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ABSTRACT

This study analyzed how the spatial ability of children in the first and second grades of
elementary school appeared. The key components of spatial ability are mental rotation,
spatial visualization, and spatial orientation, which serve as spatial ability. The research
results are as follows. Children performed spatial orientation the best and had the most
difficulty with mental rotation. And there was a significant difference in spatial ability by
age, but there was no significant difference in gender and the interaction effect between
age and gender. As a result of analysis by component, there was no significant difference
in age and gender in mental rotation and spatial visualization, and there was no significant
difference in the interaction between age and gender. Spatial orienting was found to have a
significant difference in age, but there was no significant difference in gender, and there was
no significant difference in the interaction between age and gender. The results of this study
'.) will be able to serve as basic data for interventions that can learn how to effectively learn

W spatial abilities and think by diagnosing children's spatial ability.
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= AHE-SHCHBattista, 2007). ol & S01 =4l LAl v o] 7id S A 37t o= 4J5h & Add 4o
ShERTHH o 444 olsid 4= Utk o] X H F7teH 2 45ke] £ FYol A o= fash | Hk= Y
14 sk ol M F 23k A2 sk, 7Rl Q] L/A8E # of et £ Aol 2] Fgoll= FF= Tl
2| = 2 Q5 52 o|thRamful et al., 2017).

o
)
olr

)

2 g A7) oflet ol 4 249 0 Z(Linn & Peterson, 1985, Lohman, 1979;
MeGee, 1979) 32520l tial] i @77} o] 20121 9l ok g7ksele] Weeh 44 20 o
il ool ol2 0 S 3071 TUL 5 U B0 A5 U £ 5
U3t GojE M2 T U&or Ayt OH’—, Hih = H]ok Yl-goll tish A= o 8015 ARESH ]

T gtk ol & S0l A AAH 02 31T 4 Sl 5ol tis A AA 3]dojek= &olg ARSS e
SRt 27 Al ZHEle] TetE|= S8 0 2 WY % SFH(McGee, 1979), 37 Alg= &0 AFRSH) = &
Ch(Lohman, 1979) TLejit B7H520] ek RALHE Fo FEH 02 AFal PARLE HAH A
(mental rotation), 3%+ A|Z}3H(spatial visualization), 37+ *3FSK(spatial orientation)S- Al| A|5FaL Q1 THFowler et al.,
2022; Kali & Orion, 1996; Lohman, 1979; Lowrie et al., 2019; Ramful et al., 2017).

HA, AAA )AL ok W 33k A] 27t o|u] 2| & HAIA 0 2 FEsH= S o|c} AFEo] 3 H =
St 28 ZA o7 EY ZMr 2 3|45 & J7]0] oA UerA] Abash= Q12|14 7 0 2 AFEo|u &3
A 9] 817S S K Shepard & Metzler, 1971). A4 372 AFE-2 414 0 2 51751 S ujf o] & it
27 gateb mletet 4 QI 5202 wel o] A WS R 2 ST Wang & Cam 2014). T2 A
A 3] 52t obE o] Ul A T2 ARE2] 9 3]} Ao o BAIZE ATkl 7S 4= Uk w2t
X B A2S 88417 ) 34 27} 342 Bl 8]} l7lA 2 HhAlgko] ZojAle M B
A1E 7HIBH(Linn & Peterson, 1985. 043 414 2712 oju] Z| A& A o|n]2| & 2] -5t} Y] A=
2} 727 hE Al S AR AR AL Zgolah, ofol A AAIE 27 AlZtshe 27t RElE ol
3la R o oksh HEksls 1142 S8l (Ramful etal, 2017) =S ATAISH Ralleh= 532 Q2 st
HAH SR AR S WA A2 2T 22 ¥ 9lo) T AHIE SRAIRITHE HolA B3 A7t

Aol Qlc} ol QQ1EA A tolAE HAIA F AT} 27k A ZtetE 2 HelsltHHegaty & Waller,
2005; Ramful et al., 2017).
31 Alﬂsﬂh AFEe] B7F E4S HAH O MBS 22HHE 52 i 7o CHLowrie et al.
) 2 B 305 T, 4
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i& JIN

