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Acoustic characteristics of the sustained vowel phonation according to age groups
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Abstract

This study was performed to investigate acoustic characteristics of sustained vowels produced by Seoul Korean speakers.
For this study, three hundred nine healthy adults were chosen as participants from Korean Standard Speech Database. These
subjects were divided into five chronological age groups (20s, 30s, 40s, 50s, 60—70s) and two gender groups (male and
female). Fundamental frequency (f0), jitter, shimmer, and NHR (noise-to-harmonics ratio) was measured with 8 Korean
vowels (/a/, /&/, /a/, lel, /o/, lu/, /o, /i/) by using Praat. The results showed that the vowel type significantly affected all
acoustic parameters. Gender affected 0, jitter, and NHR significantly. The mean female speakers’ f0 was greater than the
males’, and the mean jitter and NHR of male speakers was greater than the females’. Moreover, age affected shimmer and
NHR significantly; in particular, the shimmer and NHR of elderly speakers was greater than the young speakers.
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Figure 1. Example annotations using Praat produced by a male speaker in
his 40s (aa: /a/, s: silence, qq: /¢/)
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A A A Ql 4] A= ofef o] 3 20 Qoke Hhel At} 0 Btk
9] ¢ AL 119.02 H(SD=22.71), @143 199.60 Hz(SD=26.93)
O F VERHTE ZE ke A9 22 0.24%(SD=0.15),
A2 0.14%(SD=0.11) 2.3 Vb, AlW H3tgke] 745 32
6.05%(SD=5.16), 9142 5.9%(SD=4.69)F Y}EF T} NHR 3 o
A 2732 0.019(5D=0.02), @143 0.013(SD=0.01). 2.2 VFEF L,
HNR(harmonics-to-noise ratio) 8 ak<= 2/ 21.77 dB(SD=4.63),
AL 22.66 dB(SD=4.73)Z YEFSth. ZHZho] 24 ulelu] g
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2. 30l mE 243 s E ko) Ba(M) R EZHRKHESD)
Table 2. Mean(}/) and standard deviation(SD) of FO, jitter, shimmer, NHR, and HNR by speakers’ gender

. 0 (Hz) A H (%) Al (%) NHR HNR (dB)
v M SD M SD M SD M SD M SD
A 119.02 22.71 0.24 0.15 6.05 5.16 0.019 0.02 21.77 4.63
o34 199.60 26.93 0.14 0.11 5.90 4.69 0.013 0.01 22.66 4.73
2 A 167.01 46.95 0.18 0.14 5.96 4.89 0.016 0.02 22.30 4.71

E3. Ao, A, Bl mE 0 ahe] Hvt 9 EFHAH TS Hy)
Table 3. mean and standard deviation of 0 for each age group, gender, and vowel category (Hz)
i HE
AEd | AE / b/ /H/ /4/ /Al/ /L] /T/ /—/ /|/ A

LAl 110.43 111.18 110.56 112.45 112.03 112.28 113.48 111.71 111.75

201 v +15.00 +15.28 +14.93 +17.59 +15.75 +15.04 +15.76 +14.87 +15.47
34 203.92 206.28 203.51 205.88 207.68 210.27 209.53 202.97 206.26

+16.56 +16.4 +20.8 +19.27 +19.09 +15.73 +20.13 +28.89 +20.04

g 112.8 115.43 115.14 116.61 117.61 117.22 119.86 117.94 116.53

30) e +17.94 +19.15 +19.16 +19.27 +19.33 +19.59 +20.35 +20.03 +19.34
o4 189.86 192.7 192.39 192.79 196.5 197.74 198.33 198.17 194.9

+29.9 +34.34 +34.24 +35.67 +38.51 +33.72 +40.1 +36.18 +34.78

e 118.85 122.27 120.4 120.94 123.86 125.02 124 121.86 122.13

407 we +23.38 +26.61 +26.16 +25.91 +28.08 +25.73 +26.12 +25.66 +25.89
4 194.18 197.83 197.53 197.54 199.88 201.71 202.17 199.85 198.81

+25.38 +24.12 +21.7 +24.39 +25.94 +25.17 +26.79 +29.39 +25.47

Al 122.22 123.38 124.56 125.83 125.55 129.2 131.02 128.56 126.24

sot v +24.68 +24.33 +25.27 +28.05 +25.52 +25.37 +25.95 +26.96 +25.73
4 195.35 198.67 197.16 199.47 201.03 200.59 202.49 200.3 199.38

