA A MR AAE %%”\]7]% A
t}(Bowen, Roth & McGinn, 1999).

ke gy, tolojadl By AEHoA FTo FHE A=
ANztstd 4 k. 9 F Al Aol AlZEkE o] YEhYE 24
uel ME T8 g9 s A 2"S E23Eh oleld HoA 9F ®
Fete AR gE JEEEFYH fdd udFd guE o
(Frederiksen & Breuleux, 1988). o]x & 3stAEo] thFst Fejo <4
XS vtEs #E 7“’45} o, el HEd M2 =AY A

= 2 7] W) & (Greeno & Hall, 1997) St<5A}E o]
st o] el o)A HAE &8sty Fgste 49 1 2t o o Aan
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(Tsui & Treagust, 2013). & S, 3}

3)
h hus -
off HAH AZH BAS WA BEY W OE B oo
A}

do] S
ool mgw @A ANE, MAE, 394 Y T gFE 5
o= AZH Be WBFAA AYT £ dE 5L V=W A% &

H7F ¥ AR (Kozma, 2003).

Ainsworth(1999, 2006)= ©<st 94 x4 (Multiple External
Representation)©] &hsyollA zZte= 7]|eS <a2d O-1>3 o] A3
v ok <39 O-1>25H rlFojE o thedst o4 142 Aoy
AEE AsHAH oz QAT 4 AA 3L, 34

ols] TS FXlste & FAEY TgFdd VAT F Ydves s &

=
T Ut

o
D
0,
of
ol
N
o
o

779

<a¥ O-1> ogs 94 249 7]5(Ainsworth, 1999, p.134)

32. £33 &Fo FA9 "EAA A= T
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HERRIA = 249 gh5S RUHE, §3 2 SFste AAZS on
tHGunstone & Northfield, 1994). Flavell(1979)2 HEIX] S 71Q12] <l
A& gz st A4, AAA HA ] ggk #2 oE HAEe] A
of A&d & v A= e A2, 2 i AAA dE F
of A= Ao WFE o] AW I-9).

<3 T-9> wgRlx e A5 &4 (Flavell, 1979)
T A3 (AHd])
yol Apale] A, BE, Aol didt =2 2oal
7H<l
O L L EL I
() . ”
zk 8k3ht)”)
Tk NTE rel AolE of ACH ATE A
74 il
ol (Alel) 55 AAsHA B#Ests A 3ol k)
= A7kl AA Y Abare] BAA Zyel dfs

v e} g = A " AFEAEE 5§44

A A A S oldfslA 2a 9% Agol & v A
2] 2] Z3})

Al A Az el digk x4 (“o]

A Hel HA= A ASHE EE Ao T
stot”)

o mgar] 98 dxyg Ax A A

ek wel gk A (aete] AAE <AL HrLs)

1 BgA S fBsslor 3.

oTH QA H AlS FaAst 2o AT

N7 A As = 120 A (U

el e A44, A A F A44A A A

T2 W ool -z wrEsiy 7]Eo] u
ﬁq_-”)

Flavell(1979)o] w2, AX]A degFE2 7ol AAE FA435t= U
Aol BHE F JEF T v, WERIAA deEFE2 Jido] o] &
5 Hrteta A2 s AAS FEAHoZHA Al HHE B
UHHS L FFAZ 7 JEs dFve HodA A= S
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3.2.2. 733 A3 WA &7

AFLE R E FEoted vdd 349 =+
& Puntambekar, 2012). A= 143t 4A
o], By, AEHo)Hd 9 FHE
(Frederiksen & Breuleux, 1988). 1= d] &Aoo
A, S o' Abghe]l AZto] i Al 5¥& RS TH(Adey & Shayer,

1994).

t
e

=0l A4S TAAY A, AA S Gl WESIA T
CH(Griffard, 2013). Griffard= %733 wWEFQIA] Alole] A 3
E Atk 1o AFel WmEW S-S F4Y AlFAREFY ©hA
il 2ol A B4 849 oulE AAdstr] Hs8l, 18al as

Brtet7] el AR A Als dolstar A &g olw, StAE
H7F wH =4 ol A u}

gelAE ®4 74l Bed)

)

ny
rot

=

ro,
i > ot oo
ol

o

N

]_

X 2
=2 ]
ox,

G oage S ANEN NZ JFS FuWE Ao
2 welth Griffard013)% EA3 AR Afolo] #AE ALE u} 9l

de FARAY 24, a4se o

Sol %
ol Q4 BIEsb 1 AL ehlishs 4L Fov, ANH BEe
SgEol Eg TAO wal A AN Eel we hEA 4P o
Ao oWe BEL atd 2E ANH BEe 5o s BEo
T3k 12414 ol E Qtuiste 7lEol ®th(Berland et al, 2016). o] gk
A AE shae] Aaee 150 B TRl JBe 1A Qo

= B
auR. dAY, g4 Bk shgsel
o
=
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ol Aol A AZAEAES &t FAE] AN2HE T o F
FAelal AT & gle 4 AAES OgFE HolA Ax dEes
FEEE =& 4 Jom(Hung, 2008), St EA nAg oz %7
H AETH S wsstE o =80 dh(Buckley & Boulter, 2000).
T 94 st @S B B NI E Aol tds #AAE EA
stal AA S Y 7 dormE Al2F Aba wlFo] A gstth(Clement,
2000).

