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Abstract

This study was to test the effect of A-sounds on sleepiness prevention
while juveniles studied. The experiments were performed with the healthy
31 students attending elementary schools (year 5~6) and, for the
experimental period, the subjects were instructed not to take any
medicine and to keep their own sleep rhythms. Subjects read a book
provided, while they sat on chair and listened through headphones a
background sound. In the experiment the sleepiness prevention by
A-sounds was evaluated in contrast to natural stream sounds, a classical
music and no music. Each subject participated repeatedly the experiment
4 times in different days with one background sound chosen in a random
order. Experiments lasted for about 20 min and, before and after
experiments, subjects were requested to rate subjective sleepiness and
awakening to 9 scales. In order to measure the subject states of
consciousness, BIS signal was recorded for the subject during the
experiments. Paired t-Test was carried to statistically verify the influence
to sleepiness prevention by different sounds and before and after
experiments. The experimental results show that the subjective sleepiness
scale after the experiment was increased to all background sounds except
A-sounds but was reduced by 50% in A-sounds. Similar results were
obtained with analysis based on the BIS signals recorded. It was found
that the subjective sleepiness scale had a correlation with some of the
BIS parameters, such as mByu and rpSp (R>0.7). This indicates that mBuu
and rpSp can be used to measure the subjective sleepiness. In conclusion,
through the subjective sleepiness rating and the BIS signal measurement,
A-sounds effectively prevents juveniles from sleeping while reading,

compared to the natural stream sound, the classical music and no music.

Keywords: A-sounds, juveniles, study, subjective sleepiness scale,

sleepiness prevention, BIS index
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$£2.3-1 Ao A AFE3E CM, NSS, ASY] Alg] &3 W9 7k - mean (Left,

Right).
Az S8 CM NSS AS
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INEABEN 1.97 516 419
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(Frenzel 2002). == Zol &Ako] oA A& AHA A Brretarais=

w8 Aot 19929 At ¥ o] AHE & X¥s= EEG AEE 7bto g 3t
upF o] AElE 4% E= BIS A4E SAAFY. 29 2.5-12 2003 v =t

NEXPHFEDAY AF ALE HME ASE BIS A5E S A (BIS
Monitor, A2000, 550, West Adams Street, Suite 500 Chicago, IL 60661
USA)E H.ojFt}

BIS A= Hu (BEQ) A5E Fa 2434 Abgdv. O3 25-2¢ 24
o] 3} AzE FAste] BIS AFE AEds MdS BolFa Sl BIS A
= ov FEE HA vk SAEEE €2 500070 oo EEGE Fub &
IR HE ZHE EEG 2359 54 (o =AEH, 9
2F31E]5 (Rampil 1998)& o]-8-sho] npH 9] zlo]
= ‘1-100'AFe] =% & yepdlitt. (Johansen & Sebel 2000). BIS A4+ -}
o] XA (sedation) A&k, oJ21e] &A ofF T HHE FAHoR HATITH

% 2.5-32 BIS A¢h 9] BMRE] Adde Bl Fal qlrh
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I9¥2.5-1 2003 Hl= FDA 591 w2 += dx59 vl AH 2 A HS
7}sk= BIS monitor XP (A2000, 550, West Adams Street, Suite 500
Chicago, IL 60661 USA).
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Apply sensor on forehead at angle

Circle #1: Centered, 2 inches above hose
Circle #4: Above & parallel to eyebrow

Circle #3: On temple area between corner of
eye and hairline

Press each circle for 5 seconds
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253 &5 94 <

BIS A|57} 40~60¢%1 4 A4 w2 F50] 7hsstH, A47F 75011 =5
uH 2 o] Jhesk xolthk. BIS A7F 75-80 AFde A AH
(sedation)® E&ooF Zjoldtt. Al mp& s<te] #x7t At o2

A2 o= ARt s AuE wd uf, S99 BIS A= dA sop I
th (Sleigh et. al. 1999). % Al EEGS] 9149 =37t S7tetes As & &
A=, ol FHstE st A= I AAG (corticothalamic) 7]
non-REM =% Aele] el &% (delta activity)S Z71st7] wliEolgl oA %
t} (Contreras et. al. 1996). o]§1 #HolA BIS A= W zlol& A7}l

EETE 28T 5 Qe AYSH 2AE A A

AdWMH o 2= BIS A4 85~862 REM FHOoZ ZZ3 AHE A3
Tung (2000) BIS A7} 86(x 0.79)]H

= Fetal vk (p <0.01). fAkskAl Tung et: al. (2002)2 244 H| <]
BIS A= (90 ol/h)7k &3 Zaste] 86.57F Hi AFdA Fwd] =gl A
< BEE3IT. ol A= BIS AE ¥l ol27] A dAd £55 B

gow B8 4 UGS BAZEY B AT N BIS A4
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¥2.6-1 & A ARg3 BIS EYUHS A4 4L

