BB ERE e A <BPH
2013. 05. Al 529, Al 25, 191-201.

H/>

B A5 A AstE AR 23 HE9

_l

OH r;° olr
B [0 Mo ok

el E‘“%(Wang et al, 2007).
2 s 54 A4t E:H} 7H‘§El‘33/‘1
ol T’“ﬂ AMZE Aldizk dglem 20000 o
o= Second Life, Active Worlds$} 72 71AIA B
Zhell g WA sdel wgsta 9l

o

< g

(Hew

ox
o
fitt
ol
rir

o

i

off
of
ol
2
=

o
N tlo

(B
ot
>
X

dpeowL BN

1@ o] o}u /\] 7HA
"IL.}ﬂi E]’%X Eg Z%E]—&]' A=2
A =hH(Ramadas, 2009). °]A& T4
g 24e Bad Fasn 404
oA %A o 7MY A7)0 YA} B 4

ol 2% 2ok 247 2
Zke] Aol A ARgE= &
64 ‘4% /\ﬂ‘j?j

W o

2 12 8 L2 o

_§\I

o];qﬂ le—o 1

* A4 (2012 10€ 9%), £AL2013 3€ 114),
(2013 05€ 10¥)

* ZDMi5 - C33

* MSC2000%-5F : 97C30

x ZAlo] 1 A 917

} maAA

A4

3 AAE, s 23

J. Korean Soc. Math. Ed. Ser. A: The Mathematical Education

191

May. 2013, Vol. 52, No. 2, 191-201.

I 5]—

LY

il

oA &gt ota
z98 (¢ ga
FUE(%

H=tH(Gonzalez & Kolers, 1982). &
Zralele= XA AT TIRE u}
NS AA wel el 5
FAol A A 3o F
0 ol9e thE Arrt x3E e FAME
oo AES 23S HElEgA EYEE A
(visuo-spatial) S F|grte A7} o] F3
UHJust & Carpenter, 1987). &, A< nlgtis ¥4
37’]' Jﬁxﬂ A, didel Folxl Ar Fol uet O]Xﬂ«] Al

T o

¥ & Lorfr r> e &y

A

— o]

—;‘i“

ol
-

A(mental rotation)
O

=

Z]'—,

JTOHFA:

2]

‘.,

L Aske AA g A &fr
Q1A 3o St wet o
9¢1 whgo] opd Ak 37 Atole] A
2 dgolels wgor W}
tHLakoff & Nafiez, 1997). &, Al
gk vpghEobA = whgo] dis] SupEA o
om 7ty mhgg AA|, ¥, 349 J5E
olgiatAl HUEH, olHe <AAo] wE ‘AstH
(embodied cognition) #go=2 WAs A HA

off 1

A=Y
554 2

&
d



192 )

Agle A o]2o] mEw YFF,
o W DA BASe) glos, Fkm
T AgtE elx] o]&o] A=

val gtk Nanez(2007)= 428 87k A7 4= 9l
= 7P 4 dA AAQE, o)A BEAA e

= 2 AAl, Ao agla AAelEkE FEAA L'
Hoz Aty Aolgtw ek Utk W53 BoA
Radford et al.(2000)& 17Fe] Al 713, A¥E, Al

Aol o3l FAE (mediated) ¥ ofUE} 1 X]-Zﬂ"ﬂ E0]
Attlocated) it F7gatdet. olejg #o| wel &
TFAgsl= Al 28-S Qo] VEAoE JAAL Qe
A} FHAlE AFE ] olFo|A A =Tt Amorim
et al.2006)= Astd F7 et AT A AlA
HIA-E B8t 3S :rLiﬂfﬂra} T ASE BY
Lakoff & Johnson(1999) A9l EADz} ha-S
Adt= FZ T Y(reference frames)S E3ho]
AATS AFEIAL, o)YF Hx 2yl AH
% (bodily projection) o]} 8%t}

Papert= At A9} HlZ=ek Aol A] 2lx) ¢}
AAdsks 7o F7l mlo|ZRYES e
g LOGOZ} &tk LOGOoIA = 7139 &7kl
A& S BqFAE AAATIL AR ¥4
e 715 AACHS 24 9768 E5kd
T8 = ot} Papert(1980)= ‘A& &/
Ba] 85 (dissociated learning)#t 2%
84+ (syntonic learning)ol&t AatAEH, o]
= /‘Jﬂ* z43 ZPOFEZ"J" R

i

- o @

ol

r\l

1o

32
2

&

E)

o u% riN

ot 2 rlr wu o
ol
il
= 1o o A o

okt ‘IT;‘ o
b @

S

| H‘N

|
il

g
fo o

o}ﬂj?,r

0,

o
QL
ofy

_,>i,
ACH
rr

ne,
>,
ook
[o
b g
X
>,
24
2
o o
HU

lo b Uy ofi o k1o ok
BN

B
3
| Gied
o
24
fol
b
il
N
N
R

©, _1\.5
>
N

|

H

N
>

N
Bl
o
s

?L'

]
-
N
—_

)

