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A Study on the Vowel Formants and Speech Intelligibility Produced by

Children aged 376 In Jeju Areas

SIM, HWA-YEONG

Department of Audiology & Speech-Language Pathology

The Graduate School of Medical Science, Catholic University of Daegu

(Supervised by Professor Choi, Seong Hee)

Vowel formants depend on shape and length of vocal tract. As age
increases, the larynx is gradually descending for 4 years after birth.

This study measured vowel formants and vowel space area from 3 to 6
Year-old Korean children in Jeju area to investigate the characteristics of
vowel production and speech intelligibility in Korean young children. A total
of 80 children(10 boys and 10 girls for each age) were participated in this
study. For obtaining formants, 7 Korean vowels(/a/,/e/,/i/,/o/,/u/,/n]) were
used and vowel space areas (triangular, quadrangular), and speech
intelligibility were calculated and compared based gender and age.

Results showed that F1 and F2 of /e/ and /i/ vowels were significantly
different in age. In particular, front vowel /e/ and /i/ were significantly
lower in 3 years of age and gradually increased with age. For gender, F2
of vowel /a/ and /e/ were significantly higher in girls while F2 of vowel /i/
were significantly higher in boys (p<.05), indicating that development
progress of horizontal and vertical tongue movements may be more
pronounced after 3 years old of age and it can affect speech intelligibility.

With respect to vowel space area, there was significant differences
were found in ages (p<.05) whereas no differences in gender(p>.05). Vowel
space area was increased with age and much larger change was exhibited in
rectangular vowel space than in triangular vowel space. Moreover, speech
intelligibility was significantly difference in age(p<.05) while no significant
difference was observed in gender(p>.05). Significant relationships were found
between triangular vowel space areas (r=.299, p<.01) or quadrangular vowel
space area (r=570, p<.01) and speech intelligibility.

Significant relationships were found between triangular vowel space areas
(r=.299, p<.01) or quadrangular vowel space area (=570, p<.0l1) and speech

- Vil -



intelligibility. Accordingly, quadrangular vowel space area composed of
/i—e—a—u/ was more sensitive than triangualr vowel space area composed of
/i-a—u/ to reflect objectively the vowel movement space and speech
intelligibility.

Key Word: children, formant frequency, vowel space area, speech
intelligibility
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W /ol B B A obFe XEE B4 A3

A

FH

5
offt
lo
r (o3
o2
=
oX,
i3
=
=
it
~
e
~
td
dlo
S
—
=
5
)
lo
o,
o
=
=5
N
W)

- 2> /ot 2& Fi1nt F2eo| #71t E&EHX

(

s

A% N S5y Z=UA
34 10 1117.67 100.51
44 10 1093.44 129.06
W 54 10 1102.31 166.90
641 10 1112.94 56.60
S 40 1106.59 115.90
34 10 1073.67 236.37
44 10 1111.96 110.25
o] 54 10 1132.94 69.68
641 10 1153.74 109.34
S 40 1118.08 143.09
34 10 1488.32 155.45
44 10 1672.06 220.38
W 54 10 1647.34 218.65
641 10 1629.86 154.78
S 40 1609.39 196.74
34 10 1825.98 241.04
44 10 1620.28 254.88
o 54 10 1734.97 126.29
641 10 1714.67 231.86
S 40 1723.98 223.53
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re
ol
i
oX,
{149
2
=
it
~
(03
<
td

&9 F1, F2 Aol 2 gobny] $lste] 99

A 2RSS AAskla, 2 E s <E - 3> 2ok

A 343

A5 df o1t Al F F D

S 16796.631 3 5598.877 314 815

F1 A4 2640.057 1 2640.057 148 702
Axdd 21769.020 3 7256.340 407 748

i) 22834.763 3 7611.588 181 909

F2 A4 262580.694 1 262580.694 6.228 015"
AHxd™d  395246.176 3 131748.725 3.125 031"

p< .05

/ot Bl A Al ofFe] Add wE ¥ 1k adHA A3 Fl
oA Frefm gk Zfol7k YINSH[F(3, 72)=.314, p=.815], F2olA % +2n] gt
Zpol7b gl Ao ® YEHTHF(E, 72)=.181, p=.909].

