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3
7hek A& oY frol& o] 5\_%%%
UTH A 206 FSF obF ] wHo] ARG AIZHE 32% 17]—})\J—(G00de
et al, 2020), A AAIA o= FFe 5 W HT ofso] HHo] ARG A
e F5EA gon AR 1WRE HEdA wEF%H 3 JrH(Willumsen
& Bull, 2020). W]FH 8 o5 o] 2 mHo] ARE-o FUFE ot A
et whdo] thgk 7 A7|EIL lew) o= frolrt ofE¥A =
aL, WA, AAE FAsteEA IS wEH F A (Martins et al.,
2020; Paulus et al., 2019).

sk ofFe] Ay 77 AREI & 7]Eeol tiste] XA Daud
5(2020)0¢] AFtell A Frobe] =" 77 AREEo] 2W S 8%°lA
40%= 43 T7HaL, % ARE AR 3uli7F S7FRlv Al Bl
A A, 229 77 E AE ARESHA] e frote AdHeE
ol 7|71& AF Ab&dt= Frolel Ml FotA e Ao
thooleldt A HA2Ade ARgo]l Frgv], fvE7] g/5 46
71ef o] 54 EHrteukE o] &atal A o] AFHA o]7] el & 7
stel Bolgt & & vk 2 vrel fAE 7]7]E AFESA

= s 7wy A St =eites A
9] i (Cadoret et al., 2016; Gaul & Issartels, 2016:
Lin et al., 2017; Martzog & Suggate, 2022, Webster et al., 2019).

T8 &2 AA 79 FolA Hel M Be AERE Adsta,

7HA AR AR S Sl Hek AsE Favten Mo WHS gt
= =

X
ml P

Aviehel AA9T oAb sty AWEE Ho] 47 AFL FAL W
Geths £o wge Eos Mol AXsE AA $9E Sohuh
04 BEEfod w2y, S BoA &0 WAL AXW 474 £F

Floﬂm

g do Al 9] 99 A 1/3& AA|gth(Penfield & Boldrey, 1937).
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255l F8sn G4 829S FRPRAL FALOER,
B ogre A4S ITELF W2 b FAF oF MR W, &
TEEE FUL EHS 2T5LF V& PF F8E AF AR
gk ol AW AR fobe] 7] $EWDe] FaF 4B Hx, %
e frob WY JE7 HER, FRE AUl ATHEE 78S
PPN 5 UES b AF GFF 22KEES AT+ AT 7
gk

frol7] 2] %] w2 Fa71 2, A &g Ak #gk AgEo] W
o] M=o} gri(Shi & Feng, 2022). A4 ¢ W& AF A7} Q1A 7}
Hlor

T8E ST

% Bushnell?} Boudreau(1993) F3l frol7k M A
& L, olg g A5 Ag ol A &= oo} x| 7] wjitoll 1A
o] EEA Z7] TELEY TS At v 9low TEt e A
TEo] olE FWath(Davis et al, 2011; Martzog et al, 2019;
McClelland & Cameron, 2019; Roebers et al., 2014; van der Fels et
al.,, 2015; Woll & Everke, 2007). 7% 0.2 3-57/¥e] IS5 7]
=2 849l F9o¥(Friedman et al, 2005 % 15419 8 AF=
(Bornstein et al.,, 2013)& d5383a, 24419 AL EF 7|E2 5-11
Alel gl7lek ool A gl FHl B g AHEE o 58t (Cameron
et al., 2012; Cortes et al., 2022; Dinehart & Manfra, 2013; Grissmer et
al., 2010; Pagani & Messier, 2012; Son & Meisels, 2006). =, #H3s+ A
frob7l 58 T ATHSE Ve e §7] ob5 7|9 g5 #A
of g3 g FHsta, dEeHS Y 5 dH(Marr et al., 2003).
Ast A Fobrl7t M7 A7 se A A dE 9 S
3

AFHor zdst= As dvsta, e A Fobrl A7) s 9

v}



i
=

a2 A=A A A B QIA A FYoA B

al,, 2016). 24 O W& AFoA AB75E HA
A7l or TR A8 YTA FHS A
%3k, 2013; Moriguchi, 2022). AA 2 A5 Zx s GAdst7] 9
gto] 2] S A S| oF Sh= Ashel WA HW, vk
A A AT e A -AAY S 2EEE
A ARl &35 & odAlsta At ole Sy

S TFeta g How A g 4 JQuH(Kim et al, 2013).
Sis

T
>
>,

=

e

N

e

rlo
(03

0

SelsE el FTag s @)
(McClelland & Cameron, 2019), 85 7]9] g5 Azfo] A& A 7]
tH(Cameron et al., 2012; McClelland et al., 2007; Nguyen & Duncan,
2023). A&7 H gy o #AE HoFE APATEo W=,
HAlo]l FEF 7]Eola AN AMEE 79 FEs 2EE F UeE
obsZ stulolA ¢ Aol A tH(McClelland et al, 2007;
Morrison et al., 2010). olglgt JAA|4 A 7]5 Hx A FHA TA
a4, sl Adstol ik fFAg AE, Al 2] 24 IgFE G

fto g st 9 stul AH3E AYd= Aow Hlti(Marcovitch et

seol fFold GG v

1= ] =7
AdATES T3l GAFo=zn, A A folr] Ad7]5]
o

r
o 3

P 98 Phow £2THEE V1% AP FAdnA Bk
frobel Aa7)sel e 2THLE V1% RS 2AG ATES
FAAeE AW R, Schmitt 5(2018)°] A4 WA o}F 5919 L
Qo WTEsE BE mold Felsh: Aol FiksE 3 4yl
o WEe P Ao Uehgrth BE HolE s B foh: B
Zol F% YFew, I ARL Ae BHL xFsm, T2
Mo RO FOE ABHM, FEE T/HAL FUEdHE
52 oAstth. @, WA olF 1568 YHOR Yag ¥ AT%
4

RS

_.