B
o
=2
> il
S
|
offl
BN
oX
oX
sy
tlo
N
)
)

ro,
N
fuo.
L
X
i)
4
32
£
-
5
=
e
Z
=t
@
N

D owge} e, o F, A% o
Zlaket Aoz o]2 Aoz} stttk

(Steinbring, 2006).
EE £ gidez A4 £

ST T

). o7]oA 32 A= &

- T
Fen, 7155

AgE ARl fEe A gdE Adskeie
Al AR 7S AAE AT Atk Vygotsky
(1978)ll wp2w, ogks e ALY Foses 5o
WHsls AXAM Wy =32 Wik § e, 4w
g2 715 AAY ARl g 7154 AAE o] Fof
Ak, olw, HFF 715 Aabs 5 ATES v
27+ o] Ad s W & 4 Qirh o]g
#Hste] Botzer & Yerushalmy(2008)2 7124 F A

$*THmeans of semiotic mediation) &=
e, oA 54 HAE Fd] Y3 ETE A
TAA B Brke aed g9 SoA &= A
a1 AstEE Al

me
[ il
oz
k0
)
2
>
o
u
rr
>
)
o
e
E=}
ox
1©
o
=
N
ogk

oX,
>
e
=2
P
A
tlo
—n
B
2
4
1oL
=
- _qo
ol
Lo

=
3
lo,
ol o
oX,
=2
e
rok
=2
2
Ariie}
—u
rir
4 =

ox i MR Lo
=2

=2

>
=2

X
o,
s
=

Dreyfus( 1993)* A 1gT
A, QA FgAye]l AAA Hide]
2 F489} Presmeg(2006)=
7] et gAY Fdo= 754

S

F94E Bzs, A7

o

flogh >
Mz
ol
o,

Ut o
gt
o =
EONe
oL 0 R

N o2 ox
ok o0 o

ol o
fT )
N,
- >~
=
)
)
o
39

L

N

~
o ko

b

2 i

18 ol
_)#
N

wot 2

o

ook i
i)
rir
r %
oy
Ry

RO oo
[ CU )

>,
N
D

E
<
e
S
Mo

AACS

E\U
o
ofd
)
>

N

N
o
_\|-:l‘
B
=2
a2
oo
201:1
fw 5
‘..
>
o,
O

3 A 23

Papert® 224 713H8 ‘Aol'9t ‘ZPolgte F3H4
Aol Ager niEtrgkt LOGOE ©f < 3
S & AR e v, ‘wv BHe] A3
2 Fdstz 9lom Abelson & DiSessa(1980) o] =
A% 7)8Hturtle geometry)gha A olstlet #®7)E
Aol A A, AAH, AHoldd 7134 vl
AL 718 AN WAA,

Fa4, AA4e Aol



B A4 FAlel) Agkd AR 27 HGo] A AT 193

th F, AR 7ske AR A FHU0R V)8
s JAASES ke AZE #HHE ATt

5 7lste] 54S 3k Wgor Sgahes A7t
AEEHA o 324 Weto A ARl FH90S ofdah
Aol of g, WHE TR EAeh e 2oy o
o] <] %ﬂi»iﬁﬂﬂ AAA FEs wAve 89

ool skt (Hoyles & Noss, 2003; Kynigos &
Lat51, 2007, Morgan & Alshwaikh, 2008). oJo] Ad)
4 3 1R BEQ 4 7]‘+T-4 oz H}E}EJ‘
‘A& X (turtle expression) S AHE3te] &7y
ke AT7F o] FoIHTHCho et al, 20115 Lee et al,
011). olu] ‘AE TS A A A WAL e
We 2 s, Ly d 2 749 39 AAE Yepdrh
Plagett A5 x2S W& JhsdpAstL ditst
& 4 g o];q:’LzE u\;g SR

Y
lo
ro,

=2

9 71]4'114 o] Ao

=1 o=

o ¢

SH ,
FeA AAS JRITHAAY ¢, 2001). L F
g

7|

C

i
[~
oy
o
N
o
e
So,
Qo 4 on

>
=
=
:<I>L_'I
>
o
=)
O
K
i
>
oy
filo

N and
o4 2o

>\'L

q

ol rlr R

© 2 Clements et al.(1996)2 2|4 (turn)
3l =0 e A0S A

th 2 32 odE A o),
o A& ]71] AR

=
oo B
N

oL _O,L

J\'> e

)

Az

1o
to M

T oo
4o o fob

i)
RN
HU
oo

S
=
1-4
1m
1_.