/oY Bgeo] WA Al opse e wE FHuk 1k anpd Ay Fl
oA freolm gk xtol7t gl [F(, 72)=.148, p=702], F2ol|Al& f<n st
Zpol7b = Aem YETHEF(L, 72)=6.228, p=.015].

AR A I wFAES Fle Fonsh ZolE HolA Ffont
[F(3, 72)=407, p=748], F2= +rovld Zol& RHAWIFG, 72)=3.125,
p=.031].
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obEo A Fud] we /o) m Flh F2o Bitw Edde
<% - 4>9F o
<E - 4> /ol 23 F1t F2o| oot EEHX

A% N 3 F=HA

1 10 74448 137.79

2 10 856.96 12591

o 3 10 860.38 128.20

4 10 844.24 103.16

A 40 826.51 128.94

i 1 10 '755.05 146.59
2 10 364.06 173.24

o] 3 10 851.55 107.85

4 10 823.30 64.07

7 40 823.49 131.69

1 10 1189.99 228.66

2 10 2394.32 24751

o 3 10 2321.13 307.80

4 10 2303.91 232.61

&7 40 2052.33 562.11

2 1 10 1599.52 467.49
2 10 2278.80 376.11

o] 3 10 2695.42 150.60

4 10 2486.46 258.64

7 40 2265.05 526.72

A" Ao wE /o) & Fl, F2 xto|S dolr 7] 98t o
& , B ARE <E - 5>9F 2T



<I - 5 /ol 2F F1zt F2o| 24 E4

o
Zﬂxﬂ :_;j df o A F F D
A 157110.967 3 52370.322 3.181 029"
F1 4l 1636.331 1 1636.331 .099 7153
A== 9703.505 3 3234.502 196 .898
A= 15506139.98 3 5168713.325 54.821 .000"
F2 4l 764365.900 1 764365.900 8.107 .006"
A== 906013.993 3 302004.664 3.203 028"

p< .05

/ol Bl g Al ofFe dud mE Mo 1 adEA Ay Fl
o Al fFom gk Zfol7t QNS HM[F(3, 72)=3.181, p=.029], F2o A= f2]w] st
zkol 7F e Ao ®E e THF(S, 72)=54.821, p=.000].

/ol g A Al obFe] ARl wE Hd 1 a¥gA A3 Fl
o A frejulgk zlol7E Gl oM [ (1, 72)=.099, p=.753], F2lX = f-<lv] st
zol7b = Ao = yETHE(L, 72)=8.107, p=.006].

ARy A I wEAES Fle fFonst Aols HolA gont
[F(3, 72)=196, p=2898], F2&= froulgt Zo]l& HIJULF(S, 72)=3.203,
p=.028].

Aol wE /o) Exol zeolE AR ko] Tukey AHS HA
= AARE A3 FlolA = 3419 44 gFellvE o] 3 Zfo]l & B thH(p=.039).
F2o A= 3A1¢} 44 (p=.000), 3A1<} 54 (p=.000), 3A1<} 64 (p=.000)7Fell
oJ gk ApolE Rt
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A

FH

obEel AW e we /o) Be Fl¥ F2)

o,
4l
k)
=5
M
)

- 6> /0l 28 Fi1nt F2eo| #71t E&HXA

(

s

A% N S5y Z=UA
34 10 571.44 57.60
44 10 483.45 86.38
W 54 10 449.95 69.45
641 10 400.81 71.94
S 40 476.41 93.63
34 10 533.00 57.98
44 10 508.81 92.98
o] 54 10 468.94 67.04
641 10 480.61 64.75
S 40 497.84 73.58
34 10 2707.33 363.49
44 10 2861.48 236.91
W 54 10 2928.25 14571
641 10 2961.23 186.46
S 40 2864.57 257.18
34 10 2589.34 378.21
44 10 2676.01 242.68
o 54 10 2600.33 321.74
641 10 2964.50 186.07
S 40 2707.55 319.68
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<E - 7> /0| 2& F1I F2o| 2&EH

