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Abstract

A wearable Braille display is needed for blind people in order to increase
information accessibility. In this study, three Braille display methods- stationary method
(statically & continuously display), simultaneous method (display with vertical vibration)
and sequential method (sequentially display one by one) -which are passively touched in
a wearable Braille display were suggested. The suggested methods were compared with
an active touch method through the psychophysical experiments using a Braille display
actuated by Radio-controlled (RC) servomotors.

A Braille recognition experiment was conducted to find high recognition levels
for the simultaneous method and the sequential method. Response time (sec) or
perception time (sec), and correct response percentage (%) were measured for the
selection of the optimal levels. Through the experiment, 7Hz-frequency in the
simultaneous method and 500 ms-time interval in the sequential method showed high
performances in the Braille recognition.

The results of the psychophysical experiment showed that active methods and
sequential methods were appropriate information display methods for a wearable Braille
display. Eight normal people and eight blind people participated in the experiment for an
evaluation of the Braille display methods. Each passive touch method was evaluated

compared with active touch method. Response & perception time (sec), correct response



percentage (%), and subjective ratings were measured for an evaluation of each method.
As a result, both the active method and the sequential method had short perception time,
high correct response percentage (>70 %), and high subjective ratings compared with the

stationary method or the sequential method.
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4 7 A $81E AT Y 218 AR 77 $871¢) 9

S

F2E A Zolth i AFS QX E= $87]2 Merkel receptor <}
Messner corpuscle ©] 35 93] FExslal, Ruffini cylinder €} Pacinian
corpuscle ©] & Ayl X 3HGoldstein, 2002). Z+ A= FEI|=

Ayt or v =4S #AAIFE Aoz d#A glvhH(Bolanowsk,

l

Goldstein (2002)9ll 4] 21-&). Merkel receptor = 3|3 ¢t F2 7

1_4
>
Ol
_‘_,

al 0.3

3 Hz 9] frequency © W #73lal, Meissner corpuscle < 349 @ (flutter)=

N

AABFAL 3 ~ 40 Hz 9] 5o wzsivhar 4 A JohGE 2-1 #F=E). Ruffini
cylinder &= 359 oA (stretching)S ZFA8kal 25 ~ 400 Hz ] frequency
qojo] WMzsk Aoz AdelA vt mA O 72 Pacinian corpuscle & 7S
EAZUA AL/E ZAT W =7% 40 ~ 500 Hz WA b W@

Aoz dHAJHESS <], 2005).



Epidermis { :

Dermis — |

Merkel receptors

Ruffini cylinder — Meissner corpuscle

- Free nerve endings

£ Duct of sweat gland

Subcutaneous fat ——

+— Pacinian corpuscle

¥ 2-1. I 77 8719 EA (Goldstein, 2002)

Frequency Receptive Sensory
Receptors Perception
range field size adaptation
Merkel
0.3~3Hz Small Pressure SAl
receptor
Meissner
3~40Hz Small Flutter RA1
corpuscle
Ruffini )
. 15~ 400 Hz Large Stretching SA2
cylinder
Pacinian o
10 ~ 500 Hz Large Vibration RA2
corpuscle

o)

oy 77 4719 BEE A 2T o8k 222 (adaptation) Sl
whel Aol @Al s=-3-8k=(Slowly Adpating, SA) Aot Abrel] wREA

=-3-3l=(Rapidly Adpating, RA) A2 &7 ¥ H(Goldstein, 2002). SA Al--2F



HHAE 87| == Merkel recepter (SA1)¢} Ruffini cylinder (SA2)7} 91iL, RA

fref #HE 871 =+ Meissner corpuscle (RA1)Z} Pacinian corpuscle (RA2)°]

ATHE 2-1 FX). 29 225 SA AH¢ RA Af7F A% A= o)

st He S HEa Jdoh SA ARE ASe] AXEHE <
=

FHSEE WE, RA ARE ATl AgE Adn Fag

SA1 Merkel RA1 Mei I
saz ruftini L (UL {1 Rz pecinian AL i
Stimulus -——r__—__[——- Stimulush—
on off _ Qn_ o off
(a) Slow adapting (SA) (b) Rapid adapting (RA)

1% 2:2.SA A9 RA Ao B3 94k (Goldstein, 2002)
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A5 A IAE YeEbd Aoz 20 Hz 239 low frequency = A2 3k
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22 Nzt ZAeldS A% 72 AR AA AR AL 2 AT TF

Al Zb Aol olS 98] Optacon o]tk PC & HAb AlA] Ao} 12L& 552
B2 Aol 3 BE AA ARe] JREE o] FojA gtoy, 53 EA
WA o g JE Abdle vEe AAolvh AlZE Aofdls fls Aest AW
Optacon (Optical-to-Tactile CONverion)2 =13 2-59} o] £3¥ MW=

Hapstke] Jhelets Fal A" S 6x 249 A Hjdol A s o]&5fo
%

O,>’

IS AASHES A o] lk(Linivill and Bliss, Tan and Pentland (1997)¢] 4]
¢1-8). Sriskanthan and Subramanian (1990)-> PC o] 123l EUEAS] R E
40702 cell 2 TAE HAZ AAAFTE HA AA] @Z7|(Braille display
terminal)E 7HE$k B} T} Choi et al. (2004)2] Aol 4= dielectric elastomer
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13 2-5.Optacon &) 7% (Linivill and Bliss, Tan and Pentland (1997)°ll 4] <1-&)

