etz 532 238138 %]) #2038 1% http://dx.doi,org/10,18064/JKASI, 2022,20.1,14
The Journal of Korean Academy of Sensory Integration
2022 Vol, 20, No, 1

AT FHEeY TEo] W ofs s e
IM) < o] &8 FHEeY TS A&st F 97] 59
Auby @ 20199 ~2021de] obsdATAelA IM g oks T Efold THol ARl
BoEo W oby 89 ARE FAste]l AAF A-FAE o] wigkE vlwskqloh FiEllY 1
T 2~3%]7], F 703]7] o), 57| T 40~50C % ofsl] WA A wet FLHQlth &
A5 Fuetol o Wshk= M| XA o@’\}(Long Form Assessment; LFA), ¢17] 582 7|x%%
715 B H 7FA| A (Basic Academic Skills Assessment:Reading; BASA:R) & 4313t}
A3} : LFAY FHEolW 59 F7H3 B obsd AA S-s3Ae] vhgAgte] fHak o] FH kol

2 A5 g2 W EZ % (Interactive Metromome;
of nx= a¥E Fpetstarat &gt

n rlo o}l\-‘,

Sdo] e Ao ey EASHoRE o8t 2}o]E Hlh(p<.05). T3 BASATRS ¢]7] A
AreE RIZEAS-7] AL ARl M e et s WERITH(pK.05).

AE 2 AvE Py o] v obsd o] 5 e % Freely U duy 2
2 ANsRIthzEl o1 97t giek

ZAo] : Fetolw, Aazg ERE, 97] 74k BASAR

I M2 T2 414 Bto] W (mental timing)o] 7§ =|A] gL
e Ad 4 glth(Lewis & Walsh, 2005; Mauk &

FeEIYE oM AFH oz dojub= AWRE 4l Buonomano, 2004).
7 AgE Yn|stal bt W G5 7kl wAlE 53 e Eto] S 51 F7|Eto|W, QlEHEtoly 1l
0] 2] A th(Kim, Han, Kim, & Han, 2015), FX|E}o] dMA=glo|Wor  FLEETHBuhusi & Meck,
e olgo] St mE YEo] Bidoln] WAD BE  2005). 4 2/Iehol WL 24xlgh F7lel B Aol

WAIAR}: &4 (otsun@dongnam, ac kr)

Hed: 2022.04,20, | AAFL: 2022.05,04, I AR L: 2022.06.21.
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O

=% P5it YA 5S dLstA 57 Sl AL

A, Y H T Qe e AT T
oA & Iel= SAEA W AL, A2t i E o
. WA EEro| S A7 T 5 100089 125
Ao Alk(cerebellum), HIE H(basal ganglia), 2.
u2 ¢ (right parietal lobe), S20]u}oHd 2 (dorsal
prefrontal cortex) S & 1] oo E5o0] JHE wF

S AT RS ellEe], ol £554, o} 2l

B e 3o ofN Hu >
ﬂmé;
pd

’

3“°ﬂ£ %923} (Leisman & Melillo, 2010), 24|
& Ao, ol FE71Y 52 73l st A
01] %lo] "2 @ Ao|th(Rubia & Smith, 2004).
o3t Fxeto|W Agtom Qlsf F39f HY3yF,
S/0] WEhaL AIZE we, AE, e7leh 22
3y, 2 7190 ofgizo] e dAFEYSo] B
153 Qth(Fortin, Champagne, & Poirier, 2007;
Rommelse, Oosterlaan, Buitelaar, Faraone, & Sergeant,
9007). E3F x| elolw] B¢} HE AFo g of
=3lo|H, Folg 4y 1}o)3=A ol (Attention Deficit
Hyperactivity Disorder; ADHD), Z&d4, Xlu|3A
SIEE, 47] ol Fol welA gtk
(Bush, 2010; Bressler & Menon, 2010; Castellanos &
Proal, 2012; Ritter, Colson, & Park, 2013),

O =
Aol 255,

AL, oY 3, 5 T 5 TS &Y 99
of JFE F1L = FHEIYE A7) gt B
£ Zof A5A8A] o E &= (Interactive Metronome;

