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71l = A R)e] AlZke] BEPS ¢ Aok 2y Y AT HEAS 2
< &4 dHeolH® 7% Zo] ofYe}, ¢ I AMS A WE S
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1.4. £0]9] A9

(1)STEAM L
20119 uSHEE= WSy 3]s g3 AUAE &85 HJ5U]s

A FHE BAER 2 FT FoolA STEAM us A4S

oo

xstHA EgE o2 FRJANS EE STEAM wSolgkar g

= STEAM< Science, Technology, Engineering, Arts,

Mathematics® ZF A ZAE W Ao Z A, m|ZoA AlZE STEM L
= 2

ol =S ovst= ArtsE F7FgE &ofoltt. o714 Arts ©A o
WS on|dh= Ao] oyl QAFw Y (Liberal Arts)S ¥ stsl= 4l
e ouleo] go|gh(Ydfut, 2012). =, STEAM nHS STEAM
Sl o ydolrk oA il g ds e HAlS Axdn
(AAE 5, 2015).

o] =&olM= STEAM 59 ek oule] 7wtate] ‘387
I AEE vt Fofe] i A= FH|ef olsE EFolv] s
g, 7%, &%, o<, 3 WY T8 9T UeS T FoAeln
TR FAE A4S 5 U= 9FS V|EE wFoE Hodr}

(2) TALF T4

ZANF  FIe cross—cultural  learning(Chen, Hsu &
Caropreso, 2006; Yamazaki & Kayes, 2004) intercultural
learning (Bennett, 2009), Collaborative Online International
Learning(COIL) (Rubin & Guth, 2015)°ly A mF =5 (0]FA
S, 2014), =&l =AlWF E@SEF(Fud 5, 2018), =9l = A
W FEEE(aE,  2018),  dASEEHSE(Fa=, o8
2015)% o8 7HA] &2 =/t 2 AFdAE SANF el F
qs T 2 TEA7] 8 mALF Y

gkt

(2014)¢] |45 Faste] ICT

.
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(3) FALF STEAM ¢

7]&9e] STEAM el =AxF Z-5(intercultural activities)©]
3" FdHe £UdE FANF STEAM 4 (intercultral STEAM
program)©|2ta2 U =t} (Chu, Martin, & Park, 2019). ¥ st 2
A FEAES Axste AF3A FAFY(social constructivism) 9}

J8 8k (situated learning)©] o]&4 ZHAYAE 7FA3 9o o}
= v‘}?ﬂr"fq-J al-xg J+ /\Lixl-go EOH J,}sL 7HLﬂ :rLMO kA ﬁ_i}?ﬂ' o]

e Qs Ro] Zxolh,

o
gl

(4) #3943
Fek wA e W Y= SAEo oA, e wdeA JiE
zq o=w E= x ;< o7 zsk/_:o].‘— Gblg%o] J\:J.J‘_:ijs}% %LQ/H—CL 57,]-5}#}7}
o] (Science  Classroom  Creativity)o]gtal  dZA =t} (Hong &
Song, 2020). o] sty wiete A A o] FolAdS FStuAb
oF st Fo g, Hstud 3 Q47K iy B3 HEoe=
FoAd S wiglEth Hong & Song(2020)2 #ststgaeoldel a4+
A 5709 HFE, 10709 849 24709 YL AE AHsHY E} °
Azste] B AgolME At e A wAdA 7
2 e Jddow stgole st Eo] HstuAtel #ekag] & 3
& wol Aty Fols Fd FAH des sk A Add &
3

il
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(Science), 7142 (Technology), &3t (Engineering),
(Mathematics)®] ¢Fgoltt. f-2vbete] STEAM w52 H]=o
STEM &3 &2 STEMOl ArtsE E33te] Fo)Ady 48
SGAEY 8 W Heo] dig Hx S T3S T Ao
5, 2015). o714 Arts® @A oE=vhE ou]st= Ao] ofyt <l
“(Liberal Arts)= 333} A ye  on
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Zolth(erd S 5, 2016). thA] &, STEAM al&o
ol o yol7} QIE - d&E(Arts)7HA] §3H s w
2% der A4S STAEe JHE, Y] F
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(2" 2-2] STEAM 159 uaasE7A(Heds

5, 2012, p.21)

WETF 5(2011)2 =8 FAJANSS] FPS=Z 4C-STEAM
WSS Akt 4CE STEAM wSolA Fets asixdgdetoz &
st 22 2 7fd A (Convergence), 24 (Creativity)S 7FA 2L
2 AtE o] A% (Communication)®} vi# (Caring) & 4@+t &
A #A 2 Il ZA4'e ofg g wobd g49S duEH A%
NS g4z JAsE AS L3ttt =, v A8 E giushr] §
A= 7IEe FAA Zolg Fete wFEUE FEA S EX
lof TS I (AAE 5, 2015). ‘2%'¥ ‘wjE’s STEAM
WEE FI FAEY AAH AE =R HAACE ZAEQdn &
#H, Wag 2012 Fed’ s STEAM oA Axs|oksh=
Ao w FAsiH, FogH, TASNAY, LA TH, dRFsE, 4
HEN5E, grE2gdsd, Hrbsd 59 848 xssrta g3t o
SA g e B dws FHele wSgridH dAlF o] ofolr
& A=t 4 e Aol AAsFAT
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=] STEAM 5o #3t AdFE52

Mol 9= T A mxel M %% o
G (AgE3 704, 2017). STEAM o] o)A %M}oﬂ CRCEA
e HAogs 2 7k AT ARE AAEE ted 2o Adds
A4 (2012)2 STEAM Z2I8 o] &3 ATl FA A3l
49 84 F I EA AStstrle siAad Azbelr] e Al
= As= e v Ak olAdel o] FH(2013) =

S AHest Wyt do] xSvAe o)A Al Sonst g
7b Addvtar 33tk o)X 7 5(2017)& STEAM &3 #HEE =

A sl gl A S (STEAM) o] eole aato] a7t gl

D:“
ﬁo
o
ot
Ly
[\
O
H
H
N
o,
2
(0]
-0,
o
=

Zhgke, JRQle]l A A Ak A Sl Abd B Fedh A
=3e] dold dist 3 AR - £33 deAbge] 29 olFAER
(Jonassen, et al, 2003; Vygostsky & Cole, 1978), &<5o] s}t
v "= (context)?} 5 ¥7 (learning environment)> vi-§- F 8.3}
i @ 5 Qv H2 shg 84S 43 A YR e Al T 7Y

o Qlal FA% WMIrE dojutth. xRl A= 2l FE

wd o2 3= ZrolFleln](Khan Academy), MOOC(Massive Open
Online Course), VH|ZH}2~Z (Minerva school) = ¥ 4 Atk ©]
= 719 TF S Al Ao ERY xdst
e, MAIE 3 E3dem dddetis o 54
2018).

it

o wo] ohe}, MY ICT 714 FEFY AF, G4, Fu 59
A B A delH wAe] Az e gEel AfEA FED
2 =gz s @Y Sl ssdad. odd Fee £
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cross—cultural learning(Chen, Hsu & Caropreso, 2006; Yamazaki
& Kayes, 2004) intercultural learning (Bennett, 2009),
Collaborative Online International Learning(Rubin & Guth, 2015)
ojuf FALF FHIF(O)FTA T, 2014), 2 FANUF £3HIF

(Fuel &, 2018), 2Q =AluF FEsts(dE, 2018), €43}

o] 3}, 2015)% o7 7FA fol=2 E-T olFd FH(2014)L ‘&
= Juloz Ao

ol
WA, AEVLe FEe HAo TEFH

Chen, Hsu & Caropreso(200
‘cross—cultural online learning(3=3} Sigs
WAL 9ty 37 A5 A gl s RS ATEFEE S A

SFATH([ 17l 2-3] ).

S
rlo
rfo
ﬁl o
ro E
o %
[>
5«
- =
Ac)
C) 10
£
[ =2

T
P II.-?-I_'I M\H‘\
BN
1 Abe A} W Af<SHA SHAH , SHAK

[N
o
N
©
M
I
=
r
u
rO
g
|

B(«> A5AR]) (Chen, Hsu & Caropreso, 2006)
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FodHE Uy AT 7o PPIE (Plan—Preparation
—Interaction—Evaluation) ¢ AARHS #A|A AT 2kl <AL
T oggetse SHo=, T, wAL AErE ke AeAEH ‘W
b vl AAE F5ota wgetn Hu ICTe9 Qe &g
S & Forh

Chu, Martin, & Park(2019)2 &3t STEAM < (Intercultural
STEAM Program)ol w3l st5xF7F xpale] 7Hxx 9w 71E HdE 9
of MEL S FFAY A% HE 3 FAEAFTA ALHd 7]
Z3 WSt RY S5E BEs Al o 7] mAabe] HEdS Aj®
+ A 'S 31517 H‘GH A ARt SBEY "HE
o}

FYSE @ SUES S8 M2
=% 1015 FdEsn 7k
&, O] B9 20N StdEE
U2 MM

S S Nete Say/awl B0l =M EF et S A
%3 4¥s et Ao nmeg
}_3

37 g gl ddeal STEAM

Soff JEE D =gt

\ mg el

g E3

SIS DAL RS

HA/EE RS E HEoe

HE510| Xile| LA W)
S5 0| BAE of&D} BYE ¥ED
Chot B o] AHB S mateict

[0 2-4] 5E w4stE5 23 (Chu, Martin, & Park, 2019)
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2.3. A o Nef oA

2.3.1. by oA

Renzulli(1984)2} Torrance(1965) &=
o 8AaE KA, 94, 534, 18 A
gy st ZFeojAde oldgl gavtow Aystry] B3 wWol 9l
= AZAogALe 9o &Aool (Ambile & Gryskiewicz, 1989;
Csikszentmihalyi, 1999), E3] 3383 HojAvte] 7x&= THEEE
4ol th(Hu & Adey, 2002; Simonton, 2004; ZA3t & HA,
2008; HE4, 2011).

DA F(2000E Bt FOHL FEF ATEL B 3}
4 oyl THEAE oA 8h ANA 8& BPH 84T TR
stk Aed ait Aoy Aw, 484, Frlvel 52 wakn 44

T

MUE Aol wolx gith Zey XA
=23

S
THEEE @47 ek x2A 38 g3 114
u

;

:[L

, & 2 sk

A aat S5 87 Sl Adan, olx QA FAe] T4 ak
o }\6]

T

L
& Adey(2002)= 54, #4 2 A== FAE A4 FA44 7=
E 9 (A Scientific Creativity Structure Model, SCSM)<S A|¢ta}ar o]
5 7IWre 2 gt £3S JiEetllth AAEEel #shA Aol EEE Q)
ow, HAE AtnHH FFEHor A do([2¥ 2-7] Fa).
[ 2—1]c YEtd upel o] of g Aol A vhel 3shdo)Ad
o 8= BEs Fod nprt glok 1Yy e o R ek A
o doll= AAAH 817 FY3 5A Aom vEHWH(#3IE F,
2015; AT 5, 2009). Amabile & & Gryskiewicz(1989)0¢] x|t
gk ool g 821l FoHd VT 54 Fodd dig 54, A2
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o] 2& (Hu & Adey, 2002)
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= v,
of thaf gt

of7lole ARkl e Ao TR EH Hof
A

3
A Aol HAEA 2 FElM MEE otoltolE A

st Aol B7bssly] wiEolth(Sternberg & Lubart, 1991). <A
e Hgo A XA oshe Hueol pEE HFAQA NkEo] 8gEHE
TAE AT w ¢ FasWH(Feldhusen, 1995). & 2}8Fx] 4] o]
U =gA AlaE T 22 XA 817F B Fojde A Tzl
g9ew & 5 A

A4 H37 gege) 74 ad
Hu & Adey | AEEC164 458 A4, sotdy, seheA),

(2002) | SRR 4. 5, PO, )
Nonmeed | R4, S84, BRY, BARY, BARD

$E43} 494 | &
A

(2003)

L)
(2004, 2011)

A Aba, e, e g7
4 Aael FAas WA AI(HEY, §EA,
Mg A, $EE ARETE, A3H, wed)
Avkd Apamst =34, Ak, 74

p

AHT 5

(2009)

EdcH 743

(2000)

Adolf (1982)

£55(2016),
Hong &
Song(2020)

A4 el WA Bel), T4 AEOCIAS BE, A9
o W), staatel AAQAH AX, AAH AA),
Bered B (RN 84, AR 27)

(& 2-1] F}HA

R

Aoige] 4 (AT 2009 AL AP)

el A e H Ak A st AEAEse Aol F
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sk, olm) BpepA kel FxHA QrETh Au ARH w7 A
Hol o3ld Aol WHAE FI; ALE BEHOE ART & Q)
wEolth, MEA (2000 H3H Folge FoH Amwom wdd
S oglom, Sex e By gzl A ALgE] o
515 serd Felgel A el mRagich. ol wgom u
FAC01DE H314 P A A, B84 0§, Heta gy
159 384 THR AAH SUAe] HgH oy S At
gor 1149 wspd o199l 59 228 ATSAT

2.3.2. #gstgoA

Adle] Betd W WA G, A5el AYF sele] o7 B
2ol ofueh APUF} st A AEH FEAEEL Ba) T AT
(Simoton, 2004). %, 3t Fe|He Ajelo] opdt TgelA Ay
9. oge] Bate oel Alge] 1Wd g BHOIARE HEHY
o2 B3 ot FeHel Bl dHT. Z #etd FoAe
Aeld A8 Aol olg AWa] flaldE shAl 1 fito] Wa
s}tk (Sawyer, 2011). wjebd 3sh4 Fejde © AAA SAo &
o AHEo] oy AE, 3 W oA AHL AEHE AVE

#7E ol A3

2 QA (eldd, 20103k skm, AT BHL
34 A oA FHoldo] wEEE ket wWele] EA(context)
bo] B olslsti WrbsloF BTHESS, 2016). %, 11
A QtollA FAEY ool st WA (contextual) ]l ¥
yzek0l, Jjele] Awrolu} Abgshe] FE LS S Bl
= gD AL QE otoldelut Asld 2@ @est
(Plucker & Beghetto, 2004; Csikszentmihalyi, 1996; Sawyer,
2011). 7k Qrel A wAHE FolHe G4 Aol FEaE, I
AT AL Apole] 4B Ae, Aetwa B4 5ol shel adlew A4
g % gd7lel olel@ gEow saslel ik

w3t Kaufman & Beghetto(2009)= FolAdel 2 U 71X +&

Ot

e wl ®E
o o Lo of
o H
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A3 A7 HH

31. 47 A R AT B

3.1.1. A+ Ax}
2 Ao 33 7 Yo A FA|uF STEAM H& 73}
5t stel Hgae], o #9 HE F el Folyo] ofd

Uebe] olm e 5o UehdiAg Solns] it (28 3-1]

STEAM& St algdolA Zaeh uf ofm FA|7h A e, ofH 827}
EgEolor seAe dal AAATE BT wd FALF
STEAM 441 #3 ¥ 84 dure] nstgely Wsle] 542 orolny
A% oY AAAS FASh e Pl st =
2 7HA7F oy, 1 F F554(2016)7F ANt wstetg ey A
(Science Classroom Creativity Questionnaire: SCC)+= A9
3 ostee welela wE wg wWee weda Aolvle) B e A
shtha @St o AAAE 9l faE TRHE 54 AAE A
o] 49709 o w FAEe dow, e WHRAEE 874004
936 M oz WA did ATt F3THESS, 2016). o] A
Bol BFS B oy AFgAnE £4 % wae dhe] ol
R—SCC(Revised Science Classroom Creativity Questionnaire)®Z ©|
52 2o AEHAT. ES o] FAETE RGY 5 Ut WY ARS