.
(|

Sl T

—
=



wE Zled Ad7s Fe] BAIE FAFSE Oberer 5(2017)9] Aol A
v WS 2 AES5E Ve BT AdUsH Fov g AaAATE
= AoE YeyTh oy AdSEEd AT Y #AAE AEA
84 AAHoA Byl AdFY 9dy dAaesdds BF E2dskE
A TA UEARZA JE5HoR A5 ALele iR UEHSAYS
o+ (Bressler & Menon, 2010; Menon & Uddin, 2010).

2y =
50
g

A7 4 gdFd A 7oA HFHQ A8s §tH, folY|
E AA obs7], ALY ¢ AWs 9 A deo 3Ha =79
A4 5o Kuo] ke s Aty ole gk A -eA W
st= Egek 1A Ao Agek o] G4 ®h(Schenker et al

2005). AT AHE 3|29 AL AT 5/ FF L AL -HAH
7159 Aol 73*33—1%1 T doen, o

&5 stal o7l = % E
ojolslf, A4 7l &
al., 2006; Jurado & Rosselli, 2007). 23752 ZF7]4 el W A7 A
32 ®Wsl 53 AdFY JHdo Al A R Fx3te dAT Tt

J o] =} (Starcevic & Filipovic, 2018).

ATEELE VES 2Y-9F HESAE V|He R X759 P
of 71998 4= 9JtH(Martzog et al., 2019; van der Fels et al., 2015). van
der Fels 5(2015)¢] Ag-olA E&7l=3 AA7E Atold #A= B3
shal 28 FA Aol Hofets Ax e nakd A FHA st A
9 J]Z‘-O/] 53‘% g stel o) wizfjEtha WY o] 9f RS = T

SR &7 AA7se] BF Aesad, 749
AN AAE 7NAEE AT Bagal(Cona &
Scarpazza, 2019; Cortes et al., 2022; Eslinger et al., 2009; Guell et al.,
2018), 71A & B A Abeolo] ARl wieS AHFY Ad 27

A B odE A V| Ee] He F8 3EdE a?i‘:}(Stewart, 2006;
Ware et al., 2016).

olg g +E7|wd AA VT 1He] AT Ao FHE AP
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T wadz Ay #AF vbsssch vrE AFAAR vEhd gYge 5
dolvt el disl o 22g AU YEg=A 1 s AT E
o A¥rtow Fid AWstr] olde wirl v o3 AFHS B
¢kst7] fste] Q1A FFo] F: o] o RiLoA oWl IAF3 2o
oaf dojup=A] FAA SR AFstE Aol AATA FA4 HHolth(E)
23 &, 2019). die] A AU HEE F AUJD AL ¥ G
710l A &HAolal A A HHE AFIY] witoltt. 1 A o]
= WA XPY JIAFHA AN vEide ddEs dEe L SAHAE 5
DA HAGHEE3E 5, 2019; Hughes, 2008). &<t 24174 wWAYUSES
437 S AFAE T P EAA SR AMEH -MRIS A,
2 3 S NHFAR] A G ZGol Thesiy, ARlE AL
£317] e H3e dAe w2 v Fo2 FHtdE {-NIRS7}
f-MRI¢] di¢toe = 28531 t(Shuvra et al., 2018).

ANATTH 58 MR ASSEE Jled AV 1 =2 AEA

S BoFE AFEo] dvH(Acuiia et al, 2022; Moriguchi et al., 2016;
Park & Schott, 2022; Xu et al, 2020). 2S5 7]&9 Ay A4
g Aol Addrea dEg AAEY o e 7HEE VIR R
(Floyer-Lea & Matthews, 2004), 7|4
A 75 HEI 5 AAFY IdH #A
(2016)¢] Aol W=, Fofo] o5 HAFY

2

2
mlm o rgg

%,
Sh
of
L
o
S
=
ofo
ol
o
s

<

lo,
i
ox,
o
o
ki
N
)

>,
)
N

S(AA, FoAs A7) Wy Aol Atk = UhE Af
(Watson et al, 2014)&= A2S&% g3 AHe A4 A
2E AZdFo=2N dxId-4N H AetE A, eI d-ay A
29 A7 A7)z Bd e oS AAFE FJAd AAH =
of &S v F AdE HIh
Teehd, FH Hady S Abo] e folEY & AR A
P 48 &
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Al 712, 7122 o]l

T

T

‘]
o] wto] o] Fo]X|
HtH(Wang et al, 2020).

