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Room acoustic analysis in university classrooms
using experimental results
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ABSTRACT
Measurements of RT, EDT, Dso, C50 and STI carried out in three different unoccupied University classrooms.

For acoustic measurements, various sound sources are used (white noise, pistol shot, MLS and sweep signal). In

this study, It found that interaction exists between sound source and place. Also there was high correlation

between STI and various acoustic parameter.
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Table 1 General characteristics of classrooms
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Table 2 Acoustical measurement equipments
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Omni-directional Type223 Nr.20856| Lautsprecher
Speaker
Power Amplifier 260 Norsonic
1/4.” Freefield Type MI 17 GRAS
Microphone
Laptop computer | AVERATEC 5500 AR TG
Microphone preamp UA-25 EDIROL
Symponie dBBATI32 01dB
DIRAC 3.0 Type 7841 B&K

Table 3 Acoustic parameters and each sound sources

=% srepie DB
RT white noise., pistol shot,
MLS, lin-sweep
EDT pistol shot, MLS, lin-sweep
D50 pistol shot, MLS, lin—sweep
C50 pistol shot, MLS, lin—sweep
STI pistol shot, MLS, lin-sweep
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Table 4 two way ANOVA test for T30 FI5 (Hz)

125 250 500 1k 2k 4k

F 2 X 5212 17.010 30.543 51.617 74.464 77.148
(p) Rl (.000)  (000)  (000)  (000)  (.000)  (.00O)

Table 5 one way ANOVA test for T30 ( N=X%& & M=%+, SD=%FH7}, p=H-2%%)

Bty = - ~
Wyl 32 | sd N | T30(s) M| SD A B A  walie
white 10 1.536 0.557
EARIES prlgltgl 120 ié%% éé%é white, pistol, mls, sweep 0.412
sweep
white 10 0.829 0.207 white, mls 0919
195 =7yo12) pistol 10 0.679 0.102 “}i“tteovl Drlr»jlml 8;}?
o mls 8 0769 | 2933 white, sweep 0.083
sweep B ol mls, sweep 0.058
e white 30 2088 0.405
o % pisto 2.52 . oy .
¢ mls 18 1.966 0.291 white, mls 0.834
sweep 18 3.292 1.092
white 10 1.279 0.139
PR prlﬁfgl 120 ié%g é(l)gg white, pistol, mls, sweep 0.144
sweep .
white 10 0.655 0.073 .
950 | Zpem | pistol 10 0.767 0.030 pistol, mis o828
Chs mls 6 0.771 0.013 mls, sweep s
sweep 6 0.995 0.136 pistol, sweep :
white 30 1.729 0.193
ggela | pistol 30 1,685 0.297 white, pistol 0.999
CRE mls 18 1,600 0.089 pistol, mls 0.962
sweep 18 2.069 0.118
white 10 1.231 0.084
a7eld | Pisiol 120 ﬁ’g% éggi white, pistol, mls, sweep 0.123
sweep . A
white 10 0.563 0.064 oo
500 |zgea | msol | 10| 0517 | 0013 it e 0528
mis . . ‘50
sweep | 6 0.657 | 0.030 white, pistol 0.282
white 30 1.497 0.109 "
rolx pistol 30 1.873 0175 white, mls 1.000
RGN 18 1490 | 0102 white, sweep 0.286
sweep 18 1,548 0.071 mls, sweep 0.287
white 10 1.014 0.051
Aol | Pistol 120 %égg éé;g white, pistol, mls, sweep 0.077
sweep .
white 10 0.375 0.030
1k Z=730]4] pistol 10 0.400 0.024 white, pistol, sweep W
ke mls 6 0.361 0.023 V\hlte mls, sweep 0.128
sweep 6 0.393 0.010
white 30 1.332 0.056
ggela | pistol 30 1784 0.155 white, mls 0.782
CRE mls 18 1,353 0.058 mls, sweep 0.133
sweep 18 1.402 0.063
white 10 1.020 0.020
ageln | Pistol 120 %g% égzé white, pistol, mls, sweep 0.083
sweep . .
white 10 0.356 0.023 - ]
ok | geq | Psol | 10| 0343 ) 0009 P, sl 0576
mls . . it avr .
sweep 6 0.331 0.027 white, sweep 0.489
white 30 1.308 0.034 o ]
e | Pl |30 1Bt 0050 ihite. s 0:081
mls 2 028 L O
sweep 18 1,304 0.022 mls, sweep 0.163
white, mls 1.000
white 10 0.912 0.022 mls, sweep 0.951
AR pistol 10 1.568 0.953 V\hlte sweep 0.930
- mls 6 0.910 0.012 white, pistol 0.299
sweep 6 0.903 0.012 pl%tol mls 0.297
pistol, sweep 0.288
m white 10 0.367 0018
S74e] 4 prlr‘?lts()l lé) 8?’% 88% white, pistol, sweep 0.429
sweep 6 0.356 0.003
ws (R 1) | 38
pisto s WAL . 1 ,
e mls 18 1148 0014 white, mls 0.826
sweep 18 1,164 0.013
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Table 6 two way ANOVA test for EDT

