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The Effects of the Teaching and Learning Strategy for Systems Thinking
Education in Elementary Students
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—1 Abstract |

The main purpose of this study is to explore the effects of the teaching and
learning strategy for systems thinking education in elementary students.

For this, we developed the teaching and learning material for the systems thinking
education based on the book, namely “The tip of the iceberg,” and applied to the
control group(N=97) of the all students(N=201).

The results were as follows. Firstly, the products of the control groups showed
more cycle loops than non-control groups. Secondly, the prominent difference of the
number of cycle loops was displayed by the 5th graders between control and
non-control groups. Thirdly, in this study, applying the teaching and learning
strategy for systems thinking education didn’t increase the students’ thinking ability
in terms of quantity.

Consequently, this study showed that improving systems thinking ability of higher
elementary students is possible through the teleological education.

Keywords: A|AEIAITT A|AEINT DI

(Systems Thinking, Systems Thinking Education)

# By Sdty P wST wA1A A}, mbe@gnue.ac kr)

ok LRSSy WAKZEAAL sjy5729@hanmail.net)



8 2 OE A|AH |- HD A 01?- I-I 3;’- I-I /S 0

olth & WS =g
: . 20097 STA L V)
o LS FEAR B o
2009). % S TR HRE A4 :
9). Zo]dL A e ne
. J& Apg ool Vo
So] PQst Wis Aolmz Fods s
3 5143kl e] 8 1 sl 06}7
LA al T3 9)
WS F3) Felge mgan Morj_’ :
o4 AP 9
S

o

fle]
ro
o o
-
KS)
o

2
St
s

ofr
o

rr

4

o
=1
fo
=
o

o,
£
X

1

Ir
Fo o
o

¢



ASHMS| AAEAN I%- 315 2} 83

G RN, 2011, ARHOE 2T A FHA AR FE3 RAETE

Aol sk Aminge] %Iz F-8% S

b mgold shy @ ALl AseAlnE mee )

oF Wtk ol galx $4 who] Bad 7 xRSl HeH WA 4
W55 o] Fobslol ok & Aok, mebA

2 5

S AR S SIS ANAE

1%
:?L_',
=
s
)
By
ol g
N
Y
52

ol AL SR e el el vl
HYQTEANN A8 W WS PPOR F AZA 3
£ W42 A ASRAIS TR Aeel H8sgon, ol B 25

= ()
A5l e A28l o] S £31E doluiy AT BRE FT.

Kl
o

rl
_\3

rir

e
kv
re
MR
-4

2. 0|EX HiA

SEuEkE v Al ofe] yet dehalsgtorol A Al 2RIALAL Gol7h AR A
AL 2000 A - F2A oF 109 WY FS A AL Ak 1980 Sk
1990\t Zrbell A vl= et iy Hof, 53] AFHeE THoR ek 24
T Azdlo]l HxHwWA AFA|~El(Earth System, ES), A|7A]ZF I SKEarth  System
Science, ESS)7Nd 5-0] 543} i(Earth System Committee, 1988; Mayer, 1995), 2147
SHE AlFA ARE Fetus deuqlomA 38hy AYgn tlEo] A ulS(EBarth
System Education, ESE)0] d2] 2% %I THResnick, 1994; Mayer, 1995; Penner, 2000; T3}

A 8h 583, 2010). ey A AStastoroll A ARbE A|AFINES ApA R o]
gAAolaL ByA o AFeA| gou |, Y, S, Ae T et tefe
BerE b AEAR o3 Al AS sk slo] FAUE o] ATHAAAS,
1989; NSTA, 1990; NRC, 1996).

ol A|&Hle] F24 EAE 84 1 AS A4 Fetetal e w3
)AL ARl EAste] AAA "] 5SS WA Sk AR Senge, 1998; Ison,
1999) 02X ] Al2glatalel= 1 owlo] Aol7} glom R, st gtobo A Al Z~RIALIL
b A A WAL FAHATL Brloll= va Fert dnk

o] &=
=

E]

ay

Forrester(1992)%= SHainfo] 4] A7 A 4542 wedaha £ B3t ohle} 1
Aol WA AT FHOE WEHGE $YFORA, FAEe] FH oA}
A4 9 vieAte o 98 mgoEA REGS AHek olF FHa] A% Yl
o AR Al ASARe 5 T8 A 50 Robert1575)



