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Speech Rate and the Acoustic Features of Korean Segments
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This study investigates the following three things through a production experiment and acoustic analysis: 1)
relationship between speech rate and the segment duration in Korean, 2) relationship between speech rate and spectral
characteristics of vowels, i.e, undershoot, and 3) correlation between the vowel duration and undersheoot, The results
showed that the faster the speech rate was, the shorter the duration of syllables and segments was, A few speakers
were affected by speech rate in the durational ratios between closure and aspiration in a stop and between vowel
and consonant in a syllable, Closure duration and vowel duration were more affected compared to aspiration and
consonant duration, respectively, Speakers showed some differences in the extent to which speech rate affected vowel
undershoot, implying that speakers used different production mechanisms for spectra! characteristics of vowels: Some
speakers speeded up movement of articulatory organs according t0 speech rate increase while some kept it constant
regardless of speech rate change,
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Fig. 1. Average syllable duration of each speaker according
to three different speech rates (ms.) Speaker 1, 4,
5. male, Speaker 2, 3, 6: female.
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Table 1. Number of syllables per second of each speaker
according to speech rate. Parenthesis indicates
standard deviation.

Hm%
st - '
=8 23 RE

) 4.7463 5.9396 7.4564
{3.1263) (.2215) {3.0055)

2 4.2241 5.6042 7.0403
{.1479) (.1923) (.2658)

3 43474 5.6538 80864
2387 (2164) (4735)

4 4.2186 6.2992 8.1085
{2262 (.2453) {.2955)

5 4.6279 6.1186 8.1401
(.2665) {.2919) {.3781)

6 4.8007 6.1695 7.6283
{.3652) (.2680) {.3066)
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according to speech rate,
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Table 2. Consonant duration, ratio of closure duration to aspiration duration, and ratio of frication noise duration to aspiration

duration across speakers according to speech rate.

{
=} 102(24.2} | 83(19.4) 68(19.5)
L 89{23.8) 70(13.7) 59(16.8)
) 72(68.6) 56(52.3) 43{40.7)
156(35.5) | 138(25.9) | 108(23.3) 1.83 1.74 202
B 141(30.0) | 121(19.3} | 96{(16.7) 8.11 738 7.73
= 195(38.1} | 164{26.8) | 130(25.1) 1.58 157 1.69
= 153(30.7) | 126(23.3} | 98(21.8) 135 1.31 1.32
140(31.0} | 116(20.4) | 84{14.1) 6.00 4.97 415
e 189(32.4) | 152(22.9) | 117(21.8) 1.36 122 1.08
m 162(29.2) | 134(19.5) | 105(20.5) 0.95 1.06 .01
7 142(383) | 116(19.5) | 92(14.7} 3.16 3.25 2.89
e 196(29.4} | 159(21.2) | 126(19.7) 0.9 0.96 0.91
2 65(22.2) 55(20.9) 46(17.8} 275 343 291
= 168(30.7) | 136(25.1} | 109(23.0) 2.24 1.56 £.79 252 1.86 244
=, 151(29.3) | 123(22.0) | 95(21.2} 6.97 498 413 353 291 260
198(27.4) | 159(23.9) | 128(23.8) 23 1.9 1.79 2.56 2.3t 1.89
153(34.1) | 126(23.7) | 100(22.3) 335 3.26 2.66
A 158(99.1) | 123(223} | 9%21.1) 6.48 6.67 6.48
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Fig. 3. Average vowel duration for each speaker according to speech rate.
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Table 3. Ratio of slow speech to normal speech and fast speech to normal speech in vowel duration. Parenthesis indicates
standard deviation.

