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A2HGA EAE d3le AAH Fas Ad=HA d5S + de A4
o] asttty stk 1zlo] viE ‘ghtel(Mathland)’ 2 EEl= v
olAZ Y =(microworldolth. ofel wet ‘It oA FIE Ed
e Al =12 LOGOE /MEstath. LOGOE AXol7l AFEH
o} 3tE Ui AFE do2A, (28 11-113 Zo] F /e 72 o
Hel  TEAED 9F EACD B FAEH AT ole AR oolHE

(agent)e] 71’ , ‘=¥ PdF HE T3 ATEAE AT EH

oA oare 19 5 Ao
rrre ol
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(29 11-1]1 LOGO9] 718 & &2 ‘7t 9 ‘A

LOGO+= ‘mlg& vtu dAe =Al(low floor and high ceiling) =
AW E A=, oA 2RAEC] AF AZsH7] 4-9-How floor), ©]
£ 883t HEvteEe] Austy A3 o 1adY 2 FIE 7 9
o= AL o v gthhigh floor). o]# g o] FZ 1980 dtholl XYY HH
ity el o]27174A EA Q] w8 ZEIHH Aol= gy AFEHU
o, 53] 2 - T EY 78kl

Papert(1980)-2 Piagete] *+AFol9] w833} 7”‘131 7S A s st
71 98 ‘A 7]3Hturtle geometry) = AASIA U, ol fFYE=
718k} A 7stete v A2 Zlststsolti Al EAl, XL, 2002).
AF ZlstllAeE E 7HA BF EAE AMEStY ARO|E Stog oy
7HA E3E agA & 5 e, ofF FI FA

ATl FHAAY FAAR EF5s T3 qFFE F ok dE =

e R
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= AFH gHS T 1 A3Kproduch) = 2 ¢ Fyus A
=]

oA dEWS W] A L/RE —?756}7] %016‘}3} Paperts 2 R/&
FAst= AL o 7t l ol shusht Hsl] o= gy e
2 A" Z2098 ¥ 7 o]

AUzt Aolr] wEel, L/RE 2=

o] F AW ALY S HjFAIA = Jhal 3t
3 WERIAE FFAE = JHAlTA, 7
AAAAR o] FolA Q7] Wl THFA7}
AFE Y JAAETD & AS Bk olyet wAke} st T3 A A}
olo] FJzAgo] 7HEdtH, ol&

}.

Papert= Piagete] A& &d TASIA A 2)9] oA stAe] &5
F9 847 55 FzFAES FasHA Aydgen, ‘&5
53 Sl(learning by doing) & Ax3FAUTh  ol= Kafai &
Resnick(1996)¢] ©+<- constructionismol] ™k Aol & =zjdch
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i
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Constructionism-2 8to]EoldA FAlol &S 3 HFo|th o]AL A
A& s wAlA StEAE AEEE Ao] ofye} gAY whg&ol A
gistAl gAl FAE = Aolgte Plagete] FAFE viRIO=E it} obF
E2 olojfgoE A& Aol ol wt=es A O]E‘r o7}, constructionism-2
SgabEe]l 2R, A, 24, AHFE Z= g2 oFe lgeEss &
LA e W, A2 oleldoE d& —’F As Aolghar LI A
constructionism 7|A& oz on Q= AFEe T HANA A4

TARolgtE F TR/ FAY JdFHHKafai & Resnick, 1996, p.1).

%, constructionism o]&2] ;AL ‘EFEH T4 & FF AHUF
T4 olgkeE % 7FA ‘FA(construction)’ o ATtHA 3, 2006). =,
constructionism-2 8t<5AL7F A A& sk o] shgA ARl A 2
nl Qe dFE@rtifacts) s 7AEsStE =83 7S S5t o] F3ta
7+

gttt Papert= ©|21d €55 §3 <5<  ‘learning by doing’ ©]
S g wWholEol= Zlo] ofe}
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= a4 5
A87006)0) olstd, 3 S5 9@ AFE B4 dAe A F
= A 2 e
[l

stub= SEAet wAh gEAet AFH, deA 3o AT

TR AzAgeln, o3 FTAE HolA At xS FI Y
TES TR F Ava kv S constructionismoll A Sk A5
BE 5ol shsAt Addel e5Ad 2848FS T AN §5Fe=

HEAET W, o BEA Loldeh

1.2. 3D A& &34

Constructionisme 744 Fo &S vHlg o2 3l AAA w8 dHFS ¢33
o|lgo=E Y4 FAHAE T AHA AF=E

S

FE SFom FYUI Ao] molardolt. gixFow A
= t+= LOGO(Papert, 1980), StarLOGO(Resnick, 1994),
JavaMAL(Z3+s, 2003), Scratch? o] o o] FoA LOGO+= Papert
7F e wS8 Z2 O dojE 1980 ] o] %= tE A vlo]la=z

Cho 5201002 LOGO<9] 214l Hx4< HHE o ZAxH U=
S kel e g o] 3ztY YAIEFE S k== LOGOZ|HE

JavaMAL mwlola=zdes et sx, 2013). Cho -5(2010)-
LEGO &#2 %778 Agdtel FU=IS TAN/ 931 ‘<, 3

S, ¢l ofel’ & 7|RAQ ofoltlolz a, o|F TAL & 9

AREEAAG, L R, u, O B ALl AYUE QA%
Qe B4 AARAT JavaMAL mlo] 22 YEE 7]E LOGO Hojrth
0% s mdSe Afsd dAe FATORA ofd clolsx 4

2) Papert®] constructionisme] o2& 7|uto g &k, MIT ultjojgiolA 723k
WEE ZTEZ Y Aojolrt
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A AZIGRE A= AFE2 T, 7, v, (dE FAEY dnh 3D
AL ZHAANAZ AHE3lY  ‘ssRsusLssd’ e A o2 #xdo=
74T JAE 78T AT, ol A4S 3D AR xd4 |
g} g}t o]# e 3D AE BH2]L JavaMAL mlo]ZZ YT oA ARAle
Abe AR=E FASHH S432Q g wrete onoa 4
&) 2l (executable expression)’ ©. 2% FHITHEIE, $713, 2014).

3D AL T A3 A3 AFdA 3D dAE T JALT
st =T EANY 9 80k otyg}, % stge 9% =72 3D AH
x84 IS Hela JoH(EeE, $73%, 2014; Lee & Cho, 2014;
Cho, Lee, & Song, 2013).
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2. Computational thinking

33}, 7z, FEH £ BofdA AFFoR QFHI e IdF F
3}bel  computational thinking®] 7Hdol ois] 43X 31 computational
thinking g<gel oA9A 8t W& AASEA o] FAA L UYe=A A

ot

2.1. Computational thinking®] 7id

Computational thinking2 2006'3¢l Jeannette Winge] =& #5202
SASIHA & FES Wgtow, AFE HASHERE oy}t 35 I F
oke] oy SAEEFEH s dA7EH o Wing(2006)-
computational thinkinge] ¢]7], 227], At&3} gEo] 214|715 4olr}r]
el T ZEFojol & 7|2 Al HgFolm, STEM &yt ofye o

stk ol g F4L 4k

ddF= T
A AR A SW(ERZEL)THAS 2 Yot o 24 SWI7E T 2A F

3G AdA 80 Agdch e BN SWek "old A %
Pe AEE, SWE olB4w, MHAE, 6 F RE Aol o] 5
of7baL itk Ao} SWet @A el gl Ade Mo =6 )
Aol UThe ol Qe HEE, BE AUEL SWe AAs R
g =ol sa Yot

SW7F 88l M, A AA F8 F7HES SWEHARS| o] 875
og = slbel computational thinkingS 3FAA17]7] 98 SWHQE
SS ZA3stn Jur I=Fe 20143 REH  AFHE FEES vk 542
164 StASoA BorvEoz westw glon, PA=t 20169 He
7| HE TSt 48, #3 =53 T

712 ot v=S 8 Aolx, wia AAMIL F 4

ol e B =(Hour of Code) = Y ms Aol yA AoH,

o r|r

1 )
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3

gt 4R (Code.org) e HIFEDAE TASE w5 el 9
A 2“ < olEA Y Yo} EFH oA E 2018 FEH SWEHE WS
Aun A= HAHHA «l—ri‘rg o Aol

Computational thinking& SWHAAS oA QFHE FE2Q oo
2, Cuny, Synder, & Wing(ZOlO)t computational thinkingg o231 %
A o3kt

(%]

]

“Computational thinking2 &Al¢t 11 W& FAgst=d AHF At
oz, EAo siHol HRAE o o] A E(information-processing
agenpoll o3 E&HCE HAPd + Uv FHE FIHHESF st= A
E]-"’

Aho(2012)& ©]& ©$ td3] 3sled computational thinkinge E#12] 3l
Hol HAFE Y Haleh duglEe s 3dE F ARF ZAE 2438t
= Aa#Aolgta ¥tk &, computational thinkinge HAFHE o] &
st EAE s dste AxHe /‘}"’ﬂr%olu}. °l Uﬂ TAE A=
A T, dagEFH X

st 533 JejzE o ’é*@ﬁ Prxﬂ"érE ’3H
(Wing, 2011). °]A& <l

A& siAst=E S,

E Ty AT AR HAFE A="ES Fdsks Aot EAES
sl AT MEE AFE A2HE 7[EAH 0= IS Alal RS F
sl 7Y ZolAT P Azl F3 Avke Az A Tzs} A
18] FAE ol Boh st E&AQ s AANYE & JrKeld
=, 2014).

Wing(2006)- computational thinkingo] #Hs+8 3t ofyz; F+
U wieA 288 5 de BEFR] Ataelxt rlsolgtal st oem, A

FEH ZEO99s ’5‘}% 7)4\01 ot} o A F43tE
Zolgka stk =, computational thinking2 Z=Z 717 1 AbA| 7}

r[r
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ofUel 1 olielw HAFHE &&3t EAE siAsty] f% AHnAA
olt}. Wing(2011)2 computational thinking®] 4l F/3Habstraction)
¢} 7-s3Hautomation)el2ti st 53] F3k=  computational
thinkingoll A =& 52 A3 o]l computational thinkinge] £ o]
g AT FEseE “AEle JosAY AEES dutgATE
I} o] o2 s YErlr] s ARREE AT otk oA

S Tk, shue] o=

3 2= —
[s) T = -

Be Ze wEold 5 glu B4 TRy 9% 4% asolth &
2 g3 A

iy
o ™

sl AT mde HFHE Alzdow Tt A

Wing(2008)& ‘Al Z(mental)’ =72 FA3t= 7AIA(metal) =T
of 93 As3tE T 1 o] FFATUL stAth AFEHE A=
=4S sAslr] 91 ZIAA =77 HesHAT, JIAA =57 &
g2 7AE 9uiste AL ofUth e mEtA <l

=4
2-Eske] FE]l HAFEE 2 4 e, 7] AHFEe Azt
a 5

@ ERe WHREE

2.2. Computational thinking 7]§F 43}t

= oA computational thinkinge] FTL2A4S <14star nSHA
computational thinkingg E93tels A7 JolgthH A&, 2014; 4t
74L&, o], 2015, A Z12H, 2015, Bar & Stephenson, 2011; Brennan &
Resnick, 2012; Sengupta et al, 2013). Repenning, Webb, &
[oannidou(2010)- computational thinking 8t&5S alAE =7 (too)7}
ZF838ltta FE3HE A, o]E 984 computational thinking %=--(tool)7}
o EH(ow threshold), =2 d#&H(high ceiling), vIAIS] A&ZHA F+

(scaffolds flow), o] 7}s4d(enable transfer), ¥4 A X|(supports
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equity), AAZ el A&7} Z(systemic and sustainable) 2] 67}#] <]
e WFdoF I stk o wW, ¥ £HIY =2 WA
Papert(1980)7} 7§23k w8 HAFE dojel LOGOS “we niyg, HL
HAow floor, high ceiling)” ¢] o}o]t]o]E nlglo 2 3}t o] &3}k ofo
tjojoll we} Scratch, Alice 53 &2 $} 7I%F computational thinking nl

