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I A&
1. 479 d.4

WA & 2ol (Developmental Coordination Disorder, DCD)+
AR AT = sk el 7IRleHA] de % 99 Ast®
golE, Q1o 8t A=, BAl A3l A Vs, A B8 EE S 4
v skt (American Psychiatric Association, 2013; Karras, Morin,
Gill, Izadi Najafabadi, & Zwicker, 2019; Zwicker, Harris, & Klassen,
2013). WEAA SN A 9 ¥d A% 249 FAEF (ICD-10,
WHO, 1992) ¢} u] =74 A1 €] 844 3] (American Psychiatric
Association) 2] Al e W FA wird (DSM-5) FHAlae]A
ot ARG Aol T shtolm, Vs d vle] wE, A8 Al7HA

sE= 7HAI a1, Frol B obE7|
A7 AR A VdEE % Vs (eg, WiEol, A7), A7 )
w539 o] AR AY FY gt A FE T2 e E YEhdt (Missiuna
et al., 2006; Polatajko and Cantin, 2005).

T 2 Grolr] el A obE 7] 271E dE A 7] Wil Alzte] A
et FrlAogE 45 B Ak sHAIRE 50~70% 014 & H&
A7 A 2A77HA] AESE T X9 01 (Blank et al., 2019; Losse
et al., 1991; Smits—Engelsman et al., 2013; Tal—Saban, Ornoy, &
Parush, 2014), 71744 A &5 o TF theh 8l 24 &AollA o el w&
A+t B% %09 (Tal Saban & Kirby, 2018), Ale] A9 FHR 7],
AUtEZED e TA R, A, oA7MEE S o] 4
U A £57ES T3k dlol o8& A= R Elth(de
Oliveira & Wann, 2011; Kirby et al.,, 2011; Losse et al.,, 1991;
Missiuna et al., 2008).

shARE, of A 7EA] MEA Y G FN Y] E7ed A TxTF H=
AR A T & deA A Frh wiEed, B AgAEol
A HSHoNE o2 A58 Mdstal vt 25 -5 Ao Eofol A
o] A Y+ - g% A (eye—hand coordination task), = AlZ}
HE o]l&ste] FAdE Ak FAE AAAS o, FAHTY
(attention) & Asl7} #F@Ath= AFA 77 Bk (Miri tal saban
etal., 2014; piek et al., 2004; tom et al., 2021). 9714 F2] HF o] &,

ol A A, s FAE A S AYske 719 85 Tt (astle

o §E tZ

1 ] 2- 1_l|


https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0020
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0210
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0210
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0455
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0455
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ijdevneu.2010.12.002#bib0240
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ijdevneu.2010.12.002#bib0265
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0060
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0255
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0255
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0345
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0355
https://www.sciencedirect.com/science/article/pii/S016794572100035X#bb0355

et al., 2009). dF=A FAH=H
AdEn. 7o 495 =4
33 ellA <kg-e] A%l gl gl
A o)8tar v (Treisman & Gelade, 1980). =3t
eye movement) & ©]83h ARk HFHE Ul AEEHA E©2
Ao A AFEE L §lo ™ (Arthur et al., 2021; Emma et al., 2016;
Jeffrey D, 2002; Min zhao et al., 2012), HZF 2] JF< &lstr] 2§
e RHEAQL BAE FAE AA A ow HFod S
= g AdE A8 = sl (Guo et al, 2016).
g2 91#]7]5 (cognitive function) & HH3IE ¥ Jgo=
79 34 (prefrontal cortex) o A e A S 7HxI T, FH 29
2 A5 de] B2 A¥ 7]F (executive funct10n)9] =4
- 1" 2 54 XA F dvteE AT A A5 Jd1 7
Hsge #A F4% 4 AA - (Duncan 1986; nght, 1984;
Shallice and Burgess, 1991; Passing ham, 1993; beeman et
al., 1994). o] galf, @& & LAl e AP AT+
Mz 25 A A A =9 Al AWl AT A FF
dstE RolFelon, 7 oY 11 AR S AAtet L F {3 A
715 (e, AsE)Atold RS 7HPste s olHEal Uth (Diamond,
2000; Dickinson, A. and B. Balleine, 1994; Rigoli et al., 2012).
stARF, DCDE 7H ool 52 #-& Ad-sol FflstA 771 & wb
= “HMOE s @?L nu gk Agolw, -5 HAl (Hhs &7k 9
A A o AT GAEE AESte] HeE Y dEFS g A=

EEEE gga&
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3. 47 7+
® Qo] A thew gk

D 553 A5 (Faddext, AsATr

1-1) v% &7k 9 A A 73 A Faddextst WsAlTe
A el A mhA | ?—7&3

1-2) 49 A7]+= DCDAH

rAl
of
Y
)
i
=2,
jus}
_%'