84 gk AlAHICloHEA 47, M13T M4Z 2012.12

ATANE Bl 25 Rl Alzgittoljrl s Bl A ~"IALLS] WA g3t
g 45 T e FeAE TSN o %, Astugobl e 2 5SS 23 A9
BE s o m A&RAILY] F-8A % HetugA] g3 B A AFARL WSS 9%
WA AFEo] thFEA| o] Fo]F S H(Orion, 1998; Sheely et al., 2000; kali,

2003; kali et al., 2003; Ben-Zvi Assaraf & Orion, 2005). §] AT7Z23E0] FEA o7 AJA}

she bz Aetag o] slejrhelel 2Aste] AxRAbLE Aetagols i Fad W

o Ao Frie A WA S5 A2UAL $EE Bk A I As
A

WAL WHERIAS B WE-GEE B S ALY FES BN 5
o<
F 9

itk Ao Held
Seluete] A, AREsh AR 7)2002)00 <3 AdhHStug o] FaFI AlAgAbL
rple] vuAd = Hetag ool A Al4EALL olE AFoR AFIAS W v
ofe} Feta} HtugS AlagAbaL sejukelat Hlatste] EAskgitE oA 2 e
2 Ak o] %, ZH3F 520049 AW WAFES] Bl tigh A AL HEg)
Hab Alzagiabae] A8, Ae]d2007)9] AlAgAbLE WP o ® § A2 A] Abare] A
A, R Ael72007)9] cdn) 2EaAlEe] AlAEAbL 5 Bl
g10K2008)9] MBI Bhspoll A 2G5S Al2"AbLL A8
P78 Edl & S A"l B olafoh AlxgAbaLe] °]&5(2011)
ST AaEAbL Fde Y ZEasE B A @ré THOREY,
2011)9] AefAl thet AEaAre] A|SFARIL A, FEIE2011)9] PRIE=H

A QST S AZEAT RS ATES B9l HeuFLo}
a

oX,
3 i
=
ok
re
%

942009)9] “3}

401'
~ op
%
ML oy
_u g

(e}
o ﬂ
1o

2
8E>
N
=
ro
i

flo r%
gl
rt ol

of

1':2-1
o>
2y
2> ot
> =
T R
_|>L12
O
mlo:{or

Hox s
AA el vee] shshg ol Fetag L Al sl Q4N wE 2
He wm gow, 53 A HuKN SRS AnTFo] PRLEIL|EY,



el

3l o

o] A|2~ElAlare] o

shls

%

AP

shd

20175 0]H,

A
1

ol 671 Sk 4, 5, 63hd

fol Algiabae] o

485

=
=

P whebs Aol 3ol gt

5

A FARGeR 714

o]

Fie). WL

;g 5

S|
=

oj

cal

of

il

o|J
ol

oj

2o AT

€]

o

ofiy

m

w

wu
;Oﬁ

w

ol

of

—_
i)

il

I}E vl -

Aba

€l
)

1 Aok A2

3]

Kali et al.(2003)9} 752K2005)01] 2]

H7V A=

D

ARIL AR A

e
B

—_—

)
‘%



86 gk AlAHICloHEA 47, M13T M4Z 2012.12

3. Al2HA D U] Al2e} HAI =4

Senge(1990)= SAE] AZEAIE SHed] theat g AAdEe] duAel JoiE
2 A85] i) AsgAR Rt 1 AES WaIA F 2 FEske A
& AT %, DOE FAE oA BANAR B4 50Tk 9oy f25E A