Aat Ao,
4, ZAF STEAM ¢ T2 388 et 2 Ao o
ﬂﬂﬂﬂﬁH?iE*ﬂﬂﬁﬁuPl a8 BIHESF 1913
A F 8xA1Y] A NF STEAM ¢ Z2ZI:S /dsbsich
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TAY FAl= FAAE S o4l oyA'E AAs o F-A| A
o8 ‘YA ARsHFE HASler'®E ARSItk 1 vs, o] F
Aol thal] =3 SF9 wgHAS FAste] 18hd als Aol Al A
At FEor AASY. agal S A e (2019) A
STEAM 158k AR AASH, A3 A A (Context), FoA AA
(Creative Design), A4 i]?ﬂ(Emotional Touch)’o wWa} FAXA
EQF(unit schedule) R A ZF A (worksheet)E 7Nkt 1%}
e FAA S & st HdE v 4913 AAREd 1903
AruE sto] AEES whol 2xQts JEsiqlth. mix g ez A 4
% gt 2 S5 aestul HStuAl 2910 W89 BHEE= 1A,
4 W 55 AESUTE oldsh A A#HY =W Ay -1
= AAH HAFS 7Y TR o
AR, FA2F STEAM ZT2I19E 3h=—
o AT FARE FFAA A= S Als Y
Stuloll A gk A EFedt. 20209 11~12€, 4 A
uhet 8xFA =S A&ttt COVID-19 8oz <lsto]
of &5 (267)2 Y Aol FoAstr] ofH 9] AxpA|E

1' ;(y

O]

N

o

oZ,

2
=2

X

)

ofo

ol

ol

1-0[1 OE rlr
N X
do R

2 o 32

N
{0,

Y
&
ol
S
o
+

HeA ARG Padi( 289 AN ST BRI o2

& QEsatel MANGOR FIsqrh oo W 53 FYELS B
QA AGAAT. £9 AE A, Fol @Sl A7 Aol 2598
GFes R-SCC ANAE Talste] 34 delEE FHam, S
APk T £ FU w3k FYE £ BF AT 5o A4
Hole & ettt Folo] BF FRE Fol Aol AAE FeolA
AA Ave 29 B% ARES B 109 @5 A daow
A% Wee Adsd 44 AnE FPadth oAy ted 539
dole & FHsta LA vole s AHEs HFES dnsuzt 59

t}H(Creswell, 2014).

g, FH dolHE FPEAG F, 44 dolHE FPsty A5
of o|& BHstel AAE HMFHAL B ATE dolH £7 R B
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X AR == HAH Creswell et al.(2003)o] #|etal Zate] -1
(mixed methods research) % x4 AW A7 (sequential
explanatory design)& AH&stdith. &xH2 AW HAA= [2¥7 3-2]9
2ol 1dAlA &4 HelHE 3 R EAsta, 2dAdA 194
F A5 Ay #AS 2w ¢ BusHA wrEAY ’%mé}ﬂ s A
HolHE st &8 mpA= Al S gkt

)
(Creswell & Creswell, 2017; 4]

Ao HiE Ao =S FtH(Creswell, 2014; o|dd &, 2013).
HoATE Aot A 259 o R Ml A A2 Hel &3] o
s A g Al FolE TlEoloF gt webs HF
HolHE F7t= FHsta &8st 4 A5 A4 AxdsE A3
oA zpe] Al Zfo| A Azt A A A S EWE H% Al
= A EAskal , HolHZFH =AuF STEAM
3 el 4 04‘%—% A gl

A

= =
A4 ol S4E 9 oo U@ TAH WE AHE A4
1

1501 42 cljojE| - 2H OjolE]
o e +8 || =
— 3EH:
» - 4 . B2ty
. A|2ALD Ol T FHEEENE || 2y ofj 1
-'\.—Ifl,'i' — [ = “"I‘I-': |I_ﬂ||l.1.'_': — = |
=T A o -"—-_::;J .}‘i : 7:'1 o s |_E'|T-"__I§__ll_=
(4 BHE = P ARERARE
= b
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2 4o
Litihe 47 54 FAst g, e Awdden aras A
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& ol FAERMS HAFHer FAAH

+ ATE FEE ) ARE AES 98 =3 § 2 A A
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3.2. A AF STEAM ¢

3.2.1. ZA|2F STEAM 4 /N
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HTE—STEAM §

HBH, | oo A 2 AY FxE
’ Y| 1l L | -
(2019) | FELAIA) e = =9 AA)
WAAAS FA=R 3
A | STEAM T&afe] % | _ . o oo
Ts | E S Hojd Hi i*o_“qﬂ - WRAEAE %_?}
o 48hd TEE AR 2
(2019) |32% = STEAM H
Lo MA= 53
Wl | A4 ddEAE 4
olo s | ¥ STEAM ZFejus
Loy | EZROw wdT u = s « YQAtolEE HA
T satw aae ez | T msgae
AT A ae
o=
T=AS Q] A AE
= 175" pS =
SUE N am rwe guedn | msdn [« segelEae)
Sl ERag N R A 1, 28 Agak A 2 A
(2015) | o EJ%
Tt Ao el
daAt, Erxﬂ sde s -‘?4;} 25| gag qua gs
j=0| v g AR a1 = -
Falcihe g 3 9l __H kT 5,68Hy R P e e R
(2014) | (STEAM) =239 7 | (FALEY)
ey
71 © A
;:1;:;]1, ;'g-g].?l}g] 2 STEAM =z
N | WEE G AN T e AZeIAE
oty | B EY] RO S o] < 57
T~ do]' 7HH]_ (3”]—6‘1 o O]— )
(2013) -

o]y et £33 AFE npgor B AFoME IAnF STEAM Z=

Uy A] A 2o bAlskr'E A ettt ey
A AR 2AE AFEY ouA &R7E AR JMEEE vgd 7
=o sdste AAg AFES SE(AAST 9, 2009 olFw 9
2012). YAl Azsh¢-2= AE R Feke H3kol] wEbA Passive
House, Self—sufficient House, Zero Energy House ¢ ojg] 89

2 BA93AS 9, 2009). 3, 2015 MA sty wS A A=
ol UA] AR E S5 AFES JojA, B AFE o] XE

= W (SH, 2015b. p. 107). oA HeUA A Zsk¢-2 HAQ]
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= v 2Esta 18hd St ws Ay AAAdo] Fof
([29 3-2] #x), 3t FF AFste] STEAM FHo= &8 *8} 1
o= &olgk FAlolm oo thgt = WY A= SATH( H9-H
9], 2013; °]&3] 9], 2017),
of FAZF EF¢ A=A AFgeA el 552 =7t
WEIA Ao E3Q} FAIA9Ad= wS3A Alo]E4H Resources
Holl Al STEMS FA2 3 n8<525 (sample work) 52 A 33}
I AAT olE HEZ A, 93d o E Fisoly HAA Z=EA
E (Design project: The top playground)’, 9—10%hd ooz 3t
Zhe H AASH7] (Architectural Drawing—Tiny house)? A5 E 3o}
5T 9;194‘:} wepA Z59 108hd Ao Al ol v A Al =k~
Az STEAM +4d< H&st= A2 F27 sle AL

kU &

ox U

oo

G2 olrolth wWebd 3} dlojzt the
& YE 5 e Fue aqda Bee. )
b @Ea BT FEA - AYH Aot AR TR A Az
g glolm ol SAEE soF Feld ofelrolE

;(], 7H1/ﬂ 63%—]4 7(4_9‘01] E% ] % = 01}; uH7H

Ac)

TFAA o2 gRlsty] f&l f-Evtete] 2015 N wSAA I S

Fo wEHAAHE st oUA AR~ YARRIEIE FA 9

A AFHAVES FE8Y 258 68hARE 158t 13hd (103}

AA Thee REIG AHTVES

W= [ 3-217 [£ 3-3]o e, =3 35
sto} WS4 (6-108hd) W& AAFEAAL elyx] I,

=t (2= 4]0 HE3GT. =2

stu 7 &go] ¥3E STEAM 92

QH

3) https://www.australiancurriculum.edu.au
4) https://educationstandards.nsw.edu.au
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2. 7t BEHo| AT AIHEE Tob wojet T Yaltict,

Bamow ) Twmmmy ) ngwa )

> ' il ”

il TR cﬁ 7] oliyx] B2 wﬂ\\___ o] Heig il ‘:‘X
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3. S 2084 Heloh eS8 vigo R ofuld st sheAE SR
4, ol 2] Ma wheto] ARE Y)ES BAow oy k] g Ao s gl g
ghot
I 3-4] E3¥ust wapAof] AAE oUX] AlR2steA Latst]T EE oA
(5o} A} p.268-269)
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FAR OUA ARSFE ORI E A3 el FUL Holy
of 3, AF, o] BYF JIL o}9F F At B FAUL
A% & gorh B, qUA ARsEE ORARNE FAL @
So wEGW 19d, BFe) 108hd FAlA HEsolelE 4 -
Fde FAF = A9

& 3-2] Seluet 2015 Y BRIRIN oluAl AzsteA iglsh)
B 23 4371 E(E D, 2015)

S

[109901-01 ] =3 dwts
A ARg shorst 4 gk

[10902-04 LA ol et by FAlo A3 AHE
=i g3 5 9,)\‘:}.

05101 10 > o) ] = 5 =L9O© ] H
[100303 0113143k ARk Falo] @3 Z< ¢lal A5 g1
= wjolsl 4= ohj_‘
[10°ﬂo4 06]0““3@’0]‘/} A3 dnby FAo] a3 1d,
=% o8& AYse 38 & 5 3
(65703 09%%“4%19} el Zyeols Tehe WWE
oldlatal, ol& T3 4 Utk
] [65703—10]5-9& o]siata, lcm? 1m3e WS 4w,
L HAE ol
e [65703— 1112 KA HaAe Sag vore Tug o
T dstaL, oj& & & 3o
(97040218 BN EAZ 2 Sl7te] A& ol gt
g [L97T04-031AARS e T 9l
(957041714171 9] 525 o, bk Azl e) ks 3 &= Slok
[95704-18]1474H & d-gato] o8] 71A] ZAlE AT 5 Sl
[9717H02—-061a &40 7 &3 4 Weks g@Aste], 7}
P it s L e M A = B -
G | 9 [lo7I7H2-121 4@ FA #4248 SAd F=de B4
& 3, FAST A obdAbae] o W oA ek walg)
of Agdel 283t
[62401-01] AZA&A 225 oy FHs= AtdE
Ak Age ex 7o) Bad olfE MY gt
[67401-02] &7} & F =AE 3ol 227 gopx= &
s | g | WHSL SA] 28 WEE A9 oo HYE T A
[65401-03] aA] EAo FfFel wel do] dEH= way
= WES Tl vasta dFYZNA FLdE o) 8t dE
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[6:401-04] AAY 7]AANA dF ddS #Es
ol Al do] o]lFs AT & 9}

[6714—-01]8tF &<k Bk ux, o e
glo] o5 Alolo] BAE 3G F 91‘:}.

[63t14—02]A1dell W& B H5 1k, W3 whe] Zoj,
7| WgE Ay 5 ok

[637414-03]1A1d ®Wste] AN A7 A FHo] 7]&ofx A
sty Wds RPAYES w8 AdE + dn

=) 1l
[63}17—02]1AFA Aol dAAEe] o &
H7} AgE s oo, dUAE a&Fo= A

og & gluk.

[97}15-01] EAY =% =
olshatsn, Ao o) W Wy 7ol BEH Agel

ol e Eolg 4 gl

o [T9315-02] E5rt OE ¥ AU @9ge =da: 973
& A B o olgeel A 4 sl
[99}15-03] 240 wel gy G347 4w/t ges &
g Tl ¢, o5 E8F g5 AHT F duh
105408 04] oUA7F AHEE = Aol Dol AT,

10 E3] 34 oﬂe_/] /\};L oA HEAE= dox=2 Qg 4
MXl oj&2 &&o| Woldt= e dal, o] aEe %0
= Aol AHASE ofm ensl SexE 48T £ g

[ 3-3] 55 27} S8 (Version 8.4)0A

ol qx] M=t A TIxIlslr] Tl =3t 3 71E(ACARA, 2015)

= g AFH7E

People use scientific knowledge to evaluate whether
they accept claims, explanations or predictions, and
advances in science can affect people’s lives,
including generating new career opportunities
(ACSHE194)
Energy conservation in a system can be explained
by describing energy transfers and transformations

Science (ACSSU190).

9—10 | Values and needs of contemporary society can

influence the focus of scientific research(ACSHE228,
ACSHE230)

The universe contains features including galaxies,
stars and solar systems, and the Big Bang theory

can be used to explain the origin of the universe
(ACSSU188)
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Scientific understanding, including models and
theories, are contestable and are refined over time
through a process of review by the scientific
community (ACSHE157, ACSHE191)

Calculate the areas of composite shapes
(ACMMG216)

Solve problems using ratio and scale factors in
similar figures (ACMMG221)

Find the midpoint and gradient of a line segment

9 (interval) on the Cartesian plane using a range of
Mathe— strategies, including graphing software (ACMNA294)
matics Identify everyday questions and issues involving at

least one numerical and at least one categorical
variable, and collect data directly from secondary
sources (ACMSP228)
Evaluate statistical reports in the media and other
10 | places by linking claims to displays, statistics and
representative data (ACMSP253)
Manipulate materials, techniques,technologies and
. processes to develop and represent their own
Yisual | 910 | artistic intentions (ACAVAMI26)

Plan and design artworks that represent artistic
intention(ACAVAM128)
Critically analyse factors, including social, ethical
and sustainability considerations, that impact on
designed solutions for global preferred futures and

De;ign the complex design and production processes

an 9-10 | involved (ACTDEK040)

Techno : ) )

—logies Explain how products, services and environments

evolve with consideration of preferred futures and
the impact of emerging technologies on design
decisions (ACTDEKO041)
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The eaves and their functions of Hanok

In summer, the hottest and brightest
sunlight shines down almost vertically
on the house, while in winter, the
angle of the suns rays are lower.

If you put a window between these
two angles, you can enjoy a little
direct sunlight in summer and a lot of
sunlight in the winter.

Typical Australian Architecture of
housing
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& We can hve swimming
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AT STEAM F¢doll Fodst st=rshA) 259 S difo=z #s)st
F29A 5719 WFEE AP E(Cronbach )& AyH™ ‘g4 =
AT 4ol 0.93(AFA),  0.90(AFE), ‘TEkgq] Fet QoA
B7(AHA), 87(AFF), oA dqE 2idA T4(AMD), 72(AFF),
‘et A Q&olA 0.90(AF),  0.93(AFF), ‘FEaAL A
A QoA 93(AFA), 95(AFF) R AEFHAT([E 3-14] FHx).
oA PE'S AL RE QA AbA, AFE ALY A Ev)
0.7 o] o &2 YERRL

[E 3-14] R-SCCY && A3t HAY Cronbach o
Cronbach a
% HFE(EE F) T ¥
AHd AE
. 1-9, 16—20
P E A : ,
A EA(21) 31-37 .93 .90
4 Likert st4=e] Zod(10) 21—-30 .87 .87
—scale
questions oA P5(6) 10-15 74 72
(N=25) _ -
ek 27 (9) 38—46 .90 .93
st AL %] A](9) 47-55 .93 .95
a= 0.90: excellent >a=0.80: good, 0.80 >a=0.70: acceptable
et Ade 107] 24 Cronbach a% AFE&FTHI[E 3-—
15] =), 1 A3 8709 248 AAAEA, St ZoH 54, st
Bel4% B4, Betael @A del, Hetry Bely #7, w5

)

Ag ’
A AE|E3 A 87, getuale] QA A%, Fetmale] FHA x|
= 124+l Cronbach azts YEFHSITE 9]
A AbEeE Hekska Ao AwEAY AEErE ok
skl A oo AR, AeA s e Abd, AR

AAFS] Cronbach agt2 25 0.7U19 #he=z AtEFo] tE HTo

o
I
=
O
il

K-y
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R ENREEARRR 2

(Nunnally & Bernstein, 1994).

[ 3-15] R-SCC9 9 4% Cronbach a

Ao A =8 7} 3dH(acceptable) A1E o]t}

Cronbach a
W 24 =¥ T

AR | AR
A 017 A EA 0.88 0.81
S E A Al A o)A EA 0.82 0.87
st wet e =4 0.81 | 0.85
ety WAH 2o 0.76 | 0.81

Betsg) ol
B e R k- R 0.86 0.84
gel A% A Fod A% 0.74 | 0.72
et =94 &4 0.83 0.81

etq) 97
srg] At R ah #7 0.83 | 0.89
shabmate] AL Q1R A 2] % 0.85 0.91
A A WAL A A A A 0.94 0.94

= 0.90: excellent >0=0.80: good, 0.80 >0=0.70: acceptable

_59_

A& sty



~=0)

@H

+

3.4. A7 dlo]E

~

o

5

5t

S

Al =

Zaoez ‘XA

hyA

STEAM

=

= A| 157

T
| .