FAI
(Lubans et al., 2010), A1 A 25 3 (Laukkanen et al.,, 2014), $1#]

(Pienaar et al., 2014)¥}
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(Logan et al., 2018). 3 3}
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2 tH(Adolph & Robinson, 2015).
=5 8 9 7z o dolst
7 o] Agzate] #gk AFtel] wmEWH, 7|
Fe7E sdks 3-64 A w2 & & o™ (Kokstejn et al.,
2017), 5-6A41¢] = = of & & Jes #H FYd=
HHE) ofols AdsEE B2 Hd UeEs & Fdee AoE yeuy
(Kokstejn et al., 2017; Venetsanou & Kambas, 2016). A A =
o] A Aol AETA W (Haywood & Getchell, 2014), A<
(Gabbard, 2018), =& ¥ %9 5 wdo] dF S & F UTHPiek
et al, 2012). L Yo HZeoe ddALAAe AEH} AFS 12ty
ot AASs T EE7E dEe] ARAel AEY Aolrt v
Eby=A] A A3E7F At (Matarma et al., 2020). ©] Aol A 712
HofrolEl Aol WE EEUES vlulstal, Fofde AAgEe]
P AR o] REVIEd F™o] deEA FAFSATE BOT-2
(Bruininks —Oseretsky Test of Motor Proficiency Second Edition) =

1__07]E

e o =
g 2

S

bR AHEF $ENES FHHAL, BE HEAE Agdtel IF
9 1% na wsE Sgoad. 1 22 3 BAA AR
Fom@ 4d o7t vhebeizl, clobrh tiRre] £571% A

% 608 o 28E ey FEAE 3
AL 22%¢E 2AT IPH oaﬁ ol sl em, i 0% ol
o =i

a4 oou RS g
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A o] (Fine Manual Control)¢] 3%
A3S89% AYWA(Fine Motor Precision)¥ A

o
T

Zle2s vA

(Fine Motor

o

—_—

0
T
N

Integration), & 3 -5-(Manual Coordination)®]

% 7]WA (Manual Dexterity)©] 2 tHCameron et al.,

2015; Khng & Ng, 2021; Luo et al.,, 2007).

7] obs 71 7kA W e tH(Kim et al.,

=

o} 7] 3¢}

7e

o)
Jjo

A

2019). ol gt

file)

A7 A

(Henderson & Pehodki, 2006).

= Al o EgHRoshland, 2006). 4

I==]
T

PR A7t 25714 % frol]ol
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=
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5l Al o A X th(Skelton & Leclair, 2019).

o1k}

5

[

N

=
<)

2= 0
=

|

o]
7zt &E7

|

A

7}

Helth a8y

_10_



TE AL Tl 2AE Bolw A9t /], o W A A
oA A B AR E AZreR Qe obwe] HRE 2A, AFFE U
& 71N FAZE BAHA S 4 vk (Hamilton, 2002). 25 £33
A7 A= ok TF AFAQ AV #HE, AthE, Sha R des

= 1
d53tE d o8eS AEtH(Marvel & Desmond, 2010; Wang et al.,
2009). o]uf, o}Fo] Wk
o AHT R VIEAE AR A8 o2 sEHY A 25 H
< H7bsk= 257 2o (Brown, 2019).

T WA, o] ASSEE v dEe £ 9 QA EE® of
Uzl o]3 stulo Ao F3 HTHox Wl F23}tH(Accardo et al.,
2013, Feder & Majnemer, 2007, Rueckriegel et al., 2008). A% %
Zlgo]l StAAFES F83 dF WHFU §S HAFE o8 AdFE9]
A THGrissmer et al., 2010; Luo et al., 2007; Sortor & Kilp, 2003). ©]
% Sortor¢t Kilp(2003)2] Aol A Al 74 &57]=0] wAket so2ke] A
shek Q1A F ) A A o] dEet Ad sEHS FHAA TP

Hol FeFe wAGE Adst BAA TAYOR, 2THLE TS

I gl71el AEek o wgoln, folrjel] ARl whef
s 3shd ¢17], 7], 8 HIlelA o =
At A A 7 9o (Cameron et al, 2012; Grissmer et al, 2010).
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2. 9rote &2/ EF Zled AATV]s
1) #rot7] 237159 Ad 2 T84

O AP7]59 A3 2 TF AH

A7) sS dot= o
aL, A e AbaLel e YA Ao R A 9 2HEEs
tH(Garon et al, 2008). 2375 x40 1A
Row, olE dAueles FAHLNSE oA, FoHS
(Anderson & Reidy, 2012). 9#4= ¢ &
83 A5 g4 ow FAstE 58S @ertH(Diamond, 2013). ©
Tl A= JAAAA G} FFAAZ o] AuE k=T, & o A Ao
Al2=gle] ottt Q1A <A HAAAY A gl A5S FAIE)
Ae Ao g Folg 7]Zo
%A X PEEs
el o} (Migliaccio et al., 2020). |
FrASHA AL, Folxl A=l o s
g ¢ Qe T89S weop(ursled, 2016; Anderson, 2002; Baggetta
& Alexander, 2016). 27192 v} £3F thekst AR w2A =
T AAHAA B3 ARE dAHog AFgeE AA A Aidge
Faloh(ah6- 3 2021; Baddeley & Hitch, 1974). 2719 ol A o sk
Agigs 5 SHAoE AYstitol] wel Az #4473
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tH(Fuster, 2001; Sugihara et al., 2021). 33t
[e=]
H

°}7]

l’:_
HyAT

Frot7] el
7AW o

[e)

i

‘]
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=i

=
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=

=

[e)
3l (Zelazo & Carlson, 2020).
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e e
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T
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1A

o
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[
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=
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=
-
F9), 94 A%

L)

=

‘cq

=
[

A 3= o] i (Benes, 2001; Gogtay et
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©

