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Two-year Follow-Up Study on Effects of STEAM
Education Program Based on Physical Computing

sug hee kim" - Heon Chang yu''

ABSTRACT

By PISA 2007, TIMSS 2011, Korean high school students had high academic achievement to science
and mathematics, while they had low attitude. Prospective college students are increasingly avoiding
natural science and engineering. Moreover, the opportunities to learn to computer science in middle
and high school are disappeared rapidly. The necessity of STEAM program based on Physical
computing arise under these situation. Therefore, we developed STEAM program and studied the
effects of the program in 2012. The result showed that students’ scientific interests and attitude,
scientific problem solving ability, scientific creative problem solving ability, personality test for
children, and satisfaction of school life were enhanced. This study is follow-up study for the same
students who improved every domain of the measurements. They were administerd pre-test at start
of 2012, post-test at end of 2012, and delayed post-test at the end of 2013, on same test. The result
of the study showed that only attitude to Scientific Inquiry was enhanced, but there was no
significant result on the other domain of the test in comparison with start of 2012. But this result
demonstrate the effect of STEAM education conversely.

Keywords : Physical Computing, STEAM education, Two-year follow-up study

t 4 3 g sohx @A)
T4 FA8 el a1y a (A
EEAS 20149 1€ 244, AARSEE: 20149 29 28Y, AIAIEA: 20149 3€ 19¥
£ B EEe 0139 AR(LEAREIE0)e) AQon danstRel e S wol A 43



78 SRUFEHDMIE =

2010 =l QIHYl X EAO]E T}
(www.daum.net)oll A ZAFgH o] &
WS AR Ay, dekae 19995
Fak BsAg Age] wHa Al
.ol 100 T o 2w Ao
tH11l. A=A Vel A=7F AFH A&7} 5 7
A% 100 F 699l 1R Th AFS] g
g olFAl 7IFEge] HArdFTxE dy
917 wi-ol g 24 o] ti6].

T, A EAGE A 157 A9 Fox
WA 2170 AUE Hel e FA At

] o N

2
S‘i
o
il
Lo
o
=
lot do

oy ¥l -

H
2

o WEwW Hado] dsh: A KM
Eou, w2 WA 5 wSAVE 2665%2 7HE
ok, oAb, kAL SHOJAl T Y EAIVE 159%=

debdth ey et Ao
3L 2% Byt 234
= AT e wAer @

5)
1 o 98 = AR wiyel

=

A

N

)
R
%o

1%

o o
o

Hop s

%
e
0_1.4 ON
S
B
ol
f
)
)
El
Ho
flo
£l

&
] o)t 20109 HEH 1
ﬂ@ﬂﬂﬂ EEEESEEEE
wol 1 ;1:}[5][7][8] S

o
=2

o x B

N

%

R

2

El
2 K
o X

12 lo do oy

1o

=2

Ho

> o3 o
oft
e
of
o
HU
o
_1
2
A

0 0
rlr
o,
s

2 %

i)
0,
Jo
fr
v
My o
rlr "
B Ho
]
offl
=
>
i
it
- £
o 2

% STEM(Science,
and 1\/Iathem:¢1tics)71L =4 :0‘}04

Technology, Engineering,
AEHE QA9

dryters deuyz AAQsta i R Z
A= s ‘AR wE Aot g A gk
.

ole gk Al AP % T, i tu A
Fold s vz HF"EE 43T + A
= wFZRIHS Ashs Aol avdEga &
T At

o) Hs =S % wA ]l <l
7 FdE& aEl ZT 5 uFEA oA

STEAM(Science, Technology, Engineering, Art,
& Mathematics) 58 =3} 738 7|&, &3
Zr*.é_‘}—_oq 6‘]—./:LH_Q__9. Sﬂ/\l o:lak %_T—i ;(H?—g::s}g].
of, 3 7t AAsk A AEe Qe 43
Asteteholo] e Masd oshd %
49l QA Aol 2Pe RFR Y STEAM

Sol U3 olalgh FAH HA
A 3910l £ STEAM &l 7Hat <
T ol® HwAT ARd AT AAgvn
=

st o 71& Eguso] VA= EAES

B Lo o

K

o FAel diste] FAHoR WalE weo] )
$ REHDE SFuww @GN STEAM 059
ey HNE Sed S ot ogd Aad
277k Resotn sHecHlol.