) TS AT AYA A5
2—1) O &7 3 A TA 38 Al AY
npx|uk 710 2 A= 7 Aot
2—-2) #4229 A7]E DCDY o] & o]l

3) AT AL xsts
3-1) v &7kt @ A A 3 A AFQA9A AdAEs s A
T-Zroll A mpA e 3102 s AT Aol
3-2) DCDA %I EA|Awre] Abain] 8L 2 A el o)t}



II. o] &3 w7

QIZFO] &5 AlAHIS X5 A Al &5 HAFE 288 g
A Z7F 25 Alofol #oshE & = vk o]y 3t Ml F shute] sk thE
TH FFHOE o]ojd F Qlal, o= o E FEH Y &5 i A, 3E 4 e
T ARG FAd e BN ¢ Utk =eAo g Azt R, W =1t
BAUE BE A4 &gl el Be A, 25, 25 2 2594
QAE St Alosts AE Erlsstth g Fask I A4S
Fastr] f18l old st Q4 F sk A Tl o] B 92 F7F EA) s
Nikolai Bernstein=> ©] #}¢) 2 =74 (DOF) & A @38t o] A& %
Aojel ;AN FAR RS (Bernstein, 1967). &5 3494
AHFE=EA(DOF) &, 574 AlAl H-919 AFE (84 WD) 7F Fash=

A (3 W) o SRt ok 2L vl
42 4% AFELS ol

o
S
[
&
58
rlo
ko
P>

In
o
Mo
>

= 7t oty WslshE A BEs
Fst7] st A5 FAHGe e W) 1o 23S 7HsA

HAH oz A7+E 4= 9l o (Latash, 2000), 7} A AH
P sAI717] Q8 HYE ArEEe] ME AEAEE 5 3
B3 Stk (Park et al, 2013). o]i= #}YH 2
e e B G=2A, CNS7F FAlol] 253k sl 9] H3he ol &-3atal,
AHAEE S Q] IAsE 7PAAde]l LRFE O UAA T3 59
7 = 7)1&9 Al (Harris, C. M., & Wolpert, D. M., 1 o]

A AT Z Fgsty] 91e 4 W o= vhehE o vk
& AAFSHE (Latash, 2000).
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2. H{ A A 53¢ 7H42

& AA Wl A7 = 524 el 5] dAstE 7] . 459
7V (variability) & WhebiEe #3 thsith(shim et al., 2011).
JAlo] theFA] 4 (uncotrolled manifold hypothesis) & 7|RFC. 2 714
2450 7TMAA (548 & dFsete o] 24N S =F dod ddd
Aol A F28kA AHE-= I U TH(Scholz & Schoner, 1999;. Latash et
al.,, 2002). AAE FASE 7122450 FAYS G840 = A5
2ge Fdeoldt vk Fde AlAS

:11‘

o)

ju

) 2
Fee Aes gy 28 W/]r skl synergies)
olgl= ol A E 4 Qlti(shin, 2019). Bernstein®l -JoH 5o =
2MERE synergydteE P, #A] 43 W<l (performance
variable) & ¢Fg3A17]7] 98l], &4 W<l (elemental variable) 52 3%
H &} (co—varied) sh= H&H W2 oz olaf|d 4= Stk (Park et al, 2013).
olgfgt M2  Bersteino] ¥ AFEEA(DOF)E ‘*F5249
79 (motor redundancy)’?] ='o| ofd ‘FQ24 £ Q8 (motor
abundance)’2] AlZfollA AZ}e = QA shv, HJH AFEL olH=
o]-&sto] Al F3q WHAS HdT= dEE FHo®E Frh(Latash,
2003).

S il | Py R o g
Q1] @ xpo] R F kol A A FAF(Vort) & &2l

AbHE T} Synergy A= LAubA o 2 F FBAako] zpo) o 9] &l (Vuem — Vort)
_]

Synergy A7} 31& 1
et ofy] AlAEA AA(Es], TA st FAeAel &) IFe
FANE YEdths B A AyEo] By 9t (Park et al.
2012, 2013; Jo et al. 2015, 2017; Ambike et al. 2021). E3|, H=%

Mo

AEAL thgt A= FEY X A AT HHA £ (Gera et al. 20164,

b) ¥ ths #d W) 2 W tF %7}%} 3 A T WA o b A el
th et B2 o]o} F v} (Reisman and Scholz 2003; Jo et al. 2016; Tomita
et al. 2020 Fx). o8 &2 I & J9 &Y dAE dFew
ATAHREL 9A s FZ(subcortical loop) 2+ AJUA 7+ #AE
SFAl gt