10



N
)
ofr
oX.
o
s
it
N
32
A
2
3
=
o
Py
<
[
~
o
S
9
rir
ol
N
2
o
-0,
ofo

of
ol
it
b

jas
"
1
2
__)‘4_:4‘
=2

belHsh ol EAY 27 AnE &9 AW wAden ATIEs

&5 tF. Amemiya et al. (2004)2 k<=l 3 7] WA E vibrator & -3}

S

£t AEs T AR HAAE Jee AEd AR A
A 25, (o) FH)E AMLEa. eled Ay A
EEoA] ARH O HAS AL

=
T
Fsge Jldd % 5 oAtk aet 49HeR A4S A4F F Y

11



(a) Pneumatic tactile display (b) Wearable pneumatic tactile interface

(Moy et al., 2000) (Kim and Ryu, 2005)

(c) Wearable finger-Braille interface (Amemiya et al., 2004)

% 25 #HEY S AR AN A
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3. AR A|A FA AF

 ATellA= RC servomotor & ©]-8-3dto] A wid WA o] b AA|
7] (Braille display) S 329+8}$1 a1 static mode ¢} dynamic mode & A7) #| A€
T AdEE FEssith e HA AA] G = HAA 6 Fom o] Fox
AAE Zdshy] sl 1§ 3-13 Zo] 6 /e Mo FAdHoe] 9la, RC
servomotor & ©o]-&3te] AlAELA Fe HAY WS e WA oE

A=At A7 AAE= A2 o] &8zl AHelA A&KHoR

e

=

A7} =& static mode ¢ “F3t XE E F=AH R HA7E A Al E = dynamic
mode & & =

AR AA FA = Gh] Aol

W= AT R
o]

(a) RC servomotor & ©]-8-3F "} AA] A (b) HA} v F&

™ 31 A AA A AlA

13



3.1 AR AA FA AA

HoAgte A sfaket dx} A|lA] FA= 6 70 RC servomotor ©f steel
wire & AZAAIA B Ast EFe ZhsshA ST AEE A AAEA =
Wagner et al. (2002)¢] RC servomotor & ©]-§-3} tactile shape display A2 A *21S
s&sto] AAEJTHTH 32 Fx). JAF AA] FH Y A FEe AFEE RC
servomotor &= 60° 3| Al 0.12 F(1° 3|A Al °F 0.002 %)7} AQFH+=
e 5 F2E 7HAA A, 0% FE= Yo FiEs] HE F 9le 26
kg-cm 9] torque & AlFetch. 17l 3-33% o] steel wire o £ H-
P2 524 RC servomotor 2] plasticarm 2] ol A AAF T} o] 5 T3
a9 3-3. (@9 Z°] RC servomotor 2 3% Fo] WMo 7 FoR
"o A FEATIA v JiEE AR AA A A AREE RC
servomotor 2] 3] 742 4° ~ 5o w9 2k B zbS Zt7] wite] A
=Ade 72 FEol AEHA "o 1" 330 (h)9F #e] 3 /e RC
servomotor = -9 7tZo] oF 2 mm AL WA= Addow wjdsla,

R E agldd . A% 3 E & RC servomotor & 1| <&}t

14
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JSSOR B

(@) RC servomotor & ©]-&3%F ¥ 7% (b) RCservomotor % 3 wj<d

1% 3-3.RC servomotor & ©] &3+ ¥ %

Ax AAE el AFEE B steel wire = AFE3IF L, Weol A
ZA7F AYE 1 mm, 3 mm 2 AAS, B FE A °F 1 mm Eo|2
<

3 ANF F AR A

o
M

BoES s Wy xWe AL F

34 Fx). F2 F99 AFs AAE T2 FEEs sAL 8719 HA



mm ©]3.(Moy et al.; Kaczmarek; Schmidt and Tews, Jungmann (2002)°l 4] <1-&)

AA ARl T AZ7F 23 ~ 25 mm 4E WFESte] B A= F
He WA 2EsES F #Jo T4 AYE 3 mm 2 AAHSAL #

TE Al A=EE FEE AL 7 OUESF 1 omm UM SHeER

fu
—r
[t
rlr
oot
-3

)

AR THEST €], 2005). £o A W&ol dojuA]

82
H

= steel AA9] AE AFEEY. A &7 HE Al AREAMA

Rl
of

g op7laln GEs We] BRES F2 BEAY

© & O O MTimm

AdE HxE AA FAE Aluminum AAE o]E38te] s
AZE R, YFE AA 9@ §FAx HF7F folsteE He JFHAoe=w

AAEJ Y 35 FF). HAAF AA FH o A7= 7=, Al

e
i
)
N
N
=
=

11 x 115 x 6 cm & AA =91, 94 Aluminum A Z L AFEE9 1 A H|
acrylic & F-&slo] YF7t Hol| == sfustsitt. Ax AA] Fx]e] A H

FF §4 5T A8 Feel AR RS A5 AL b
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AL, AREAldlE AWl acrylic g FASie] A ARF

o 35 2, - A ™A AN A=A

32 A& AA FA 74

oAl e AR AA] A= AA7E 8 wd Ao R
T&% = hardware FE3 HAA AA] FXE Aos= software FEOE
T4 9