gl w# Aol S| AAHA Fr), A
W, 99 hEdl A9 Hels dzdde]
dcka @k aeue o AN AYE A5

olg|gt A9 %ﬁ*é% AR B AdFES
20120l Ao AT Fw et AAHE BEES
A&Fst=  “Hands on  AlA 7]9F 11233

STEAM ®& Zgaleo] ga"s 435
oL 7:‘?% SRS Exﬂ—aﬂﬁeﬂ

2.1 Computational Thinking



Computational Thinking(CT) Jeanette Wing RIAME THESAT n5stw 18hd A iyt
of oaf AtEow, 7], 227], Alst7]| A7l 8 o A A3, feivetes JEUS e2s 98
Aol 712402 Aol & 7]5om Aol A ICTE AHEste Hl &2 Paks 045011 o7t
t}H19]. 22 Chris Stephenson & Valerie = 018%2 Fggo=w 034°]t}. o] +x+= OECD
Barr(2011)¢] CToll wigk 222 A e]o]t}18]. T Fws 002 7] vl OECD #Hxth
o HolHE EAlsta =g or 243 w9 =2 w7be] dFE T A, veE wg-
o toly Rdg 3 A Bl AN i T w9 Suth oy d A= IT
o AFEHF ZAE E 7 Ud=F 29 Wy A gEFolA Skl BEE AT v
o Jhsd A AMWE Fa, HEEsta, von SAEE AFHE EolE FE ol&SH

st A = A& onEtH3]

o duYFA AtLE FI A A AE3st AIFH EoFR 7‘]6%% A= A A
o oA Aug HAAS TE LAl A&t sl 7171-8(2009) 9] Mok w53 Zu2]
Awrst k= A

“YHES AZF Z7IHS XAF3A EI=
olglgt Al T2 w=o S yPATEe3 AelgdE H12 o HFEAS ¥ 2 ZEY
(NRC: National Research Council)7} 2013yl ofo] ot RGZFQ ojm I} e =3

a7 5 X}/‘ﬂﬂlﬂrﬂﬂ%ﬂrﬂ«] =3 ddEeEe #e 273 qdBg gy o] o & &#
Hol ATH12]. o] EFole= #et Fstu s Agts Qddolt. 72 F¢F HFE = HFHO=E
= 9% o5 A AHarE ERES HgEol ol FFAZ]Z|Z HFdrh o€ A
o WS 9% A Ao Ao o] 28L& 3 F7Y¥ES FVEYG PCHS
o RO s o] & Fe= Fo] eEYolt. HFE AIE & 3
o T AYy 3 gt 2 SFES A FgH gd G
o Az B4 AH Eo] FHFE Z2ag7Y wFi AHE& FHIe
o %233} Computational Thinking®] ©]-& 017*1]—— ZE&oA “dEgr="F FFI= Aol
o S 9% A wrEv|9 FEe 9% 4 , FUHRO =g E WE 0ZFES AT

A 4 A 87 "4]3‘1]: Aot BAE Xe J)|GAdANA= FH
c SHAE oY EE T E 7L 3]AE 7]A o] =} FLle] ylyo]olA, 7t
o AR FF, F7} AF get Z2agy AAL e FHo] HUA

o, g AldgleAl= old Aol
A RG] 2 ﬂ@"qoi CT=
3l o7 g BEAy v An Physical Computing 714k STEM ZZ13&
s} =93t ISOF(http://www.isof.org/)¢] Physical
o Computing®l] st A2 vl 2

“Physical Computing& w93 Fno gz

2.2 Physical Computing 2t STEM 1< HFosta YA St GEo|t). o]JHAL Abgo]
_ HlAEA ¢l FEjo] Y Ak i, FoFHo

200611 PISA(Programme for Intelinatlonal 2 AHHE 28 o4 %777— Eote] 43 ag
Student Assesment)ol A+ 39 F7|2 SAE o gase Fojth oL AEH mo s
gigk F7HE OECD =7l&S 2 H7sta 9 ABest otz elzto] ZJ'X]EI' = 9= oy
o -8 g Eo] nHY 7= oA Abolrty] X EE Agd 9 BEoAE sz 53