3. A5 <994 (prefrontal cortex) ¥ f NIRS

7154 28 9A B3 ((.NIRS:  functional near—infrared
spectroscopy) % & 718 T o2 AeAES ¥ G o] A A3
545 &l ’1\173"31346”4 AlZFel A RIZEe] &5 Aol E ZAFSH HAlE
3 9t} -‘_5,‘8], %194 (Prefrontal Cortex)2 &Aool /o]
o= %}Eﬂﬁo“jr TERACE AFHAAL 714,
o 5 &% Aojst #HE HE W 9% A%
t} (Fuster, 2015; Miller and Cummings, 2017). X3t
Ardade 424 499 7oezwRy JHE FAlsta
dute des AEeAY Afske= T A AloE
o} (Miller and Cohen, 2001; Markowitz, Curtis et al. 2015).
154 2494 +3HNNIRS: Near Infrared Spectroscopy) -
A 9133 (3 650~1000mm) S AlE (A=) FAFste] AAE
FastAY A ol A whabst S HEeko] HHFA R o, 45 9
Z1eb - 22 de  dlEEFEW (hemoglobin) & FEet  AMARAT
(oxygenation) & HEZT F Sl FA7|=olvh. ohr] ZajA NIRS+&
SAEel 22 9FE TAetel O FE R g dREFS AbEdShe

o)t} (Felix et al., 2014).
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HIHFAR W7 ASUROE FHTo F5& ¥ e 754
A2 E349 (f_NIRS: functional Near—Infrared Spectroscopy) <
A9 FS ol &M He dFRHsE BFFH R ASshs WiHolH,
A5 23S ol & ¥ 7o RS EN AAsE o] 54
HRES FOL QI QIZES] Mo FA 93-S FAFeRo] 245 F 33 INIRS
ANZE AHES] Agskd Atst RS ER = (0OxyHb) 9k g
2zl 5% DeOxyHb) S ST & vk 9 243} g9
%9 Oxy Hbel 93 %% AtAE 4H|eta, Oxy Hbe Deoxy Hb®E
Wttt 7)5E ZA YA BPHor A3 o5 i HIE9
Eh= 9l AZ% (Luke, Brian &

Physiological reaction Measured signals
Using fNIRs

Neurometabolic coupling

0, metabolism NS
(CMRO,) 1

Neurovascular coupling

Cerebral blood
flow (CBF) 111

Neural activity 1

Cerebral blood
volume (CBV) 111

: e T



III. 97 =4

AdstEd Qlo] 7HE dg /\]’%Q’C The Adult Developmental Co—
ordination Disorder/Dyspraxia Checklist (i.e., ADC) (Kirby et al.,
2010) 9} +=H7F=+< MABC—2 (Movement Assessment Battery
for Children) & 7I£ 2.2 ¥ o, 2t Z15 15784 w8 = 3ok &
AT X ol A B AT Aol A Ads AYsty 5o E Wk

EATEAedTgy Ay a3 SQs ¢ol 213 FTHIRB No.
2302/002-010).

The Adult Developmental Coordination Disorder/ Dyspraxia
Checklist (ADC) for Further and Higher Education
(Kirby and Rosenblum, 2008)

Please the giving as much information as you can.
Please tick boxes as appropriate. It will take you about 10-15 minutes to complete this
All information given is dealt with in the strictest confidence.

Name: Date of Birth:
Completed by: Date completed:
Address:

Post Code:

Tel no. or mobile phone no:

E-mail:

Name of School/College/University/workplace:

18 4. ADC AEXA

1% 5. MABC—-2 H 71+



2. 4g A

D oE £ 9 54 )

OSX]% Alst e&E 470 &7 #9449 (Normal
force) = SA3H7] flal, vl 78 &= & W g7] (Model 208A03
PCB Piezotronics Inc. Depew, NY, USA)E A}&3}th ‘31’
HE7] vl = ZFA A2 EFulE 3 (panel, size: 14OMX 9‘0”
immS) of MAA =Tt AF dolHE AA| AlzbE LabVie\i
M 7 773 (National Instrument, Austin, TX, USA)E o] &3
FRFon, opdr a-yxd W] (NI USB—6225,ENational
Instruments, Austin, TX) & &3 500Hz9] FF "% (samplin

rate) = t] A9 g} (digitizing) ! t}. )
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AFYN A A2 THE 25 By

T 949 A4 X3} (hemodynamics) S 74 317] $ 4l
2 24 9] A #3742 (NIRSIT, OBELAB, Seoul, Korea) &
Zolt}, g AH]e SN E+= 8.138Hzol ™, Source—
detector (SD)J ZolE 3cm® A5ty (Scholkmann et al.,
2014) F 487¢] AL ol &sto] H P ompiie X gh

Avesae BYEE %A,

_|

7% 8. OBELAB {NIRS %H]

source-detector

1% 9. source—detector T %

11 2 M E g



w

PN B

=
ol T i &

Ni

SEER

i)

B 3} (27-inches, 1,920 x 1,080 resolution at 60Hz) <
AT FARTE JAR FAAE HE 3 RHESHT AAoRE
¥ 2712 AS s & QuE sy, mak =o|s}
oatE Fall AT FoA7E Hojgh 2218 ol wHA gd
NEF st on, &rtek Ho] 3 Al T A=

.