S HE Q4SS O 2 ZjufgshHA 37t
= A4+ 01010F oPE}(Lmn & Petersen, 1985; Lohman, 1979; McGee, 1979). 01—3— 14c>H/\1 = dHo] g1t
HghS A dslior st I A A 3 S eafA o= 7] ofskal vl w e 4> Qlofof gt BEgt Fgar 24|k
32 QA 4 Qlofok gt o] H F1t AlZS7t A LH%%T— A A2 = l S| Zalstal

M seehe sEol2hi, AA 2 Ake Al 9] 22 A2 et A dlE solt.
A 2 AR T2 AR Z2aid g 7] 1 9,1':]’(Cresent1n1 et al., 2014). 3t Al
A S| M2 T2 A gl oLt 354 0 2 zjol5Al & (egocentric) = Zd| Y-S 7|Hko 2 1t

Xﬂ st = HekE AR 222 Asto] A1 AAIE 71 o2 s QIR Al o] A ollA]
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U] TheFet T T @10l A 31t HAE WE ks Y2 ZIeHH AR x| HalekA] edal ¢
gzte] ¥y o] H5tke= 71 o|thFemandez-Baizana et al., 2021). O|+= &AL YAIAH 0 2 A& AL &
97} gtk Hoj|A] eba] AHst = Q Aok 1 E T

SO SRS T2 BN A3 o] oS Liekdx) ASkE 5202 Ao slxigt HjeE 2
4 2Fe] FZHA BAE 1AL ofsffd 4= Qlofof Rt} (Kali & Orion, 1996; Lohman, 1979). T2HA] of-sof]
Al IAA o= 2R 0] TS 7|5kl T &84 fix|ol|A vigfE = AS detes 273ttt o] A2
Pige) Al 4 23 Aol A1 94722 ok 0] 27152 1ol X7 202 10| ofefol 1
o} 9102 HolL} oollx] B MAZ A HeIck o|xje ALE-S T} oA 2 f ojziA] Welx
oltek 02 AFRS ofe] 71 Tl BN A= S2e MR 2 gk 14 BHolM Al S
YA 0 2 Z2b= 52Tt F7tof|A thE B 57| 5 A sk 582 9] 37 s o|thHegaty &
Waller, 2004), 2, A1 32} 27+ AlZbs}7} 2hafe] o] Elo] Q= Atelol M LR HA K o2
25t Selolell B2 sk BaAle] ol MAE & A vole] 2o ol 375
olef & 4 Itk

ol B7H5 2 SAL Aok 12T ElIZAA 2 Zalole) Wald gelg vlke g o
oA M, o2 E&H 02 EGH= 521 oF 64 0] $-5E] LFEhtTHNardini et al, 2006). £7H522
S TASHT G, MBS Toln] 27}E o35 RAJSHE S2lo|tt g Sol Alztg 7]
T Ch2 Y0 2 W A8 1 of @ o] E|A] AT ofEl7hE ) 2 ) 2 2ol 31 2ol
0] Qltke 712 ok Aol ol e ool BT 2L BTel A58 53l A2 Afole] 3
£ A)Zehe 2|2y 7R To 2RE| YA REE TEST 2AGHE Ay B0 syt
Ch(Piaget & Inhelder, 1067). 2k 4, SAISLE] 23011 elchelol A AIE 314 H2ke AFESHE S77H et
F9lom Z7 AHH o] HAIA HEe ofEo] 7HQl 73| 2270 719)E 'IH A 2HE THEstes, 1998; Harris
etal,, 2013). o] w7} |1 ZjotE Al Aol A Bloju} o] o] T up kS e 4= A =X oA, 237l 31t
22 QR Az mE|d S ARESto] o B Aol tigt o5zt %%“0}7] A 2Fett}(Piaget & Inhelder,
1967). Ee3t A7 ot 37+ ks Aeiehal 37F 9l H|37HA 35 4] £/d 2 Zedohe A 22 2R 71&
o] 52 7kl o= 8 7159 Wl 244 Al7]0]7] = SHh(Nardini et al., 2006). THEFA] ©] A7)0
Sfgohs 258l 1,28MH 2t o 2 3ol tigh A7t E e st