Ad Fosk debd ATkl AN 2AR g co gmes megm & gue o



=X H173 M2=(2014.3)
3 5 A9

oA AFd 71ES AFHUSF AYFHY &
AdS A2 4 Jd= AHo| physical computing
olgti 3 4 k. WHS FASE STEM W&
o A Physical Computing< Z &3 o8] T2
Aso] Avk 53] "= Aol AA 1009971 <]
Aol IT 7@ STEM Z=2a3S 935+
ITEST (http://itestlrc.edc.org/itest-projects) o A =

Physical Computing 7% ZT2I1AES S 5 3
ot} w3 NYU-Polyoll M= w= F&F9 S5
St E S Ao =2 CrEST

(http://crest.poly.edu/?page_id=215)=
SHA I} WALEA A F2 WSS o] Eo UL Tt

2.3 Hands On STEAM == 39| g1}

B ATAEe 20120 stad el A @%ﬂ@
;‘(—ﬂ‘a‘sé'ﬁ‘]- T 9= zli Hle =
438H= STEAM Z219& #9ksle] %
O 098l SAEAA 4354 1 B2 BT
91tk STEAM w%e] anbe 737 9is) Hab4
W= AL obE MzAL shebd wANAY A,
=o] A j,]_ﬁl—‘?’—x] ;Hz_g_zg/\].’ J—/LIO.,-JJFXJ NEE AALE

AN, 7 AT Z4F 2E el A STEAM

[¢]

LED
& 27|
28 AEAE &3 Yof
43], Fu
= = 4
_ o »] A3;X =Z=aHY
U5t Liote] METtE
o =7 HMZ=H 0] E
e 2ot 3l Ay
of 27|
7|7t B2 2|8 of Q7| S&
23| elztea as7)

G ‘?ii} STEAM 1!

Anra

3. o7 HiY
3.1 Hands on MM Z|dte| STEAM =213

Hands on /\ﬂ/ﬂ 71¥ke] STEAM X213 <11
H 1>9 2 & folA FEHAT s T
AN 7L AE Al S TR S
gt & 5ol dAES WA AEF
gk AolE ador v A A
T gk Aozt AR dol7kAl st] 9@
HAxM e} a5 z2adEs o83 gtk
<TR2> = AA FY EE ARolth o]akxlel A
HZo] ES BES o|Fo] AT 3 dol&
Zolo] a¥8S agla A=A ZEagyges &
HAAe Fhell wet ths a7l o® dorhAl
ojf FAES ZRIYYOE APS Alojstal Wy
o e ARt ANt thFe B3RS sl 9
=3

<219 1> Physical Computing 7]%¥+¢] Hands On STEAM X213



<TH 2> A 3 o] MR g3 2]

32 oA o

Ao <) 11090 =2
WEHRe o5 ukS giabo & kgl 2012 ol o]l
A= 12k 1107, 22 957 ol AARE, & Aol A= 2
2} AA} 99 BHe JFor 1233 AAb] BE
Fefdt SRS e stk o2 s 1%
AR % T—fﬁr FEdAR= 20120 Aek Zpel7h

<E 1> AT stEe At as 3
g 2011 2012 2013
et | G ARl Al | H AL ARoll Al |l AL Aol Al
9 | e 102 | #AEEE 1024 | #EY 102
82l | AIZE s AIZF
= | wEAHY WnEAY W&AY
WA |13, 43, 25 | 159,109,591 | 17359, 2,
29l | d, 51d(44) W(3,913) 2d(H,913)
STE STEAM 5%

AM % 8E wor
s 20417t Wk

TORSA(Test of
Science-Related Attitudes, Fraser)S ™3}
ARS8 CH13]. TORSAE Z7]7bke] A3 A+34

F Physical Computing Z7|g+e] STEAM =2zl 3t 81

=

AR AEHP e 7074 FFoz o] Fo|
Al H7h m=elth. TORSAE #sto] #d
RO Eel G 7 10234 F 1049 &=
o= ool glow, T dh9l G et
ARS1 A kel whshabel o g X*?W ek gtel
g EE, A5 BEe £8, Al g
=A%, Aokl W@ HvH J&ﬁ, Thsfell o
AdH WA soR oFolA glort & A

o il B o

)