L, 2 :!M

¥

%

%”“

FA S 9

o m 2 Ooh oW

32

Feedback screen

Sensors Velcro

!

1

Wooden peice «—

% 10. A3

1) Fd 8 A A (Maximum Voluntary Contraction Force
Production Task)

H & A AA= vl E7H] A 59 S S AAE
E7tEol Ao Al 5o FHoRE FAEH o= A
Froizk Jile] 7zl Hdl @ (100%)E SHFH Al 77124
3Etel 5 Sk g A sk AAe 2ER (MVC 5~10%
13- 9] sinusoidal—wave) & 274 st=H AH&-H .

e A= F 23], 324 AAE Aoy, vR dFS v
Al Al 7 5] FAA = Al g st

l

{0

L

¥ "'-\. 211
12 -":lx_i = |-.'.I L}



2) 7138 &£718F 3 A A (Multi—finger cyclic Force

Production Task)

Force (M) _|_:§ g

Time(ms)

9 11, A B

A7

A vl &71eE o] 43k RYE o Ho4EF9 2 5~10 %2
ANES 71 71491 (0.5Hz) AFQ1 9} (sinusoidal—wave) FEjS] & 3%

o

3 el wlel BYL 3R(180%) B WRE wAS SR
DA F 35 AEE Faston] 7 ARk 580 F4
A Fukorh

13 A A—E



4. B4 ¥

1) f_NIRS dl°o|H
(1) Axxss
A3S EF d& dgolgHE AA AFE MATLAB

(MathWorks Inc., Natick, MA, USA) ZEE o] g-3}o] B4 3}

wolz=o &S miAletr] 9lal, SNR(signal to noise ratio)
FA7F 30dB o]l Aol FHE dHolERE FA
o] &3ttt X7} 1 FH 77 W FH o]l Z2E A A o3
A dolE (raw data, light intensity)= 0.1 ~ 0.005 Hz2

T A E 7 o]ak FARRI M-S Abg-slo] HEH E ST
ey F@ Fshd ¢ (optical density) Hlo]E o] A A& 2]
THE A As, ¥ vlol-=FHE 32 (Modified

Beer—Lambert law: MBLL) = ©]8€-3}31t} (Delpy et al.,1988).

{‘: o - 3—1 °
dolE o] #Fo4d+ &rety] fle tha9 7= AlRu(Yu et
al., 2020). (1. 29 =Y w4 ¥, 724 p<0.05 2. 4AAF

r=0.7)

2) B A 2x}(Mean Absolute Error: MAE)

Al = Jal 7 Frre A medlyt AA gk 7+9]
ox2 Adge A T BF W gom, B AFoA= Fox
S (T) 2 24 9 G2 Se1aty] siate] AN E ek $4e
obelsh 2tk o714 n& WE 2 b
1 n
MAE = EZ'TL‘ ~F| (1)

14 2] £-1



3) W% A4 (Coefficient of Variation: CV)

F A5 (Coefficient  of Variation) & & FSE2EH,

A5l dlolE o] ko ® e kel ol el ot
AQ HE AEE YHee AXZE WHEATY el #ow
S E—EJJ} AR o w b Aolal, gto] AW dlolH <] #3x7}
g

AR 3718 @ A BANA 2 shde] A Fo)ucke) 27
AAagEAY, Hahe AP L7k @Yl angs
AFH o 215} g8 AN A 4L obeg} 2t

_N

S
CVre (%) = <M> x 100 (2)

Peak, trough

(2) 3 AEAS

AA F718 F AA AAAA 7 sl AR Flvire] 22
Sagk A, Hage AN 71 qEn R Fold
%319 ¥ gkahe] Aol hFk WEAFE Akste] BAIe
Y PFH 0% FA5] s AAH Uk F4 L oo Pk,

(po: 8HFE] F719 24 Al 9 A%, to b 7719 =24 HAa

il P49

p n

7 _ Zitita = (0055 MVC)
n

(4)

— 2
¢ _jE?_l(pn—Xp) (5)
=

n—1

15 -":lx_i —7- 1



= \2
S — \/ ?:1(tn _Xp) (6)
£ n—1

”’t> x 100 (7)

P,T

S
CVaee (%) = <X

4) At YA (Relative phase: RP)

Al S sdst Fao 7 F714 9d o] 9 AelE
UERATE oA el 7 Tbs Abol o] Y e F]8E S5 sloln
qhok 7 ubE o] f)de] o Hug ) HA o] FAle s Al Han
olef wel Adl 942 0%7F #®vh(in—phase synchronization).
SshARE FH LR 2 H A o] AR ThE AlZEe] WAYSHA W A 9174
180%°] 7MY A 2 94 (anti—phase synchronization) 2] & E| =
H,

ol gk Adh 97 At
T = o7 Fo J
Helo® ARg-3t3lt.