IM)&&o] glom o= FiEto]ry] Fof WA EE}o]
Y31 1000%-9] 1% Efo| AJ2AgIT} o} WA A7}
ek, IM E3e Fufe) 43 aeld Fel AT 34
PzAbof, A EH-SA ol (Developmental Doordination
Disorder; DCD), A4 “’H XMI‘% ’HXJOH, e} wh],
Aoy kAo, 7l &

118} tH(Bang & Kim, 2021),
o] @30l 3] McGrew(2013)=

o] ZAlsl=t M TAL Y 7o ARUA ]
3} 571517} o 2ol A TS wrEaA FozM 1o
s s ek A 0 @

ACS) 7)%52 FRAIRIE ol i, =27 ek

Wafup A @ A5 it BAES 5o 2 719
A BHHA FRSS T ¢ JEE 3} o3t 7|5
A Aol 270l AFANE A &2 IM TS F3
o] Yt BEZQ dA F5UIEE HEY, A9
5, A 719E Ao 2N B QI A W gt
o] A8HO R o] RO EE wo} st LS 7|
0|7 oot BRE o]FE = A "r}. McGrew?] 3¢
Al A7 A 71de IM Edo] ] AlAF7FAA o st
AL 0|2)= AL AABHFH(McGrew, 2013). E3F IM
T aarel sk Q1% Fo, Qo] 9 FZ 7] 5A
g, 544, 97 59, 3 A=, &5 24, ¥
s, v3 58 5o A= AY A4E 59 IM &
Aol x| AAF7IAA T At 2AE AT
% TH(Bang & Kim, 2021), o3t *ﬁ!ﬂ AE S 9
7] S8 AHste] Wolff(2002)= 217] Aof7} 9=
obs2 Qo] AA Huk o} FiElo| Yol = FA| 7}
pow, 53] A7 Aot #HE oy EA= 24+
o|&fiat= Aol E%X—M dolo] & 4= Q)

Merzenich, 1997; Tallal & Stark, 1982; Wolff,
2002),

Ritter, Colson¥} Park(2013)-2 10{e} ¢l7]of o
0] A= 2FS ez ¢7|et dof St v
< oFsd IMEHS 9 AR O5S Bludls o
IM E&1Z AAIEE ofgE0] %‘7] 4 “‘*4 olsfoll A =
2 /4% olslE &
A5} 9-851 Hloto & A||oks) ME} Bonacina, Krizman,
White—Schwoch®} Kraus(2018)2] A15t, Woodruff Carr,
Fitzroy, Tierney, White—Schwoch®} Kraus(2017)%]
Ao E Fjetoly Eato] ¢1716] ofeigo] i o
o AadolA o7l s9Y AR AsE 4 USS

BN

FjEre)y o] 817] el A A 15



AR}, Lot ) AFlHE ol

7r0 ©
Ev T
Q7 gt Ay diso] EEsE AR

wEb 2 Aol A FEElY FH M EHol
&2 71 gl vlAls avE 2ax s—}gﬂ;u} |2 g8 =

o
22T 0 G oEE AWE 4 % 49, WS

So BE AAR Al YABE 1097 o3l 2
AR EAS hetingrt ol S SAsT, 951

oA F2E Aw F Uuby 54L& JH, o], hdo]
I, FrRRE 97 B7keh IM T2 IWo) A A Fske

Table 1, Demographic characteristics

HAA R O] T

AL A= 2019WRE 2021 E7HA] A2A] 249
3l ol A LAE AstY] IMEH| o3l of%
177 Soll Al Blo]®) F&o] A4l A Hat ofskel of
5E 89 &3 04%“’41”1}:1' s, At

H7HBASA:R)

2 IM 7k % WA AL AT} AT olste] Efoly
Uepd ok 5

A9 o717ret AAE HAHLong Form
Assessment; LFA)-S Adfsle] H717|E4] 2HAlo] =

wol7} 71 of 7l o5 w6H] 674doln
b5 wisH THUE F 839 ol5L Yo B
o Aol Fold g o5l B4 Table 1o A4
st

gL

2. g7 =7

1) 7IzstE7s SHHIAAS 2174 AHBasic
Academic Skills Assessment:Reading; BASA: R)
BASA:RL w84 =A=A(Curriculum Based

