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ABSTRACT: The present study aims to find out the necessary speech sound level which can satisfy with the
speech intelligibility in a noisy classroom environments. For this, auralized materials were made to undertake
listening tests with 27 people. Speech intelligibility tests were carried out using both Consonant-Vowel-
Consonant (CVC) and Phonetically Balanced Words (PBW) methods. Signal to noise ratio was changed by 5 dB
for each test. As a result, it was found that speech intelligibilities are increasing with larger Signal to Noise Ratio
(SNR). It was also found that there is a lot of difference of speech intelligibilities by SNR for syllables (CVC) with
the Reverberation Time (RT) of 1.5 s. However, any significant difference was not found for words (PBW) in the
case with RTs of below 0.8 s. Also, it was revealed through the 2-way analysis of variance (ANOVA) test that SNR
is the only attentive factor which can affect the Korean speech intelligibilities for both PBW and CVC methods.
Therefore, RTs below 0.8 s could be the acoustic criteria for classroom which can minimize the effects of noise.
In the case with RTs larger than 0.8 s, much larger SNR is needed to give sufficient speech intelligibility.

Keywords: Classroom, Korean, Speech intelligibility, Signal to Noise Ratio (SNR), Reverberation time, 2-way analysis

of variance (ANOVA)
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Table 1. The acoustic performance standards for the
classroom in USA (unoccupied).®

. seksk
Cla(Sj(l;;););l;lZG Background noise level ngs)
3 below
Less than 283 m 35 dB(AY* / 55 dB(C)** <0.6
3_ 3 below
283 m’ - 566 m 35 dB(AY* / 55 dB(C)** <0.7
3 below no
More than 566 m 40 dB(A)* / 60 dB(C)** | requirement

* greatest one-hour average sound level of exterior source
** greatest one-hour average sound level of interior source
*** average of the reverberation times with mid frequencies

(500 Hz, 1000 Hz, and 2000 Hz) in octave bands
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Table 2. The acoustic performance standards for the
classroom in UK (unoccupied).”

Classroom type Background noise level RT (s)
. below
Primary school 35 dB(A)* / 40 dB(A)** < 0.6
. . below
Middle & high school 35 dB(A)* / 40 dB(A)** < 0.8
below
Open plan classroom 40 dB(A)* / 40 dB(A)** < 0.8
Lecture room below <08
(less than 50 people) | 35 dB(A)* /40 dB(A)** )
Lecture room below <10
(more than 50 people)| 35 dB(A)* /40 dB(A)** ’

* upper limits for Lacq3omins Of existing building
** upper limits for Lacq3omins Of new building
*** average of the reverberation times with the mid frequencies
(500 Hz, 1000 Hz and 2000 Hz) in octave bands
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Table 3. The suggested acoustic performance stan-
dards for the classroom in Korea (unoccupied).

Target Bacfkground -
noise level
Middle and high school
(below 220 m’) <35dB(A) <08s

Table 4. Noise standards for school area in Korea.!'"

Zone Measurement Day Night
point (06:00-22:00) | (22:00-06:00)
General area | within 50 m 50 dB(A) 40 dB(A)

away from the
Roadside area| school boundary | 65 dB(A)

55 dB(A)

of T Fo] olsl5 AL B

2e Holekn gk wAle)
Hret Al B Tl n| 2 2y

EEAR

0

O
ot

I, S8H=

H

I

2.1 Mg H’é.°HI(SNR)

H](Signal to Noise Ratio, SNR)= S}2}-=

Eof A Eﬁi 5 2-o] Aol Al Bl A= 54k Aol

ofat §R o] A3 YrE Brhohe Seela2m

Eq. (/& 58] bk} epa 5 9l o] Z-21ol

whE A B S Ul e 482 Ao et o

E SR e S 9 o9l 2017
BTk 2 A9 1 ghe o4 kA flck

2]
ol
£‘=
1:110

SNR =SPL,.. ,— SPL,.. ldB], 1

signal noise

o714 SPLig® 41580 SIS Ve
SPLuiwcts 428:0] e oju] et Tk Fig |
o thopet AR RE BobE el A s
BAS el Eoltt. o] g o] apy v

NS T H] 754 e A 9ol = A
o T 60% o1 ol 8171 71531, 58] 8] %

57H R4 32 Tolo] A9 ols =7t oS 7 b
EPEE & 4 GItH o] 512 Afto] S wolE
2w 3 THe T SAATE v ThE A

=
A28 R 4 2] Wl
e EREEL:

2 QIAfof| el

oX,
ol

ﬂd
Q2 >

chok elsto] el Q4

[=/=

k ISenterlwcy / o
J so /]
mn y W"'d‘-'ﬂ/ Nonsense
0 / / Syllables
3 60
¢/
= 4¢C
Ny
¥y 17 7
11}
'
(=
-12 -8 -4 (=} 4 &

SPEECH-TO-NOISE RATIO, dB

Fig. 1. Results of a typical intelligibility test''? (Miller
et al, 1951).
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a) sample of syllable test (CVC)
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Fig. 3. Plan and section of the target classroom.
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Table 6. Interior finishing materials of the target

classroom.

