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ABSTRACT: This paper reports the results of a recent acoustic survey conducted with the objective of providing
on the acoustic conditions of school classrooms in Korea. The measurements included both occupied speech and
noise levels during 27 active classes and unoccupied data on the acoustical conditions, and sound insulation
performance in 16 classrooms in 4 schools. The effects various parameters on the speech and noise levels in
occupied classrooms has been examined. The impact of room acoustic design on speech and noise levels in active
classrooms has been also investigated. The speech and noise levels of the elementary school are approximately
4 dBA to 5 dBA higher than those of the other three schools (junior high, high, and special), likely due to the nature
of activities involved in group work and the age of the students. A notable 19 dBA difference is observed between
the quietest and noisiest classroom activities and the classrooms in which students were observed working in
groups with discussion had the highest noise levels. Both occupied and unoccupied data have enabled the
establishment of a comprehensive picture of the acoustic conditions in classrooms and have highlighted the
necessity of introducing acoustic standards for improving the acoustic environment in Korean schools.
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Table 1. Summary of previous research on the measurements of room acoustics and speech and noise levels

in active classrooms.

Previous research | School/ Country Findings
Optimum room RTs 0.4 s ~ 0.5 s at 1000 Hz
Badley (1986) Elemegi?dfho"v Preferred Cso values > 1 dB
Background noise levels 38 dBA ~ 45 dBA in 10 occupied classrooms without activities
Hodgson (1999)" University/ Mean background noise levels 30 dBA ~ 50 dBA in 30 unoccupied university classrooms
& Canada Predicted noise levels 47 dBA ~ 64.4 dBA in classrooms with 50 % occupied conditions
Hodgson et al. University/ Mean speech and noise levels are 50.8 dBA (s.d. =3.9) and 44.4 dBA (s.d. =3.5),
(1999) Canada respectively, in 11 occupied classrooms during 18 lectures
Shield and Dockrell | Elementary school/ [Mean lesson noise levels 65 dBA L, for typical classroom activity
(2004)™ UK Background noise level closely related to the classroom activity
Sato and Bradley | Elementary school/|Mean speech and noise levels are 60.1 dBA (s.d. =4.4) and 49.1 dBA (s.d. =4.3),
(2008)® Canada respectively, in 30 active elementary school classrooms
Bradley and Sato | Elementary school/ st rd .
(2008)") Canada Preferred SNR values > 15 dB for students in 1™ and 3™ grade in elementary schools
Mean background noise levels and RTs are 33.6 dBA, and 0.64 s, respectively, in 185
Shield ez al. High school/  |unoccupied classrooms in 13 high schools
(2015) UK Mean active noise levels and unoccupied levels are 64 dBA, and 35 dBA respectively
Introduction of legislation improved the acoustic design of schools
Puglish ef al. High school/ Mear} Packground noise levels 46.5 dBA ~ 52.'1 dBA in 6 active classrooms '
1] Significant correlations between RTs of occupied conditions and background noise levels
(2015) Italy .
during classes
Mean room RT is 0.96 s and 0.67 s for both unoccupied and occupied 12 university
Choi (2016)"™ University/ classrooms
Korea Mean background noise level, and STI value is 41.2 dBA and 0.63, respectively, in
occupied classrooms without activities
Sala and Ranrala | Elementary school/ Mee.m. act1v1.ty noise level§ 6? dBA Laeq apd 42 dBA Lag in 29 active classropms
[13] . Activity noise level Lag is significantly linearly correlated with the unoccupied background
(2016) Finland .
noise levels.
University/ Mean room RT is 0.64 s in occupied 12 university classrooms
Choi (2020)“4] Korea y Mean background noise level, and STI value is 43.8 dBA and 0.55, respectively, in active
university classrooms
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Table 2. Details of the speech and noise level measurements in 27 active classes in 4 schools.

Elementary school Junior high school High school Special school
Construction year 2010, renovated in 2021 1979 2006 2022
No. of rooms 4 4 4 4
Volume. m® 178 164 165 135
’ (s.d. =25.7) (s.d.=3.5) ) (s.d. =12.9)
Percentage glazing, % 8.1 89 8 68
g glazing, 7o (s.d. =2.0) (s.d.=0.2) © (s.d.=0.2)
Glazing type* Single glass Single glass Single glass Single glass
1.7 1.8 2.0 5.6
Percentage door. % (s.d.=02) (s.d.=0.1) ) (s.d.=03)
No. of classes 4 7 11 5
No. of occupants 2 273 30 3
) P (s.d.=2.0) (s.d.=1.0) (s.d.=0.8) (s.d.=1.3)
Time per each class 40 min 45 min 50 min 40 min
. . 2 plenary 6 plenary . Splenary
Teaching activities 1 plenary + group work 1 plenary + eroup work 2 individual work 5 plenary
1 plenary + watching video plenary - group 1 plenary + watching video