ArzEe 5 oks "k 3y ofstEy] Aol AW AHE SAEL HYurgon

Al Aol A 2 e FAE S off@A stk 5 A5E A5 dHo g
A s 6)AF

ek 9ALAT WS YA Ans wE 4 Aok aey g

e Ak 2oy 22le 3 Wl B
= AL FoukEe A2 a7lEE v A otk 1ndgle gitk

99} 7-E- Senge(1990)9] AOko] A & w), AlxEAlI WS 9)e oo 7z}
o AMEdES WS £ s HEHY Weow ook k. 2y A &
Aol 2FINES tog AR the ShaBor Ax=gibae] wg FaE dopus

Aol difolnt. TrejE g ofu] Aivte] s AlxEIAbALE He] ofsiAlT|E = HA oA
Aed dEAdds JdAsta, doms s3A7E 28 2o v gETE O
ra]ae] Z%E A°KThe Tip of the Iceberg), S HH$(2008)0] i g 29| 1§
7 GAoR Adste] AL gZ2agoR AFsigin rgye] 23d A
& AERALL WSS A WSl A wioAbbg ] B fEete] A
Aol A 712 Al BT A9 FRlE ALFAILE Sl BabH o
Aok S TeH, SAS Aol B AlEe] M2 ddse] 9l
dh= AU ®olFal ks SHlA 2 dateld AEstalal sk iil%‘

tlo o
I

e
é ut)

12
—

Olt
-
rir

fe ol

émlo
@ oo Mg
:IOL_t‘

oft

sfha gasieinh w3 sARE s8A7b 9S4 e Ao SasEelehs A w2
SHAL hPoR S B ATl Bhe] Agsivin wusgrh AL9AT W8S 9

& Zeage F 4499 st Mg 2 AuE PRI 1.



[pe—
= pEERL LT T e gy g —

AR P s 2 Iw-o Nu—-mummnr
4 lllﬂ' £ B VE DR oo, s

L)1 ) 3 w32 g g o

woanAdes aonEus Gt

I ASE 74 sueUd BHUHOIM = 2D, - 2 G0l
252 o480 20 oz EeUn — FrERFERS T e |2
Do oo 1 HGands 23S 2Ss EANT
S #0085 0 20

,“, . t"\ 2232 HOTNRINA
l‘ O8iE %5 3T E0

HOAN2E B2S P
Lojeiu gEn

LR ELE R LY L]

& M6

FE '“""'H'lrllr
R e P

B EREVEE DR L - g - i
148 2

amanys
REE SRR

:nﬁﬁm

[O2] 1] AlAEAD U XI2(S7F A2

SEe AsuAbm £ WA Aal SR A ETE AT o8 A
AR, ATAS L ERS B 4 5 3E402 4AAn s
SEEEEER
A% =eHow

i)

o

o
rr

fo

»
i
.

-
oA

WEe] ATHANE BH AL ALHS T

obstal AeAE Brketedl T4 FAHaH 2).



AAAZL A A

S

A7F &<t

2012.12

=2

[T 2] AIARIAILL ZARX]|

0SS EHE a0 SAT
°of FU? 1

WAEE Lehfo] AT,

2] A Soll A doluk
AEL o8 7HA
T AFYTh Aol A
A=

o

T
Rl
=0
=21 T

I
=y

pskel
BN

Al 2.
Hl 3.

A

=
[
=
L=

88 rst= A|AHIClo[L=A 7, X133 A4

o

£ 1. AAETE A

< o9 7 YeEbstK

of nlef o &

W s

!

oA n

Ay
K

—_

o

T LA E

=
—

b Mz o

°

& vel dx

Al

LG oA o] HPel <7

3

s

=
=

HlJ

3]

S

oA e AT

S

{1

o

915t o] AAPET-] 1)



ESSMSO| AREK

uj

oA 11783} 1090] & g

s¥t 29e] &% AgEs 94

5

3} 3

L
R

H] L Rkof] A]

G

—_
o

ol

AEo] LA

FAssh 9

Sheehy et al.(2000)2] daAollA] T3t

o]_‘;—

}H, Kali et

5]

A

)

ahkel A

o]
A

N
-

Aol 5y

59)

al.(2003)

> 43t SHe) ZAR| 2

2]
N

Sislala
iR RS
0 = S I e
O 55 | o 0 0

HEEIE
TSRS
His|el2|e
P BT o N )
[ N N IO
A_ln_ \.mo mO ‘mo ‘mo
RICY IRV I I
I — | = N e
SISl ~
I RS ENES
M| Q| < | ™=
g S| =L
o) 0 | mo | x5 | Ho
w EEE|R
__3
ol | = | w | w |
00| N | v | |
ok
<k
20 2 A
ol

-~ -~
| = o
% ® | n

ey £y

E0]

3}
o

5ol A2

3}
o

Efell A 35% 9]

FATHE 1.