-

N

A

Force (N)

6

a7 12,8 $178 A

16 . H .I*',Jr- 1_-_” 3



5) AlYA] X4 (Synergy index: AV,)

A S Fall 9 dolH = ZA A& MATLAB (MathWorks Inc.,
Natick, MA, USA) FEE o]&&to] EA ) Aibe] A AR
Hlo)E (raw data)+= zero—lag, 6Hz 4th—order low—pass
Butterworth filter & ©]-&3sto] HE|R gt & o}l o] 32 =& &3l 7Hd
A< A HyesS A

UCM 4o = F 714 F79 #A4ko] A8k (Vyew 2 Vorr) . ZF

|
AL Awel) 9 A3} (AEV) 9 Figs A (3R Ql) 9
H3H(APV)E YeRdTE 07|14 Q@4 WIS Force fieldolA1e] 2zt
E71E59] force vectors Qv =3 WIS A & (Fror) =
ol u] gt

0=.J: e; (9)
S8 Bal Qoi7 Evhe o) ZPEE wAo] thebAl 37 (UCM)
Szt Bt vlAo] vhekA] F(f) Aol 27 A
LS
fi=) (el -dmye (10)
i
fi=dm-— f (11)
4714 ne 7 eawele] ARE £ GEhE, pt FAEelY

o AHA T+ 737‘]5“%3«] HEES oju| gy,
3o 23-& vEr =, &7k Y 23 E2 Baake
4 gkell W gkolth (mean free values / demean). WahA fi= £&71E

17 A -L- 1]|



g5o] wEael] o8 ALY BEgowRE vk RoliAE

YUEFATEH(Schéner 1995; Scholz and Schéner 1999;
2000; Latash et al. 2002).

UCMell Bast FAF(Vuew & UCMel A ilsh=
o5 2ol AAkE .

Ncycle |f |
I
V. t —_—
ucm( ) (TL p)Ncycle
NC cle
) = Y]
ort p- Ncycle

Vucm(t) - Vort(t)
(Vucm X3 + Vort X 1)/4

AV(t) =

18

(12)

(13)

Scholz et al.

FAF(Vort) =

ut

=B e oisk Vyend Aozl A71&
< dolH 9 Vriors Vuem® Vorrd &3
ORT) ol dFsl= AFLz FAES

(14)



5. 34 A

oX

FAE AR EEAF SN At FAA G Fgh Zfol o} A
T3 AlZbe] u} Fol= ®B7] 98, mixed—design ANOVAs with
repeated measure®s ST QA2 HAHDCDA L/ A - 7}
AlIZF(1~20%, 21~40%, 41~60%, 61~80%, 81~100%)°.=

AAst o, e BAA A5 79 72 p<0.05% AT}

ru
Wi
il

il

! 5 2] ) 3



WA BA L orhelth 1) thE £k @ A4 BAle AT
PHE 24 A0S Bl AAL 5 ol 54 WAER FPEY G
B3 511, 2) Ak 4R 1F (N2 9] vl E £ 49 DCD1E
£ 54E g st Aol

o1 918, & golMt Avh A A A AET 1EIF A 2o
Aoloh 78 A - 50| @ 7] Aol vl A%k 181 BF E7H 717
5 479 AHE WL LNIRS HlolE, 5 W), §¢ wale] AnE

E R s
A7 A= Ao AL F5HHMVO) A A, 714 (Cyclic)
E7he 9 A A c oz AEsksith

1. Hd 3 A A e AdT+2a 5
1) 438 (MVC force) B

MVC Task
*
I m Control

> DCD
2 45
N
[«B]
o
j-—
o
L 35

25 -

WA RE R R L ET

2 AFeA] SA e o552 DCD Aol SA Herct 76% Y
Zhskty. FAIA @I DCD Ao Hoj5=9] #t(mean+SE)> 747}
49.51+4.66N /37.64+2.78N o]t} 5% t—34 (independent t—
test) A3 F IFF FEmsh 2ol (1(22.839)= 2.187, p <.05) &
gelatglt.

20



2) AU+E58Y MVC force) A - ¥ vl

pre - post MVC

Hpre

N post
50 -

a9 14 Hd 59 A - F 1)

L

%, A% dolee] sze] o] AP A=A el
19 A A% o AUEHY e o8I F4
1

Tl > = t—
A ArEAT. A A& A3 59 9 #2247 43.57+£2.89N /
43.01+3.06N 0% 49|35k xpo] = Lpehujx| okorr}.