BIS Display type Trend
BIS Smoothing rate 15(SEC)
Secodary Variable EMG
Filters ON
Bis los Interval 1
EEG speed: 25
EEG Amplitude 25
Imperdance Checkins ON
Extended Memory ON
Serial Port Protocol SCII
ICU mode OFF
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Sor 2ad o Aztew Aot rpSpe F AF 77 (20)E =L
2 BISHF7F 85 HU} 22 ks 7HAE & AIREY] #MEES ou|dit) doSE
BISA &7} 85 Ht} A2 w] STL¥ o] Fo] W= WAS Hujgtow Aqt3} ¢
Aotk doSe] Hulghe 1,680 (=%AFAZH20w)*STL(84) 0.2 ALkt 7}
4 HEe s £ A= wdE WHOE rpApot doAE Holstal o,
STL Hu & dYolA rpSpet doSet FAFsHAl AelHth. doAe FHulgh
240(=%F A FA7H20%)*(100-STL(84) o2 AAtHE T}

ol

BIS Al & 3£2.8-204 Aod 5A W did wlAds 3 (NM, CM,
NSS, AS)¥ paired t-TestE& &3] 2ol& HZ8A ).

2.7.3 33 H7}e} BIS 259t A#A

T Hrlwgo A/ BIS 5A WHe7Re] AAA BEAS T 3
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[

#2.8-1 & AFelM AR EE/AE AR AU ER B Qe T
2 Hr7F #5Ee] W (sSs: subjective sleepiness scale, sAs: subjective

alertness scale).

item no of
Parameter descriptions
‘subjective
scale tool’
S8/ sSs just befor_e starting the 4
experiment
SAS5 SAs just befor.e starting the 5
experiment
sSs6 sSs just after ending the experiment 6
SAs7 sAs just after 'ending the experiment 7
S8 sSs during the_ period of the 8
experiment
soP9 temporal location of sleepiness 9
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#2.8-2 BIS 2159 545 7= Mol Ao

parameters

definition

mBoverall

mean magnitude of the BIS signal for the whole period of
20 minutes (from 2 to 21 min after the experiment
begins)

mBn/2

mean magnitude of the BIS signal for the first (n=1) or
second (n=2) half of the experiment (n=1: from 2 to 11
min, n=2: from 12 to 21 min after the experiment begins)

mBn/4

mean magnitude of the BIS signal for the nth quarter of
the experiment (n=1: 2~6 min, n=2: 7~11, n=3: 12~16
min, n=4: 17~21 min after the experiment begins)

soT

sleepiness on time defined by the time when the BIS
signal is STL forthe first time nermalized to the whole
experiment time period of 20 min

rpSp

relative percentage of sleepiness period (%) defined by the
time during which BIS is less than STL

doS

degree of sleepiness defined by the area enclosed by the
threshold line (BIS=STL) and the BIS signal lower than the
line

rpAp

relative percentage of awakening period (%) defined by
the time during which BIS is more than STL, normalized to
the whole experiment time period of 20 min.

doA

degree of awakening defined by the area enclosed by the
threshold line (BIS=STL) and the BIS signal equal or
higher than the line

(STL (sleepiness threshold level) used in the present experiment was 85)
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1. A 43}

Aol Fold ¥ AP 319¥S e m 43kl 47HA v ol il (NM,

CM, NSS, AS) A& =5 stdX &5 9 44 2% H7ke BIS AA Ass

A3 A9 oAl F 18 F<¢F BIS A7t 8501818l A= A A A8t

At 2 9ol £4 HAAN AFe F= HolH Aol F7rE 4

A ALska, NM 197, CM' 1570, NSS 1970, AS 187} % 71/0& &4 A=

T
a

I
juiu)
w
—
o
rlo
N
A}
S
gl

o S S o
MAee FRE 48 A4 AF FuH 22

2

(subjective sleepiness scale, sSs4, sSs6)9] HW3=E Ho =t} (NM(N=29
before, N=31 after), CM(N=30), NSS(N=31), AS(N=29)). 1¥H3.1-14, Z
W7 FEEE 2719 Hd) et glow, %o Hla o9

A9 AR FRA 28 AE (sSsd)oln, 9B% Ao v A9 ER
=

=
rlr
i
ol
N



) A before T
g _ R = fter

subjective sleepiness scale {nu)