=
=z
=
[EXT 5
oo 5u n
e T i
= ™~
= K
oo
mH eyl

A g 4



90 rel= AIAECO|LH-A o, H133 M4=E 2012.12

(1% 3]01A Ul whel go] AzElAlnE SaE Ao Ay Sse Alaes
AN 3wl s S B ot 3 LS TASE 9450 4EAES 9
3 gAH ZwoA = Ao oldsta Yee & ¢ vk @, PEH2000)0] 3
F49 Fel A ae Aaabarh Aagea AR gtk AL A, Re
so A Al FaEgA e Azeibus FaEs Bakth AEae Feld Al
B dHEu, ALy, 47 Sus Axshs v, Axaae 24 2ue dxst
o oHTAY YeA WS Az Almdaon Aolsert o B A
(27 41014 ANG F stale] FAAE Bl - BAFRE AT gt FHeAS
7+ A5 AL A7kl QofA] Qg w2 A Al7Kdelay time)dh A 2El9] G
ol A BHA T2 AAFAINAE ek wdw ol 7o) AAES Ydais
Fe)4 Alng el v B ASHs A/ thEA) @S THRAES 98
sto] QrgtAlel W@ FHH T2E AATFoEN AxaE AN R HoE B P

— A7 QL)

\\>(\?j*%\ [
B3 o

4O\

%) )
ak

[~
juii)
>~
>,
&
=2
=
rok
e
fy
o,
o,
i

o]zl Agnt Y5 HAA A 37.5%2 14789 SHAYE0]

N2ALE 733 Zoz eyt vbd, wlanke] 49 2w shjo] AARR| oA =8
ag7F Y o]E 7R Al&"AlLE FEE Ao® EREHSI

5shd SS9 A7 43hd¥) vlasE ), Al2~RIARAL WSS AAEHA] gk ]

wire] A%, 4 A vis) L3le AsARE FASE 4 57t o A7) et



A

A
S}

1ok e o 47h vehdek

afo] 48hd Aednte] Hlg

o] Al=FAtLE 3

| ZARK| 2ot

APNEE
S| |n
g S
O0F | 55 0 | To

HEHE
SRR RS
M (RIS A
IrOOO_/l
IR N A S’
<R | BO | BO | BO | B
—_— | o | N ||~
O | — | | N —
MRS
I
HT|lolele
! | mo | mo | Mo | mo
B|z|E|E|E
o]
3w | B
00| ||| e
oH
=
0 & a
o

~ _
% = | A

< £y

gl

M @gkome, 9f Aol A

]

oM ¥ =&

s

A
1

shd

4shdel njef s

L
L

of thet sheat

o Ao A A

JE

A
5}

shd

Atk 5

=

ol o= [19 5)¢t

"

-~ [

~ ~

4o i

B H

T . 1/’50 ,xmo

=0 = <O
~
!

A A

E|

of H]

4=

W oy

13
o

g Ay}, 45hd ¥ 5

o AAAE

JE

SHA
3]

63

flaezoll A Afol

#AF o3

El

shd spalgo] H)
5e) A

AEL 45
Ax}s Aol A 63hd

3}
3}

tgons 6ahd

13

o

=
[€)

