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ABSTRACT

This laboratory study investigated whether and how individuals’ perception of indoor noise was
affected by the surrounding visual and acoustic environments. In particular, the study examined how

participants' annoyance response to the noise stimulus (i.e., a child's running noise coming from up-

stairs) changed when the surrounding environments were changed visually (e.g., day-time vs. night-
time) and acoustically (e.g., no outdoor sound vs. road traffic noise). First, a survey was conducted
to list the major components of living rooms in multi-family housing. The findings of the survey
were used to build a 360-degree virtual living room. A total of 14 VR clips were made, in which

different visual

and acoustic elements were presented. The participants viewed each clip via

VR-HMD and rated the annoyance response to the noise stimuli. The results showed that the
surrounding visual and acoustic environments partially affected the annoyance. It was also found

that individuals’ noise sensitivity had significant effects on the response. The study was able to

explore the benefits and disadvantages of utilizing VR to carry out laboratory experiments on noise

perception.
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Fig.1 A word cloud showing the major components
of the living room
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Fig. 2 Default setting of the 3D living room
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Fig.3 A simple drawing of the plan of the 3D
living room

Fig. 4 Samples of the other clips in which visual
elements were changed
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Table 1 A-weighted equivalent & maximum sound levels
of the sound stimuli

Indoor Outdoor

Road traffic
noise (3-min)

A child running
upstairs (40s)

Water flowing
sound (3-min)

Lacq 45.4dB 43.8dB 43.8dB
L Amax 52.4dB 453 dB 442 dB
65
A child running upstairs
Road traffic noise
60 Water flowing sound
55
50
m
o
45
40
35
30 1 1 1 1 1
315 63 125 250 500 1k 2k
Hz
Fig.6 Frequency characteristics of the sound

stimuli
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Table 2 Visual and acoustic settings of the 14 VR clips
used in the experiment

Visual setting Auditory setting
. | Changes
Clip d
No. | made to Outdoor
the default| door Indoor|Outdoor
Floor Time
1 (default) | Bright | Low | Daytime -
2 VI'  |Colorful| Low | Daytime -
3 VI Dark | Low | Daytime -
4 vO? Bright | High | Daytime -
5 VO Bright | Low | Night-time -
6 AO® | Bright | Low | Daytime RTN®
7 AO Bright | Low | Daytime %JFI\g
CR*
8 VI, VO |Colorful| High | Daytime -
9 | VI, VO | Dark | High | Daytime -
10 | VI, AO | Dark | Low | Daytime RTN
11 | VI, AO | Dark | Low | Daytime lg/rgfg
12 | VO, VO | Bright | High | Night-time -
13 | VO, AO | Bright | High | Daytime RTN
14 | VO, AO | Bright | High | Daytime Rrs
'VI = Visual settings changed in the indoor; ZVisual

settings changed in the outdoor; *AQ = auditory settings
changed in the outdoor; *CR = child’s running; *RTN =
road traffic noise; “WFS = water flowing sound

E2H B 3T 288 woit MFuaye,

O 412 mojx g
128384358 65 78 -0 -5
108(01% g

6 &

Loading..

(a) (b)
Fig.7 The question for annoyance rating (a), and
the 5-second blank screen shown between
two clips (b)

AA S AT ob&d, 7 el uigt AP Al
9 AEE VR 3= sl=dofo] Als 715E A
o] AEAE B8 APdAE] o], A, dA
A FH F7 A7), 29UAEE =
_é_

AL WeinsteinZ] =17 &

o

(4) ¥d4

474 9z ¢ AP G-powerS ARESATHY.
BSAEHEY 7 Al 755 0.05, 178 0.95,
7k

Fo Z343719 0257 AEH7Y 91 Ha
2~
T

l
o
N
P
td
oY X of

ol
ol
¥
au
20
i_:"
=
o,
o
ofy
[\S]
of
o
__\T(_“
o
v

HEFHoZ 1899 HlolHE 4]
st 117 94 79). Izt B o
26.9(ETHAF 4.4)H1tk. Shapiro-Wilk testS