FSET7F AEEH AN,

rlo

l

_—

53], vl=re] MITHSE miojgiol s 7pdkel e ] (scratch)= a5
€ ZEIYY A2 7P dE] AREHA e dEEToITh AaYA
= d3 =558 Fot AR Z2Id8s ttes AW (39 1213
2ol ¥y E55& =#f1 A =5F0rag & Drop)ste] A, ofumo] A
T 2S ZRAHAES fEE Zlolnh Ee §) ZHko]7] wEo] 2l
AFUE AN & AEEe] 4= 3748 5 o, ddol 7HestH
OE At HAE nEe R Jfdsta st MR e A2
= Ao 2= A=  Papert®] constructionism®| °]&<& 7|Wtew T4

Hor, ‘e nvg(ow floor), ¥ *d%H(high ceiling), B2 ®(wide
< Zx3HResnick et al., 2009). & AlZsH7] 4191, Al7to]
GTE 52 FEY ZEAEE e F e 7IFE ATE ERE oY
g FFY ZEAES FAsI Oofe A S5 2BY
7 AbgEECl B Foste As Az o3 HolA 2ag A=
= A A = dow, Ailo] A3 otolrols 73
oAl AAlTre] F443tE AFSAYIE ARe &  Ath

IF rulo

—— e

Variable le}
[l set score to (@

2 touching paddle v 2

(28 11-2] 238X stdy o
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Computational thinkinge] 7] #&lo A 2] A 7id
= ZAolAN, aAdE A A& wd, T3, £4, AlEdHCA, &
of gl oS3} o] &3 #5He| ofe] Fopoxe Ay, FE B &
AsfAo 7bd Fo3 24Eo] E3hEo] QtkNational Research
Council, 2010; <18, 2014, A<U-8). wh2}A] computational thinking =l
2 ZEIHY doE wer] A wKo] ofe, wAMASE AT
Ataag el SHoA 8 e wael At o] Folxof Fhr}
Hammendinger(2010)2 s ol Al computational thinkinge 7}2x|+= &
2ol HFE HAAH Atarskes o] obd RE SHE wokoll 2A &
T2 F Ue AEE FEE Hdsta AE si2E & =S 7IEA
oF sttt it} o]o] whzl computational thinkinge <=3}, 38t} 2
< O wae] Weo A FRAoE wSE oo g

Sengupta et al(2013)& #}8tal-8-o A Python, ollo]dE 7|¥t ZFE &
5 &4 F5 ol&std REAGH] AEHoAES FAHSE Hstu s
computational thinkingg E3%slH 1 3t 2™, Bar & Stephenson(2011)
£ computational thinkinge] a4l 7jde] #HAFE st 38 7438 ALF)
AT, Aol ds ZokellA AGA WAE F A=A E5S T3 Hest
A, o] FolA FEuIAo] g W& FE -2 o] AASHA
=3

<% 11-2> Computational thinking®} 3}ol| A} 9] &-&@Bar & Stephenson, 2011)

CTd, <3 3}
Ay BAC BE AB 3, IS So B4 WA, F
A8 3
4§ §A7)
A5 B4 | BA, FAY W7 4P A3 B4

A2ETW, Goj1dE 5E Agsted Am md),

2l5 9 _ _ _
A% BF, 29 52 A3t AR R
A &l EHAA HE& TAE FEsle A
F43} oA |TE AMEste A, 244 A9 4 F=x




gotalr], oA 4o TR agddA S vl
st7], w4A EAE 7] A% vHE AES)
drdEE&AA | 21 YAllong division)S o] &3k Q1413

753} GSP, Starlogo, Python# & AFE 7]17] AL&3}7]

Wy g3} Ay ANz"l =71, Fdo FAls]

A& o] A g HolA 2z T3 W g v R

A2 & o] 4T7H2015)2 AR =2 Ad 204 WAt stu e 3
2, Fd BA O HE, FRH diaES dE 3
CAS(Computation Algebra System)E}L SEFE F8sle] FIFEA

Azt E HHo g AA2HA AL computational thinkingS
BAAGTE el 2<tste] Elvete] 2009 HA wSdAel wE
St wSAA wAAAEE o CAS Eo dig &8s o
computational thinking el ¥& g3 tial T F<A-8(2014)
L muYd =342 283 P-Turtle(http://pturtle.cafe24.com)o] 2+
computational thinking 7]¥F ~vlE & g4 HAZE 53 HAsZEXA
£ 53 g& /MY st ¥ oty staA XW] H7F 2 9, wAL

-.Q ¥ o ﬂl]ﬂl 2

2 5 AL TF T& APty FFAUE FAser AEIE Fal
computational thinkings 3% 4 UEF 3Ath ol& f& &9 +
3t FxE x3sla Q= Hdnlolo] 7Hk 3HE T A AAE A Z5H

AFEete] 422 2 TFA 7Y Aol oati T 29U F A=
2 g A Xl:g‘r(2015)° JavaMAL U}O]EE%E s A A
Computational Thinking Game(CTG)S A A 3}, constructionism 3 s}of
A Zzste ‘OARlS B8 SF(Learning by design) & FAILZ 3}
o EAEC] FIH FRES ZTE SI ARG g5 T
computational thinking ¥+ ofyg} 4 ALE 7l F Ae HHY
sl S-S T 23 A $75(2014)E 2 8§ 2] (executable
expression) 7]¥F SMART 2EZ®yg FugS ALsd=d, o=
(2" 10-3l¢F o] #7uF A2 7vte =z X3 2 Fa "9

\
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W HebgoEd dARres S
Agre] ok e ek,

®¥ 2] gl(expressive power)

ot “a

X="ssss[uu]’ X

o
N,
rr
£ W
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o o

i i

oft g

% ok 5B
Sgol Qo] BB

(Noss & Hoyles, 1996).

(28 11-3] AE AP X3 7|5

wrk opyzt [29 11-4]
s 7He &3kl A wF7
dHE ol &3ty ZAd=

3
© computational thinking 7]¥ke] IW wS§3 A
=

o (g &
ot
o
>
offt
ot
>
Y

AAE ] &82 4 tHlee & Cho, 2014).

EALUEE
b~

do s[r1[11=0r] (10 [r] (= [r] (e ) [ [dr][41] 2 [4r]
do [41s{dd (4]ulLbruuu]Sr] (Bl {uuu]5s (B (Rl
do 5] [BI[Fuu(ds]H1[4s]I[4s]I[4s]I[2s ]IT2s ]I [2s]1

do [2s]](r{ds]rl4s]r{s(u)s[ulsuls(ullrlds Irds
do rldsrlds]r[dsTils[uls[u]slulslulr[ds]rlds]n
do [8s]r[4s1r[4s]rl4s]r(2s]r[2s]r( 25 ]r 25 11150) 5
do [10A[ 0] s (8] (8] s (2 1020 [r) 0] lr] (s (r] (1]

C

514)

HIY7| 2¥ol 3D A&

=
(18 11-4] 3D AEEd2 3} 3D ZHH

_21_

(23d, $913, 2014)



w
ok

L e8H F0 AA A
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Asieck ma 2000 A% W&o hE 2Estw 63hd 23}

Aol AAFE we] AAE BHHL F
o A

l

Sal oA 820159 AAHL BAES FHow F3t AX Aol T

g ol &4 WAde i

g
© w(Bishop, 1980), &

77y, 3 AAY, I3k A1AE, 330 BEks
FTUA S 53 Zo] A AHEE I o} Linn & Pertersen(1985)0] wh=
H, s Yolgk I £ AHEY oA & dAstaL st A=
I 25 F Jde A4l BAgolgta st =3, Del Grande(1990)&
3 sEolg w5 T =AY W™, 2, A, 23Y & Fofst
i FAE A Y, tE #d AR ¥8, 3 FdY v
ol 2AT T P =3I FAENT It vEHE TS 84 F
B35t WHol= o8 7R 7 Ao 1 oA Thurstone(1944), Linn
& Peterson(1985), Mcgee(1979), Tartre(1984)2] 7= FAlow FAQ
AF A¥E Folth
3712H200D ) ¢)3tH, Thurstone(1944)& &7+ SHe F7+ Az,
XA B/A, I3HE WEke AR ERdET. 33XF A4 SK(spatial
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Spatial Coding Systems

Allocentric {object-to-object)

Encodes information about the location Represents the location of objects in
of one objed or its parns with respect to space relatve to the body axes of the
other objects. The location of one obyect self left-nght, front-back, up-down)

is defined relative lo the location of

other objects
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Hegarty(2001)-> [1¥ 11-14]¢} o] F3t Wl acls FAHs = +
7HA FRe B3 Askr] AA =FE NEste A dEs

. dl& S0} 1elA AA AR AN e BT JAGT T ) 4B
5o Make Bojni otk AT ML 7 2] A, A 3
A A B Asky] AP §¥or vehdth o u, 7 2y
A B[ AT Aol BAEL WAAANA 7] WES s WS
o3 B Ay A AFAA WBoT AHT 5 U AF 2
3 90% ool HA ERolAE BH WA AL ALIAT =)
e A A we W Agaan

C 3 - | = A 21



Hesame:

?. " I/"' “\
L4 \ /'

[Z1¥ 11-14] Kozhevnikov & Hegarty(200D2e] &3 3sl7] HAF

- 35 - -.f’,i:]—_?,



L I3 2 A3

L @7 o 3 dx

B AT gide g <& M-DFY Zo] A IAdoln x538tw 63
9, a1, 28hd SAEE o] FojA ok B AT EFHS 93|
(298 M-113 #Zo] 2015 6€FE 8&74A AA =79 HAEA AN
T A% 24 AEE AAsAT a8l dFEE F5E fld RB
DS WU o] Fof JEE AAN =79 HAEAE vt oE 20159
SYFE 12€7tA] B A9 oAz Jahs o= Abd HAF 2 ARA

AES HPatgon, 3D AR w4 )6k 7Y THS § To] AE

A R AE HES Stk A4 2 BEo] BE B4 oFo] SJAS
of AN Avet AT HEAY W& BT ANRE BAFY

<E M- 97 o

A A7 o)
1 AEA A 258tw 68hd St 78Y
2 NeAFEZsm 1, 25hd A 239
3 AeA R F S 15hd A 567

=0 45 3 AtE HAL 3D HS BHY AP HAL 2t S
AR W A 2= 7|¢tel 39 gt A= 2E =R

- 36 - ; .-:rx% ki 1_” [’



W, olsh 4290, oS Agtsta At AE AFA
B WY AR o Fo AF FolmMEGve] Feld 11499 S
ZolA 2okl HAE AU FeIF SR, duk sHSe] wls) A
Asta 8t dolh Eoh o FAEL 20159 5UFE T4 3L
o 2ol U3 FAS B D AR w@A Awe] 7Y g
shgith ol el 201564 89 1205 H UY7A 3§ ol AZE A
AT B AT 5B B F 234 SR 14N AH A
: _

AR S AR AEe AL, 23k 0 3D A& £ 7] =9 st
=)

& Yo AR AR WY FU% AT FA D AT 22 23R

.
oA gee AeA BAZSm 1, 28hd 9ot 238ashd 11
o, 28d 12%)2

E ) Fekzel Bl AT AR A9
2 B3 Pl FYSE v} Btk o] TS 20159 8Y 6YF
B 197H4 59 ek Xl £Y9S Bl 3D AR w@H s|uel
29 45S A % FAY FEALE 60%ol B F 834
o 1apAel AR A 2 AH AEe ASAD, 63446 3D A
B g9 7 29 44 Yo AR AR A FUI AF A4
9 AF AEe AAsar

A A e AeAT $AZSE 18hd G 569N 287,
F7] 0OE, o] FL ASAWRAFAW WHE ARIAANA A9
Zeage] A%HoE Feid SR Dor} Bk o Zeage
Awsle] $8d, B W 275k Fule HeY, ZaYw A= of
Fold glom Awl: 89 BRE 109 DA, Tl 109 2R