A7

L

o

kL,

=

Ao 2 R—SCC HALE

o

=

A 25

1

°
=k

i
~

@o

MEE 1e87]

AR AEA BA
AR AGE 297]

5

ALS

et
ey
_&0
<R

ur
=

4 7
g 88

HYAT AE
T

sheich. 834l
% 3-16] A7 e} Tolg

[e)

<d"lolg 3 YH>

_60_

=

43
<dT HA>

al A
=

SAAE




ol

s A

o7

S

]

o
v

SHES

T

g upel gl

yolgol

o
shahsy
4%

7}

q
3.34 A M&
A A7}

=

oy
T

|

3
3

1

A]
_(')4

A

39tk COVID—19 Arslo =z

=

FL

=
P
S

¢

Ke3
T

K

= 7Y A3

=

R—=SCC

ZATF STEAM & =3
A

3.4.1. R—SCC AF4, A}

I ) W o oo M W R T R Al T
R -
W T e T e T
olo e & o de m - M o) T o
CTWMJ@Q SRR ﬂw_o*ﬂ?:o oTMMﬂWW
T ! J ~ T
o %M%Wr% ﬂ._74%,
_ ~ =
T g0 X mw  SE N RE
oy R N Lo W il o W T
o ST WMM*%H
T EO o _X;OOEH 110
T 5 e IV I TR S A -
— o
_,A;oLy ﬂl,._‘lrmo‘wm\lr 1m_l§O o} O#E,UI
oS U - S P -
~ —_—
dnzoﬂr quﬂﬂ%ﬂu? MWME#EWW%%W
BE D ) wo© J;al = X B o % o} S m VBT
W Do Ve F e ga®g TN
i B oo T Lw _ge meg .3 Gy
oo Fow _mEl o b ook
iﬂ_ouﬂe 1501,_A|L_.,%x mﬂuaxme;omum
ol T wr Kooy B P o M%Wﬁrﬂ? i
i Won® o g TRl
= 9 . r
PEwmoay W mp I C®ITC R
%1%53M 1H| oo X Mo %0 B dp Mo BT %
)| o %_OI o ,Wl ol o ol ol (=) ol mﬁrw_ LTS s
oW XA % ¥ m = = o ;X o ofn e
ﬂwA _XUAT ﬂﬁ\/EEO o
LHrh [ PFIpTEcEfeiie
X . 7l - ._I.D‘_L.L i
AMWJ& A@OLﬂﬁm_lﬂArmofoM_vo_liMAT];EO
- R W m o AT M N o ® B o Wl

_61_



THNA s dH5AEE WAFE Google Classroom AlA o]
23ty FAEAA TR eH, FAEE 74 €5 2AEE BT
Google Classroom®ll HRZESITH([2H3-14] FH=x). F3, WA=
T o d3tow £ AF oyA ARIF-EE A NEe

= Sto] APEE =S gl o 7E AEAE T el
WA Al Al E AT

w, @3 SN 57 oA

of 2 HE AFEL T AT Shi AREE FUshol
g B
-::' A ZEE] AL The schoal we want

The school we want

T wehiond e el

rogle Slides

-' | 0] AH T E| AL Task 2. Introducing Korean Buildings

b ofH EE

il e il Intreducing Korean Build.
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A4 A7+ A3 2 B9

4.1. Zojde] ¥ w3t

AT STEAM +HS &3 HeetgioldS drpy Hstelsl
7 ol g FAA ©e 2] 98l E54(2016)¢] SCC ARA
4 9 B9 R-SCCE S A FALF STEAM ¢ A=
T3ty =g uvlolE o] tha] Cronbach afts AFEsta dl$
t—HA8= Aldsdtt.

L
\:m 4ov
e = o

H oA A3 R—SCCY 4l %=+ Cronbach a® AFE3F3 o
ol [¥ 3-14]° AA AL}, WA FetetFolAd 57 WFERHT Ak

HEH el EA WFoA 0.93(AFd), 0.90(AFF), ‘Hekeel F
of WFolA 0.87(AF), 0.87(AF), oA e WS4 0.88
(AFH), 0.85(AFF), ‘#skeyl 3747 ®FelA 0.85(AFdH),  0.91(A

‘FehwAL A ARG A 0.93(AF), 0.95(AFF)E BE WFo) A
AR, AR AR AEETF 0.8 oo e

kA, [ 3-15]e YEbA A o] HsstFeAd 10719 &

H AlE]Z(Cronbach )& &3 AyoAME AFE7F =4 UERS: ‘ﬂr.
ok, ‘ekre] g dE el g4E 0.76(AFA), 0.81(AFF)elaL
A FgH gF 8 AF), 0.72(AFF) 2 AFEEUTH
of F 8AE A9t v A Ui 8id i AFH, AR BT
Cronbach a®te] 0.8 o]/do] ugkrd. 2 Aol 25We k= A
oz ARE3 R-SCCY 413 % (Cronbach a)&= W 57 A Ak
S 3k, 10709 8aeA AbES gk BT 0.7 o] dolth. wEkA A
T-o| A AREgH R—SCCE AF 2 AA = & 5

=
(

0.74

XN

MN'

ST HEA SUS YLER (@A B BAI An= (%
1-2), (28 4-119% 2 S 59 CHetaste] AR
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3k Z71E YERQdY gvk R e HTE p=.1112 F9 vt
A Ak, ALS HETE AR Faoll mlE] F7Felsith o] WSl oS
e A4 dolge 4o g Ax S Had Hart AT Fe
A HEUFE A 4o WE F FHIurte] AAWHEIL 7L
F 2 For Ieglen, g BAVAEeq Feaea
eyl AR Skt 1y o St & [aF
4=21oA4 B 4 Aol AL Hlsith. AxE F3eld, s X2 t—
AA A3, 4719 oA Fondt SIS YERHA oer g oA
F STEAM F9S &3 stAel Hstslgio)do] Srisidivta wat
T St
[£ 4-1] §5E R-SCC S0l gt thgBE t-AA Ak (N-25)
ot EFHAF
W= n
Ll T (M) (SD) t P
A 2.831 0.451
A EA }_ —3.924 0015
AL 3.053 0.409
il 2.980 0.479
g}aa=e] = - —2.789 010+
e el A} 3.192 0.459
AR 2.933 0.414
o)A Y= - —-1.66 111
eohh el A}Z 3.040 0.467
AL 3.071 0.486
W8}2=o] 57 - —2.749 011+
T ApE 3.280 0.519
F3FaALe] =] A AR 3.151 0.479
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R-SCC &l et tig& -7 22 (N=25)

37 e

T (M) (SD) t P

AR 2.782 0.456
. - —-3.32 003
© AFS- 2.973 0.400

AL 3.216 0.483
. - —3.04 .006%x
° AFS- 3.528 0.469

AL 2.617 0.560
. - -2.38 026
© A} 2.817 0.634

AFA 3.184 0.412
o - -92.53 018+
A& 3.448 0.421

AR 2.776 0.659
o - -1.85 076
A5 2.936 0.605

AL 2.933 0.414

Mo Aol A dE -1.66 111

AL 3.040 0.467

AR 2.970 0.561

AL 3.270 0.489

AFA 3.144 0.485

. —-1.83 080
ﬁ_ﬁ _ . .
e A} 3.288 0.578

AR 3.168 0.482

-92.73 012
Ab% 3.408 0.596

ALA 3.130 0.516

- —2.40 024
AL 3.340 0.612

*p< .05, #xp< .01

_’71_

A& sty



AV AL Aol wla) AL hAb AT 2he

w5 AR
Avhoseteel @A Fel ok e oA A%, weeg
o

o4 B4 22ATHALT
B8 gyEe] TSt WA 5717t 37}
= wsE yed aa
B - A A BE 0
AuF STEAM T2 7|FE9]
AR el ol g At} et

ety | et a4

ye
o

o
rt FJ [-‘j\o{_ll 1

o i
=

¢
—

o
s
oo

r2
-
=2,
[0 % >

ﬁ
%
)

Moo
o
32
[o
el E S
~
ad
e
b
>
Rl

_&';_]‘
&
e A
et
S
o il
o

1‘
0z
2
i
-
2 19

o X
£

ol

20

rr

i

2

o

me

-

o
o
Lo

S

e O

I o

2
o
1)
i

o o ol
o
n
=5
o
o,

ol g
-3
_>|:4
o2

X,
o
o2 X

BN
op
I
I
w H 2

RN
o
[1
g = LA T P e
5 %
2
<

o webA shEAbs et s aAbeke] Am

Z-go] e FHA7] Wl ‘#Asteyd A FAA'E

Thal 222 Jdds 3o
=]

7] ol vEb e ukso

ol -
ol
H1 Mg o
Y ol ¥2 2 2 o o

S

o
|\
A
£ 0
9,
s
wm
)
@)
)
Y
N
ki
>
2

TenlEA SIS HolA o

]_
el o ATAY alg A gk B ATNA AHF Tl
o8 A

2 gAQe)t 78 BFo ojoldel 44, ®Al A2 5 FelF
A5e wol HEF ANE o rzadedd £# B ATAL
TS B A A FH ABL B 5 AU
F54(2016)% SCC AAETE AWsa o PAETY A Es)
HPEE ARFH] A F RS 7309 HoE HAE AN
sttt o A mE Sl FAA AROIAY FAH AY, 9
wel oA R a0t we AFE deEke(ad 3-13] 3E]

_’72_



=
T
A7 9<

Hl

]_

=
=

AR A
33%, O/\O}E‘_jq»
A ]

T

k<)
pul

. O]FH

o] A
o4

El:)
.o (e
Mk C
T TR R Ir R
W o i T _ o (I 1
%%@ﬂm@g wgw%qw@
_— 10..M Z_O Ny ﬂﬁ " OT .XO _EO LﬁM_l »AE
B T o) . X ol o 2 00 @_.H
L ) g X K2 7T op T Yy o
}Lmﬂ]moﬂlo ‘n_ugoaﬁde;_dﬁL'
;O_/A U‘Lyl’ _O}L‘Iy' ﬂ_0|,|y|o
JXIL _ M o ol JO...L w EELH. ‘_1 Elﬁ \M - ‘UI
Se Ty = Twsi T
M o Nlo aw N T e " .
o U - 4 o~ o Moz 73
) o) A = z_, X0 ) = ~ ol !
]ﬂrwa 5 ) 7d|ﬂ|
= A T o _é.ﬂ o
< - 2 R v T
W@@_Vﬂuﬂ% l_a7ﬂ B,
o _Z_O H_Au_l 5 _ MM m.uu ) NE M_.u,-M \EI O#E file) ;OL
ﬁdﬂiﬂ%@ %Hoﬂaoﬁ}urm.
_n_onxioLwHTﬁm uwumﬂﬂr%utwﬂﬂﬂm
;Mgmfgj mn%imaww
o_mwﬂ_.WAMnﬂ% oaumao_ﬂ%ﬂ:}
m:uarcwﬂ 1b_amoﬂgrmi
_,AAT wn ,U./IM é|1_|1&| OJl,IU,ﬂ_H
P e 5w W_VE]EA%@ _
ﬂ%%iﬂﬂmEdﬁEﬂHoﬂ% R 2
&LOJIOL‘H]STlA]ﬁTOQHmH‘UIHU
4504ﬂmsww@ A |
wobnx_wo %GETOMXELEAE;OMEM
g _ - ~ o N
agawﬁ%wék;T%a@ﬂl
Hﬂai B wi%aM
5%11 = ,_sﬂajﬂ_sﬁ,a
7 ga@}z%gﬂ o 3
ﬁmﬂmhmﬂ@we @.wm:_ﬁ
OM ﬂwﬂ%m qmz._
- —
ﬂ%wﬂ%mﬂﬂ
T R



STEAM

=

= A| 1L 57

T

| .

Aol A
& AL A S

L

al FH A5 ol o FEjo 2A Ho]

S

il
il
B
110

il
B

110

—

A
i

g

g

X
g

Hong & Song(2020)¢] »}3t

sl
S|

o, A

£

Felgge] Al b4 MF (S B4, ek

)

gote A2 A

o

o)

8

S

Gehdo, @

HA7

Ao At E
=

oy
-T-

0SS

|

—
file}
i

e

=
=

Qg BEo] o ofolr|o]

T

AA -

)

af

S

T4

=
=

B35
o} ofo]t]o]

EDE
e

3

AA,

]

#4743 A3
UpEbske)

0
o

_’74_



/[ _smEs

Sk Fo|

ISR PAIO| KA

BRI EOY W X)
HIBfR 201 (27 )

~

HoE s

I
ool o]
HE
[
Al

7|04 X
«S{0| Xt

oto|tjof

=X

=& ol 2
a3

[

[

IR BE
QIR EA}
-TFat4f A7t

-0t0|C|0f 712}
«010| {0

48U e

M

hm“ihgmh

U SHTPS = PNV

oIxp || MK
K| NN

4-3] A clolEl 2RE =23 YRR wHe| 57

_’75_




4.2.1. ‘A B4’ W3
ZAolgol gixm XA F
Lubard(1993)+=  #2o]Al <] = SyE AAE Axdo
™, Siau(1995)& ‘HeFolA oA TRl B S9la
A2 CANE AAES Y. FA(2004)2 HEE ool e
A BAE AbetHA] CHAAYE S e 8AR AAES
dd 5(2002)2 3t FHojgeol Q4= ‘A A'H ‘I
A2S AABATE 0 5(2019)S STEAM #eolddzke] FAQ
, A e AANsE e, F59(2016)
shalg el de] 84 + AT 549 siglas=E ‘%3
A tF ok & Azt olHF e AT
4

pestn vk F, Folgol @

sl ¢ X9 <Atr}. Sternberg &
_]

2o b
o !
™ o

X
>,
%
r?
X
AN
™
2,
>,

I o
N
>
ol
)
of\
=<
ol

=2
X

o
)
ox.
Lo
r
ko
2
it
)
>
o

=3}H 73}4 del

T
)
o
-
D
1>
S,
= 2
2
oW
2
o
o)
ol
ol
a
>
1>
o
-z
4t
O/

o2
o2t

4y 2
o

o M

B Ay

&3] A= & F Aot
a8y $guete] STEAM oA ‘wapx|2o] oksl'=
OH‘* TJrXﬂ % E}Uri AA = JAHA A 5, 2015). ©]

s
12
>
N
>,
|

(
)

re
o
— lo > m

N
iy
_O‘L
32
T
Y o2 o o K of

{
)

i
iy
o

T2 A5 2o zw | g5dsolgte A4S Ox‘:f A A
o8 QA st AUAA LY A9 HAAES
e dFEd e STEAM %o 3
22 Egtvhs AdE dATA F
Z, 2012). 19%(2014)% A9 $(2019)9- %= STEAM
o] Al FAGHE P FEFS VA A gt AFAHRE
sttt olefd dfA+ A= FEvete] STEAM FHeolA A
T88HA HAA] Fes AlAMETE A Eo] STEAM ¢+

N
=
ok
oY
ox
=2
Jo
Lo
=
o
o,

r> ok

&

ol
foi

o

o, o]

3 3
ool 13 %

X0 )y o

o2 oo > K o2
o &
[

o A2
K o
L
£
= &
R
N
i >
offt :1
o
N
o o
>,
o
o
X
) >%ﬂ



STEAM o] nHA|2 gFe] Zxo] Hve A+ 23% o
(e A3 5, 2013; @A, 2013; ¥ E 5, 2013; +FF, 2017;
Choi et al,, 2021), STEAM <& &3 A5 IH54dS 744
o7 AT 04%1” OVH ettt o]y gk mjAolA, B dFE oY

& AN oldlsh Gl 242 Fu A7 RS o A4 A
24 Sd9E. T oE B AseR s
A

A A A Wl ojwd 54

nt

A AZIE2 s 2o 3e ug ol

Tg, TS mE FA AT & tiiE Feuw ojn] wjE
Aoz FAEL FAE MFAAS A 9= eIk -2] #

9 E 3
2apga gol A Aol Axd Aol

N
N
o
_[10{_,
N,
>,
o
=
2
i?L
N}
=
f
.l
N,
>
1 o
_>rL
o

ks <8l
6-B A ol 7.}04'6}71 ﬁoﬂ f&%ﬂr Hdd FASe
g A Tl FA 87k Al GEE 22 =71A F7A

= AA AR Ed85, E8AF MID)S ¢l
b Aol w3 AdFAA S A AU
tizpelel &-gagint. ol Eol ghgo] S 444

zsho] oojzdo] ohd 2 wigow WHEINE A& F IEF YAl

shelct.