Z

. , . , .
NM CM NSS AS

background sound

a93.1-1 WAL T ¥ Ad A F FHAFH =5 FHE  (subjective
sleepiness scale, sSs4, sSs6)9 W3l NM: F* &9 N=29 before, N=31
after, CM: & &9} N=30, NSS: A& 2] N= 31, AS: A-AF= N= 29,

i
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¥3.1-1 wjAE &9 f3d
9 71 EAYE (Mean &
before, N=31 after, CM: 12& $-°} N=30, NSS: A|HE&

a4 %
S

D) %

o HEo gigk Ad A (sSs4) F (sSsb)
2}l 3t t-Test A3}, NM:
A2 N= 31, AS: A-

5 &ob N=29

A= N= 29.
Before (sSs4) After (sSs6)
Background —Test
sound
Mean SD Mean SD (p value)
NM 3.7241 2.153 4.4839 2.4203 0.10259483
CM 3.3333 1.9179 6.0333 2.7099 0.00002246
NSS 3.5161 1.93 5.871 2.2619 0.00002182
AS 4.3448 2.5812 2.3793 1.6565 0.00058694
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#3.1-2 A9 A o F&

A},

ARE &8 N= 31, AS: A-AFeE N= 29, (b) 23

N=31, CM:

[e]
g et

N=30, NSS: A| Y&

4 2g Aol

(a) A3 A (sSs4) - NM: F+ H°F N

(a)

422 N=

e &t
29 , CM:

A3 paired t-Test

ar

KeXe) X
=S |

% (sSs6) - NM:
31, AS: A-AF¥= N= 29.

i)
T

NM CM NSS AS
NM - 0.2321 0.3473 0.1621
CM = 0.356 0.0472
NSS - 0.0836
AS -
(b)
NM CM NSS AS
NM = 0.0109 0.0116 0.0001
CM - 0.4 5E-08
NSS E 3E-09
AS -
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(paired t-Test on [sSs6-sSs4] for background sounds)

changes in sleepiness scale (nu)

iy \
1 ||
-2 [ ]
-4 |
-6 T T T T
NM CM NSS AS

background sound

- CM NSS AS
NM 0.0039 0.0061 0.0002
CM - 0.2641 5E-09
NSS - - 5E-09
aR31-2 wAEe] wE dd F 584 5 A5
NM: ¥ &9oF N=29, CM: & &<¢F N=29, NSS
AFE = N=27.
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W3} (=sSs6-sSs4)
 QUE 23 N=31, AS: A-



T193.1-32 3 AgAte] i) ZF v A ol digk Ad & FaHH
SHE H7F E(sSs9 A B ST AAFERJAIID tist E5A1H

2 Ykl Aol (NM(N=31), CM(N=31), NSS(N=31),
AS(N=31)). 1% 3.1-34 NS (Never Sleepy)= A3 Z## &+ AH, P,
A z27], T3 27l ERGL SET Brolth. LE8F 474
o] a9, A7 47HA 29 Al dial 3 A3 S HES SgHoR
TASE Zlolth, agdA He FRo] (L8 ) A¥ 27|(PDH E3TE
395 4 MAS HE e gloh A3 S Pl 3T AT, NM,
CM, NSS, Al Z&F2 v|28ta, ASE oF 7%= WA verwth 43 5 (P9)
Al ZHo= 49, 9F NM, CM, NSS, AS 4 218 2% H|S=38HA4 veyt
o, Ad A vk AN, =, NM, CM, NSS. 3 252 H$&sA o

wied vlEl ASE 83%= wl$- A YElRh

1

&
I=EhyA = =]

filo

-
o1
o)
©
flo
N
i~
i1t

1

o

P35 3 4l

= -

(sSs8)] #he EAle A2 193.1-40]th TR A He] Fo] sSs89 Hat
e CM¥ NSSolA 718 =%om NMolAM % Hlad =2 711 5 F9 %
= Holi vt Wk ASOl A sSs89 HAghke 3olstE 7Y WA vEkth L
ool = sSs8o et WS 3 paired t-Test 23}E HoF1L
Aom, AS A & & A A8 el Hls| sSs8¢] Fho] BAALSE
oA w¢ ¥ & AS AT F Uk Wk NSS A3« CM AFE Y
sSs89] @2 FAALE "Evta & F gle Ao R YERH (p=0.1508).

e

=
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1001 P9 %
o mmes i
£ 50 =F
° -NS - I S
e .
2 60-
c
n ] . L] M HEx A
o 40 . Fa
m : [N rs
= e
£
o 204
g £
0- - =
N CM NSS AS :.
background sound
ackground soun B 'T"T‘ ’T‘ —

s oy

TH3.1-3 WAl WE FHA S5 Al ddiF
Sleepy, P1: A3 %7], P5: A% F7F P9: A% F5 Al NM: ¥ 59 N=31,

CM:ad &¢F N=31, NSS: A|UE 48, AS: A-ARZE N=31.
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AS

I T T T T T T T T T
o G 0 M~ 0 O x M N O
—

(nu) ajeos ssauldaa|s aalpalgns

background sound

(paired t—-Test on sSs8 for background sounds)

AS

3E-05

8E-09

9E-08

NSS

0.0946

0.1508

CM

0.0126

NM

CM

NSS

Ae] Fd & HE (sSsB)

a9

]
°F N=29, NSS: A& 4] N= 31, AS: A-

o mE HA A7z &<t

S
=

19H3.1-4 wiA

30, CM: 224 &

2o} N=
30.