T (Ha)
125 250 500 1k 2k 4k
F A X 3.688 171.414 600.628 552.847 843.995 705.203
(p) S 008 .000 .000 .000 .000 .000
i

= pistol

B3 e R e e e e e | T S
m— sweep

S
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125 250 500 1000 2000 4000
frequency (Hz)

Fig. 2 EDT versus frequency at each sound source

in each classroom
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, SD=%FH=}, p value=+29&&)

z-‘——])\

==
—'(—HZ) 7;1221 =4 N | EDT(s) M| SD e 77U A p value
pistol 10 6.500 0.702
AR mls 6 1.351 0.094 mls, sweep 0.615
sweep 6 1.296 0.067
pistol 10 0.527 0.303 .
125 | 2294 | mls 6 0775 | 0.368 pistol, mls 05
sweep 6 1.286 | 0.495 mis, sweep :
pistol 30 4.263 2.867 pistol, mls 0.98
I RASI S mls 18 3.972 2.724 mls, sweep 0.83
sweep 18 3.418 1.341 pistol, sweep 0.43
pistol 10 6.198 0.749
AR mls 6 1.071 0.126 mls, sweep 0.138
sweep 6 1.223 0.106
pistol 10 0.692 0.185
250 | ZF749d | mls 6 1038 | 0444 | IS sweep o900
sweep 6 1.037 ] 0.036 pistol, mis :
pistol 30 6.351 0.663
21 A B mls 18 1.942 0.274 Y AL S
sweep 18 2.453 0.444
pistol 10 5.694 0.253
27912 | mls 6 1.095 |0017| %9 Aw e
sweep 6 1.242 0.019
B pistol 10 0.571 0.067 mls, sweep 1.000
500 | T mls 6 0.588 0.114 pistol, mls 0.983
sweep 6 0.584 0.010 pistol, sweep 0.913
pistol 30 6.113 0.570
I RARSIES| mls 18 1.703 0.231 mls, sweep 0.619
sweep 18 1.637 0.096
pistol 10 5.070 0.252
EaAIE| mls 6 1.033 0.110 mls, sweep 0.945
sweep 6 1.057 0.012
pistol 10 0.389 0.089 .
Ik | Z294 | mis 6 0.358 | 0.018 pistol, mls 0082
sweep 6 0.455 | 0.034| Pstos P :
EH7101/\] piStOl 30 5.668 0.492
e mls 18 1.526 0.201 mls, sweep 0.067
sweep 18 1.399 0.093
pistol 10 4.660 0.239
AR mls 6 0.910 0.040 mls, sweep 0.287
sweep 6 0.943 0.017
pistol 10 0.391 0.052
2% | Z7294 | mls 6 0350 | 0018 M sweep 03
sweep 6 0.324 | 0.047 pistol, mis :
pistol 30 5.345 0.492
RIpAGSIEN, mls 18 1.352 0.123 mls, sweep 0.995
sweep 18 1.345 0.049
pistol 10 4.197 0.246
EPACIES] mls 6 0.830 0.018 mls, sweep 0.064
sweep 6 0.877 0.035
B pistol 10 0.395 0.028
4k 7394 mls 6 0.333 0.016 mls, sweep 0.967
sweep 6 0.336 0.004
pistol 30 4.645 0.411
RIpAGSIEN, mls 18 1.214 0.113 mls, sweep 0.238
sweep 18 1.162 0.048
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3.3 HEX(Ds0)2t X7|-F7|8 oKX (Cs0)

ot X EZ &L= Dso
2 iR v]&A Cso

Cyo= 101og(A) (dB) (1)
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Fig. 3 D50 versus frequency at each sound source

in each classroom
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Fig. 4 C50 versus frequency at each sound source

in each classroom
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Table 12 Definition of the STI transfer function