Teju 37t Hsto] 25eka 1ehd, S 1155HY, 4491 T o= 3 AH(Cho & Chong, 2012;
Fowler et al., 2022; Moon & Ha, 2010; Linn & Petersen, 1985; Ramful et al., 2017)= 2O L}, 50| ¥ 2 55tw
ABhdg tako 2 3 AT AltlA 0 2 Hof] ok §5) B1Hsle o 24al, 2zlet 9
7o), A2} 91715 A5} ol 52102 Alsjo] ofel olo] esisl, 7|2 Q1) Seiat sl selg
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£, 2512 oo} 12, A\ S8 SJAISHT] £2-3 Fo] 43 op et X2, ekt 22 s w8
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olol] & QoA 253k 1,280 O R IO SYHEE AwE A shglom 371
% oftl 74 247} A Wresha 4aof ofe} g2 Kol ), 123 A} 4ol ute} F7Rs o] Aol
7hQen] BAEhIA} G o] EEA R F7H5S SahaL SA O R ALISH WS uhE 4 9)

o
L xg g sfake] 71 ZAEE Algasl & 4 Y-S Zlo|ot

Methods
Participants

& A obse] ZHs Y A6 Qg Ao m S wol ARt Az et 1,284 ZF 3ehg A T
A B0 E A AT 25 Aehde A ol = 31t A EO] A HEke ofF0]
TAA 22F GA|IQ] 74| 2ol Ao} | w0 Th(Harris et al., 2013). -5 XI3gst7] Hof| aljd w57]
of Aol F4, W, Ui-& H NI B oo tigh #2-2 AYsielorn e o] 597t Rl obs it
Aoz AAsiAitt. 3bs TS 88t ] 21l /34 QAtasol 75t oks= skl e,
2 A2 P 2 25 1804 36, 281 297 0. 2 F 6575 o] A U} &2 A= A% 7| He] A
Hae el 5olS Tl sgsteltt

Task Design

IS S74517] Y8l AW A5 (Hegaty & Waller, 2004; Linn & Peterson, 1985; Quaiser-Pohl, 2003;
Ramful etal, 2017/ H}EHO 2 B7152 A48 HAIY 1, 37 A7tk B2 whakshe AAelSltt
I A E 7t Qo 345 2 4 LA = oflH| A& 77114 RHEQL o ofjH] AdE B9
TR o o) &=, ApA| 4, Al s A ALY, A o3l A = T2 ERISHIT: 12k ollH| A Axt IpA| 47T
L o743} 5 215 Ul ob5 7t W] WA} 2 BRHe wEvle} Ao ¥ FHe4uR Adsiglc
w5 R o] 52 TS ol £.8 ZAalelt) 23 o] Aol oF 5] 34 ofs) HES BT,
T 3 AIZbe] B A b A AZES 30 2 ARk ol e e B B0 =
d= 213 HE Al A A Z AGHHA| 17, 2 1A 470, T 15712 A= U 2F 2hAl= B7) 1"
1712} o2t A H 4702] of| ARl AR TE A 2 AlFE|Ql e, o)/fe] B g2 8t 7t
QLa} Haf st} o) ko) X e 15 oldel ESAL2€lolA h el = 8 A Wit

HA, A 212 23kl olu 32HA 9] AFES B Folu A S Ve o R SR wl L BE2 A
AEH 4 9l 5ol o] 24al] 98 dEhAls Ahgo s AT 23 ele] HRl T 02 A
o, & yAl|l= 22k 9] W 19 270, 3xF ] A 1 272 /g E] o k. 2 3] 2= 45, 90,
180, 135 2 4o} 9Lom] o] of2l obES Y-S FHEE H4akT LA ALES AAlskaA} o}
At o fIaf 22Hd A= 2R T ER /Y 1E S A, 33k A= B AR A
CCT(Cube Comparison TestyS A|A|5F.0.H, 321 FE ZHoj|&= 7| 55 AFRIsto] 11 7]5-2 Alg5t3ct
(Neuburger et al., 2011; Quaiser-Pohl, 2003; Thurston, 1943; Ramful et al., 2017).
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Fig. 1. Example of spatial ability task