+31.53 +27.24 +31.01 +28.02 +29.66 +30.73 +30.23 +32.69 +30.15

g 124.46 128.74 126.08 128.4 125.31 126.29 127.46 126.51 126.67

60t v +26.21 +28.64 +27.31 +27.76 +27.54 +25.74 +26.35 +28.43 +26.81
o] o4 187.19 190.52 190.78 194.38 193.86 194.63 197.16 189.95 192.34
+24.01 +22.11 +25.76 +26.69 +23.71 +28.95 +27.87 +25.25 +25.51
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I—/2 ITE ASIE UMA 67l 25 2T BAHCE F9
wlgk xpol & B3t

4. 25709 A frols
Table 4. Significance level of f0 among vowels

W | S A Al | |
/ |./ _ * skskok seskesk skskok stk
/H/ * - * sk ok sokok
/.I/ - XY EE T ET TS EE T
/.”/ seskok sk _ sk stk
/L) ook - BT
/T dekok otk sekok sk _

/—/ sk stk seskok sk ok sk _
/ |/ *kk ko * Kokk

" p<.05,” p<.01," p<.001

vpAete 2 Ay J53 A 3he] Az Aol eIt
(p<01). B A% Feto|x] o3 9] o7} @ 2 Ziﬁﬂ%(p<.001),
o/d ek Uell A= 200l Z150] 60Tl o 15 HTH 2
AtHp<.05). o}el 1% 2= A TFI Ao wWE ) 7o)
SE A2} 13- 0 7 AT Aot} T oA Bol%o] 3 A
155 el A foe] A3H 2ol 7} 5=siskA| Urebsktt. B gk
Z7}E4E G2 )7} EolR] 11 AL 7] WolA| =
2 &l AxFd aFH o 2579 AAP Eoltes
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Figure 2. Boxplot of f0 for each age group and gender
(horizontal line: median, dot: mean)

3.2. A
= AE| 9] WG A Tok A, Bl nieh A4 %

Zoleh, AE] o] Al wheb 2jol 2 woli= TehulEjo]t).

o143 <] Al HFL 0.14%0] 1 ¢4 2] %

9] ghol B 7107, o] 2] 5k o] =

Athp<.001). o} ] 1 3& B3 & g Uxol, HEAHE 1
FollA o dmo) Jig el A fho] E HA @ T4 B

o, ghe] L S 94 8 BA YR

5 A9, A, 2ol e A H g it 9 2EUAKTEA: %)
Table 5. Mean and standard deviation of jitter for each age group, gender, and vowel category (%)

HaE B
A= [ /'t /H/ /q/ I/ L/ /T/ /—/ I/ 2 A
200 | 026+0.13 | 02240.08 | 0.22+40.08 | 0.25+0.15 | 022+40.09 | 021+0.12 | 0.22+0.12 | 0.21+0.08 | 0.23+0.11
o] | 0.16+0.15 | 0.14+0.10 | 0.14+0.10 | 0.16+0.18 | 0.1240.07 | 0.14+0.11 | 0.13+0.10 | 0.15+0.11 | 0.14+0.12
300 | 025+0.11 | 023+0.10 | 0.22+40.07 | 0.24+0.13 | 0.20+0.08 | 0.20+0.08 | 0.20+0.09 | 0.22+0.10 | 0.22+0.10
o] | 0.15+0.13 | 0.1240.04 | 0.11£0.03 | 0.13£0.09 | 0.10£0.02 | 0.11£0.03 | 0.10+0.03 | 0.12+0.09 | 0.12+0.07
401) i 0.23+0.08 0.24+0.18 0.22+0.14 0.25+0.21 0.24+0.22 0.21+0.17 0.19+0.09 0.21+0.14 0.234+0.16
o] | 0.18+0.19 | 0.14+0.14 | 0.13£0.08 | 0.13+0.08 | 0.14+0.10 | 0.1320.07 | 0.12+0.08 | 0.15+0.13 | 0.14+0.12
sod ¥l 025+0.13 | 0274022 | 0294026 | 0.3040.32 | 0.25+0.13 | 0.24+0.16 | 0.28+0.29 | 0.25+0.14 | 0.27+0.22
o] | 0.16+0.16 | 0.1340.09 | 0.15+0.12 | 0.14+0.11 | 0.14+0.10 | 0.17+0.15 | 0.13+0.07 | 0.16+0.12 | 0.15+0.12
60t | ¥ | 0.31£0.16 | 0.29+0.10 | 0.29+£0.10 | 0.29+0.12 | 0.28+0.12 | 0.29+0.11 | 0.3320.19 | 0.30+0.14 | 0.28+0.13
ol | o | 0.15£0.08 | 0.17£0.10 | 0.17#0.12 | 0.16#0.12 | 0.1540.08 | 0.16+0.10 | 0.16+0.11 | 0.14+0.07 | 0.1620.11
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Figure 3. Boxplot of jitter for each age group and gender