Ne z5etm 458 FrdA £ &S of
Aet7] olele ekl A1sd el wetajel o)
@ AL Aslsta 57 doe Aesir.

o AH os) SUEe) He deel s

2 dolry] 93 ofs AZFPAALE AA ). o]
AAE Ed STEAM 4 2d8oA F&e= o
2 AEAA Aol g A FEFE W
A=A dotRuA dv. = 2yl oled 3t
A AP AS7HA sdFedA FAsita
oA sjHeAY AR Y AduFe] 84E
S WK Fog FHol 5o AFHoR FYUH
Wol| L3anA o= wdHo A v EE Tt
TIPSO = #8H4] wAli A S HAbshs H
Eolt}. TIPS ZAF 9 wWole 3ol W
A, bR, A AdA, = g odolE

SoltH14]l. o] HAIE T
STEAM &3 o] 2|3 S o] 3palz H
= =

=48 wokeh WAy W
Zd

CRELEEEL

1% A

« HARAIZ]: 20124 49
+ HALES: AEHEE
HA, Dty 2H s

& HAL Obs I HA
+ ZERSHEL TR H#

=
=1

<% 3> STEAM

= HARAZ): 2012t 128
« HALE: D HEE

AL D BH
& AL ObsRId AL
REIY UFE HA

o REIDSXX|: 84 Y

Eoh 2002t nE B
=

FER R

£

= HARALZ]: 20134 128
« HAS: TtstR el

AL DrEtE 28
& dAL obE 2l ddAL

RS0 UFE HA
« ARDSHIACDG

A YR

s gAL P



82 et=AFHR|E =X M173 M235(2014.3)

r2

ol = A A7 #4858 a8 HES
Repeated measured ANOVA)S 2
AdHqzEe] AR wE2H A
=z
o

u, ol mA= &3 A

o
2
M
2

ol
s

o ¥R A
st e

o

2o oy
5o
L
S
e
s
oL
rO
o,

E
e
(o
S
>
S
>

SuA A
oft
o

i

41 mpeM ZH sHZ3 HAt

<E 2> 2del HA A Heh A
29 A AN, $AHeE Fofsidt 1
A < 3>l ofspi AR Al7lel whE AR
el dabe 13kek 22 AAbellA FAH R
frejulatA e, 129k 33k A SAH R o
n]3kA] gFokrh. o] A& STEAM L&A X o] 3]
et A slAd=H o] FEHAAT 19 Foll=
STEAM 55 7] dat 22 s3] HAeS
gttt <719 4>& oY Hete WIEE B
o] Fi k. ARAH o2 STEAM Fel 93
Pl Anrt STEAM $& WA &
= 2o floidivs As B Fa ok

ook

o

<% 2> #oH A Ay B9 A
Time 3t x=A=t F | F98=
1xF 10.0306 4.45008
22} 11.7347 4.37554 5.10 .008"*
32 9.8571 3.66651
p<0.5

<3 3> "iRlA A

% -3 o o o

Time 1 151%% AR g | F gg_

12} vs 22} | 284.582 1 |284.58|6.074| .015"

12+ vs 3xF 2.949 1 2.949| .103 | .748
p<0.5

ASESHHZAC THE FTHED

H

B 11004

Bl

KF

m

R 1050

[

Pre -I-Pi:te elayed Pos
<Y 4> wEkr BEA A e Hit Wl
42 st e ZAA}

2ol Ax AAE #4 g AAF Aot
<3 4>oll AAEHO] . FAIHoR f{ojn s
A3E Ho £ J9e 38 g i H=
st digk &w], ko oig Hwn A #AAH T
gl digk 2AgA BAolth SAHoRE fFojn sl
ANE AL J9E& 12 HAbel diste] v A
A& 3l Bkt

<EA>HEA B HAF A A

99 | Aa | @ |zzax| Fo| 17

g5

setgr| 1 19.21 401
of thgk | 22 | 2209 | 255 17980 | .000"

2/ 3} 20.41 354

8o 12¢ 19.12 351

o) 3 -

Py 23} 20.11 308 | 2087 | 127

B = 3} 19.68 3.49

7} 8o 1=} 19.93 441

o 3 22 20.69 3.27 8073 | .001*

=27 32} 18.36 4.84

T} &}of 12+ | 16.3158 | 5.25167

P 2% | 17.7895 | 4.16902 | 4.305 | .015

74 32 | 157579 | 5.15446

3} &} oj] 12 | 146105 | 501

o 3t . .