NM: ¥

AHEE N
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3.2 794 24 A=y}

3.2.1 243 AF F8H 44 A= W3
TH3.2-18 WSl mE AP dak o] F9H 4 HL (subjective

awakening scale: sAs)e] W3} =

Z=A% Aotk (NM (N=30 before, N=29

)

after), CM (N=30), NSS(N=31), AS(N=30)). 1#3.2-1o]4 A& Az Z

&
fa

o

et (p=0.35).

o

7 FEEE ¥ AAAY sAs o] B
EH paired t-Test 23S HF1 Qi)
H2L] sAs9 #h2 3%3.2-2a0A Ho] FXo]
fhol B # (p > 0.05)s& 7FAXIT) =,
A}l sAs @2 SAIA SR Aol gle

#3.2-2boll A AA| st 1, NM-CM

¥ 3.2-2v 2% A3} T uj
o]sl zjo] 7}
2 wj

o
T

o) A5

P - HH%%

3

A] Al

>
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o 2
[CI=1 ‘rr?’_émeﬂ

p

v

o+ p
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S) )
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hefare
[ EICh

=l (x o)
P
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I

wn
I

I
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L
I

M2
I

subjective arousal scale {nu)

7

NM CM NSS AS
background sound

—
|

a9€3.2-1 ¥WiASd wE Ad dy &
awakening scale, sAsb, sAs7)9 W3t NM: ¥ &< N=30 before, N=29
after, CM: 223 |9 N=30, NSS: A& 432 N= 31, AS: A-AF&= N=30.

Lo

T34 Z+A A (subjective
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#£3.2-1 WA wWE A A o FHAA A HE (subjective
awakening scale, sAs)?] 7]& EAIF (Mean & SD) ¥ =}ol st t-Test 4
I} (p value). NM: ¥ ¢ N=30 before, N=29 after, CM: & 2} N=30,

NSS: A|H = &8 N= 31, AS: A-AR&= N= 30.

Before After
Background (sAs5) (sAs7) t—-Test
sound
Mean SD Mean SD (p value)
NM 4.0333 3.0227 4.2414 2.2306 0.382103367
CM 5.0000 2.9125 4.7333 2.6901 0.356961324
NSS 4.1613 2.051 5.3871 2.5907 0.021716477
AS 4.4333 2.5418 6.6667 2.5098 0.000568476
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t—Test

%3.2-2 A3 Ay Fo F3F
A3} (p Value). (a) 23 A (sAsb) - NM: F
N=30, NSS: A|HE&E 4g N= 31, AS: A-A+= N= 30, (b) 2¥

74 A

thet o

d=e +¥¥ paired

ool N

(sAs7) —= NM: F & N=29, CM: 123 N=30, NSS: A|HE 22 N=
31, AS: A-AR-E N=30.
(a)
- NM CM NSS AS
NM - 0.1061 0.4239 | 0.2906
CM - - 0.1003 | 0.2127
NSS - - - 0.3233
AS i = = -
(b)
- NM CM NSS AS
NM - 0.2242 0.0362 0.0001
CM = = 0.1688 0.0028
NSS - > - 0.0275
AS - - - -

_85_
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Ag A Fo 7 APA] FHAQ AHE AE F Y a&H o= Q9|
Al 19l3.2-200 4= 1 AR (sAs7-sAsh) #S wWiAS F¥HW

Ak (NM(N=28), CM(N=29), NSS(N=31), AS(N= 29)). 1¥3.2-1]14 Ho]F
Aol Aol xzlel NSS % ASE A F AAm7E S7HE7] ",
(sAs7-sAsb)e] Hfgko] &9 #s 7Ftu. NM3IF CMe] -9 (sAs7-sAsb)9]
Bage A9 09 #wes /KK a4 stdd Fe wWAS 98 paired
t-Test 235 HojFa glom, NSSE CMI}, ASE NM % CMel dis] £
Hog fFolgtA 27t mrhe S BT vk (p=0.05).

=

M

Al

ol
-

3.3 BIS A4
AS 7 ekar(3.3.1), 3£2.8-2014 A9
EAS HaL #HUtskdg. WA E89

=
Brs FAstets WS s 3.3.2 ~ 3.3.4°M HFi 9o, 3.3.5°
I A3= AlA g

A¢7F 90 Bek 2 @S 7HIth 2y Azro] Adel meh v S FEEE
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changes in subjective arousal scale {nu)

| T
M NS5 AS

background music

(paired t-Test on [sAs7-sAsb] for background sounds)

3 CM NSS AS
NM 0.3577 0.0767 0.0319
CM = 0.0038 0.0065
NSS 1 = 0.1423

I93.2-2 WAL WE AW ¥

&k (N=28), CM: 3 & (N=29), NSS: AlUl&

= (N= 29).

