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The purpose of this study is to analyze the systems thinking level of pre-service teachers using rubrics
of evaluating systems thinking. For this purpose, systems thinking level model, which can be applied
to education or science education, was selected through literature analysis. Eight pre-service teachers’
systems thinking were investigated through the systems thinking analysis tool used in domestic research.
The systems thinking presented by the pre-service teachers were transformed into the box type causal
- map using Sibley et al. (2007). Two researchers analyzed the systems thinking using rubrics of evaluating
Keywords L . e . . S
L systems thinking. For data analysis, quantitative analysis was performed through correlation analysis using
Systems Thinking, Systems . o . X
. SPSS. In addition, the qualitative analysis of the box type causal map was conducted and the consistency
Thinking Level, Carbon Cycle, . o . . . .
Earth Systems w1th the quantitative apalys1s results was verified. The results 11_1d10ated that the_: correlation betwqen the
5-Likert systems thinking measurement instrument and the rubrics score was highly correlated with the
Pearson product-moment of .762 (p <.05). In the hierarchical correlation of the systems thinking level,
the STH model was analyzed with a very high correlation with the Pearson product-moment of .722~.791,
and 4-step model was analyzed .381~.730. The qualitative analysis suggested the concept to be included
in the low level of system thinking, the higher the level, the less the concept that is presented properly.
In conclusion, the level of systems thinking can be derived as a result of research that there is clearly,
a hierarchical part. Based on the results of this study, it is necessary to develop a systems thinking
level model applicable to science education and develop and validate items that can measure the level
of systems thinking.
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AIAE] ARl AAgA A0l ofsf AAlE|glom gt 41l By
A BT HSEA 42 AEAE 85t A HojEE

>~
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Level STH

Sibley et al(2007).

STC Dorani et al(2015).

1. The ability to identify the components
of a system and processes within
the system

2. The ability to identify relationships
among the system’s components

Low in a system

Non-Hierachical

1. identify substances, locations 1. Recognizing
of substances and processes
that move and change matter

Interconnections 1. Dynamic Thinking;
. Cause-Effect Thinking

(Time delay);
. System as Cause Thinking;

N

2. Identifying Feedback

3. The ability to organize the systems’
1 components and processes within
a framework of relationships

processes
4. The ability to make generalizations

2. organize the substances and 3. Understanding Dynamic

. Forest Thinking;
. Closed-loop Thinking;
. Stock-and-Flow Thinking

[ R, I SN OS]

Behavior

4. Differentiating types of variables

5. The ability to identify dynamic

relationships within the system 3 understand the cyclic nature of

! 6. Understanding the hidden dimensions @ sSystem

of the system

and flows

5. Using conceptual
models

7. The ability to understand the
High cyclic nature of systems

8. Thinking temporally: retrospection

-~ apparent
and prediction

6. Creating simulation models

4. to recognize parts of a system
that are not readily visible or

7. Testing policies
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Table 3. Rubrics of Evaluating systems thinking related Systems Thinking Level (Lee et al., 2018)
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Table 4. Correlation result between rubric and systems thinking scale

WARSO| A|AEH AL 24 1oL A|AHI AFD 2249 Of5t

o=

A B C D E F G H Mean SD. Correlation
Rubric 26 27 26 25 24 31 30 34 27.87 3.44 62"
Systems Thinking Scale 72 77 67 64 63 69 76 82 71.25 6.71 ’

*p <.05
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Table 6. Correlation result among Systems Thinking Level
1 2 4 5 6 7
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Level 1 1
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605



Park & Lee & Lee & Jeon

>
il
flo
o

30,
v
Rl
i

I I

=

o

i,

2

30

o

)

)

>

HN

rlo

2~

i)

ot

b

ol

tlo

-

ox

o

=

Hﬁ;e
noo

T AIAHS @A T =
A28 Yol Al 4%431_} o}t T, 43k *7%74]%
b ebA, AlA"e] SAR Aol ARE 2]
DJ A7 AAE ARAL S]] 2R} glow o]
ARl B o2 BE S19) ThAolA] 4] DAl 2
S7F s A0 R Al2E AlLe] AEH wd
=5 21T 5 Itk A 2 A 2 Ato] Peason A&
Sk AlS7E 381~791(p < .05) 7] fojulet HFA At el
= ool ozt B seke 247 E = Qlck

B =y
¥
i

mmE

9
H
fr
O:
d0 %

>~ ol-N

Fo

I

~
ln
-— {o
mnﬂ

lm >

s &

rL&JgJHulamzzru:rxl
o

>i

3. OlH|RANSS] AJARL At 5

2 SRS AN e AR S R OR Aok Sy
eIy AFRRE SRS Y UE R 9AE Lol
2 A¥E AuEy 32 4~507 9 5228 AAIRHHBreslyn et

£

[ ] [ =] [s4ez]

aRevs ] 7z |

Figure 3. Box Diagram of Pre-service Teacher A

dmangss

\_ B Y.
|E‘+§%’ﬂ’8|

Figure 5. Box Diagram of Pre-service Teacher C

Hidden
dmenpen

saae | [ s ]
_'_'_'__,.,-'-"'"'H-FF

El e Bl
T

Figure 7. Box Diagram of Pre-service Teacher E

606

al., 2016; Mohan et al., 2009; Plummer & Maynard, 2014). A]AE]
Aaie] AL gk Jfge] Wi HAR2E ZARRE o WS BT
2 gst7]ole TAE QAT AILE) AL 0] THA o] TRt
22FA O] AL, 4 Rl ok IE g o] At WHolu
o] ATE 8T 4= Qlek AlE] AR BElofA] g 7He] Ak
APl = 3eHA dlolu} 4etA| dlo] M HeEAog [ojulgl
s} etk A28 AL 4ol die P 2234 gole}
WA SISO A28 A 2 2Aeks B 74 58 Aol