*Interior walls between classrooms and corridors

<5 (individual work), ~12] 31
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school,

and (d) special school classrooms,
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Table 3. Mean speech levels and noise levels in dBA for different schools and teaching activities in 27 active

classes.
Elementary school Junior high school High school Special school Overall
Teaching activity N=4 N=7 N=11 N=5 N=27
Speech Noise Speech Noise Speech Noise Speech Noise Speech Noise
All 69.3 55.5 63.8 494 64.3 49.3 65.3 48.0 65.1 50.0
(8.d=73)[(s.d=83)[(s.d=44)|(s.d=6.0)| (s.d=5.1) | (s.d=5.1) | (s.d=4.4) | (s.d=5.9) | (s.d=5.2) |(s.d. =6.1)
Pl 66.6 51.8 62.7 479 66.4 50.7 65.3 48.0 65.1 494
enary (s.d=10.0)| (s.d=5.3) [(s.d=3.7) | (s.d=4.9) | (5.d=3.8) | (s.d =5.0) | (s.d =4.4) | (s.d =5.9) |(s.d. =4.5)|(s.d. =5.1)
732 62.9
Group work 759 67.1 704 58.6 - - - (s.d.=3.9)|(sd. = 6.0)
. 57.8 4.2 57.8 4.2
Individual work . . T |sd=48)|sd=37)| T |(sd=48)|(.d=37)
L 64.4 50.0
Watching video 68.1 513 - - 60.7 48.7 - (sd.=52)|(s.d.= 1.8)
AP 4L AN FRI|9k B2 A AL ST (93dBAF IS FARBESCE HhE, HF 42 e
Zlojtt. \le Fol vsht 9l= 54 el AR & 42dB L ©F 13dBA 7| LEHH=T] o= A
T 5 FAAY YA S0 = WA o= Aoz 2837 34 Al 4 (345 dBA, T2
= 2n|Rtth 43L = T MY F4Aof| A 2] st 7HsADell 711t Ao & AlmEh dE 255}
S/t 222 H](SNR)= 18dBA ~21 dBAE H% SNR o) Aol mpad 42¢] 5 g #llat T4 A
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SHI 2% W0 BEAAGL G a3 o] 242} 9 dBA} 6 dBA 17 Lekitid] o
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Table 4. Mean measured acoustical parameter values of the background noise levels, reverberation times,
speech transmission index, and apparent sound transmission class in Korean classrooms (Values where
specifications are exceeded are highlighted in bold italic font).

School T3 (500-2K), s Cso (125-4k), Ly dBAY ASTC AIIC
dB ACon ACoff Classroom Corridor
Elementary 0.86 25 42.9 30 39 18 67
school (s.d. =0.24) (s.d.=22) ) (s.d.=1.8) (s.d.=5.1) (s.d.=04) (s.d. =0.0)
Junior high 0.94 2.6 47.1 ) 29 20 47
school (s.d=0.19) (s.d.=1.5) (s.d. =0.3) (s.d.=1.7) (s.d.=2.4) (s.d.=2.8)
High school 0.77 29 45.1 ) 32 20 51
(s.d. =0.05) (s.d.=0.3) (s.d. =0.8) (s.d.=1.3) (s.d. =0.0) (s.d.=14)
Special school 0.62° 4.6 40.7 31.7 43° 20° 479
(s.d. =0.08) (s.d.=12) ) (s.d. =0.8) (s.d.=0.3) (s.d. =0.0) (s.d.=84)
a) The mean octave band values averaged from 125 to 4 kHz.
b) Not all of classrooms were measured the background noise level in Laeq with and without HVAC systems operation.
¢) Durw values
d) L’ 1w values
2} =&kt ASTM 7] <20f| o) AR T A7 kA 3 A7k w5 el A A k2 Table 49
FL(ASTC, AlIC) =52 7—.”4 ASTMEA13 3 ASTM S SHANE 5T 4 vk 53], 555ta o
E98970] S| ABIT 2+ 5 HESWEASIMY] A% 7MY AT Aoj AHANERR AFAA ] 4
e, tni B BN ANl R 1 A S0 A HEske] s A8
7S 2T SAE GS Tbledol] FE ol Aol T2 33 AR mTh GAH 92 Holet 7
YA 2 H7)5kct. G= BBI3 7o) A% ol AR Q1 Freto] WA A4 sS M A
B olHit §EME TEA0] 2 SPAE  Uehdth S50t SN U4 14 oS
ANAE ANFER o] 7| Ze] WESE AR T 47 Seln Ao R 2 M40 vgel B 4
Fotw Aol AT ZY AT RO Mg NSk 1 A3 Q1Y BEetel WA 4342
oporh. =jo] A A Qw5 71 2e) mA Alel Qul sk ula) WolXE Ao ArHr)
o] Aol sto] A2l Agre] vl ulzk gl Azke] WA Auck oY BEeke] WA 124
o AR EY B F 7)20) HAjel F9] AX 0] ASTCI8~200.2 BHe o] e Bz = ulz)
30| |Zbe] Al v mS Bo) I wAS  oF 50%el ek AT WAk B3t Hora
S FAME] §3FS B A 517 ¢stoltt. 22X 50| Yelo g BAEcKTable 1 2H%). Al
Table 4°f| &Jshd, =W & - 5~ L5 et S5 o] 9]7]of Rt A ol ejoll HIeol AFT A=
shit wA 163e] FAA A WAL SER R 2 HARO 2 4ol Herelt
eq < 30dBA, AR BFUL: Laeq < 37dBA), ZHEFAIZE = Z-F- 5ot S48t A 16319
(»——[—O]'ﬂ Ty 1254 < 045, QL8 Tsy 500-2 FZ7) 7V Al FA Y el AL0] 9F 40 dBA ~ 47
KHz < 06'5), 1213 ¥4 7 A4 5ESeta dBAR A AEel £ F<l mAle] Bty
Dirw > 50dB, 4yt 3har: Q15 A STC > 50, 917 & SEPAL o S éﬁ {Lo|th(Tables 33} 4 2=,
ESTC > 45)& A0S0 A7) e e mE Rk FA AeAIgke] 49 ASTMIHBB93S] A7) &
o] oA, L Bk A SEAL o ol o025 B Z:Ml el 84 BEE
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Table 5. Results of linear regression analyses of speech levels, noise levels, and speech—to—noise ratios in

relation to unoccupied Tzo (125—4k), Tz (500—2k), and Cso (125—4k) values.
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