i bt [ ke - s A
ol 1.5743 | 9109 | 1.7541 | 8012 ! 1.2998 | .7621 14144 | 6115 | 1.49171 | 8004 | 1.3294 | 6860 | 1.4349 | 7680
{3.0557}| (.2609) | (.3314) | (.1884) | {4807) | (.2100) { (.4295) | (.2469) | {3822} | (.2030) | (4579) | (2128) |{1.3045}| {2362)
ol 1.7432 | 8075 | 20065 § .803t | 1.1709 | 8825 | 1.7611 | .8280 | 1.,7605 | 7530 | 1.1542 | 4736 | 1.5960 | .7576
{4.6773}| (.2923) | (7568) | (.2929) | {.4201) | (.3351) [{1.0800} {.6005) | (9378) | {4177) | (.4668) | {.3884) [{2.0721)| {4142)
o | 12988 | 7861 | 20010 | .7343 | 14300 | .9097 | 14084 | 5729 | 20487 | 8143 | 1.1886 | 4705 | 1.5735 | 7197
T 1 (4955) | (2764) | (6162} | (1631) | (5898} | (.4491) | (7097) | (.4305) | (8532) | (.3284) | (.4478) | (3387} | (.7162) | {.3691)
o | 14841 [ 7805 | 1.9255 | 7090 | 1.3103 | 8594 | 1.9731 | 6940 | 20379 | .7163 | 1.2060 | 4353 | 1.6458 | .6983
— | (6514) | {3022) | (5876) | {.1647) | (.4848) | {(.3513) |(1.1017)| (.5245) | {1.0159)| (.3560) | {.5557) | (3323} | {.8234) | (.3695}
ol 9633 | 6785 | 20576 | .8279 9476 | 6450 | 1.7015 | 8266 | 1.4298 | .8697 | 1.3415 | 6015 | 1.4069 | .7399
{.3032) | {.1204) | (5534} | (.1685) { (2328} | (.1334) | (5258) | (.2259) | (.5668) | (2788} | (.4290) | {1988) | (.5747) | {2054)
o 1.0073 | 7782 | 15300 | .7091 | 4.1203 | 6431 | 1.1977 | 8884 | 1.1954 | 8046 | 1.1557 | .7389 | 1.2011 | .7604
(.9723) | (.2145) | (1681) | {1070} | (.2262) | {1270) | (.4997) | (3387} | {.1505) | (.1064) | {.5303) | (1654} | {.3400) | {1935}
ol 1.3159 | 8583 | 1.8465 | .7624 | 1.3486 | .66817 | 1.5196 | 1.0521 | 1.4020 | .7487 7845 49684 | 1.3695 | 7633
(.4801) | (1587) | (3720} | {1618} { (3778} | {1345) | {6166 | (4320} | (.3848) | {.1409) | (.2378) | {6359) | (.5041) | {.2636)
P 15079 | 8197 | 18742 | 7621 | 1.2943 | 8527 | 16197 | 6861 | 1.7974 | 7725 | 1.2154 | 5211
(2.7613}| {.2832) | (6105} | {.2100) | (4970} ; {.3382) | (.8726) | (4651} | (.8602) | (.3307} | (.4857) | (.3328)

B 4 W8sco mE six Y 22 o XSe g
Table 4. Ratio of vowel duration to consonant duration of
each speaker according to speech rate.

W T
1 0.76(0.87} 0.64{0.53) 0.61(0.48)
2 1.37(1.09) 0.96(0.93) 0.92(0.95)
3 0.65(0.47) 0.69(1.55) 0.70{0.55)
4 0.57(0.54} 0.50{0.58) 0.55(0.72)
5 0.72(0.55) 0.61(0.56) 0.60(0.60}
6 0.61(0.65} 0.62(0.68) 0.38(0.48)
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Tahte 5. Average F1 and F2 values of each speaker according speech rate.

speech, F: fast speech, S: slow speech).

Parenthesis indicates standard deviation (N: normal

Fi

t

R om

2
.