=

1TH(Wu et al., 2017).
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=
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F3 ot AF A=5S T, A5/ AF A= (Transcranial Direct
=

Current Stimulation; tDCS) %W o

2] 5+ X}——?Qi Hﬂﬂf ’ﬂ’ﬂ‘:‘?ﬂ JA4e g3 AlA ?:_1637]*501] A aels
MAE HolxE AiEo] AUt Au et al, 2021; Molavi et al, 2020;
Zhang et al., 2022). =, A3 753 #d A= AAFH 5 d499 &

y R =
k= Frobe] Arls AYE AEAoR Fste b Tast 9%S

@ Hrot7] Adrls B3] F9A

AT B drEoA Fotrle Adrse S ZE olfe 9
Al7Te] dheel= A a7 o] AFSl A 7)< (Caporaso et al, 2019; Devine
et al, 2019; Rinsky & Hinshaw, 2011), 8t<5+ <=H] %= (Ribner, 2020) %
gke] 423 (Blair & Razza, 2007; Schmitt et al.,, 2017)3} z& #&Ho] ¢l
al, ol ARVl A5(Deer et al, 2020) 2 A A A ] 9] (Moffitt
et al, 201D)E =33 T8I F7|Ad AFAE dFsH7] wiLoltt
(Ribner et al., 2022). oA F 3 A fFol7|= AdA7]s Lo T3
A 7] o] aL(Anderson, 2002; Best & Miller, 2010; Escolano-Pérez et al.,
2022), o] Al7l& dwdo] gHERE W E7] wito] Aaqr|se W} o
713 st Ad7l 5] x7] W] 7loldt= 8%lS oldste Ao T A
3l t}H(Chou et al., 2023).

g, AN froleES AdVEs Ve #dste] A4

o A87s A= AEEAS @yl glom, o=
T& =4 A9 o¥so® yedth(Booth et al, 2010).
wAZE e obse TF MAE AT AYEs A= d o
A=t (Diamond, 2013). A3 75 7|=E JHdFS A+ of
, 598 8 HEAA AqYes HFS fdel A 1Yy
AoaQlel o8 AA FXAHAY HaE 5 U O]—E

of W§ FASm AME F AL uFh F

o
N
ofr
=2

o> oft Hoooux my
(ed rlo
e
olr &
rlo
o 2@,
ox,

o,
[>
r®
X
k1
i
o}
N
ofr

_14_

A&t 8w



= W70

k)
8l

jass

5]

o

]_-
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ﬂ OSHO]:

e
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T o)
ol t}H(Zelazo & Carl
, 2020).
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ddete = AdFg Ade 93 vt oA dyRax g

@ Frote A358F Zled A7l #dA

A 3lEl 214 (embodied cognition) ©]&-& l;
Aol FARH} EE Aol FHkA, QIZEY] AA T M W =
e X oFar, AlAIF AlAle] FAUS Fal 9o AR HEsA A4
Ho] 9ttal B thH(Mangen & Balsvik, 2016). o] 714 217} A 3}€ v}
v AL AAS} AGTe] Aoarg oz QA7 dojuh= RS v,
AA e I QAT olsfol o] AATL dh= TE Aol TaT A
5 X

S 7} %3t} Piaget, Kant, Heidegger, Montessori, Steiner®} 22 4l

=

gtz dokx 2@ wg NEES Alae wdoA 7HzteF @ Eol

3% 9 vt F=AeYtH(Suggate & Stoeger, 2017). Piaget
=

of e, $ENEE ot TEH B
o
=

o
TT [ 3|
T (o} =
= 5 A4aeEs AE
[e]
=

Ela=3

frob7l &2 AMgshe LT d Feol AV el daE Hil
3k A5 dti(Morra & Panesi, 2017; Riggs et al., 2013; Simpson
et al., 2019; Suggate et al., 2017). == & Simpson % (2019)2] < -ol A

3-44] ok 100WS ow =29 s&o] e oA waw 17
Hol glEx EASIGE, W AASh 2TEEF 2 Aol AWHL
Folatgitt o A7 frolEe o TR AL FASL 1 Aol
A oge AL SR 2EAT A4AYLE DR B W, fof
7] Bok &bt e olgate] MAY 2AEUS F¢E 208 BES B
o] B5E WA Ao BAeHS Fi ¥ AAANAEL FAAA
A4/ Fgol Eee F 5+ AHBEA 5, 2022). olE @ AT A3
o g7l AN ATEAALE ATKLEL B AFE QX o F e

_16_



o= FAHA g&s vty ¥ i (Claudia & Katja, 2014; Michel
et al., 2020). ©] S 9k AlAe 8% A%y ATSEE
Zlsel gk s, #eA Ao Fke = AstE QA A 3
dgycidol A 71 gEsA mdHI AAHdez FdE Aot
(Mangen & Balsvik, 2016).
frobe]l ASSEE 7lwol A7, dE 9 el dE oA Aoln
ataka FolE AojgE A st o
2013; Zelazo et al., 2016)Q1 A8 7|5 (A, =23 2 7]9)el <3k
n3ATE A5 UH o] dAT4E F %%%% 7= AAE
o] #AE FAFSH Hudson 5(2021)¢] A %

o

=

zkel #

59 %Eoﬂ ﬂo%‘c’?}b Zlo] A8 7|s
o)