21 ) i 1 ” cﬂ T



2. 7713 @ B FA o gt AT+EH
1) f_NIRS tlo]
(1) AFEYA AL E (Oxy — Hemoglobin: HbO)
=74 3§ Agxa A Fek AT AAZIEE f NIRS ZH| =
&3l St & 180%2] erxﬂ 218 A 72 570 ] -3t (phase) &
wr 7 e AAE d"HolH e Hydks o tiEfte®
AAstglth slE dlolHE F3l 15 AEe] S5 wE Aol =
stelst7] el Mixed—design o] YuFE-EAEA  (Mixed—design
ANOVAs with repeated measure) = %13
9l 39S F 48708 AMEeA FHE dolHE YehdY. Y
j ool Ao FAL 15T AIRE BFOA FY3% Fads YERA
&3kt

¢

|

;

O
o

o
—

HbO a” B CONTROL
DCD

I
AR I BN I

phase 1 phase2 phase3 phase4 phase5

1% 15. HbO (all channel)

22 M =TH @



Hbo RL mCONTROL

DCD
l -
0.8 -
~ 0.6
=
E 04
@,
Q9 0.2
T o I T I
0 T ? T ! I T ! I T + 1
-0.2 -
-0.4 -
phasel phase2 phase3 phase4 phase5
1% 16. HbO (&% 215)
Hbo RM mCONTROL
DCD
1 -

HbO (uM)

©
N
1

1 Ii
DRI O R

-0.2 1

0.4 -
phasel phase2 phase3 phase4 phase5

19 17. HbO (& Y =)

A TS 2" 400 BAGG RODCE Yir ANEE F LEF
HHod o (R: Right: L: Lateral; M: Medial) ol 81 &%= dlo] €1 S Yeldin
A T FGelA I AR Bl A o sk Fa v VEbA] ¢Skt

i
[,

23 ] L-th
) I }



Hbo LL mCONTROL

DCD

HbO (uM)

o

Z l I z I I
MRl B B

phasel phase2 phase3 phase4 phase5
1% 18. HbO (9% 91%)

Hbo LM B CONTROL

DCD

o
»
1
—

| 1

gl o . 0 N
LA B B .

-0.2

HbO (uM)

phasel phase2 phase3 phase4 phase5
1% 19. HbO (9% Ul%)

A FHY ™S 4719 #AAAIRODCE Ui AMEE T 9%
"3 ol (L: Left; L: Lateral; M: Medial) ol 3135+ dlo]g] & Yehdth

b . i
£ ]

24 A1 = TH



20l Y= (Left Media) B-HoE 223 A7 BEoA 493k
a7 YERA] kAR, 1%:2] 9] 5 (Left Lateral) F-2 ol A& 15l
3 FE 7 GEFSTH(F (1281 = 5.228, p= 0.03, np° =.157).
otgfe] 12 7t 17 TiHE AEQYA LTS Ao
UERA Aol a9l Holx, AT DCDAHE &
TZboll A O W ok AMAE AH|EtE ZoR BoyX ], EA 3 e v
DCDY o] B= F7kel A o B3 AFAE &vetal, 1 5
Y= (medial) 2504 E=ak 44 U= Ao g soly gl

S 4N e

uhi
B
N
©

d
N

Control

0.6

Phase 1 -

0.4
Phase 2
0.3

, AHbO

Phase 3 (WM)

0.1

Phase 4

-0.1

-0.2

: 2 A &t 8



ol

7118 v g o] dtoltt,

)

olo

o]

o
T

S

at7] flel 2 71%

—_—

o

o

=

0|

S|
S

]
]

-
L)

3
]
:

[ ]

[ | Fyyepp——
=
[ ]

phase

[ ]
"

Control
phase
DCD

o,

SER A

]
=

=y

1% 22. DCDA ¥ A4 4 H]

]
|

2T 8 5

i)

A -

HATHP .05, R=.292, R = .085).
26

[e)

=

v, DCDO A A 278k @)l ¢
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(2) A5F¥994 7153 924 (Functional connectivity: FC)

The number of FC

Percentage
control | DCD | Difference
(ded)
>

CooTT e - Phase o /’ ‘

% __T\, |, f: 1~5 . 7 N 0 25 +25%
-32%
+100%
-20%
+38%

27 ,' A—f 2 t_'_” ﬂ .



THEL T DL FasE TRHE,) 07 THete] AMsTh A
o} o} 7.

MAE B CONTROL

u
P DCD

0.6 -

1 il 1l

phasel phase2 phase3 phase4 phase5

Deviation (% MVC)

OH 24, AE 2 2 (up) A

HA s F7tskeE (Fup) oA el Axfolt), dld FA oA 15
Ta = UeEYA egre Ui', T FaHE AT = A AT (F2.483 69.515]
= 3.366, p = .031, np® =.107).