A

F2

F2

Fi F2

Fi F2

35414,08)
331{5.16}
an{1.2n

2140(91.55)
2203(55.01)
2246(61.83)

352(16.19)
348(6.84)
328(10.74)

2134(84.31)
2232(71.14)
2408(63.78)

435(43.00)
404(35.20)
433(72.72)

2561(48.15)
2661(105.48)
2620{82.25}

297(16.65)
285(34.73)
301{10.90)

1900(137.76)
1991{54,18)
2018(33.00)

293(19.88) 1927(72.73)
29119.76)  2078(30.20)
293(7.77)  2150(106.1)

313(0.71)  2305(3.54)
342(22.93)  2430(90.41)
308(6.91}  2365(73.04)

613(23.71)
61928.74}
5§52(92.69)

1726(49.67}
175%(31.17)
1826(18.63)

572(35.63)
588(10.01)
551(28.53)

1990(108.8)
2018(47.86)
2164{99.11)

619(41.58)
666(60.92)
7223394}

2294(56.74)
2341{51.86}
230%35.70)

394(45.37)
392(57.10)
41%70.10}

1553(112.3)
1662(60.17}
1734(103.8)

493(21.01)  1774(84.52)
473(35.23) 1836{62.93)
518(21.58) 1879(21.17}

6529008} 2144(147.4)
63%(93.60)  2126(98.66)
629(57.90) 2127(87.17)

675(138.7)
710(68.19
756(81.98)

1563(61.11)
1561(42.25)
1506(65.54)

800(42.9)
800(20.80)
857(67.03)

1785(107.69)
1657(39.07)
1626(68.05)

937(66.55)
860{(38.14)
953(31.06)

1967(41.19)
1943({58.99}
1804{80.87}

468(57.35)
459(65.21)
556(27.93)

1271(69.60}
1323(72.69}
1313(38.24)

639(36.71)  1429(55.46)
643(59.23) 1388(45.57)
710(42.47)  1303(41.28)

843(47.82) 1741(51.75)
878(2393) 1766(25.82)
864(36.90) 1736(86.78)

699(56.94)
704(35.51)
662(67.91)

1212(50.25)
1085(61.06)
1081{41.81}

681(41.17)
654(22.35)
634(50.26)

1160(56.08)
1153(142.6)
998(22.06)

761{19.74)
82%(42.57}
805(32.92)

1598(94.75}
1335(128.2)
1396(114.5)

429(66.65)
402(78.11}
428(73.20)

1075(72.55}
1008(79.81)
994{95.47}

549(42.38)  1206(36.36)
547(42.36) 1085(49.77)
600(41.31)  1009(53.39)

695(6064) 1498(18.34)
770(51.75)  1280(74.27)
702(48.13)  1343(139.8)

482(31.28)
457(21.93)
367(23.85)

976(44.71)
876(54.46)
9110125.9)

517(54.52)
408(39.30)
436(33.79)

1163(71.29)
960(49.27)
900(34.66)

626{138.9)
564(62.01}
515(132.6)

1367(125.8}
1145(101.7)
995(164.9)

373(38.42)
343(34.97)
304.{50.54)

1084(68.14)
978(56.26)
1004(148.6)

422(22.35) 1149(85.8)
425(37.81)  937(99.58)
414(5283) 637(94.35)

556(28.41)  1249(59.23)
470(5554)  1046(115.1)
460(29.4)  1000(138.7)

387(24.89)
336(39.57)
2100104.8}

1150(93.48)
1045(41.96)
991(89.34)

394(28.15)
393(26.32)
397(63.58)

1240(63.45)
1165(34.27)
1043(48.77)

540{44.54)
397(44.29)
410(25.82)

1710{154.3}
18020139.4)
1433{132.3}

269(89.99)
323(20.21)
320(75.14)

134%(46.51)
1205(21.98)
1152({228.0}

372(30.44)  1215(80.09)
328(48.86) 1072(30.43)
309(69.21)  919(45.89)

383(18.76)  1499(52.33)
429{27.73)  1367(153.7)
373(25.24)  1208(233.7)

398(34.50)
395(31.52}
360(30.77)

1507(67.45)
1581(17.57)
1613(61.37)

412(32.88)
438(31.59)
421(37.35)

1767(53.16)
1750(14.06)
1631(63.60)

47K78.38}
481(64.74)
518{32.83)

1784(89.96)
1812(52.09)
1854{73.13}

317(30.29%}
297(20.18)
34427 44)