_>|i
_?L
oo

N

Mo

N

R

fo Hi

Hr oY
o,
o
O}ﬂ
Jo rlr

e o X[ —LJ rEo2 e o

ﬁ
_°,~
A
f=
o
E
=51
r -
o
i
B
fuf

o2
¥o
o

: 74‘5'1— *7"" AL %%’ Ak

o o B5E 4 Yk ANF Fro

L

P

E

- |*1 <
N P

(28 1] 3t AHE E¥
[Fig. 1] Three-dimensional turtle expressions

B AT BAL S45e] 349 AL AzE
W, A% 27 AgdEE goad 7 A4s 3

Catap 7
Al A AR 2376 aatet F8A4& Avns Aol

Plaget: 3058 A 3904 F 7 Az o
A% AAE WAk sk olnAE PsE

Zola, v sfh= 7|9 FelA 1S WEsE Ao
ot 2= olge F kK A AR 239 &
g BAsta, a9 fE84s uEs|Rusl stk AAb
ETEE IS T8 F ovEges 339 dids
294 FAMS deaE MRT(mental rotation test) <}
A, Al o3 AEA MdE SVT(soma visuali-

zation test)7} AFEEAEE AL FUALE TEHE S
date 7 7 AR AARE AN $ AR

AR xdE T3 AH 7"01] gziAE £YE
HEHo= *Wﬁ*}g}

>,
_°|L
2 ©
_ﬁ
A
fﬁi
>~
ﬁd
ok
>L
>~
>
, —1oa
9
rir
Y
Mo

o
ol
=
>
N
oy
M
T
il
o
in
ol
ol
I
=
"% o
=)
Ho

x oY ol Y

Mo ¥ ¥@ Ee omx K
ol et
1o,
>
o
fuorle
N

ol

S
o
19(‘_‘

o

|

)

=

ol

o =

fEorr o> M
2
o
[t
toby
)
Q‘L
&

Shepard & Meltzer(1971)¢] MRTE A
berg & Kuse(1978)2] MRTE AH&3t%t) V
& Kuse® MRTE part 13} 2 22+ 10832
of Fgo g olFofAYEd, FHE 1 F E’i%‘e—ﬂlol =
<= 10709 B35 Addste] Abd AMFR 59T ZHALE
Algste AeE e A7UE BY 102 o] F
3 o1k] 533.0_ uﬂ 50]5} olﬂ]g}
I9E FE AR 3 73 g A B F F
o ©& AlAsof et l‘%_7]7} = o 89 04, g 7
o o 249 wjde] HH, AAe]

kX
s



N fo X %
>~ =3
2 > 7
4 i

N
BN XY IE S
iz G oC
o o i
R e
}1; 5
s
o
S
>
)
o
il
o
>
>
ol
rl
i ¥

oh L opoh b pE qf
°
=
)
jias
2

s

o & ol % o
o
>,

2]9} o] 3x3x3

:&M

} FE(soma cube)?
AS Folo FAd = /‘P%%E}. 2= o] HAAE

(28 2] SVTAlAM Z20F FE Z0] 0fA|
[Fig. 2] An example of soma-cube solution in SVT

SVTE 3wdte] 171¢] H]Ei, Y NEZ 4
s, 7 29 9 194, 124 el Akl 47)
o AEE 7 AZY welEdl AolE Fod, 90

oz WM B39 wAF % WU AT 5
Z Q]

ol Q1A Reto] AFHTkE Hol Akslel [E

13 o] $% 49 ¥4 £8 AENZ B2 5ol
dolxe] Ao|& Folth MRT AAEGS BF 59%
10708 #71ust el Bz olfoln RYS Ag

°]'/v\r/1r-

SVT #AY] AZ %+ a-cronbach A4 842 A1F
@ wrebe, MRT AR AARSE SVT AR AAME v]as)
Fe o FEAFE AR =L dRs UrE}‘H ATt
MRT7} 1A 458 S SA3= &

HellAl SVT 9A] 3714148 &
Ae AAF EFE AMEE S QU

ox, rr

[E 1] A AT|LR 28 2=

[Table 1] Structure of building block for test
3 MRT SVT

_ 1 AE |2 AE |3 AE |4 AE

01]}\] articulation “:‘" 5 " '

J- =]

K T 707 9| 9
2z

A4 3 3 5 5 7

N
o

Srus Brus

(2 3] MRT ZAF =&

SIS

SHGICClS

O Al

slus

[Fig. 3] An example of problems in MRT

AV, AL A Abolol T4 3A17H4 3704

of AR F9lo] olFoATL A A= ARE 9=,

ot oz ot

r 3 0 o N fo

4

EH

et

o
o
S
f

2=
ﬁ
78 PR AR
=
=
o

= 4

, AE R ol For o]FAI|WA 33 %
TdS FAENA 278,
o] A% JavaMAL wlo]azde AN =ale)
U et AMES whEY] He 58 d%l, B
HE 23 HHS AHste] A
T3 o] AMgEE 5o oA



ot
o

2 e
=S|
o
tjo
>
>
oo
_O'L
2
>
X~

iy
rlr

A

o)

32
=

© [ 317 [28 4]0l He upe} o] 7b 3k
AR A% olslAA} Eatslol SISl 3 A
& A%E ARG §A0R AL + ARS Tk
o3t FAE I Fol ‘A onx ARE AFTL
24 7129 AZ-33 Aol opd, AR AY'E A
SFEE FEg Aoth

XK AKX

00 X X X

. X X

XX XXX

3" floor

X X X X X ’