6-B: Eell ot HO{E Ho| AU HMo|e. KoI|d A= HASE EESt




B % 18 N tlo p@ oft

=F) o =
2E Of7|= L1 Cig0rE: si7tX|1, HiEf &2 & O 0|07
Liet ola. f2| =HE0| XA L2 oo{HEZ KT O[0f7| =
Lten Jeije, SolZta.(BEh

R: Ho| AT M LHES O|H = I 22 CRAl ZPHQEM C|X}
olgh I 5ol AL

6-B: Ol MEX= Z0{LiX|

H EX| S M2 AH A Zore. (3= ¢Fo oFi A=,
2

o o =2 2l Hds 2

L, Ol Z O|83iM, A== Ot ZEERXU Ad=S S22 (¥

==) U= 27 YA ERXSLICE

[6-B St BT TAL At Y3

3—A AL Fa A AR el wiRE Vel mE 71
H'E oAl AZsta o]lE wigeR 359 7|RE CFFTSIT
71591 A el Alde Htr] fe) vhes =9 e Aeve
T otal w v ol A SISIvh. AT STEAM el =
Gl Ao =7 T3 TS W, TF(AEW) X
Al vbers w9l He] 2le S Ral 359 71§ R Ao RA
s As F5skoivh val Zell, 71E A4e &8s AMEA 488
= 43S soin

3-A: M3|7} ofHofl BRI M4k 7t 02| FX|= AT HES EH2
Ho| HEiE EO0[ALE o3 7HA| Tl dHE ==, 38 X929

E

o

A

7= E HIRL RATOLR. 0| SoiM =F0M =2 FEi7} K
X7 EMots 22 EtME 2FQ| 7|2E O|H TO| A= X2
OfEx, Mz Zo| A= X2 o{E1 O|H AHE oft FHEE 1
2+ AYE A Zora.

R: AL AM7EE O3 A2 OEM BiEX? F& AlZHol| BiZX[?

1=
3-A: St e, MIHNL. X|2| AZ| [SEf]
3-A: N|7b O AFSH HE2 = HEEtO| X|Qo|2 HIEO| 7|0f CiL|= WA Ze
(o]

— [
A== Hlot7| 2oiM Ts ZflAM SUACHD €1 AN L.
Eﬂ x

22

[3-A &t

_’78_



.....

L)

oF ME i

= 3 oF ™

QJIMM A h_._u."
Waﬂﬁo | = e

M % nd w S| W

T o - = 53 N o - R
CIRIORS B o moM.Eln ﬂ.m__mm___ 4 OMdlﬂ 1 .

‘w‘l R ~ ‘H‘b‘ul . ._OM iTe) i .A||L.
WooR T ol K < o = i = K | (e} Mo 73 o N on oo
- SR E o) FEEY: T 0w F m___xﬂA++g_om %

ﬂ_/_?_ o5 WoeﬂAr_thﬁ_uu 7 ci fA*egon_._xﬂmﬂﬂ == 1
) ol Ko Oy B ol T =] J M =< = . = Br Ko = = il |
) T AR w R X o do oM NS flo & = & ol
ﬂlmv o = -3 R X B X I G 5 58 © o B Fo o n op L

E G B ol o =S v B0 ol ¥ 7 m_:mmo KR A
of o T <0 { =] o) K =1 H IH for ny i . = =< 5,
L Lok o2 o_.ﬂ._xu_.m%_ N = — Wﬂ_n_a_xm_u =
= oy B o ol T 3l = & IF S = X 34 & oz THD Ko

- 7o ol =2 S| M T © N T I.,oelobaﬂ uo
N Mrmﬁ_ o & I 7l = | KF 0 ol Eﬂqr H M%oM o_EA B
) = — = . T 7]_0 —_ ; =
E}uofhoﬁ oaﬁnﬂ_imiu_. T = .__..p_muo“_ MWE
ﬁabzcgﬁﬁ w@o_hhmmo_ﬁ y W R ® wﬁmo__:_.mw < F

= = @W_u_oaﬁuaoﬂ oo m oD &3 < M
]Lmﬂro#ﬂn == t_¢o|._._.T xR o_amﬂ_:._x_owﬂ ©
N G0 B W e._a _dn u Jo| — N 710 — ol X S &r oln = - T
I 3 o= X Eﬂ:.a_Hx 1) — %0 W = of 9

= L A < JZI |.__L o H_I.__l._ — < o ) MOL_A M M Z © ._.Hm 0
oEE anm_.mu_-mvl = MoLr _ i ME %._ﬁ.oem =
ﬁzW%%ﬂ %%n;___e.ﬂ%ﬁ © & P m.xo_el+g_m7___
#%%u.rw%uu HoLuoﬁw_mﬂ < o ® T ﬁm_w_@m__am_m_m%ﬁ %_ |

s = o o . H )
o T B ~ __A/_.maﬂ_mmmomwﬂ._ N o ._m.hJuur_un_JLrﬂaMw_._m.._ = 2
moﬂuzmﬂ@ §a__E90I_o_.mM&w RO EMW.&FTE______K% i |
oomﬁr.nﬁnx] . oY LEJ7| e or lo_l_r_
| mm Wl X © ‘u@lk o F D |L,|A.__=|H
© F o= o ) %o =l ~ B of = © .r_._ o < o% E

—_ ~ ‘Drh .ml _zT =0 in_ = 5 Kr ol ol ML'E =1 ‘_lww_l

5 B oo T 2o 5 g oo WK g =
ﬂEl BE.OM”E i Hl o X

_xﬂﬂ © o
6@.%% =
A o

ﬂ <

|

—



1-A: AZE=Z Bige sHOo[7F ZatX|Eote. A £5 Sstu uj HH%
e M H o EX Mol o Mz £0iz ofm
e I ZEZE xS AMzsic e Atalr =

ﬁ% o o 1=
FROl of HIM FE2X HAE= =X
L

=AE

|r rI

—_

Ir
fin] [
o
rE
=2
> [0
oK
n>

o

A HEHO| off HIWX| SHSHH EA

- T

rtn
= by
me
S
o

b BE TA A2 A )

—
—
|

AAs v A Azbs R A ga] WA o] AAS AXEE AF
A GA HAF 1 =7 AS AT F AU olH3 A= A
A2 FAFY BAAA Tl digdid. AT S X
2ol stEAE &Y A AL A e sEA-AS4 ASAEE T
3 e HHow ErH(E3 P HA 3], 2002). =, AT NA
St A e A om Wotsol7| e 50| on ZEA AL Q=
MEA Fxek #dste] A4S A54ox2 FA43(Taylor, 1993).
ol uigon AT w FAELS STEAM 9L Fa UF Zdu 9
| 7E ANe ATt AERE ANom HASAZ ‘shEse A
AT = 5 AT
. 71—’"*‘- R I = E AR

—A AL A N[ STEAM ¢ doll JduxE dekste= W E
< %}3 Aot o wigk WEg oldl= AT LY AT
STEAM £94S E3 oux AZRs9-22 txpdst= A4 7]&0
da A o] #I NEES dAse S 2-A FAY AT WH



Aol A geleh o= AT

o[ +gst Hgde d2[= A ;o2 To| =& To| 23 WM
2-A: = Hol= oYX HZ25IA7F A B HX|E 20 O|EH o
v

M OHX|S Eofsfor X AHHQ WZ2 Sttt oF T st
% x

LiM 2L = S0 SAE 424 StHAM Ltztct L7t
49| B2 oUX Eof gEE 448 = UAUE A Zota.

R: O] #@S0| e =xE YySOIAE #Op? OfL[H & AJUH
Adelg?

2-A: ObE WHYE QUM Rt WHE JYEC ofuxl o wola
=3 o
=

Mael w714 Aol F7HEEs U = A2
A AREe2E SAVE R 3 dEY x==(nodes)
M= 7700l 30712 Eoiwkew $A(hierarchy) =

Fow Loyt W nzo w2 dZdstn 1 #AEAS Jeh =
B (links)ell olv= Eolv= A} gE 7 A= F NEE Atol 9
3] A wx}(cross links)H 7ol sk A A2l o (examples)+ A&
NAmet AS- JidE & o Zolry] S o= 2-A shAgrtol
ofuel tiEol Ao A HEd SACE AR E 1Ele e o
g S| 7 SRk FUE Aom FEHAY. AAE stAEA A i

3l

TE ags W

A duidem @ WrwE S A gt A
ol el Frhsled, clziE AW waw

_81_



JeAee AT & vk v JdT QAR o)FF, v
A WE Gl tig FAA 2 AEg Aoer AR side
g3t oSk 58 Fhge HAT F A
gy= We
ey M3
..Hdljﬁ'{klﬁt)a
T AL
Hyy =wF . BN TR0 elﬂ.{t T~
g \%r) ;k‘}:ﬁzx grEL M
1 \ / / i-\t)’r‘i‘)
ule / : 22,1/ YUY
g Y 5 ).1r11.71 \
/- '*%_‘ b ' / ) ME
PV CYIFFR ) |
/ . - } 1 ; ...........................................

)

Ho

(22 4-4] 2-A SH82] AP JREm(a), AFS Jlda(

_82_



27 =Y SOo|AM?

=

Zrol Aol H]

s

P
T

g ol A

SFA
ol

, 2—A

.......

o X ¥
o

T =
b o o ooy =
=l au _|._ b R . o mn O :__._._ ._Mlm HA ol |__L .n.u._._._ O_l IDI = &O
o N T S — _ — RE
Hras o P oA we o ETEIY & i
— K . = = 4
ey I Logd o o o m M & m Y o X
S T A PSP INF I OMED x :
ol ofu o . oﬂulzT oMuEumMFM_WWm_I_E_Eu_.Im_ my
7:.&9_% oo M MEaEWu:uo_EA_mroMﬁom_ T
ma =T T g or = WX Sl ob o < F 7 O
e s =0 L OF 11 @r =80 1o LB =
0 N ™ Kl = Mmoo g T
S T K s WK M = I Al 2oy f o) o=
- oo ) R ES S L
S P ® NE o e R I R =
N o = R = KI &7 & R = N R L_.ﬁu
ol py %0 oo r_= o ¥ xR Mo 2 e
o1 K oo T ojy T W T NHoEs =T o T _
' 4y ~ H o BOomo Ry 0 o ™~ B = o o
oo ® — - o Ko X uyf ol u_L_n.mu_ %..Lon oy o0
= = N W < W
ar = = 7 Mo o< T - |
= ol o = RO UM - = T K4 Gl
S ° = op B o = Ul - W o X =
SIS G W M A T XX N
_— < n = TRy - ._.|M=_=_ B
ol LH %0 L o ol T n___I_ vl S B S S gl %
Wwo_e_ mmM m.u_mHIWx_.:_em%u_._ﬂu ™
_ of w1 oW L) o o 2 or I+
N mo gt o mk N IH of % o 10 |=.._M o
o o = W = JNMWH_.P@A_H_JE X
ot | W . = W O g % < o
H._qu_m = L__Hbuﬂno:n___mog_&l_uu_.n“u._: o
kR H N o 1 s o ol NS Il WK n_Dﬂ
mn gy B m_onvoaw._ny___HﬂHE © K
_Eﬂa =
634UWF ~ h_D An;]Ml
ﬂL_HwA ~ © _:.L
=~ N T N o
ToR



S

3}
=

3

T
-
SFA
s}

3

°©

I} 7Qlo] Ax=E FAL
STEAM TS =3

=
T

s, A

ol

el

o

N

K

0

ﬂl

2o

B
|

—_
file)

CFErd Srersrg 2ol

AlA g At S
Aol 2Ed 2%t

M2Z XHo= &8

7|E
2| E

ket X[ A o xf 4

M| 1 F sTEAM =Y

.
=

[28 4-5]° YEeERAAT

Wl A0 E
VMO 2 AR AL

MERTE R b

* 0w L L]

_84_




e
o o

=

A E

kel
of

3

]

(<]
R4

=3

7} 3} 3% o] A ©
= A o
=13

gq

=

j

s}AY
(2011)9]

Ly

o

FEHA

at7] A8l =A<

S

a7y

o] "Rl ol A
Py,

1

*

J| 4 o =

A

4.2.2.
ZA|alF STEAM Sl A e
:Il

=
=

Ee
o
ﬁO
|

—_
110

ol
!
ﬁo

3
—_
110

1H

o
R

T

=
o

Bysa
e

Bl

il

I okeltio]

3

l

o]

==
K3

—
2=

Bokth webA 670

ghaL

)

‘x|
£

"o

ol

T
B

A 4709

STEAM <=

=)

&

—_
Ife]

W
5

e

_04

=

Lz\g =

kel
of

s
B
&

™
o
i

=

;d—oq

&

= A
=

k:

4.2.2.1.

~
file)

XE

g

SwA F 57t

S

S
=

A

ez
o

Hth 1-B

(M) dE(AH A3

=

=

==
K3

J =

o #3454 o]z} ¢
o Zm

SFX
ol

o 1-A

ol

=

o]

hin

M Z1gfske] ¥ Aol

o

T
—a

4

SFX
5]

Fo A SAFAE

=

3}
a Al 28y 1-B

_85_

Z}
.



F o o :
X Ao s S
—A.._ \\..:.A...\ /._3\ B o Mﬂ\_ ol o__._._ o8 . O_D »_o_l mmu 00 -
4., _ w _n S/._ = ,._._m_l.n.V 1__.._ O_E Gill O_E M” r\.u.f..m m_u._,_m ..__ﬂ_ M: ”,_m_lx_ m_._Aol
K..* L. .\..ﬁ/ ..V/Ji\\_ _.A_._.._ W E._O mmH_ ﬁ_._._ a.\/ri\‘\f O__u _ _ul o __o_._._ ﬁ_._._
o N P o T < = P A K Br
95 M ogr i N o8 oy niw =
[ Q X mo '3 _A.._ m\_ SA._....E..._W .....,..:_x_ S/_" _ n_%e ol TN
W W X o « o wl s M. ,..,f J 1___Ao| wﬁ B ol K %
— \ S 1 .IT-AI
o o . AL T — o T N of
() oo W R K
«./ \\ -~ o~ mmH_ L_/l_l —_
by s ~N 4T ®
= L) = LN o o . of uo TP |g T X X o of fil
< I R B W o @ A K R
IK! 1‘._A| D_l T K o T KP
wr|4 RGP | ° o .
wr T~ i
o el TR = e
® o.l....S Ty o |2 o
TwE ST ® |7 P T o
.« o o . ‘o EC
,../ \\1}.,/ ‘OI mo
— { —
= D e @
) e L) o 5 < B a1 - SO b
4T T2 S I <o T
‘ Tx 5 o o L = oW o
4 k) oT B B o A =T o
o o o, T O e S S i~ K
ENE ~ | gl
N e U |7 Ao 20 ol of T T KT
ol ol %O o ofp
WKMo
L] ° L[]
L] L] L[] L]
g o] oo TF v
K o ! o] oo T =
%0 K O v
e X0 KM ® wjr e 0 KT wjr