3 A HE /1, T, —/0.17%, /0, 1, 1/0.18%, /11/0.19%, /
F/02% =0 2 Hzko] AR oS HY o tq oo wh
A5 G203t 2Jo]= E_oﬂ];]_(p< 001). 7H¥ 22 7+ HAA
Freles 3 6ol AAlE wkel 2ok 7 & A E ghE 5]l b/
/-, THp<001), /—/(p<01),/ | /(p <.05)E.t} -2 u|8}A Z) 1,
T YgoR S Bl A/, /T, IR Qe
Zth(p<.05).

6. L5 LA SAA o=
Table 6. Significance level of jitter among vowels

il It/ /H/ /4/ /Al/ /L] [T/ /—/
/' _ Hokk Hokok wok
I/ -

/4/ -

/.”/ _ * * *

/o Hokok * -

/T/ Hokok * -

/—/ ®% * _

I/ *

" p<.05,” p<.01,”" p<.001
3.3. 419

® 7 AME] HgkE A9
Zlolt}, -4 Al <

oo} A, RSl whet Al A S
& 1ol webA ZFolE BATHp<.001).

ol 50t 1ol U 1 v e Bole Al
tE 47 Z150] 5%t ] Harpks B dlel whal, sod] 252
HS 7.38%2 LERTE 18 45 SaiA = 500 152 o]
B 237} 53] bW Helel A Qe g1 ok A
Ao R% 50t IH2 20u](p<.05), 30TH(p<.001), 40tl(p<.01)
IF 3t ZolE Btk sARE 1 YA I1F el
] gk xfo] 7k T A okt

g4 $ EC] $ o

20

15-
S
= 10-
3

5-

0-

30[}1 40EN GOE{C\ t
oz 12

394. 9% 15 4do whE AlH 3 1"
Figure 4. Boxplot of shimmer for each age group and gender

a8]al ol whEbx A7} xfolE K= (p<.001), /—
A, 0,4, b, 1/ o AW Hetgke] ) LPEHM./
—/i= 5.38%, /-1 5.54%, /1/ 5.67%, / W/ 5.76%, / 1/ 5.84%, / }/
6.22%, / T/ 6.52%, / | 1= 6.66%2] B 3ks Bk I8 &
8ol A Az} o) j—/, /) V1T, 7 O B
el g ol A 2fol & Balth

8. 79 7 Arle] A frols
Table 8. Significance level of shimmer among vowels

e A A A A R VA L A v s v
/}/ - H
/H/ - *okk

/47 - *

I/ -

/L/ - kokok

/—l—/ skeskosk * skekosk _ sk
/_/ sk sksksk _

" p<.05," p<.01,”" p<001

7. AT, 98, Zgol B Av] ge] BF L FEAIKHL: %)
Table 7. mean and standard deviation of shimmer for each age group, gender, and vowel category (%)