X0 X X X

X0 X X X

X X X XX

2 floor | ssrurus | W

X X X X X

Yoy N

X0 XXX

X a0 XX

1* floor

(22 4] SVT ZAL 28 oA

[Fig. 4] An example of the problems in MRT

(28 34 74 9% age A% B Y
i Cssrrrrunuss otk 2 8% 471 1719 4
AR 2zle]l B A AR H "?}*é")ﬂ
A A A F oA B7)E ARl

Zog Aol iy A WA, v
Lol dZo g Sxo]7] Wi wo
A B77F ok (29 4]9] SVTelAM =

TAS AR olE AZZ AZASE ‘ssrurus
= o9lal, AXe] gog oBZoT 9T, Q—E—%‘——‘l
97, oo gAeItta s 2 4 vk 34 i
Falale gAo A o]#dk 269 Fao Algo

[e; T

mlo_ul-ﬂ.l

o fo Mt N T

£ e
°
O_\|l_'
et r*° (ERoru ©oan

=

4

FE
X2 T
Nl

]_

HUL
P r.ﬁL

< A4

7% BAANAG AN AgEEE AZ-E A
b FREE AN 2@ge ARE #He AT
ko] FRAIZBkol Tk ek el | 4 9l Al

2 7|t 9l

b AZg} dhAlel Aske AR 27 A8l

#
o
=
ot
e
H

195

=
i
K
M
1
SE,
rie
Lo,

ri
e
4
10
3
2,
Joy XL
ujrt
o fo
M
ok e
rlo
W
o
Y
™
==
s
o

ol
KT
o
o
oo
oX
o
\_-‘:_\L
)
_O_Z >,
e &
) ot
N r% ii:
- e
X
e
e =
[> dlo oft

=
o
>

1S
I;o(,
o]
il
o,
N
oy
ol
ol
X~
o
o
=
o
Z
—
N
S
1o
>
>

oo

AN
lo
Hir
dlo

>
wl
4
)
e
1
in
32
BURNY
do
|o

(

Y
Ao
[~
oy
(o
Ho
= Oko

>
>
il
o
:?L_’,
&
&S
lo,
o
>
>
=
>
N
e
rlo
o
o
N

2 M

2 10 ox o

Kk

o4 oo
S
N oL
o
N Ol
E‘E i)
A
L
o
ol o
NN
N
> oL
N rir
T
o B
oy ©o
S
HU >
o U o
2 ol
U
o L
= fuf o F

g
o
o,
O
EE
W2
o
>
it
2
o +
> e
=P A enY

o>
A
_Q
E{L
=
10{_
oZ‘:
=
9
L‘l
i
IR
rOl
i
i)
&3
>

r4o
W
l\J
%’
ol
O‘
HU
o
o
QL
R
)

[E 2] MRT2 SVT AAF Z3}
[Table 2] The results in MRT and SVT

A

-
[

AN A A

W % | B ESRH %

-
3

o,
=
%}

MRT

(A 20) 8.3

—
o1
w
—
[\
R

7655 | 1567 | 299

SVT .
#4912 1049' | 167 | 8742

739" | 341 | 6158

s fo5E OlIA EAHCE folul@ Aot e

MRTS}F SVTel| #3 APA-AR- AL 23bs 257 o
SHEE t7AA (paired t-tesh) o2 EXEJL, T AFE
[ 2]} 2t} 334 9AE HEKlA E8A &
S 2= MRTE AR, ARE AR AEE0
75.9%9} 78306%% 2 AolE HolA Fskon} 2
EAE A YAR s SVTE AR, AFE
9] AGE0] Z+7 61.59%, SB6I%E EAXFLE

g Ao F L}E}IH 1 EHt=-6.11, p=0.00).

o wg} ALK 23'0] gl

[ex

&
32



Fol W AR, A A A5 Fol

il
M
1%
o
ol
¥
vl

[E 3] et & Flchd 2o
[Table 3] The results for each level of the student in MRT

and SVT

R e
8 |TE| . =22 oo | EF
i W=} % | B3t =} %
8| 1764| 84 [8820 1671 273 | 835
Ao lF 58] 3 7715 ]1586] 261 7930
we 1217 173 6050 | 150° | 245 | .00
w5 116| 50 |9700(1137] 103 | 9475
@ 1o F ] 738 | 13 6158 [1054] 171 |87
we 350 | 124 [2092 | 967 | 172 8058
%S5 E 0N BAHCE FOu o7t U

[¥ 3JolA BE npel Zo] MRTOIME U FEo
A AAAAL AgEo] 605%5H WA AR AL A=
%2 SAXSR fovet F7E YERATH(t=-327,
p=01). SVT ZHAPlAME W FE(t=-1218, p=00)<}
7 FE(=-559, p=00)lA EF EAZHoR v
3 F7He JERIER s A¥e MRTS SVTe

R

HAE HFe HEAAE #s) & 5 e [
g 519 4% SVT AP HAbellA 2~67 Alolef vt
& AFE e Aol 10909 = v, [17 5] 22
%9 SVT A Aol A= BE Abghe] 74 o]4e] A
TE W S AT 5 gk

