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Research on optimal reverberation time in classrooms
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Abstract: Signal-to-noise ratio and reverberation time are the important factors that influence the speech articulation in
classrooms. There is no the consensus of opinion about the optimal reverberation time in classrooms while the consensus
about the optimal lower limit of signal-to noise ratio is reached. Speech articulation tests have been done in various
virtual classrooms where the reverberation times are different from each other. Variance of articulation index scores in
each test are analyzed. And then the significant differences of means between group data are tested with the pair
matching comparison method which is idiomatic in the field of experimental psychology. The analytical results show
that the optimal reverberation time of mid frequencies in the classroom with a volume of less than 200 m® and a signal
noise ratio of higher than 20dBA is about 0.6 seconds.
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Table 1 Recommanded reverberation time of classrooms (volume below 200m3) by different country (in use)
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Table 2 Attenuation index used in modulation virtual impulse of different reverberation time

RT)/s 0.20 0.30 0.40 0.50

0.70 0.80 0.90 1.00 1.10 1.20

3(*107) 58.33 37.50 23.96 18.13

9.58 6.67 4.58 3.23 1.98 0.83
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Fig.1 Impulse measured in classroom
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Fig.2 Schroeder internal curve from measured impulse
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Table 3 Age and sex of experimental samples

S 18 19 20 21 22 23

N 6 44 16 12 4 2
ER= A 524 190 143 4.8 2.4
531 P L
N 45 39
H /% 53.6 46.4

3 Bl trik

VE 5 R T P R S b A sy,
UL S 4 30 4 AN L TR 0 R S 56 4 T 1 L £
TN, TR A I Rl S 4 PR AE LR AR
[ SE T RS N TS R 1 Y 1 2 5, B
ZOR I B AR I SR S . W TR N
WPF P ERE 1 U 923, gt e R [ 23 A e
U0 B 08 A B PR T 50 AT 3 B B A 1) 2 S
BORAS, AT 4R 32038 35 A R 1 VG I i ) e £
I G, X RS kA 5 B R 2 W SR e
KIEFIBT %

O 6 T 75 35 T 2 T 6 B3 A A £ T v
A bR 2RI (T P S 3 b 2k e
SICHCHR T3 ) YA TR B AT 2 TR A B3 = o
TP ARRFUEZE R I LLICRLRE, W22 TR I R
AT 22 00 oy 6 G Sy 6 v S B DR T £ KO 92
KT, SCHOER T 25 ALl T 925K
A0 PRI AR S SR P AT 2 2R A 6 S A -k
B A Rk

FEXF AL SEI LI (AT RO IR
S0 T LI BEAT 5 77 T 20 BT A B 5 SR )
DRI 5 22 00 W1 7 2 AT 200 P9 B0 22 S S A 5
(BIF ), 4 0 B2 S0 1 Bt Ak 1y v
SN 4%l Si2 06 DR 2 T B B AT L 1) S £ 7 T
FE X ELA, ARG & LB S O T A7 4 3
F St

H T B0 DR 5 22 40 0 2 4 v of— e i i 4y
BTk, WO AR TRk o 41 P B0 T 5 L%
(17185 %, 1% ont LR ARvE L AR (B FR 2 % LL %)
s, Forh BRI ¢ BAERIRI T T
(A AT B ATAT P AR X8 2 2R R, R
ASERIBZ 2T T, WHHZENARRE, B,
WG A B . Tt 2

T=gj (@) ®)

AP e NS o hVEHE; o WiEE

PEACE, — M a=0.05; MSe NALNIITTZ; n A
FASIG AL, RN AT IR IR

) FH 2 TR s 1 20 {8 PR 7 R Dl A 1 & ST
DA 52 o R S50 /KT, A Lt T LIRS s W B8] 7
(LEAS ST R Ay JE by B TRD ) R I A (R . Ly 2
B n LR KT R PR R (n- )R SERR K T
PP BEHEAAFAE R EEZE S, W5 5 (nr DFPSEEK
SR MEATAAE B S, BIER n BRI /KP
TSR WA 24 T A S 5 AT R4 05,
DU b K260 7P e ) AT i ) 7 1) 500 B A %
SIS . AR b SR B rT RE A B
i, WAlRERBAFME, 2T RERE TS RAF]
R IR 512 B I 00 7