A Feoll tgt 3 AutE wdshs Zlojab 3t Aldelhs 7 iR
AElo] 2750 PN 0B 37 Fei2 AT SIS Baz m}aw EE R
7] 913 FBT(Form Board Tes)& AH&-5190.0, FBTE 3 43 A0 2 olpshe 228 2 |t}
(Lowrie et al., 2019; Moon & Ha, 2010; Thurstone, 1943; Yilmaz, 2009). © A8 = HA|E 3| H5H= HAIA 3
ot the B0l A b= ulj o] of A YErEA] "W‘l*— S YFSHE EHA] =Th(Kozhevnikov
& Hegaty, 2001; Ramful et al., 2017). & Aol A= oFgol|A| 3-4712] =3 27+2 A|A|sk3l o o] & £3s
of n]—E 4= Q) =35l = &S 2 e 2 5}

S e TS B A 379 thE HRollA AE e a2 dste s8R o5 SAs|
9 OH A TH 4~8(Perspective Taking) T4l S AF-3-513 ChHegaty & Waller, 2004; Frick et al., 2014; Ramful et al.,
2017). A= 3 o] el Ao} 137]9) AFZo] Qs 18l 0 2 4] of gl of5-2 ApAle] 9]x]7) of
7] 4 22 20A19] 91300 ALES PHE9ES 0] Hol 48 ASlo] ARS AMElslolof Ttk

F

Data Collect and Analysis
3582 34| fl8ll obso] £4H w57| o] 281 oA 7= HAPE Y E ATk 24|
5t7] A ofzollAl 3 I Bl o ArE sl om, I 3 & SR AlEA 2= 4= %)
AT TAl= e shH oz AAIE 3l om AHoltal AEet Higo] tis)) 7| RES F2
% T SolArdol 1o’ 7|55l
28 2A317] 9ot ZF A1) A|A] A= HETLe] Zoloj whef LA AR
2 AAIst e 7h dol =7t W2 Fite AETAIE AAISHIT ZF A 43 & =
lom obFo] SHRE IS AEshH 14 oy 022 A2sieith. 3te Y 7 es
Aol F42 0-128 oIk, =3t 25 2| 9] FUABF =S &HH 5] 9fsl £ESHE A5
K-WISC-VE Z-&3513lth 3FsE S4S 915 IAo| B2 A5 AL 5 A3t #F=o]H H|qlo]
Foke HE AARE AR ] $ obsollAl A 2 AT B HAreH 2 HhAeke) A
476(p=002) 22 -] 51| LEHtT
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Results and Discussion

Accuracy in Spatial Ability
oh5-9] F{sE o] ofFA Uehh=A] #4517 flal 315 /d 4 Het it AHES ARSI
™ 71 A¥M= Fig, 2, Table 12} 2T}

2 1.907

1.462
1.292 6

MR SV SO
Fig. 2. Mean accuracy on spatial ability by subcategory

Table 1. Spatial ability accuracy rate by subcategory

Spatial Ability

n M SD %
Mental Rotation 65 1.292 1.100 32308
Spatial Visualization 65 1.462 .849 36.538
Spatial Orientation 65 1.907 1.233 47.693
Total 65 4.662 1914 38.846