A2 AA] FA2] hardware F--2 RC servomotor 2 &%= ¥ #<g
K531 control board, USB 4! module, DC adaptor 2 A EtH1¥ 3-6 Ix).
RC servomotor (¥ 3-6. (a) TX)= & 755 f&) A&¥x NE A7=
7F2, AR, & o] Z}Z} 405 x 29.6 x 12.0 mm ©]3L FAl= 19 g ©]t}. Control
board(ZL¥H 3-6. (b) I ZX)E mlolA R AEZZ(MCU)E ©]&3le] PCollA serial
2EE AE Wol RC servomotor & AofdtEE FEESITE USB FA

module(ZZ13 3-6. (c) FX)> USB 24 A3 E serial Ala® WHIA|A PC 9

17



AEEY Alele] F4ls 7FsdbAl @tk RC servomotor &= % Y

T3S 918 5V DC adaptor (13 3-6. (d) F=E)7F AFEE AT

(a) RC servomotor (b) control board

P

(c) USB ‘&4l module (d) 5V DC adaptor

19 3-6. A A A] A9 hardware -4

WAk AN A AolE 919 sofware = ThFE mode o A AA

o%
o
ol

4 A

Far AAje dxke] [l laE Fake] A% VoS Ak

- software = MFC (Microsoft Foundation Class) language S AF8-3}3L compiler =

Visual C++ 7.0 o]&3sle] FAEQAY. 18 3-73 o] A8 dAE HAs+=
phase 18 &3} USB connection A7 i, AT HA HIE JYste

e wiom PYHol vk A4 AN Were

off
il

B8, AR A g A

o

et

FN

A= Fio A frequency U time interval #2 A&7 k=
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& experimentTool

Fhase Braille number
(#) Practice

() Experiment 100 [J#
USE Connection 2] [s

Participant
L ]
Touch type
() Active
() Stationary FPerceived#
[ ]
() simultaneous : Frequency Hz (1~103
(O Sequential : Time Interval | 300 ms (100~3000)

X)

a8 3-7. AR} AA] A A o] | software
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simultaneous "QFa} sequential Wote]l A¥ =& AAHs7] 93] frequency
W3t B otime interval Wstel whE A} QIAA Wl Aol FHHAGY F

A=, A¥S Ea) stold  simultaneous MHSFdl  sequential eFe]  H A

rO
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X,
o,
s
rlo
>,
oot
S
[N
o
b
ofo

ato] Ak AA] ek wlal o] FaE ol

Simultaneous ®#<t2] frequency H 3} o]
& A A; 1A v

A=A} Q121 A o] =& frequency A A
(F A 147 ] 52 frequency A7) N L e

.

Sequential ®<F2] time interval ¥ 3}
2 AR 1244 vl

R

(A AF 2121 A o] =2 time interval 22 )

19 43 A 73y

Simultaneous WF3} sequential WAl A Z+ZE frequency ' 3Fe} time
interval Hslol w2 Ax} Q44 Hlw Aol FAQS tgoR FaF S
!
H

ol

2 A2 A2 AA] ere] Hlal Ao A-8= simultaneous TeFe] Y

% frequency T2 sequential ete] time interval oS ZAASH]

ol

o

3% Ak Simultaneous ¢S] frequency M 3tol] wE Az QAAA
dolr 7] & 1 Hz~8Hz 2l low frequency Al 1 Hz FFA o2 x| <14

Aol FaE At Ao ALE-® frequency W9 Kyung et al. (2005)2]

==

Aol A AFRE 1 ~ 560 Hz ¢ A% = A Ml &0] 85 %

oz
o
o

—n

oo s 7 =kd 1~ 3 Hz B E Wit A AT Sequential k<]

22



ol

7 Hz
H]

}

o
il

el

Aol u}

<
R

=

oko] frequency ¢} time interval
)

e AT A AA

Al
=
J

S

wAel mre

el
=

°

L
49

%

ol

[e)

1 200 ~ 1000 ms 2] time interval ¥ ¢4 100 ms
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Simultaneous '+ sequential Yt Aol frequency 2 time interval

¥ 4-1. AR 5F

A8 @A 48R 2F 4 B AR (ETHA
Simultaneous <12 gl (29
frequency W3}l u}& Al ;X} ((1;))' 26.3 Al (1.2 A

A4 A4 Ha

ial Blol<9] i
Sequentlal_o ko] time a7 29),
interval A s}o] wE A A4 25.6 Al (2.1 Al)

ju=]
AR PP S IRE| i A4 (178)
=4 (49),
2] A} O A X
HAF AA] Rt vl °cor o7} (49) 250 Al (2.4 A)
a9 34 (31),
A1zt Zel]l 50.0 Al (7.9 A
]*1 S H 041]— (5‘33) ] ( ])
AA} AA Were mlmali= Azl oAl Ao AArel § vl
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516 ©
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2|3 SERE
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Number keypad

1% 44, N HE AR T

AL AN FReA RS = mpEe 2 R &g AdS 9§

AvE #EetEs adlth s Abdel AREE Fnls Bilsom 747
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AFos el delE HEotns A% Ho] 3tk T2 low frequency(< 85
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Aol AHgH WAL 1Y 463 2ol 1 AAR o] Foln FATH 6
Az olFoldl HA Qelm AAHUT 2 HA AN Pt BE F 18
Aol A ANHUE AAE PASE Ao A ER 3 A9 e
qele] WAL AAs] ANaG, 6 Aol A9 FAF S 3 W
wstel A4 Shelth 7t AR Al get M= 18 e AR sHRle] el