28



mCONTROL
MAE,,,
DCD

0.6 -

I
0454II II II II I

phasel phase2 phase3 phase4 phase5

Deviation (% MVC)

9 25, A 22k (dw) A3t

A& HaAsteE FHFa A el Aol 1% FaYdeE YERA
skow, 3 Fa s AT 7 AR (F2.021, 56584 = 5.798, p=.005
p? =.172)

29



AT Fol A7 A &7t el st 3 )
A8 Fas) 98 B4 Welow AHEat
m CONTROL
RPup
DCD
2.5 -
2 [ w
(@)]
[«B]
15 1
1 n T T T T 1

phase 1 phase 2 phase3 phase4 phase5
9 26. o917 (up) 23

WA Qe ks PE A Aelth, b
Favhe e ggo, T4 FERE 99 5 AU Fu =
3.352, p=0.012, np* =.107).

RP, = CONTROL
W

DCD
2.5 -

Lt

phase 1 phase2 phase3 phase4 phase5
% 27, 491 (dw) A3

Deg.

d= #Hadste FHEW MY Aol T FaIE UEHA
dston, 7t Fads Add F AT (Funa = 3.137, p = 0.017,

30



4) AFA T
(1) g3 A
AA F714 ¢ B FAlelA 2 shue] JiE Freie] 24
azk(Ad, Hi2HS AAsE &7 g€ gAz Folxl
gz v gt zolo] thdt MEASE AALee] IpA|=3
A JFH o7 &l g AA =AU

mDCD
0.8 -
> 06 -
L)Q6
0.4 -

phasel phase2 phase3 phase4 phase5
% 28. A& M Al (peak) A2}

CV,

CONTROL
e trough "

mDCD
0.8 -

phase 1 phase 2 phase 3 phase 4 phase 5
9 29, &8 HE AL (trough) 23

T2 B FAH R Fo% Abol= jISiHh

31 R e 1A



(2) Y WEASF

A 7714 @ A BAA 2 s A Fvbvke] 22
S A, A2 S B £ G ARy S Yo
spelat] 918 A4 =

CV eak B CONTROL
pre p DCD

0.04 - *

A

el

phase 1 phase 2 phase 3 phase 4 phase 5
2% 30. U3 W AT (peak) 43}

CVv

= TRHFp) o2 Aateltt, sl 24 d 3 B
a]leld Fo%t = a3 (FHek Flzg = 10.669, p = 0.003, np?
= .276; 7%k Fuiiz = 5.648, p < 0.001, np?> = .168)& AT

32



CcVvV

m CONTROL

CV,, trough o

|

L= 1]

L

) j ' ' I I

0.04 -
phase 1 phase 2 phase 3 phase 4 phase 5

a9 31, gEAd HEAS (trough) A3

= THFa oM e Aol i 24dY Be

33



5) AR 2] %
(1) 288 AYA A5
AHAEe &b 48 v9e AgHow ARG AR

Z-transformed AV, ~ ®CONTROL
* k% mDCD
'.
0.7 - | — xk*%
1
=)
[«B]
=
S ——
£0.35 1
c
IS
S
i
X
>
<
0 u
phasel phase2 phase3 phase4 phase5
19 32. 4Vz (up) A3
A& Tk 73 (Fyp) oA o] Aapoltt. sl 414 37 -7kl A 9
o st = a3 (Farss 77003 = 11.585, p<0.001, np? =.293)&
gelg = AT

34 2 M E g



Z-transformed AV, m CONTROL

AV (z-transformed)

*% % mDCD
’ *%k%
1
0.7 1 [
0.35
0 u
phasel phase2 phase3 phase4 phase5
1% 33, 4Vz (dw) A%}
g Fashs T Ea) ol Astolth, 1§ Favhs e
Fokom, -3t “eriljra ‘?_] T AR (Fioses, 726021 = 15.235, p
<0.001, np? =.352).

» f i L ” *‘ﬂr U



(2) UCM &4t
ofefi= Hl Ao ThFAl &3l A sh= kel thEt A yol

F m CONTROL
DCD
0.015 ~

Tuntl

phasel phase2 phase3 phase4 phaseb
14 34. Vuewm (up) A ¥

V uem (norm)

|: B CONTROL
dw
DCD

0.015 -

) ' [ ' ' I ' I ' I

phasel phase2 phase3 phase4 phase5
1% 35. Vuewn (dw) 23

V uem (norm)