-8l

a4

EEREREE

=

Ir



92 "al= AIAEICIOILH-A 9, H133 M4Z 2012.12

ol

o

o

(oL

=

b Wgol 30 et §1 A3k 65hd S

(i 3) 63fd o] AAKX| At
T2 St =S =2 g Hlz=2t 12| 23
) 21 139(37.1%) 19%(54.3%) 37(8.6%)
ALl 35
38 15H(42.9%) 87(51.4%) 2%(5.7%)
2¥ 77(19.4%) 247(66.7%) STH(13.9%)
v gk 35
3 68(16.7%) (69.4%) 5™(13.9%)
63hd SHAEL AlALE A4S AFh Al2glAlaLe] gigt Ssro] o] Fojzl AEht s
o] ghsAollA 40.0%2 sHAEo] =38 aglE Hdsisit) olo n|s)] AlZ~ElAbarel| digh
ghzo] o] FoJX|A| ¢F2 vk TS F 18.1%9] TAEC] £3 1E YT RN

A2eARE Saeke Aow AEgTkE 3).

s SAETRE e 63 SEAAN Uehte 54 3

AERALTL gl BEG SRR Azsitnd e SEEdh dedth o
S0, 29T SEAE FHRRE F AEAEE 119 AN olsiaone
S48 WES e AEsh FHRsEe BAGN AURAZ Aol B ¢# 1
U8 T A0 AYSAAW, (17 6004 ek skt o] A SYE S she
ARSI 7 olake] AE AZEAY EE THRAE 7 UG WiE Addew




Of AlAZIY
F b )

=
0

R84

=0
S

sep o}

o

I3

Al s, A7 217

=

w
ol W_l - B
He °% Wr mm
1r IR _
| " z
. i Blslz|o]z] X
: . Hﬁ m | N Mﬁ
T ” © o 2 o
—
o = < = NS e ﬁm
g = = SE IR E
™o | il .
i _E ~o
ﬂAr HA].I /N\ 03 MU
2 o X X2
< R o e AN EEEE
< < ERC e o O I A I w
- i nk pE M
ol <~ = % |0 ot
5 2 5w < |Plelglolslz| &8
o S w <+ s | [R25]EF] B i
% o ._3 . or IM.I & dl
K- _M_v il _mh o i i
5 B o=z o | msle|ols] BE
it _ln_ e i o[ ||| o=
5 — H oy o 0w 5™
w o < o o | s 5w
- z ¥ % Z| <8
5 BB ==L #| |&=zzs] 2%
— o g - ST X
o o Ay W ol
05 o =0 Ch 3 ‘lﬂ g
) Mo % AN -
f Sy B8R < | 0 = I
Yo N BY zzlz7 E2
T = E 7 K
5 5 = = = Nd N A
) A = = <
oy < = w AR R ¢
B < T oo 2|5 A
o ol Ho o ) 2 2
CH) Y5
o



94 Tal= AIAECIO|LH-A 9, H133 M4Z 2012.12

AR gl 28 £AIS A, olnl WgelA SuF 4G Flonz sEol
AHgehE RSS9 HSE o oy

ElAch e 39 BAlE 22t A
S gt 2 Ao}

E3E Qe A3 vl

S AEE 9100000 AFOlE B Aok Bl AsEAD B S0t oy
52 ogos sglon, WEe AR ASHoR PAsg, BdE A By
oA vRIERS AHggone B Aol Avsh v vlwshs A& Tt Uk B9
2 Aol Agie] A9, ojn] Asuibueks BUE AhEe wesiigel u
o spEe] AnBEIA GHOR A Az AFrks THLAEE 1 A2
B0 AFFoA G ol AT BAE 5 Qe s Aol ek A, AswA)
09 WEEIATE 1 A heh sehde] B9, 3w el dlal Ak SEe] A}
AN 8 39S ST S /b 1090 199l wlante] wsh BA ekt w4}
89 o] £ 03le] 2 Aol Wil vehdrhs 2 2AR & & o

Fgete] A8 - B35 olFol ke SuT Rokw 4ol 4 vk Webd wstmse] 5
A3 BEE PP wrks A7k Agel meh GA Al A REom Ak
wsel £42 Ak dAt, 54 3PN A9 719 Sl Afsha Y e Au
2 AHET 5 AN A A AE TheE BE A4S olsteta FFH0RE ofF

i 4
o= Aol AA9le] A9)g Frahzd SAH adelnh g9k 2L Algel
ol A Fetuge S FFed B A ofg) - 7)o