A2} ol o] AatdS ERlsisit) I3t
AT HEHAFE S13(FEFHAL 144)H 0=,
qebs
A4
DA o
3)dolAr
)8l vrel=

oo S fr
ﬂ
o
Y
fn)

=
4
= rr
=] :;ﬁ, _?; 1‘1>‘
~ ol djo
H Lo ia, r% :
0 d
G
T '» )
Y v
2w
ke O =}
SN
o)

<
K
lo

o
& ror

N o

o
N
L

ol
-

a2

O M o by ool © 2 & K oj (E

>
oL o

2

2
4
rl

D
Ne
=
Fi
FN
)
)
O

o,
By
dlo

b
=k
o
b
N
S

4

o

R«
<<=
MNEN
s
ROV

=

R

o

=

EL

Ml of

[

oo oX

g,

N

N

q

)

)

Ir

O N
© 2

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 279~288, 2021 | 283



Sang Hee Park et al. ;

VR Experiment on Indoor Noise Perception and Moderation Effects of Outdoor Sounds, ...

Wtk 19 E3(default)ol 1 NEAZE<
2} 21 ~ 143 SRol|A] A1 2AR

PEA] dolrr] 4 *&%Jé%&v‘i—da AAEH
TH(Table 3, 4). 4] Az}, 3o} F FAA; F(1,17) =

5.390, p<0.05), 4H(31=; F(1,17)=4.335, p<0.1),
SHCIA I, F(1,17)=5.272, p<0.05), 814
9 313 F(1,17)=3.097, p<0.1), 12W(aF 2 WA

7y F(1,17) = 5.100, p<0.05), 13H(ZF 2 =2
10
2 9
2
;58
<7
g
%6
e 5
153
§4
§~3
<:2

Tl [ 1) 1 1) (<2 (2 12l (2 |2 |2 (= | |

| |v| |[v| || |vn| v (v |vn| v (v [F]| [V (v [
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Clip No.

Fig.8 Mean annoyance ratings reported by the
participants; error bars indicate standard
errors
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Table 4 Mean differences of annoyance ratings compared
with those of Clip 1 estimated by pairwise
comparisons (¥p <0.1; **p <0.05)

No. [ o the demti | F , v
2 I 1.045 0.321 0.058
3 VI 5.390 0.033 0.241
4 vo? 4335 0.053 0.203
5 VO 5.272 0.035 0.237
6 AO’ 0.586 0.454 0.033
7 AO 0.383 0.544 0.022
8 VI, VO 3.091 0.097 0.154
9 VI, VO 2.457 0.135 0.126
10 VI, AO 2.335 0.145 0.121
11 VI, AO 0.191 0.668 0.011
12 VO, VO 5.100 0.037 0.231
13 VO, AO 4.749 0.044 0.218
14 VO, AO 0.654 0.430 0.037

'VI = Visual settings changed in the indoor; *Visual

settings changed in the outdoor; *AO = auditory settings
changed in the outdoor; “‘CR = child’s running; RTN =
road traffic noise; “WFS = water flowing sound
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Clip | Changes made Mean difference Standard
No. | to the default | (compared with Clip 1) error
2 vI' 0.30 0.35
3 VI 0.65%* 0.28
4 Vo’ 0.70% 0.41
5 VO 0.75%* 0.31
6 AO’ 0.35 0.39
7 AO 0.25 0.40
8 VI, VO 0.60* 0.34
9 VI, VO 0.45 0.33
10 VI, AO 0.50 0.33
11 VI, AO -0.15 0.35
12 VO, VO 0.95%* 0.40
13 VO, AO 0.70** 0.30
14 VO, AO -0.20 0.25
'"VI = Visual settings changed in the indoor; *Visual

settings changed in the outdoor; *AO = auditory settings
changed in the outdoor; “‘CR = child’s running; RTN =
road traffic noise; “WFS = water flowing sound
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Fig.9 Mean annoyance ratings reported by the low

(a) and high (b) noise sensitivity groups; error

bars indicate standard errors
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