—
Zﬂxﬂ ”;:f df 55 A 7 F p

Ae 144762581 3 48254194 9.308 000°

Fl P 9180612 1 0180612 1771 187
A 35054310 3 11684770 2954 089

Qe 1020047.188 3 340015720 4655 005"

F2 A 493124.451 1 493124.451 6.751 011°
A 286161.269 3 05387.000  1.306 279

p< .05

/ol/ E&ol WA A ofFe A wE A 7 a3EA A Fl
oA Fem s 2ol7k AASH[F(3, 72)=9.308, p=.000], F2ol A= f2]v] &
ZFol 7k A= Ao Z YEFTHF(3, 72)=4.655, p=.005].

/ol/ Bge wA A ool Add wE Hd 3k Z3AA A Fl
oA FeolmE zol7t A oHW[FA, 72)=1.771, p=187], F2el A= 2 m] gk
Aol 7t A= Aoz YERGTHF(, 72)=6.751, p=.011].

AR dE B wEAELS Fle Fonst Aols Holx ¢kkor
[F(3, 72)=2.254, p=.089], F2& Fou]d =Hols Holx FUTHF(ES,
72)=1.306, p=.279].

Aol we /o]/ B9 AolE AHry] 9] Tukey AHF HA
S AAE A3, FlolA= 3419F 541(p=.001), 341k 641 (p=.000)3Fell 2] gt
AFol & B AT F2oll A= 3419 64 gtell 93k 2kl & HATHp=.002).

A

_24_



A

FH

5
offt
lo
r (o3
o2
=
oX,
%
=2
=
it
~
to
~
td
dlo
eS|
—
_\7:1
eS|
N
lo
o,
BT
_\7:1
=5
N
)

-8 /2/ 28 F1ot F2o| E71t EFEHA

(

s

A% N 7 EEAA
34 10 586.92 34.65
4A) 10 562.01 91.26
o 54 10 545.43 87.56
64 10 518.07 61.52
A 40 553.11 82.83
34 10 532.66 21.22
4A) 10 564.51 86.62
o] 54 10 563.39 46.30
64 10 548.66 90.63
A 40 552.30 66.82
34 10 991.55 92.08
4A) 10 958.94 111.62
o 54 10 930.84 106.63
64 10 923.99 143.63
7 40 951.33 113.78
34 10 978.89 185.04
4A) 10 997.48 85.60
o] 54 10 998.68 56.36
64 10 990.00 34.69
A 40 991.26 103.28
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A EAEA S AAEslan

A 343

A5 df o1t Al F F D

S 10769.161 3 3589.720 631 598

F1 A4 12.985 1 12.985 .002 962
Axdd 21031.536 3 7010.512 1.231 305

A= 9778.721 3 3259.574 .264 851

F2 A4 31891.692 1 31891.692 2.580 113
Aexdd 21136.976 3 7045.599 570 637

p< .05

/Q/ E&ol A A ofFe A wE HAd 7 a3EA A Fl
oA freolm gk o]zt U OHW[F(3, 72)=.631, p=598], F2ol A= f2lv] &
sl Ao 2 e THE(3, 72)=.264, p=.8511.

/Q/ Bge wA A olFel Add wE Hu 3k Z3AA A Fl
oA Fomsk 2ozt YW [F(, 72)=.002, p=.962], F2ol - %= & 2m sk
I sls Aoz YebwoFA, 72)=2.580, p=.113l.