At LA Ao P2 AT EY I RgSke] Hatol 1907, B HE 47.683%= 7P =9k 2
et O] -2 1462, FHE 36.538%, JAlA 2|40 Wt 1.292, HE 32.308%C1H, A
O] Y2 4.662, FHE 38.846%= UEFHTE o] = AR E] 134] o}5-2 thd o & & Atoll A = F-7t vhadst

grrol 7P =7 LR O (Ramful et al., 2017), 12-13A|0f| A &= 37 RFEFeE 2 4=7F 414 &)1k g7t Al
213t T =] YR (Fowler et al, 2022) 2 A2} -FAFSIH: o] & &6l 25 Aghd2 318 5 34t
s A E S o 2 7 & s dghe & 4 AR 2RSS sl dste]H ofso] 7l & 4=
AEE T ARl & 4= Qlths As dotof &ttt o= 7A1RE] 27|54} ERRISA B BEE A E
2= Q)A| =jd, 27+ HaFatol| A BRQIEA] TS T Q2 o] a1 2paA] 0 2 A}25}7] w20l Burles etal,, 2020)

=
B

g
o r|r

o

).

B A7t A Uehd 2l o & Bl ofs2 A ES A6 T delds S Sl AEs
S ThfR EollA vzt T fIX]ollA A& EE}. ZARES o & olsfsl7] flel 9, oFl, & ==
FE AT E Y of2] Wl M AES HihE A SRS A7l e Aoz F2E:
R, 258k 1,280 & 37HeE 5 WA Sl o) oto] 7P Itth 2 5SS EARE T &
27|10 M HE =7} 71 Wbthe A A K Lee & Bang, 2007)2} -FAFSICE A2 3138 4|7 o2 Zhe
ofl A oA HAz] =tsA ol &5t flal WA FENS FAl A 02 5170 e 4> Jlojok ek Tt AAeh 7t

==
S0 B)sH WA 1 4R 3714 0.2 ALE 4 Slojof sk, =} mafo] Apxske 31k0] 913
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5 27H A0l TS M = EA 02 AL 4 9lojof StKang 2020). A oF5o] THlE g H o2
e}7] I AIAE AHES 7]olsti o] & B £ 242k HlE e 4 glofok stk o] ahgollq 4
A1 o] B 2| & AJASLRL S1ISHE §9 L oju| NS 913 4 gl S 20| Weste, 55 slxsix oke 7
2 ofn|x|oh 83 4 glojof Sk webA QXA B S Tafd o A4 BHe 25 Ashd o5
oA 5] ol A2 2 o= AL,

Spatial Ability by Age, Gender
Z58Hl 1, 2804 of5-9] F7sE o] A} A Hol| A oG YEFL=A] Aistr] 9ol o] ZAREA]
S A5 o1 1 ATH= Fig, 3, Table 22F 24T

6.5

58
1st. G.
4928
5 == 2nd.G.
4 4.176
35
Boy Girl

Fig. 3. Spatial ability performance by age, gender

Table 2. Results of age, gender difference analysis on spatial ability

Spatial Ability
SS df MS F p
Age 26.100 1 26.100 7.889 007
Gender 4.400 1 4400 1.330 253
Age x Gender 1.935 1 1.935 585 447
Error 201.80 61 331

4, *é%‘ 2ol 5 A At 25hd o] e Het(M=5.379)0] 181 (M=4.083) 2T}

o]7} e A 02 LERFTHF=7.889, p=.007). "JEol A= -F-2] 3t Z}o]
=1330, 1F253),°d SEugeR—te NME ot atol= gl A& LR THE=585,
IF-447)-:<'>" 7F=2o] Agoj|A] 9.0]5} x}o]7} Z5l 4,5, 63N SE= Tt o= JHH2t
AAE AR} ol 4] Bhdo] ZrstaE A== ATH(Cho & Chong, 2012)9} - o]
ot §2h7|5} 2pAlls Aol 28 O}EOI 18 E T} golat £50f| A ] & 438519l Hs A7 A THKang,
20202t 24 0 87 FARSIT) o7 Fte2 o] STk A feldh oA A Y2 &
4= 9910w, ol o] A7)7k wobA|e] AR U] F A7 oA TAH 247]2 HE = o)
hEo 2 Wk 4|4 2217]= ofsol A 242 w2 | 55514l ARlo] Ay Ty AR
oﬂ o]x] S| le— 9,1—5_2 X‘]_Q_o}-]:]-(shaﬂer 2010). o]
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| Ho)| il =24 AE2S U 4= | HRA o|ek 2 7347}3551 Aoz siAET