Measurement; CBM) Ax}ol| AT e57] 434 % 7}

AA = Kim(2000) 0] &fsf) 7=, 253l 1, 2, 3

Variables N (%) M=£SD
Male 5 (62.5) ~
Gender Female 3 (37.5)
Age (month) 92.9£10.1
1st 2 (25.0)
Grade 2nd 3 (37.5)
3rd 3 (37.5)
BASA'R - fluency 4
(Pre—training) (Point) 133.6--58.9
BASA:R—comprehension +
(Pre—training) (Point) 4.83.62
1 2 (25.0)
LFA class (Pre—training) 2 4 (50.0)
3 2 (25.0)

BASA: R: Basic Academic Skills Assessment: Reading; LFA: Long Form Assessment
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.‘_,
=

Ao 2 FE35FAtHKim, 2000), BASAIRS
: (7] olshz 4= Sk
A2 el 2ot g

g 71(
Y A Foldl A

oo rlo #o wo ok
N

[

S 97 A7k e Aol gk s 9]
ARE ANT T A4 ket 182 Bk A stol 1A
e 24 ol w%w T 1 2%, 7

o 42 gl
232, Ed 24 & Adsz Akt o,
ST §S § AaR onmur HHEE L HoL £
2 ukgo@ AelshA] g=rk(Kim, 2000).

BASAIRO] W77 917] o3l S5 Sl
AALZA olopy] B8o] A TolE 2k WAlow

5
5
oW| 2L izt Fefok ¢ wolsk e w A

>
;U
10
;d[‘
L
e o

M=z 71531t BAS
2] % (Cronbach’g= 89°]tHKim, 2000), & GLoA

BASAIRE IM £3 A% o}59] )7] Selof ojgt &3}
g ] SleA AAlsge,
2) MS XAl HEE=(Interactive Metronome; IM)

2 Eae] SAjeh Bl g BrAaAY, A3

3 79T, ol AmAT $AE PRI

E3E P E Qo Greenspan 1997). IMQ] &=
E

)

o) eoly Yng
g2 slo] SE3bA FHA( m/s average) 0.2 7]&3}
ot & EFHA 00 7W‘€~’F§ gegt whgoltt,
M2 ol MESSES SEFBSAS 54
517] 95t AAE HAAK Long Form Assessment; LFA)
9} @=% FHAHShort Form Assessment; SFA) & 7}
A7} ook, L% LA 13717 SSabAleh Az wu)
A Zol A AlFEe HAZE F7bE F 147H4] &
SUAIE FAsfof stk LAY HA-AHAL A2 ==
r=.850]tH(Cassily & Jacokes, 2001),

g

2 AFoIAE of5e] Eol S Ee By
She mPE IMS ALESIIT LFA FAF ATk
d By 58 Axof wEt 7PY A7 A3H(Extreme
Deficiency)< Classl, A8t ZA3HSevere Deficiency)<
Class2, HoHBelow Average)S Class3, Hat(Average)
£ Class4, Bt AH(Above Average)S Classb,

Class6, 7} ©<4>(Superior)E Class7

r2 ofx
ol =

(Exceptional) &
2 7]&sh3it

o BEAA FAET} B 2o
3, wjE7iuiet Ao dhat 0
A 52 SIS0, B 3 13 3 ol K

2 B8] §I9) 9] LFAS 9]
7] 52 915 BASAIRS ALNSHTh IM FAlE )

IM &+ 9JAKI HASPIOﬂ’ﬂ A sl ARI} 7L o
3t A BAPF AAI8I L, BASATR H7H= QIAARAL

7k AT
70~2203)7]7}

M SA 717 F9 2~33)7= F
A obE o] WhdA EA4T Q1A Al wet 37T
10~5024 Hgaiock. % 832 ol 5 39o] 70~
1003]7], 4o] 100~2003]7], 1Ho| 2003]7] o]A}o|
ot A TS HASPIO|A A&st IM A&7} 18
23 9 %3 749 sfo|=aRle] 725t 2 7)o
AFAFEo] AATE 1-4ttA o W30 FAE A3
o} dA= g olFl] ZREES Fofste] A|AISHItE
(Appendix 1),

1) 12|
A 7)5S HFE sl 71E3S sl JFek
t}, goly 58S Fo|7|Hot g gEun|Ael
z2to 2 ejy3t = JEE Joh, A8AP) okl £ %
1 o] ejgalr| = k3Tt
2) 2&HA
S| &=

