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The Ability of Auditory Stimuli to Mask Siren Sounds
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Abstract

We examined previous studies of the correlation analysis of heart rate variability as a method to reduce the stress
caused by outside noise during driving, and we investigated whether there are electrocardiographic changes when
drivers play music, which provides a stable sound source amid the noise. Because the number of cars increases every
year, drivers and passengers show an increase in stress caused by outside noise. The stress from outside noise while
a person is driving can cause several disorders, such as anxiety, immunosuppression, depression, and heart disease.
Subjects in this study operated a vehicle simulator to reduce the stress from outside noise and were given different
auditory stimuli, and we studied the drivers' responses to the stimuli. Repeated-measures analysis of variance revealed
a significant differences between subjects exposed to different auditory stimuli (p < 0.05). Through post hoc analyses,
we examined these differences. We found significant differences between factor 1 (stability) and factor 2 (simulation
driving), between factor 1 (stability) and factor 3 (driving + police siren), and between factor 1 (stability) and factor
4 (driving + police siren + music). In addition, the factor that produced the highest level of sympathetic nervous
system activity was factor 4 (driving + police siren + music), followed by factor 3 (driving + police siren), factor
2 (driving), and factor 1 (stability). In conclusion, even when a police siren was heard during driving, there were
no significant differences on electrocardiograms (ECGs). In addition, even when the siren was heard over the music,
there was no difference on the ECGs (p < 0.01). In future studies, investigators should determine which types of

music help stabilize the heart rate during driving.

Key words: Graphic Driving Simulator, Auditory Stimulation, Judgement test, ECG, Masking Effect

BATE o1 F 9Y £30% fuE AEYAES Folv] 98 WHOR Avhasige 4
o] FogoA SAAE el F
AR 9% BAolk vl A F7hE

Db SISl ARIAG B Ak
PR e ARG F e Ay
PREM: s YRGBT A
A7 e ARG TS A
EE et ARG T A
S (AR Wz sl A9 9T L5 / E-mail : bemin@hanbat.ac.kr / TEL : 042-821-1227



FAlolth AR £4 A
S}, waka) 9]
SRR} WS FE o
=) 2ATH(p<0.05).
ERPTREE P

k]

o

FHol: AtSAt 2= Al=20[E

HE WS

9 @A B39 AE

o] TA|AAY B X = ol—Oﬂﬁk_O_ oJgle] A}

1=}
T

==

=

o

R

—L
=

9]

[e)
i

2t
A A7}

RS

A4

53} @7 oAk

Lee et al., 1991).

1:1

kol gzt

=

—L
=

N7t}
7k7}

ol
el

Ris
I=IR=)
T
1= —L

Q)

2) =]

(e}

C @M - el - ZYE - DIYE
O Aol o3 AEH e Bl WYoksh, &, A 28 T oY 7 AHS doTY
AFOERYH AEHAE Fo]7] A% AFa AlgdEolEHE AAste o8 7HA] 7 A5 Fo
AE X3P EAth RM-ANOVA (Repeated Measures-sANOVA) EA4154 A3 Ao {2217}
ALE RS Tl o 221 7he] Apo|7t WA S EAE ot UTth AR Ade 2211(M%)
A7), 2011(9H) 3 2 213(A+7 ZAleldl), 2911(H)3 2 4(-7+7 ZAFo] Al +-2-2holl A
AT 5 ATk B3 WA AT P B8 JeS S Aol ok AAE 89
ZAALeIARl 891 300, b o2 S AAS 991 2, AR g 7] o2 YElgT
73 Abeldl &gl E ST ALY Mtk FoAE IFHA ok Eg, Ato]dll &gl
otE SElFole AT Ristel] Apo]7k WASHA] FoTH(p<0.01). FF ArolAE &d T A
A ol 7HA Fots STl AART st = Sohs e Aol A E ook
, BZA=, 77|, A&, 022 23
1. ME a2, A aF, 71 as T 2AF AA A EA &=
28] F84 546 B AFEe] Ak HAAT,
#3 SAAE o)t 20184 9 A T AT o 53] AR 5ol Ak A
2t SEUHTFE 2,3200HHE 7= 22 g mRE G #3 AT oA E vF
3} TH(Ministry of Land Transportation, 2018). T = A] 3k A7 o] ti(Min, 2013).
o B A% St 2R SR EREWS A At o] =Al= 11 Esk cHolA] b+ Fall(Invisible
S Pollution)’ 2} slof ofEfe] Fal Hrt Q14 o] BIgkE 4
o} Aztek Adelolth(Lee, 2001). AFEAF &2 € w3l el I Azl Sl wet ofo thgh <14
AAAF Late Asake] A o] AA W3t UTHAN, 2002). e AEHo=
= =l slol WEAA, Ax I EA etk B <37 e T3 22 FA
2FE 7FesH st 8% FAE 7 BobzhS A2 7] m(Kwon, 1985), Q1A 2ol A 3}
Ko & Kim, 1993). a}A| 1t 2527} FetE do7)7] witel A FeYsHA ), A T
o] B AIHA A5 oA F = Ast T4 FAAQA a3E AN T
SH71 Btk AAle] B34S 2E3H] (Broadbent, 1979; Poulton, 1979). A g]& o 2= A&
2 AAes ARgste WErt A 273A Y WA Y SRS ety 114 st
lom, o] & Qlste] AAeE FAlshE of Do, g =5, AAvEe Sk Slatkat
SRS A/ AR & 52 TAAIZITHSon, 1991).
A Aot} ol A Fo] dut Zeel o3 2EHAE 8, Bl A Ay
oM A dSF & 5 (e 3 o}sl 5 theFet 21S U O 71ti(Obelenis, 2007; Samad
glo]7] mEell #AAE stedF HE & Haleem, 2007; Zheng, 2007). 53] 2Ed 2ol o5
=7A AL 9th(Ko & Kim, 1993; T, BUF 22 FAA A dd Aol A o
F Aol P o oyt AURIES] BAl