MRT_pre MRT_post

AP 7 AHpre test) ARE AAHpost test)
[ 5] AN, A AL Zote] MEE

[Fig. 5] Scatter plot of the pre and post test results

FEE HA AR b, STel Al Yok
A AR AR 2 §84S W B o
1=

ohus] Ak 279 WA AR SH'sh AR BE
o 842 54 AEz Pk 4R A,
A% efE e AR £AHA $Ad0R s}
= TS oulein, AR FHES AR LHZ g 7,
Lu d o 2AE s Bdshs A9 ovat &
HEolA de

ool AR i AE 289 A
A
=

3
5t AL e S8 dpAs
de 72

[Table 4] The results of survey questionnaire on the
usefulness of the ‘turtle metaphor’ and ‘turtle expression’

27} O @ ® ® 6|3

AE 2% 3 3 7 12 8 |358
MRT -

AL 24| 4 3 13 9 3 1313

A& 2f | 3 0 5 14 14| 4
SVT .

AL ®28 | 3 3 10 8 12 |3#4
TA9 =50l 94 95 A9 80l 94 &2
@2 R2As @843 Beo] ¥ O £eol ¥

[ 415 279 AARIA A% Sf'% A% 549
84 AR B BAE w4 58 wAHO

g Wit Q5E melETh Ao

F

7FA A A

= @
Rl =
:& .
=) ;T)
2 o,
g Tﬂ
g lo 4z 1
fitl
ok
et
J{ii ok
-
PET (o3
u) Lo
iy o,
N
dr 2y
rlo 39,
o i)
> o 4 o

O
Y
Ao
=51
O
tlo
e
o
fit
)
=
= DN
f
L
o
ol
B
o 5o
tlo %O
)