%P

K

_86_



4o

-
-

o

°

gO]Oq
}\}\vc_)‘
g o

—1]' A

1-B &

—

@
Juc.bmwm_
%M;owui X o
ue:i 11:|0L,|
ﬂaﬂ:._c ]Eoo]
X = 0
o (VL@%EZ
‘ﬂlx EO7E1# E)M]ﬁ‘l
ﬁEJ’dl ‘_@r/ELuE‘L:‘LI O]r
RL i _é_sw Tor
e il 5 2 e T
1(4 Zﬂ ﬂﬂmﬂrAqs
.ugzﬂ ZTWME%]%}Q
mfﬁfaﬁ ggwqu%a%oo
mMﬁ? ol mml __ﬂﬂr.,,i m| &
G ﬂaf% =7 E ] ms T
lzodr Euooﬂ&r%eam)ﬂﬁr Kl T &
< I < | ~ _zxwuwa Ml & _
ﬂrﬂ«u zTﬂﬂmwgaoLuunum 2o = & s._u.l_.n_ul
- 5 o ?LZ_Lﬁ;; b EoyRs
O ) .O —t — e
%Qmﬁ mEmuWﬂmmuTmﬁmLmodr W 5 &%WE&H&J
© & = i & o.r: >
wﬁmmwm mﬂaﬂnﬂbmﬁgeggmﬁﬂ gemm %xo MMLWHX%&%%
iy Efﬁlﬁ;ﬁff oF Emf__m_ﬂ EREE
ﬂmtq&ﬁﬂ}%gzwﬁ_ﬁﬂmkf 9 m,oxoa§3 ﬂo_mn_w ol
],aaAlEGl]aZ imumﬂv_]wuL O » ...m_.M.._Alo.__/um_:Omml JiH
AE] 0 o o 0 o ol ar o o K 4L..7| Y
S iy - 0 Pwro] nﬂo_ tl:._m:._f_ﬁ - T
L ,mwfﬂf o Lomfiloé X
C @ jfﬂiiﬁuwﬂﬁ 5 & w1 o if_”T
1o R Lt ]Or \w — M)A %) 7AO ]ﬂ i~ — 7____ o e . —_— o W.IL _/ﬁ (] -t
—~ 71} B ,W‘I‘A puﬂhﬂx = < Cl
%mﬁ%?}&&ﬂfﬂ%eaé%ﬂ = O Hpﬂa_.%MLéwmmH
X éW6Q]ﬂmﬂwz&lﬂmﬂmﬂ MNM .a___mn_ﬂﬂ_xuo“_.éo_o
J|H;moz o o i — =mA o0 T =
33 Hme@;ﬂzcme:i A m_ﬂmam@wﬁmm
Lam_)ﬁt]ﬂu ﬁozTLAulﬁr.om_lELﬂru x._A_-.._AI._J_ﬂo._.AIW mﬁﬁmq./lo_._
§o1o§ o og_hm N o_.+aM9.1&7H_e.
oﬁmmlanAihmﬁmeﬁ oc__oL +da___ﬁﬂ ao_l_ﬂA_onuwo
#}xa OTﬂ%z:EgMz,z u_p[ﬂmnf m_ft_aw
Aﬂurg_u_d o g ,zn_m x_,_wamoeg.enﬂwm_gﬂ:r
EO_EMAE u v X o mqnsm“onugﬂw _
ﬂnmoAxLEeEE] o asquz_u Mplxx Hﬂ._l_u_
N Ec]Llo dﬁ a I.mo m.._:._xx fn_ﬁxu._ s
d|T¢7;o | = ™ o_.__“_.rw___.n_rl...ﬂ_ﬂu_M
P} oF ‘mwogmuErv ¥H__.._L_I_I|H n__|H_._ _A._Hl_h_ll_h_l |
B g} W Ok +02.) I T ooy K
HTEH b o -_+|o 5 atalf__x
” o 5 xaa___x_a_.._.._u.roh_._._m._.:oz__.___.._
i o mﬂlqm n R uw KT ol
mmoidl n__.ﬁ._o._.Jl ol ..o._hAu..Il
"y ﬁej_ilm._bunﬂ__l_ R
S . ...T___a___thjz_u__EJlaEm_._
<< = _|_M1.1
jl_.,lﬁrw_WA.H_Lh
._Oﬁju________.
1
e



A Xtz 4]

Ct
=]

o

ot

6-A

[

A2 ZRAL Z
|E X}E & B0| EAlSHA| OfO|

-
o

Bl X

=]

o] 7|2 X[AME

A Zotr, Jd2[1 £ FRUAX?
=

[

=

.l
ClojLt o|#H0] ErO] LI,

%
o{R). Oof

——

o X o X o W L . . gy 7 o dp T ~.|.
il o TN~ 1ol % Ko M mﬁ of ~u MMT so o ya K HU
o~ —
ﬂ‘A o © \E#IE ,D.' 1) a3 muL ML LY I-/l ol ﬂa N _5.0 — ‘.LIL -~
A 5 ot gl MAH@ 4 y o ~
O A O A T I [ (. - WS R
‘Iﬂ P =) — . ﬂ_OI md jl_ 10<] U gl o =< o U,.ﬁ J_AL <n
° T o g _® — o B3 o o & X
mo s B o wm@m oME®d w7 g
mro%@wm;uwm% ﬂo_emﬂc_eEaDnnn a0 M,_iaglnnM
_ — ° o ~) o o B0 g S — — Tl PPl X0
S e e H REBSIHEE | 5o v
— N = ey S & E r - <0 m o 0
e B TR A = - TR
CC I S S T B [ B AR
o To n o M < ol — o] 5l R o = 3 = N X Jo 4 o
olo gl . iy sl LY ool M = 95 1° nr -
o) — T s fo ___eﬁo_h____y___n_MJW 4 WA T
I'e) - 0 == — m [=] — hal
X oy B wm il R gy M| T wﬂ oy Y
o oy T © N g M - X B E gl %ﬁaﬁzf |
Jo i i o 2 un D~ B8o| © o _ %
G R - RO I o Ty | I %
—_— O . - 'y ‘OI ;OU
c L EoTl apdmziy, BT E e |
o T T LB g sin 2 =R NG o o
mezoﬁﬂlo#“_/rwﬂ K 2 %A = o ﬂuuun__oum_mww
oy ,uorM ~ T © g quy ' oy o
op B MO = = ofn TS ey T :
e " N A — 2 ol N ™ Mo M
I B ®mONFATE R o w T
Br i W 3R B = WU Kk %0 & = N BE N ~+ <+ R
o~ ol o — |4 i Iy
ﬂ%%ﬂﬁmx} m___o_“L_Hoaauo._x_. Mw_sooﬂqu
g o g 2T N _r_ g H ol TR T
io o _ ™ = o ™ Bl ~ 4 u ‘my_l KB ol z,__#0 1 o#e
~ T H o7 o ° = om ufm | of N = T o
o o Nd n
7A L.E ~ _A_.O mln_ = < — = ji A . N
— 1| Vvl N — S R o X & 4« ™ SO ONr
MW o =) ji h ‘Nﬂ .. .. O# _ oy o
e = X N < M B o o8 B
Wz e8] _ e ¥ ES
S © © s R w
NooF Mo B TE T T



4-A: 22 o ZYUES0| Mo X2 o Be HEE XD 20| Aol
siM o E2 Cixiolg Pe A Zed Jsjs X CXIS i)
Bt o7 SEE Q1D KUt 22 O DAIESIRALL TjAE2E}
NAB 2 ZHo| TsfA A3kele 220 =2 O 20| MHA X
7} @oj7te o] HSe o mrim Mzse

[4-A o8 BE TA Xtz 23]

A JfQle]l TA BAE Ak YL APF Aol o,
W7k okl ke Algale] elAtaEg Bil A 2 e BT
S N Feadel obd | ool wAE £ e 4

o = ]

AR =, 29 o] stalo] M2 oAALES HA ofo

4.2.2.2. ¥¥EH Fo

2 4L FAUF STEAM oA A8 EC] ¢ Fojo o8 ws
AYE BFHH FoPAHE FEst BHEIT. o Ax 2x9
5%27F el AR FHoste AdS & 7 AU

2%+ 1

o 0
&Y
I
-
e
o
°
1
%o
©
I
K
Q
o

lstlont, ITRAE A ol AR 644 SN REE WF

> Ll
93 dstgor HAHEA AFTStn $usdrh 5x2E B4

_89_



1~ sk §leo]” 43

“:1161: ‘E‘F‘HHE

3 &

 5—-A

9|

o

ol o]

skt

A=

file)

= A
o So| &

=
—

if}

a8

R:

Kio

Z0t?

ol
o}
af

7t

oF

of
HO|XE A Zope.

StAl

CER
5-Ar M2 242t 2/80)

Hisho| 7| & S},

4

mul”

Kfo

=Lt

1 EQ:

-
ot

Of&A ol 7kx[d, O™ 7HE S0 o

4 HE A AR 2H]

Df
;A_.E
<
Ko
)

ol

[1 4-6] b&

_90_



229 7% e}

Z

& 7t

Vo
eyl

Al =l

=i
RN

24

7] W&ol W

1)

~F 3

A

o

ol

oje} o] 671

—_
file)
]

e

STEAM
o 4

7] 3%

=]
=]

J=

7] wEel kA

to] AAF7F FEHAA &

&=

S|
S|

_91_



4.2.3. ‘ZAod P HF

of o = dzAEo]l Fa

olfut, 2009; 9K T, 2016). F=(2016)%
dH= AR EEe A 2

Bk

Hele]l A A Fe= AL

o] gHsto] sdst= B+

o olE 7Rt ® Hethe

SE

—SCCe “Heox &

93t (Chen & Kanfer, 2006; ©]
e eojide]
T7F ESHA oAt A E e Fofst

ol

e AR Amene o4

9 PEg e Ae FAsY,
1

PN
A

A=

%] =

ZYZ}7F gk ofololE Ffekal, ol AESEY FHA Y ololtolE
MHEEIaL, o] g3 A HAs= BE5S HoFE 1%, 3%, 4%, 6
25 Ao Ho4 P st AT AHEHE
Hrleldnk I T R REYE] A AtAhEo] Fold 6%
A7 el oA &slol b @ dEE AR ddskglo).

=
td
i
o)

i o ot
o

2 o lo A

_92_

AsA TALD Gerel FolH @B an



=

=

sl of| gl ofo|tio]

S

ofojtioie] W82 FARI7R

9

1
o

=

|

‘l_.l S
L

o

-2t

[}

BEo] HFE=el &

A A A=

4.2.3.1.

T W o wWMET o M N- o i T o W
SRR EE S S ee X MR DM
o NI s o
gz TRl ek werigd
PEp BT _daw . Twme s Ow
%mﬂmﬂﬂaz%ﬁ%;owuﬂmr warE%ﬂi
T o o o uoixoww_ G I
e T OF SRR oy 0w 3
IpTegd® o T2 owEe 7
wﬂﬂ%ﬂ%%%iwﬁmapo, I R
—r ) oY K
PR e my X egEL MEIT LT
B g pm B o o o ° R = 2 °
‘.:1_ ﬂ_OI o HL m o ‘;Io_l o i PAI L#O k) O#E jans Lt mx
q_zﬁooLAemﬂﬂJMﬂoﬂﬂl ﬂﬁFouuo_ﬂﬂA
T oy T wor
ZoNE o B o oy '3 = o=
T T T BB TR FFMEFT
ST EXR T LELTER L, FFC S
BTG N e TN v ! i
%ﬁrﬂo.nfmﬁﬂzr%] ﬂﬂodmou.r%
L T M i
resora TS Yawgl
= _ o I I ~ _ o T
TR o dewdTRaly L dFR s
X o ~H — X 5
HWaﬁLWﬂzlwoﬂE E@r%%o?mq.
o%ﬂu_ﬂmﬂﬂﬂuﬂ_aﬂﬂw[%qﬂﬁ%c#Sdu
) R B S S e S T mA}ﬂo&_v K
3@11_ ~ ‘Hl ]Ot]}ﬁ Mﬂ
& M%Muf%mﬁﬁ_u_ono%OM%ﬂWﬂ%%
ST ekl X EET G T T T
PENERGSE - S R ] LT TR @
w»z#ﬁmﬂﬁl}“] ar_7mMmﬂ_%aT T B T
T oo X®BXT®E TR ZTWNET BB
o ooz WL o oy ol TN T T T B
TR R WEWKAT BT RA R

1

S
“

914

o]

o 74e)

_93_

= Felvebs

= H

12

S

°1e7] ¢



(B 4-4] B50] HBUEE0] RHF ofolrio] Y B Bt A4

THatx] 4] ofolto] Ujg ofl] A =
Uit Lo] 59 YEE gl W d, 29 & 1050 99 ¥ 30= A=Eela gy L s
Ejor & adA B Be B o) mpHa. [F] adA A& A% o Hab T
o 7Hge) W I F, whde] Bge] Fol e FKol B, e
wo] =3 ALeQd Agol MEWFR X ol F S0l oA AT Yol & 5oL A
e =T A AN Eole U olgaA A5 Al A 4 AdFUth
Goln L} S e ol gale] olFe] UyFdow mAe Sojok WS wu A& A
TEC AT s YRR glojA "o] S0 S gl Tt
Afof| & 5 _
wol b el o e NFa AELY YAY AMolet UL FES Fojg 6
17 AAAY YA S FBHHNE APEHS & £ JA=E & duAE W@
AR o AgaEa gol wg s
A&7 S5 Aol el o] HYF HUL Abgate] AV WEH wA | 1, 2,
7] o A] o Sl dlojdoly sH $& B 5 e AVE AT 5 dgyTh 3,6
A A] Aol A o AdS St A LA S AN A7E AT F 9
=3
P WA su o] Hlad yrol oux] Hite] 7bed LED AT E olgaty [F
1 ]1_—1 %1:] 3, 4
— 94 —



©
R on ©
= x5 ©
IH = N0 <+
G , TR N
& B = ar Gy
H 5 Ty B o = = oy ~
ol el = o Wl o El T W
— jo [nre] X — O#E
03 70 X oF 1r‘_y < H A s i o}
_ o £y o Ow w e o
B o |Zw i woO SR
A I ) T I ° o L W |
: ~| o< Nlo B of = 1A
m Y Mo o - Mg B0 o ~— R 5
0 T = o X Bl 1,_% = T ok o
B e | = 5| = A
WA o | T 5 ol W iz
T T W dort " A ww | W
1 wm H | Moo RO Q_H@_% A MLW v |4
I X gk T EZHL | T ) w
1dr| T o T o B Mo «Jm o#mMmﬁoﬁ s W s _mw.ﬂ
A o o R ) i <
T A R ) ] Romr AT S Y °
ol " e Ky T Mo A | =T iod <l B —
X o M
n_/no i) oy TR ~ ol ok o1 iy - i} MH
| % ol | Pl | T o w k| L S5 5 "
a0 | % TR | X T
ESIEE N om | E ke 0 T
NES e oy Iz 1] I 2o W] [BH o K M
N T | # o} do A We o~ o
a = 5 | o LSl <0 oﬁemobti Trimoo N ™
PR R B o s T
o oy 7] | 70 omm | R . oo PE
_— B N~ O# ™ B KO ™ X = ~o
ML/ Oﬁ O_E — o :.L ﬂm ﬂﬂ N o JIO_E ﬂm_: oET_ 3 3 H_AI
2l 5% ml | = <F +N e ¥ fogbBs | P 5|
by O R | o o ™ e i) & X T
& ol | o X s o o N S o
o Hm | B T o % |75 o Bzl | <8 M iy
=T | o 9pl T o o | _rEre” T o ® o
Lok | B R M = ofy to
® ° ° ,@I@Eﬂrqnﬂl N — ﬂ .
. . e Fa | ®
* ° e .ﬁ
_.:_H * .
CE @
P ,m_.__.w_ < oo
~ f
Ho Ho
e
%!
Ho 70
o o0

-9 -



Xt
(e}

Al
S EE.I' EA'- Xl’.ﬁ HE'"T’-”]

_
=0 MM o= Zoz X1 |
AX 7t

=

Ef 0| ©f

Lﬁk%j—Eﬂ- Lo
=2 3A 7t (

wm O o o
N oo = MR
BB ) o o oF (Al
TR R B
i L ozl op ~ B %
T oy - pby S5 ol T
=m o WP <
O o o e w T (ol e
BT N T o ke it
— —_ _E = m =i
SIS P T o W T
— © w o — N~ ER ..mu
I - < 0 — in e
T ow o T 2 TR
o oo T © = ° < ¥ X < 3
T2Za wIFE w5 T
) X ' _I_ —_— Z.E
S rol W T S| % o4 o <
wa ) — = <~ S| 3| o% .
+ = i X o o B A S| of B M = N
A & — o ME o = K W = M S 2T o )
o - — SH |__L - - O_ =_—= ______.= L_h Ou_ .
o E W OE E = o = o =__|._o K Tl < It = M
o ﬁd. T e o %ﬂwﬂo r Exlgew_/u £
s FEE TF *o_w@wﬁmﬁ%mmw z 5
ﬂﬂ%m o sil _.._.q"_._um_\_____:__*_____l_ou_m__mo“_.mL 2
T o o ﬂ_M_EEWHEH_@o_EmW% <
=N E mﬁlﬂ zoﬁwc_eﬁo_.rmo____o_%éu °
iy Nd AR o = K Kl T o gl B¢ = T <
CUUE nety e ainaRosdgl &
e oo B 8 T g EwE i mr| @ e = W
) TN N ol = = ol S W T w0
= = R %.Mgm.gammg £
B oy R e T o= ] = ol ¢ 0 < w
oo Mo Do 7mm=__=_9_m_u=_=_ 0 < =
cﬁASU%%lo@_ E_omoﬁﬂz)wm_uwum_ﬁm &
B . o 9 N OR nad N F AT X mo 3 H J
oG w © T T W . o o M| A AT =
W o~ o o T T M da oy o
o K B © ~
‘ﬂo

-9 -



2

J
o

ol

gyro] A=

B 34 ¥

4—-A, 4-

T
Bl

Hhsl o] 4

2 Aszg

—(:5-_]__

&7

ey A A=

S

Xo

glol A%EA Al e A

7

s
eS|

%1—
7.

