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Formant Trajectories of English Vowels Produced by American Children

Yang, Byunggon

ABSTRACT

Many Korean children have difficulty learning English vowels. The gestures inside the oral and pharyngeal cavities are hard

to control when they cannot see the gestures and the target vowel system is quite different from that of Korean. This study

attempts to collect children’s acoustic data of twelve English vowels published by Hillenbrand et al. (1995) online and to

examine the acoustic features of English vowels for phoneticians and English teachers. The author used Praat to obtain the data

systematically at six equidistant timepoints over the vowel segment avoiding any obvious errors. Results show inherent acoustic

properties for vowels from the children’s distribution of vowel duration, f0 and intensity values. Second, children’s gestures for

each vowel coincide with the regression analysis of all formant values at different timepoints regardless of the vocal fold and

tract difference. Third, locus points appear higher than those of American males and females. Their gestures along the

timepoints display almost similar patterns. From the results the author concludes that vowel formant trajectories provide useful

and important information on dynamic articulatory gestures, which may be applicable to Korean children's education and

correction of English vowels. Further studies on the developmental study of vowel formants and pitch values are desirable.

Keywords: English vowels, formant trajectories, American children, dynamic spectral changes
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Table 1. Average f0 and formant values at measurement
points of front vowels produced by boys

vowels | points o F1 F2 F3

1 247 466 2948 3473
245 458 2972 3489
244 459 2984 3492
243 456 3000 3500
243 455 2965 3462
244 465 2867 3473
241 504 2465 3241
237 512 2433 3216
237 528 2391 3213
235 545 2337 3202
234 549 2319 3206
233 524 2309 3262
235 731 2186 3156
229 754 2179 3141
228 763 2178 3150
227 750 2182 3184
227 717 2192 3215
226 656 2223 3271
227 717 2433 3216
222 727 2408 3141
221 764 2325 3078
222 837 2155 3011
222 869 2050 3010
222 761 2081 3151
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Table 2. Average f0 and formant Values at measurement
points of back vowels produced by boys

vowels | points 0 F1 F2 F3
1 245 482 1300 2924
2 241 475 1231 2902
u 3 240 474 1212 2901
4 239 472 1167 2882
5 238 474 1188 2889
6 237 474 1473 2899
1 238 541 1357 2937
2 234 561 1407 2932
o 3 234 575 1480 2943
4 232 582 1598 2938
5 230 584 1763 2945
6 228 554 1966 3006
1 232 704 1402 3057
2 228 722 1428 3022
A 3 226 715 1498 3012
4 225 702 1608 3004
5 225 669 1769 3031
6 224 613 1963 3111
1 229 772 1188 2829
2 225 797 1194 2828
2 3 224 810 1228 2837
4 225 820 1334 2838
5 226 821 1558 2862
6 225 696 1914 3007
1 232 950 1582 2812
2 228 968 1579 2798
a 3 225 969 1583 2794
4 223 954 1624 2788
5 222 916 1752 2829
6 222 765 2018 3066
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Table 3. Average f0 and formant values at measurement
points of diphthongs produced by boys

diphthongs | points | f0 F1 F2 F3

1 237 | 579 2518 3226

2 232 | 550 | 2571 3182

eI 3 231 | 517 | 2634 3195

4 229 | 493 | 2674 3163

5 230 | 479 | 2717 3179

6 232 | 478 2717 3280

1 238 | 577 | 1570 2068

2 236 | 573 1608 2055

ar 3 235 | 562 | 1615 2035

4 232 | 553 1635 2025

5 229 | 533 1685 2061

6 227 | 491 1780 2111

1 236 | 630 1146 2878

2 234 | 602 | 1086 2866

00 3 234 | 574 | 1063 2894

4 233 | 546 | 1038 2906

5 232 | 510 | 1061 2923

6 230 | 486 1291 2896
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Table 4. Average f0 and formant values at measurement
points of English front vowels produced by girls

