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& Sztcs, 2014, Newman et al.,, 2016, 2021; Park et al.,, 2008; Verdine

et al., 2014).

2
Ak 28 A5 A7 F, Verdine 5(2014)¢] A& 34 &
Rrz AT sEe AAFHow Z4s] 98 309U xRy BA
(3-D Test of Spatial Assembly)' & 7I&stHt. FAH o2 o5
of5elAl LEGO® &% 2~4/M= #A4E Tx2E 23S AN 5, Fof
7} ol wt whE A3ES ngow QYo FRE F 2y [dA43F

o7 BHFE FNFERE HEJSA AF (A A4 match score), 1]
a1 5559 344 <Y (vertical location), §];ﬁ(rotation), A=A ol
(translation) o] 2= ZF7+e] oAl frol7} wh= Eo] By AdXH

sl A= (XY < dimensional score)E Tttt 2 A3 Ayt
S A BE A frebrt EE5 2R o]FoAX M ded FRES
Hgo] gt v+ b sy, FRES 7ASE £S5 57 3~4
Nl Ag-ol= A Fdo] 5438 TATS WS H(Verdine et al.,

2014). 3H, McCallum 5(2022)& 54 frololl Al 3~87/0e E2o=7

Y T2 2P Bgo] we WMEINES su, fobd HFH &
B3 pAE WAL FuA HAch 1 Av, R@ fol Ao B:

P B5 TES L BPos Ad@lignment)dtE AE, 2 B
@2 &< (checking)sh= W&ol frobel HaAd 72 A4

e
)
haed
oo

S AT =3 Tiand Luo(2021):= 283 593 A=



it
ol
Y
-4
BN
il
>
I
oX,
_0|L
e
P
o
o
2
>
k1
=
A
4
e
lo,
>,
™
i
rlr
ko
ot

n
#
v
o2
o
u
N
fo

il
o2
1o
2
do
Uz
J
o
utl
1o,
x

Il
B ASES A7 BReE ednt 1 A3} 4~54], 5~641

52 3~44 fobEel Ml o we $39) FuTE ATHl b

Ho
o
©

ot

KeN
=

O

148 frol7l E5o=2 FFxE AFAHSE 58 AAE HHE
A++=(Tian & Luo, 2021; McCallum et al., 2022; Verdine et al., 2014)
o] AxE FIetd, frobe 3414 7HE AL @29 EFo = o] F

A g2 a2 AqAdss o destA v, e

H vrh §le AAolth 3 Caldera 5(1999)0 wWEaw fol7l =0
2 FATEE ATASE 82 M7 2 =250 E A SNk O
atut, 319k 44 Afole] folrb FikTxE BEEOE AFAdste A
T ofme WA WIIF veheAs E2Wst dokdd w
ehA frob7] ek ATl el ud dddTe] daE ned
Zark et ofw AFATONM 34 Fobrk oF 10~40%°] HEES B



el 37he] EEo = o]FoX EIPS uwl == A (Verdine et al.,
2014) = 3AI<F 4A19] A AT e HES dolr 7o A3E

H, Fobk FUHTERE ATAHA ANAE 2P FATEG f
of Aalel ATFHB(EE AFHD) FHTEN AR Lok AL 94
& % gojor Ak *.:l?ﬂ]i, T2E R AN 4w JE BE P2

(checking) 3 F7F &5 fFol7l A4 F34+x2 AFAAS due

A AIH(McCallum et al.,, 2022)7} o] & St I2dd folrt +
A

= Aoz Yelgo (4o, 2016, DeLoache et al, 1991; Gentner &
Markman, 1997; Gentner & Toupin, 1986). ¥t 2, F ApgolA ¢ &

e e 2 1o fAHl B A, folES T A 1o ¥

Markman, 1997, Honomichl & Chen, 2006; Loewenstein & Gentner,

2005; Paik & Mix, 2006; Rattermann & Gentner, 1998). oZidj,

Gentner®t Toupin(1986)> 4~64] folEelAl olop7|E E8Fi A=

& AGER 2 Fxo) ooblE WEA AL, folEe ¥

A7 FEEC F olopy] HolN TE 4TS ¥ Yur) 24U @
S

W FEA Fxo ooty ATFALS HA st TS, Thibaut 5(2010)