finj

=)
z
=
A
<
H
9,
o
N
1 4
rlo
%
o,
- i ol
1
=51
r



—
N
-
ao%uorme fwr‘_ﬂrJ
W]Mn%ua#od,o oo
_Mﬂﬂm,o_/U 1:/|17ﬂ7ﬂoW o W
w o o < _g}s}
Eﬂ.rﬂjﬁ,Mﬂ.,urumo oF ‘X_o_nﬂu.,ﬂ.ﬁ‘l
T <! dﬂr o oo T e T w_,/l.mﬁ o &
Q%ﬂﬂuﬁovﬂﬁ o & 4_5}5%4
xﬂj»ﬁﬂ_h@ - AMW%AOWf;ATme%
HLATMLﬁTMuo#mM%aW HT.oW.AourmW]oﬁFLWmﬂuloﬂuoEBze
x;;oa?,; A S Fe R o F & g
L ﬂ%;& - 71r,_,|1+_| J.ozT_ = JIOTOt,m,M zo & auﬂl..r
o T T o W oA - ullxgx]Jl = n_rmk%#oluwdn
- ﬂa«aé i LHHZLﬂ‘7VﬁEH11% = e o ™ L
7A§§Tj M D e B O i) awkﬂﬂo \ _cq,ﬂndrﬂﬁlﬂaﬂ
ziﬂm%ﬁﬁﬂa EOTHLEQQ%&ﬁ%?@ﬂréﬂkﬂ%Hﬂaﬂ;o@ma?
o ﬂ‘ﬂ}é.mg EVaTﬂoﬂﬂﬂwﬂudﬂbim%z&,.giﬁ W
EL% ks o 3 ES%WﬂrHﬁe = wré ﬂlgﬁlx%@%ﬂ
ﬂpﬂﬂﬂAgozjx% u}ﬂﬂ@udnknuﬂt%ﬂnﬁﬂugﬂﬂ ngoullmﬂ:oa&
=a Ly,wﬁmmﬁmizaﬂu@c MTMDQNWNMU}W»M ,mMAOtMWl%ﬂu%.mﬂuﬂMvodﬂu%
ﬂJEL zo_ﬁﬂ;ofﬂy xU71rﬂAm|Mu;oﬂuoH ﬂLLuWuAmMﬂL Zno:ﬂ_.
MMEﬂHEIM% }mﬂ_/qtf 7%u|ux$iouﬂ}1rﬁe T Q%l%
I aa_a\M bﬂr.nHT71r§@ﬁT1r o EE#{_/ Mﬂdrﬂrzf eI
EEWL%%M@,u%zﬁym@@@4 7tgofzzoﬂtoiﬁmfnﬂy%
7 e ;%ﬂz4x0a$% @%ﬂéMwaﬁ@ﬂﬂ,ﬁmcg oK g o =
= WY ?TWﬂﬂn_z_ﬁfrﬂrEﬂnﬂ' Jdrmrw.xsﬂ%_f ‘lﬁ%“ﬂmoofﬂréﬂfro_a
*Ewqag%ﬂﬂﬁﬁgﬁga¢1gswﬂoA&ZH&@%@%@
N o ovﬂwwg4qmﬂﬁw}ﬁﬂgﬁwwﬁﬂfm%wﬁMAWOEE@E;
o] T = 5K g -~ _ X Jl,ﬂowﬂ% = Y o=
)l o T = Y %MH dlwnauoqu.u Y N
F%a@c T z_ﬁl_/r_clﬂyui ,%EUrHMﬂuzmﬂmOuﬂMS%WWrH%
V:T@ﬂ R T otAoﬁﬂ.L R R NroAEﬁTuauco
0 o = 7dunx._oﬂe #ﬂA?,@uoHV 7uorﬂr.u.uovn_tuﬂﬂmo£] s
o 7 Pr%ﬂ%ﬂ} A%u@r% R RCIC n pmgeuumﬂ
WLZuw&;_z__u WO_ﬂ_A voW._ﬂoa‘_.wwuLoE1 _XAT,&|\_ dmdﬂtdlﬂﬂoﬂlXJlL
= M o_n,m.mg " T B W5 T T ~ lﬂubﬂoaf B B oL
]\%ﬁﬁ\ﬁm OfﬂaNUXH‘DV\_Dfn_‘OIO_EEn_ VQ_OIATL leiw XH,WIH]#ONO
o o B Mo T o o~ L = oo_1rLL
ﬂAﬂAMMqua?drM@MuMmﬁmwZoaﬁmﬁd.ﬂnmmm_.ﬂehznﬁhwr@%A ﬂrQﬂotaﬁmﬂﬁﬂﬁﬁ
Ewwunu ﬂw}uwm%wao»‘ ,HD|1_7|7§_xsTﬂdu.E,m» = = _#oﬂmuk
ﬂx__oliu_/ﬂ o uﬁ.%q%‘gemﬂ@ _Qldlaw%o o Ry K
BE k3 A ﬂlka} BEEHe 2o P 3B, o
ol e Ao o a#ﬂ i ATtx_.%_ﬁ.o] o8N 2 oy ™ o =<
L?xegﬁa I ool o E %Alof fn i -
%0 SU%MMﬁm_w_uwm.n_mum. 7Lluduuodr.1d|o A i e > D
U,lﬂFL‘OI ) _EMIE.IEW ‘H‘_ ) ol o«Mﬂ_oH_ll_‘m,AyAL og.u‘ol‘._fwﬂ/lowo E.#‘vmﬂoﬂoiﬁuu i~
Lﬂ1%¢|ﬂ|€9_ooazuﬂlﬂmuMUoEiE@E o o] 7® o_@aoczo
mﬂ@%4&@@%%;@&@%%&oLmoo%Hm}rco %immﬂAJmmﬂ
o il N —_— - ~r o
Eoﬂﬁﬂ ﬂn_vllTgmioﬂuq‘ﬁﬂm1ﬂﬂlwu¢§§qda,@q ‘HHTle_AIaLU_WWE_.ﬁ‘QI
e oo Ro X = T = s oo AT = Rl # dlo ) By i 5
\MISHLOZOL_M 11,|]L IEILI QOﬁoL = =0 o Jl»71r].l]1r,|11
- G S0 ™ To o X ay 5 ob R o X m R X ol X T w5 B
woapln_rmiJuﬂrmm&%idr%nﬂﬁmmﬂoﬂﬂemaﬁdr_/ ﬂﬁwaog%%wwwm
;.N_l,&ll\m,u AR _XPo_ﬂnUrmH.mLE,l C#O.WL4M1H&L].1@| lrw,_vwlﬁﬁl ,
W;E@%%%%M%ﬂww%ﬂﬂuxereﬂ%aumwaﬂﬁﬂﬂﬂmo% E%ﬂ%%a#%@ﬂ]ﬁi
N@mm_mz_vbﬂ_ol ]ﬂﬂioﬁﬂ m_,#.d_lumeMﬂL;oEﬂodlEM ﬂﬁL,o| HHOMLOM
= T o = =5 L, _ B N
x;m%%wygqa@%@%w%w%mamgm WM%HQ%NW
o= ) < = P _l_L‘,oEH
Eormmoqdoufrbctwg?lna ,dlurL - Msﬁ ovvﬁ;o}
;olx,mallu%LlPL ﬂrl_l;oEdr N io?u ™
< ) 77Loadr oM o 9o e 7of3|txo*i oY
M;;{u; = A Xp Mo LS )
o X% = S N X —~ = 5 M o N g =
| ol o = N oy oF R 1_/1u?3|
%ov1ﬂlikﬂ cg%mn@‘ﬁl B m
7Ioo#nuMJ. Loﬁog L.‘E_Ll =K
2233 uﬂﬂ%%44%
® :La]._éﬂhwi 5 )
ﬂoi;]odr.]y i ~
oLﬂL.‘.axq.mu_dﬂ .
S =

2= 9
ek,

1.0
=

Al
-~

=

B oA
ATl
1 AN 322k
gul h S J—q_zﬂoﬂ

Eyl_

k=
E}'l_ ;goﬂ/ﬂ 941]]
_/}_O]X]

[e;
Ak A

)

S Ay

=

1
“j/j] O] O]—H
=

XéE'_
],

A

o 4
T&o e
=

T;]-E

o] whe

A

i

o n| x|

3l

S
5

gl

s



4
2
:(u)LL
iih
=2
=
fitl
Ho
e
k)
tjo
2
ol
ol
ol
7
)
o=

fu alo ¢
e
fo
ox
N
N
rr
[r
N
)
&2
rlo

>
ol ot
oft !

ot

>

S
N TS

o
)

(o]
fo o O @ H1owL [

_Lu;a_
o T Hr %

Lo

o,

i

!