WAL SHAEC] Al2F ol & Hetele Holk =] Hrh o] g
ool 7IRkE Fo] FESHH, Al®l FAY uFo A wALZE A E ol
Al JiE 2 id 2] AEaAE A BACE UEUES A4 4
27} At} o]k AFAl#E 2, Hmelo-Silver et al(2007)2 3sHA, <
WA D FAE BFE AEvtes g eRE Fold s A W

AE el stiA \IAIA - AAF & FRoA dE] - 7T oR

5

=R

T2 @t Aa"S dHYstEs st A7 S vk olE Fal,
|

Al ="l o] 3 g T &8 A=l HAIAQD A b qf
25 votsls Hols =g "o oE Eo], Schramm et al(2018)<]
ATeA FAES AW RAE S tF= g srFeA =43 oy
E TS star FHA FRE RO fEE Wdste] HasE s
FA8tE A AA FE =TE vHE ARSI 2 A A, FAES
Sy Ao A IS AA AMESHA Ha 3N 25E Y

FotE op71d 4 vk (Sweller

& Chandler, 1994). 1&gy}, A 28lS FAR 28279 ojg 2
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] (Russ, 2018, p.99)&= w53t A 7R¢l9] 2122 S Al
H= A9 (eg. Perry, 1970)¢] 7oA H 2ol AAH &
1 WA H 0] o el QA olslaty] HajAlE St
A& onfsh= ] ﬂagh o;aa M o] BA M /g-o]]
(e]

f
7} MU‘r = 301]*1% “’J*ﬁ‘iﬂ ﬂﬂ/\]ﬂ’

PN
T

2= Vi el =Y E A L vl S o] F = olHd SHS AHEY Q1
]
&

A Aolal o]l Aol st #HHH FHEL
Hu Frgthe] 2HEs T, ol 4 #EAQ AAIY ¥
A2 o] BRG]l e e A Aoy SFate A A
¥ 3tH(Sandoval, 2005). w58k Wt QA 2e A
Aol v 9wl ‘A2 3 kgl #s) 7kxl shA
2001; Hofer & Pintrich, 1997b; Perry, 1970)' 2.2 314 5}
E35| HaauSor AARS gFe AFE Ao 7R oA Zo| ut
Fgol o8 Yoz AgES AAgoh(o] g shef 7] 3],
7 2189, 2016; Shim & Kim, 2018). FA & o2 Aol

o
AC)

x

O

e 4
Y
o
éé

o

2021; o)==}k
A A7} 5o T AAAQ AARS zt= AL 759 on 9=
o] 2% A (Hutchinson & Hammer, 2010).

S o] Q1A o] wigtd wlg} Boldor A5ty = AAEH AAE
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o] % (Hammer & Elby, 2002), ¥}3}

FHAGE ol A7d o
A QRS BRE ATE B AAE ANES 24

° r

=

el

oL
el
rlr o

2

o

aFsgTh ol H 3 A RS wAZE S ALk 21
de Adste Wetel #g AFEolATH(ErE e A3 W) 2017
Kang & Anderson, 2015; Pierson, 2008). uwA}7} Ao Q1A E & A4
gt Als R A7 QA wARE SHAES Abalel] FoE V)
=d "HaAdo] AAEAHHutchison & Hammer, 2010; Windschitl,
Thompson & Braaten, 2011).

SAZE SOl Al AR A ES A shi werem ‘salel

o] 4]

J%-'

A
FIE 7Lol7E UREE A3 AEFEHoE o]FojAE JFLH|,
Russ(2018)& ‘914 &4 Uﬂ/\]xl’a‘r% 711%1% EdAnt 2o wEw, Q14
24 WA= oA A ¢ke]l EAolgs FHAA A EN

| A] 2] (Roth, Garnier,

deets mAAR, st élxﬂi 31 A =]
Chen, Lemmens, Schwille & Wickler, 2011)&
A= ZAA7F st wstE st H
xshete, wels Fa A dgd = vk JAAEA HWAXL gzb
25E HAACdA dEdts SHoR A
ML Abole] FzAgow Q2
s F v AEE ety aad
AA7A = A A WA A 2= A
Folmz AYPHog A2 WAAE tE AT

(o] &3 73w 2021; Ke & Schwarz, 2021; Russ, 2018). 18, ¢

of ANzl setugel A Azl = FaHS ThEAL, Aol
2 ANl Wb ol oMY FPOE AYHEAS e AT
= AR oz QaH o gt