4~5EPA) 52 ARZE At Zolehs Al Q7o) Znkg vlgko.
2 o] ARS] HolEl(Figure 3~Figure 10)0] ot 444 #4&
45 mele] 7S ot} WS

7} NAE foH B B QAE] 9|9} o]F - Level |

A|2EHTF A AEHS JLAISH= 518 8459 AA] 9l o] Alo]Q]
IS Vbl 22 ofe] Al A-tol A AJA" ARL 4229] 319
Aol ZEE= Ao 2 A SITH Assaraf & Orion, 2005a, 2010;

d rransion

x| 22t |

i

EEES]

tt+ S 23 |

Figure 4. Box Diagram of Pre-service Teacher B

/ikﬂﬂﬂl IEEE

B s el S EEEEE
— (@]

Hidden
dimengian
I Time Delay i

Figure 6. Box Diagram of Pre-service Teacher D

Hiddan
dimenaion

Figure 8. Box Diagram of Pre-service Teacher F



Analysis of Systems Thinking Level of Pre-service Teachers about Carbon Cycle in Earth Systems using Rubrics of Evaluating Systems Thinking

Chojot2E

Hidden
dimansicn t{' g '
M SR
|
X N
kS f
N

f A
N

" I '\ IIII
M2y —o o e TE]

— |

TS
[P

Figure 9. Box Diagram of Pre-service Teacher G

Jit
e

Davis & Stroink, 2016; Hung, 2008; Sibley et al., 2007). ©]2Jgt 7i'd
S AlA} i 7Fo) A o] 7F A, Ad e FollAl whelst
4= Qlek o, At ddAEe] AXRE A R AlLEE
Sh= 519 Al2EE TheFskA arelsto] ide AAstaL QleAl, 1
231 TS Aole] Al om|gls ddo] YeR=A7t o Fas)
o} ofH] WARSS Ul AJAR] ALE A EE o5 AY, 4,
717, A SR AEEL 1) ol AlAlska Qlow] AAet
NEe] g= T~ 1071714 AABIAL QUek o]23t A= Moon et
al.2004)0]| 4] ofJH] WARSS: YO R i et tigt A =S
HARE At Aol fAksit) T1PaL ofjH] MARSo] FEAeR V)
Y olilsletay, A HO] A39L, AR, st &, e F -
AE, a9 Bl - WSt HdS AASIATE 12ar 87 9] - ot
Al 5 T8 715 Hael yE A 23} g AlAfsl e
279] ofH| Ak A Al WO gk FEko] A TE
o] AAlskaL Asiek
ezt 7l Atelo] 4 3y, 'hart ol gshe Z& Ed M=
oAR|uALE diF-Ee] Bt e elgdt W-8-2 VESIcE 710l
Al PO RO WSk= §f], oA AR The B ollA= E
A, 7180 BEHE 25 F, AHolA 78S sHkksol 9
qF olikgleta: Wi, S dmolAe T B, At 2dSlola=
Ao 2= #le] whE 88 a5 3SR AAISHTh
Z12)a1 21 9] ofj] wARSAIN = A e Bt WSS WS e
Aot thojoREE R vl I = AAISHYITE ofjH] wAk Do}
EoX= 7| oA o =m 7he BolA AM3HIE A EE=H,
o] IPgollA] Thd] olilalea) HiEel| m= A o' AMIRIZF Y
ks 2 Uehd A7t thste] EojHkth & o] WA=
o] L G| QoA FHlEat TR o 7] Fofl vt
AE B2 slRhEo] 7[He® [9ld S AMdnt Uele 2leR
St LdE AR AL obd Ao At et of|] WAL
= AEHANA FHARE ALE AF3I=d] o] IS oy
WAZE AAE] AR HAF EE AASE TYollA F she] AlAE
o] e &l AAgE Aom afolw i
Lee et al(2013)9] Aol ILGSHEES] 49 B =3loflA]
AAIS] HE 519 e oigh JidS AAsHA] Esksick T3t
H|SHA Q] At A Aol A= Blaehs] HdS Hoja= A
7h Uebsty ey o] wARES] B9 AARE NEEY NEE
Afo]o] A tifio] sl o 2 gsiglon] 2| A|ARY] e

filo

-

o

Hudden
dimansion

Figure 10. Box Diagram of Pre-service Teacher H

319] R4S R TNH AN ISk B AT Al 5
oflA] 519] TAle] sk 4w o] B EL anse] 9ix)eh
ol A B4 Asiel 2Hele] A Azt Afolo] £2
2| Afio] Ik 22 Bhalg 4 glgirk 1e)3 A28 Abae] 4P9)