Ao 2% 164842 | 464 | 3183 | .044

e 32 | 15.8105 | 5.36992
p<0.5
HA g g gid HE g9dSs HdERd




<" 5>olA ®ol 3z HAbe] A= 23 A
Atoll wlsl sato] SERAINE 12 ARl Bl ejA =

=0
=tk
WSIE S S EHES =3 FHES
23.004
22,00
i;]
=
Bl
K- 21,00
™
"0
K
20,00
19.00<
T T T
Pre Post Delayed Post
Time

<Y 5> Fsretel ek Bl Hite] W3t

<3} 5>9 1x Aol digk givEyg A¥E B2
W 22}, 33 HAF 5 12 AALl Hl§] SAH S
2 gE d3E Ro] F#rh ol STEAM S
of 9 FgE FHeH el g HEe
STEAM W&HAE wx E3 1d Fox= {4
"o AL 9udt
<3 5> "y Az
Al I
o5 | B3t
013 A 7+ T e ER CI R
] Ag | Ay | F|FEAE
5}}
sate | . .
23 vs 12} [790.27 | 790.2 | 38.49 | .000
T
= |33 vs 12} |136.80| 1368 | 529 | .024
SFEFel | ‘
ga | 2 vs 17 | 5456 | 5456 | 191 | 169
83 . . .
1|32 vs 14} 23369 | 2336 | 494 | .029
w}ato] | 22} vs 12} | 5456 | 5456 | 1.917| 169
o gk
279 | 3% vs 13} 23369 | 2336 |4.946| .029
B N ] .
ge | 27 vs 17F|206.31| 2063 | 5.38 | 022
AmA |, .
| 3% vs 13| 2956 | 2956 | 504 | 480
T}l of] i _ .
| 27 vs 13 33351 | 3335 | 741 | .008
) o A
AHA | 33 vs 13} [13680| 1368 | 221 | 140
e
A% 1, p<05

& & Physical Computing 7| 8F2| STEAM =22 9|

A
ZS|

fr

2

o
2
¥ 4>9 <19 6> oFH
1

STEAM i< A XsHAl =3

Abe} Aol 7} glol ATk

=Ry

83

BSOS HOI S a0 SE3E FEED

18.007]

17 50

) 17.007]

RV 16.50

16.00]

15.507]

<2 6> Fstol i HvH Bl

o,
=]
e
Lo

2 el o g)
24, et

et
o g 2
g, lo Lo
2

oY o2
l~>_1&£'f
Ee
=)

A A

%
o
2

[e]
e

e = 4o

21,007

20,50

20,00

K- 19,50

19.00

18.50

18.004

T T
Pre Post

A2t

<29 7> FHeto] Wi Sl d

De\ayeld Post
o W3}

ARHo g <F 5>9 UHAA Art Ho

T STEAM A A ols) A2 deto] o3t

WA pa Sl g F 7}

9%
o
=

s B

<E 6> 2do] AA AN 4 A4 A4
AR, F4% BE 99 olgel: Fo@ 2
g welFE ol gtk L oAe 33



0]
N
o

S+ 2 FE 1 8 55

==X HM173 M2=(2014.3)