T 2 Bl FAIA R #o % Afol= /I3t

36



ot = HlAlo] thFA]l F3tell A w ek Akl tiEk Aotk
F mCONTROL
up
* mDCD
x .
p——
€ 0.012 -
|-
@)
=
|_
@
o
> 0.008 -
0.004 -
phasel phase2 phase3 phase4 phase5
19 36. Vorr (up) A7}
A& ST k= T (EFu) ol A 9] Aatolth. s A4 A 3 kel A 9
o % 7 B (Fags2 s26521 = 7.917, p < 0.001, np* = .2200&
ghel et % et

37 2 M E g



F B CONTROL
dw
mDCD

0.016 -

o
o
=
)

0.008 -

V gt (NOrm)

0.004 -
phasel phase2 phase3 phase4 phase5

1% 37. Vorr (dw) A3

A& fHasks 71 (Faw) oA &) A Zpolt, sljd 44 2 -7tol| A1 €]
Els (F[1A835, 51.373] = 5.203, p = 0.0l, ﬂpz = .157)%

ff
%
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shuel A<l v Ao B3t ddo] FA
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AN EE H-§HAQ synergy indexoll A 1&E3E
= A AAE T} TS

A
Fa}E Mg e YUY

il

9l synergy index< £3&l|, dcd’} synergy index©lA]

g 7 9= ONS7F U E7hebs gdll 9= g shshar 7h 7150l
o= B e E Bt A ANM L EAV stk e Ed Eet
subcortical disorder #2455 tl’d o= X8 H synergy index?] A dh+=

synergy index”} subcortical®d & 2} U st #Ho] Sly= A& A sk,
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| ATTENTION |

Purpose 1.
Quantification of attention in association
with cortical & subcortical functions

Prefrontal cortex Performance Variable Coordination Variable
(Oxygen consumption) (MAE & CV) (Synergy index)
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Purpose 2.
Effect of DCD on cortical & subcortical function
in association with attention
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Abstract

Changes in multi—finger coordination and
prefrontal oxygenation during prolonged
cyclic force production in adults with
Developmental Coordination Disorder

Jiho Kim

Department of Physical Education
The Graduate school

Seoul National University

The study aimed to explore multi—finger coordination and its
relations to the features of prefrontal oxygenation in adults with
developmental coordination disorder (A—DCD) during cyclic force
production. Developmental coordination disorder (DCD) is a
neurodevelopmental disorder characterized by deficits in motor skill
acquisition and learning. DCD also causes a detrimental effect on
academic achievement, possibly in conjunction with attention deficit.
Recently, excessive activities of the lateral prefrontal cortex along
with the decrement of eye—body coordination in DCD, were reported.
Therefore, the motor coordination deficit in A—DCD may be
associated with attention deficit. To identify A—DCD, we used the
Adult Developmental Coordination Disorder/Dyspraxia Checklist
(ADC) and Movement Assessment Battery for Children—2 (MABC-—
2). We identified fifteen A—DCD out of over 500 participants. The
age— and gender—matched controls (CS, n=15) were also recruited.

Subjects were asked to produce a smooth sine—wave total finger
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force by pressing all four fingers while wearing the functional near—
infrared spectroscopy (INIRS) device for the measurement of
oxygen consumption on the prefrontal cortex. This force task
required a decent level of attention to complete a given motor task
successfully. The force templates were given on the computer screen,
which consisted of a 180 s sinusoidal wave with 0.5 Hz frequency.
All four fingers set the amplitude at 5% to 10% of maximal voluntary
contraction (MVC) forces. The level of force was small enough not
to induce muscle fatigue. Three trials were performed; thus, a total
of 9—min data were acquired from a single subject. The MVC force
of A—DCD was significantly lower than that of CS. 180 s of time—
series data were divided into five phases, and all the variables were
computed in each phase. Three groups of variables were computed:
(1) coefficient of variation (CV) of peak force, (2) indices of multi—
finger synergy in four—finger space, and (3) changes in
oxyhemoglobin (AHbO). The CV values were increased over time,
while stronger increment in A—DCD. The synergy indices decreased
with phases (i.e., smaller synergy indices at phase 5 compared to
phase 1), which was observed in both A—DCD and CS groups without
group difference. AHbO remained unchanged from the first to last
phase in the CS, while the U—shaped pattern of AHbO over phases
was observed in A—DCD: high at phase 1 followed by dropped in
the middle phases and increased at the end. Overall, the results of
the current study failed to demonstrate the causality of coordination
indices and prefrontal brain activities during long—durational force
production tasks that may require performing the task in an ‘attentive’

manner. However, the long—durational task yielded a decrement in
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coordination strength and performance accuracy over time,
presumably in part due to inattentive status. Thus, future studies will
have to ascertain the veracity of critical factors inducing less

coordinative behaviors by inattentive status.

Keywords: developmental coordination disorder, cyclic force production,
multi—finger coordination, synergy, UCM computation, prefrontal
oxygenation
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