4 AF AREHES  JavaMAL vwlolZzRLE=rt gA" FHo)A

(http://mentoring.snu.ac.kr/siheung, http://mentoring.snu.ac.kr/cretest)ell A ol
13 5974 =93 A 3D AF x4 7Nk 29%5E e, A4

< ) AZE g #AT 28] AAE A=sHATH

5) 5 AYAFE FIAZ= "HER PCE E8&3 2zl FYHo=E,

http://mentoring.snu.ac.kr/cretest Z#|o]=| A 3D A& FH2 7|Hte] 3Y

< stdoH, FAEL v AR F4H #HT AAE AEsEA T

i N

—

o

- 37 - A 21



129 27kA] F 7AA 9] exEdl F{00 2 o] FojHrh. Ao o
g st EL 20159 8Y¥ WRE 10€ ©7hA|, Tyl Fo3 gYES
2015 10€ e 12¢€ @71A 3D AR Zd4 7o) 3Y Sgd
st WHE A7) A TR WL 458 AR F TAA FPo=E
1AL AR A 2 AR AES R A, 7TaAel 3D AE 84

el =7 Sk el AR AR AY FU% AF HA G AF

AEe st

2. 3D AR B4 7ty 29 ot

3D A% @4 ute] =Y e (27 M-20sh o] o]FojArh
WA ARold Y% LHE 4IRS SAHOE THT & YE /R
A% Y7 Aol A% B 2L A5 AR 2L FHAYT o
Fo] Sl e AR =YL uBow AFEA FFS TAUASE
29 2FL 51 olF A% D =UH FYeu: AFLEL A4
o Ao R g7 HAE AAsy] AF AA A AFoE AR A
¥ 59 st

|

Hr

=

n

ok

f
~—

6) ASAFEFstn WS AFE7|A dezg e “HuRiy Iy
g olgte FAE IPHUAT =7, HES PCE &8 2zl FY9°
2 http://mentoring.snu.ac.kr/cretest E# o] XA 3D A& TH2 7|Hte] =
QotES staon, SAES o ARE FH3 #EE AAE ASHAS

- 38 - 21



< YEHE A (9D, t(FH), (92, r(LE2%), u(92®), detgE)oz

T8 3D AR ZHAAS It 1812 3D AE ZTIAAE vy o

= Zol &AHor #ArUYFEE #or 3D AR 23S
()

3 S 3D AF Fd4 S 29T

=5

==

A<

a-

| * = K 8
= A | -
C) N \ s s I u
| ) l
[:‘. \/ i f’i : ' [ \/l i -
N s / N o * * -
S S r u



AFE BAoIA 3D AR BEAS F5T 5 US Wt ole (1Y
=515 o] APtEZAAS 8&d & Yo, AnEE HHAE o
Folg M4 YPT Ba glo] Fuo] WP BFo| YojA] BFS
Yot Sl 271URE £47 THY 5 9ok mu ofue o] =Y
@ AFo] o3 URLL BAlsted SNSZ2 FAaM AA0on 258
Z otk ol® B3 FASe W BES FYSUA FEFL TA

ol
filo
of
Ol
X,
ol

£ o
of
Jo
ok
K
&

davaAL 30 (o) Seoul Hatiooal Lindversity e

RRsu(#red)uRs2ssRR4 COEDnEE : _
s4sRRssssL4slLds4s EE ©m e

([ oot [ Lo . s
DOODnE | |-
C T it —

nfEZ QY F4aH#o http://www.javamath.com/javamal3d/3ds.htmlS <
2PtEE SANAE 3D AR S TF5E F Aok

2
- 40 - % ;H 2T



P EET THE | CEY |[AWE(S0) B0 | RA
e
= ‘.
|
Lg~ P & e

gio] WHEA F #2ILTel AHalzt 2telE

Shifts 0t A QE= Cof1 I @

2
22 5 27|25 2T B Loco| init | TT | cls [ STOP | WAIT [ mouse| et

(18 -6] 228 HHFOZ AnfFH F7ZF Agsta Elsl7)

A e L

AEo|7F A7IUF-E &
= [
AdH A= FHEoM=

sss uu dd ss 7 -ISS-S [uu

- o » ’J——J:—v 4 ;::.:H :L.

do s[u]s[2u] s[uls[2u] do s[sss] Rlsss]
do s[uls[2u] s[u] do R[sss] R[sss]

(138 -7] A4 B9 stk

do s s[u] s[2u] s[3u] s[4u]

-4 - o A2t gw



& % o

714 dAE A

= X
- o

5

27} 24

T
)

T

Gl

5]

™

o A A A

Fa A 2 WHE

[

tol EAYL w9t v

9

12 W8s A

7

’

skl o

S

]
o

)

oF

ol
ol
3r

)

ox

A

L

;o:._

N
uy
Nm
%

X
o)

sl

I 81l A

o

b 728 w4 X2 A

2
=

of, [1

=
=

=
=

=

)
yil

+
)

il

il

file)
)

X

JEL [1Y M-8l 2o

kA
o}

AT

A

Aol

o 3}

Abgste] FH st o,

oy
o
Bo

W

il

='s[u]’
do s 5X

X

_42_

(23 m-8] X

‘s[2uls[uls’

‘ssss[uu]’
X:
do 4%

X

23 A &53% 3D ZYUH A &5






Bl A%, o3, g3 5 thdd BoplA oA AgHIm A
U3 594 U YA o Fol FYEL AR ;YR T
f AFS 3D ZAH FYdnt BES A, ot WEe =Y
§ol 3D A% EHAL ANl AFE A} FYsHA D AHEL
7 ©

A% A% Aee A% =Y &7 3D ZAH 25k FPol up
gol sof o TolArh ot ALWIME B e AvkFH 27
WEser A¥ A%e ASAEES S BHolt oF A3 oxe
Q015 Al HAR A FA Az Ag

T
to
w
W)
Iz
E
o
;g
rlr
Y
th
o
A
u:SZ
rLl (o]
—
_>,L
>
2
ru}L

i

=

ol

o

fru

b

=)

U

]
*gv‘é:oﬂﬂl qom Ztzo A vt E AL S o
z7+o] JAES RSy DEZAHZE =87 93

5Add AFEA A=F Ak (2" M-1119F 2o 279 &vlirE
ZZhE e ZZbolA|Rt, Zhzhel 9| oA DZYE R EH3tr] s
= wa# o] 247t surse} ssur2 trEth AW ALHAALAS HE A&l
TFH 2749 8BS 78237 AslA Al 71A A A o 93] o
H 7]El el st Ao Jh‘lo}t‘r webA 3DEZHE|7F vl FE
Az L2 #ololE Fon E¥HTE dYE o] 85ty &ntFE
£ 3DZdH= Y37 Hslie= H}“”Ur Ao w2 AU 7
Aol dha stAA niEHE e ZIEo 2 st stk wEbA Ankat
B zZto]| s 3/ ASHAR OHE—OVJ $T17 Eofo] miE e QLo
ofF stH, o|A& 7l = st ARl dAANA EAF o7 BV

il

TASA HA ER ALUILL HE avFn 2z 544

- 44 - X =-TH &



gRs 27 W om AR g 9o, AReZl AS A X
oAH=Z ™ ssruyt ssluz WP o] FLdsit. wekA stAFolA A4l
o HstAl st weEHEE ZIEo® AdetER Al sslugtal =

dA N deix= & BFALD, ssruztal ZQEH= QAo il
& HARD= %}Xﬂ«l gdoz F&EsHA skt

do surs do ssur ‘ *

e, (s AT

& F 3 _ 3pmEIE upetel 8501711

70| B OIM HFeks xh

do sslu do ssru
LT RT

(28 M-11] AE A= =4

=
ﬁ#/ﬂ(ﬁ%f‘% 20152)9} WAE A=A (R SF, 2015b)e] AZFE
S "y o R 1o, o MadF(o]A] 8, 2015; Caissie, Vigneau, &

45 A=t

LH
S il F



Bors, 2009; Peters & Battista, 2008; Voyer & Hou, 2006)2 Zasje] 7l

waldth. £3], Sheparde} Metzler(1978)e] A& 314 HAF B3-S 4
B 3sle] AFE3E Peterse} Battista(2008)e] AAF #3&ko] thale], E3Fo

EF)S FESIA old 2 FFE AolE HEUYW Voyeret Hou(2006)2]
ATE FasAh

AA B dele (09 m-1219F 2o £ AFL &vptEe 79
z27to 2 dA3H oM, 3 ojr|A = JavaMALel A 3D A& FHAE

1

Agstel ARSAT. A BEe 4R 27 2i7 A e
HAFEDAA Aol AN 2FAANZDHE AAGGL W, @
4 =23} = 249 Br27 FAH HHE 3

b

7t snlnel AL ge Be 2o
/ 7t srlnel AendAe ¥ )9 =
7t A9ld Yuix 5o zztow st

11
-9 HIAIZ=Z}
¢ HI|ZEZt
| 2
Z‘}-
A xz
(29 m-12] AAF &3 -

A B2 FolAE AA=ZAY FEo wet (28 M-1319F Zo] 2
Mol F3o2 FAEY. 312 AARZY HHIF 25 FoA o
A zZto A AANZZTE ¥R A At de 275 1|22 vlad
F UE FHo)g F32= AARZY HRUF BT FolA 9o A7
ZZ |\ A AA 2ZbE oo &tal, e AARZE AASIY He 27
< B7|2Z % Hladte fFdolth. B AFollME AvkgrEe ALHA

- 46 - ) .H {l 1_'.]'| o



)

—
file)

G
T

ol

N
o

)
By

o

0

nohe d¥e] gu

il

S

1

N

N A Z

1

N

HES

o
pul

ald

18

=B N0 RO 2RMS

uR W e

BRx

e EER HANMUE I BE F §80| ROX DEAQ

o

70

o

-

150
oF

(28 1M-13] AA+

=S [28 1M-141%
Aoz AAWEOZ JlHsles 45E 1Hst 74

5}

=
LN

b o W, X%
CEERE

3]

=
=

(18 -14] 33 3ol X, Y, Z

ETA

'-l:’
1

::3

f**?EfEH

_47_



R

%%

bt Al 72

J|

5

Z 0=y 3A, 120=4

S
2 ] 74

]

A
f=

o =
= &

o %

7N

Zz AZ vg %

=
=

Al 7h 2]

FATHCA

J]

3 A, 15058 3 A, 180

e
Cronbach alpha’s o= 0.725 , A}

g
0.873 = A4

wjr

s
;_OO

il

S «a

Cronbach alpha’

AARE

5
T

AARE

4. AEA AF

-
-

AEAZ Y

k<3
T

o] 9la) AR HEAS A

12 WHats

o
vl

=L

2 oty

A A

°] 2] &(2015) 9]

L —
)

=A

AdEs Aedoez 745

FSATE.