2 o] TARSS AlsE) Al S
319 BAPIAE B e A 49 S2e HolFl A1 Sl

& 9ok
223} 7o) 2T A, A4S 2 - Level 2

T A A= A2" W S8 2] 2ol of= Hg
7N Atololl IgE HshA o g Blggt Qlut AR Ao Agon
Uehd 5= Qe R AXE 53], it IAI9F T A
ARl Qo] tha TAlo] sl ket W ©HA|2 areE=
Aol g dolct. A4S 7idat 7id Ale]o) A2 I(—)= 174
ooz ANsto] TRt 5k Q4 Alo]o] AT AE-S FAT -
USAE AHie Ao HAdgdo] s =& 59 A2E
AILE Sk Ao & 4= Sk 1Al o= mgH IS #3|
A HAR & 4 glom ot nliddgo] 78t - takst o8t
Z 185 YePH(Groves & Vance, 2015; Hung, 2008).

ofd] wARZS] A& AA 7ligol diste] A4 2|7t 274
ol el et vl= AFde ATk olv] wAkE i
& sRte] AigellA = 7l oo g es AdEE S 237
A= AABHT). ot Ag/do] FA] Fho] W= A AAIE AA|
7Wde] 71 i o= vy wiEeld ol= o8] AR Uehl=
AR oA g do] Adtid ez ZsHA Uehutere Btk
Zolct. o] wARzo] iR 2~37 oe] g or AAgt 7id
= AR oMY TEI} FRH, AlHe =Y Bk AR, 4
Hpe] s ARgolry 1ejal o] wARE ool B gk
A A2k ot ANSh= Zgko] Jlglew 7] HolAFE Al
A= ddo] 2~370R AAE= LTt o £0 & AAE It

TS o]t As TS FASH TgQ] Aut BAE sk
ofefo]l B E= 5, EA, SollF A 502 AAskaL Sk
oflH] WARSO] AARE {1t A= T ek o® LEhd Jom
‘i719] gt o) SHfEaL EH S AA HBlrer 34
] 5= 5ol Mt FEs do 4= glon off ohA] 7He
2 okiBgtAv} WEETl of o] 83l B, w25, olisieta

607



Park & Lee & Lee & Jeon

WE 53 22 TS olat At Aolo] bt @AOR A
S Glek chak Qla B Ajol] SR BR(EAIAS] B4, §9)
wprte] 2 S)ol ik FA 5 250 B A9 So] Lol fk
7k EFE 29] %% ofla] WAk DSk He| A9 U AT 9o
o T offu] mARSS] Al2E) AbmelAls LiEhbA] glsket

o A28 o} <8d 349 old) - Level 3

o s B9 Aage e om aole] 4580 st
sld) ol2 w=ulolet golakek oleldt Ewe B AAH «
o o) s} Aa Ao FEEA Pt A9 45 veu,
3k W] st 7ishs WRECR Lhehd 45 74 w|sajole}
alek oloidt MEug Olﬁﬂﬁ}% 2L AlE o] AEE Aole]
A} PAE HEsIA QAL §k& A% 7Fssk ol Sl Qi
A, AT AERTE AFQ19] A|AH] AlaL 42520 F & 4= ¢t Dorani
et al., 2015; Dori et al., 2003; Nguyen et al., 2011, 2012; O’Connor
& McDermmot, 1997).

o] TAKSS] A% 718, 48, AW, AR F 37 2 ol
oelo] <lzh WA B AL 248 Tesh %J% Yot ol
3 3ol ciste] w=uhe Lheba ik 3k oleidt sjm=u wby
of tfale] Iceberg 2] BOTG :LEHE§ ggslo] 75t =
0 sisuo] Uishis 1% SUS, ol 1ol 49
A2, 717, 4 AR Thio] B9 s A wsujo] vt
2 s ol dolel X7l EARE a0 52 213
s}7] wiZe] ofi= 3t sHAlA A&z SoluAY EofEA
W= ZUolgt sigle &, AAF AR 29 Level 404 vehd
201 A Al oA Uehe @712 Q1 s} ik opufe} 4
71AQl AlIZF A¢d BEE I3dk= Z10 2 HoltiBenson & Marlin,
2017). o] o= o] TAEE 71909] o MIBekAS FHOR 57
(FFch = Aed = AAEH A=) = 71l 7 EE)
o] Jafe gt YEmS 2 AAIskaL Stk

Lee et al.(2011)°]L} Lee ef al.(2013)0f|4] I1-55HE=2] 739 <%
o pae EHT o A7 R F AT A28 oA 37 ol
5191 A28 Afolo] mu] AfTE HolF SHIES 1~23oR
Ache Zafoh vma) & o, ofu] BAFSS ATHAHOR Level 3o
Slahs AlEl o] ¢3H9 A o 4 9leS o 4 ik E
8HA] AL TAZEA] AASHE oA = g gtof ot et
MaS e oz 7L §len Yot olF Alelof| Q1)
AE el A4S Edjz AAIskaL itk

gt A"l wAZ A QJIAAIZE Yol SAA AAY
ulslx] ok B thgt 1a) - Level 4

ofe] Aol ANE ol2H 2AZ Erj A2wE Terdt o
EalbA] ghe Ao Tt olalis e 40] A|AE ARE
St QIth= o7 & 4= It Assaraf & Orion, 2005a, 2010,
Benson & Marlin, 2017; Bosch et al., 2013; Kali et al., 2013; Kim,