%
R A

N
tlo —
o
o~
>
N

e}
fiul
t
<
—n
N3
N

N
du
o,
o
>
b

sk AAtel AW MRTETE SVTellA A%
= O =/ #Hrlkekid. ol
AR BlaLo M e =yt
SVTel Zaol k=

MM F Mo off MU N off o ¢ fr N x
& o o Ho i
e g
o X T
il R
3 - 4
3kn;$r9~m
s >
S

1>H§‘>£
w il P
Iz
_iﬁr_(‘ﬂio—{
3o o
5

&Y
£
e

o &
B
1 o

>
2N
toby,

fo & & njn

H r.m o
EY
il

=
N
fu
2o
S
b
2
>
>
N d

R <
i
o
o
_O'L
N
2
il
o
o

:‘?‘:’
ing
ro
o
o >
N
o,
2

AN
N
2 T
] Ha
oot
2,
>

2

ol
=

o

rok
o
o
ox
ofl

2
=
>
>
N
T

e
X
oy 5o
2
i
o
o
>

oi\
o
roh
ol .
i)
o
2
M2z A RoeR f

S o
o,
)
ot
o

0= o
olo
oft
rlo

50 ML &L od Lo i

A~}
[

ol of

TR e 1

4 g
rr
fin)

K

")

o,

=

[~

oy

b

> N
N

‘1- o pop
okl

= %

w =B
=~
"=
B3

lo, o ot

% ol
T

2

lo

fitl

ey

ofo

of

o,

2

Ho o2
oo ot
ol ox
% o
g2
RurpyiicA

Hy rlo H{x

o, :{o
o i
Y
e
B d
[“_8‘:',
& r2
N o
ol)
M
ol
)
&2
[e3
o
Lo
o
=
X

% oy
N
=
Sl
ro,
poc
lo
fitl
!
a

Lo

WE T
N
N
>
[e3
o
S
o
N
B3
rot
)
o
o
2 s
:
5

A, Agel Foldt xR 7 A, g
wioll Ee AN o=st
ol & o] FoyAA] Regirt. &, &
AAA S 2dh= Aol oh7] vl
AL w ogAE WAk A 5 ARdE
shgll wAksh shzke]l v 2ol
dohiA= Xapdch ®=& SVTE FAsHE
of me A3t AolE 7Idstgl eyt o] 7t
A &an, o) AL EAste] 2 ZIdstgld Aole A
oA BZetr] ojE ik F AR AR 29 7

Y
0,
o,
27 o,

N
N,
>

=

(o3

o
f

o
4

i)

Mo rju

ol o8 i =

b

o N
[ Lo
BN ox e oY Az oo rE

i

se Aze Ao A%atd gob A4H el

7% s FedAgel ¥ FRF A A 9%

ofr
-

fl 32 ML

(Norman, 1993). ¥ AFelA ‘A% =27& 3
Ao ALd) BT 1 T 84 EHS

o

f
S
>,

Zj]

2

A, $4%, ke, whaa] (001, FET 43 fol
314(9), B3} 3(2), 475-49.

Kim Y.S, Woo JH, Park YB. & Park KS. (2001). The
mathematics pedagogy terminology set, Journal of Korea
Society  Educational ~ Studies in Mathematics — School
Mathematics 32), 475-49.

Abelson, H. & diSessa, A. (1980). Turtle Geometry.
Cambridge. MA: MIT Press.

Amorim, M. A, Isabley, B. & Jarraya , M. (2006).
Embodied Spatial Transformations: “Body Analogy”
for the Mental Rotation of Objects, Jownal of
Experimental Psychology 13%3), 327-347.

G. & Yerushalmy, M. (2008). Embodied

and Their Role in the
Construction of Mathematical Meaning of Motion
Graphs, [International Journal of Computers Ior
Mathematical Learning 15, 111-134.

Cho HH, Song MH, Lee J.Y. & Kim HK. (2011).

Botzer,

Semiotic  Activities



TR At Ao AstE AR 23] H gl

On the Design of Logo-based Educational Micro-

world Environment, FHesearch in Mathematical
Education 1X1), 15-30.

Clements, D. H., Battista, M. T. Sarama, ] &
Swaminathan, S. (1996). Development of Turn and
Turn Measurement Concepts in a Computer-based
Instructional Unit, FEducational Studies in Mathe-
matics 30, 313-331.

Dreyfus, T. (1993). Didactic Design of Computer-based
Learning Environments. In Keitel, C. & Ruthven, K.
(Eds.), Learning from Computers: Mathematics
Education and Technology, NATO ASI Series 121,
101-130. Berlin: Springer—Verlag.

Gonzalez, E. G. & Kolers, P. A (1982). Mental
Manipulations of Arithemetic Symbols, Journal of
Experimental Psychology: Learning, Memory, and
Cognition 84), 308-319.