1398(73.59)
1446(60.62)
1447(92.37)

395(981)  1512{62.30}
393(26.62) 15B3(128.9)
379(20.26)  1615(95.08)

349(35.29)  1780(75.28)
378(31.07} 1857(70.90)
377(1598)  1950(96.19)

E 6 HHST0 w2 MXl Y BEY Fi, F20 it YPPLEA T ST HA (N-EEYS], F-HE Y3 S--2 Ui
Table 6. Result of one-way ANOVA and Post-hoc test on Fi, F2 values and speech rate for each speaker {{N: normal spesch,
F: fast speech, S: slow speech).

x| :
og 1 2 3 4 5 6
F(2,10)=16.742 F(2, 12}=5.654
ol F1 |p=001 S<N, F p=.019 S<F
F2 F(2, 12)=21.889 F2, 12)=11.133
p=.000 F, N<S p=002 F<N, S
F(2, 12)=6.200
o F1 p=.014 F<S
F2 | F(2,12)=10.307 | F(2, 12)=5.456 F(2, 11)=4.245
p=002 F, N<S p=.021 F<S p=.043 F<S
F(2, 11}=5.102
of F p=.027 N<§
F2 F(2, 12)=5.997 F{2, 12)=9.858 F(2, 12)=9.043
p=.016 S<F p=.003 S<N, F p=004 S<N, ¥
F(2, 12)=5.436
ol F1 p=.021 F<N,
F2 | F(2, 12)=0.863 F(2, 12)=5.271 F(2, 12)=7.390 F(2, 12)=22.249 [ F(2. 12)=7.397
p=.002 8, N<F p=.023 S<N, F p=008 N, S<F p=.000 S<N, F p=.008 N<F
F(2, 12)=26.885 | F(2, 12)=8.543 F(2. 12)=6.846
o F1 | p=000 S<N, F | p=.005 S, N<F p=.004 8, N<F
F2 F(2, 12)=32631 | F{2, 12)=8.700 F(2, 12)=14.503 | F{2, 12}=10.601
p=.000 S, N<F p=.005 S<F p=.001 S<N, F p=.002 §, N<F
F(2, 10)=8.887 F(2. 12)=20.205 F{2, 12)=1.183
o F1 |p=006 S<N, F p=.000 N, S<F p=009 S<N
a F2 | F(2, 10)=4.616 F(2, 12)=19.532 | F(2, 12)=4.815 F(2, 12)=19.633 | F(2, 12)=3.941
p=.038 S<F p=.000 S<N, F p=.029 S<F p=.000 S<N<F p=.048 S<F
F(2, 12)=4.091 F(2, 12)=4.041
s F p=.044 N<S p=.046 F<N
- F2 F(2, 12)=14.035 F(2, 12)=5.436
p=001 S<N, F p=.021 F<S
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Table 7. Result of correlation anlaysis between F1, F2 values and duration of vowels.

ol F1-23 [ r=-801 p=.001
F2-22 r=.789 p=.000 =626 p=.013
ol FI-25 r=574 p=.032
F2-98 r=.739 p=.002 r=.807 p=000 | r=.618 p=.014
of Fi-2F | (=747 p=001 | r=.603 p=017 r=682 p=.007
F2-03 r=-615 p=.015 | r=-836 p=.000 r=~.820 p=.000
of F1-28 r=668 p=.006 1=596 p=.019
F2-2& | r=-.650 p=009 | r=-698 p=.004 | r=-.694 p=004 r=~.630 p=.012 | r=-810 p=,000
o Fl-92 r=-550 p=.033
F2-92 j r=-725 p=002 | r=-756 p=.001 | r=-733 p=.002 | r=-.527 p=.043 | r=~774 p=.001 | r=-692 p=.004
e FI-2& | r=-568 p=.043 r=.738 p=006
F2-92 | r=-780 p=002 | r=-918 p=000 | r=-.754 p=.001 r=-916 p=.000 | r=-.953 p=.000
o 2= r=575 p=.025 r=592 p=.020
= po-g2 ¢=-757 p=.001
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