TAZ AA E A

oe [eXe) [oXNe) oce oe [eXe}
[eXe} ® 0 [oXe) [ Xe) [eXe} oe
1 [eXe} [eXe) oce 2 [eXe) oe oe
) =2(2)-3 A(6) =(24) =(36) =(56)
@O0 [ Xe) @0 LX) ® 0 oce
@O0 [eXe) oce oce ® 0 LX)
3 oce LX) [ Xe) 4 [ Xe) LX) oce
F(1.2,6) 1(1,36) 1(135) 1 (1,34,5) 1 (1,2,36) -1(2,4,5,6)
oce LX) LX) o0
LX) LX) [ Xe) o0
5 LX) oce LX) 6 o0
Q1 (2,3,4,5,6) 4(1,2,4,5,6) 2 (1,2,3,46) £ (1,2,3,4,5,6)

a9 46 AR 94 Aol AR A

4.2.4 Measurement

A2 AN S 8 A AL

o

7} 371 $18l response time (sec)¥}

i

perception time (sec), correct response percentage (%)o} 72 Z21#-2 P77} =9}
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AR Q1A golAd, Aubz wkErel ko FaA 9yl HEvb AFR-H )
AR} Q14 A2 % AlZF2 response time (sec)¥} perception time (sec) o=

o] SAEUY 7€ ATl =3 AN ZAAE ol gtk AAE FRE

2 AT JH A 28 ¥ AZES response time ¥} perception time O =
SAs Y 23 472 2 AT A o] H response time ¥} perception time <]
NS sequential WeFS dE 5o] Z=A|g Zlo]th. Response time & A E7}
AAE AlAFY AAd@A FRE QST ddek A 7EA] €

ANzre g Aolddh F, A WA HAAIE AA

st

A 92 A AT enter

key & =t A H7MA S 9 AIHS 9 H] gk} Perception time & 7] X

AAZE SEd A FAAMFE HR A T8 AIFZEA] AFeR AoH.
Perception time - response time °|A %7] AHE A|Alet= H A% AIFS
AL)sk Y] AR o]u]dht}. Active, stationary, simultaneous woFe] 7 -

response time ¥} perception time ©] FU3& HhA sequential *<Fe] perception
time ¢ A% %7l HAA AR} AAEHE © A8F AR response

time 1} 2] x}o]7} wHAISIT}
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~

! Time(ms)
1t cycle display time Perception time

Response time

717 4-7. Response time 2} perception time ¢] *d 2]

A4 AA gk 8 AR a4 ARmE ANEY A4S L

R4

o] Al
RS |

H]&¢l  correct response percentage (%)= ©o]&3dte] AR Oo R

o

H7}= Itk Correct response percentage © =7+ Q1A Ad 2 =7 A A
=] (tactile display)e] A s 7l A dwrd oz ARE-% &= FEo]tH(Craig and
Kisner, 1998; Moy et al., 2000; Shimizu, 1986). ¥ Aol & AAlH Hx}o] 74

gl 2wk QN gl

At A AA RS FHAR IS 9 AR Q1A &old
A qhseof digk H7E7E 7-point Likert scale = o] Fo{ X1 4-8 Fx).
Ramstein (1996)2 A=A A|Al ZFx] AA Aol AAl AFEA7F AAF Q1A o]
olstal ARGl HEst=Ss AAsoF b IRbESHA AAY FoAS
Astleh Aol A= FAAF AA] el gk AbEshA H{rp Lo
AR Q1A goldH Hukd RIS MAste] uAdPxrL FH2 o HUke

T A skl AR Q1A EolAS AAE AEE AEsAY A&
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5. 23}

5.1 Simultaneous ®¥¢Fe] frequency ¥ 3l W& 24

1 ~ 8 Hz Afe]e] wW9lolA] frequency W Sloll wel x| Q2o 4g %
response time = =493k Ay}, 2 ~ 8 Hz WelolA 1 Hz ol 1|3l response time ©]
FoEA #@e Aow B £ 512 frequency o] W response time ©]]
3] BEAEAS st Aola,. 18 51 & 7+ frequency WE Hi
response time & =A% Zlojth. AAIE EE HAS] response time ths}o
HAHEA S st Aw, AERSFE g = 005 oA frequency ZFe] o 7b
frolak ot (F(7,14) = 4.40, p = 0.009; 3% 5-1 (a) 3x). Frequency Fe] Student-
Newman-Keuls (SNK) H|~EE Fag A3, 1 Hz 9 frequency o4 hmA|
frequency ©ll B]3l response time f-ol3tAl AA £8%&E ASE YERHTHH
5-1 (a) #x). AXE AAE T 2vtEA A4S H A2 response time ol U 3]
B2 S =33k AT} frequency Fe] Aol 7F o)ttt (F(7,14) = 3.45, p =
0.023; 3 5-1 (b) #=). Frequency 7Fe] SNK HIZEZE F8st 23} 1~2Hz 4
~ 5 Hz, 7THz 9] frequency 7} 93 Hwuto= FEFHAIL, 2 ~ 8 Hz 9
frequency 7} 5¥3 IFoE FFEHJAHIH 51 (b)) FX). AAEH EE
Aol thek Ht response time (H 1t 4.59%)ol HI&], 2ul=A Q143 =}