f Aol ofel <¥ 6>9 Avel <; 7>9| o]
AR Avel A m%el ¥ Y A v

o

<E 6> stA AL A3}

o]
9 | Ax | 9@ |mEad| F | oo
a8
12+ | 37.3789 | 7.29789
SEEED
: 22} | 39.3789 | 6.43160 | 1.99| .139
SR
32 | 37.9789 | 654929
12+ | 352000 | 7.34065
14 A
. 22 | 37.0421 | 7.15618 | 150 | 225
ol &
32 | 360526 | 6.72304
=ojm | 1% | 311579 | 650747
A3 22 | 33.1158 | 6.19001 |245| .089
HFAE | 32 | 316000 | 6.08696
12+ | 245474 | 5.05874
274
22} | 259789 | 4.17434 |3.13|.046"
B
33} | 243263 | 4.93886
12+ | 353684 | 458734
L
Ul 2x | 361158 | 481766 | 1.67 | .190
tdxd
32 | 34.8105 | 524971
p<0.5
X 7> gnAd A3
A I e oo
] SECEN S Fo| |
AR g5
A =3
Fo9 | 22} vs 12 | 364.16 | 364.16 | 4.131 | .045%
=k
s s)=| 3% vs 12 | 1856 | 1856 | 222 | 638
27 | 27 vs 14 | 194.695 [194.695) 3.878 | 052
A | 33} vs 12 | 4642 | 4642 | 086 | 770
p<0.5

20123 STEAM <4

&
il

of ols) Waw A
e Fold A¥ AYAE A <k T>olA 1
So] 33 FAAE 1 AARS Aelsh gk
Aig AT AdRqow st A4 PAATE
STEAM Sl e a9y g

2o w14 A}

44 DRUY BEET HA

<E 8> 2do] ZAA
AL Apolt), w5 A
Al 8A]

oA B

o] WHL 7hAa

|

%3] 20129 STEA
shd ol AAg dis

g, EAReR foaA

2012 STEAM +¢ %

glo g2 ZAS e stu

2e ol @t

A

ot do
o)

T % 2013

110

p<0.5

E
1
]
0
i
1
|—1-|
1o

I

43249

42,9

KF 426

42.3

42.07

o
M
T

WL &

1>0] AAE

T
20139 2RSS LT EAUSO

48hd  STEAM
o) EAN A, o3
I e R
%ﬂ#xﬁh}ﬁw_
stase weta <




2dZtel £ d71E &g Physical Computing 7182l STEAM == 1242 &1t 85

of #ell FFS VA= &2E ToAAM HASgud A=A o8] wgE Wkt o FHe o
Aop AmAe] os, et AuwAZb wel WA FAFTE Bo] Fito] ek A Aoy
o oJaiA FHE Wwe Aol AA WIPT B et Bk, S Qg ZA FFS A
71 gtk 1 ol Fel shube SAEe A A R ol Aie STEAM &Kol ¢f 3
date] #A 2 S e dEsE du u @A Fadsld WFd AHH FAgn
g whEes 201290 wE EAAow dekx B 4 Qlvh
A ekgkthe Zlelth &, 39 ¢ AFsuE A A, st wAlst Fush dddE 5AEPS
Aeodrt e stadged wshk A3 gtk 2#Ed fFAErh B A= 201299 Hands
£ 20129 on AlAMel 7IWHgE STEAM Z2I§1S +¢hsho]
e HatAQl g@Aolgtal wWolop & Zlojth. A &aSith S YA AL EAE A
3d T HduAbE A 1We A BE 2 AAME el ddstes duidde] e
AbEol 434 wulE EJT WAkl g Fel A AHske Aol A dsw, 5 Hsh4 g
gt B o Gl #e FEHAE HdstE o dE ke 9Fe FIAE Ao Azdd
AL ggsittn & 5 9l Betd g g gxe e Agse o
FEE W e st ZAs A W o st gle]  dig HEE Bi vk e
oh ATt Ee 53hde] Hol s 3 STEAM Ao €] Hands On 3t &7
SHEANA FEol 2-FES W] At 2E 2 IgFEAe] FAEAA LRFd FFS WA
FE7E HAT ol AL HAstHEA A HAE & dew FEE F Utk
TAasE AAEgelA dde e ok 2 A7t FE Fa% AAEE V)Ee] 7%
TIPST kel g2 ®elel &l 8 g4, 7k w§ Wyl LA sidsty] 913 STEAM a5
AR, AF A, 2= 9 vy &4, =% AA o] BeAdes ddHem AA s, G5
A oot 29 FldAe= sl Wl A EAL FFATE Lt AFHTE 3o
Il A, AdAA, 2= 8 dely s v oA olwAl V¥ A& sAstr] A
ol &5 Fgstar Avk L 58 kAo © T @A A71E QS Age Al STEAM
oa) o]FojA= e Fo Agele oI} ufE AHEdoF = AEe L AT A
At AHA R wEE Fo] FFav= A 7S] WE 5
S AR E ovE #edA s s 53hd
}epdedEe Hands On st A8S FE3 2 1 2 8l
AleetA Zddvka & 5 ol
(1] A& (2011). ARt A5 AT A
AT dae g 22 AHS AAEh W, SAAR
a B g odTh [2] #1718 (2009). #HF® f17]el #F A3 A
AR, ATATE g or STEAM 49 A w2k op 8] A, 27(2), 26-29,
A 52 wol 2ow 8 4 ok mE Ax o B BT (2009). & FeotaLel A HH &
Ao A STEAM F9& 9% 23k 19 ZoF 27 of A HoA AHEAITIA, 27(2),
e STEAM F4I& ] dew smeb] [4] il‘lj; &%, (2013). Hands on AlAl 7|4k
Y E s 292 2 w STEAM Yo BT TR e . = u
;g%j rjjﬂ giﬁﬂééwﬂﬂ@ an;:vg] st STEAM vy =2ilsl ot 4
’ FE AL&3s] =84, 16(3), 79-89.
of dFL Mtk AL WEdTL B 5 vk (5] &S - 2w el (2010). 3% w5
=4, STEAM a&5 SpAse] sehgie + A, 15
o A8 dazk Ank ASE 5%l Ao 5] mgsetr)eR (2010). (20119 FFRRI] F
ARl wAtel ola) 7]Ee] WtE a kA g}