vowels | points 0 F1 F2 F3

1 275 446 3148 3819

2 265 470 3184 3845

i 3 256 476 3183 3824

4 251 471 3178 3814

5 250 474 3165 3763

6 253 484 3032 3721

1 261 529 2642 3522

2 247 525 2601 3510

I 3 241 555 2584 3522

4 237 580 2539 3510

5 235 592 2503 3508

6 236 569 2449 3520

1 253 771 2369 3478

2 240 781 2370 3450

€ 3 234 761 2352 3448

4 231 747 2353 3459

5 231 743 2333 3429

6 233 671 2365 3496

1 253 784 2526 3406

2 238 804 2491 3317

® 3 233 853 2405 3273

4 230 915 2210 3220

5 230 912 2089 3231

6 234 788 2206 3349
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Table 5. Average f0 and formant values at measurement
points of English back vowels produced by girls

vowels | points 0 F1 F2 F3
1 266 519 1700 3044

2 260 514 1650 3022
u 3 256 508 1597 3024
4 254 499 1510 2981
5 256 502 1534 3009
6 261 511 1772 3002
1 264 578 1543 3141
2 254 598 1580 3128
] 3 249 621 1666 3139
4 246 644 1792 3157
5 245 639 1993 3206
6 247 578 2193 3296
1 256 787 1587 3205
2 243 797 1598 3186
A 3 237 792 1657 3194
4 234 779 1772 3193
5 234 740 1955 3187
6 235 660 2145 3285
1 257 852 1346 3178
2 246 869 1375 3176
o) 3 240 879 1405 3148
4 237 904 1462 3130
5 237 892 1651 3102
6 243 774 2037 3224
1 250 958 1659 3086
2 240 972 1667 3065
a 3 233 993 1685 3058
4 230 991 1739 3049
5 229 950 1864 3080
6 234 839 2095 3271
<& 6> 2UEe] TET FololF RS SAANE ¥

e mOFe BT A olF el Aol Plrlsin, 7bg
& A B AR Aol 20 Hoh Bk FIgkel e 3

T 93 Hz 333 B24S BAEH /oot 718 & HEE<
141 HzE 71839tk R = 25 Assie 248 JE

2aelet S48 M3A Hi1s (2011)

E 6. £US0] B2H 0lFE LY
24AY B 09 A=
Table 6. Average f0 and formant values at measurement
points of diphthongs produced by girls

diphthongs | points | f0 F1 F2 F3

1 259 | 587 2665 3436
248 | 564 | 2732 3397
242 | 529 2750 3373
238 | 506 | 2812 3409
239 | 498 2861 3415
247 | 510 2865 3442
260 616 1692 2234
250 | 623 1685 2220
245 | 618 1692 2180
243 | 601 1738 2203
244 | 589 1803 2249
250 555 1953 2357
260 | 655 1300 3095
249 | 632 1233 3074
244 | 596 1170 3095
240 | 563 1122 3099
242 | 533 1138 3096
247 | 514 1352 | 3026
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Figure 7. Average vowel durations in ms of boys and girls
sorted. b in bdur indicates boys while g in gdur does girls.

vowels bdur vowels gdur
€ 206 A 231
A 213 € 237
o 216 1§ 253
I 221 I 256
u 258 u 287
i 275 a 300
05 281 ar 301
eI 290 0% 306
a 290 i 311
ar 293 el 318
2 295 e 322
e 296 2 330
B 261 Bt 288
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Table 8. Average f0 in Hz and intensity values in dB of

o I X|(Hz) %k
S YRl

vowels of boys and girls sorted. b in bf0 and bdB indicates
boys while g in gf0 and gdB does girls.

vowels | bf0 | vowels | gf0 | vowels | bdB | vowels | gdB
® 223 a 236 a 81 a 80

a 225 | e 236 & 82 & 81
R} 225 € 237 ) 83 R} 82
A 227 A 240 € 83 A 83
€ 229 I 243 A 83 € 83

el 232 h) 244 el 84 00 84

or | 233 er 246 i 84 or 84
o 233 | oo 247 05 84 I 84
o5 | 233 | er 249 or 85 i 85
I 236 o 251 I 85 o 85
u 240 1 258 o 85 el 85

i 244 u 259 u 86 u 85
Hyt | 232 | Hot | 245 | Her | 84 | HAt | 83
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by boys while gF1 does that produced by boys.
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