THAH A ZHo] W3l (sAs7-sAsbH). NM:

(N=31), AS: A-A}
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100

| HH
s AT T J\lfﬂl\qllu
SR
(a)
2w WA I
Y

1 AE Ha e I AFAR FE 4
g 71ZF ¢ 54 BIS AE. meAe] A4 s Ad d 7 A5
BHEE vt (@) §F & (NM, N=19), (b) 1@ &°HCM, N=15 ), (c)
2 (NSS, N=19 ), (d) A-AF= (AS, N=18).

ARE A

- A% -
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15

10
Time (min)

100 -

80
704

Sig

B0 o

50

(c)

14

10
Tirme (min}

100+

a0

SIH

60

a0

(d)

/\E1

5 APAZ

1¥3.3-1 &

ool

(CM, N=15 ), (c)

(NM, N=19), (b) 24 &<}

O o}
=

g
-

3t} (a)
ANYPE 28(NSS, N=19 ), (d) A-AFE

Bt gk o)

(AS, N=18).

=
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BIS A7} vt =24 Wststtk. NM9 45 (1% 3.3-1a), BIS A9 gk

93~84 W9 Wl Jom, HF FRF] ZAFE F5 AAA (sleepiness

threshold level: STL)?l 85 oAl F2Qlth. CMe] Z49-(1% 3.3-1b), BIS

Ao H & 94~72 Afolo| Fxsgith AF F S

Q1 85 olat= ZhutE A epAratal, 3 A= F

Helrh NSS¢| A9-(2d 3.3-1c) BIS A 59 Hd& 93~76A ool A A&
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CM 2 0.141949 | 0.002439
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o Wighat BE AAE AN 39 33-4ak 27 AR F AL 5% (1
A7), 2-63) B BISS WA FPUE B} EFARE wolFy 9
th BE wFgel Uisl BISY BHE@E £ 9A A STL @R & Y

of /A8t o, WAL F3 & Ao)= AY e AL B 5 Atk
¥ AZ F 2 5E (2AMEY], 7-11%) B¢t BIS AFe #Huge 1
3.3-4boll E=AJSFaL 1o, 1ARE 7ol Bl A2 o2 BIS A7t vtop=] il
t}. CM& A|93
2] STL (85) X < 3WA 53 (BARE7], 12-16+%) &<k BIS
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1HE CM A8 22 A s Bl Aosdes FAE & AT 1™

3.3-4d: 29 FRAM 58 B¢ (AHEY], 17-21%) BIS A5 BHE
(mBys) R FEEAZL #& B 59, o] B5 ASE AL UmA 2E i+

A% Fo BIS A%el Biro] LA STL B} 3 @S 744w ¢

3.3.3 A7+ #4 WS (soT, rpSp)

a93.3-5% A3 77 B9 BIS A47F % A STL (85)RT}h dtopxl A%
A (50T ZA3tel WA e #9MZ EA5ka gk a9 9 EE soTo
el 4714 i3S #9H paired t-Test Ao|th. TadAM BoJF%o] soT
L gHyA 10~1348 AL S /AT 9gom, AS Ae o] AH oz 7}
g 2 3he HE Ao dedth o4 nelFe BAN 45 A% 43
WA FEER A9 Aelr} gl Ao JETh (p>0.09).
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NM CM NSS AS

background sound

(paired t-Test on soT for background sounds)

CM NSS AS

NM 07222055 0.288216 | 0.243361

CM - 0.384331 0.097046

NSS 1 0.1135

F579 MFes SO AL 93 gt ¥ AFA BIS #

= 85 Hu &2 #@2 7HH = AR (soD B 2 EF HAh (NM:
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A9 7|17 208 E¢F BIS A$7F 85HT A g JHAE EF ALY HE
(rpSp)S HWAS FEEE A 293.3-63 #oh (NM (N=19), CM
(N=15), NSS

FHEL A FFolth. oA HoF%o]l rpSpe HAFFHS> CM 49%,
NSS 41%, NM 32%, AS 21% <o 2 Z+Asta vl tg& wjd o vlal AS
o] o] Aoz - v} ¥3.3-4% rpSpel Wit wiH-S F3E paired
t-Test 23} (p-value)E HolFtl, ¥3.3-4014 2 $ g0l ASE A 4O
2 CM3} NSSol vl&l fFoetA vk g 4= v (p=0.003 for CM, p=0.01
for NSS).