Solar panel

Glass roof

=
(& ]
EL
E”.
=
E
=
&

Of
;A_.E
<
Ko
oy

ol

[ 4-8] 6&

_97_



b ik
=k ’B‘H.-—G:I‘Elhh

_98_

.e:_ J )‘1 Etﬂ E—ILJT—

g SECIUL MATICMAL UMIVERSTY



.......

e T L.a
5 o B R W o N B 1
T Mo X %O e A Kol MR E e 2
5 o BT - ER o) ™ 2 = 1o T o = T H1]
~ H A R = | Ko py ™ 10 ot :_ _
X = <M B o T 0 RN o= & : e
5arg Foog o at pefeml o
BE e K R g M Ko o X
A OB T — ! o) 2 u = b e <
Moy ww A & o — o W SRR A R
N s - - LY Ko S0 Wy
W o = <~ X% o ™ N M _| - Mo W o &
2R oy o ot = o B =} RO T o 2N
OO T Xoop e = Ho ur| & A @ o 0
Ty = BE i < W #au q = W T A for
IR - = T o H S uy Wo © T T E Ko <
o B E T gk gL wld FN R
RELRIFT EETls fn EEesmid
o X ) °© Blarng © fl o 7
T T = T o AN T g A
o X R U A IR R
\@'DTH_ 1v_AIOO s = EOZT “AI\N‘H_OI = T |._ot._A\./|L
%_zgﬂzwqu T AN oo T ok |
% B BE = o X = ol © R gy g © 5 o o
e AR ) T . LIRS i
T e T o w T ox mﬂ}ov@rﬁ 4T To ¥z, HES
e W = X W T drwy w5 U = Wowlol R
— 0 —_ T o ‘o o _ Ix_..__ln_ml N
oﬂmEEEuiMH Lo oiﬂt ~N O An@uﬂ.l%o_uj_._._nw_o
0 g T b ol & s pme CF oNBaep B4
s MoRe 1 = 8 up om0 O o B 4 M o i om ™ e RS
M oy B B oo 0K = ol 11 Mgy KD
T T 2 Mo N ~ M _ M Shol .o r
A = My ~ ol o 2 - X UE Ko
N 7 oo- 2L o Nl N T ol & Wy I =
Bmaiﬂzemm}ﬂu o] oo Mw_ln_u._x_.,o__ i
N oo & My fps T HSwHdE <
SRR IR T S B =
Fo A ® R ERCHINE S -~
R A ER T KX



il
El
1o
o
1%
ro
0
?
[o
(0]
ol
>.
N
H
9}_:
0
?
Y
mj

A8 3HTt, £0| 21253 Y7
22420 che WasHE bjYol
L g4

LTl SOl MBS A
4 9lE= SOl Lol 22

2800 A TH7|S 2xloliiM 7| Ak + ARF ot 1L F
E= FoiM =2 OISHE 2RIt HE AO|0| &7|55 F/gstof mhx
St RAIE & UMl ot BS et HEs slM 7|2 SHS ARESHH
EL; WRO 7|5 Yol 2Hofo], WRI S717F 2|He2E =55 of
Cr. 2 O] SE2 RN QB2 F7|7F WAHLZEA] ¢7] W0 S&
ol 717 =¥ + UARF &7| =8 FzxIE 2x[sll FOIOF ot} &=
M= M2 SZefH S0 R A, oh=0[2fH g¥eE X5 &+ UL
= ot

ol 25 AS0] N7t dF°| BHI TS oM HE0= 0|00
WOl ANLH FA0= TS WL, *5 2= YA AHU FH0M 2] Y
2S floff o rojmef 2feE 7t UALH FAH= dAds HEH 19
1 4 o Qs o] ERstHl FefM o I =4, d21 7t 5
HE H = U IS 22 3Us FAH. 181 S0 £E-AS &
=o| & & UEF =T HiR|stRAH,

(23 4-10] 1% 215 A5E (REL ARAI} £A)

- 100 -

s A2 &k i



ool = S
Wb el & gt 5 Anen AZgda @ 2ey 55 st
o] molA Are] AAAH ZWe o AT 1 AT LEF
AAgrs 2w 37 Q3 Femuro] ohe) AL Ea e
LEE UZE F At AL W Ha 0B ouA ARSSE TRl
o] WedslArH([ 1 4-9] FF)

R: &m #=20| 4 FUH HSO| Y0P 92| ad, snssny

50| T2 7o}
4-A: STE LIS 22 AJMO| RO MZREH, 5 MPS0| Hof

2 HLN wg XM7t EF5| Ea OFelof ofe] THC|E2
A HiXIZF =l A=H O F= X7 EE9] k=0
HISiA 24 ZCta 420 SA0 K. [SEF] O SotEL| 7t

Cle| s 290 CtHoll ECH= HES0| Bo] AAHM (X3| £|xteloi)
2 =[A0 L.

rr
Q_I-

2

r

[N
e El hu
A 2 o [y

9 2F ES(EFA FHuF &S FOHAM

a8 A A= gAY HL
2 ot otef O|ZA L2(L)XLE Z[H(A 2
OS2 oA HS HNethn sfe. diM IAS HEez o3

- 101 -



T RHAM EFSO|Z O[op7|stEHAM OZ HIYS =R L|2(u)AL,
Z19()A Y25t HEH A Zote.

[
[6-A st BHE FA Atz 23]

(Wb AR 24 2FE F9)
A=A SPBE U ARsze] dA BFelE AR WE

AR7E Wel flfM FEe v A ARS$-SE ‘energy  zero

house'#}il Foj= HAste] FAFsiithal kvt 53], oyA] A=
3929t AEE A B d19-2(passive house)S Fo]z AAMS A
Fojut Zdol2 | A57F gRon 53] 198 HAoluEse] AF A
o YarRls &fste AES BT sttt HA B ohg-Ae HAT
of Yo w AYLEE AdsA AT F JA=E AAE 5=
gt 4-A AL oY ZAAA S Sl HARIES oldstar o]
5 29 fARle A &3] B Aol g Aotk SHEskait
4—A TS dojdl Aol e FgUS thd A3o] Qo] Foj= A
55 AAstAY o= ks sk Aol X[ Aol AT

>t

0
=

(searching)¥g M= &
tHAM gojlz = HS
BUN = o X2t
Al

0

2T Ol 7|z AMZL Ak =02 A
ofiLie= FHIUEH AAE =23 ¢
SflOF TlL7t FoZE E X} .

KEMISHA 20X AE F250] B
7I=0 CHoiM ZotELIZt E2f Cf CIxtel
of AAM 1 7| H== A7 d4S SiM_O[Z Hlu

Ho=E Oof50 Bo] = A #2 ORI=EME0 7|E5S FOM Clx

Of

C

—

o
ujn
mjo
en
o

o 2wt 1o

Al
A
fl
of
L

>
ro

Ko

e

OH

n
N
|.|-]

mo My
o
o
L]
rr

[4-A b BHE TA Xtz 23]

1-A e 7o AW 2o wE Fed @ 5% doprr]
A 72 AEe 2o 75 olgddrh vl Z(exnZY
bes RS 9 A AR, $REE Fdel 2ERe ge A

- 102 -



& ofoltlolE AZald 4 Atk shedrh

1-A: O|FolE Atz =8 AME 2d 222 H=H o=

Lt O] Hloff EMXt=7} BEatae. JdiA J8 A: AL
af o
=

AE SAE0 N2 BA, fe A=D Et: 22
X

o N M8

2

< m

O >
fu
=
Kl
|.|-|
>
>
Ral
Hu
I
02
0
>
Hu
fo
|.|-|
oo
©
50
o

g &
|H
b
J_I_
OF

-

(ST Ve
)
rn
N

o
By

1-A:

rlo
10
ikl
|0
Hu
1o
El
El
>
|T
OF
12 o
>

v
rr
Ral
o
o
g
<
T
Ral

0% 0%
ro
Pal

[

H217t EERE L O™ HE XY HOM 2 &
=

MESIHM A EAHFLE ool 2 F1: CHE OfH

_trggmgmﬁgmﬁrlr
S g8 M
2 = okz ]
0x Hr =

L=}

I

>

pal

mjo ot

bl

=]

Ht

Al

beul

<

%) [

(&S]

R: O|ZAMAX] 3t A O{H;O?

1-A: O _Fo| BiX|Lt OfX| Fofl ‘4271 BAS =H4Hs| & O XHAAHA
x oloiry

[
T AN S5| HiX| #2 AS

(h) ‘FH&t4g Alztel w2 AX'S E3)

3—A AL FAnF STEAM 19 2-3xkA]o] D33Pd
TEsolA ofelto]E AATL s dEs]l AS S
ARG HeA S HPS FaA st AAE LA HA

sk,

ol
3

=
off atetaofr HEHME EjLe) &

43

S%0|2t Oto|C|07} OfE[M LttE=X? fefs O|FA SHOFZULE?

1%

- 103 -

sk
) AToOLR. A 4N 5Bz W= 2H S48
X3 Ak
ol
=



=
HA
NI
=T ]

=
=
a

=
=
HEt

SHA

3-A

X
s
[

—

_

IC->|
= XHO|7} Lt

=

Aoz
2 o of

—

)
O

;01_
ﬂ?%@
MM;% N
Mﬁmeg aon_ﬂu_l
o 2 JOEEWW -
w UWM ﬂ._ﬂ_._/omemM =
ﬂeﬁv;ﬂm X xm___wﬁ T Ui
T B W Ww__mom X Mm_ﬁmm
rEcd gmﬂgm = wnmy <
T 2 w H & B N R q
) ﬂaw m_aw S — Iaz__ﬁ 6quﬁo
ﬂgﬁ} @Emg s Lm.%wx IO b w
-y = Eﬂz__o:m;_ o Ph+ﬂ& Qﬂ@wx%
XNEMT% ol =) oF! A%%E ?M«utw Yy
A L 2 Iha? T;:rkl 1
] mgo_e______u:__ = w_zw% LEH_ a_uwmé
‘mﬂ‘.tq‘.ml ._o“_u_u_..ll__A._._o_._._.r ml_._._ _IRO._MVW @M‘W‘MﬂJW/OﬂAI .|_
I;gﬁ@ @Dawo.mm o Emgm awww.og.m X
M?i% o_..._n7oM B0 _.._._.&m._wﬁ ﬁo%xﬂuﬂodw_o
“xLJ%]H OW._ﬂ_o: Ho aan|HE @E@MM_HHMMAE

° I W ar Mmm Pl u___oMWEE ,_éilﬂﬁ
,@n%wr.1ar = i i 5 ° ;.+m% = 2 i
a T R o_._fn_ﬂm*ao o .,_r_x_.o¢ qdeogmﬁLﬂ
o o_Lﬂu o 0. = 0 o wo o1 Ko Ly I 2o o o T
go@uﬁif ~up W me;.,m n 5 g B
ﬂ_;ﬁﬁlﬂuﬁ_l m__o“_e_u._m.._____a |_m_u“_@._.u.ntx._ H_.llﬂzToozozour

T1_. 7_.=HMH_I._H_.__|H Mvu_l__I._M__._H__._l_oH_ O_E7A,@|L|O_ %TX
q_sﬂEae milﬁﬂz AU.._n_._“_H_n_ J.%EHULL =
g@ﬂ11 o0 o ﬂoior%_ s o 1o
ST T g g&ﬂgo__ _..__._h @mO_Eﬂr%,ﬂﬂEO
sz;féﬂﬁ o zo_m___ n_DWL_IX n_uﬂwéu Eﬂﬁ _

\Y ™ = — —_—
ﬁaﬂﬂio o7 W W m_wmre A i
‘mﬂ_*oﬂv,uve#e‘.__/N jor &u oL 7._umum=_o__h.q o X M_na. ~ —
A nwae 2] 5 W o ) T P

P s L o o F - oo |
o Y | o O ﬂo)% -~ > 1rﬂru
Y — Rllom_ﬁ ordzﬁbt = B
K Ho —_ 1Fo€
aa____ug_. %3@%% -
D._Iﬁ_ul U.*_AOXO,F“UII
= < 41rﬁEZ|1; Nd
| _;8 ;o._Lro
— QUH,Jl‘L_ﬁAWPOOﬁEﬂArOWWZ’
maqwqg&
A;.mibf_ﬂutm?z,
N o 0 .I1M
L
Mﬂ—,ﬁo ;OE -~
ﬁwﬂuﬂa%
e
)A



—
AR

Zo|t},

3t

RNCRES:

s

3}
=

277}

T

3 ololto]

i

=]

2]

ol

1
= 71

L

5]

% 3]

1A

J

179 62

3|

o Al A7

J=

SFA
S}

o

= ejdo] sk

<o) 2f

27"

EEE

REEACEEE)

9%

ol Al

wo] o

~
Ife}

—_
file)

el

o}

T
T

ksl
pul

1ot

2 E3foF

“Hhgol

o].ld

o]

“«

Aok Ela

|

—_
fIle)

314

=

)

ofolt]o]

A FHA

S
=

114

ol

1 Jg{Cetne. a#g, 24 0|8

SESPN PN I

O CF7F kA

ot

=
104

joll

10 K

0| THopM Hf

o

t

.
o
[

L

Ok

10] Bto] SO{tM O

H
x

Al

- 105 -

——



3

1

ol
SFA

=

°

A K2 )
7}
A AA @S 12

ZAE (.
°

A}

3
=]
T

ks
K3

%

Sholl dAlo] Btk 1-A

3 3
Ao ofolt]o] g

=
=

OH7IstEHM, MSat= L£HE2 2717t ?I2 =SSkt I A&t
A2 Tt w dekFolgA v

2. J2AM M2

6-A: M7t XMHo| GEMS F BHOFM |
A0 L.