response time (B ¥ 3.65%)°] 0.8u 7} Zkcl.
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¥ 5-1. Frequency " response time o] tf3F #A4kEA A3}
(@) AAE 2= HAFS] response time
WE Qo] A= AFYFE JIFAF  F # p &
A H2K(S) 2 50.13 25.07
Frequency(F) 7 5.32 0.76 4.40 0.009
SxF 14 2.42 0.17
A 23 57.87
(b) =nF=A <123k HA}F2] response time
HEaQl ArE AEH HIAF  F # p &
) 41 3] 2K(S) 2 13.22 6.61
Frequency(F) 7 4.77 0.68 3.45 0.023
SxF 14 2.77 0.20
2 A 23 20.76
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(O]
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2 a6t Jasy - as - $462 3438
= . R S END G T WRT I FYT SR T K
o
@
x S L 'HNHHNNEHNSHH
B B B B B B B
0
1 2 3 4 5 6 7 8
Frequency (Hz)
(@) AA1E 2= A2 response time (sec)
10
ISF
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
T —
I U S
g 303 $365 2382 Laus Faa1§336
2 ATTATTTTTT AT AT AT
B B B B B B B
0
1 2 3 4 5 6 7 8
Frequency (Hz)

(b) =HF=A] <128k =Ll response time (sec)

219 5-1. Frequency 'H response time (sec)
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=

Frequency W 3}ol ulgl correct response percentage = w213 A}

frequency ol W Folgk Zpol7t YERA] QTR 5-2 FE). 19 52+ 7}

e

frequency = < correct response percentage & }EFWH Z o]t} Frequency
correct response percentage ° 3] FAHEAS g Ay} frequency W 3kl
2§08 xpol= EA|akA] FTHF(7, 14) = 0.87, p = 0.552). 1 ~ 8 Hz ¢

H 2 9] frequency |4 3t correct response percentage & 51.8% At}

¥ 5-2. Frequency " correct response percentage ol o gt Akt 4w}

HE8Ql e AEY BIFAE O F #& p &
A H2K(S) 2  662.96 331.48
Frequency(F) 7 67221 96.03 0.87 0.552
SxF 14 1544.83 110.35
A 23 2880.01
70
574 I - 593 [ SE

I~
]
N}

60 L
ap =k I
: 4q-.1
50 —
a2 [
N - i

% correct response

1 2 3 4 5 6 7 8
Frequency (Hz)

219 5-2. Frequency ™2 correct response percentage (%)
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5.2 Sequential ¥eFe] time interval W3] w2 HA} Q144
Sequential 22 200 ~ 1000 ms 2] time interval ¥ 2] A time interval ]
uwh2} response time © Foldt zol7t A= Ao BAEFII 400 ms oA

HAAE 2ntEA) 2245k g A~ 2% response time ©] 200 ms o H|3] 56 %

+
FN
E
:L

. (3% 53, 19 53 #x). AAE EE AR response time ol T 5]
BAMRAS =alslk A} time interval o] WE 2polE f-olahA] % 9krH(F(8,16) =
2.08, p = 0.101; 3% 5-3 (a) #=x). =nut=A A2 HAL2 response time of T 3]
AR S =3k A3 time interval 7+ xFo] 7} 2] &I tH(F(8,16) = 3.62, p =
0.014; ¥ 5-3 (b) #Xx). AAE ZE FAF 2nt= A Q1243 AA}2] response
time o] W3l SNK HZEE 483t Ay ZE time interval ©] & U3
Aoz BEFESTE 400 ms o] time interval ol A HAAE 2vt2A] Q1A 6=
Q% Ht response time(E 1 3.66 x)> 200 ms ol A1e] Ht response time

(A 657 Z)ol vl 56% Fo= Zor)
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¥ 5-3. Time interval ' response time o] gl #A -2 23}
(a) AAE 2= HAFS] response time
WE Qo] A= AFYFE JIFAF  F # p &
A H2K(S) 2 133.98 66.99
Tim interval(T) 8 48.53 6.07 2.08 0.101
SxT 16 46.69 2.92
A 26 229.19
(b) =nF=A Q12%F HA}F2] response time
HEaQl ArE AEH HIAF  F # p &
T 2H(S) 2 102.38 51.19
Tim interval(T) 8 36.46 4.56 3.62 0.014
SxT 16 20.16 1.26
A 26 158.99
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) 6.57 __,.-{'6265 {699
T R R 4610 L
= 5.44
()
£, fap  AwetE
& 356
©
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Time interval (ms)

(b) =wHFEA <1218 =S| response time (sec)

1% 5-3. Time interval '3 response time (sec)
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A| €] gk

o

Sequential ool %7] ARIE AAHE d° 28" AZE
A]ZF21 perception time & 473k A3} 300 ~ 1000 ms oA HAES Snp=7

bl

1>
ol

nj

e 289 Aol FYshA &2 o= gty (d 54 Fx).
AAE BE HAL perception time © s EAHEAS 3 A time

interval kel perception time 2] =}o] 7} -] 8F4] 2 ATH(F(8,16) = 2.06, p = 0.104;