B B
EEEREE Y N/ /47 Al J/ T/ /—/ /17 BE
sou) |E_| 653:439 | 5394451 | 534443 | 560:488 | 5412450 | 6.65:4.64 | 4974397 | 556379 | 5724441
o] | 6.1242.92 | 5.95:454 | 5.6843.83 | 5.44%3.13 | 4.96£3.52 | 6484535 | 4964401 | 5755546 | 5.67£4.20
sou |2 | 6795559 | 6262496 | 6205477 | 584x428 | 5914596 | 58IxA11 | 544503 | 6584585 | 6124510
o] | 4965242 | 3565182 | 4.1442.62 | 3714148 | 3.7742.69 | 4.87+2.97 | 3.6842.41 | 5.1943.55 | 4.36+2.69
sor) [T | 5636334 [ 455:298 | 5994553 | 4854363 | 5364502 | 5414518 | 5204578 | 621547 | 540472
o] | 5.8843.62 | 5.1044.57 | 5344353 | 4.6943.69 | 5.14+446 | 6.44+503 | 4984374 | 6.66+5.15 | 5.53+4.30
son | | 5922292 [ 831:803 | 8104637 [ 7.63+771 | 8024790 | 823+853 [ 7.74£7.26 | 87147.66 | 7824721
o] | 7.18+4.85 | 7.0046.06 | 6.59+4.68 | 7.45+635 | 6224522 | 8.0046.59 | 6.1945.18 | 9.02+7.21 | 7.20+5.87
60t | % | 6.0042.64 | 5.66+3.17 | 5.33+3.18 | 531£3.14 | 4.89+3.64 | 6.0843.74 | 4.65+3.06 | 5.23+3.71 | 5.40+3.28
ol4b | o] | 6.08+3.98 | 4.8242.85 | 5.1243.44 | 5314433 | 4984348 | 5.5543.56 | 5454399 | 4.73+£3.14 | 5.28+3.62
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Wik ohet A% 25 B 71 e AE R
(p<001)./ | /8] 3%, 50t) Z1&o] THE R E IE R F9 o]-7ﬂ
2 758 BQITH20, 30, 60tH 14 p<.001, 40t: p<.01)./H/2] 73
$-30-50T(p<.01), 40-50T (p<.001)7} 2] 3t AJo] & WP o /
1791 7% 20-50tl(p<.05) FH&Fito] 213k xfo] & Rtk /4|/
2] 7§ 3050t (p<0.01), 40-50Tl (p<.001)7} X}o] & KL, /o)
9] 734 20-50th 2} 30-50TH, 40-50Th 7} Z}o] S R th(p<.05).
/T2 7% 30-50tH(p<.001), 40-50T](p<.01), 50-60T] ©]*F
(p<.05)°] 2012 Bl om, /—/9] 739 20-50T(p<.05), 30-50TH
(p<.01), 40-50tl(p<.05)2] Aol & KA} / | /= FrdshA Akt
Zke] Apo| 7} A k2 HEol Tt

5, A AL 0.019, 94 A2 0.0139] HHEaks Hol,
HAdo] o] Bk & NHR & HIT 29 50X % gR1d 4=
%%Ol, BE A" delA B4 ¢ NHR Hafo] o A Yebs S
AFo| = A Ato] o] A VETE

DPXI o % ®5of whg} NHR k& AR 9, /7 0.0112
74 AL zHe B, /4 0.011, /77 0.012, /17 0.014, / 1/
0.017,/H/0.019,/41/0.019,/ }/0.0232] =22 & 3= K3tk