——

T KNP H B o~ om R nt
ij5al S B 1 o & | 4 o0 JH
"o T w =18 Kwn M -
R s R I o ™
T o oﬂrw;oﬁL oo M S O X
I B o N = _| & o & o
w3 A o T IR o
B il = — — ol s A
oy D A < o & [y K
S S A s A g K| _9% M
mgaﬁ%%,ﬂ;mﬂ% Eol__n/um_%ow ~
L & oo W0 o1 | mm wo A i
o T R ) o mwE | Mo 9
%M@%%%M %IL_;%W._WW_W? T
)Q_ZOE ,‘IMUFLJ“/._AI m_u_lm qu.Wo_/l_L N

- T = o =
Nrd%@rﬂwﬂﬂ% wJumuAIMU g _
mﬂv@ﬁ@dl_tﬂlL EM%___._._W m_._ o|

= A o_.mx._ﬁln_u r 8
=3 No "o o N ) o —
of W o - T 0 o o w2 " _
3t ol &0 a2 & o o M@z 4 ®
Edlesg s *m RN IR R
T O FL].I o - _I_|.rﬂ %)
‘uﬁlﬂmzeﬂ% o KF nLLIH_.__._._7
r . R o| o] Ofu Wﬂw._.ﬂ =0 —
= K = o WO K4 go| = NOORU o
Po:._ o RO o ﬁL ‘WI N S o_E H_._ <0 o ES
SrEpTir Tgegazy @

%o ol T = or ol ol X| o [ ..__.E ol
d_ﬂﬂ_Al EO_LEE}L —_ mLOMl_A T
T ° 32 U _wlm F
N o iy -t

411_% _sﬁﬂoldr,_i MY oF Bl B ’| 00 ©
i et
%ﬂ&ﬂﬁ%n_ < &

=0 lﬂﬂﬂ,ﬂul. .k —
b RO Mo o ny
Mo W X % o B



o WHH sAlddl F St olojHet e AAS Wol AAsh=
WEor TAAA S vhdsiitt. ol ooy e = A
71U A S Bol Abgshs @ilo]l it wbe, w@do] £X4] G2 A=
Aol A7F vro= o whurh elee miests 5b7] fs 4 oluA
£ Wol FFdor @] Urh 1xE ooy FUed FHE Bl
AbgetH et e F= Ak 22 vie- ayprl £ dAAE ARSEH
Aol Aol Fr=A Frex sk Aol ¢ olUAE defst= W ol
AL AZEelnr. ol FA ke ofHol UgkS W o= ofHo]l ¢ F2
AAJMA g =gl dds st shtel ofHdE TAEH
olglgt IS 1-A SHEL "t olgtal ST

R: [SE] Z2I™ 235 30 U7t 44382 o old HolHo|opatn
ot A U2

1-A: M37t W MZ0= S ol{n W=H S0 TS SICHEL| 7t
g 2tHs] 50 gotHe|H S oF Lrtan FX| AL ot= O
M AH7IM XOlE =ZE A Zote. BHEol & Sots ARM 1
=091, L7hs &7(2 QoUXE &S Haetge=l O H
719

(1 A"
lo 32

o rlo

A9 AAREL 4 gk 3-A F4} 3-B
Aol ololtjelE AIBksHeL,
W] olel st 3-A A o

e} =) Z == = A= ==
Hge Tl FEE F dAT S,

o

qmoo e O b of oz 1o

ol
w0
|
vy,
N
N
Y
>,
o
0]
°
Au)
o o
it

(e

- 107 -



—

B
—
o .
M kM~
~ = —_ <
u.:m = = <) T
i “_rn.oum 3 Tl Eo:.L N
S U_.c____ H L] aq ﬁo\;o:%
T 20 o - o .%ﬂ&ﬁ I~ -
1 i B 3z %X moeﬂoﬁ@ 5 TETY R
. -~ oF = or E <
- - SRdy w s TTRTE
5 & 5l & w0 al ~al w__deolr_ =S omﬂw. T 1
o o ot = o ol = U 5% - zoﬂﬂ?o |
X_l | mo MA.. o HE = =<| T _”__._._._ < < lﬁ — il ol
o B NI : wor i o ~ ol M © kT ° ) Hu
NG MoA___ < g ﬂA_l — o o —~ iy iy
W = I 22 Nﬂ._m__ﬁp 5 goanBﬂomﬂ] ——
~ M 6 o = - = A © o 3 ujr D 0 ~
- | A oo X 1 A = F - Nd T o =z o 5
o |-|_._._ Y = [T — {0 @O — >A:._13 O1rO
) K o OoF = _._._=._._o g war_Q'
o ...MJ il Em'. S o_z 5 iy oy = o
oo B w3 o © 2 SEEN I A%ﬂ%mfb%
o S > r N n S W,_HL_._AOAO_ Ml _ uLSﬂl
o ) 5 B o= w0 o oF AF ol
o E o< s 0 2o o a o X8 i — A ) B
I Ho| & = =W e X R4 - o 2
< w_mm?gw W o ra.ﬂbm_@_ < wﬁigaa_a.\
o o wﬂ_.___Lm_.ewmmo dlﬂﬂi .mu1._L0| vl Ko zTﬂﬁaSWﬂ_ﬂ_
BN ouﬂma.%Eﬁ TR ﬂmf; w qﬂAzaw
o o= =_=_._E|._.A|I 0 T 0[.15 Kl oT,mﬂmM _Ml,;omM
o ml & 0O = & 2 o = e e e S
W oo oI“NJWW7_ ofﬂ% .n_uxam__ﬁo_io ﬁo%mﬂﬂ N |
© o OF N ~ ,]i__
o _EwhomoT. MJE _s_Mlyﬂ_D aﬂyvﬁ@mﬁﬂ%% 2
o 1.n_v.._u.A_:Tm < o ommogz zﬂ_/%u:io Ao =
SCI ook 7 = B o g4 K9 -~ 4 |
Nlo g 5».175 < 5 Hl & T 1@@1 ﬂrAmAV
Cullly mmﬂﬂq_u_n_DmM o_LWl S|k R _sL}ﬂmﬂﬂmﬂ}x
i 2 b B = B lan_o__%ﬂ. Eoo1a% g
B _ .. ‘_mﬁooo |J.ru_|__u.rou_ i]o._.tﬂmﬂ:iAT
U= ol « & A_n ™ o mW).%f&:ﬂ_ %Adr ol ofp
™ % oAaA_.WﬂmM %7imﬁﬂ@o€ﬁ
S 7 ) T ;%U];@ig
gy X m iy x 0 o R g
A i oﬂﬂﬁqﬁﬁo_ L
H iy < a,_lgﬂﬂ
%era&%_m
p ﬂ%%%ﬂo
_anfry%7$
NN
|
15



XD

|.

.
o

=4 ;E A Z26

off ofrst WLE (1

o

o[A 1e....
[=]

CtEH OlHl, X

‘A

e
(-
P

ZHISHAM cHet 810].
HANM

Lf
O..

g
ojg| E9|

q = TN D T oo X W S ooy ®
RE = ® = o ) vzel
7 ST oW MW o W N H oM o

g w Moy o S I
9 T oo w n_ R T
~ of ® = R R £ A nh o I 1ﬂrr o= w o D %
S & ﬂ%wmg R e I

=. < ! - u ) N
3 U.A o WX = ey = o= ) 17% W % i
RO NS gr R mjn o —~ oy P X
< 2 Bo ~X Y o OE —_ o XN . Y
ol o < B AR N W ~ a8
H® 2 o o T AION ) R —
K| o N PR 2 o WHE T FEoopar o X
ol = o N o o Tk — o ) B 5 Y —
Y T oo X AR S R
M X iy O ol =y o U — %0 T
X T m S o, ® oD oy R -
= o — i ron o ol s
4l % oo om e L S R '
of & v F A E%wﬂ_d%ﬁmﬁg_mm
R = o < op M eI SN .
ol 5 Wo o R . U T Mrossom
T zr L NR SR & P o )
SIS B od o n R
—_ X ) ..:,._ —_ T ﬁl o T 1;,._ iy o ~ & b
M| 1 o) E,A o ~ i C o) O < 0 -
% = TRCANE- sy MR o9 e B
ey R R N A LA N Bl
m____ _ 2 ¢ . ‘el o oy o % o of- my
k= TrErgpger S Eax_ T g o8
=0 o N o omow D S - S S
e wH = A o = T N =
N BE Hm oo C B3R S S -
,DFL Wi ‘w_oﬂ — g MV_I o A; o5 ml Z_I 0 3
wp F R TR g R o
oo W < N e I R < B B

- 109 -



AFAA A AE Ad A
ystn BAE Adsted
4 4% s wENPe Avngth oF oty AL (1Y 4

11]o] Yehf A

=< =] LtE} it afststZ 50| d
STEAM +=%H
s TNEEEE =X 872
ofojcjof L& ofo|C|of S % E o HA HE
O R T IHuE g otoltla 7|2t
EO 7|0 L K| HHOIH =Ap ofo|C
A= . goHE = +9 9 el
| Rl . 5= . IS QA 2t
oty HH2 DK A

(23 4-11) ‘Bo)" PF WRoIA Yehd netatgael el 57

- 110 -



4.2.4.

Al nl i STEAM FgelA yephd 3st

FZ9 A ZOOM¥} Google Classroom, Padlet®} #& o 71#] =

HA e e= H2

SN
HE5= ©

e
=

o] 1d 7p7ke] A

o

A7+ COVID—-19

o

%1—

ﬁo
)

—

g]_o

ol Al g
BES 27 AP

o}

4.2.4.1.

=

ﬁo
W

STEAM

= Al AL

Zh3t
)

A

;Oﬁl

A5

A o] 5ol At

—~
fite)

wH

A

NA =2

o

T
0

file)
B
j2s

N

o

o)
%

ol =2kl ol A

Q
L

OMI}t 221 A A Padlet,
Al AHd &9l Google Docs,

20

Lo

o

&
O o

o g

- 111 -



dE5o] =2t

SFX
ol

o] W Ao Ut ey

o
S

l

o]

o
o

ol

3—B,

AHEE 3-A,

g@ A9l

oj ]

1_

O BE

o]

3—A, 3-B g4

3%0

)

ROl

A
ol
o
A

Ho
o

;IV,VI
ﬁo
W

0

B

A 2 A (AR A o2 9

n} 2}

ATt ATt Al

ﬁo
B

B

o]
N

o BAH 35

S

ke
) .

o

—_
o

o
A
el
oy

= =

=
e 2elez0 ofH E|L7t 20| MASFA THLEAM

nlg| k=2 of

o] gln o=

ol

A

5

~l

2folo 2 SIL|ZH Al

ol

3-Ar

(=13
=

ol
ojn
M

—_

Nl
S

[up|

o<
Ko

A Zt= 4]

HE

ot

3-A

[

og 29

o =80| Ol E7tX|2 of=

| X}
[SNe]

olC} 1.
= -

A
I

o
—

F

2
=

=
=

t

ol
= -

3-B:

o
:3-&'

Blolsct o Lt

o 2=

Sl 2 H

W 2

iTE
L

2ACH= A He

A
0

- 112 -

——



AECH otH SRHA HIZHE EE 7 O Het A4 Zote.
[3-B SHd BT AR XHR 2]

£ Padletd 7|5& &
—A IS 3-B A
otz HFHE Eol3

o3
1l AN

u}ﬂma z—om} g o) g3 F 2E Ao
t}

3 71=ak= Ao o Askthn A7ea

1-A: [ 3 ojS72] Hols 2 SoHM Xtr HeE 2EZCH
HIZHIZ & £ QloLnt a2 Al *Tﬂ?!!oiﬂ EA. 2=Z2tQI0|H =
Z MOF ot=0| OIA (22t210j2tM) HREE HIZHIZ & =+ U2
L{73t.

[1-A 8P BIEF FAL X2 23]

THEE A2 Padlet? 22 H(FBH)FAIA 2l =T7F T
1=l HesiA] mEESE Zo] ofYeh, IyEd FYshs
ko3

488 %Oﬂ”ﬂ BAE 71%@ 5 glolA e
1

o]

SGAES Btk ol A stEAtEe] vefstal 553 JeAdes A4Et
3 olE  Ausglslm st AS HAFH Abal(divergent
thinking)' & AF&3thar 3o} (Guilford, 1950; Hadzigeorgiou et al.,
2012; Hu & Adey, 2002). g+, G321 ddkolvt A4S Wel7] 9
3 dijteEs gl Rof Hlm-thE|etd, #Aetal, HIMSHAY HEs
= ‘4 Abal(convergent  thinking)& A& FTH(Cropley,
2006; Runco, 1999; ¥F<9, 2004). @abd Azl =962 Alags
@ A AREEoF EAIE AAH R AT 5 Av(H A, 2011).
ThAl e, 22kl 9 4ol By FYstA ofoltolE: V[HoR

- 113 -



97 F gom, ol Wy At YA AnE Fske] A of

SRR

1-A: O[X EElZt # E[U7t L3S0l otolc|of MLj7| & H5tn 7H

7l Al o HA= [SE] HSA0| AL MM E TS0 FH A
ap E|A HYOR. X HI|= HtU TS| E HEtn =86}
o= HotLnt 2 As O3 AHe 22d HYE A Zote. Xz}t

ofEiztol HeChs Al A S0,

lot
=

[1-A sty BE HA Atz 24

4-B: 1'd Ofo|C|of7t Wz'e mf HZ Ho|o(@S2a =2 FAM) Ho
HM SR £+ ABoOIR. HopA, AU F HYULD, H H oo|c
of BEHM E O of 225 M HE=CY St Al EUE A Z

otR.

[4-B S BIE A X2 23]

et Z2 Aldle Aslla&d AEAd(2021)0] Wl 2kl

o4 et 4 49 gede 54 % AW A5 4E(written

interaction)S £33 Z W2 olojt]o] =AW

o714 A AZAgole MY,

(written language)® ©o]Fo]X= Aszx8S walr}h, o] AF
& o

(¢} — pul
eotel sol mw 9 sy How S Aol 4

2,
&l:
oll
r
o
> K
iz
+
O oot M % ig

o N
M2 ¥ 2 lo o 2

W
l"O
ox M
=2
N
)
e

s b

Y

% 4y ro
o
Ir
B
i
il
__>;L{
oK

o
o
4»
e
ol
ol
=
v
[eS)
=
o
w
\}
(@)
(@)
(@)
A
[eS)
=
o
w
e
<
[eS)
=]
0
\}
(@)
(e
(@)

i
I
el
-
okl ol

O o

2= =227 (group—writing) & 3 ole]ltolE Ffste] AZF o}o]
E At Aol JlQle] &4} ofolto & A= AXT v a4
A BT B Ao A #AESE Al e 229l Ao = A

- 114 -



ZOOM¥} 2+

o
L

2173

-

1

iz

o)
AL oYt} Google DocsH

=

=

s} ololtio] 7]

[e)

5T

HH 3

1

0
pal

o]

A go] £419 ofeltlo] A4 TA 2ol

Els
Padlet =2}

e
ﬂo
o
—_
110

JJo

ol

q
<
N
N
o
Tw
o
oa
i+

ol
IH

9], 2016). welA] HOH FHa

(s
of
N
(=
CHE =

e

o

=

=

s}
A &tz ZH ]

Ch
=}

™

SHA

I J2fA oOf
of 2220 © LigtH A

At 3-B
B

AN

(o]
3-

[

o, olX =2:2t2l2 OfX|

b

AL
T

.
o

AA
=

F

L2

EEo|Lt &

o

=

2 QIEuE of

o] el Tddl

o

[=]

=

A5

s
of A ot

S

&

=

3}

3

G

COVID—-19

J =0l

SFX
S}

SR RSLE PY

T
—a

stel e}

)

dom, dAp 1

N A —

Anl

AA

3

X

{|m
o

4
E
r

0
Y

, 2016), AT QI

d s

g

s

of
f@l.;
{|m
o

[

R
0%

o7
i

W
ay!

oy
al g

E]
Hlo
I

fie}
olo

N

oy
+

o

;lﬂ_“l

o

- 115 -



|

A

250l

A
gl ¢

SFX
o

A<
]'E
ul o
=2 =

s
o

o
-

7 e)
oA wFEAIE AA otk

%

o]

4, 2019).

O %

) S

=

A=

[}
o

T
e -

o)

57

S

2o

W} FREE 497 Bri(ol

=20z

af

S

o_u, ™ W T A W o N Ar B N _ of W for ®T An|
= ™ 9 Ty T AR CEA I <k FooR o 5T ul
e -~ i —
Me Lo o 5 M X W oo wo o o N T
T P o "R R ) T o B W = T o P
%o gy R e o e a0 = & o i =
ox - Zl ) T

CrpIiEEE gdELE g osEgs

Ko &~ gy Mo 11 2 Ak = B % e WD
aEATm_.,ﬂlqwﬂro MHI%AT;&E Lo“_.mno Wm,*&lﬁo
1 e _ R MMH e N — B WI. HOI for Ho _ ™
F 4 O o) for - £ ST N Sl e @ T I

CONCRRPSRE T A- Ch o T oo

il e . o R W ooy W
M f ,i m ,Mo PM! _,zIT e gyl AMn O_ ‘_ﬂmﬂ_ ﬂA.I &m vi m = E&M
_xﬁuﬂZaﬁﬂuAui ?E%%mﬂ “...._o._u.|__| ﬂk%ﬂr _
M o4 F o o o 0 (e BRI  y - ° G ©

e o T T et o o ° Ml = . —
of % = 2T mLTln Oz ®Eag =
Jo o oo _H_ - M% ol @_H o ﬁw 14 W ~ m Mi_.__._u_ = mw _
~ X =~ 9 m T T Q r w2
5% @ oA N&V | T o] _,ﬂ_. 70 N WM Mo 4| H 5 T _,]TL
S 7o - R o) o N = o R e = Mo X
s F T o o oo X = ) — N Wy
S o AF el S AR o X N~ a
- D S~ B L ol = TN R
o o W oy X G o~ B N ol ol M el o —
R I I B oo % o ﬂE%
S A ML g Mol T my F
~xa ~ e L B - an| )

il N =0 110 o —_— o =0 —~ 5
— —  — HL.._ OTU — ~ m ) foie N LN ~ 4 o N
R v RETLE R v T o

o X o N o ol N
B = W o ™ m - v g m ) ) =

mgcgﬁaﬂw%_q;ﬂmﬁz % F s X
T 9 H T T BT o oo . ay = — oo
T X % He o ok o o BT T K X o Am



o) o
3 2H dF5E 9

Padletd &= &elrA| dias 28t 4 sty o5 A
=9 AEAES ot Eas oSt (19 4-11]9 952 1-B
kAol Google SlideE ©o]|&3te] 27| AME st ¢ FEA
T S EoRa A diEsEs 3 AT Aoy, L 2%
35 S0 gRET ZFo] 1-B Aol o 7o HIFE ol
Ao,

English name : [[NENEGE

Good to see you guys.