DY
mlo

¥ 54 (a) #x). 2vEA A28 HAle] perception time o e FAHEA]

|

o

T35k A3} time interval o] w2 perception time ©] xFo] 7} el gk 7 gkl

S golst 4= AATH(F(8,16) = 257, p = 0.051; ¥ 54 (b) F=x). 2HIEA

ﬂll

o123k =}kl perception time o] thal SNK H|A~EE =83k A3} 200 ~ 300 ms
o} 500 ~ 1000 ms 7} FLI Ho=w FFH L, 300 ~ 1000 ms 7} FUS
Yoz 75 AT 300 ~ 1000 ms o] HefolA HAE &rtEA /1A= H
Q% 4t perception time (1t 3.61 %) U A Heke] 4 perception

time (B 4.48 X))o vl 80% T2 FHA A=At
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Perception time (sec)

=
o

(o]

»

SN

N

0

100 200 300 400 500 600 700 800 900 1000

Time interval (ms)

(@) AIAE EE FAF2] perception time (sec)

Perception time (sec)

10

B. B, B B B B B B

100 200 300 400 500 600 700 800 900 1000

Time interval (ms)

(b) =utEA A2)g 2H2] perception time (sec)

719 5-4. Time interval "2 perception time (sec)
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¥ 5-4. Time interval 2 perception time o] tgt #4kE4 A3}

(@) AAE 2= HAFS] perception time

HEa<Ql A= AFYE BEAE O OF # p A
A H2K(S) 2 133.98 66.99
Tim interval(T) 8 48.08 6.01 2.06 0.104
SxT 16 46.69 2.92
A A 26 22874

(b) SnF=A <123k HA}2] perception time

HEad A= AFH FHIAF  FH p %

T 2H(S) 2 10111 50.56
Tim interval(T) 8 2514 3.14 2.57 0.051
SxT 16 19.54 1.22
A A 26 145.79

=

Time interval *2 = correct response percentage & 4

rob
i,
&
N
o
o
3
w
to

400 ms = A3 YA time interval oA 85 % o]+ AL A ES
HATH2Y 5-5 F=x). Time interval 2 correct response percentage ©l t ]
EAEAS 3335 A3 time interval o] W& 2}o] 7} f-2] 513 THF(8, 16) = 3.71,
p= 0012 X 55 #x) SNK HAEES 533 A5} 200 ms <} 400 ms o4 9]
correct response percentage (B 71.3 %)7} Y™ A| time interval ©lA1<] correct

response percentage (%31 89.2 %)l Bl&l FoJEtA e o= e
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92.6
88.9 907  ggg 9.7
fse b N R o2
80 | 7 %8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
64.8
8
s 60 {1t [t 1t [t 1 [ [ [
g
g
S 40 1 [ It |t et et et
=
20 L1 Al Al Al Al Al Al Al
B B
0
200 300 400 500 600 700 800 900 1000

Time interval (ms)

1% 5-5. Time interval ¥ correct response percentage (%)

¥ 5-5. Time interval ¥ correct response percentage o] ™3 EAHEA A3}

HEagl e AEY BIFAE O F #& p &
A H2K(S) 2 54051 270.25
Tim interval(T) 8 1850.37 231.30 3.71 0.012
SxT 16 998.52 62.41
A 26 3389.40

A7 geflst PAee BgoE A AN Pt v AL

R

-+
rot

Ay}, A7y Aelle] AAE EulE A dAlsh= dl A2 response time ©]

—

Ao vls] Hat 22 v AA 285 E Ao® YUEYTHY 56 #x). 7
AR AL whte] mak AAlE BE AL response time o tidl] EAF EAS
et A3 AlZE Foll 9] response time (HF 8.61 X)o] AAF19] response

time (3t 3.98 X)oll HI&l| oAl 28 A&H= Aoz YERTH(R(®, 42) =
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17.03, p=0.001; ¥ 5-6 (a) =) Su=7 <1213k A =19] response time o th 3}

)=
AR R4

ME
o

e

o
it
&
>
N
N
oX
[e]
-
O

o] 2HEA HAE AN shd 283
response time (B 7.67 x)o] A1 9] response time (HE 3.51 x)o| H|3|

oAl dA 2e5E Aoz Ve THF(L, 42) = 18.15, p < 0.001; 3 5-6 (b)

0
&
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@ A [ n382
5270 1305
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0
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A AN

(b) =vFEA Q1218 =S| response time (sec)

% 5-6. A AA] WFeF *H response time (sec)
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¥ 5-6. Response time o]tk EAHEA] A3}

(@) AAE 2= HAFS] response time

HEa<Ql e AFY BAAE O OF @& p #
A2 1E(G) 1 34272 342.72 17.03 0.001
3] A 2H(S)[C] 14 281.69 20.12
AL A A HERI(T) 3 17.12 5.71 3.12 0.036
TxG 3 14.48 4.83 2.64 0.062
T x S[G] 42 76.75 1.83
A 63 73277

(b) Snul=A A28k Hx}9] response time

HE8Ql e AFY BAAE O OF @& p %
| A3 2L Z15(G) 1 27153 27153 18.15 <0.001
3] E 2K(S)[C] 14 209.41 14.96
A} A| A HRE(T) 3 30.05 10.02 3.30 0.029
TxG 3 3.68 1.23 0.40 0.751
T x S[G] 42 127.45 3.03
A A 63  642.11