(N=19), AS (N=18)). 28X FAFL rpSp (W&, %ol

(o]

3.34 9 A= (doS)

193.3-62 3 APAZHE FHe BIS 45 (193.3-1)7} 85HTE A

g2 7 W 2o A STL @oi AdH: FHAR o)F: WHO -~
1,680(=84+20)% (0 ~ 1) W] ghoz AFoeh doSE WA F9% 4

g ol dis) Hueta gtk aRelA BHoFo]l doSe @2 CMelA 714
™, NSS, NM, AS o2 Folxa it} wiAdS F3E=Z paired t-Test
g A3 (293.3-7) AS A3 welA doSe #o] SAALE FostA CM
2NSS Hop 22 Ao 2 vERY (p=0.004 for CM, p=0.05 for NSS).
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100 -
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u T T T
NM CM NSS NBS
background sound
(paired t=Test on rpSp for background sounds)
- CM NSS AS
NM 0.046998 0.178889 0.085981
CM - 0.169266 0.003165
NSS - = 0.01164
933-6 e #99 WP Foud A2 g JE I 4FAR v
208 = (A AFF F 2-218) =A% BIS A|57F 85 Bk A2 ghs 7HA
= 712ke] Fd A<l B S (rpSp). NM: - &2F (N=19), CM: 37 2t (N=15), NSS! Al
= A (N=19), AS: A-AR= (N=18).
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- CM NSS AS
NM 0.005307 | 0.008491 0.325939
CM - 0.069146 | 0.004241
NSS - - 0.005212
e 739 WASS Eo¥A AS ¢a e ¥ HIAxE 5FH
(HE A& F 2-21%) 543 BIS A1&7F 85 Brp & s 71K
A (doS)ell st Hv 2 EF WA NME 7 22 (N=19), CM: 117 &
Az A (N=19), AS: A-ARRE (N=18)



3.35 4= #d ¥F

BIS 2lZ oA £& A 452 STL 85 Rt} =2 1S 714 = A5 99

A AFH = A= W5 (rpAp, doA)o s 548 235 A5kt

A3 717k <t BIS A57}F 85 o]do] Hi= F AlZHe] HlE (rpSp WE&)S Wi
Ae FEEE ZASW 193.3-87 . (NM(N=19), CM(N=15),
NSS(N=19), AS(N=18)). Z®lollA HojFZo] rpApe g2 ASelA 757
T2 7P ¥ CM 49%, NSS 41%, NM 32%, AS 21% <o 2 zadta 9l
th. 18 o] A A= rpSpoll W wiAES 3 paired t-Test Ay R
B AS 23 9] rpApt BAIYLSE CMF NSSol Hl& foatA Erta 3 4
2t} (p=0.0035 for CM, p=0.012 for NSS).

1¥€3.3-9¢ ¥ HdPAZRYH SA% BIS AE (AE3.3-1)7F &5 44 %
(STL) 85 ]2 &S 714 w STLS 7HAl& FHAS o)F& W4 (0 ~
320(=16x20)% (0 ~ 1) W9 Fgoz AHqt3tsk doAs wWidS 8 A3
ol the Hlmetar Utk ZRlelA HofFo] doAd] @2 ASOlAM M =
H, NM, NSS, CM =22 Zolx| i Qt}, w4 & FPE=E paired t-Testd
Azt AS Ad  FoA  doAE BAFSRE  F3skA CM(p=0.006),
NM(p=0.02), NSS(p=0.002) BT} & E YEsG.

- 102 -



90 -
a0 - T I []
70
G0 —- ]
50 4 []
40

rpAp(%)

30 4

20 4

1':' T T T T T T
M Ch NSS AS
background sound

(paired t=Test on rpAp for background sounds)

- CM NSS AS
NM 0.046998 0.178889 0.091478
CM - 0.169266 0.003508
NSS 5 = 0.012883

193.3-8 UE F39 wASS SoHA HE oa gy ¥ AR HE
20 B (A8 A1 3 2-21%) FA4% BIS A47F 85 Huk & @S /A=
Z A7Fe] MES (rpAp)d He 2 FF #HA NMF 8o (N=19), CM: 124 SoF

(N=15), NSS: A= 28] (N=19), AS: A-ARe= (N=18).
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background sound

(paired t—-Test on doA for background sounds)

- CM NSS AS
NM 0.173727 0.197963 0.019709
CM = 0.394676 0.005875
NSS - 3 0.002460
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3.3.6 PSNS (percentage of subjects never sleepy)
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3.4 FHHQ HE} BIS N594e] 484

FuH9 £4 R YT Hmok BIS A%sh ofud duye] dEAE Avn

A ool AgE FHA Q] A= sSs8, sSs6, sAs7? 37FAolw BIS A4

= mBoveran, mBgs, mBau, soT, rpSp, doS, rpAp, doA & 87} o|t}.
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mB[overall]{nu) mBloverall] (nu)

(c) (d)

193.4-1 sSs8¢ mBloverall]ldl gk AFEE. (a) NM (N=19) , (b) CM
(N=15), (¢) NSS (N=19), (d) AS (N=18).
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- 111 -