AR dE B wEAELS Fle Fonst Aols Holx ¢kkor
[F(3, 72)=1231, p=.305], F2&= fFow|st =Aols HolA FAUATHE(S,
72)=.570, p=.6371.
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A

FH

5
offt
lo,
re
o2
_\7‘_1,
oX,
%
=2
=
i
~
o
~
td
dlo
e
—
_\7‘_1,
e
N
lo,
o,
o
=
=5
N
W)

- 10> /?/ 28 Flzot Fee| oot Z&EHA

(

s

A% N S5y Z=UA
34 10 567.88 65.15
44 10 511.06 79.15
W 54 10 503.84 90.34
641 10 475.06 47.37
S 40 514.46 77.38
34 10 525.45 62.40
44 10 534.46 64.06
o] 54 10 560.72 37.26
641 10 526.54 47.61
S 40 536..79 53.83
34 10 1132.70 141.14
44 10 1195.85 187.12
W 54 10 1109.94 187.44
641 10 1101.50 117.22
S 40 1135.00 159.23
34 10 1094.14 244.87
44 10 1199.30 117.62
o 54 10 1158.85 149.50
641 10 1223.24 157.67
S 40 1168.88 174.30
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A AR S AAskla, B d s <E - 11> 2k

<¥E - 11> /%/ 25 F1z} F2e| EAEAN
A 353
Tﬂ_& a3
A 73 d el £ P
Ay 22228.905 3 7409.635 1.820 151
Fl1 | 9970.568 1 9970.568 2.449 122
A=x4gE 31190.605 3 10396.868 2.554 062
Ay 79666.960 3 26555.653 945 424
F2 R 22963.187 1 22963.187 817 369
Adx4gdE 70587.822 3 23529.274 837 478
p< .05

/S BEe Al A olFo ddEo wE o 7 a9 HA Ay Fl
oA fHeluldk xfo]7} A H[F(3, 72)=1.820, p=.151], F2l - = H2]n] sk
2Lol7F Qe Ao YENGTHE(3, 72)=.945, p=.424].

/g BLol whA A olxo A wE Hu 7k g3EA A Fl
oA fFeluldk zfo]7} QA H[F(1, 72)=2.449, p=.122], F2l = 2] gk
zLol7F Qe Ao YE T, 72)=.817, p=.369].

Aga Al 7 WAL F1e Fov|dk zo]E Holx ko

[F(3, 72)=2554, p=.062], F2& Foln|st =fo]E& Ho|X]  UTH (3,
72)=.837, p=.478].
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ol-z o] Awy Ao W& /o/ & Fl¥ F29] Ho 3 RxFHAE
<E - 12>9F 2
<E - 12> /2/ 28 F1t F2e| 4ot 2FHEA
Gk N 3t EFHA
34 10 623.21 92.24
44 10 595.90 115.08
1 54 10 615.65 79.69
64 10 545.28 52.66
- g7 40 595.01 89.845
34 10 598.19 60.436
44 10 617.77 79.545
o] 54 10 636.17 87.12
64 10 534.21 51.76
g7 40 609.09 71.22
34 10 1728.40 243.37
44 10 1761.00 188.63
1 54 10 1726.65 286.50
64 10 1723.29 124.68
g7 40 1734.84 211.29
k2 34 10 1765.36 148.72
44 10 1732.22 126.49
o] 54 10 1781.33 173.16
64 10 1725.21 69.91
g7 40 1751.03 131.89
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59 Fl, F2 o] S dolxnr] 9ste] 4

]
1=
A BAREA S AAsElaL, A <E - 13> Zh

<E - 13> /2 22 FID} Foo| EAHEA
-
xﬂxﬂ ;‘; daf BEAE F p

Sk 41170.815 3 13723.605 2.147 102

F1 A 3962.816 1 3962.816 .620 434
A=A 11242.116 3 374'7.372 586 .626

Sk 10008.776 3 3336.259 101 .959

F2 A 5245.237 1 5245.237 158 .692
A 20695.421 3 6898.474 208 891

/o) BEel WA Al ofF ol A wE Fyuok 1 aHHA A Fl
oA freju g tel7h A H[F(3, 72)=2.147, p=.102], F2ol XN = f-on g
Aol 7h gl A= UEHHF(3, 72)=.101, p=.959].
/o) Bgo] WA Al opse] Ade wE FHuk 1k anpd Ay Fl
oA freolmgk xtol7t gl ™ [F(, 72)=.620, p=.434], F2olA %= f<n st
F i Aoz YesttF1, 72)=158, p=.692].