STI Subjective intelligibility scale
0-0.3 Bad
0.3 — 0.45 Poor
0.45 — 0.6 Fair
0.6 — 0.75 Good
0.75 —= 1 Excellent

Excellent

Good

Fig. 5 STI at each sound 7source in each classroom



Table 8 two way ANOVA test for Dso T4 (He)

125 250 500 1k 2k 4k

F AMX 6.945  36.667 48337 61.637 164.883 149.090
(p) S .000 .000 .000 .000 .000 .000

Table 9 one way ANOVA test for Dso (N=3%¥ & M=%, SD=%F#Hx}, p value=228)
vZIEI:‘I—qZ»))I: %7@ %}ﬁ\— %’?:]_ N DS()(%) M SD jé]ﬂ %o;_l 7‘\:]‘,;_]' P value
pistol 10 20.82 39.490
EaACIES] mls 6 44.316 10.866 | pistol, mls, sweep | 0.367
sweep 6 37.333 24.524
~ pistol 10 79.24 19.320
125 7l mls 6 67.65 5.228 pistol, mls 0.281
sweep 6 34.83 2.401
pistol 30 67.93 34.710
7o) Al mls 18 32.45 4.390 mls, sweep 0.512
sweep 18 35.67 9.710
pistol 10 1.810 0.773
EnAZIES| mls 6 52.85 1.923 mls, sweep 0.946
sweep 6 56.50 16.979
~ pistol 10 71.88 12.858
250 7394 mls 6 68.833 7.276 | pistol, mls, sweep | 0.627
sweep 6 65.50 14.432
pistol 30 4.023 1.254
e | mls 18 20.31 4.649 Y A S
sweep 18 28.111 6.163
pistol 10 4.63 1.756
AR mls 6 42.60 8.353 Y AL s
sweep 6 55.166 5.419
B pistol 10 74.07 5.764 pistol ,mls 0.930
500 7oA mls 6 75.216 2.371 pistol, sweep 0.164
sweep 6 63.166 10.815 mls, sweep 0.117
pistol 30 3.21 0.725
EIRARSI ] mls 18 36.166 5.195 mls, sweep 0.206
sweep 18 40.333 8.000
pistol 10 4.320 0.541
EaAI R mls 6 53.60 0.282 Y AL s
sweep 6 50.833 1.834
pistol 10 82.390 6.818
1k =744 mls 6 83.45 2.615 pistol, mls 0.942
sweep 6 73.00 6.603
pistol 30 4.08 0.849
2IpARSI ] mls 18 41.438 8.193 mls, sweep 0.760
sweep 18 43.833 7.905
pistol 10 4.440 0.533
EaAI R mls 6 46.283 4.736 mls, sweep 0.952
sweep 6 47.666 5.125
pistol 10 76.90 7.208
2k 7l mls 6 85.066 0.484 Y AL s
sweep 6 87.833 0.752
pistol 30 4.126 0.684
=1 ARSI mls 18 43.427 3.169 mls, sweep 0.091
sweep 18 40.222 5.093
pistol 10 7.310 0.495
EAZSIES| mls 6 57.866 1.473 Y AL s
sweep 6 52.833 1.471
pistol 10 73.370 5.472
4k =734 mls 6 86.85 0.281 mls, sweep 0.495
sweep 6 86.50 0.547
pistol 30 6.533 0.713
[EAZSIEN) mls 18 47.344 4.669 mls, sweep 0.212
sweep 18 50.666 6.116
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Table 10 two way ANOVA test for Cso0 T (He)