A A

L
)

of leom AndelA

=9 &

34
A Hes Ry

, AsdddA=

Har
A of] A
7HA

Bl

s A&

o

A
AA e A4

|

of

W
=

N

o
g

i

Mn,ﬂ
_L

L —
)

W=

ks

A
T

g3

i

i
file)

W
M
"

oju

el

<H
.wﬁ

| —
) .

o
=

_
=

do 2 o], &

A %
Ay

A o] A

=
=

A EolHE kAL ‘A W’

2494 Hel2 o], 43S omAE o

W

nhAepo &,

AEA =] H okt

N
)

—_
o)

AEA] o A

B Aol Ao Aek W

__OT

a8 a A

O H kT wf

tm AdEe e AR A

S

=AE

o] A4l

_48_



W Apale] Weksh wmste] of| o] Egkm oW Aol UmER A%
F=% a9

5. A% £ B 24

B ATl ANE A A AT FAE AFEE SoR HA3
At 22E AFELG RS PCEANA AAE AASRon, 7
2P @ SPYSl SHE A dolHst g FYNL e W
AZE EelHTE 715HA Stk SAES 24 BY 9§ AW AR 022
HAs] A AZE el HulF WA TGS EA AL Al A
e A4BoR the FHOE Yolsbl stk E@, A %od 1

A, Y 0de= st F 243 o= Hrlsielth
AR A A AAE 19T 0, ZUE AAE B FeE (2
M-1519} 2tk AR Ak ALE 7o)l Agzds ANzde 5

SHATE, ALE Aol A Ade) Ak A @a AR Hgozwt
AstA skl ztolE HHAL s3] wWEel Ryl FHE o
el i

i
X

g

%]_

af

T AP HARN A= B7]ZZHe JavaMALYA 3D AE
g3te] A3 ASHAALS B LnFE 2748 3 QEXE 9 ol
2 AT gt ARS HAfol A= AR d=HE T

Bog W7 27 FHE sslu, ssruet 2 AR ZHog A A

= AvbFE 27h5 LT(EE B89, RTILEF EHSDesE
H

How, A7 AEAZ o A% Al 3 B AL ZANTA 3
Atk wE, arel 4SS AW W T AT AR B3
7k

- 49 - _.-:l.\,\__-ﬂ: -k::' T



3 3
‘ T EES HAHGHHEE O S =8 S 20| 2K A=A ‘ T EES MASIAS O D= =T 220| 2AMAX DEAL

ol | oome o

A ZAAE AL AL
(29 M-15] &3 A4 )

- 50 - s ,1.1—%




L AX A % AA AFE AAE B

L1 1A A= &Y

& HolMe S0l AAAA EAsiAe fs AHERE A A
ge AVET. o w, 2dxZdAM AANzAE AARY Fo d= =27
< Hrjx43 dEd o AT A dEe o= ST A=

o] WA M&d NES HFOR AX AT BAsPon, dgol
2 !

Ho
(©
(@]
—
<
o

<E V- AdA-FHe] £4 SR+, 2015

o YA FZ AT A BHE
=z =z

A2 ]

o HEF F By B BHL 7

o AAX Xzl X+ onx_z;{X-/ ._E’_—L/U-
ey © TEA e ATE elrAE P

. e AL ojnx] Hu ¢ HAH FEZ HE
o Y W ANEH FFL W
e F7 W BEGo] HEL W

L11L A< dle= & A A=

D AA4 A

AgzANA ANZLE AARL e 274 B2 @EY
W, AAFOE AT FATL 7o) AAHA el BUL o
M, shte 274 /FOE del E 274e AYOT NBs] TA

- 5] - A =- [H O



Fan AAzA ooz

9

Bk

9

=
=

= [29 V-1 %

Fith B3] S2

AN HA A A

1

N~

N
fu

fﬂ_

o]

ojn
—_

gas

b A =

3|

RnEe WA Az

ERE

¢!

FAt. S2¢]

)

fus
e

k!

te ZAE si2dstH

o

K

R
il

X
o

N

|
!

ofP T HO\.&
R
‘Zwm dﬂv .,M/.MH.: 40)
fi ket
W MGQ&TDAA
et 7_.@ 5
EEs
A
e Iﬂ%dﬁq
_IR § m,/k( L”, :
w\d.w .;A_.odnow R~
IREY
< BN > o
T 0N A
C 154D
5E3 305 00

a

e w8 BEO) RHUN DoND

& e ER W

S2: R0 B2 W et

<]
pi

o
=

(28 V-1] "AAH 2

3 Fol

of A A

o 5
< Z

SI132 [Z¥ WN-213 Zo] Ad=ZoA A=z

1}
=

B

o)

o] o7 180 =¥ B7|1xZs vlw

—O % 3

=
U

4= 7

=

)

H glo AAHo

T
)

2

°

o] A (2015 St So] 3D YA HEAAE H42

F ASE vl

ol

Tor

BIEE!

=
=

o] el stFo ZA

Tor

Els

fhaw A
T

o 2 A9 FAoAME AAHoE H

i

3}

F

3}

A B A

1)) 8}

2] <

_52_



of =

=

-

&t7] o

A

=
L

I 7l AE o)

9

A A 27t o]

Cf.

=}
[

so2 £
of o Tast

2
~

4

IS
S

p
<]

ot JHe| At

St

_53_

| o#e H mol ®olA of

1
T2 3709 Aol HO|X|7

21 1H

u]
[

b

_|

A

wy ooRE I B
NI ﬁﬁ 1__/l HT J))
T E2 o M o
ey — o= _
il ﬂ s ) N 7
HM Wr,_ , M 0 X T =
DG = [ ME .W_ = o_a
g , ol - g o | 5
o o un| o} o o 5%
Tor ]_lA { ) o Iy 5!
M,_ ) 83 N mﬁ o % .
o e - N iy r = !
oy | o P& 3
© 9P | o Py E
< o S| T oo o
)y 5% . X ] E N ; _
Tz of| & o Y g
.H_._ % =q ~ = oH ‘_1_._A|”_ W o—f M 1mw0 T4 ﬂ
" N B (< T o i g
il £ 0| o P oo r o b
SN H s ||OF] o gy WD : .
G = i o= W T ol N ) : d
) = | —_ = o
it g : L N M 8 i
§ Fll=| pn ALY T :
N E ; S| M N 2 :
T o i A 1 "X m _W _
5 T vﬁ | T a =
R | = R -
T3 " gypEe
ﬂAI X ..
" = % oo o M
T )
< ] TN

b RSl AbZr Ol & OfLt

St
2l
OfL|ZZ 21,

S148: EO|=



R A S

07 ZAEL WE%elA A2

A <k molE REo| 719 HHAAE
S19% (1% V-4l o] A9

3 RELOE BE)

i=]
o
2k
o
B
T
3
°
=
=
=
=
LU

o _
1 —
- a T uF %o = 7
i g o= B S = (el -
— = & =5 o
o 0 oy . - == xRN
5z B AW £ 3 S o Y
e o . 3 = o+ S Ay
S T : sa | P 5 oy
< O_E 2 Ky .c_... _ ' @ u_=._ nmE \uh_.V
3P % % o
H _&ﬁ @_v G » 5B g o) XA WW
& [
; T ® .9 me |2 T Wz
I ® p Ng | o &
bawT c i |BE w23
< ™ X o P o, R o
oy o~ 7 ¥ o o o X =
0 Wil o= P ol < = °
W o 3% 383 ol LS
O.* ﬂl - ANV ™ m oju e ol o B
Gl = o QP 9IS R &l wm B
T o= O 5 K4 r B N
S W T y i LG
= _EI il " ». __ n. D_ - H_ﬂ_ ™K s o
& o T B g - AN
T o~ o = il L& H ‘_I“o/v‘._ EE
N : i oo hi = "N
S m L oost = 2o M
e R : ¥ Ho Tl N
T P x “_ G S
o) T ' U o M 5 ozn
2 & ! @8 AL I |
G ) d ﬁ ol =
— W l‘u_ll i ol (S
oﬂmmx% I, 0w
T L ou OB
= 5 & b oo & | F—
0 0 7 v X o
=Zo o o N TR
BOR T N R [

SFATH.

9

°o]-&

[e)

=

2

- x%

NAGEE oA nletRgS u 9

_54_

el o o] Br|zZholgt



o

4
ST ELLELE PEEE S SRR e e N
o LR ~ b
‘ Fadrt B @S‘J \f“’ Db
e < |
= oo PN - % . A ey
O | o Qe Seif L5508
[ ! - - < &
h ay S5 -
! et Lo R £ g \
4 el el - Qe N e
W
/ o AR LY
| WiE _Cus ooeE Fi
— L

=]
—_L
-
M, A APE @ SPSe] FE ASH BAOE  “vBl&oA
!
o]
%

e oft

>
w
Yol
)

$A Aes AFe olulx AR EAsH] AHelse Aotk
of g TEA WEF W, velkelq AZL ojnA R W

=3
IAE AYste Aoty &4 5ol 443 AdE 3

£
T

d
o:
d

o, cmol mgkth, <EelAAu RAAAGT, 719wk
 S162 [1% N-6lsk ol A4 AE ¥ FYo,

[e]
e 27t D7 @2 Fol vetEst 230 de IHRE

2 -
o

3o
N
P
N

- 1w e [ LA

Ry = e s | € DE

€ )
" g o I
[Gr ST e L -
S16: @2l ®IZ2 ™M L2 F&0| gictstn Agtxziof 2@ 30| it
O @ @ B2z SHEW #H L2 220 e AE @0
=F

(2% W-6] A4 Al @ 5169 4

_ 55 . _H E 1_'_” [



stol AZstsith o] e Brxze] weHe AFEZAAA A
21g AAT G 22 uEwEe 2 shel 250 Qe AU
o Sg Rro

X
Ho
()
S
—
<
rlo
)
o/
=9
&
<)
2
o
iy,
ol
ol
rlr
jn)

O,
>

\
Yol
!
ich

it
o
ok

= AR j=20eRaa = v =
<ol S163 o] A= td Ade AT HE= AMNAT,
= UEAYW . AL & VSR Adstes Ad 22 A5 0
TR el B Ade s AAE AT HHEE o
ok SHAIRE, 2 Aol M= A ol9e FHE A4S AHESte] &
S AL o= FAA L] B Az o8 de 7+
Fol stl7] wEolzt dddnt

On8 028 Cong

'\
St: 271e] 28 25 RI0AM 2A 2 I AZ0 =50 171 § 4o Ao

M OEol A Mol As A EIAC

(28 NV-7T] 42 A& 3 S1ef 47

- 56 - .-:rx—-i! -:“,i- '|_-li ‘.l'l



Nzo sel SlolA Beke ©, 250 U BIUR7
9o wAx7, 0EFS Qo ofre nxZow
A P AGEAN ANEDS AAN

Zrol uigtd T YXAIZ T YollA] BH 2Z]
Z_|

_H
rlo
IR
2
X0
o
U

o
S
ol
ok
2
a
o
=)

fr
BN
N

o £
kT
N

S

o
N,
o o
N
BN
K3

s
N
R
M
2
do
1o
kT
N
BN

N
o
2
)
okt
38
v
>
>
Lo
r

o o

fu &

o o
>

e

U
o
o
ot
T
s
R
o
;1(1
o
K=
A
2
=

fo

x
)
i
i
o
of
ogk
o
N
AN
ol

I
2
0p]
=
rr
[:
_>|i
=2
e
o
T
41
fil
bl
2
rfo
-
b
i
>
N
ol
o
)
2

T
ok
£
v
=
ok
82
2
mle]
o
T
N
BN

N
o
o
2
>

LI
312

o
£
lo
o
o2

Zhe
TEEY vt Rl oRe AEe
UE Sust Uk B3 9wl ggoE o Fxo
obelel mrxZEe QoA Hpe wWe mpg
Zgnhd, #71U4T st Wk B 9
o o] SAE Sl o] Aale] ¥y
%

m I g
o,
rg

£ 3o
olff
PNHrEor’E
O o2 2 N

o
o r
it
w o
o
Ry
o ro

e
X
i

it 2
2 o
o (o >

N

z7be WBAA HAAT. o] FHL AZo] AR e iy

ot

[
ot
rlr
N
N
©
f
o
rlr
rg
o
N
[N
o
fru
ol
£
o & [ W
N

b

A
=Ofl:‘4‘
ol
ol
A
&2
k1
2L
1l
=
i_:“
=2
=
%
=
o
E
rio
[o
0|
ol
£
Sl
2
i
o)
T
o!
ol
N

- 57 - "“_E"\'].::' -



_ pW TR T W

g Nro " O_ ,Hw O_E ,ﬂl ‘EJ
._In_ul ﬂ_Tm - m,._ Oﬂ ™ _i

_ B N RS A

._o_| Ml O_ ,_Iryl Of o .HT_ m

_ Twra g,

AT i) o

LH W ﬂ_.n% Lm ﬂﬁ -

u T A~ o N T

o | 5N Mo

0 | ot W TR F

4 _ —

_Hm 1Q_.u 5o N WFM Lmo H_m W
) ~ X 0 _

i > T oan o] B
R ) W

N o ol m L
o = o w2 ==

= ~o s : ,L.ﬁ O_ ,‘w N ﬂmﬂl
I < B ey oy

A = ofy

LR P T

: i _ i = o P g N
& = H| = TR

o NI " 3 . u,_ H X M
T ° o X

- A

o E = M o ﬂm 7

ol ‘OI Z o

i sgraioil

= g Py 0evwme

r KH Pl ™ o) o m,# Mo

v w 7O oW N o ®#

S = %O oo W

| 2efojofAf 2¢o|Lt,

o A7)