7128 2ol ABHE 3 Fol= AesE
= shgick. AR 712 B BB B, oF

S
7t
AAY A A 7, ol B AAY =A A A 4

-

e
o

FEEFO]Y FEo] 87 SEO v &7 17
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N

27} 2] wie] o} FHSES sttt 34
2 gol1 WEY 4 U= A=Y A7)0 &
A obg o] Exof wio] MAsich BAE of
Exof wet cheA Agalgin] Axe) Fa
U 7bse A9 BE BA2 485 sttt

1+

N

= o

o o}ﬂ_>|:
1o rr YRS

O

)
-

1
3) 3EHA|

gto| X5 Rt st AlFEE o AeE
S HYA ofFo] AAR HRE Jx| 1 F7|Ho] stE
£ o3t} gtold 58 3ol HEkalt

4) 4EHA|

Al 14719 52 2o 5§ SFolL} QXA A
7hstgirt, obgol 53] oleigial: FAkg HE
ALY, okt Q1A A A-gshgict,
A= ofd E2HL FHHA Edoly 22|

o olrl
o o

(e}
ol
2l

D)
3
ot
N
N

L = J:J- o ﬁw
AN ol ol nfo rz

>~FE_L.>i_&

1 wu} obo) 38

At A 5 3len “Blﬂ 717} A=A

Al wEste] 285kt

1o @ o ob

Moy

N
m
=
Iy
x

$7]% AE= SPSS/WIN 18,0 B4 =&
tol EAsttt, oA dyka A4}
F2HA}, HIE 59 7|eEAE ol&st
AT A=Y M A A - 3 ¢
29 zto| & H|awsly| fial B Ea:
Wilcoxon H 3 AAS AFEste] BA819
T A RoleEe 052 At

o2 o
o ™y
>
oo 1o

o

o
)
rlo

>
ol
L

o?d Olr

[€]
7|
A

o ¥R oH
olr _ﬂ. f:t‘l

r 1o

o

dr o @ v
= B
o
L

e

I, &7 2

ic]

1. IM B ¥-= FEIEI0|Y SH(LFA)2| H3}
AFgAAES] IM A A - F Fijgloln 529
WSS Bhelsh] Slsto] LEA W Aol S wlwdt 2t
= U3 Zth(Table 2), $4 A LFAS] TA f4+=
217 4(m/s average)olA =] & 39.1(m/s average)
2 FLESA, AR fon|el Ao]lE Hlt
(p<0 05). LFA Class= 4] A 2. 0649 A 5,75 T4
oJ8HA “‘Pﬂ‘}b— EHQ} LH FpoA= &8 &
50%01] MR, T AZ {3t xolE e
(p€.05), E3F ﬂ?EH%ZPQJ 78 LFA f4=0] Hals &
et Aup B FFE AR Yegth(Figure 1),

LFA - task average

Mrillisecond average

Pretraining Posttraining

Figure 1, Change of temporal processing by LFA-task
m/s average of each subjects
LFA: Long Form Assessment

Table 2, Comparison of temporal processing between pre- and post-training using LFA

M=£SD
LFA o o Z p
Pre—training Post—training
TA (m/s ave.) 217.4%59.7 39.1+16,1 -2.521 0.012°
Class 2.0+0.8 5.75£1.0 -2.539 0.011
EH (%) 67.1£13.2 47.2+8.8 -2.521 0.012"
LH (%) 33.0£13.2 52.8£8.8 -2.521 0.012°

"p<.05, LFA: Long Form Assessment; TA: Task average; EI: Early hit; LH: Late hit; m/s ave.: millisecond average
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Table 3, Comparison of reading ability between pre- and post-training using BASA:R

M=SD
BASA: R - - 7 D
Pre—training Post—training
Raw score 133.6£58.9 183.1£78.3 -2.521 0.012"
T— score 41.8%15.2 42.7%15.9 -0.507 0.612
Fluency -

%ile 32.0£37.2 38.6£35.1 -1.572 0.116
Grade score 1.5£0.5 2.2%0.9 -2.201 0.028"
raw score 4.8+3.6 10.8+6.4 -2.117 0.034"
) T— score 455%24.0 51.4*154 0.000 1.000
Comprehension : :
%ile 43.5%£39.0 43.3£34.1 —-0.700 0.484
Grade score 2.0£0.8 3.0£1.1 -2.197 0.028"