608

1999, 2005; Nguyen et al., 2011, 2012; O’Connor & McDermmot,
1997; Senge, 2012). A2~ Alal 520] QAo g AlEFold =yl
o] AT} A, A7} AZTR] AEE mdee o83t AlA
8 ARLE SRSk T TSk ek B9 Al2sle] Al
ol cigt olsiel A sAX ARAAIRE A EehS s
o] 7V 9] DAl Tk o2Rh e STH 2oy 47
Telof A FFA 0= AASHAL 9lon ofH] WARSS| AJAE] ARL
EAo| M A4S 25 4 Qlth(Assaraf & Orion, 2005a, 2010;
Benson & Marlin, 2017; Sweeney & Sterman, 2000).

ofH] MARSS AIA]] AL Tt 5 5 AZ] 2R Zefstr) oA
B el BRIsto] 25719 AK Zpelol] et 7idS AAISHA
th MEES 7= 7189 oileieka, 5 oA J4aL e
Ao, A Well F4E 34 d'E F2 AAskL 3leH {71
sRRHEolghs #F o Y= AASIGIT: o8] AL D, F, G=
oA A31eF AT Feisto] gAY, ghib ol 22 A Sk
Shrtofl A ti7] 29 Bhar o goflk e ol ibelekart AAJEEA] FaL o
o QR st IE e AR olH] WARES ARY
ﬂg‘_% IIﬂ:1-7] ‘IH—v—oﬂ _’ﬂEb‘]—/\HEEE]—J:_ H 1]-6]—7(49_ 7HEI_O_ 7].}]_]—1

12 5 AT AHEE Abele] SR ARLE Rk A
A’ ARLE SR8laL QkS 7 sithal & 4 QIk(Kali ef al, 2003;
Lee et al., 2011; Moon et al., 2004).

Te)3 A Aple) 9 M Ul I} Pl RS FA)
TA(E3l, B, 55, F)= A 22 Level 13} 20]4] Het
womn o5 Eff= *lé‘%} ﬁﬂl%: A9 o r AR Qlrk=
ZoA ofB] WARSS: IS Hth 52 459 AL ALE

FRskal IEaL & = Qlvk ey S]] a3k ARE A

I} pAE FEe) rEofk= ofH] AL FRk X5HA1S] g glhof A
olF &= B thEm Aol ik Jafe arefsiof Sharl A4
SEAT}. e oA AE Ak FTE SF0 A tiFE] v
WARSE] 79 HiThollA] A3ieto] = Bl ARE R
g o] & efht g wiE Wl e fithe Aol
oJstoATt. SHARE o]5 Al AL HAF =S AAShe
E‘”Poﬂh A S| AQkTHL SIGiH: o] Eri2 HH ofjH|i
AR AIAE] ARL 4220) e ThAloflA] QtEls Rl ol -
FHA AABIRAAIRL, 9] GAR A 2 oA atshe W
o] BT HGE HAFI o= AR ARl 0] 4T 4
g ‘%EHOD% oI5 Etf= AlAE AL 50 4TA o A%
e} mhef gl 52 (ARE A )o] = A AR 24
AIHETE opyet HAA 24 AifoA 35S o] gk

ki

;0

v. 22 2 HA

o] Atollxlz ofH] WAL 8BS T2 AIAF AfaL AL =5
Zgato] AAEl ALY o] tigh BiEEE S Hokth olF
olato] A|AE] AJTL L Erﬂloﬂ 3t o] 22 A 25 e STH =gl
7} Sibley e al.(2007)0] AAJGE 4THA] P ElYE H5S $5t
g AAsITh Je)a AAE Al 2% B 2288 3he-

Al2El AL AALS E35)) A|2E] AlaLe] AlEslof| dist el A
S 93t Al BAL AXEIoH ofu] WAFS] A|AE] AR

ok

:“.: ol



Analysis of Systems Thinking Level of Pre-service Teachers about Carbon Cycle in Earth Systems using Rubrics of Evaluating Systems Thinking

A B4 A0 wlmste] A28 Al
= l

ek o] Ae) ATE

N
J_
—Vﬂ
Hl
o

\

(e

=9 ofglo] m) 24 wyo|
Ees Qﬂﬁ}ﬁt} A A o) A 242 915 o
] ARS o) 2Pdet AlsEl AR AARle) Y-S s gtekes
Boxd 913} A= HFs}er). Boxd o1zt A elelx shy
=9 A" Afa B4 F8EHE T2 HEEHLee ef al.,
2017, Sibley et al., 2007). H25E Boxd 213} X%+ Hung(2008)¢]
sk o]l Lee ef al.(2018)0] 424 - K oksto] 223k A A
AL 2 SRS Beslo] Ao Hakng 45} 19lo] W4
£ Bofslglon 1 A HHEEAMo] 2787347} Ul o]
AT} ZFk ov] wAFSo] 243t 5-Likert A9l A|AHEl ALaL =4
Teto] AHAS BA% A3} Pearson XE ARIA ST} 762(p
E% ek 5, o] wARSe] Ap7] Hal
FHe]o] oJ5f| FojE = Aolo]]
o]t A= Lee & Lee(2017)2] A9
Aol ofsff Foj¥el FHEO = ThE
Xﬁ }\o]—“’]'o LFERAAL glom oo &fs]
Tt AR er) skl & 4 itk
L«l BeE AL AlLE AlL
3 T PO HokE AE e
1547} Moon et al. (2004)01—? SASHA o] Fo AL QlTk ofuf A
/\Eﬂ /\]-“I _L_-_EiQ ‘GI—AH»——O] xﬂ}\]é‘]‘_ 7H é_,] 2= tﬂ§]— F= xﬂ/\]ﬁ} 31]—;(4
o] 4= HSkE HlolE 2 Slo] £35S R 3 of=kE e A
k= 797} 9lthJeon & Lee, 2015; Kim et al., 2006; Song et al.,
2015; Yun & Wee, 2016). o] 73 sHl=o0] AASE 7Hde] 47}
AE Am=RlA], 57 A=A thgt LA7E BTk o] w, 51t
Qs 85k A jlol +a5s A A9 71 7
Pl o7E W Pﬂ Flok T2 Lee & Lee(2017)2] 12t o]
FHEE F8e A 2VdE Al2E] Afare] dfste] £HE] 7F &
ol iRt 51 A —4 st 7Fssh, ol FrE B8 B¢
AIEE] AL BA 0N BR e w2 AR 29E =5 4 Stk
= Bdlof A 7} 439