4.1.2. AP el AHZ

SEe) A4 B B3k Zol gl BAL shae] Aael A e 914
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ES g o= o]FolA gkrh(e] g stet 78w 2021; Berland et al, 2016,
Shim & Kim, 2018). A 8% <124]&(practical epistemologies)< A& 0]
‘Htg Shgohe AFFH O RA ARl of| ARERQIZFAl ) 7H Al
ojmatr, A= o] Ap4le) AdqE <t H AMEshe 54T A EA
1 A7t = 3kE th(Sandoval, 2005). Sandovale] A A g 2 8= Q14 &

o F7HE & 5 AT A, ‘Ue e A S A
7F 9t} o]E] 3t AsA oA REL 7R SFAEL ZHoAL W Elo] o] &

WA 7 Yet 28 £ k. A, ‘B3] 2 ApA o] 7]
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of 8% Zol ofuel, HetAe] AxE ASsE FANN FEH
ek A3 J‘iﬂ o). oleld Aad QAR 7H1 SAELS 3

rO
1>
X
o
o,
O
0 d
i
flo
2
o,
O
2
L
ot
o
Lo
N
ol
=2
>,
I
pail
e o

U=(Sandoval, 2014) Hel| 7I¥WEE  Fof ‘A oAe] <A
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-10).
EIP 24 &2 A2 74 &&

GAst=d 83 AHe] TR #AI A4 A ol AT ER FAE
o] Ao st Tt FAAS weslste] Ay Aajgo] Q).
Berland et al(2016)°] W2, FAEL 43 FsA| A HEFUE A2
TA o B3 Exel FUN HHE /M u sby Ao on] A
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<E I-10> A5 Aol Ae] 914 Bel A ThEi

o124 A 11 Ab8H(Berland et al, 2016, p.1090)

A e A E FAES wel g B
] ) AA)Z=E O A~ 0] o] } = AF A S
AAnsme o = TO0 AHEEES FE del oA AA
7\ slok @t
GIESTOI- A ]
2 sot Szt Sl AHREBS Folo] oW, EE o Aoyt
ot e
° =A Agsior @tk & 9AH J2e BHI ohFol
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£ 33 e AR AdduA @onz A4NE
] < WA 7 Aol WF AEH 54 Aol @
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Amrstd wet ofelrjol 54 Aot A} 7
o w
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ol ot
ST T AFEEC TPk ety U@ JuE
ANz BN ANREE] TPAAHWEA o]Re AP Fa
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Abstract

Understanding of system thinking
in representational activities
about ecosystem

of high school students

Lee, Kyung Hyun
Biology Education Major
Department of Education

The Graduate School

Seoul National University

“The system” is a cross—cutting concept used in all fields of science and has recently
been emphasized in science education. In order for students to understand systems well,
they need systems thinking, as well as knowledge of systems’ various components. In
this study, the researcher identified how high school students’ systems thinking appeared
in external representation activities on the subject of the ecosystem, and investigated the
context in which the students exhibited a high level of systems thinking based on the
impact of the task and the epistemology established by the students.

For this, each student’'s worksheets, the drawings created by small groups, video
recordings, field notes, and post-interview data with students were collected. Through
the collected data, the researcher analyzed the systems thinking of high school students
in their learning courses on the topic of the ecosystem. In particular, the researcher
investigated what aspects of the task promoted high-level systems thinking among high
school students. In addition, to understand in more depth the students’ learning
dynamics in terms of their ecology concept construction and their epistemology, the

researcher investigated how the students’ sharing of epistemological messages and
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systems thinking was processed.

The results showed that the high school students displayed various levels of systems
thinking in the process of learning about the ecosystem. The contexts in which students
were able to show various levels of high-level systems thinking were as follows. The
students visualized their thinking through the process of external representation, after
which their metacognition was instigated during the process of reflecting on the created
representation. In addition, the students were able to utilize the drawing as a cognitive
tool, adjusting the position of the elements in the drawing of the small group, for
example. In addition, when students came to visualize various elements constituting the
ecosystem during the task, they were able to explore the properties of the system
deeply, such as utilizing the relationships between the elements as a scaffold. The
characteristic of the task question presented by the teacher was another factor that
influenced the students’ systems thinking positively. When the characteristics of the task
question were open—-ended or novel, more diverse and novel ideas from students were
capable of being expressed, and their thinking about the relationship between the
elements constituting the ecosystem was broader. From an examination of the context in
which students were able to engage in high-level systems thinking, the need to
reinforce the external representation activity in high school students’ learning of the
ecosystem was discussed, as well as the need for the teacher to present them in
consideration of the characteristics of the task.

Students’ epistemology was another factor influencing their high-level systems
thinking. The epistemology of high school students was transmitted to the small group
members and influenced their epistemology. After that, better productive epistemological
messages were able to emerge when tangible rebuttals from other students were
suggested within the small group.

Moreover, as the students came to accept productive epistemological messages within
the group, they shared a better productive epistemology. In doing so, the students were
able to consider the ecosystem in terms of a systematic perspective and, specifically, to
consider the dynamics, cycle, and spatial scale of the ecosystem. On the basis of the
research results, the researcher concluded that the students’ productive epistemology was

closely intertwined with their epistemic practice.
keywords : system thinking, ecology education, representation,

epistermological messages
Student Number : 2014-30512
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