_4
—

-4 - ___:rx_-‘! _CIJI

H FxE fogste d WwelE W=t (Chen, 2007; Gentner &

'I']i Fe
_-|

l



L 6, 8 144 oFsEdA ‘AB:C? d29 =8 #F HAE AA A,
At B 7F] #AI(A: HotE=E 70 ER)F CoF Y kel #AI(o: Al

E2)7F ZEE Vo dube w@(d: tRE 7 AR)E B FoA 1=
w5 Stk o] HAe A obEe meF ke AAC Yz @& ekl
AR, 64 ot ES BVl F YA, B, T O)%F 22 M9 &3o]
AT AF, 2 A 2ol gle ARy A"S AA Lt & ¢

SBA L] delA frolrt F Al 3P SAAE dHEATIE T
S AHE A3AFE(Blades & Cooke, 1994; Gentner & Rattermann,
1991; Loewenstein & Gentner, 2005; Yuan et al., 2017)o| A% $j<F &
2 A FAHAJTE Yuan (2017, 23 17 2)2 34 frobrt A=
e AbE . 3ol A AbEo]l BE WA tE fAdd e d

(cl: A= 7Hg o] a8zl gxrh B ellA 7 L 2% )



A E o} B

o

T

4 3)

2] k<3

(2017,

=
[€)

o FAFeR o5 AHE A2 Yuan

i

—~
o

Ao A A
SEIEE R

=

(R E R

S

A]

Nz o
]

[e]

1=]
=

-

(29 1, 203 249, A=

T o
I meFe] AvE Al ANz

29
=, A

)
Al 9l ax7E Aol
wa) Aol b4 %ol

R
2R

=

R

it

Az o

1

A m=ell yEbd o]

-
L
T

KeN
=

A o A
A 71 e EEo 9E). 1 Ak, 34 Fob

L= S =3 e A o BSRLS

CH(ell:

7A
B
Q)
=
_

N
b

PN
T

Q]
=

Aotk ey &g Aol A 34

1
T

2 skt

1 o] 4]

o

[e)
=

™

o9
b FAA AR AAE AT o

e E R ENCE

=
L

|

o]

al

7
A} A

o

N

E{l,

Al o -

3

el A el 9

Els

HA & A

S

= =
FE 54

o
o

A AAEHE B

Zzhste, el mek fobe] TR ATl

KeX
=

7F St

o
w

ob Al a (el

ol 2016; Blades & Cooke, 1994; Gentner & Rattermann, 1991)el

ol

wmo

11

& ]

)

i

3, 4A4
,-:'A _‘~|I. 1_]|

[e)

T

21 2, Blades®?} Cooke(1994)

o]

3A1ek 441 Atolel gt



2ol A7 o)} 2747 &<

=
“‘—'__]

ITh 174,

=4

pzs

=
=

o7 % 174,

= 9

W T ook o I M T - B L J%ﬂn%
i ,LlL 1 o% ) . T —_— 0 ﬂrL —
S N E T LTE y T oo oS
X T O o W Ak ° o b ~
X T o W B FE A R
‘Aluﬂ OO OT EE 0 ;.L&E UL o . ﬂ ‘.w
- N = = RETE 20 Mo o H N oW NOMoE
oL w T B o B Xk I Y s o w
R 0 <t o E._ 0 i fils) ] [e) 5
R o O @ o I~ _ o W g W
(S = 5 Y J@r_ﬂ%%%immﬂ oy oo
B % 70 MHM n_AHI ) %E o & oy W m_l T 3 o .ﬁ o
G+ o L 0 3 Nd N I ~ = _— =
G ) A o g & ® oW oF
[ T T LS o o o ) o T
% 2 R o s A T o N B = o w@
= % m ™o 3 = 0 o5 %0 s o @o o) ] = o
ST I - T o 4 ?%a% wL T g
X o@oa o g G SN g BN
o~ ° Mo X = ) T og i
F oo W = ;.ﬂ#lwﬂ& mqoﬂ
T o o X N L S U T BRI Ho B g
31 = - U N - mON = M_l 3o _ ~u
Mo R T o o7 N
-~ w o A o | 0 @H T o T HM o W
0 oy TG — e op = 0 gl
%%H%é e Lok oyow T M %%o%
= N 7T X oW o DN = = ) B o5 7
T RV - L U WL R T
I B = 7 N R SR S Jo mh
° Lo FE T M E e e o
ook N % % ook TR oy A N
™oy 2w ; N o
O S SV R NS S I
o & N o X9 T oo o'W R oW o R
oy Mmoo %iﬂg%ﬂ%ﬂ%%%%ﬂ?E
~ —_=
T OTT O Joo gy o oA e T R W g up YR
T ook B om TN M ® X % oo e w B T GO -



o ol

Aol webA  frotel I Aol

-
T

Pl
opx a1,

2| o Fof 2]

o)
=

A
A

o}
=

o}

&l 3, 44

o
n

o]