E4)], STH 1 = 4thA| A AE] AT 43
A w2 S ﬁom} STH 2o Z} QA oA AA|

1 oX p M o A
Erloma
£ ‘l_nj
mrﬂjolom
o i ofi =
%%@t
5~ fo A
g s
N To 12 ox

_E‘mﬂ‘r‘!

SELt
g\l
r:

[T ol
_IE )
Jzﬂ
il
jg
$
o Hr
rlo

51114%01]*1 W@—«l AlLE] A
FRARS: O3 W8 2 JE o] 1/\] A

A

F=Sk3 lﬂli STH EH‘«I

of mE A A% 4t 381~ 73077}1] Froju|Rt AAI 7
L2EQIk 819 ofM] WAE B W2 20 FgofA =2
O] H4E Z4E AR B2 A4t B2 glon og 49
g v =& A S HofFal Qlrk 2003 o] % =ejof|A]
= AlAE AL i T At7E YR AL QLo A|AE] AL
I S o2 Ao Gl AXEE T, ol digh 414l B =
L A B Aol ol R XA ghokeh 1ejal At =
|28 ARl g THEE djofli= S0 HAF Tl ST A
S=0] B e B23t9ri Assaraf & Orion, 2005a, 2010). &L} 2010

il

=

>

W o]& AL AE AR RASIAA}L She 9] Aol
A A" ARL o B EH?‘L et AlFe 15 2AE
A71HAl Hom g4 A oleell= HHA] 74 =75 B8%
A|22]l) ARAL 0] 5o 1‘41?& Za/do] A71= K Dorani ef al.,
2015; Davis & Stroink, 2016; Groves & Vance, 2015; Lee et al.,
2013; Lee & Lee, 2017). ©] $ItoflAli= ofH] wALSe] ST A=
gueon A9t @ 4 gglon], A%d mde 024 IAS
SO TR AElgon] T Aat A% Al S0] A
o= Uehped ket 2AS AXE 4 otk

A, 12 e RS AR ATEY Ans =
A28 AFLE 47)) 220 2 Ui Sibley ef al(2007) 2 E2 BEUj2

ofH] WARSE] AR AL S AR o EAsIGIT: T dat

ofH] WARSS - wAolA 7HgRt A3t o] Level 1~4714] &
T AI2E ALLE o ¢ 5S HolRlek ofH] mARES) Al
g ALE A EY AR Yehte AL Es 2YsH
s 4= Qlek Level 19] Z-9- tif-2o] ofv] mAlEo] FHEofA
B s Uen g eto] disto] x|t AlAEY] HlRl &
a5 sl AdEE e iiE Hekios ehgdt ﬂé—e—
AASHTE 123l Level 2~4% Z=p5 ofH] WARSO] HojFe
A28 ARaLE Z1 Aol AAEofok F AfaLe] aaE B HP 3
SEA] S5 Level 4oflA] AIE 2|919] Q4= o] WAL 5 1784E
A AL AAL Eel] ERs

thak Assaraf & Orion(2005a)2 A28 Alal= A2 ndlS A
ASFAA t9] B ABAOE S 4 lofok 48] T2 A
28] AE S 4 ook AXElT T o] AT Avke
A 519) SolN W A4S wriehe A9 TholA mojr
Pt T A2Y AL 28 205 BULE BECH ) 24
F - AR ADE 9heg BT S 9k 5 3]
AEAR1 @47t EABIARE Eﬂ topzt Alé‘% *}FA TS A5H
ol FElos Uepd 2= 9
491 st A MARAR] R
3y,

o] QS ) B 4 Gl HARH ARE AL Aol AN W
gt he Abe] WiE o] Uehdths A3k R 4 24
ETE W4T S oleid 0] A%o] siseiths Zolr. 9
Aze Mo o A drl it ARe el st 2

A, 2 A el 0 el ) s i el
TGN 4 7P5a A2 AL 428 ANBIL olo] o e
& 7] olold Mzt qlck ol Sielol STH 2, STC
wE] 53 e AAE AR o] dig mEE choke el
AXJBL Giek 1Et Sl SstEol oleitt maEe 4]
AL BAR LR AZER I TGl H)7lohe A
2719 Fgalof sk WAZE ol gk oA 2015 7
%) ol meage] Belplel AL A4k BYES 5 AL
5 ApaLe] gkl ole} Pl 77} s ololx|ar gl o]
QTSN SISO AL AR 458 s 4 Gl BY BT
QA70] A} AolL} oA T -8l Be S olck
o] tollkl= oA AXE STH Zellofuf 4thA] els A=
AR ARSL 0] BlAde SR 2ol olof = w9l #s}