BE 71 BAA folE= 1000 AA skt

F10. =5 IINHR®| BAA frol=
Table 10. Significance level of NHR among vowels

S / b/ /H/ /4/ /Al/ [/ /T/ /—/
/b _ * sokok sokok sk s*sksk
3.4.NHR
/ H/ * ~ * stk stk sk
3 9+ NHRO| Bt gk A thel A, Kol uhaf AlA g RN - *k
OITE NHR A 744 Wpoll ] e frejuispl §AA 2 A A I N N A
= o1 - = A /L) sokok sk sk _
ol & HTKAE 15, 4'8: p<01, & p<.001). " T T " -
WA AT Il whet A R, 20t)i= 0.016, 300 0.015, I | e | wwr o }
40th+= 0.013, 50T+ 0.022, 60tH OV\LS’* 0.0129] H#3& B /17 e o o
T p<05,” p<01,” p<.001
o, sot) Z1gol e IEET BF o8 Aolg w0 S0 s
eoD) oA 28 o1 el Aol £ 2k
=3}
79 5% BHAE S0t sk o] thE A9 Aww gojg IS TR
nolth= 718 skol sl 2= 9lu}, A 27 Bt 0, A€, Al#, NHRS] 4] A5 A9 15,
g, 2ol mebd A ugkeh BAA Rl g SHs 5
—— 113} e} A L] Wk frejv] el ol & Hel sefo el
AlH 9} NHRe| $l 0.1, AdHof] wheh %31“]?'* ztol & K]l ve}
w]E = 05} /B, NHROISIT}, 311, 2 siebul g grollA] o
0.06-
4 E89 Gatol RS 9T £ el W )
o 00a] 4% AL A=, 08 B dAE 25 AE A
I -
z Zg-o] Uk, Al 8] Aol A% IEd B 3o s
0.02- . 2r-g-o] ke gt
(]
000- e
26[}1 3(;[‘\ 46[}1 56[;{ 60[;‘10\@
oy g
I 5 9% 257 AE) W2 NHR A 17
Figure 5. Boxplot of NHR for each age group and gender
9. A%, 4, ol o2 NHR #ke] H+t 2 2583t
Table 9. mean and standard deviation of NHR for each age group, gender, and vowel category (%)
e B
A"y | 4 /}/ /H/ /q/ /4|7 [/ /T/ /—/ /|/ A
200] Y| 0.024+0.03 | 0.017+0.01 | 0.013£0.01 | 0.024+0.04 | 0.014+0.03 | 0.015+0.02 | 0.011£0.02 | 0.014+0.02 | 0.017+0.02
o 0.021+0.02 | 0.022+0.03 | 0.011+0.01 | 0.021+£0.02 | 0.006+0.01 | 0.009+0.02 | 0.011+£0.02 | 0.016+0.03 | 0.014+0.02
300 | 0.029+0.03 | 0.023+0.02 | 0.016+0.02 | 0.024+0.02 | 0.010+0.02 | 0.011+0.02 | 0.012+0.02 | 0.020+0.04 | 0.018+0.02
o 0.014+0.01 | 0.012+0.01 | 0.009+0.01 | 0.014+0.02 | 0.003+0.00 | 0.007+0.01 | 0.004+0.00 | 0.009+0.01 | 0.009+0.01
401 | 0.020+0.02 | 0.019+0.04 | 0.01420.02 | 0.020+0.03 | 0.016+0.04 | 0.01420.03 | 0.016+0.05 | 0.018+0.04 | 0.017+0.03
o 0.019+0.02 | 0.014+0.02 | 0.009+0.01 | 0.013+0.01 | 0.007+0.01 | 0.009+0.01 | 0.006+0.01 | 0.014+0.02 | 0.011+0.02
500 W | 0.036£0.06 | 0.042+0.07 | 0.030£0.05 | 0.035+0.06 | 0.028+0.05 | 0.025+0.05 | 0.027+0.05 | 0.033+0.06 | 0.032+0.06
O‘] 0.023+0.02 | 0.017+0.02 | 0.017+0.03 | 0.020+0.03 | 0.015+0.05 | 0.017+0.03 | 0.010+0.02 | 0.019+0.02 | 0.017+0.03
60t | 0.021+0.02 | 0.017+0.01 | 0.017+0.02 | 0.020+0.01 | 0.011+0.02 | 0.012+0.01 | 0.011x0.02 | 0.011+0.01 | 0.015+0.02
ol o] 0.021+£0.02 | 0.010+0.01 | 0.012+0.02 | 0.008+0.01 | 0.005+0.01 | 0.009+0.01 | 0.007+0.01 | 0.009+0.02 | 0.010+0.01
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11 W53 Evke] BAH fro) = aef
Table 11. Significance level of the effect among the factors

HSE 0 A€ AlH NHR
cdeg :/__g_ EEES sk
A Heokk sk sk
_T_J_% sk seskk sk seskok
a9 Ju42 *

A9 IwEe we
PR
a3 aFAEES
" p<05,” p<.01,”" p<.001
4. =2
4.1. 55
B2 ol A A5 54 shehvE 47 ol A] 2fel &
Holt QAT 0t F4 ARE/ prh 1 A e B

25

I ARG 7Y 7 E S BT A E = o] 9k R E
T | B = R AL | g e ) =t B o e S | 2 B =
Bl /—/A= AW ¢} NHROIM & 7 22 348 Hols 2o
ATk o) 2k frAFeHA, 71 2 A E ghE Bl / |/A= NHROA]
7W & ks BT 3, 7P S A gk Bl Bae A

25 /1/50h 25 34 ey g JE3EE
Aa: wl A Felshd & 129} 2ok

E12. 574 =Y ol e BE e A(E9S HANET A58

Table 12. Vowel rank of acoustic parameters (shade: max. and min.)