=1 =
wAlEE sdshE HElo] HES s Ao Hi F ditE AHskt
a|



9 o= o H N B kT T CREGCS oMY m R X o W W
. il = my B! 3 o R Y e s E =y RS o] ~ IW,I TR o
R y = = ~ % W = . o e IR
__ﬂ ,Wlaﬂﬂﬂﬂ Nluﬂ \aﬂﬂnooga U%‘Ur‘mﬂq;o\ulﬂ Mﬂ
Jn %o <0 P = R0 w — % U W A oy of
o Sy o W A5 T o i o2 G zo A LA = A1 oo
I ° o} < E# ) A'. = oy B off A= o = o) R o
¢ 9w o ow® Ay Py wpiw H P EasS YO
E H oo XX N = 3 oy —_ (- B
— 1_|0,| HOt.@: Aa‘ﬂﬂ iﬂ_‘umuu H@lﬂﬂ,ﬂl ~
k| 2 A%Mﬂ%émﬂ oT.E - o oo g B F o om
S K o X X s MH Mu o R e w9 o K|
<l wo o e R T ey R T (R A T
< ny P,NoJIAM_..WOﬂﬂWI WJ]OFE Nﬁauﬂdﬂ%oil = B T
ar 5 J.ALdliﬂjl ey % aoe PTG
Uy ° oo R B = I op | %%Wﬂﬂ7ﬁﬂ_si
0 g T H e R B T ulp L R NG
ol SR - X = 17_|1_ ~ R K o ™7 ~
o T T X WIS g Poama ™R
i K F o) ¢ < W o < & 7 A o Ak By o] = < A&
W_LZ ©IH — o = — oﬁaoﬂ_vo_uno#a] i
mH = N P‘.ﬁ ity 1) =~ < o X T or = = ujn s o 2
oF F o LT e B X ERMA ¥ =~ =
4 FELrEEE ETPI LR ERgNTL o4
TR REE L. Ta o dEm TR Y S s oW
wﬂqu%?oﬂ__imﬁWM%mﬁémﬁwmmﬂaﬁ%mnﬂﬂ
)| sy — )| = —
SIS {ECE - SRS O PO L o S JC B
@QWW%%Mﬂﬂ%MOMﬂﬁmmﬂiﬁa_b%ﬁmﬁﬂ
o o N R T o= X ow "o _ X =z T O
PRI G EErsp Rd TN EET 5 oy m g L
e M P T TR TE g T 2 ANTE ook R o
ﬂ?%ﬁwoegﬂﬂdr.qﬂﬁzf%ﬂmm%A_ﬂmﬁmnﬂﬂm:ﬂo?
—_ ) ] fie) ~ ].].I
S oa T R PR s g RET TR T 5 R oen
e MO o H W X = o e S v m T =x= A o M
B RO o o o w o 8 2~ < T 5 o
ol R B S = & Togp X W T W oE g
o H A H®Y BT g M pwmoh T . =
= SC T - R o G SRR - i o S
SoMoE B I B O (I I s
PREITTETTETHM LR N E o r &
G O S M N Sl e N R O VI N R
T EH AR AERTTE TS LR E] cﬂa_/eﬂmﬂ%
~ X mOL_L.ﬁ}iédudlMMﬂd.‘_oﬁ ,ano ng
X ol < =n i X oor ™
uMoE Mo = < T of T xﬁ_ﬁﬁAoLﬂﬂ aY =
IR -y W e I T I e % W o o
" oF TR F T o T X o o omw o+ T o " A