J_L

O rlr o g

609



Park & Lee & Lee & Jeon

TGOl 2 7he A28 AL 42o] dhet 244 gels B
AR AL 8 4SS A ) sl e 2
FoA aEE AL ALY aa) 5 Aokl of2gt

TS B7EE 4 Qe o] e ook gt w3t N i
SHYS0lA FI5ke] Rasch E&ofut ok SA 1211 7vls &8 L
B s ASsford Aotk

A, 72, $BA R o gt At e Eske] AL
AbaLe] fazof it B =g AE5S Ut ok AR AlAH]
ARLE AR A AR A4 FA4S 7IHECR g ¢l
A= F2 A giAroe] 10uyte] o m(Kang et al., 2008; Lee et
al., 2011; Lee et al., 2013; Moon et al., 2004), A|2~8] A}3l SRS
QIRt uls T2 AG Aol 11 tido] 100780] FA] A3kt
o]} e 7B A Y tido] Aol At AukE dviS}sl=t|
ojg]go] A|7]Hrh o] AtolAe ofjn] WARSe] 8To] Froisto]
He] AiE =EsIglon A Atele) vluE Fof -] Bl

£ A5 sielou A 2aE ditslshe Aole o413
ojgfzo] Stk

Ho' AIAF] ARAL 229 EPD*E 7420] X]ﬁ—“.— oz 4
Zlchd shdd= o ohefzt é“i‘rﬂr
Sl %

E
2
2
°
2
i3
i?z
gﬂ
N
fg
i

s Elolor g Bast Sick

3299

o] @ie] B o] IASS e A2k AL 23
er FHES FEato] A+t *V\E“ Woll A vehhs g4 gl
el AL AL 528 BAERE Aol o} Sislo] B He
ol S Ei= et wso A8 7%?& AR AR o HElS
ARSIt 12T Lee er al(2013)0] ket 5-Likert A|AE] AR
=24 &L Assaraf & Orion®] 7|5t ZuUjof|A] =4 - Holks}o]
SREAHL ke A28 AL AAAIE olg3to] 8] o] AR
3] A28 AE ARSI o] TASO] 2HgE AlLE) AR

HAAA= Sibley et al.(2007)0|4] 285t Boxd it A =2 WIS}
11 Hung(2008)0] 7jEtalal Lee & Lee(2017)0)|4 4=3fo] 243t
Al2E] AL 24 913 FEEE SRgslo] Aol Bt ST
7F 12lo] EAsIIc). Tejal RH S Fol HFE] HlolH = Hekd
A5E olgstol AlAT Al 24 Epoe] AR, Tel3 A2
6 AR 529] S1Alo] mE ARkl RS ANjsto] AlaE AT
0] HEg Hon asielon Boxd Ao et
g B dlele] AR olE Basle] BES A%l
7 2k S A2 A S 794 529 o) e
Pearson A7) .762(p < .05)F =2 Alto| vl aela

A28 ARL 220 7} Q1AM At ol A= STH ErellojlA] Pearson
A7 7229} 791 2, 45 mElojA 381 ~.730.0.8 7+ A
2 ohe B2 B Aol ekt oleia e BAH BN
H| el Ayl o] WARSS A|AE] ARLe] 3F9] TAjof| ZFFE| ook
o Qs v MR s & AXsH e 9] dA=

610

245 7 AR 289 450 YA 3T Sl @

A8 Gl Az waT 4 5 ol 9 o
= Felio ofa 20l 48 RS AR A 4 e Y
G A2 A S 24 4 gl B A 9 eebt

°l—r°1X%°lﬁ g Zlojtt.

LHU

F90] : AAH AR AIAE] AL 2, BhA 3 R Al AH
References

Assaraf, O. B. Z., & Orion, N. (2005a). Development of System Thinking
Skills in the Context of Earth System Education. Journal of Research
in Science Teaching, 42(5), 518-560.

Assaraf, O. B. Z., & Orion, N. (2005b). A Study of Junior High Students’
Perceptions of the water cycle. Journal of Geoscience Education, 53(4),
366-373.

Assaraf, O. B. Z., & Orion, N. (2009). A Design Based Research of an
Earth Systems Based Environmental Curriculum. Eurasia Journal of
Mathematics, Science & Technology Education, 5(1), 47-62.

Assaraf, O. B. Z., & Orion, N. (2010). Four Case Studies, Six Years Later:
Developing System Thinking Skills in Junior High School and
Sustaining Them over Time. Journal of Research in Science Teaching,
47(10), 1253-1280.

Benson, T., & Marlin, S. (2017). The Habit-Forming Guide to Becoming
a Systems Thinker. Pittsburgh, USA: Systems Thinking Group, Inc.

Bosch, O. J., Nguyen, N. C., Maeno, T., & Yasui, T. (2013). Managing
complex issues through evolutionary learning laboratories. Systems
Research and Behavioral Science, 30(2), 116-135.

Breslyn, W., McGinnis, R., McDonald, R., & Hestness, E. (2016).
Developing a learning progression for sea level rise: A major impact
of climate change. Journal of Research In Science Teaching, 53(10),
1471-1499.