F S144

s

= 9

g o2 Hks uj

_58_

[e)

=

al

A

Bls

(298 V-9] & WEs
=

FARE, o] Aol 7]

bt

)

9



0 ~
s
e
g
T E
S W
Moor
<
m_ e
- B!
U
Al
o
XU
T
oo oW
o e
o N
T
fied
o
o B
® g
0
oo
o] X
N
N R
o gy
NOR
N o

52

A
A

)

B
oo
o
KO

N
)

&

12. A AzE HHE £4

FA=d, o

HA dwds

3|

@,

A

5

gol AAALE TR

3IA
o]

(2015)9] Aol wet & A= Lo w2

121 A= o B8 AA A 2 HEARE

]
&

SANTFE KFE V-209 2t} A=A

s

wK

1=
T

4.32)°) a1

o A 15.49(sd

3|
(=

247

3.80)°]

Rk el A 16.67(sd=

& 244

==
T

o A

ujn

or

~

_51_

ol
M
’E
"
i

St R 1.18%A

o] ¥hgAIZH 8.99(sd=2.86)

o] WkZAZHL 9.34(sd

2.44)0lt}. o= F

uj
Tor
o
ol

wK

<FE V-2 A

~12=
ISR =
WIS
TS |9
Lo
~ 183
7RIS |8
Rlo s S
HLBA%
2] oo
w®
~ | B
N
S
|5
= | TH | B
(=
CHCES
A=
XA | oo
o
jant

_59_



ru

ok
ox
il
o
=
__>‘.1_"1
I

o

>
n
» il 0 rd

(A
&

o
I
L

B

ol
L

%
o
oxl
do b
ol
ol
)

i
X

[
2
f

oor 2 oAe

N P tlo o = 2
&
£
N
ftlo
N
o
~
K
4

Ir

Ml 2
= N
L=
T o
;Xll w
i T
.-'Q Az u
Mz
o
o
uba)
o
fru

N
2 o o % o o
=

gt

122, A ¥ ©¥-& HAA Ha 3

oo
>,
Y
rlo

Mgl Pl we M}
AL e ALEH S
NH AUE A SAE

=
=

i
A_ ¥
rlr

244

=] s

3l &

o)
rr

B>
0¥
Y

o
_>|.1_|‘
_YE

X
o X R 5

=
A AgeE AR

=
s &

B

e

o
1%
o~
(L

(
—_

AeE styRT

ACH

[N
(o]

o
ox
i
o

LA = AY.A
>
o
~
£
B
o

32

oo

Stk

-Lor“
o
o
o

CGE V3> Ael Wl BE AA A5 R kg

44 AYE
St =] ¥-E
8- A17H2 9.13(sd=2.25)0] T
n Ak zpo]o]Zl B}A]
A S 3 Aol AAA H

CE V-3 2ok 447

2]
I B

oA 16.4(sd=1.14)°]

st RS 0.36% 78

AlZE2 9.16(sd=2.67)

o= 4

R Rl i

Eds

PR

1=
w497

135(96%)

5(4%)

16.04(4.18)

16.4(1.14)

9.16(2.67)

9.13(2.25)

IR oA £2015)9] ATl A =
AE BARo e Gl EASA A,

& fHelNE BAHoE Aed staol

T

ofl

o
T

_60_

AZe) AR e

oo,

ol
A= =T =
R og Ay



ST B ATNE EHHe &
FE QAW BNH0E ALY FYTo o L o W W
s @4l doa 2 5 ot

AEE (E V-9 2o di%

AHEe PSS Haee F 248 wh-olA 16.5(sd=1.29)°| t}.
S 3 FAEo] B WS FJAEG 04688 E ST
A7 9.16(sd=2.66)°] ™, 3
04(sd=2.5Dolt}. ol i ®ee 3
SR mARE ZpojolXl shAIRE WhgAIREO)

0.1224= ZAd. =, &3 WS & Ao U ¥ 3 SYERG

el

o Mg w3 W

A (%) 136(97%) 4(3%)
A HH(EFEEAD 16.04(8.26) 16.5(1.29)
W3- AR 8 H(EEHAY) 9.16(2.66) 9.04(2.5D

AR o)A #2015 ATAME AFe] BEs} e §@o
AE B ART ol ZASA YA, AT BREs} 2L §
oA BH ABF Aol Solgon, WH WA Aol thy W
33 SpAe] AnT o BUTE AL FAT 5 Yok ol B AT
S Wy WBF o] hfeh ANHAY FE QAT BH UG I

- 61 - .-x-g-;'t-_':f-;’



SHEol 3D A& FFA 7|wke] A9 g F
= 9ol oW ®srt leA &

AHAEE B3 eH, A £3E 247 AEAE 24E B <
A 2] =

| WEE A H gk

2.1 AP-AME HAF AR E B

AAe] AHAEE AA s} MeARS sFoE BARYT. o]F

A8 AR} AFHAE vlastel A

b gleA Golmgith WSEE t AR s AR AA A5 D wkg
N AT QA AE R AT BT BE Qe SSe oy
o2 shgor, F 1399 el AR sk AFE ALY Al

Llg
SAZE zols Bokth 1 AdE (FE NV-5>9 [28 V-10]0] AAIH o
AT

<E V-5 APR-ARRHAL AFHE 24

Ha(E=12p) t

A 16.00(4.18)

Chy . ~3.396
g 17.55(5.56)
A 9.10(2.65)

AR . 11.793"
AE 6.76(2.61)

"p<.05

-



=~ A(X—l)

B AIZHE)

25

20

17.55

i

9.1

10

AbH A=

e A7 —_

AR AN BEEFE % 244 welA 16.006d-4.18)0) 3 ALE A}
= F 243 TA-AA 17.55(sd=5.56)°|tF. TS, AL AAL HA
AR 9.10(sd=2.65)°] a2 AFE HAF Hat WEEAIZES 6.76(sd=2.61)°]
o 2 3D AR E@4 /0 57 % ol Fel AF AA FFE A
A AN AR of L5584 A5don, 42 o8 S8
TH(t--3.396, p<.05). THAEAE AT AN WSAGE AR AN WA
ARt o 2UZAE Fasgor, AAZ ResA padtdn
(t=11.793, p<05). ol AUl wes] EAM JHEE Foliche Ae
of m g},
=3, G| £F Puol vk ARAS F840) Bl AR
o A A A5 E 7120 shel el of 20%0] U B £F
of e F, 9 o 20%-70%0] Y= FAEL FEol BE I1F
JElE 49 ok 0%l At FATL $Eo BL IFOE BFo
AR A AE A4 e Aolg BAskAT T A% <E V-6
(28 N-111% o] Fo] %o 1FF FEol F1A 159 AF A
ARSI AR A AR Edom, Fol@ Aol7h Utk sA

43 - | * 11” &k 3/

o AN L%

P
O

fo iy
Ol

-



shel A AAOIA

S

o] $5

i

o
ol

"p<.05

20.23

20.95

17.35

15.61

14.21

9.89

X
BRI |IS
N < |5 | s
2|
N
ISR
X
AN
NE ||~ | —
= | M
ﬁu
T
—_
)A
o
Plgls 2
2} 9.5%
NB [ o | R | ofp
{3 | Mo | e

Z

= T(8)
25
20 -
15 =
10 +

T A

oo
A

-

Ko

oo
K

*p=.05

il

2 Aol A
_64_

e}
T

o A ZAbsE A

=
=

22, AR-AAF AA T B
3



SAZFS HBoR e BAL ANSAT AW dAe AF 74
A7t wF gl oA 13992 toR BAL sgon, B Aol
e 2o JEe AT A WA, f¥29 B 1o] B3}
Hlashe] AG )N A A ELL ;

o, AbdAAbeA 319 R
9.34722 {329 WA
AME f8le] HSATIe 65452, 329 WSAZIE 71882 £-32
o] REgAIZbo] F319 HHSAIZEET ATt
T HAE, AF 3Ad FANA A A5TE FUHeel we vy =
Z7}8th= Sheparde} Metzler(1971D)e] A 2RE Abd AAL A A
A AT 2 Y 818 AgE AL FAELS A A=T Sl
2} Zolgt= 7HES A

F1o E&d= TAHCE BN A 0%A 78.4%, 120=14 71.9%,

AEEC] oA REEAIZEe] wobd

150504 62.9%, 180%°A] 65.4%= 3|H Zt%7} =olxle] wet HAZE
o] Yolx|= AdFo] Hol7l FA|Y IAHAET} AY L& 1804 A

o By|ZZbo] AAZZe 9& JlE A= Hgk
o] ANS Aoz dAgHETh vhHo] AFF AL A 0= A 78.4%, 120
ol A 75.2%, 150% 3 A A 74.8%, 180% 3] A A 74.80|t} npEs}
AR S HAETt FIhel wet AHEEe] WolAe AFE HolAN A
A A olAE ZRoE a—s— A& & 5 Atk
ALole] #HAHE dvpy Z olsfstikel wiel AHEo|
L}Oiu} olo wet Al WMAR, AF UAMW
HEAe] BHANA vigES B e} AS BHAA HiEgES E o

L Aol TFE BPAAE YHEl sobd Blojak: s

l

3 . )
- 65 - ""‘\-_E'I'.I



< [O¥ V-12]9F #Zo]

5}

=
-

oF

AR

o] o

Ay A, 16M2 68.3%= F HAE A

o
T

3] 71

S

MICE
AArel A

o
T

3 &

3} EAo] ARole|

9

oA 34
gtk <& V-T>o A

A A AL

=¥ A2 Atk

=

°

A

|7 sHAa 3

1

L
°

KR
of

B
AANA 50%0]

ot} 1991 E3gto [19 NV-1313 Zo] BI|%

=0
2L .
=

]o

M H

o

Fod

9

1

grolth <E V-7

RE A%

| .

5}

shtel AEAL ANz o

[¢)
Aol iAol FEEol obd APH-AL

o
T

47 o] A

=2 oty oen, I6HET

)

ofell A-Ak

ANA AFEC] W2 &

[e)
R

G52

3

bl

S

ko3
T

Fe Ap-A

)

?