Hew, K. F. & Cheung, W. S. (2010). Use of Three-
dimensional (3-D) Immersive virtual worlds in K-12
and higher education settings: A review of the
research, British Journal of Educational Technology
41(1), 33-55.

Hoyles, C. & Noss, R. (2003). "What can digital
technologies take from and bring to research in
mathematics education?” In Bishop, A.J., Clements,
M.A., Keitel, C., Kilpatrick, J., Leung, FK.S. (eds.),
Second  International Handbook of Mathematics
Education (323-349). Dordrecht: Kluwer Academic.

Just, M. A, & Carpenter, T. P. (1987). The psycho-
logy of reading and language comprehension.
Boston: Allyn and Bacon.

Kynigos, C. & Latsi, M. (2007). Turtle's navigation
and manipulation of geometrical figures constructed
by variable processes in a 3d simulated space,
EuroLogo 2007,

Lakoff, G. & Johnson, M. (1999). Philosophy in the
flesh: The embodied mind and its challenge to
Western thought. New York: Basic Books.

Lakoff, G. & Nuafez, R. (1997). The metaphorical

=

g AT 199
structure of mathematics: Sketching out cognitive
foundations for a mind-based mathematics. In L.
English (Ed.), Mathematical reasoning: Analogies,
metaphors, and Iimages. Mahwah, NJ: Lawrence
Erlbaum Associates.

Lakoff, G. & Nuiiez, R. (2000).
comes from' How the embodied mind brings into
being. New York: Basic Books.

Lee J.Y, Cho HH., Song MH. & Kim HK. (2011).
Representation Systems of Building Blocks in
Logo-based Microworld, Fesearch in Mathematical
Education 141), n.1, 1-14.

Morgan, C. & Alshwaikh, J.
three-dimensional ~ movement

Where mathematics

(2008).
with  gesture

Imag(in)ing

‘playingturtle’ orpointing? Proceedings of the British
Society for Research into Learning Mathematics
283).

Norman, D. A. (1993). Things that make us smart:
Detending Human Attributes in the Age of the
Machine. New York: Addison-Wesley.

Nafez, R. (2007). The cognitive science of mathe-
maticss:  Why is it relevant for mathematics
education? In: R. A. Lesh, E. Hamilton & J. Kaput
(Eds.), Foundations for the fiture in mathematics
education. London: Lawrence Erlbaum Associates.

Papert, S. (1980). Mindstorms: Children, computers,
and powerfil ideas. Cambridge, Massachusetts:

Perseus Publishing.

(2006). Research on visualization in

and teaching mathematics, In Angel

and Paolo Boero (Eds.), Handbook of

on the psychology of mathematics

Presmeg, N.
learning
Gutierrez
research
education’ past, present and fiiture.

Radford, L., Bardini, C., Sabena, C., Diallo, P, &
Simbagoye, A. (2005). On embodiment, artifacts, and
signs: a semiotic—cultural perspective on mathe—
matical thinking. In H. L. Chick & J. L. Vincent
(Eds.), Proceedings of the 29th Conference of the
International Group for the PME 4 113-120.



200 ojAE, 239, $Hz

Malbourne: PME.

Ramadas, J. (2009). Visual and spatial modes in
science learning, International Journal of Science
Education 31(3), 301-318.

Shepard, R. N.,, & Metzler, J. (1971). Mental rotation
of three-dimensional objects, Scrence 171, 701-703.
Steinbring, H. (2006). What makes a sign a
mathematical sign? An epistemological perspective
on mathematical interaction. Educational Studies in

Mathematics 61(12), 133-162.

Stidff, M. (2007). Mental rotation and diagrammatic
reasoning in science, Learning and Instruction 17,
219-234.

Thurstone, L. L. (1944). A fctorial study of per-
ception. Chicago, IL : University of Chicago Press.
Verdenberg, S. & Kuse, A. R. (1978). Mental
rotations: A group test of three-dimensional spatial
visualization. Perceptual and Motor Skills 47,

599-604.

Vygotsky, L. S. (1978). Mind and society: The
development of higher psychological processes.
Cambridge: Harvard University Press.

Wang, H. C, Chang, C. Y. & Li, T. Y. (2007). The
comparative efficacy of 2D-versus 3D-based media
design for influencing spatial visualization sKkills.
Computers in Human Behavior 23 1943-1957.



B A4 FAlel) Agkd AR 27 HGo] A AT 201

The application of embodied turtle schemes for the task of
the spatial visualization
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The theory of embodied cognition assumes that behaviors, senses and cognitions are closely connected, and
there is a growing interest in investigating the significance of embodied cognition in the field of mathematics
education. This study aims to applicate the embodied turtle metaphor and expressions when students visualize
three-dimensional objects. We used MRT(Verdenberg & Kuse, 1978) & SVT for this research and both tests
turned out that turtle schemes are useful to the students in a low level group. In addition, students found
turtle schemes more useful in SVT which requires constructing three-dimensional objects, than in MRT which
requires just rotating the image of three-dimensional objects in their mind. These results suggest that
providing students who are less capable of spatial visualizing with the embodied schemes like turtle metaphor
and expressions can be an alternative to improve their spatial visualization ability.
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