PR

M

A, AdtHEE V= F9 ﬂﬁfbﬁ Abolol] Aol Kyl M
A+ (Maurer & Roebers, 20195 AH B 5-64] o} 1247 o] thFsh
ol 12719 AdH F i3S &F AAe 374 Advs dAE &
Z23tAth ATAE oY &F A Fdo] AL &F A FIYPRT
g AFstdvn AP, 2875 A =5 A = vl o

A ol o ZeA 9FS wevha pEAS Mg AT A9
RE &5 BA w3 A" 243 897 A7 A4 A

-

)
Mo
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Coordination Disorder; DCD)7} 91+ fol+= &% A8y #AdwE A&7

2+ 7191 (Molitor et al., 2020)°] & # gk

Alloway(2011)+= DCD o}&o] AR A& 9 X
7F =

=< Avta gor, o= Ao FH AT AYr|de Ao w yERd
thal T oA F ATHFITEOA Holv Fow #AH7Y Felet &
#Ho] qlth(Houwen et al., 2019; Molitor et al., 2015). Houwen %(2019)

o

o] AFNAE ATFEE sHo] 9 o9 179 3-44 frobrt AR

gk 2 vlE] AUl ege] dAs] e As g gt
ool AdYPATES] AF AHE uEoZ U&S

5 7led AYr)E ko] BASE dA AFE AstE QA

g k. Aw7A AgE #Ad AFELS FolE diY

5

e A se A4 34 2 ks AR o

T B,

2 ORNG ATE BA 99t w2 a
ATEEE 714 AA5S A4 54 L Bheha, fofe
%

49 sgladlel AR5 AN ABA AZT F

7H S ] folrl mEEE A HA HoE JPHAE S oY
frobsd] TEE A=ske H =wol 2 F e FFE 713 Aol
st AaS 9k 7| E 37 ol th(Valadi, 2021; Zoghi et al., 2019).
TAES 7H8A B frole] 5wy W #AE &Rlstr] 9sked
V7S Hrbske =4 E /s gt (Ammar et al, 2013; Dinkel et

al, 2019). I =+ % 3l4y7} The Affordances in the Home
Environment for Motor Development-Infant Scale(AHEMD-IS)o]t}
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T

3t (Gibson, 2002; Gibson, 2014). ©] ©]

(Cacola et al, 2015). AHEMD-IS+ A Ejo] &
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5
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"
sl
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—_
fite)
Ho

o
o

o

MR Al E=go] 2
o7 ZFF¥" v (Hirose, 2002). 7}
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Stodden

%35t} (Zeng et al, 2017).
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o 713l
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sl o =X (Wang et al,
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3t (Adolph & Kretch, 2015, Apaydin et al, 2023; Flores et al,
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btk 97 A, ARRA A
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=

o9 (Zoghi et al.,
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A7 533}
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T JH(Haydari et al., 2009; Mori et al.,, 2013; Saccani et al., 2013).
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ljr(Mlller & Cohen, 2001) 7
AetE e, 2438 AAdFYE 94dE #HdE AV s s
of HhgA o] EmokAE AL v grh(Haller et al, 2018).

o] ATA = fFrol7t AdHEE HAE T st 71TA 2F
2] 4 #33H (functional Near-Infrared Spectroscopy, fNIRS)S ©]-8-3}¢]
2= AAFY HJdo 49 R ARE gl

L
off
2

4) 275

A7l 5 HEE GAs7] st WaElE e At 2 dEss
oo g FAHIJAY JAS= A AA Ao HAHE on it}
(Moriguchi & Hiraki, 2013). ©] <179 1 A7l AdAFH, 94
sy, A9r19dseES "U%i‘;} AA| 58, TolHddsy, 4

Ty

AsHe =283 A5& SAstL ¥ AdsAY 283 wed
HolE 5¥& weth(Diamond, 2013). Fo 35 Ao wA F
oo} FFS FAA v, g ARE FA AT § dE T