A2 AlAl "ol M response time & WA Az, ZF AR} AA] wel
7ol zpol 7t 9k Ao 2 UEbal stationary Wehe] ¢ HAE SuHlE7|
A2 ek= vl A% response time ©]. sequential *<toll HlE] 75 % FEOE

e AoZ YWY 56 #HX). AAE AAE BE Hz gl

TS A Aok SnkEA A4 HAel die] EAhEAs 3T

A9 5 HA A A Wt zholl response time ©] 23k 2}o] S B THF(3, 42)
o

= 3.12, p = 0.036; F(3, 42) = 3.30, p = 0.029; & 56 =) ZE A=}
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HAEZS 33 23} 19 56 (a)2F o] active, simultaneous, sequential *-¢Fo]
Fdet Fdow HFE Il active, stationary, simultaneous W<Qte] F<Ugh
Aoz FFEATt SutE7A AAg HAfe] tia] SNK HAEE s

Td3 Fdoz EFEAo, response time © 7M1

Ao w2 YeERH sequential WM 6.96 )] 749 response time ©] 7HF #&

stationary "eH(®+t 553 =)ol Hl&} Bt 139 71 response time ©] Z A
28¥E 3o® Yewt AAE EE HA ] giE] EqkiAls et
B¢t SntEAl 1A E At i FAREA S A g BT AA3A
253 A AA] BRI wF AR FolekAl g A2 YERTHFG,
42) = 2.64,p = 0.062; F(3, 42) = 0.40, p= 0.751; ¥ 56 H%).

A Zbofel s gAkel el perception time = W3 A3} A zZbAofclo]
AAS Sul2A a2)sl= o A~83F perception time ©] AAF¢lol] Hls W
21 9 7 AA 2ede AR YeRgt(d 57 Fx). 4 AR AlA
whote] wal AAE 2E HAFY] perception time o] el ¥AF B8 S35
Az, AzF Aofele] perception time (H it 8.30 X)o] AAFel¢] perception time
(At 367 )l Bl 23 W) oAl AA 28 EHE ZoRE JERSTHE(,
42) = 17.02, p = 0.001; ¥ 5-7 (a) #Z). =vt=A <2123 Z A} perception
time o il FAEAES S A, AlZE Folle]l &niEA HAAE

213}

aly

ol 223+ perception time (Hif 7.29 %)o] AAF2le] perception time

Hyt 326 x)oll vl 22 H] FoEA AA 28FH= AR UERRTHR(,

—~

42) =18.41,p<0.001; ¥ 5-7 (b) FZ).
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AR AA EE

(@) AAE EE HAFe] perception time (sec)
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{731 7“”{/6.917» {715
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! 270, - - 1'305 l 2 47
Active Stationary Simultaneous Sequential

AL A G}t

(b) Sut=A 1213k Hx}2] perception time (sec)

a3 5-7. FAAF Al wE *H perception time (sec)
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¥ 5-7. Perception time o] ot #AHEA Ay}

(@) AA1E == HAF2] perception time

WE Qo] A= AFYFE JIFAF  F # p &
A4 E=} 15(G) 1 34221 342.21 17.02 0.001
3] A 2H(S)[C] 14 28152 20.11
AR A A QH(T) 3 9.17 3.06 1.67 0.188
TxG 3 14.33 4.78 2.61 0.064
T x S[G] 42 76.79 1.83
A 63
(b) =nl=7] Q121 H=}2] perception time
HE8Ql e AFY BAAE O OF @& p #
A E a2 15(G) 1 270.08 270.08 18.41 <0.001
3] E 2K(S)[C] 14 205.40 14.67
LA A RK(T) 3 21.65 7.22 2.36 0.086
TxG 3 3.42 1.14 0.37 0.773
T x S[G] 42 128.65 3.06
A A 63  629.21
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A2} AR wHeE ¥ operception time & AT Ay AxE LupE7|
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S |

off

1= ol A2% perception time ©] sequential Wore] 7-$-7} active <t
Hal 78 % 5oz &e Aow Yeyti1d 57 (b) FXx). AANE RE
ARpet SvbE A A HA ] gial] SAHEA S e A BF AR A
ol Zhell perception time ©] -2+ Z}o]E H o]z ATHF(3, 42) = 1.67, p =
0.188; F(3, 42) = 2.36, p = 0.086; ¥ 5-7 Z=x). 2ul=A <12 s Hxjo o3|
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sequential *oF2] perception time (B 4.43 %)©] active "SHEH T 5.68 x)0

HE] 78 % FEoE A 20HE Zow olyrh AAE RE AxE
7

0.37, p = 0.773).
Correct response percentage © th3F WAFEA Ay HGAQlo]

Al

N

Paefclel nla HAE 2nkEA A4

2

H|go] Hy 1.4 ¥ %% active
touch <t} sequential ko] th& A=} AAl wetel Hs] Ht 1.6 ¥ =&
Aoz BT (1 5-8 #F3). Correct response percentage ol o g+ #AHE2
Axp AlzbelQly Al gkel Apolel Ak AAl e E o Zpol 7t
o BFATHF(L 42) = 6.65, p = 0.022; F(3, 42) = 32.68, p < 0.001; 3 5-8 #X).
Azt ool o] F 3t correct response percentage = 49.5 % = AAF<¢lo] correct
response percentage <1 69.1 % Xt} fro]etAl WF& o= FAEHIY. AA}

3 Axp 2% 583 o] active Wkt
sequential *eto] FA3 FHHA 724 %)Oo = EFE 1L, stationary <t}

simultaneous ®-oto] FA3 FAH(HT 46.2 %) S22 FHFEH AL
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B AN e