5

U

2

Aol A

}ff

19
[19 V-13] A=A

-~
np

o]
M

o] BT A

=
HE

3

A

ko3
T

_66_



Hgol oleigl e

np
fun.

o
e

ok wrEel AR-ALE AAIA A

el

&

NS

g

RS [2™ N-131oA 23} 5

Akt

=z
T =

i

oo™, A&l AH M

)

71l &l &

17 ol@A ghske zlole

J]

Ay

oy
)

WS o}

s
a-

N

A

3

R

=z
QLN

(B N-7> AA-AZE AA}

Ml |ow|—lo|lw|le~|~|w|w|lw|~|~|ld|l~dlo|lv|lv|v|o|l;o|l;o|;o| |~
O b | DN | N[O N || FIF|IO |00 |D|D ||~
au46.6.6.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.00
W o |S|o|o|o|o|g|g|g ||| |g|g|o|g|c|o|lo|lc|s oo s
;oT
—_——
vA
P o o < < |~
10 | e — e AR ™~ 1o o —
E.Ll12276141219113112811252
M lo|lo|le|lv|lg |||l |lo|lolv|lalalalalo|c|st|—lo|lv|;m|~|xm
O E|lo|olo|d|d|m|A|N|D| Q||| d| < |F|0|0 ]|~
du4556.6.6.6.6.6.6.6.6.6.6.6.6.7.7.7.7.7.7.7.00.
W o | S|o|c|g|g|g|d|g ||| TS| S Ic|c|IS|c|c|c
&
_
~X
7P o | < |~ — | < o | —
100 [ o oo N o~ Mmoo ©
— PR N|AH N[N N HA N[ T (0N

al7

_67_



AR AN AF AN R e wgAz
v 4819 §922 o] Avngt 4314 s

o] ojgA 2
beae 1

16/ 71A o™, =38 AFGEH ¥-SAIZe tigk Ad3= (29 V-141%
2},
o i
0.80
0.80 ’,‘";
0.70 * A L 1
! by [ i b - __.-"'“\ ’r -
0.60 \'l N - - - ~
My
23 0.50
zo 040
0.30
0.20
010
0.00
112 (3 (4|5 |6 |7 |8 |9 |10|11 12|13 |14|15]| 16
=== AH |0.76/0.81| 0.58|0.75/0.72|0.66|0.66| 0.74|0.60]0.66|0.63| 0.65/0.70|0.61|0.73/0.76
= ALS |0.74|0.83|0.75|0.73|0.78(0.73|0.71|0.76/0.74|0.76|0.73|0.74| 0.73|0.76|0.74|0.68
o b
12.00
ey
10.00 . ~ #
= 3 \...._‘_ ’_,’ \\'__..__._____ ’l, L%
- - -
28.00 . S— e
A
= 500 \ /--__\nh —
o ™ W
Tl
400
2.00
Q.00
1 2| 3| 4|96 |7 |8 |9 |10|11]|12[13|14([15]16
=== AbF |899/841/10.9/9.36|8.67|10.0|8.85(9.35(9.19|8.89|7.55|8.68(10.1 | 8.02|8.59| 7.67
MNZ | 7.92|5.61|7.48(7.21|7.05|5.92|6.65(6.65(5.95|6.75|6.18|5.60|5.63 | 5.63{6.50| 6.46
(13 V-14] 7319 AP-ARSE ALY AREH vESAIE

_68_



Bl Oﬂfﬂ A Za‘AH 3]
25+ oly) [1¥8 IV-15]3
3

g 3ol oish %Jﬂi;ia o, A9 EH
F %—i?ﬂl“} g oM FelsAl S7H

gt FELoAM AR ALY 7‘447} FostA Skt =%

(t=—3.387, p<.05), 9™ (t=-2.967, p<.05), 14H(t=-2.661, p<.05)°] T}

rlo

3 o 14

(28 V-15] F& 1AM AFS Ak AR EC] FostA S =%

1o
ol

o A= ARGE ARAGoZ BEAHEAS 39S o
T¥Eolth W2 XS53 Z=9 F A o= 47 90

=4 A% Fgola, 9L XFo = 1505 AT FFolu 14HL Y
<o = 180= ﬂ?ﬂ} T@dolth Al 7 £&e ¥ A= =2
HolAY &te] Z2RTE T Y o7 IHI f3o|th o] EIE
o tsiA A& Aoz ZAE HAst] HsiAs A AI7E B
ik vtgde Aok vk 3} 9 A H%OI FesHA Sk

Ag AAZ AR AFoz AAHAL Wel FFEel Fe FFSolnh
o] Holt ulgdle] shifoly] wWo] Mol: mEWoR Sojzitin
AZHTHA ARole] WS Rolm Sofslok 317] wEolet BrtHT) of

WA Aol e Hol Sae 1 s|Rsof st ZEe

tEE w73
AT, AX HFo AT weE 3AsE ARt g 4

- 69 - ___:rx_-‘! _CI_':I_ 'I_'_]i -



of ALl #HE olsfist= Zeol ¥ A =ANS Aoz Add

P22 =% 1THRE 247 A olH, FES HbEAIZbel thek A=

o*
Fd2
0.80
05{’ = \ -.-_.---..__h__.- -
‘*.‘Vﬂ"
il b
im 040
=0
0.20
0.00
17 18 19 20 21 22 23 24
|--- AM®| 062 | 060 | 047 | 060 | 066 | 0.63 0.71 0.63
| AZ| 076 | 076 | 048 0.69 076 | 073 0.70 0.76

14.00

e’ 0w
- -
- s =
A go0 / \ . TP
: — T

=l 6.00 ‘*‘\\:
400
2.00
0.00
17 18 19 20 21 22 23 24
| === 11.24 330 12.27 9.49 9.61 8.28 7.99 6.00
| — AZ| 674 7.45 1062 742 7.70 6.24 6.46 487

[ V-16] 319 ALA-ALE Ao A&} uSA7H

°l

F2olM= FE1ol wish A ZARel ARS- ZAbel = ofAdo] H
E EIAR thEEe ol AP A Aol mls) A

70 - SR ki)



A3 2

Arkel B A5

5
T

| A Ee o, F1d v &% F=

14 AR AAET A

3

329 o
7 &3l o

I RAARE

oA A
< ofyf [19 IV-17]

2 A49]

5
T

1

;OO

o &

i
-

Al o

ol B wyth

1

;00
np)

;01_

Nlo

}
H7h =AINE 2 Sl A

5 2.

7}

SHA

o)

5}

ild

ol
—

PEFIRE
18%(t=-3.161,

(t=-2.002, p<.05), 24¥(t=-2.245, p<.05)°] .

82 A
p<.05),

229

p<.05),

219 (t=-2.001,

p<.05),

(t=-3.035,

18

17H

24H

22H

[27 NV-17] FE200 4 A

, 21 & 72502 1505 3

;OO
il

o

X

ild

np)

A

&

_Pr
bl wlgteo AR

5 Aoz sjdstr|el=

o FA T A

37

Td=se A

_7‘|_



ol7} Eoizturd LAl

)

olth. 213} 22WH-& AFA ALl A

&}

=z
LY

?_]__

P gpolz} 3 2

oI5

SRR

o] 9% FIAUAY ARt AL ANEOR

o2t 3
b, ol 4313 g2 A

o,

oz AL

A

&

1=
=

A AARE A

bl o

S

H

ol

=3
o

il

A

H

;0T

Vi

| AR7}L A

=, A AN ANz )

P g AR A 9

o5

[1d NV-18]&=

1
) .

1™, 4%, 16Wo]ar #3200 A

Lo A=

[S]

il

T EEE WAGYE T e LT

Sl

23H

164
(2" V-18] &<

~
__OO

alg

ol
M

SHA

Fubakel gich

_72_



Hebn SHASL ol TAE AT w URE Kot WHHE Ko}

Ag AR HelA ofeNe Ao B 403 oW F

R0 nehdo] AT B3 o} Uk AE APoIA WS Beksol

L wgolth Lelw 1Me HALEI Fo} 93 RO Fi A
%

ol

3. AP-ALE A4 AR B4

WA AR A AR AL SaSe] BAE sjdstew

of AL HAstEl Qo] Aol Mol FEIHA TaAw sach
ot AL XL BAE A Bl ot AL ojvw

A AN AR WE A4
Aol deo] f&3ith 80
Aale] deo] G834 bt 60

- 73 - ] 2-1



(E N-9> AF AN dol5, 85, &=

o) @ &) @ ® B

dol = 2 12 33 41 69 4.19
A e 1 7 35 93 61 4.45
L= 3 13 29 39 73 4.05

ol et mlulste], DA Z=gol HA E5 < © W =&°] H

w3, AR ATgow EAZS HASFL ul AFA AAA Ao A
23} sty dupg 83514 4 =X AESYY. 1 A= (E N
-10>9 2ok giREEe] gAY Eo] AAlel My wlwste] A e

(E V-100 AHS AZolM A& =] #8743

Ewol HAT v 23T Ewol A Kt

A 106 42 7

=%, ARAFS A= Yol o
S CE V-3 2ok SYEe] gud
He Wols 54 = Fol 37301 ol%alx Ayois 8
Aol ARAFOR RAS At ol ARAL] FEHA @
o g el AYE lole Baw,

o{r

(E V-1 AR AEA ALA s=

74 A=t

LH
S il F



AR FASAE EEA AFOoR BHHAY Ao HeFo] © f
SATE AL o3E Wat "t =2 5 ok ol o
AF ATONA AR Aol AAAANA AASAY A 1w
ste] ofwl o Fgtom, oW Ho| UmiA i A=E St
a2 AT (E V-125F zgu}

CGE V-12> A% AEolq AR tE o7

ARAto] =go| Hick

e Hol& 1/7HA EelH FEA ZRAAT ARASEFS HA 25 Asith

« Z 0 Wt HYE el e AL sk F Ak

e ARolsl ARG AZEIEA Sz O olslalr] 49T

e O £ F S AAT old Ak FelA Eolol HA B Stk

e o|Ho = AL ZFolol P=u ARAS

I =Y H "ol syt

o
e M2 AZE A4 B2 WL ¢ 2ge BUA golE side] 7}

sttt

e ool AuA BaAY & w2 497 AL,
o BAHE more WY W ulgw e 3id ojegol At
o SRR SARS Aol T FYW AT

o« LTRTZ3 AA ojA 2=
o LTS} RTE 9$7] 950
« W7l BAE B AAL T Aol Bol LAAA et

o A%ole] Wis} Fol ABe LE%T 9% e YSUTh

g

e FolA Y& uf HIhE sjof = 1F dforst=A AT

 Asols) gl Aztalor Mol o AL A LIHAE,
o A¥olo WL AASTHRY 2T AAZAT

[e]

—

g2%o0))

_75_



Ao stk ol 3D AR FA 7|6ty A9 SEs T AFolY
33171 Uﬂfoﬂ O €A “ARS Aolgt ddHAT 3
sl walZt Hdotr =71 A2 bigd e A
ol ARHES AHgste] sjdste 2ol oSl
o st =3 JAY BYE FESEY 9% EF)S LT(Left type),
L EZ Y-S RTRight type)Z st E=dH, Fojolr] & <
Abgsh=dl 2ol Weivh HAs Aol AddEnh =3 AHZT 22 A
| “AAA &t H§HE o A

i
i)
K-
B
K
oll
mlo
O}

o

AN 2% =2 BAe °
148 o ARAES Aeatd NHoR EULS Wurks AX
Fo1527] Wolet o4

off

- 76 - ..-EE-I_I-'I_'_H'.-‘



V. 8o 5 HE

1. 8o

19

ﬁo
o7
B
N
ol
T
Jlo
~

Ho

S BrHor a7

dobzhz] Sl deor &

o AHEE 4

o
B

A 7=F

st 28hd 3} 63hd wIpAlo] 7]

HRow, HZ 2009 NAH w0 A

Shd WAl B

= theojx1 gtk

ol
L

gelo] =9

e

AR

F7IU-eF AAFH 9}
AAZE @l wArek SH4, T2

oA o =]

F7H= Aot

ol A=A

Zolet A%

KN
=

[}
A

=

=

FAE 7ho] oAIAEF EAEE

oju

AH RN

=
=

SEERCE

£

Al 283kl A

=
RN

A%

ke
T

tel AAR 3 A oA A=A

o] Q1A% Wale AR 3D A

=
=

s 514

=
s x5

ol
.

A o sty Sol AHEst=

=
=

22494
o] g A Aol HA 43

1.