A, 2016; Anderson, 2002; Baggetta & Alexander,

2016). #d71dsH S dagh ARE AdAFHom AHFes A A

(Baddeley & Hitch, 1974), ©] AFdA = A2 AHE

w2 lx kA st ARE AAHom Vgsta Aedts T

A A A eH T dojq AZL WEA AL o 48
o

of
2 Jlosta Adsks seel 7 Al sgor
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7} 57 (53.3%) .= 7h wWekal, €% A5 5008k 6007l o] 23
3 (21.5%) 0.2 7 = A YERS:
<E N-1> 947 Folael AgaTey 54
54 AHEl (%)
oo} 2 4 e 60-71
Wt 4# 66.75(3.18)
ool AW o} 54(50.5)
of of 53(49.5)
Foka %4 old) 109)
L5t &9 39(36.4)
oAuy HF3HY 2-39A4 A&t 4 33(30.8)
AAA o] % thstul 4 32(29.9)
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Foka %4 old) 0(0)
5ot &9 39(36.4)
ob A FHF3HY 2-39A4 A&t £4 31(29.0)
AAA o] % thstul 4 31(29.0)
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10009+l o] % 6(5.6)
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whe} 12 7] -
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3. Edges @ ®A1g (04/14)
olo}H = 51 : ; -
E}w]}; E]E]JA 4. Orientation : %3k (08/14)
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DA R /14
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FoE e dAE 530} 3 HdA 2
S g<lstr] 9t AATFeR ¥ A3t vsES SAY & 9
A 249 B39 (functional Near-Infrared Spectroscopy, f-NIRS)
o AbgEgT £-NIRS 7]71E B4 o 9o a3 ez =xd
u], MBLL(Modified Beer-Lambert Law) A2t #24]2 283510] A=
Fst= Task 73 oAk &4 31 F2AE FH sk Rest 7-1tol
Aol "l A3l &) ZFEH(Oxy-hemoglobin, HbO2)¢] 5k ¢} ©4k3}
&) 2= 2 Wl (Deoxy-hemoglobin, HbR)9] &% dHo|HE 4=t} (Sato et
al., 2013). ©] AFolM = frop/t AdwEE HA S7HAE Fds=E F
F HAE HAFH 9HY g3t AeE 5 Z A
& 7194 Ao wtFo] BRE JAE 16x T WA, 31}11] T3
Aoz LA AY WS A ¥ AWS HlElHE Rest 1°3F 15%
AA3Fe] Restl(15%)-Taskl(15%), Rest2(15%)-Task2(15%), Rest3(15
%)-Task3(15%), Restd(15%)-Task4(15%), Restb(15%)-Taskb(15%),
Resth-1(15%)-Taskb-1(15%) <A1 &, Rest 7-7+3} Task +7HS HZo}
A& st Hal o2 ;qsg—a}oﬂ\jr HE B2 A7 ALE BEES oY
H 7\] BetAY =& 3 S5 WolA HAE o2 W Aldst=

AN

éé% 5311 Abe] AEE=E =Y & AT

.

i

Huettel et al., 2004).
04:?4 AEEEE 7lE HAAYS A§ Task 1, 2&

A, Task 3, 4= &% £3 #}A, Task 5, 5-1& F ¥ wri =335 +=
& 7N AR Uiro] S48 e s AAE HA =HBOT-2)E AHE:
st =gt AAEE B R Aol sty ATEEE VeEs
st AAAHA A g 39 E Y (Bruininks & Bruininks, 2005;
Deitz et al., 2007, Matarma et al., 2020), 7§ W} WS Fo]7] 93}
of Y= ¥hE FAs= AL oEe] A7y 8 FE sdE Yo
2 HolHe AHEE GRS o] AgdA ATHFTE HA T3
Al AT 9d4e &3t A Fod fold e 5A 0P R,

v}
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Detector

s

Cerebral cortex

- |
[1¥ IV-1] o}5 & {-NIRS ZA(F), 4L ($)
Z=*]: OBELAB &3] A https://www.obelab.com/

9 [2d IV-1] & #Zo] {-NIRS 7|7]= 23 (Laser)? F5417]

(Detector) & Ol-roi?q o] W o R HE U HAMo] FIE F
Falo] iy 33 ZAS THEA FHa, o]F WA= A
71l A At} o] AlmE Fa vy v A A3 =

il
frt
(L
o
o
@,
&

I 2ks Fr=ERl(HbR)e s SATOEN ¥ A s il
ARE 45 F Ut FFAVI7E A% Ae= -NIRS A Aol 524
15719 A S T3l AAelA Agd. 5, A HAFAH R Al
d HbO2¢F HbRe] F=el Wit ARE & & UATESA, Aok
2021; 317, 2020). o] ATolA = dWrHow FE v 4 ®ol
AREE = 4RSS EE2RI(HBO2)S s A5 vde] #4st A

T2 =439 tH(Holtzer et al., 2017; Strangman et al., 2003)
frole AdHEE Zls HA F8 A doji= o 771E HE
2 dEHA A AALE AdE A HH, -NIRS Foi& 499 o 9
A #=]) NIRSIT LITE KIDS(OBELAB, $t=r)& 5 349 39
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T780nm, “850nm W ol HolAE iy u Zo| FAlsle] x HH g Al

2 Xt WMEhE FA9th o] £-NIRS 71719 A= 193goel i, =G A
e AHgEA S MAFA WHoR dmw ofdte] o W& A
7] el iAol s bdsiAl o &3} HolHE A& & JUrh
e XA I i o B = B B e wam golsha, ®A
AME 283 249 B dudF 75l A= 9o el 244
of thEh Agke] vl A7) el oj¥ fobE ﬂWOE a2l

Asrslcta s ¢ o —’F%‘, 2020; Matsuda & Hiraki, 2006; Shimada
J 7t wrol M A AdFS A =A

71 ol vix 1A WA ZHo] st

o
T
=
o)
.
[\
(-}
-
&
o
l-flj
N, o
g o
i)
>~

O

3) 2375

A7 oA, o, 491710 37}74 e
e Ax oAl 3

&kttt “Zﬂ%‘

ot}
%OH A A TH e FAHE7] 918k Gerstadt =(1994)¢] st}
9 A 54-Ree Baa2016)9) BT E AT o Fake 3
7V 29 =S B ‘Wolgta welar, o] ez Jt=E B Y
olg} WeleE s o &, 7tEe 29S Ha aglE gela A
FAE JhgS Y ubgtel e = JleEAE kst A
29 =R vhge] whal & sk 2

o] 1#HA :L%] 7}5(73@@4 gk = A & TI¥)= 135ecm % 10cm

o] :LE%?& 1 7}5%— _/,:7H‘6‘}jl I

_34_



)
o
o)\
o
ol
o
N
2
ol
o
&
O
Q
3
9]
=
o
5
-
o
=3
=
N
offl
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TA-BAR A G, o] Ao (20092 =-E ARSIl M- 2hA)