R=0.26591
9 o o
8 o oo oo o o
7-/
= —
= ES- o
o [-¢]
n n
9 4 25 o
31 4
24 <o R=0.50881 31 -©
0 20 40 B0 80 100 0 20 40 60 80 100
0,
PSP (%) o)
ta) (h)
10, R=0.19625 9-
R=0.72415
o [} o o 84 o
84 @ o) @ =] 74 [}
Qo 0 (o] 6-
6 o] o)
— i ]
2 . £
< @ 4]
[ P
@ % 3]
2 o 21
o 14
Ol - B 0
10 0 10 20 30 40 50 80 70 80 10 0 10 20 30 40 50 60 70 80
pSp(%) pSp(%)
() (d)

1¥93.4-5 sSs8¢ rpSpell WdF AL =, (a) NM (N=19), (b) CM (N=15),
(c) NSS (N=19), (d) AS (N=18).
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a¥3.4-75H 3.4-1274A% 67F4 BIS 5% W4 (mBovera, mBgg, mBuyu,
soT, rpSp, doS)ol thal] sSs6¥e] A¥X=E TAlEa gtk (NM (N=19), CM
(N=15), NSS (N=19), AS (N=18)). 2 HlA FAFH2 sSs6= ov|atal, 3
=2 BIS 6714 =@ W2 Z Fibolth. = 183.4-7C sSs63 mBoveran, L
3.4-8+= sSs63 mBop, 19H3.4-92 sSs63 mByu, 19H3.4-10 soT, 19
3.4-11 rpSp, 1¥3.4-12% sSs83} doSe| AEEES wWoFT Z+ ayolA 4
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sSs69] F#AF R & AAGTE FoA Hof F3Xo], R

FAFSHAL, vld & FEEE ZFol7t ol drh AS A dolA AR FA
et vhH CM 3 NSS A9 ZodlA A9 dade] gle o= YeEt. &
3.4-104 HolFE= sSs8¢ sUsHAl, AS A3 el A sSs6- rpSp, mBoveran,
mBypd F#AF o] =4 YERFAL 5 (IRI>0.7). mBoveran, mBgeS sSs83 &

of AAAHE BT o™, rpSpe sSs6F Fo FH|AA S HAFI
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70 7I5 BIO 8I5 SIO 9|5
mBloverall] {nu)
(c)
193.4-7 sSs62] mBloverall]ol] tjgk Ak

(N=14), (c¢) NSS (N=18), (d) AS (N=17).
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mB[-10] mB[2/2] (nu)
(c) (d)

19 3.4-8 sSs69 mBypgoll ek AFEXE. (a) NM (N=19), (b) CM (N=14), (¢)
NSS (N=18), (d) AS (N=17).
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(c) NSS (N=18), (d) AS (N=17).
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(c) o

193.4-10 sSs6¢ soTol W Ax=. (a) NM (N=19), (b) CM (N=14),
(c) NSS (N=18), (d) AS (N=17).
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1¥13.4-11 sSsb69 rpSpell ok AEX =, (a) NM (N=19), (b) CM (N=14),
(c) NSS (N=18), (d) AS (N=17).
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-120 100 -80 -60 -40 -20 0 -800 -500 -400 -300 -200 -100 0
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-300 -250 -200 -150 -100 -50 0 0 T ! /

-120 100 -80 -60 -40 -20 0
doS
(c) (d)

doS

193.4-12 sSs6¢ doSell wig Akx=. (a) NM (N=19), (b) CM (N=14),
(c) NSS (N=18), (d) AS (N=17).
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#3.4-1 wWiAS F3¥H BIS WHFet T34 E5 HE (sSsd)9te] AdASF
(Cross correlation Coefficient R) - NM: F 2o (N=19), CM: 124 g2k (N=15),

NSS: AJHE 28] (N=19), AS: A-AREE (N=18).

NM CM NSS AS
M Boverall 3 PO5 -0.305 o158 -0.715
mB2/2 -0.611 —-0.394 0.018 -0.707
MBays —-0.524 —0.434 —-0.074 -0.632
soT —-0.528 -0.215 —0.422 -0.615
roSp 0.5088 0.2659 0.1963 0.7242
doS B2 17 —0.3395 —0.0651 -0.6171
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¥3.4-2 wAS 33 BIS Hg49 34 =L FHE (sSs6)9e] A
(NM: F-8¢F N=19, CM: 31AL8<et N=15 NSS: AJUE A7 N=19, AS: A-AR=
N=18).