_77_



o] A7 Al e =ostr] st B AFolA = ofEfjof 22

Ao 2 AFE WPt

HA o]24 wjAFoE 3D AL B2 7vte] I shgo] wjAo] H
£ constructionism® 3D AE FTHA ] dis] A HETE o] 5o
computational thinking®] 7§‘d3} computational thinking &}<5o] o ZE A
T8 wHH AAEIA o] FARA L YA AHEYT B AT 54

Sl Aol B HAE AAsed Qo] ST AA AFS B
343, 3D A% E@4 Juwe] =Y sHol AT FU AAS HAsE
d ol® JFS vAEA Fohus] AT HOE, oF AT oEH WA
o8 37 Yo #F AYATFE Am_u, Ao ARAFE wel

d
o2 w7 %EEHE ?JMH AdFH
AAEIR o™, 3D AR FH2] 7|Hke
= 74A}§ XIGESP%E} B A2 3D 7

rulru

=93 St<+(learning by design)’ ojt}. E
T 71E 74%"% Y S, G‘:‘ﬁ} AE A9 S, ”Al &5, 3D
'{':]:

o AR ooz oo

E

2
e
e

o

r
0

rulo

r9~'

Y

St S| AP-ALS HAre] o B Rk AIMY AES 24 2 =9E
ot 24 A=Al t Ay vaa 2t

HA AFEA 1A= AROA S0 I3t HAE AT o, A
43 AR e 243 23, AES AR &3 HAE Asks
g 9o A W, AP B IEa EA4 7l SHECAM gt XA
ks Abgstaer, A WY SHdAMs F84 " A= Ay W
W SRAE 2494 A A i £4 Ve SHAM B3 W
Aol w2 AHAE olEAH. 53], Al &3 HAE sfAst=H 3
of Aale] Aol F&3kA ¥ S EF7E A AP AdE, o

- 78 - A e ]



o
A
or

oJATtE Held AAHA AR He

=
=

Fod

9

s} vl

PN
T

g

Jol Ak AAH oz A

SIA
o}

AAkel W AR A
| Ab 2 Al A

2 HIs

[€)

o
T

A 29 A3} A

=
L

Al Apol7t wem, &

O
)
9

A

o

Q4o
T

A A2 Aol

5
T

Fe IFOE o] -4}

]

)
Np

./_‘[1
bef Rk

S|

’

<
T

 g#o] Re 1FH o] Fol 1HAA A

L
T

=]
54

il

7

L

—

EREERS

At A

AR AL

. O

3
AdrSF JEE] SobA

Aol A
2ol

KR
ae
o)

;OO
il

—_—

0
o
ae

ol

ol

2 dgde] AR Hgolzl

o

AREC] W AE

1

|

f A

9

i

or

aL

[}

ool i of(powerful ideas)’ 7} = o
obye}, HiFEiet 3D =

}

—

_]
_79_

a

LY

HH

3D

Bis

-

91+= computational thinking

Aol AR

l
A3
=l

& ORE A HEA A4



B AL B3 BAN B A AA A AHnT
& Tl B BA FAHNEA U
golth. B A7 AARE e 2

e AR ozl 4 4+ U

AR, B 5 FgT BAs UAA AP ZWM wgHow
A2+ JE e Adsdc. B A7 As w8 go, 244
Ael, HH A AFL ST e HASS =% AANH F,
A4E A, B W AL ST A4 HAES sk =3
Ao Ao s FAS NBsE Aol FAsA eyrhs Aol AA
4 F o 43% AFee, o AT BT/ AN Ll oy
o Aee ASSHATh Webd ARHTEe REA, B4, By 88
Aoz, WA WHAMN AAH F2 AY g5 FU AL P
< 9% FAA kel B 5 Atk

SAl, 3D A% HPAL D YAS FHY F LS SE AXA ®
7t Hol B3k wYo] we JASelA AWHo gd & A
AR A AR met $F) We 1§, £E0 FUU 1§, FF
o Ee gl WA AA-AF FAe HAE AolE B,

FFo] e OFH FQ aFoAM fod Aot Wi FFo)
59 SHEY AFHFE AR HAF Aol Hls) "otk o]
gt datHow ‘g Jhedt WHES Ao EN FIF TEo
SAEANA T3 EA HAE AT titE AAEFATL & 5 T
A, SFYE0] 71E3 A HEA AR AT AL S uf
A& 7ML AT F AATHE HollA AR HZFe Aol Azt
= AL AAT F J3 A RS ASE + e aHFA
o F, dxHoln AstE JESAAE A S A2} oAt
st AT F e FHY 98-S 397 Wi FF dds o
g

=
[e) A
S QoA AANY 5 Jom, AAH Ame =P & 9

N9 = Hir
o & rlo

e
BB oK

- 80 - M=2T



=k

=

]

R

= AA

g NN

E
R
SIA
5

A
A HT} AAHORZ A+

SERRY

T

h=h

A o

Aol A YErd A3

wl

o,
3
) go] of

71 el m, 5 AFelA

S

3
A

srdtt. whekA

e 23
o) wel AR

2871 o

s

il

Al el =
%

]

H

[
A ol He

=

T

}

=
=

A B34 g
A 3ol FolW FYSL A=

Ao A3t

=

R

H
L

1

M=

1

|

bol itk webd = o

A, ARl

[¢)

}

. webd & ATl A

WRiel 48 Aotk

s

oF

wK

2 A o]

dolt}. wahA A=

= %

A7V, WAHE tde = 3D AH

U ergkeh

sy

do] g stA

oy
&

A A

}

;0‘_

el

[e]

o o

i

SRAY wAe} s

o
il

o

&3}
gol M) A7 g Aol

o)
A
ol
UlO
H

_81_



)

1

ol o

A, °] =

5}

2 AYAZ BIGE =kl ssrd

o A

3]

i

o2 HAY sslue 3D A

s}

ATH.

P
T

BEEEy

Folats AE

S

[e)
e

computational thinking &= 73}

i

hs

sttt 3D A

V= Aozt 71

7|ER o] FoA

O

o]
H

7] wj & 3D

1
|

A A A 2

o

RSP IEE e

J]

=
=

—_—

o
wjr

Az
Tor

o} weba B 45 computational thinking 719 38F dhgol] &89

_82_



SR (201D, Y agIAAH. wSHA|ER IA A
2011-3613..
H(1998). 25w BEHAA HA(N). A& didu A F2 3] AL
B (2003). 48 6-7F. A& tistu A 23] AL

.8 6-2. A AA S

5 (2015b). 578 6-2 DAHE A=A, AL HAARS

3], W u], o]3H (2015). & wHHA g H A G =

A T g @x,TaSII AN RA: S, 54(1), 65-81.

A (2004). B7|UF dde] 4 A9 AT 6DAE FAHLE- A

FuSoisty S qAe =R

2294 (2005). F7Z s5FAANA 2S3AYo] Hol= o/FFY

HRIEN, AFuSdty By AAETY =T,

El

> fo _tlo _tlo J:{o
iz
(%)
S
—
o
£

AA N (2012). 71 Sk SANA 9 AA Ak gl ANE H7]
Y9 "A= 23 1%EH‘§}£’ et w8 AHALSHS =&

A317 (2006). ‘AFEHE Fug’ Tg-AR A A A A
=thstal thshed wW&3F AR =1

738, ol (2015). “#F¥ Abarg (Computational thinking)” &4
7 Sage =75 ©] &% FuS. FFFFuSIIAAYRE: 3
g, 29(1), 19-33.

kel 2 (1996). Stww S YoJA FAFO mgdglel A3 A Z A
Y 12 W{FEATF, 12(2), 12.

¢

234 (2016). Computational Thinking 718t R-F38t714) 2ulE 3 F
—}Eilﬁ A7 -gHAe =35 FAHCEZ- AeHTgw i

55t AAEY =5

%935 (2010). Constructionism 7]¥F 88338 AN A2 57
A A ALulgdn gty w53 9AEY =&

- 83 -



A&, & 733 2002). FnSEH AFE. A2 FEA

A5 % (2013). Constructionism 714¥F sjel 34 276 A AT
At thsh w53 AASHe =1

olAdwm], &WAs (2007). A= A 253HAES FHE olsey 4
Bl Z2AL =7 a S I A A 2A: LS, 46(3), 273-292.

o] (2014. 2). Computational thinking n 52| ojvje} FaoA. €7+ I
s3], 197, 11

o]FF (2005). TSt NA A=dte= Iz W&ol A Fu
=8} 7(3): 269-286.

o] A& (2015). 3D YA WHE FHA A I AAAZFY] {FIFH ‘—’4§ -
Astd 3D AR 234 H AFE FHLE- AUy i
ALSH9 =1

O| A g, 23, $71% (2013). 3+ A1 73t FHA o A8}

ol B3 AT FIFHAKIIAAYZA: FETAFE=E, 5202):
191-201.
el (2010). 258 T YA F3HE gALTA #AE A
Fabhstal it AALSHe =&

e (2015). 2 shd #7|UF FHANA e 84 AL 74 Sa

8}, 17(2), 223-239.

A, AFE (2009). F7 IS AEE A% FEAAEY 48 Fn

ST, 193), 425-441.

e, e, il (2016). 25

- TEASEAT 26(1): 121-141.

A 23} (2015). Computational Thinking Game& &3+ Hedurs} £t
. Aedista st w8 A =

A, olsF, £3Y (2016). AFE FTHS A% AEZIAAY &
&

. S48l 18(2), 323-348.

-84 - - 'E . !_. :-



2z (2010). 2T EY FFT A" =4 AJusdiste s
ek AALSHe =&,

238 (2003). HFHS FguS. FFFFuKII A A RA: 7
&, 42(2), 177-191.

%38, £93% (2014). A3 2] (Executable expression) 7]¥+ SMART ~E
ey Fus. FaSIAT, 24(2), 269-283.

H7A <, WAE (2004). 33 27 #4E A= HE Ad &4 dx52FT
3w 5-3}+3] =) 8(1): 63-87.

2 91& (2014). Computational thinking 714¥F AulE &F St SAAT
AZtistal thshd w53 AASHe =&

g7l (200D, FH2He] id 4 W we-shs ek =AM =%
WG AA Y ZC: 25FnS, 5(1): 57-69.

Aho, A. V. (2012). Computation and computational thinking. 7he
Computer Journal, 5X7), 832-835.

Barr, V., & Stephenson, C. (2011). Bringing computational thinking to

B

K-12: what is Involved and what is the role of the computer
science education community?. Acm Inroads, A1), 48-54.

Bishop, A. J. (1980). Spatial abilities and mathematics education—A
review. Educational studies in mathematics, 11(3), 257-269.

Brennan, K., & Resnick, M. (2012, April). New frameworks for studying
and assessing the development of computational thinking. In
Proceedings of the 2012 annual meeting of the American
Educational Research Association, Vancouver, Canada.

Caissie, A. F., Vigneau, F., & Bors, D. A. (2009). What does the Mental
Rotation Test measure? An analysis of item difficulty and item
characteristics. Open Psychology Journal, X1), 94-102.

Cho, H. H. & Lee, J. Y. (2014). 3D turtle representation system and

mental rotation using 3D turtle perspective. Proceedings of the 3rd

- 85 -



International Constructionism Conference 2014 held at Vienna
University of Technology Electrotechnica Institute, Vienna, Austria;
August 19-23, 2014pp.135-144). Vienna, Austria.

Cho, H. H., Lee, J. Y. & Song, M. H. (2013). Design of a Logo-based
Learning Environment for Pattern Generalization. This paper is
presented in the EdMedia 2013 conference. Victoria, Canada.

Cho, H. H,, Song, M. H,, Lee, J. Y. & Kim, H. K. (2010). On the Design
of Logo-based Educational Microworld Environment. Proceedings of
the 1Ist International Constructionism Conference 2010 held at

American University of Paris, Parism France; August 16-21, 2010.

Cuny, J., Snyder, L., & Wing, J. M. (2010). Demystifying computational
thinking for non-computer scientists. Unpublished manuscript in
progress, referenced in  http://www.  cs. cmu.  edu/~
CompThink/resources/TheLinkWing. pdf.

Del Grande, J. (1990). Spatial sense. 7he Arithmetic Teacher, 376), 14.

Freudenthal, H. (1973). Mathematics as an educational task. Dordrecht,
The Netherland: Reidel.

Gluck, J., & Fitting, S. (2003). Spatial strategy selection: Interesting
incremental information. /nternational Journal of Testing, X3),
293-308.

Gorgorio, N. (1998). Exploring the functionality of visual and non-visual
strategies in solving rotation problems. FEducational Studies in
Mathematics, 3%3), 207-231.

Healy, L., & Kynigos, C. (2010). Charting the microworld territory over
time: design and construction in mathematics education. ZDM, 4X1),
63-76.