% 5-8. AAF AA] ®QF *H correct response percentage (%)

3% 5-8. Correct response percentage ol g+ &AkEA] A3}

HEad A= AFd "HIAF  F @& p

942 15(G) 1 6156.36  6156.36 6.65 0.022
3] 2 & ZH(S)[G] 14 12951.73 925.12
A} A A HQH(T) 3 11664.20  3888.07 32.68 <0.001
TxG 3 144.89 48.30 0.41 0.750
T x S[G] 42 4996.56 118.97
2 A 63 35913.74

zZb Az AA e HE FHAQ H3UbE g A3, R Q4
Sold Hw AnkH wrEH= S A active WeFY sequential WFoto] TRE A 2}

AAL "okl B3] =A Ar7F HAHZE 59 FF). Kruskal-Wallis test 23}
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50



frolshA] eFQTh(H (1) = 0.85, p = 0.358, H (1) = 15.24, p = 0.087; & 5-9 %)
AL A Al H#Fob Fhol Kruskal-Wallis test & =33k A3} AR Q14 golAx}
AREA mbSeo A B 2p AA] R 2] g xpo] 7h YERRTHH (3) =
28.38, p < 0.001; H (3) = 29.08, p < 0.001; 3% 5-9 %=). Active <3} sequential
Wetol(dw AR &olid: 5.7 A, W AWk WSk 55%), stationary ©F
simultaneous Wotoll(H+ AW &o]A: 35 #; A Avkd w5 3.1%4) H] S|
AE Q1A Eol A2 At 169 o] BIFEIAL, MWHA whER== 188 o]

371 ATt
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¥ 59. 34 H7bo] o3k Kruskal-Wallis test 2 3}

(a) AE <14 §ol4d

89 A= | H#% p
AAA 1w 1 0.85 0.358
A AA A ?E 3| 2838| <0.001

(b) +H4 W=

89 A= | H#% p &
DR P e B 1 2.93 0.087
2 AR A A F 3| 29.08| <0.001
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6. £

6.1 Simultaneous *¢Fe] frequency ol W& =} Q1A A

Simultaneous *<+2] 1~ 8 Hz frequency H {0l 4= 7 Hz 2] frequency ol 4]
response time ©] Zral correct response percentage 7} 2 Ao 2 ol wo] Hxz}
AAL eE Bl Ao AgdE HAE FFoR AAHHAY SNK HEE A3

HAE evhEdl Q145

n}
i

| 2~ Q% response time & 2 ~ 7 Hz frequency I 4]

lo
o

Adbd o2 Zoka frequency © W2 correct response percentage &
ol 7 EA Al gk 2 dAFelA s AR vl A3 A8d AF
FFoR, AAE 2nl=A A5 Ed A~ 2% response time ©] B 341 2=
Zral, correct response percentage 7} Hit 59.3 %= /MY =W 7 Hz &
ARgS7I= Stk 3 Hz o A AAE HkEA Ql4Ee d &ad
response time ©] 3.03 == 7} &2k o1} correct response percentage 7} 40.3 %=
dA R Ue AAR AR il AL = At

2 A3%S F3] simultaneous Wete]l 1 ~ 8 Hz frequency W $lol A2

[

frequency W 3}o] wE correct response percentage ©fl =Fo|7} WHAISEA] ¢F

A0 T EH AT o= Kyung et al. (2005)°] Hg= A F 4 A=

>
e

3o wa AT Askel ARtk 19 Aol AAEA A 1 -~

560 Hz W9 2% frequency = A F HES Snl=7 A3 HSS
AE3h A1~ 3 Hz 9] frequency RS9Il - A ZukEA A blE]
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percentage & T3 Z3} 500 ms 2] time interval ©] HAE SHLE A Q1A=
o A8 % Algre] Za Q1A Eo] 7MY w2 o= IolE i) Sequential
ot Al HAE SulEA] <148k d 4~2% response time 2 perception

time & #2413+ A3} 300 ~ 800 ms <] time interval 9ol A €14 A|zlo]

flo

o

= UEFSLTE Correct response percentage & 213 23} 200 ms < 400 ms
2 A9 A time interval oA 85 % oAt =L AQAFES HYT
4

H=E Z£35+3}ed, 300 ms ~ 800 ms o] time interval < <ol

o
X
o
>,
e
L

926 %= 7} =2 500 ms & HAF AA] wok vl A 93 sequential
Wekel A3 o dAsl 500 ms oA HAE SutEA A ek Tl

22 % response time < Y 4.49 X%, perception time & 4 3.21 %%t} 400

2 perception time (Ft 2.67 %) & 7P @A AAEO] 778 = FS
AR AA ol A=At Sequential HWHete]l Ad = AAS )

Z} time interval *H correct response percentage 2| graph fitting = “E3l graph 2]

ol
k1

s &6ty H4 o5 28t HHE 7ted JAow ddEn
Sequential Wetell 4] time interval ©] 200 ms = 7} &S A

Aol Qg u= AlRFo] AAl £8%= W, 300 ms oA FASHA HAdkar

1 o]%9] time interval FHolA HAH o=z QA A|Fto] AojA|= HETFS
golg = Ak HAAF A A AIZF A0l 200 ms AER AYUAA #HS A

[e)
°
masking &3t7b @Aste] Q14 AlFte] Auiew AA e o
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