10 A E] AlH
BE T2 *=9 9 | NHR |2
wn |7 o | o | A
/t/ | 163.01 1 0.20 8 6.22 6 0.023 8
0/ | 166.36 4 0.18 5 5.76 4 0.019 6
/4/ | 165.68 2 0.18 4 5.84 5 0.014 4
I/ | 166.69 5 0.19 7 5.67 3 0.019 7
/4/ | 168.78 6 0.17 2 5.54 2 0.011 2
/T/ | 169.04 7 0.17 3 6.52 7 0.012 3
/—/ 17061 | 8 | 017 | 1 | 538 | 1 | o011 | 1
1/ 116616 3 | 018 | 6 | 666 | 8 | 0017 | 5
Ao 23 A A% 35S e E 0 ARS/ F/elA
7V A3 R [/, f/oA 7] Wikl Z) ek 3k
Bty 8 4= gitt o] TR Lo] ARLSHT} HL 7| E F

= A& 59 WAA S5°](intrinsic pitch)2k
3 8, og] A3 Aol By B} Qlth(Ohala & Eukel,
1987; Sapir, 1989; Whalen & Levitt, 1995 ).

o, /78] g oleldt AR C2E Kol Hlow
HREAY /| 2 RE P S 0E B/t I TR
tro HE 1l /4/94= 0.0012] 9] FFoA EARoR &
ojul gt 2po] 5 Kol7]= FARE ek REEHT U S
Belok foeh= gepe| 7t A E e wet et gk - et
HAZF e sk, Jy s dAAM AEs S A
Esh= 212 AAskA ofvhar sl ofofl AME-E vrol

220 0 Het gk =915 v AlAehdE & 133 2ok 3

il

o g Pre] A A U BE /b AL HL AL |+
T — 2O 07k ekt B 129] €19k vt/ |/
of g1x15te] 39104 5912 W5 9l

13,0 Fgholl W FHE 2 =9(39): Hy)
Table 13. Vowel rank of f0 mean for each gender (Hz)

+=9 mE i 7
1 I} 116.02 195.36
2 13/ 117.72 197.76
3 IR/ 118.48 198.78
4 /A 119.16 199.13
5 /111 119.42 199.72
6 /1 119.68 201.00
7 faxl 12023 202.14
8 I~ 121.71 203.00

%7} Jt- /-r/«l 7%117} UHT 7P
7HH, ZS LTS /9] 4o ® Qe F £ Bgol
IA R A% i oz FREEvkar 5H v ok EA
T, 2003; AR 2], 2015; FAE & 27, 2016; o1& &,
2017). &, //9) f0 Htgko] vl ol //2 /| /2 vlszsh
FEE B AL 1/ F1 3ol €& 2H& 4= 9l
oz, A AF] F717F dvhvt dA A E HolF
= FRolH, 1 gho] 7% F717t mat A e etk B
A 2] kS =23t Ad A A R, A E oA A
7 AdSFE 2 3ol AXE AFE HAth Wilox &
Horii(1980)2 /2] A €] gko] /a, i/H.th 2He}ar ¥Hsd © ™| Deem et
al.(1989)= /2/9] AE] gkl /i, wRt} =thal 8tttk Ramig &
Ringel(1983)2} Sussman & Sapienza(1994)°l| 4 = /a, i, w&] A E]E&
Hw3HE W) T RSO T A4S A E7} Folxivkal 7]kl
T}, =& Horii(1982)4 Orlikoff(1995)9} o] X5 Xt A€ 9] 20|
7hEAA S & fFroln|shA] ehrhar Bk A= QT
AT Aol M = A E = /—/el A 7 ZaL, /bl 7
Zj\q = §}-Z}—‘—:—O] —/l?].r/]r/ |./§ Hl}ﬂ %l— UH )xl—];H Z o7 ]:-] %
RS 7B FarE AAES A0 2 B otk 181 ARS
[P IARSE |, — T S5 BT s 2 Fhe B3
o= F 9] Folel X E 7} TS 7HRITka g 4= 918 Alolt)
A= 58] HFo] duh YA F HolFe= A=,
71 gkol E75 11 Fo] Et A ke ERATE Horii(1980)141+=
fa, 1, wer FAEE A3 /8] AM7E A, wRTE 25l Zom,
Sorensen & Horii(1983)°4 &= A B 712 /a/2] A7} 714
A3 W7F 7V A R o7 7 EH Tk
Bae] A Ao M= /—7F 71 B Al S Bolal,/
| 17} 713 2 3 BT} ol /—/ET}/ | 7F 4T o2 o
A ME 0 7 AEEH U nlsith A8 AFelA 7}t
FE S RA /|, TR A HES B &

~2°411°1

b

2

o
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14, Av] Bgol 12 A% 58 BE = 9A(H9): %)
Table 14. Vowel rank of jitter mean for each age group (%)
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20t] 30t] 40th 50t 60tl ©]3
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