AR Ad I W AEL Fle Fongh zo]& HolA| ¢ghor
[F(3, 72)=.586, p=.626], F2&= f+en| gt XpolS Ho|x| FUATHF(3, 72)=.208,
p=.891].
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A

FH

5
offt
lo,
re
o2
=
oX,
i3
=2
=
i
~
2
~
td
dlo
eS|
—
=
eS|
N
lo,
o,
BT
=
=5
AN
W)

- 14> /0| 28 Fi1zof Fee| "ot Z&EHA}

(

s

A% N S5y Z=UA
34 10 821.36 101.88
44 10 881.81 110.97
W 54 10 865.50 94.91
641 10 T72.97 58.17
S 40 835.41 99.65
34 10 820.14 130.54
44 10 848.81 138.52
o] 54 10 805.39 103.71
641 10 823.18 83.22
S 40 824.38 112.66
34 10 1296.74 150.26
44 10 1367.29 219.99
W 54 10 1351.58 121.72
641 10 1212.57 117.16
S 40 1307.05 163.46
34 10 1428.22 144.52
44 10 1348.12 127.52
o 54 10 1263.32 123.45
641 10 1384.23 121.42
S 40 1355.97 138.75
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ARy Aol wWE /ol E59] Fl, F2 Apo]& dotrr] 9dte] 4

A AR S AAsklaL, A <E - 15> #Zh

<E - 15> /0l/ B2 FITt Foo| 2AHEA
-
xﬂxﬂ ‘;j df AFAE F p
A 47621.141 3 15873.714 1.427 242
F1 A 2433.770 1 2433.7770 219 .641
A xd 33688.276 3 11229.425 1.009 394
A 66415.799 3 22138.600 1.063 370
F2 A 47872.623 1 47872.623 2.298 134
A 226682.897 3 75560.966 3.627 017"
p< .05

/o) Bl g Al ofFe e wmE Mo 1 adEA Ay Fl
fFeugk xpol 7t AN O HM[F(3, 72)=1.427, p=242], F2o| A %= f-<¢n| gk
b sle Aoz YeESTF(3, 72)=1.063, p=.370].
/o1 Bgeo] A Al obFe] ARl wE Hd 1 a¥gA Ay Fl
o A frejulgk zlol7F GIl oM (1, 72)=219, p=.641], F2al- %= f-<lv] st
F gl Aoz YeEgTFA, 72)=2.298, p=.134].

ARy A I wEAES Fle fFonst Aols HolA ot
[F(3, 72)=1.009, p=.394], F2+= ron|gt AolE REATHE(3, 72)=3.627,
p=.017].
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2. o}59 A% L HEel HE EFT

2

oobEe] dE L el BE EIAAE WHY Fol

olgo AR e wWE RSAZAE WHel Hiy sk
<% - 16>} 7t}

<E - 16> 2SAZE ™o B EEHA
A N 7 it EFA2
34 10 425075.32 121098.09
44 10 496562.02 188708.79
1 54 10 552947.43 142702.95
e 64 10 611594.29 114019.02
;; SHA 40 521544.77 155498.98
“; 34 10 414331.28 283385.21
44 10 438735.93 124982.11
o] 54 10 443025.47 112027.17
64 10 604771.07 97304.70
SHA 40 475215.93 183682.32
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3>oll AA]

g

o z] glste] o
g —

=

=

Fol
- 17>3 <z

7S

-
it

= <

=

23}

df

0

o

Al 3

.003"
199
713

5.006
1.680
457

HF(3, 72)=5.006,

H 5 A &
zkol7F &= AL R YEST ofs o] Ao w

127941345606.38
429277213489.68
11672073684.29

3
1
3

Al
383824036819.13
42927213489.68
35016221052.86

}

0]
yul

o

[e)

b9
T

.003]