Hemmendinger, D. (2010). A plea for modesty. Acm Inroads, 12), 4-7.

- 86 - M=2T



Kafai, Y. B. (2005). The classroom as” living laboratory”: Design-based
research for understanding, comparing, and evaluating learning
science through design. Educational technology: The magazine for
managers of change in education, (1), 28-33.

Kafai, Y. B., & Resnick, M. (1996). Constructionism in practice:
Designing, thinking, and learning in a digital world. Routledge.

Kozhevnikov, M., & Hegarty, M. (2001). A dissociation between object
manipulation spatial ability and spatial orientation ability. Memory
&Cognition, 245), T45-756.

Linn, M. C., & Petersen, A. C. (1985). Emergence and characterization
of sex differences in spatial ability: A meta-analysis. Child
development, 1479-1498.

Lubinski, D., & Benbow, C. P. (2006). Study of Mathematically
Precocious Youth after 35 years: Uncovering antecedents for the
development  of  math-science  expertise.  Perspectives  on
Psychological Science, 1, 316-345.

Lee, J. Y. & Cho, H. H. (2014). Computational Thinking based
Mathematical Program for Free Semester System. Journal of the
Korean Society of Mathematical Education Series D: Research in
Mathematics Education, 184), 273-288.

McGee, M. G. (1979). Human spatial abilities: psychometric studies and
environmental, genetic, hormonal, and neurological influences.
Psychological bulletin, 865), 889.

Michaelides, M. P. (2002). Students’ Solution Strategies in Spatial
Rotation Tasks. Paper is the result of a Master’s Thesis, University
of Cambridge.

Noss, R., & Hoyles, C. (1996). Windows on mathematical meanings:

- 87 - A 21l



Learning cultures and computers (Vol. 17). Springer Science
&Business Media.

Paivio, A. (2013). /magery and verbal processes. Psychology Press.

Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas.
Basic Books, Inc..

Peters, M., & Battista, C. (2008). Applications of mental rotation figures
of the Shepard and Metzler type and description of a mental
rotation stimulus library. Brain and cognition, 6&3), 260-264.

Repenning, A., Webb, D., & loannidou, A. (2010, March). Scalable game
design and the development of a checklist for getting computational
thinking into public schools. In Proceedings of the 4Iist ACM
technical symposium on Computer science education (pp. 265-269).
ACM.

Resnick, M. (1997). Turtles, termites, and traffic jams: EXxplorations in
massively parallel microworlds. Mit Press.

Resnick, M. (2002). Rethinking learning in the digital age. In G.
Kirkman(Ed.), The global information technology report: Readiness
for the networked world. Oxford: Oxford University Press.

Resnick, M., Maloney, J., Monroy-Hernandez, A., Rusk, N., Eastmond,
E., Brennan, K., ... &Kafai, Y. (2009). Scratch: programming for all.
Communications of the ACM, 5X11), 60-67.

Sengupta, P., Kinnebrew, J. S., Basu, S., Biswas, G., &Clark, D. (2013).
Integrating computational thinking with K-12 science education using
agent-based computation: A theoretical framework. FEducation and
Information Technologies, 182), 351-380.

Shepard, R. N.,, & Metzler, J. (1971). Mental rotation of
three-dimensional objects. Science, 171(3972), 701-703

- 88 - M 21l



Stieff, M. (2007). Mental rotation and diagrammatic reasoning in science.
Learning and instruction, 17A2), 219-234.

Tartre, L. A. (1990). Spatial skills, gender, and mathematics.
Mathematics and gender, 27-59.

Voyer, D. & Hou, J. (2006). Type of items and the magnitude of
gender differences on the Mental Rotations Test. Canadian Journal
of Experimental Psychology/Revue canadienne de psychologie
expérimentale 642): 91.

Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM
domains: Aligning over 50 years of cumulative psychological
knowledge solidifies its importance. Journal of Educational
Psychology, 101(4), 817.

Wing, J. M. (2006). Computational thinking. Communications of the
ACM, 443), 33-35.

Wing, J. M. (2008). Computational thinking and thinking about
computing. Philosophical Transactions of the Royal Society of
London A: Mathematical, Physical and Engineering
Sciences, 366(1881), 3717-3725.

Wing, J. M. (2011). Research notebook: Computational thinking-What
and why? The Link Magazine, Spring. Carnegie Mellon University,
Pittsburgh. Retrieved from http://link.cs.cmu.edu/article.php?a=600

Zacks, J. M., Vettel, J. M., & Michelon, P. (2003). Imagined viewer and
object rotations dissociated with event-related fMRIL Journal of
Cognitive Neuroscience, 1X7), 1002-1018.

Zacks, J. M., & Tversky, B. (2005). Multiple systems for spatial imagery:
Transformations of objects and bodies. Spatial Cognition and
Computation, X4), 271-306.

-89 - A =T



~

o oclolo o oo o o | o oo
SOl IFIVN|oNo|lojo|OIL| OO0 |00 |qN|O|O|XD0|©

,»_|Oﬂ — — — | — — [ — — |

KT

N

~r

e o o o o o oo |o ole|o o
OlF|IOIR|IC|C|OIN|O|D|IOIH|O|XV|0| XV |O|IR|IN|N|o|n|o|o

‘__IOﬂ — — — — | — | — — | — —

__A_._.

>

~

v o o|lo|lo|lo o o Olo | o o o
Cl|lo|F|IC|IOoINININ| O OO0V C|O|0 | FIFg|lojlcojcow|o|x0

‘_EI — | | — [ — — — — —

_xrl

>

o

O_Hllllll111111111122222222

mmoTTTTTTTTTTTTTTTTTTTTTTTT

o]

__i

Bl — || o | © |~ o — |~

|

_90_



222 AAEY

2
T EES HIHRL T e w8 ES0| SHUT TEAQ. e RS MAUYR 1) HE LB 250 TEIR] A=A, T 22E WIHAL T e =B ES0| SRAT =X,

==

& &
| P

T B2 HANYE [ e =B 220 FQAT T2AL. e ERE AANYS U HE o 250| 2K 22N,

it

& F
|& &

P
T 22 HAHYE [ HE 2 2Z0| SHAK| 22N ‘ T RS HANGE 1 e L@ 250 Ro0x] A=A,

i
1
1.

|& &

1

T EEE HAYE U B ST 250 290K A2AL. * T 222 AHAAS 0 e =B 250/ 20K A=A, . N EEE HAGE G

g ce

N

o
E
i
e
%
I
’
£
:
g
o

& &
& F

|& P

13
TS ES2 HAHYE 1) e LB 250/ FUAT T=A2. e BER WG 1 e ke E50| T BE2 HINYE U LE B 20| FRAT T2A.

T
2
©
=
b
i
>
&
IS

i

& 7
& &
& &

=]
®

16 1
e 252 AINEE O B =@ 250 £ D2AQ % 9% 5248 W gt Lo 50| 220K 1242

B &
& 7

_9‘]_




_92_



20178 28 AEZL2X

1 HAE SHE HEQ 0 OEN E8=l M3,
) @k EHE = S =)0 My 20E BRS AN,
2 ek E{ETE Sy EN)S BY SEE FEHOF SAWOL
@ JMEN )

2 HEE FHE AL 0 CIEN AT HIAS MR,
U @t FAH(CE= My EWE HERN GEAC
D Lghd ZYP(Ee MY EYJ) PEL BEF HS8RA0L
(e |- )
@ JEH }

3. HAE 200 S O, (48 HEMRET, U2 2EE VAT HIBLM.

) phel TACES MM Z)F HEMBCH
U AEE HEANG.

& JIEN i

4. 7 @ UEE SUE Ol 4 JHX SHE S0 e S 6 Hat F42.

a
‘ o wa4 Ao 2 o b et s

ﬁ T

i

= 7
CLEETL PRV TR T r I

|JJ_.

5 (H HEY @) #0 M@t TS HEE ME0 BUE M= 20 SWIALIRT
UENE HEMN0 HFEY BYE W 8N MISACHL
2 ENE RBN0E NYd= BEYHE0 & UM SWID WAT,

- 93 - Fodn }-ﬂ



AHE HEAD

20tA7E 28 @21

CfEiE) HMBEaE MBRE O, GEE dis BEN WL EHU HEN SERue?
TONE O MER SNEn, @ Em B OoEN =mED 03D wewo,

i ER H EN SAEU L {C b e

L (EME) AMMEE NESE O, JMW i ROE W0 AR LD ok
e ewEny =wE, DoEE O RN =NROD, T 0D dRBU,

OOERE M MEME =WAC. & NS O RENM =NHED

(de] HWMyaE AEHE O, O30 418 FUE S28i=0 A20 2000 2807

i T ci-r. -1 VIR QoW asd. D OED Hi=w,

IEE O RM =R e O RN =RIO,

HEURE UESE 20 AsdalRY
0 R el B arswC), & SR,
LHREL S A 37 {0 K & MY RredE R0

iHmERy gRa] ApRoR e Sul RS DM 08 KRR SauRy

BoOpe BEE AER OO0 O SR QR0
IOl ERE AER O Yewl.
30 ERE AEHE RO 28 $EN SRLH

cHEERE JENE O & 20 D8N BRE EER FROLR?

L

HESNE CEEES O, O/F MG o D8 reE BE RusLny

- A ey

SECHIL WATICES AL

NIVERS



ABSTRACT

The effect of learning
3D turtle expression-based coding
on spatial ability

Lee, Chohee

Department of Mathematics Education
The Graduate School

Seoul National University

Spatial ability is an essential cognitive ability to understand the
relationships between subjects in their surrounding environment. With
developments in science and technology, it has become more
important. Therefore it is an essential ability to develop, and
improvements of spatial ability are considered as a critical goal of
geometry education. The 7th national mathematics curriculum introduced
the 3D cube stacks in the second and sixth grades. In addition, the
2009 revised national mathematics curriculum recently inserted the

‘linking cube’ activities to extend the 3D cube stacks activities in the
sixth grade math classes. However, it has been difficult for teachers
and students to engage in problem solving and communicate due to the
absence of mathematical means of representing spatial objects such as
3D cube stacks and linking cubes in the classroom. Based on studies



that show the effect of 3D turtle expression which is able to represent
and manipulate spatial objects, [ applied these expression to linking
cube problems in sixth grade class to investigate students’ cognitive
changes and the educational meaning of this method. I designed spatial
tasks which revised the linking cube problem, and students were pre-
and post-tested before and after learning 3D turtle expression-based
coding. In this study, learning 3D turtle expression-based coding is the

‘learning by design’ which involves designing the personally
meaningful artifacts and producing them by using the 3D printer,
coding 3D turtle expression and receiving feedbacks in microworld
based on Constructionism. This learning includes gaining knowledge of
turtle strategy designed by experience coding 3D turtle expression and
producing them by using the 3D printer. The turtle strategy is the
systematic strategy and partial approach strategy, and analytic
processing strategy and perspective strategy in terms of spatial
cognitive strategies, which recognizes, represents and symbolizes spatial
information.

As a result, students utilized various cognitive strategies in terms of
the approach aspect, the processing aspect, and the reference frame
aspect on the spatial tasks. The partial approach strategy in terms of
the approach aspect, the analytical processing strategy in terms of the
processing aspect, and the perspective strategy in terms of the
processing aspect, and the perspective taking strategy in terms of the
reference frame aspect brought about high achievement levels on the
spatial tasks. In particular, students needs to learn the turtle strategy
because they using the imagistic processing strategy and object based
transformation strategy felt their own strategies did not useful. When
analyzing the result of the pre- and post-tests, students’ average
scores increased significantly, and the average response time decreased
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significantly. Moreover, the students experienced the effect of turtle
strategy. Learning 3D turtle expression-based coding play a role of
‘powerful ideas’ . Thus, this learning will not only allow students to
enhance their spatial ability but also to raise their computational
thinking.

Keywords : 3D turtle expression, coding, spatial ability, spatial cognitive

strategy, turtle strategy, linking cubes, computational thinking

Students Number : 2014-20941
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