B g

L BEAGAA WA R fobe] 74 olE

]

95

A



L oj2d W73 @ MgadT ua

1]

S

T Al 3}

A=

i

;Ow_

EA A7

-
R

o] ZellA

Ny

o
o

™
i

B

o

L frote] 7= ATA

=4

D 72 AF484 Ads

o]
]

o .

2}

7+ Z(spatial structure)@ 3+74

SEEAREEE

(Battista et al., 1998; Cheng et al.,

(Yang et al., 2022)

7w @k wehA

)

S
T4 (spatial structure reconstruction)®] &,

A==
[}

(Gouteux & Spelke, 2001)

A%

1

X

\=e)
==

AR

S

=i
=

e A Bae AUA =)

-
T

Montello(1993)

Lol weh vl 7hA =

(figural) 33+ AlgR T O 57}

g

A

] 5 (locomotion) ¢

]

%1—0

A

al

A
=

i

Ho



S Bg A B, Ao

[e]
A1 2] A (geographic) &3+ Abg FET 4 A7 Abge] o]Fo =

A2 Tz AA ) o AAE fotd F o deEA AR
Lh(ofl: 7Im] 8] 2012; DeLoache, 2000; DeLoache et al., 1991), %42 &
gz el A AlE e 33 ARE 7 YstAY A2 5 d=A
thef Lolr trh(el: Twyman et al, 2007; Yang et al, 2022). ¥
oA AHE A St FHTEE ofed A B EFoE TA

o
H FTEE, 2 RE #AA (figural) &7t @t B £ 9l

Lo

(Casey et al., 2008). Verdine %(2014)& LEGO® &= 2

s 34 frobk A4S = e 8s AAHeR F487] 98l
32k F7xY A (3-D Test of Spatial Assembly)' S 7R3t gich <
TAES T HANA Fole] FFE AFHS F A Vo=
HEAT ZF, (1) fFob7k e Fx2EQ 2y ks 22 Iz
ES W=+ d A=A ofF(match scoring)et (2) &4 wjd
(vertical location), 3] (rotation), ¥ *| ©]%(translation)o]&t+= Al 7}A]
2o BE I} fole] FxEo] dx|s= X (dimensional scoring)&