3ol tigh A Zpol= F-oJ et ol A LERA] 91t o] = 258t 3,45Hd SHAg o) 3t
Ao Ag27E 1 (Kwak, 2017), 12, 134|014 2. 3730l A7} UrEHJer FUTHE A2
(Fowler et al., 2022)2F -FAFSICE. L2 AREA O & of57] 5ok galAo] ofshE ot 37Hs2ollA] o] &2
A& B Rlth= A8 A4 7S (Johnson et al., 2022; Levine et al., 2016; Mix et al., 2016)2H= T}2t}, Ad 27 o
EFLFA] 9k-gof] thial Voyer2} 5552000y A2 A3 at A=) H7) Atolol] 242 Q1 A7} a2 v

|
. o] = Qlzo] Z7FH4E A= AT 4 S-S sk A0 2 B Aol o] ofe o 5.3 o
02 39T B Aol 4] ol B} Rl LiEhiA 92 A2 Helt) R ALEE ST
o] E/J o = sl TAI7t A4S Fdo] oA E ) o 2 3fStth= A2 3K(Ceci et al., 2009) 4] 2 A
of|Af= obgollA Xt 2kt 522 ARESto] A7 F Rl LA t= = 8= FEoiE T

Mental Rotation by Age, Gender
ol&2] Fte Fde4a F A 2ol AR, AgRol wet oA UEREA] B4R 23 Fig 4,

Table 32} 2T}
2 LR e
1 1368 0.824 1st.G.
-a- 2nd.G.
0
Boy Girl

Fig. 4. Mental rotation performance by age, gender

Table 3. Results of age, gender difference analysis on mental rotation

Mental Rotation
SS df MS B p
Age 2.805 1 2.805 2.379 128
Gender 559 1 559 A74 494
Age x Gender 2.056 1 2.056 1.744 192
Error 71.920 61 1.179

A1 3] 90] ¢ 28hd o] A W M=1517)°] 1ISHAM=1.114) 2t ATH oz 2 =
Al Vet Aol A 7215t 2ol 7} Ui Th(F=2.379, p=.128). A H ol A == 2] 2t Xpol = QI L 2 (F=474,
p=494), At /g2 *Jiﬂﬂ |M = Frofet 2ho) 7 gl A 0= UERATHE=1.744, p=192). 0| = W &
B2 93412 10.34] T HEo 2 UeQlS uf digo] B Aol A4 214 ApAf|of| A o] L2 382 H 3l
O 93A] ol A= A Zfol7h F-ofmISkA] YEFLHA] 9ok (Titze et al, 2010) 2 A2 el Wg ZHo|s
20 Stk E 258k 4,5, 631> A AIA B4 2| =80l A BHd o] S7FE Roldt oM 28T
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o] = ATH(Cho & Chong, 2012). 2531 28M A} 43135 /0.2 BF A4 2173 kA 3ol A 4

shdo] 2shd et o L2 d3HE B tH 25hdofA= g © 2 UERATH(Neuburger etal,

2011) o)/gollXiet 2ol I g ea F A 22 Ao S7ietel et fojgt 422 ofu ARt
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Fig. 5. Spatial visualization performance by age, gender

Table 4. Results of age, gender difference analysis on spatial visualization

Spatial Visualization
SS df MS F p
Age 022 1 022 .030 863
Gender 926 1 926 1273 264
Age x Gender 056 1 056 902 346
Error 44.376 61 727
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Spatial Orientation by Age, Gender
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Fig. 6. Spatial orientation performance by age, gender

Table 5. Results of age, gender difference analysis on spatial orientation

Spatial Orientation

SS df MS F p
Age 12.829 1 12.829 9.762 003
Gender 3.545 1 3.545 2.697 .106
Age x Gender 589 1 589 448 .506
Error 80.165 61 1314
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