4 SEgER

X 8 T 1) R AR M s 1) A 0.4 2] 1.0s [ 0.1
A RS ST, IR R 1.3s # =L
W75 A5 5 R EEHLIRBOT sCEAT T 08 5 35 W Rt
5, R A% 1 GB/T15508-1995 (5% 65
WA S A v ) B EESR AT . BEMLIRDR R SR
HEAD Acoustics 24 # [F[RIit &4t HPS, IWE RS
ffi Head SQLab Il A% 5. IBM 2 ic A i 2
Artemis [AICR A HPS {55 70 Flds . PU£E HD600
FE R LA S YRS I AE . R LB R RS T
PATS B e A0 1 i R L5 () A, TR ] DASE 5 91
WG T KT AR A P g BRARAR e LX)
AR EE 52, R e L 4k BRAE L s i 7K S0
I A, HABE KN, MfEREE 15
dB(A)IF, P e M Lo V8 35 W5 W 3R 0 B S5 ik
20 RIAETE SV R D, R RS A R
(A5 L4k 20dBA) RS S 43l
K A BZR 65dB. 3 4 NiE =I5 W14
AR ZERIR I 25 R, Rrh X~ X 18R 12 MFEA,

FEX BT MR B AT A AR 5 At nT LA
FZ M GB/T15508-1995¢ 75 2% 15 5 1 Bbft P Uk 7 v23 )
(RIS A& 2 S0 TR 38 S W 0y, HiGh
B 5 Fin.

% 5 ATUUEH, RT=0.6s I, “FHiESTEM
FEAF o oty o QTR AR SR IS B), VB T T R AR )
N FE, T IR B (DO, S R 1S X
2B M RT=1.0s W VFESEWER D5
RT=0.6s Z&A1F T (0134018 5 1 0 5 1523 HoAT AR R 1)
FEPE, BRI IS R) A L R e A TR 4 L, TS T
FEAR B as A%, B) RT=1.0s 5 RT=0.6s #H LA



#5140 TAM RS 05 45 A B A VR ) N T (T 51
F4 NAXBHIESEMESHIROSELEHLER
Table 4 Speech articulation Scores from eight experiments and results of difference test from adjacent data
RT/s 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.3
X 80.0 81.3 84.0 78.7 77.3 82.7 80.0 73.3
X5 81.3 82.7 86.7 81.3 78.7 82.7 84.0 77.3
X3 85.3 84.0 86.7 81.3 80.0 84.0 84.0 80.0
X4 86.7 84.0 88.0 84.0 82.7 84.0 84.0 82.7
Xs 86.7 84.0 88.0 84.0 82.7 85.3 86.7 82.7
Xs 86.7 85.3 89.3 84.0 84.0 85.3 86.7 84.0
X5 89.3 86.7 89.3 84.0 84.0 85.3 86.7 86.7
Xs 89.3 86.7 89.3 84.0 85.3 86.7 89.3 88.0
Xy 90.7 86.7 89.3 85.3 85.3 88.0 89.3 89.3
X0 90.7 88.0 89.3 85.3 86.7 88.0 89.3 89.3
X1 90.7 88.0 90.7 86.7 86.7 89.3 89.3 89.3
X2 94.7 90.7 92.0 90.7 86.7 90.7 89.3 89.3
Xy K5 0.300 0.333 0.500 0.571 0.000 0.333 0.000 0.000
Xy K5 0.500 0.400 0.400 0.333 0.286 0.200 0.429 0.417
I 5HE ¢ 0.642 0.642 0.642 0.642 0.642 0.642 0.642 0.642
FHAE G P P G E P P x5
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Table 5 Means and standard deviations of eight experiments
RT (500Hz)/s 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.3
I E TR WA 87.7 85.7 88.6 84.1 83.3 86.0 86.6 84.3
b fi 22 4.2 2.6 2.1 3.0 3.2 2.6 3.0 53
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Table 6 Different significance test of speech articulation scores from eight experiments
FJi H 5 F BEERIEER
2 [A] 273.3 7 39.0 3.40>3.28 R (P<0.05)
RIE 1010.0 88 11.5
il 12833 95
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Table 7 Pairing comparison results of speech articulation scores between eight experiments
Tt S X, — X, —X. X, —x. X, —X X, —X. X, —X, o
SRk T I(i ;;I I(i >2§| I(i >3;| l(,- >4;| l(,- >5;| I(i >6§| x| P
X (RT=0.4s)
X, (RT=0.5s) 2.00
X3 (RT=0.6s) 0.87 2.87
X4 (RT=0.7s) 3.57 1.57 4.44 Ul T=4.08
X5 (RT=0.8s) 4.34 2.34 5.21 0.77
X6 (RT=0.9s) 1.68 0.32 2.55 1.89 2.66
X7 (RT=1.0s) 1.13 0.87 2.00 2.44 3.21 0.55
Xg (RT=1.3s) 3.35 1.35 4.22 0.22 0.99 1.67 2.22
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