9
Z_}—

=

R=
delos
o}

A QA

|

1
Sl

kel
o

)

o]
2

=

R

L

o

ol

1

L

o).
Qo] o4

2

o djg A3} i o}

o A}

=
=

Hg

°
o

R

BE AW} 27 JEA

1

k)
T

gl o

Z}
A}

A i

VA

o7 HIFEo) A tFolA|

N

14
o

=]

aA Vet
0]
0]

o~
T

A, Az} A 3
oh
Aoz Queel tig

o)
P

g
=
foi3

=

7 el

o~
T
&



96 rel= AIAECIO|LH-A 9, H133 M4=E 2012.12

£ 3 + S W8-S A Q1 259
oA A FEle fle Ao HdE7| el

9] FEARES v Qe 2o A, 2R ENA A2HAILE W&
g ag-shg oA ZRade] g2 §r| Al FAstelok shal, AlElabaLe] o
g FAA A B, 54, F87 7H] Sl disl]l A4# Sl s olHlE
SRE FYS AYepr] Hohes Alsgibae] S84 Al e, sy, e, A
e THEAQL el Agsta sl SEadlA olE AEsH dhe Aol U &
P ol AR = 9l

B w9 25sule A $9 4, 5, 63hd 67 uk 2018S oz o]Foizl

H =

- R4 T

ATl B ARe] Awel B FE Ylrh o, SRS AABES Frat
SolAl 7

i il .
W KA LA WS Aol felve SPEA) AL nE ws
%5 gl A WeroR AZHITh mebd elvelel A AzwAlE wEa} Bt

-1 pul
o AZEANRL ARk} et AETEe] AAF FEATFE] olF o Beo] o] Foj2



[&DE23]
BHY - olgd - FU3] - LT (2008). “EO] =gl gk aFIAYE] A A A
st Alzgl Abae] BAP, S st Etug T A2 Al 61-72.

=
A8 - AUA - o]gd - WAD - o]UAl 011). “AefA gk AE AL Al AE] ALIL
A T A E WS84 #3907 Al43: 529-543.
WSS (2009). 12009 NGNS IG FE,. WSS R A A2009-413.

TR A - FE - G - PIE - OIS Qo09). “EAFY SENEY T2
% 5

ghgol shgs7] 2 Al A SE vAl= 23, FebrAFE uS8H 8] =t Ay Al
1238 A13: 23-32
A5 - G 2005). “FEANEAOolItE ] SR x| EAof] w2 ATl ATARY] A

YElea] B T=EAE, #4038 A7 73-86.
7712k (2007). TVensimS 83+ SYSTEM DYNAMICS;. A& A&7 77

i=!
AEE - FEHE - 1253 (1999). TAzETo g2, e g EaiaL
A - ol - FYaL - H-ok (2000). “Fa ] AlLF AL alg5 F3 Fold el 7t

rl

of = Abare) g &t 497, Tek=r ATl I A7 A Al1S: 51-65.
A58k 2000). “AhT tEB o] a5 1997 F591719) P} SFel] Ad AT
tEEel AlnglAbar, PRk Al ~gntoli =) 1y AREe: 5-28.
. (2004). TA|2EALAL: A|xElo R AJZFs)7),. AS: ABHAL
- (2005). “A|~EIAILO] Agof gk UHA gz, TFRSAT, A1 63-85
ZAnks] - 7197). 2002). “E o) F8tuso] Fakt Al 2~eabaL gejviele] wlal A, flak)

ShulSe3| Ay Al22d AT 64-75.
& 2

AR Qo09). TS 2218 Fal B S ATAZH i olshsh Al Ao
B4, HARtsle R A%t msvlet

e 2006). TUE B o BA olFele : A2g Al olFE Ay N B

B3 Q01D “SIHAEE Be FOAA ek WA, 19 AlITol AT AL

A ALE: 131-153.
- . (2007). “ov] S aibge] AlLRARL TE B SA ted A, Tk
ZgrhelE s Ay A8 Al2E: 235-252.
=R AR - A - DG - &Y - A - LA 2004). “eR|aAtES] @4
whel] Tk A Al Rle] ARG AR ARl A8, TRk=A] T aeels) A Al2s

>



98 rél= AIAEICIO|LH-A o, H133 M4=Z 2012.12

H A8 684-696.
fghA] 723t 53Y3]. (2010). FAIFHASTUSE ). Mg WK HSAL
FE. (1995). “ShFzA 1t Alzd Alare] o] 24 w7, AT, Al16d A2 109-131.
SEHIS. (2012). “PRI=T(Mind map)S &8¢ AT Unkehy TeA9] Al2El AlaL
e MR P ST R A A L AT AT A
ol&F. (2011). “IGTAYEE] A28 ARIL S Qe wsZE T A 9 A8 A

8% FAomn, ARSI AU w5t

Fold. 2007). “Al2=®l) AbaLE i o' J Ae] A Abare] Agdr, Tl e ghd a5 5he] A
g AlsA AE: 77-92.