125 250 500 1k 2k 4k

F A-x 9.024  60.034 105.503 114.095 285.529 246.517
(p) il .000 .000 .000 .000 .000 .000

Table 11 one way ANOVA test for Cso N=3% & M=%, SD=%FHx}, p value=ZE)

jz(ﬁ]g 54 34 54 N | Cs50(dB) M| SD HF 2 A | p value
pistol 10 —14.463 9.668
AR mls 6 -1.033 1.939 mls, sweep 0.885
sweep 6 —-2.939 5.118
B pistol 10 7.0250 4911
125 7394 mls 6 3.240 1.043 pistol, mls 0.115
sweep 6 —2.726 0.460
pistol 30 0.536 9.694 mls, sweep 0.589
I ARSI mls 18 -3.216 0.898 pistol, sweep 0.462
sweep 18 —2.654 1.845 pistol, mls 0.319
pistol 10 —18.085 3.379
AR mls 6 0.496 0.335 mls, sweep 0.923
sweep 6 1.260 3.112
- pistol 10 4.409 2.783
250 7494 mls 6 3.512 1.500 | pistol, mls, sweep | 0.611
sweep 6 3.036 2.884
pistol 30 -13.994 1.499
51 PAZSIES| mls 18 —6.044 1.305 U A s
sweep 18 —4.157 1.309
pistol 10 —13.419 1.734
EavALIES] mls 6 -1.326 1.495 mls, sweep 0.058
sweep 6 0.910 0.956
- pistol 10 4.632 1.247 pistol ,mls 0.961
500 7394 mls 6 4.836 0.556 pistol, sweep 0.141
sweep 6 2.449 2.055 mls, sweep 0.102
pistol 30 —14.903 1.037
I RARSIES| mls 18 -2.501 1.016 mls, sweep 0.122
sweep 18 —1.747 1.471
pistol 10 —13.484 0.572
EavAZSIES| mls 6 0.626 0.049 mls, sweep 0.177
sweep 6 0.144 0.319
~ pistol 10 6.952 1.938
1k 7394 mls 6 7.070 0.827 pistol, mls 0.990
sweep 6 4.416 1.478
pistol 30 —-13.791 0.861
RIpAGSI B mls 18 -1.538 1.473 mls, sweep 0.752
sweep 18 —-1.102 1.416
pistol 10 —13.355 0.525
EavALIES] mls 6 -0.651 0.829 mls, sweep 0.952
sweep 6 —0.409 0.894
pistol 10 5.463 2.101
2k Z7e) mls 6 7.557 0.165 U A s
sweep 6 8.591 0.308
pistol 30 —13.710 0.747
=1 RARSIES| mls 18 -1.152 0.560 mls, sweep 0.084
sweep 18 —1.738 0.921
pistol 10 —11.040 0.318
EACIES) mls 6 1.379 0.262 Y A s
sweep 6 0.493 0.256
pistol 10 4.481 1.279
4k Z7e)4 mls 6 8.199 0.107 mls, sweep 0.502
sweep 6 8.069 0.203
pistol 30 —11.579 0.497
o] 7o) 4l mls 18 -0.467 0.822 mls, sweep 0.207
sweep 18 0.119 1.071
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4. ST|9|‘ %% I'EI'DIE‘I = A[-O[ol é,"-T'—I'-T'—I'Zﬂ Table 13 Correlations between the STI and

— —
various acoustic parameters

octave bandﬂ 7&6&/‘]2}% };] (2)’“(6)% o] Acoustic 2 Fi Acoustic 2 m
. ) (3) Measure R 8- | Measure R 8-
|3te] AJeolsk 4 Qi RT(125)  0.797 D50(125)  0.687
RT(250)  0.924 D50(250)  0.728
RT,,... = (RTy,+ RT + RT, o + RT3+ RT)/5 @) RT(G00)  0.949 D50(500)  0.754
RT (1K) 0.952 D50(1k)  0.855
R SIL1 (RI;5[]+RI%[][]_'_RI}[][][]+RI;l]l]l])/4 (3) RT(2k) 0961 D50(2k) 0.868
RTy,= (R, + RT 0+ BT+ BT ) /4 (4) RT (4k) 0.959 D50 (4k) 0.782
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