T g BEe whegown foto g AATHE FH] 9
s hEE etk mEl-d dhAle CHA Vst A 272 5 i A
stz dl, Al Vel b= Fobrk meEls wA ek shd e
WAL, e vk Ekan eh eEE v e ioE e 5 gleA
Fatath. A HAS Fote] fFobrk tAE Ao olsi ;A Aot
sholar, B9 Ag vk JEwE = ¥, 1039 2 AAbE e
o 2 gAeR WA 2ol AgAbs fobel A RS WA g
W AE REA AL o E WA AL s R WA A s
T F A HAE bl ok A A olsdlleA el

E 9 F 4%
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FheE WY 3 b 7h=ek A EFEloR gt frotEe Y 3
He B AR JMEdFAAE AAEGI, siF 7| BE HES F
O8N 7t=dF AAE FdstAT AW H(pre-switch) T <l
AA HA AR Aol el StEE ERSEE 54 v Yod,
frobe A HA A mek 8He = ERE FdEAT 1 v, %
AWM A Z(post-switch) SAANA F HA 2 (o: 2o wat 7}EE‘

¥
BRAES 24 hlsk Hom, fobs F WAl iHol ute 8wl 7
===

SERE FASRGT A FHA BF FH F ol FHol mA AN
AL A WS @Mel e &IE WASA. o %A &
AW A% AARA F AAAAT} AR ASER A SAG AR
olx, EF BANAE bt $4 ehIE Bal ANHE FH(Y Fe
2)e & EX, 24 A whe e BFEE FAsG oy A 73
3w fFHol RAT wAR AANHYCH, fob gWe) A= R
&SPtk S 2R AA A Fobt FHel wE AsE Avhy

482 249 frobgol 7]

[ V-2] 7} =857 A4 3 oA

frole] Azt #7198 S FA437] 918t E-prime 2.0 AXESQ]
o] =2 I3 (E-prime 2.0 Standard version)< 83 ¥F5-4(2021)9 =
A1 719 I A (corsi memory task)E AFE3F3tE o] A= F 7FHA 519

HA(rtz 7717, AFR v 7I7DE A Bte 777 Al

O
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T (2" V-3] 3 o] HFFHE el AlAEE 9719 HE T 1%
Aoz F A Aol WEhd froprt ol EF B F 22 SAd=
HZ2E Uy k7125 etk 712 7)) SAlE 978e] diR
7+ F 1% A0 & 7 Mol WEH Folr) o BT B I k)
SAE EE A 77 EE gk dRe] g 270 A 77}
A Fojym Zhzh 23] Algstgitt A 2 AlE R folo] ggol
e 73% %*

g gfo

CR=

(218 IV-3] ZA[7]19] A 3h o A]

MAom, fobel HZ Ags1el5EEe FAHI] sl £A84
FA(RAQ, Mg, 2007 vHEE, 2021 A4 5, 0108 o] 33
th A8 gBAE F A S BAGLE we s, AR o 8
DE FAE w2 me 7] A AT 0% 94Ae) £A4E
DA Ao FelFm fobt o F U wel wAEE ssinh
A9 Ee 2ARE TAAA Solun 47 2814 ARsAT A=
we 37] BAE ATA 0FE A £A4E AFE BFO Be)
F3 fobrh ol & ARE me WHES itk £A] & 2R T
ARAA olupel zz 288 AQsgch. ATAE 4 APUE ol

7}
SHol AEd A5 1, LHd 45 082 7| EA ] 7] 553

<]
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3.4+ AX

1) oAnl A}

BxALE AAGH A, AT BT B 4% dxe] 444
2 257 il A EAE ABFATh Az Aeueta A
F2 4 o] 91 3] (SNUIRB)S] HESH 49E &3l 20229 11¥ A+ 59
(IRB No. 2211/001-014)& W& o] % 20221 1249 05€ 7 1249 0947}
) 59 ek NeA el folmETH wF 44] wre] A FI o} 101

)

l‘

S QYo HAFAT A RAE B 22HeE A& A 53
A #§F -NIRS 71719 Ad 2Fsh A3 B4 A BAG wmol=
W 37b BARES Felsta o] B AMEs] A% WS vha sy

WA, fol7k £-NIRS 717] 28 F Aepeold s Hgoln A%
g AoR g8A @ et wARG 1 9ol fobe] me
etel] @ RS FAAska /7] g A FelEt Y= ForEe @
Y 2% sojuion mgste] velztetel ofutst 717] Abelm e ox
FES Harh T WA, folk BAl FA F 4A] FS SFAL 1)
g gAe A3 A A wolz=zh WATE FdskArh o F A7)
dakel FAl A A7HS Tasks, & 7104 FAe AT AT 1520

)
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° 9
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N
9
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2 ogtel Al AA ol wst 5A] frobel WA, A A W FF
of AF@A, AT ol A AARA, HAY 24 £AE 59 A
of BAH GBS VNAE @A BERSA FAstdh o de 14
& A ATAE AT =T By 4P W FPsn, Bx
AE A AT AA 2 AT 2TE ST

E2AE 202249 12€ 12958 202349 02€ 20¢
WE7)% 6] TUE 5 fof 10793 150 PE 10748, & 214
350

& o
re

o
by
by

32 M 1o ¥ o2 &L 1
AN
—
]

A 71#e §EE Tl Aol AX fobEol FAd PFa]
A X, ATwEE 7ls FAol A= Hele= -NIRS 7]1717F Hl
WgE