727k G 714 FAA Wdeld BEE 7t Fo @AE, Ao

- 10 - ___:rx_-‘! _CIJI

'I']i Fe
_-|

l



—~
_AM do = T
B mzoﬂlmvﬂeﬂo]
— HE.#ooge
o geiﬂ% ﬁ%aﬁvevﬂ1
™ N ol 2 o W of of o) o
Jlef. s B % Jo Eﬂmﬁ oH._ﬂﬂ
TR A o S A T ool T B
o ZEE .EHoﬂvoﬂZﬂﬂnaTu_.EiMr J.AOo
e Mo ) ) T ~ T %0 PX oy KT Ao
of Jm_.x_,ﬂ_olﬂw_dﬁnﬁﬁrﬂ_,ﬁﬂuhﬂl = _OOtﬂuﬂi\&E
Gl %él@xq - ﬂm.moﬂﬂ g 5
uf- o = F T ro £ o ® AN = g
up o W Ho N dlo oo Ho E 8 3 T
EE o Jl e ‘Ul =< OW oL ﬁi E.E 5 JI /m. = m =
A TR MR Pooe g o NT Lr g £
fogTaas E58 SR PEAES 127
< E:q.oqu%ﬁmloog@@ammfﬂ wo_ﬂ%mgﬂ
‘,W_l o U..* o H;E io M Of E._;l U..# = 1 NU\ A O_H _L N 1__/I ,:L m dm Woﬂ
% sﬁta@ﬂﬁssq@wwgwggﬁimm1
=] ,UFLLOIW&LOCEn_mo]v_Al‘MﬂLmo_,TMA‘ADE,WEﬂoﬂiooWoErIbcﬂu
i qovoﬂoq@??@omommg% rhuw o, S0
B - = B 7 o = -
B &%ﬂmmﬂowzim%zﬂiﬂz%Mmﬁimm&
N ﬂwg%mm?v%iw ;ﬁq@%@ﬂu%g
o ™ ﬁw_st ﬂze_egﬂ%k_ﬂ%%mﬂoc
g ogﬁggﬂm?ﬂ%%»cm B ™ 5 F I
W ﬁio%ﬂﬂoﬁ_o Em@ﬂldomﬁuiwﬂﬁﬂau%
;%@m%mng%EHOMEWESWmME%ﬂ
R?nﬁwbtiarﬂcﬂﬂﬂ;ﬁw&é@{]@ﬂ;mﬂ
ﬁana:vﬂ .}%ﬂm%yoo%ﬂ1% o
o oV ol QO © = i —~
T ° HﬂoeﬂL@kovaaﬁamd.mm%%bz m
ﬁrogﬁv?ﬁwcﬁﬂf L),L(h%kcmz?A%ﬂﬂE
oﬁﬁ?gﬂ A E_#Horrﬁqmn oov_aarwa}
W ﬂu.m @lmmu._%qmﬂ%mmﬁaxo(pw@zl% & ~
_uM%iomeng%ﬂuﬂMe eeEn;_wAT/nmiﬁ%M_ﬂ_wWEdr
&) mzﬂmwilﬂ.mmlxg%sﬂol o °F
E 5 1xamm;§ ® AT;:E@R
%éwm\mdﬁw@%%%&u%“&
(uzom ﬂ1ruvga),.mdr.
_.:LL._O ﬂStﬂA
%wﬂixmw_.\_a»
ﬂr%%ﬂo
A_ZTV

e '|- =

=T

2

-1 -



3 fole] B2 £rgtom ugAyY Adsts Qe ey
:[L

(Borriello & Liben, 2018). ©o]#g A A= 334 %E

B oQE PRES 4Esu muse 3y Fasts AL & 5 9

of 3 A AAIEE A At (MaCallum et al, 2022; Verdine et al,

THrE AT A e T

O
-
lo

2014)l A AHEE H

Fop7k AT FREe] B b7 EvE s 2EA

Exoz (1)
of 3k ‘A

AA Aztel W Q) Fopk ATAR FxEC Y BF 1 £4
2 wA, BE AR (A) 5 wdseAd B AFH HAgo =
e TPAte AS &+ ok

7= 7Fs3bH (el Yonas & Arterberry, 1994), A =9} =& W =

s
29 33 AA % 5 F e FATEE oldan, 4SS s

o,
i)

sto] FITRE olF= 24E T dHeS A=
mapping)<= fob7lell WER @Eets Aom Hltk(d:

1ol 2016; Blades & Cooke, 1994; Deloache et al.,
Gentner & Rattermann, 1991). <71, DeLoache (1999)<

A el 2d Wy = A A Ads

m{m

o ool AAtzRE 2 gyt da W o] #All i A

_12_

N8 2012;
1991, 1999;
frolEol A

R
el
=

A
38

o,

il

___:rx_-‘! k k:JI

1']: ‘_l
_-|

l

11



3
=

B

ol

o

HhH A o

S EArh

=R

= ¢

5=

Ho
)

Al 7],

1
o

2o] A%t
Bad WEs) glem 1 Ay

=
[e)

a2 AT

9

o}

o
T

NP

o]

=
=]

ol

el
i
Mo

ol

oFl B2 w

A= & e o2 &5 ToAA F

3

(Borriello &

=
=

4 A

Liben, 2019; Bower et al.,, 2020; Ferrara et al., 2011, Verdine et al.,

3
2014, 2017)2] A4 3PS AESNEHE, AASH

A

ki3

WOz ALg

=4
[}

t}. o 7AW, Ferrara

0]
AN

PN
T

fsid
=

A

S =
= T

1
=

717F oF 3AIFE 7he
3~5A4 frobet 1

T
a2

w2}

KeR
T

(2011)

(2014)=

p=N
[}

t3ith Verdine

S

= AlA

= A

3

& AT

b, A BEE 34

(s

ox

¢

il
[mt

X
N

Hr
ol

(¢}

5

1

5|
pul

b7k BE 2R o] Fo)7 v

TA ol o ol

Aow e pAdew,

Hol&=

%l A5 °oF 10~40%2] 3A]