Cho, O., & Hwang, K. (2016). The Effects of Simulation-based Education
on Nursing Students’ Presence in Education, Systems Thinking and
Proactivity in Problem Solving. Journal of Korean Academic Society
of Home Health Care Nursing, 23(2), 147-154.

Davis A., & Stroink, M. (2016). The Relationship between Systems Thinking
and the New Ecological Paradigm. Systems Research and Behavioral
Science, 33, 575-586.

Dorani, K., Mortazavi, A., Dehdarian, A., Mahmoudi, H., Khandan, M., &
Mashayekhi, A. N. (2015). Developing Question Sets to Assess Systems
Thinking Skills. Paper presented at the International Conference of
the System Dynamics Society, Cambridge, Massachusetts, USA.

Dori, Y. J., Tal, R. T., & Tsaushu, M. (2003). Teaching biotechnology through
case studies - Can we improve higher order thinking skills of
nonscience majors? Science Education, 87(6), 767-793. doi:10.1002/
sce.10081.

Groves, K. S., & Vance, C. M. (2015). Linear and Nonlinear Thinking: A
Multidimensional Model and Measure. The Journal of Creative
Behavior, 49(2), 111-136. doi:10.1002/jocb.60.

Gudovitch, Y. (1997). The global Carbon cycle as a model for teaching
‘earth systems’ in high school: Development, implementation, and
evaluation. Unpublished master’s thesis, the Weizmann Institute of
Science, Rehovot, Israel [in Hebrew].

Hung, W. (2008). Enhancing systems thinking skills with modelling. British
Journal of Educational Technology, 39(6), 1099-1120.

Hwang, Y., Han, M., & Kim, H. (2016). Exploring Middle School Students’
System Thinking revealed in Small Group Activity using Analogical
Eye Models. Biology Education, 44(4), 749-762.

Im, Y. & Lee, H. (2014). Development and analysis of effects of writing
educational program for improving system thinking ability. Journal of
Learner-Centered Curriculum and Instruction, 14, 407-427.

Jeon, J. & Lee, H. (2015). The development and application of STEAM
education program based on systems thinking for high school students.
Journal of the Korean Association for Science Education, 35(6),
1007-1018.

Kali, Y., Orion, N., & Eylon, B. (2003). Effect of Knowledge Integration
Activities on Students’ Perception of the Earth’s Crust as a Cyclic
System. Journal of Research in Science Teaching, 40(6), 545-565.

Kang, C., Lee, H., Yoon, 1., & Kim, E. (2008). Analysis of conceptions
related to Earth system and systems-thinking of high school student



Analysis of Systems Thinking Level of Pre-service Teachers about Carbon Cycle in Earth Systems using Rubrics of Evaluating Systems Thinking

about water cycle. Journal of Science Education, 32(1), 61-72.

Kim, D. (1999). Introduction to Systems Thinking. Sydney: Pegasus Communications.

Kim, D. (2005). Introspecsive reflection on applying systems thinking:
Toward an incremental systems thinking. Journal of Institute of
Governmental Studies, 11, 63-85.

Kim, D., Yi, M., Hong, Y., & Choi, A. (2006). Analysis of Thinking
Expansion Effect as a Basis of Creativity through Systems Thinking
Education. Korean System Dynamics Review, 7(1), 51-65.

Kim, M., & Kim, B. (2002). A Comparative Study of the Trends of Current
Science Education and the System Thinking Paradigm. Journal of the
Korean Association for Science Education, 22(1), 64-75.

Kwon, Y., Kim, W., Lee, H., Byun, J., & Lee, 1. (2011). Analysis of Biology
Teachers’ Systems Thinking about Ecosystem. BIOLOGY EDUCATION,
39(4), 529-543.

Lee, D., Oh, E., Kim, H., & Jeong, J. (2013). Analysis of Carbon Cycle
Concepts based on Earth Systems Perspective of High School Students.
Journal of Science Education, 37(1), 157-169.

Lee, H. & Kim. S. (2009). The Recognition Characteristics of Science Gifted
Students on the Earth System based on their Thinking Style. Journal
of Science Education, 33(1), 12-30.

Lee, H. & Lee, H. (2013). Revalidation of measuring instrument systems
thinking and comparison of systems thinking between science and
general high school students. Journal of the Korean Association for
Science Education, 33, 1237-1247.

Lee, H., & Lee, H. (2016). Effects of Systems Thinking on High School
Students’ Science Self-Efficacy. The Journal of The Korean Earth
Science Society, 37(3), 133-145.

Lee, H., & Lee, H. (2017). Analysis and Effects of High School Students’
Systems Thinking Using Iceberg(IB) Model. Journal of the Korean
Association for Science Education, 37(4), 611-624.

Lee, H., Jeon, J., & Lee, H. (2018). Development of Framework and Rubric
for Measuring Students’ Level of Systems Thinking. Journal of the
Korean Association for Science Education, 38(3), 355-367.

Lee, H., Kim, T., & Lee, H. (2017). An Analysis of High School Student’s
Systems Thinking and Understanding of the Earth Systems through
their Science Writing. The Journal of The Korean Earth Science
Society, 38(1), 91-104.

Lee, H,, Lee, Y., & Lee, H. (2014). Development and Application of s Rubric
for Assessing Scientific Inquiry Process. Secondary Education Research,
65(1), 145-172.

Lee, H., Kwon, Y., Oh, H., & Lee, H. (2011). Development and application
of the educational program to increase high school students’ systems
thinking skills: Focus on global warming. Journal of the Korean Earth
Science Society, 32, 784-797.