28] 2go] LED7} obd 3359 #74
1 2 Z4o] AYHUh hAEAE o] EA o]
A 30-40% AE 288 WEe] AGWE fotEe] PFAUNEL I
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4. A5 BA

THE A=T IBM SPSS 23.0% OBELAB NIRSIT LITE Analysis
Tool v3.25% °]£0}°4 A A4S sk Ar

AEA 1) 7}7‘4 ATHEE AY, robd] AdsEE Vs
s A FF A Fotd AAFHY 5
3l7] 913l t-testE Al kL)

ATEA 2) frobe] A
ol®H 7] 13 Frofe] A
S A A3 Durbin-Watson #o 2 zbxte] 5 @A o
VIF (Variance Inflation Factor)A 2 T s34 A&
AT,

ATEA 3) ot AdHE JAE Fds= wt ﬂ]rxﬂ‘ﬂ—i AT
Foll A frolsiAl dstd 93 s AeE &9
A F A AAY Y-S AT Low pass filter(DCT O.1Hz)91r
High pass filter(DCT 0.005Hz)E &3t Signal Processing ©AE A A
e AAstALL, T A TIE e A BE e ARE
Baselineo.2 A Aslo] FA7|E £ AEHE Als = Als O @Zen
(Signal-to—noise ratio, SNR)7} 30dB ] 5kel zjd-& E2Xo A A2 A H
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Abstract

Relationship between home—-based fine
motor experience, fine motor skill,
and executive function in young children
: Confirmation of prefrontal cortex

activation using f-NIRS

Park, Jieun
Interdisciplinary Program in Early Childhood Education
College of Education

Seoul National University

This study examines the relationship between fine motor skills and
executive functions in young children, investigating whether fine
motor skills can predict executive functions, and discerning specific
regions of the prefrontal cortex that are activated while using fine
motor skills. Furthermore, in order to consider environmental
influence, the role of home-based fine motor experience was observed
in predicting children’s fine motor skill development. While numerous
studies confirm a positive relationship between motor skills and
cognitive function in early childhood, fewer scrutinize this connection
within the context of home-based motor experience. Specifically, a
paucity of research exists on the relation between children’s fine

motor skills, and the activation levels in the prefrontal cortex during
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fine motor tasks. To address this gap, the current study explores the
relationship between fine motor skills and executive functions,
assessing the predictive power of each fine motor skill subfactor for
executive function, and observing the specific areas and intensity of
prefrontal cortex activation during the fine motor task performance.
Additionally, this study aims to explore the relationship between fine
motor skills and executive functions in a more specific and scientific
manner by examining whether home-based fine motor experiences, as
environmental factors, hold explanatory power over children’s fine
motor skills.

Data from 107 five-year—old children and their parents from six
early childhood education centers in Gyeonggi Province were collated
and analyzed. Assessments were conducted on young children to
measure their performance on fine motor skills (including fine motor
precision, fine motor integration, and manual dexterity), degree of
prefrontal cortex activation during fine motor skills tasks, and
executive functions. Parents provided demographic data and
information about their children’s home-based fine motor activities.
Data were processed using IBM SPSS Statistics 23 and OBELAB
NIRSIT LITE Analysis Tool 3.6.2, and analyzed with descriptive
statistics, independent samples t-tests, and regression analysis. The
key results are as follows.

First, findings revealed gender differences in main variables, with
girls scoring significantly higher in all sub—factors of home-based
fine motor experiences (overall home-based fine motor experience,
parental perception, home environment, frequency of motor). In terms
of fine motor skills, girls significantly outperformed boys in overall
scores and in two sub-factors (fine motor precision and fine motor

integration), excluding manual dexterity. Furthermore, during the
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performance of fine motor tasks, the degree of prefrontal cortex
activation in girls was also significantly higher than in boys. As for
executive function, girls outpaced boys in overall scores and
inhibitory control, but no gender differences were found in shifting
and visual/auditory working memory. Second, a regression analysis,
controlling for gender, indicated that fine motor skill, particularly
manual dexterity, predicted all aspects of executive function, with fine
motor precision specifically predicting auditory working memory.
Third, children’s performance of fine motor tasks elicited activation in
the dorsolateral (Broadman Area 46) and anterior prefrontal cortex
(Broadman Area 10), with the dorsolateral region, closely associated
with executive function, showing activation across all five assessed
tasks. Regression analysis, with gender as a control variable, was
further performed to examine the relationship between home-based
fine motor experience and children’s fine motor skills. Findings
revealed that home-based fine motor experiences and subfactor’s
home environment significantly predict children’s overall fine motor
skills, also the home environment and frequency of motor significantly
predict manual dexterity. Parental perception of fine motor skills and
the frequency of home-based fine motor activities significantly
predicted prefrontal cortex activation during fine motor tasks.

This research investigated distinct contributions of subfactors of
fine motor skills to executive function subfactors in early childhood
and confirmed the neural link between these skills. Moreover, by
probing whether home-based fine motor experiences as environmental
factors predicted children’s fine motor skills, the relationship between
home-based fine motor experience and children’s fine motor skills
was validated. These findings underscore the crucial role of fine

motor skills during early childhood, suggesting the need for targeted
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interventions and the development of strategies aimed at enhancing
the quality and quantity of home-based fine motor experiences to

bolster children’s executive functions.

keywords : young children, home-based fine motor experience, fine
motor skill, prefrontal cortex activation, executive function
Student Number : 2016-30452
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