NM CM NSS AS
M Boverall —-0.589 -0.138 -0.04 -0.731
mBz/2 —-0.569 —-0.201 0.058 -0.75
MBaya -0.65 —-0.202 0.335 -0.612
soT —-0.492 0BG -0.325 -0.635
rSp Qs 3 0.133 0.012 0.754
doS —-0.4955 —-0.3148 0.03096 —-0.6558
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3.4.2 FHAHY A= HES} BIS A

A8 AF A4EE FHHoR HUEg sAs7l diste] 37F4 BIS W4 mBuy,

rpAp, doA<te]l A#AS HUleA Y. 19H3.4-135H 3.4-157FA& BIS 549
W4 mByy, rpAp, doAo] Wd] sAs7e AEEE Ho] Fr} (NM (N=19),

CM (N=15), NSS (N=19), AS (N=18)). 1Hox $2 =S sASs70]al, F£H=

< BIS 3714 =9 ®WF T stuoltt. & 1H3.4-132 sAs7¥ mByy, 1H

T

i

3.4-14% sAs7¥ rpAp, T1¥3.4-15% sAs7¥ doAQ] AFxEo|t). Z; 139 A
47k wid S 8-S (@) NM, (b) CM, (c) NSS, (d) ASE F#3r}h. 3%3.4-32
OH3.4-135H 3.4-167H419 Ax2%E, =, w43 38 BIS W4 mBuy,
rpAp, doAd] W3k T34 A= HE sAs79 ATAG R e AA g #ol
A Ho] F5o], R #2, dAFC=E - @ 2 gs JHY. Re HuA=
NSS A3 oA sAs73 doA (R=-0.5706)= YEFFOL} Aol gitta &)

71 & FEolth
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1%3.4-14 sAs79 doA o Wit AEE. (a) NM (N=15), (b) CM (N=15),
(c) NSS (N=19), (d) AS (N=18).
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3£3.4-3

WAe f9

BIS W4 (mB-s, doA, rpAp)9} 3
(sAs7)9}e] oA, (NM:

+°F N=15, CM: a3 £°F N=15, NSS! A=
N=19, AS: A-AR-E N=18).
- NM CM NSS AS
MBays -0.1829 0.46908 -0.3476 -0.0513
doA -0.3222 0.08447 -0.5706 0.09385
rpAp -0.3294 0.23312 -0.352 0.10101
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BIS A% =42 3 A43a 3194 ta) 571 A4&87kA4 §stel NM 343], CM
40%], NSS 413], AS 343] & 1493 AAsi3ivh. gy =4 AAM =74
Fato] ZA, Fule] LA T o= HolEHzE dF AAEAY B9

A =49 BIS Aas B44 ALdaiditt. d& 5o 54 AAlA, SAI
(standard Quality index) X7} Y2 A LAY Asslx o BIS A7}
=957 A =Ho|, BIS 2ls F3F FiolA HeolHZE & 54 7 T
d

25 5 AAAT Al SH AL &

3)) Fa o wiAdE NMIF AS9e] #8S 9= 4 J=s o AAZ g
B EAd A}8" BIS Al&= NM 197], CM 1570, NSS 197], AS 18712 =
717 ]t}
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BIS 24 Al £A7} H= A% gyie Mxe] ¥33 #do] Itk BISA

N st AFube 2 FASE AR =4 ¢ ol AAwh A

AR A 9 AdAe] QEFely Aslel W wAsl wAF o) A

BIS MM E A2 ¥ 4 o] A4 1< 527 &7k Bow AHA 2 7
.

ofgtth. AlAM H-2 5 SQI A Aot dsekA fdow, AME dWAnTr o

o

Al F-2E gkg 7he 5 oA BIS Alg7F SAEHA Xk A9 AT S
A A2 G| ME B sl BAE A Lt =R w3 EA WAeE AS
T sl vt o ® BIS SAo| HXA &S A% AA A5 EEor A4H

=5 97 4 (sleepiness threshold level, STL)S BIS A& Z2FH &
2 74 dee] ARE VEsts 54 ¥ (soT, rpSp, doS, rpAp, doA)E
Aolst7] 9&l "t (ZH2.8-1, ¥2.8-2). £ AFdME= STL #,
2.5.3914 A< wiel o], Tung et. al. (2002) ® Tung (2000)°] 3t

T Al (sleep onset: time)oll 412] BIS #|4=2] # 86.5+0.79 (p<0.01)S &
Aste, BIS 85 0% @Atk & BIS A7k 86HY wtowd E5 e 7
H e wd Ao =R 7Mgsta, HigE, soH A AEHE HFsiginh o

ol

TAVE #EF As dYets e 9 AFAVE sHel wd o BIS A

Matstar gl of®l 3 WA= BIS #47F Tung et. al.
(2002)7F =¥ Al o= AAIZE 86.5 HolME gFo] 54 H3 AeE U
o &Vl Sl AR BIS AS7h hskEA 85 otz WEste e 9 A9
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Aojubd oF 3094 1# Ak § wE BIS AF7F STL & oldoz 453
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