I'm I just call me [l | am 16.

I'm recently into freestyle dance now I've just started off with like
videos on youtube and little by little, I'm studying by myself.

| also love studying chemistry. Thank you.
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WELCOME TO AUSTRALIA

Hi everyonel!! You can use these created google drive files for
your waork.

If you don't know how to use Padlet, please click this video link
(<=click, video) or this instructional document (<=click).

You can
Group 1: Introduce yourself (<=click)
Group 1: Auss Housing and Science Behind (<= click)

CE—
1-B cool

It was impressive that it was guite different from the architectural design
for energy saving in Karea and that the elements of the design were
noticeable from an energy perspective

1-B My cousin lives in Australia, too, and T remember seeing solar panels at
his house.
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Science Understanding
Sil;]:d Year 6 Year 8 Year 9 Year 10
Electrical energy Energy appears in Energy transfer Energy conservation in
can be transferred different forms, through different a system can be
and transformed including movement mediums can be explained by
in electrical (kinetic energy), explained using wave describing energy
Physical circuits and can heat and potential and particle transfers and
h be generated from energy, and energy models (ACSSU182) transformations (ACSS
sciences .
a range of sources transformations and U190)
(ACSSU097) transfers cause
change within
systems
(ACSSU155)
Ecosystems consist of
communities of
interdependent
Biological organisms and abiotic
5 sciengces con?ponents of the
= environment; matter
T and energy flow
through these systems
(ACSSU176)
Chemical reactions,
including combustion
and the reactions of
Chemical acids, are important in
sciences both non-living and
living systems and
involve energy transfer
(ACSSU179)
Science as a human endeavour
Sub-Strand Year 6 Year 8 Year 9 Year 10
Nature and Science involves Scientific Scientific understanding, including models and
developmen testing predictions knowledge has theories, is contestable and is refined over time
t by gathering data changed peoples’ through a process of review by the scientific
of science and using understanding of the community
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evidence

to develop
explanations of
events and
phenomena and
reflects historical
and

world and is refined
as new evidence
becomes available
(ACSHEI119) &
(ACSHE134)
Science knowledge
can develop through

(ACSHE157) & (ACSHEI91)

Advances in scientific understanding often rely
on technological advances and are often linked
to scientific discoveries (ACSHE158) &

(ACSHE192)

cultural collaboration across
contributions the disciplines of
(ACSHEO81) &  science and the
(ACSHE098) contributions of
people from a range
of cultures
(ACSHE223) &
(ACSHE226)
Scientific Solutions to People use scientific knowledge to evaluate

knowledge is
used to solve
problems and
inform personal
and

contemporary issues
that are found using
science and
technology,
may impact on other

whether they accept claims, explanations or
predictions, and advances in science can affect

people’s lives,

including generating new career opportunities

(ACSHE160) & (ACSHE194) and

community areas of society and (ACSHE161) & (ACSHE195)
decisions may involve ethical Values and needs of contemporary society can
(ACSHEO083) & considerations influence the focus of scientific research
Use and (ACSHE100) (ACSHEI20) & (ACSHE228) & (ACSHE230)
influence of (ACSHEI35)
science People use science
understanding and
skills in their
occupations and
these have
influenced the
development of
practices in areas of
human activity
(ACSHEI12]) &
(ACSHEI136)
Science inquiry skills
Sub-Strand Year 6 Year 8 Year 9 Year 10
With guidance,  Identify questions  Formulate questions or hypotheses that can be
pose clarifying and problems that investigated scientifically
questions can be investigated (ACSIS164) & (ACSIS198)
Questioning and make scientifically and
and predictions about make predictions
predicting scientific based on scientific
investigations knowledge
(ACSIS231) & (ACSIS124) &
(ACSIS232) (ACSIS139)
Planning of scientific Collaboratively and Plan, select and use appropriate investigation
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investigations to
answer questions
and solve
problems using
equipment and
materials safely
and identifying
potential risks

individually plan
and conduct a range
of investigation
types,

including fieldwork
and experiments,
ensuring safety and
ethical guidelines

types, including field work and laboratory
experimentation, to collect reliable data; assess
risk and address ethical

issues associated with these methods
(ACSIS165) & (ACSIS199)

Select and use appropriate equipment, including
digital technologies, to collect and record data
systematically and accurately (ACSIS166) &

(ACSIS086) are followed (ACSIS200)
&(ACSIS103) (ACSIS125)&(ACSI
and Decide variables S140)
conducting to be changed and Measure and control
measured in fair variables, select
tests, and observe equipment
measure and appropriate to the
record data with task and
accuracy using collect data with
digital accuracy
technologies as (ACSIS126)&(ACSI
appropriate S141)
(ACSIS087) &
(ACSIS104)
Construct and use Construct and use a Analyse patterns and trends in data, including
a range of range of describing relationships between variables and
representations, representations, identifying inconsistencies (ACSIS169) &
including tables  including graphs, (ACSIS203)
and keys and models to Use knowledge of scientific concepts to draw
graphs, to represent and conclusions that are consistent with
represent and analyse patterns or evidence (ACSIS170) & (ACSIS204)
describe relationships in data
observations, using digital
patterns or technologies
relationships as appropriate
Processing in data using (ACSIS129) &
and digital (ACSIS144)
analysing  technologies as  Summarise data,
data and  appropriate from students’ own
information (ACSIS090) & investigations and
(ACSIS107) secondary sources,
Compare data and
with predictions use scientific
and use understanding to
as evidence in identify
developing relationships and
explanations draw conclusions
(ACSIS218) & based
(ACSIS221) on evidence
(ACSIS130) &
(ACSIS145)
Reflect on and  Reflect on scientific Evaluate conclusions, including identifying
Evaluating suggest investigations sources of uncertainty and possible alternative
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improvements including evaluating explanations, and describe specific ways to
to scientific the quality of the improve the quality of the
investigations data collected, and data (ACSIS171) & (ACSIS205)
(ACSIS091)& identifying Critically analyse the validity of information in
(ACSIS108) improvements primary and secondary sources and evaluate the

(ACSIS131)& approaches used to solve problems (ACSIS172)

(ACSIS146) & (ACSIS206)

Use scientific

knowledge and

findings from

investigations to

evaluate claims

based on evidence

(ACSIS132)&

(ACSIS234)
Communicate Communicate ideas, Communicate scientific ideas and information
ideas, findings and for a particular purpose, including constructing

explanations and
processes using
scientific

evidence based
solutions to
problems using

Communica representations in scientific language,
ting a variety of ways, and representations,
including using digital
multi-modal texts technologies as
(ACSIS093)& appropriate
(ACSIS110) (ACSIS133)&
(ACSIS148)

evidence-based arguments and using appropriate
scientific language, conventions and
representations (ACSIS174) & (ACSIS208)
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Year 6 They analyse requirements for the transfer of electricity and describe how energy can be

transformed from one form to another when generating electricity.

Year 8 They identify different forms of energy and describe how energy transfers and

transformations cause change in simple systems.

Year 9 By the end of Year 9, students explain chemical processes and natural radioactivity in

terms of atoms and energy transfers and describe examples of important chemical reactions.
They describe models of energy transfer and apply these to explain phenomena.
They analyse how biological systems function and respond to external changes with

reference to interdependencies, energy transfers and flows of matter.

Year 10 They explain the concept of energy conservation and represent energy transfer and

transformation within systems.
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[5 6] FA|1F STEAM 4% &5 X (Worksheet) &+

Unit 1
Worksheet

Class number Group name Name

Intro: How can we group activity via online environment?

1. Introduction the STEAM Project

Objectives ) )
2. Learning Google platform for Online classroom
This project is for the students who work in groups to design
Infro Energy Efficient Housing. And students in Korea and in Australia
duction interact and exchange their culture through the online platform.
VOD https://youtu.be/OJhg85ELiOM
https://youtu.be/mpGKz86d8Ug
[Google Presentation]
This group activity is to practice the collaboration via Google
presentation.
You can write a brief introduction of yourself and another student
at the same time through Google presentation. Fill in the given
Google slides in groups!
Introduction of Group ()
Group Group name :
activity 1 The reason why we named ;

English name :

ireouE ¥oursetf

Dibiair Bitirnds P s el Sl
Dihar friends, plaase WoaSaia s Sl FPlease put your phado
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https://youtu.be/OJhg85ELi0M
https://youtu.be/mpGKz86d8Ug

[Google docs]
This group activity is to practice sharing function via Google doc.
You can fill the table (I wish there were a space like this in my

school) with your friends via Google doc.

I wish there were a space like this in my school.

Name The space Why I want
Group
activity 2
1. Using Google docs, make a Video Script Introducing Korean
Climate and Traditional Buildings.
2. Using Google presentation, make a ppt introduce Korea
buildings to Australia students.
3. Using Google presentation, make a ppt ‘The school we want’ to
Assignment Australia students.

% For Australian students who meet on November 26th, each group
will make a short introduction version PPT. You can make a
presentation based on the photo materials and make it simple
with a few short sentences that describe the photo.

Prepare with as much fun and key emphasis as possible.
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Abstract

A case study on intercultural
STEAM program of high
school students: Focusing on

Science Classroom Creativity

Ei Seul Kim
Department of Science Education
The Graduate School

Seoul National University

Scientists generate theories and discover natural phenomena in
collaboration with others who hail from diverse cultural and scholarly
backgrounds. This collaborative acquisition of new scientific
knowledge i1s the essence of scientific creativity. This explains why
creativity in science education should focus on ‘group -creativity’
rather than ‘individual creativity’. Science classes, where participants
come from various cultural backgrounds to exchange i1ideas and
collaborate, promote group creativity more effectively. However, there
has been insufficient research on this topic in the field of science

education.
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Classes that include intercultural activities can help students
broaden their cross—cultural understanding and grow as global
citizens. Through communication and cooperation with students from
different geographical and cultural backgrounds, students’ group
creativity can also be enhanced. However, these intercultural classes
mainly occur non-simultaneously due to time zone differentials and
technical issues and they have been limited mostly to the fields of
English education and global civic education.

Fortunately, the recent rapid development of online teaching
technology has supported the establishment of science classroom
environments suited to intercultural activities. Furthermore, since 2020,
remote classes have become mandatory due to COVID-19, and this
has led to a sharp improvement in the ICT tools for remote classes
as well as in teachers’ remote class design and performance skills.
The accuracy of translation platforms such as Papago has also
improved significantly and thus it is no longer difficult for students
from various backgrounds to learn together online. Hence, now is the
time for new teaching and learning models focusing on ‘Creativity’.

This study developed intercultural STEAM program targeted to
high school students in Korea and Australia, to examine their effect
on scientific creativity. Among many other definitions of creativity,
this study selected ‘Science Classroom Creativity’ since it focuses on
students’ creativity level in the context of science classes and pays
particular attention to teacher-student interaction. The research
questions 1n this study are as follows: First, how do intercultural
STEAM classes affect the science classroom creativity of Korean
students? Second, what are the characteristics of Korean students’
science classroom creativity in intercultural STEAM classes?

The intercultural STEAM program under the theme ‘Energy Zero
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House Design’ was developed. Classes were conducted in
simultaneous and non-simultaneous interactive forms, using online
platforms such as ZOOM, Google Classroom, and Padlet. These
classes were delivered to 25 first-year students of ‘S High School in
Gyeonggi-do, Korea, and to 25 10th-grade students of ‘H High
School’ in Sydney, Australia. However, the study limited its research
participants to the Korean students only.

Using sequential explanatory design of mixed research methods,
the study collected and analyzed both quantitative and qualitative
data. For quantitative data, a modified and newly organized
questionnaire, Revised Science Classroom Creativity (R-SCC) was
conducted on 25 Korean students pre- and post-class. A paired
sample t-test was also performed. For qualitative data, class
observations, class activity results, and post-in—-depth interview
data were collected. Repeated comparative analysis was conducted
by coding the transcribed data. The study wused the Science
Classroom Creativity model developed by Hong & Song (2020) as
its analysis framework, a model which proposes student creativity
in the context of science classes as having 10 components and 24
sub—components. It was wused for both the quantitative and the
qualitative data analysis.

The findings were as follows: Through quantitative data analysis,
it was confirmed that students’ creativity 1in sclence classes
significantly increased after the intercultural STEAM program. In all
10 components of Science Classroom Creativity, the average of
post—test results increased compared to the average of pre-tests.
‘Affective characteristics of student’ showed the largest increase, thus
indicating improved students’ interest and intrinsic motivation in

science. However, there was no statistically—significant increase in the
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components of ‘Creative behavior, ‘External engagement in science
classes’ and ‘Socio—cultural science classroom environment’.

Through qualitative data analysis, six new characteristics of
science classroom creativity in intercultural STEAM program were
extracted: ‘Reconstruction of science knowledge’; ‘Cooperative
participation’; ‘Idea generation’; ‘Online class environment’; and
‘Science teacher support. There were frequent reports from the
interviews pointing out the occurrence of ‘Cooperative participation’
and ‘Idea generation’ in the program. Despite quantitative data
showing significant increase in ‘Science teacher support’, in-depth
interviews of students reported that the support was actually
insufficient. This contradiction reveals the limitation of self-report
scale such as the R-SCC questionnaire used in the study. This
also indicates that further research is needed on the interaction
between teachers and students.

The six new characteristics further demonstrated several unique
relationships. Firstly, the study found that the two characteristics of
‘Reconstruction of scientific knowledge’ and ‘TIdea generation’ were
closely tied. The two exhibited a mutual relationship where students
generated 1deas based on existing scientific knowledge and this
scientific knowledge was further reconstructed in the process of
expressing their ideas. Secondly, the two characteristics related to the
environment of intercultural STEAM program (i.e., ‘Online class
environment’ and ‘Intercultural class environment’) fostered greater
Idea  generation’. The ‘Online class environment’ simplified
documentation and sharing of ideas, and this enhanced student
cooperation to make ideas more concrete. The ‘Intercultural class
environment’ opened up new perspectives, promoting idea generation

which in turn propelled the reconstruction of scientific knowledge.
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Hence, this denotes that both knowledge and ideas i1n science
classroom are constructed based on student interaction and
cooperation. Thus, an environment for interaction and cooperation is
crucial to creativity. Thirdly, the lack of ‘Science teacher support’
hindered ‘Cooperative participation’ and ‘Idea generation’. There were
groups experiencing difficulty in cooperation and in understanding the
scientific knowledge. If the teacher had encouraged cooperation and
provided support on the scientific knowledge, the groups could have
come up with greater ideas.

In summary, the intercultural STEAM program had a positive
impact on fostering Science Classroom Creativity. Intercultural
STEAM program surpasses conventional STEAM classes to promote
the process of idea generation through an online, intercultural
environment. This study is meaningful in that it explored intercultural
STEAM program as a new teaching method for promoting creativity,

a major purpose of STEAM education.

keywords : intercultural STEAM program, Science Classroom
Creativity, online class environment, cooperative participation,
idea generation, science teacher support.

Student Number : 2020-24017
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