SR U &4 48] A] WAl Sl Q)R x}Zo] A]zbE 3 DA #Ho] S-S AJAFFTKChoe et al., 2007).
= SAE JAAFAE EFsta o FEAFOE %t 2EHAE Fo|7] g HHe
#H3F AFE0] FE o]FolA Ak 2 2% r27 &3 ok Tomas(1990)9l wh=H

W3 AFE2 T3 Al Brolo] mpF A S «ojd Agle] o3 thE AErt EEEEA



XtSAH 2242 AlZ2olEHoIM Alojdl A2| XS0 ME ¥t X5 oA &3t 49

2ol =EHe] e W 1L F shde v skl <J¢)

2 S ge AeR s 2 5 ok vaA S

x
fd
)
N
Lo
ol o{N
=2
R
I
fri
lu
[o
12

ol
S
[\
uk
k=
=
/_Ed
=
E
Y
=
3
f
[
e |o
12

M o © H1 o
o |m g
;4111 lﬁ T
3
ro
)
Ach
Fl
i
o
=
re
-
2
o

Rl

oo
12

Doy LB oD
jual
12 do
5
i

D)
Al
o
(o
o,
2
o
rlo
2
_)|,1_1{
[
I
o
i
o
N

[o
=
12

)
T
T,

|o

Kim et

o

38
E/A_"rl-ru

i
=
o
o
kb

S e 1
S
 °
e oo
ﬁ _|0
4
EE mlO
ofN

[
[
do
2
1o

D)
0
I,
)

=

2
(o

fru

=

e

Mo
N

>

o

il

2

oo

_IO

o

il

8). Hxf

o,
o
<
L)
2
ﬂ
T
>,
i)
S,
Ho
oy
il
32
=
a
=]
a

B o
o 4

2

1o,

ot

[

|m

=

>

f

d
Ach
ol
= 3
1o

>

d

=

o

o ¢
-

QL

rir

Q

=

ol
[
o
z
N

o
)

o

o
2 18

it

e
et
=
ol
P‘L
rir
P
o
I
)
o
uk

AL DA Aeta eAAHel

_‘_ol
o
o
i
o
~
B
rulé
X

LR =R
K
Flr
By
g
By
5
o
o

il
S
o

o

L

ox!

N

N

>

N

1, 2008). t}2o 2 HA2E &

=
ke

L o rL

dif

i
o

=

nore

=

]
=

(
-

7FAIZ1E} 2L ST Yun et al., 2006). TH

= S ET 2EHAE O gol B 5 3l

rx o

o
of

o oX
i
32
o
Rl
E
o
8
Q
=N

Z} 7150 EA7F 9= HE vho] 22.841£1.08419] A
ol YAl 1082 Aoz At 4d Ad
3 70l S5 5 AANE SH WelEE 24
= apgetgon, A% HY §A7F o)A 8 £
< s 3 A g A3 252 A Y=
sto] Al st JHE FH sk th

A AP 2& 23-24C, FE50%0] 815 A
o

=
AP LA AP 2 Aol AREE 2 Al

=
o
s
Q
w2
&
S
(=)
N
rir
3!
aQ

)
iy
o
(2
i)
>
=
Hz
=2

83k A J/5 7 HHE AA

St AT A ERd-& HARS ‘EEPo R &
7HEeg, Bl wY, 5 Bl
W A S EH, IS, Skold d, AxF
PAME) et AR (LEF AAS,
Al, RPMPIH, &&Al0]A], AT F AlolA], 2+& 7
e AA AFAket FLsidith AE = MDPS
(Motor driven power steering)®] FEA|o] WF4]S A}
£33 tHMin et al., 2012) (Fig. 1). Al &2 o8 W<
Z 232l Judgment testE ARE3te] Aol &S 35}

= WS A Sl hFig. 2).

[¢5

#
2=
al

1o E
N
©
i
:2

Fig. 1. Graphic Driving Simulator



Fig. 2. Judgment test
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Fig. 3. Experiment Process
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Factor Stability Simulation driving Driving+Siren Driving+Siren+Music
Stability - 0.01** 0.003** 0.026**
Simulation driving -1.05 - 0.174 0.069
Driving+Siren -2.03 -0.098 - 0.282
Driving+Siren+Music -3.61 -2.56 -1.58 -
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