Building element Material NRC*
Floor Linoleum tile 0.01
wall Paint on concrete 0.01
Ceiling Acoustic board 0.18/0.45
Door Metal 0.08
Window Glass 0.04
‘Whiteboard ‘Wood paneling 0.08
Desk Particle board 0.09
Chair Poly propylene 0.09

* Noise reduction coefficient : average of the sound absorption
coefficient with 250, 500, 1 k, 2 k Hz
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(b) receiving point location

Fig. 4. The shape and receiving point location of the simulation model.
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Table 7. Composition of the auralization materials.

Table 8. The order of experiments.

RT (s) 0.8 1.5 No. RT (s) SNR (dB)
SNR(@B) | 5 [ 10 [ 15 | 5 | 10| 15 | 0.8 5
Signal speech intelligibility test material(CVC, PBW) 2 1.5 10
Noise white noise 3 0.8 15
PBW
4 1.5 5
7 55 7HA) 2R o) F Aol A Al S e e E] jh 5 0.8 10
5dB,10dB, 15dB= 4 7g 1o} W ystolet. ofuf 43 6 L3 b
£ 8-S ALGBE 0 0] A1 58 AT Ao ! o8 9
_ 8 1.5 15
=a5100
=
=t 9 0.8 5
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10 1.5 10
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Table 9. Results of speech intelligibility test in CVC.
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Table 10. Results of speech intelligibility test in PBW.

No. RT 0.8 RT 1.5 No. RT 0.8 RT 1.5
SNR 5 [SNR 10|{SNR 15| SNR 5 |SNR 10{SNR 15 SNR 5 |SNR 10{SNR 15| SNR 5 [SNR 10{SNR 15

1 70 72 84 66 72 82 1 92 94 94 92 94 100
2 64 70 84 72 74 82 2 94 98 88 84 94 92
3 66 70 92 74 78 80 3 94 92 94 88 92 96
4 86 80 90 78 86 90 4 90 88 90 78 88 96
5 90 92 94 84 88 96 5 96 90 92 80 88 94
6 74 68 68 70 82 80 6 96 94 96 92 82 96
7 74 62 80 74 72 76 7 92 90 94 84 88 92
8 60 72 76 82 78 76 8 94 96 92 92 90 94
9 82 78 88 80 86 92 9 84 90 90 86 90 94
10 70 64 78 74 68 78 10 90 96 90 88 86 96
11 70 72 88 74 70 82 11 94 96 96 84 92 92
12 68 78 82 66 86 78 12 96 96 94 92 90 94
13 80 84 94 84 90 90 13 86 90 90 80 80 90
14 86 86 92 90 92 86 14 94 92 94 82 88 96
15 60 70 74 68 70 78 15 88 92 86 80 74 86
16 66 76 80 66 72 74 16 94 96 94 86 90 88
17 80 74 86 76 82 86 17 92 92 94 84 88 98
18 70 82 82 68 70 80 18 94 94 92 84 90 92
19 66 64 72 54 78 76 19 92 92 92 88 86 92
20 68 72 74 62 72 66 20 98 88 90 78 86 82
21 74 76 84 78 88 92 21 98 92 96 88 94 98
22 80 72 76 64 62 88 22 88 92 92 86 90 90
23 72 72 84 70 74 84 23 90 94 92 84 86 90
24 74 80 82 76 72 76 24 96 98 94 84 84 98
25 66 76 84 66 76 76 25 90 98 90 80 90 96
26 66 64 86 60 64 74 26 92 92 94 90 90 88
27 68 60 70 66 76 66 27 90 92 92 86 84 94

AVG | 722 73.6 82.4 71.9 77.0 80.9 AVG | 924 93.1 92.3 85.2 87.9 93.1

‘ I Standard deviation B RTO08s ‘ T standard deviation B RTO08s
B RT15s B RT1Ss

‘g = 100 g = 100

58w [-] H . ]

E-, § 80 [ - E,E 80 1--

T © T o

E E 701 - EE 07~

§ L; 60 - - § é 60 -

5t 38

50 - < |
5 10 5 10
SNR (dBA) SNR (dBA)

Fig. 6. Comparison of speech intelligibility test scores

in CVC with SNR and RT differences.

Fig. 7. Comparison of speech intelligibility test scores
in PBW with SNR and RT differences.
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Table 12. 2-way ANOVA analysis results of speech

intelligibility scores for SNR-RT (PBW).

Table 11. 2-way ANOVA analysis results of speech

intelligibility scores for SNR-RT (CVC).
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