Lee, H., Kwon, H., Park, K., & Lee, H. (2013). An instrument development
and validation for measuring high school students’ systems thinking.
Journal of the Korean Association for Science Education, 33, 995-
1006.

Lee, H. (2019). Validity Verification of Systems Thinking Measuring Instrument
of Elementary School Students’” and Middle School Students’ : Using Item
Response Analysis. Secondary Education Research, 67(2), 249-277.

Ministry of Education[MOE]. (2015). Science curriculum[no. 9]. Sejong:
Author.

Mohan, L., Sharma, A., Jin, H., Cho, L., & Anderson, W. (2006). Developing
a carbon cycling learning progression for K-12. Paper presented at
the annual meeting of the National Association for Research on Science
Teaching (San Francisco, CA).

Mohan, L., Chen, J., & Anderson, C. W. (2009). Developing a multi-year
learning progression for carbon cycling in socio-ecological systems.
Journal of Research in Science Teaching, 46(6), 675-698.

Moon, B., Jeong, J., Kyung, J., Koh, Y., Youn, S., Kim, H., & Oh, K.
(2004). Related conception s to earth system and applying of systems
thinking about carbon cycle of the preservice teachers. Journal of the
Korean Earth Science Society, 25, 684-696.

Moon, B., & Kim, H. (2007). A Study on the Abilities and Characteristics
of the Systems Thinking for Pre-service Elementary Teachers. Korean
System Dynamics Review, 8(2), 235-252.

Mayer, V.J. (1995). Using the Earth system for integrating the science

curriculum, Science Education, 79, 375-391.

Nguyen, N., Bosch, O., & Maani, K. (2011). Creating ‘Learning Laboratories’
for Sustainable Development in Biosphere: A Systems Thinking
Approach. Systems Research and Behavioral Science, 28, 51-62.

Nguyen, N., Graham, D., Ross, H., Maani, K., & Bosch, O. (2012). Educating
Systems Thinking for Sustainability: Experience with a Developing
Country. Systems Research and Behavioral Science, 29(1), 14-29.

O’Connor, J. & McDermmot, 1. (1997). The art of systems thinking: Essential
skills for creativity and problem solving. London, UK: Thorsons Publishers.

Oh, H., Lee, K., Park, Y., Maeng, S. & Lee, J. (2015). An Analysis of
Systems Thinking Revealed in Middle School Astronomy Class: The
Case of Science Teacher’s Teaching Practices for the Unit of Stars
and Universe. Journal of the Korean Earth Science Society, 36(6),
591-608.

Orion, N. (2002). An Earth Systems curriculum development model. In V.J.
Mayer(Ed.), Global Science Literacy (pp.159-168). Kluwer Academic
Publishers.

Park, B. & Lee, H. (2014). Development and application of systems
thinking-based STEAM Education Program to improve secondary
science gifted and talented students’ systems thinking skill. Journal
of Gifted/Talented Education, 24, 421-444.

Plummer, J., & Maynard, L. (2014). Building a learning progression for
celestial motion: An exploration of students’ reasoning about the
Season. Journal of Research in Science Teaching, 51(7), 902-929.

Randle, J. M. (2014). The Systems Thinking Paradigm and Higher-Order
Cognitive Processes. Unpublished master of degree thesis, Lakehead
University, Thunder Bay, ON.

Richmond, B. (1993). Systems thinking: critical thinking skills for the 1990s
and beyond. System Dynamics Review, 9, 113-133.

Senge, P. M. (1996). The fifth discipline: Fieldbook. New York: Broadway
Business.

Senge, P. M. (2006). The fifth discipline : The art & practice of the learning
organization. New York: Crown Business.

Senge, P. M. (2012). Schools that learn(Updated and Revised): A fifth
discipline fieldbook for educators, parents, and everyone who cares
about education. New York: Doubleday.

Sibley, D., Anderson, C., Heidemann, M., Merrill, J., Parker, J., & Szymanski,
D. (2007). Box Diagrams to Assess Students’ Systems thinking about
the Rock, Water and Carbon Cycle. Journal of Geoscience Education,
55(2), 138-146.

Son, J., & Kim, J. (2016). Effects of 3-Steps Mind Map Activities on the
System Thinking of Science Gifted Students: Focused on the Astronomy
Contents. Journal of Gifted/Talented Education, 26(2), 257-280.

Song, J., Moon, B., & Kim, J. (2015). The Development and Application
of the Teaching-Learning Program for Systems Thinking Learning in
Elementary Science Classes. Journal of Korean Society of Earth
Science Education, 8(3), 318-331.

Stave, K., & Hopper, M. (2007). What Constitutes Systems Thinking? A
Proposed Taxonomy. Proceedings of the 25th International Conference
of the System Dynamics Society. Boston, MA, July 29-August 3, 2007.

Sweeney, L. & Sterman, D. (2000). Bathtub dynamics: initial results of a
systems thinking inventory. System Dynamics Review, 16, 4, 249-286.

Yun, T. & Wee, S. (2016). An analysis of system thinking using mind map
in middle school student for the gifted and the general. Journal of
Learner-Centered Curriculum and Instruction, 16(7), 79-95.

L)
MBS 7))

oA H(h LS I £
ol (A HThet 1)
AAECAEHSIL A7)

611