"p<.05, BASA: R: Basic Academic Skills Assessment: Reading; LFA: Long Form Assessment

BASA:R - fluency

Raw score(poins)

Pretraining Posttraining

BASA:R - comprehension

Raw score(point)

Pretraining Posttraining

Figure 2, Change of reading ability by BASA:R of each subjects

BASA: R: Basic Academic Skills Assessment: Reading

2. IM BM M- 27| 58 EIHBASAR)|
3}

0

A gA=e M SA A - F 7] 5o e
3}elsly] 9lske] BASAIRE] 97| AAR} WIZFA|S-7]
AR Ha= Aol & Bl A= Tt ZrH(Table 3).
ZA) A BASAIRY] 917] AAF YA B 133,640
A FA & W 1831807 FAFE I, BA SRR
Frojugk zpolg HArk(pd 05). dAHSE FA A
1530 FA) % 2 98hd o g Sojn]slA FFAkE QL

o

o). BASAIR®] WIZFAL$7] A} a4

= A A 4.8%

oA 10,8522, ShdH4E 2,08 do)A 3.08hd e
o0l5HA FAFE Ao & LEhgTh(p( 05). 3 ﬂ——r“'ﬂ
dAke] 7 BASAIR F4=9] ¥sHE gelgh A} o+

FAHE Ao UehdthFigure 2).
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Q1thH(Snell, Mapes,
chkman, & Frisina, 2002; Ahissar, Protopapas,
Reid, & Merzenich, 2000), FiJefo]d) SFAS 93t AF
SAEA HERRS Qo] 9oL Qlxsh] ol
- YA &9 Ao ® dFof it Az, A4t
2 edE Alggtch IM EHs 6 g5 Ut
i O e Bede Wi sYo] FEHe A
T eto] g o] A 5ol FE e 2ulsty oA
o] dofsddt 7] 9 PR olojx]= Aotk
(Woodruff Carr, Fitzroy, Tierney, White—Schwoch,
& Kraus, 2017), o] ofg] AgdL59 A7) 5w
Wik, IM EH F) apI9t e7lo] W ol2gol

PiSe] BAE, ST olsfEo] AR
O (Ritter, Colson, & Park, 2013), ¥l =%
o gyl A A1 S8 S A4, A
18-20% A ER O E3] IM & A Elo|y 5 o]
Fo o5 A E 2 HFE Bt Taub,, McGrew, &
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Abstract

Effects of Brain—Timing Training on Reading Abilities: A Retrospective
Comparative Study

Chung, Miyang*, MA, OT,, Park, Ji Young*, O.T,, Jung, Hyo Sim*,
Yoo, Yeon—Hwan*, M.Sc,, O.T.,, Hong, Seung Pyo**, Ph, D, OT,

“Korea Child Neurodevelopment Institute
**Dept, of Occupational therapy, Dongnam Health University

Objective : The purpose of this study was to investigate the effect of brain—timing training using an
Interactive Metronome (IM) on the reading abilities of children with low brain—timing abilities,
Methods : A single—group pretest and posttest (retrospective study) were conducted in 8 children
whose timing abilities were lower than that for their age average and who were trained from 2019
to 2021, Brain—timing training was conducted 2 or 3 times per week, with 70 sessions in total and
40-50 minutes per session, depending on the developmental characteristics of the child, Changes in
brain—timing ability before and after the training were measured using the IM Long—Form Assessment
(LFA), and reading ability was measured using the Basic Academic Skills Assessment:Reading

(BASA:R),

Results : On the basis of the results of the brain—timing ability evaluation using the LFA, the reaction
times of all the children during motor tasks were decreased, resulting in statistically significant
improvements in their brain—timing abilities (p» { .05). Moreover, the raw scores in the BASA:R
reading and fill-in—the—blank tests were significantly improved (p < .05).

Conclusion : This study is meaningful in that it presents a clinical basis for brain—timing training

to improve the reading abilities of children,

Key words : Brain—timing, Interactive metronome (IM), Reading ability, Basic Academic Skills Assessment:
Reading (BASA:R)
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