“p< .05

p

K

)

7ol 7t ¢

?;51_

H[F(1, 72)=1.680, p=.199] 2"

7131

I

[F(3, 72)=457, p

3to] Tukey Ab

ARz 9

=4

= Yen

7ol
A, 34 641(p=.002), 441 641(p

ki3

#9l

o

ks

3

=

7o
B

034)7ell o gt
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W olEe d® R A mE RIAGE HAH Y Ao

obEe] Az guel wE meAAE WA Wity EEAAE
<% - 18> Zr}
<E - 18> RSAIZET oMo WRFD FEHX}
217 N 7 i wEAR
34 10 133249.32 115727.19
AA] 10 573697.22 191952.01
o 54 10 599139.90 162978.12
. 64 10 675058.35 146182.49
;; &) 40 495286.20 262471.10
_ 34 10 27153944 295286.80
AA] 10 507160.25 177771.01
o] 54 10 641712.99 12797755
64 10 66463742 93844.27
&7 40 52126252 241368.33
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ssit
<E - 10> RSAIZE x| 0| 2R
Al 373
bE| ‘\—D" Oz
Al g d Rl £ P
oo S 2665611186536.77 3 888537062178.92 29.355  .000"
}\;f - A4 13495391288.22 1 13495391288.22 446 .506
o Adxd= 113866546171.92 3 37955515390.64 1.254 297
p< .05

olEgel Ao wWe EIAAE wWHg wad AFG,

72)=29.355, p=.000] f+elvgt Apol7k Q= Ao ® Uil ofE o] Ao

ofmak el fFold AolE udEhl=A A¥ET] f8ke] Tukey
S A A3 3419 441 (p=.000), 3M1€F 5A41(p=.000), 342} 64
(p=.000)%tell {2l 3k 2po] S H At

Dad
>
H
)
o
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3. obEd d® R AHEo HE ¥EEE

obEol Au gue me wymme Fwdu
20>} ek,

e
AN
)
2
rlr
A
fd

<E -20> YHEzzo Wil EFH™A
34 10 65.67 13.24
4 10 89.677 10.12
s 54 10 89.34 14.21
64 10 92.00 12.40
g A 40 84.17 16.26
ax 34 10 63.33 15.07
4 10 76.67 12.17
o] 5A] 10 90.33 13.74
64 10 99.67 1.05
A 40 82.50 18.02
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¥ - 21> <29 - 5>l AA ST}

AR ARel mE 2R Ao]lE Ldotr 7] flete] ddujA F
<

<E - 21> ZHIZ o] XI0o|] EMEM
[e)
Xﬂxﬂ f;ﬁ df o A F D
o A= 11065.326 3 3688.442 24.620  .000"
- ! 55.561 1 55.561 371 544
A==gd 1115.491 3 371.830 2.482 .068
p< .05

olF o A= mE WP EEE vlugk AI{F(3, 72)=24.620, p=.000]
frofm gk xpol7h Sl Ao yetuth ofF] A wE dHsRE v
Wk AAN[FA, 72)=371, p=544] Fmgt zol7t gl HOoE e
T A" g 1 we gL {Fondt AolE HolA FUTHF(3,
72)=2.482, p=.068].

oqw gt FYetel] Fo g zolE HEt=A AHR7] 95te] Tukey A
T oAAS AT A 3419 441(p=.000), 3412t 541(p=.000), 341t 64
(p=.000)7tell 28k 2ol = Bt 4419k 64 (p=.009)7 ol = F2] 3 Aol =
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