86 et=AFHLFE =X M173 M235(2014.3)

olxle} ARAEIwZE o= v whITl
= [http://www.mest.go.kr/web/1142/ko/
board /list.do?bbsId=195].

(7] A5F - A= SR (2011). WL

Ho
ol
s
Lot
=

A
[8] W& - 3570k (2012). W57 K s
A

[11] &A1, (2004). "#stap Ha A Aad
100 ol 2 B TYLR, from
http://article.joins.com/news/article/article.asp
?Total ID=307874

[12] Committee on Conceptual Framework for
the New K-—12
Standards, National Research Council. A

Science  Education
Framework for K—12 Science Education:
Practices, Crosscutting Concepts, and Core
Ideas; The National
Washington, DC, 2012.

[13] Fraser, B. J., 1981. Test of science-realated
attitudes: Hand-book, Australian Council for

Academies Press:

Educational Research Macquarie University.
[14] Kazeni.M.M.M.(2005).
Validation of a test of integrated science

Development and

process skills for the future education and
training learners. Retrieved from
http://upetd.up.ac.za/thesis/available/etd-0430
2008-145702/unrestricted/dissertation.pdf.

[15] Renninger, K.A. (2003). Effort and Interest.
In J. Guthrie (Ed.), The Encyclopedia of
Education (2nd ed., pp. 704-707). New
York: Macmillan.

[16] Tai, R.H., Liu, C.Q. Maltese, A.V., and
Fan, X. (2006). Planning early for careers
in science. Science, 312(5,777), 1,143-1,144.

[17] Ormerod, M.B., and Duckworth, D. (1975).

Attitudes to Atlantic
Highlands, NJ: Humanities Press.

[18] Stephenson, Chris;

Pupils’ Science.

Valerie Barr (May

2011). "Defining Computational Thinking
for K-12". CSTA Voice 7 (2): 3-4.

[19] Wing, J. M. (2006). Computational thinking.
Communications of the ACM, 49(3), 33-35.

1992

| 1997
i (Z-3+8LA})

=

o o

i vl
i V//' )
2007 e AFEH IS
(35 3H4 Ab)

A Eok 7 FE S Physical Computing
E-Mail: riemann@Kkorea.ac.kr

8 &
1989 & gl o] ojj &t

A4k} 5}3h (o] A
1991 et ek
EEEEEIOE R
1994 nH et ek
7 3 ] 83} (o] 8t upA})

1995 ~ 1998 A7 tfstaur o] Fojj st

AR TR 20

1998 ~ A4 wHdista HFHusd wg
wAldor ¢ A AN E, S E HAFE

E-Mail: yuhc@Xkorea.ac kr