KeR
=

o
™

°F 10% W

-
e

ob7h, E=ol 4711 A5l

[e)
T

-] &} 37

2] <

_13_



, frobEo] 2~4e] EEo g o|Fofzl RYn ¢ HF s
TEE ATET & deA Lo dy: ofFolAth Tiandt

Luo(2021)+= 34158 6A417FA 2] o} HH(B~4A, 4~54], 5~64)

o{r
[-'H
ot
ol
~

l
=

Y,
&
N
ol
>
)
ol

!
o))
=
lo
Ho

o
<
e
Mo
w

!
=~
>
Ho

o
<
iy
=2
=
o
nj
Au)
o2
r
s

LS =
MRS 7E F AFATE ol & TEATMA FTEE BA Rake A
oA Aoz WEadr AFAs B AAATE HodA B dg
H e FFxE AT s8R E S . ol9d X Cortesa
5(2018)2 4~8A4] o}FS iAo Z LEGO® E= 4, 6, 8/=Z 749 +
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B2oR FRTEE we Wi e BEoR AHEA HolE

32
ftlo
2
H
in}
i
flo
B
X
Lo
ol
o
N
iy
o
l’E -

(Casey et al., 2008). HAZ F3to3 e FHo|A % 3~5A4 fol= HF
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D 7= AFA4e 1A

BN
fo
do
o
N
l-'EI
[t
rlr
ok
o
-4
BN
mlm
/(_o? -
=i
S
g
S
=
%
rr
o
oot
rlo
o
s
-4
BN
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o7 2+ A A M(SD) zZ D
o Rank
=]
a4 2.33(1.10)
S WY 21 -1.962  .050
L2} 2.21(1.15)
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34 3] 19 -1842  .066
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& A] 1.65(0.92)
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Abstract

Spatial Structure Reconstruction by
Three—- and Four-Year-Old Children:
The Role of Color Congruence
Between Models and Blocks

Kim, Hye-Eun
Dept. of Child Development & Family Studies
The Graduate School

Seoul National University

Children frequently copy existing spatial structures using materials
such as clay and blocks in their play. The present study investigated
three- and four-year-old children’s ability to reconstruct (copy) a
model spatial structure using blocks. Specifically, we examined how
the ability to reconstruct spatial structures would change between the
ages of three and four years and whether the color congruence
between models and blocks would affect young children’s spatial
structure reconstruction.

The participants were 64 three- and four—-year—old children living

in Seoul or Gyeonggi Province. They received an adapted

- 72 -



3-Dimensional Test of Spatial Assembly, in which they were asked
to recreate given models (i.e., interlocking spatial structures composed
of three blocks) using LEGO® blocks. Their reconstruction
performance was coded in terms of the overall match (whether the
product matched the model exactly or not) and the dimensional match
(to what degree the product matched the model in dimensions of
vertical location, rotation, and translation). Data were analyzed using
frequency analysis, descriptive statistics, a mixed-design ANOVA,
independent f¢tests, paired ¢tests, Mann-Whitney U test, and
Wilcoxon signed-rank test. The IBM SPSS Statistics 26.0 program
was utilized for statistical analyses.

The main findings were as follows:

First, children’s performance of spatial structure reconstruction
significantly differed with age. Four—-year—old children reconstructed
the model spatial structures more successfully than three—year-old
children. The overall match and the dimensional match in terms of
vertical location, rotation, and translation were all higher in
four-year—old children than in three-year—old children. In addition,
children’s spatial structure reconstruction was affected by color
congruence between the models and blocks. That is, children copied
the models more successfully when the models and blocks matched
both in shape and color than when the colors of the same shaped
blocks were cross—mapped. However, this tendency seemed to be
more apparent in the younger -children. Three-year—old children
performed better both in the overall match score and the dimensional

score when the color was congruent between the models and the

s 2] £



blocks than when the color was cross—mapped between the models
and blocks. However, four-year-old children performed better in the
overall match only (not in the dimensional match) when the color
was congruent between the models and the blocks.

These findings suggest that young children’s spatial structure
reconstruction ability develops between the ages of 3 and 4 years,
and that children are decreasingly influenced by the color similarity
between corresponding element blocks with age. The present findings
expand our understanding of young children’s spatial cognition and
offer useful information for adults in supporting children’s

constructive play.

Key Words: young children, spatial structure reconstruction,
block building, spatial cognition, color congruence,
cross—mapping

Student Number: 2020-25602
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