2o} 2008). “Ael7) Bhrol] 2S5BS ) TN A8 e, AAEeleE, Bk
et a5 ek,

H. David. (2008). "The Tip of the Iceberg; ZH o] ZHEE Aok vl L o | A& nltjo]Hol.

AAAS. (1989). Science for all Americans : Project 2061. Washington, DC: American Association
for the Advancement of Science

Ben-Zvi Assaraf, O. & Orion, N. (2005). “Development of systems thinking skills in the context
of earth system education”. Journal of Research in Science Teaching. Vol.42: 518-560

Earth System Science Committee. (1988). Earth System Science.

Forrester. J. W. (1992). System Dynamics and Learner-Centered-Learning in Kindergarten through
12th Garde Education. Cambridge, MA: MIT Press, pp.1-23.

Frank, M. (1999). Engineering systems view - Characteristics and learning processes, Unpublished
dissertation. Haifa.: The Technion Israeli Institute of Technology.

Ison, R. (1999). “Applying Systems Thinking to Higher Education”. Systems Research and
Behavioral Science, Vol.16: 107-113.

Kali, Y. (2003). “A Virtual Journey within the Rock-Cycle: A software kit for the development
of systems-Thinking in the context of the earth's crust”. Journal of Geoscience Education,
Vol.51, No.2: 165-170.

Kali, Y., Orion. N. & Eylon, B. S. (2003). “Effect of Knowledge Integration Activities on Students'
Perception of the Earth's Crust as a Cyclic System”. Journal of research in science teaching,

Vol.40, No.6: 545-565.



[>
0l

ASHMSO| AREAN T4~ 3}

=1t 99

i
K

Kim, M.H. (2005). “An Implication of System Thinking Paradigm in Current Science Education”.
Key Engineering Materials, Vol: 277-279.

Mayer, V.J. (1995). “Using the earth System for integrating the science curriculum”. Science
Education, Vol.79: 375-391.

NSTA (1990). Science-Technology-Society: Science Education for the 1980s: An NSTA Position
Statement. Washington DC: NSTA.

NRC (1996). National Science Education Standards. Washington, DC: National Academy Press,
pp-262.

Orion. N. (1998). “Implementation of new teaching strategies in different learning environments
within the science education”. Proceeding of the international conference of secondary
education in Portugal, Shaping the Future, Politics Curricula Practices, Portugal,
pp-125-139.

Orion. N., Kali, Y. (2003). “The effect of an Earth-Science Learning Program on Students' Scientific
Thinking Skills”. Journal of Geoscience Education, Vol. 53, No.4: 387-393.

Penner, D. E. (2000). “Explaining Systems: Investigating Middle School Students' Understanding
of Emergent Phenomena”. Journal of Research in Science Teaching, Vol.37, No.8: 784-800.

Resnick, M. (2004). Turtles, termites, and traffic jams: Explorations in massively parallel microworlds.
Cambridge, MA: MIT Press, pp.184.

Robert. N. (1975). “A Dynamic Feedback Approach to Elementary Social Studies: A Prototype
Gaming Unit”. Ph. D. thesis. Boston University.

Senge, P.M. (1990). The fifth discipline: The art & Practice of the learning organization. New York:
Doubleday, pp.371.

Senge, P.M. (1998). “Fifth discipline: Review and discussion”. Systemic Practice and Action Research,
Vol.11: 259-273.

Sheely, N.P., Wylie, J.W., McGuinness, C. & Orchard, G. (2000). “How Children Solve
Environmental problems : Using computer simulations to investigate system thinking”.

Environmental Education Research, Vol.6, No.2: 109-126.



