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Fig. 1. A spectrogram of a tested sound (in- Fig. 2. A view of BioPak jaw tracker attached
formant B, sound:/cha(®})/, before to the informant
inserted)
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Fig. 5. A view of energy level comparison. (Informant B, sound:/so(£)/, left: before inserted, right:
after inserted)

‘Table 2.-A,B,C,D,E,F. Formants of vowels of the each informant

Informant A: Informant B:
formants F1 F2 F3 F4 formant F1 F2 F3 F4
sourds A - R o 7 o 7 o sounds T - B o B o p o
2} 0746 [ 0.829 | 1.106| 1.215 | 2.210 | 2.234 | 3.840 | 3.923 7 1161 [ 1,192 | 1.590 | 1.695 | 2.929 | 2.866 | 3849 | 3849
v 07730746 | 1.326 ] 1.326 | 2.486 | 2.624 | 3.812 | 3.785 4 11194 1.172 | 1.653 [ 1,653 | 2887 | 3.033 { 3.368 ) 3975
<} 0.746 | 0773 | 1.188 | 1133 | 2.624 | 2486 | 3812 | 3812 < 1172 1 1.130 | 1.402 | 1.548 | 3054 | 2.887 | 4.435 | 3849
2 0619 l 0746 | 1243 1271 2541 ] 2.376 | 3.840 | 3.287 2} 1.130 } 1130 | 1.832 | 1.611 3.075 | 2.782 | 4.247 | 3975
A} 0939 [ 0.746 | 1.354 { 1.326 | 2.459 | 2.624 | 3.370 | 3.398 ~+ 1.151 11,172 ] 1.590 | 1.653 | 2.97) | 2.824 | 4.121 | 4226
2} 0801 [0.773 { 1.326 { 1.271 | 2.431 [ 2.450 | 3923 1 3950 2 1161 11.130 | 1.611 | 1569 | 3033 | 2.950 | 3.945 | 3891
3 0773 0773 | 1.106 | 1.188 | 2.541 | 2.568 | 3.315 | 3.757 3} 1130 ] 1172 | 1.632 | 1,653 | 2.824 | 2.803 | 3.033 | 3054
&} 0773 | 0.746 | 0967 | 1.298 | 2486 | 2.652 { 3.867 | 3812 et 1192 11234 | 1.444 | 1,506 | 2.866 | 2.971 | 3.096 { 3222
3} 0.773 [ 0.746 | 0.994 | 1.160 | 2.541 | 2.680 | 3.398 | 3.973 2} 1192 [ 1025 | 1.653 | 1.464 | 2908 | 2720 | 3.075 [ 2972
s} 0.746 | 0.740 | 0.994 | 1.105 | 2652 | 2557 | 3.987 | 3932 3k 1451 [ 1161 | 1381 | 1627 | 1.611 | 1.841 | 3.084 | 3117
7 0188 10230 | 0377 | 0481 | 1.925] 1987 | 2.845 [ 2971 7] 0.314 [ 0.272 | 0.607 | 0.544 | 2.636 | 2.803 | 3.787 | 361
] 0,208 | 0.251 0.377 | 0.460 1.987 | 1.946 3,138 | 2.950 Y 0293 | 0.293 0.586 | 0,523 2.657 | 2.6852 2.060 | 2.824
= 0.230 | 0.25% 0.418 | 0,418 2008 | 2113 3556 | 3.013 o 0.272 | 0.272 0.586 ) 0.565 2.678 | 2.363 3.556 | 3.494
2} 0.188 {0,251 0.397 § 0,523 1.946 } 2.008 3682 | 3515 2 0.314 | 0.293 0.628 | 0.586 2.448 | 2.636 2741 | 2929
Al 0.188 {0,125 | 0397 | 050z | 2050 { 2.050 | 3.148 | 3.043 ol 6,316 [ 0314 | 0.628 | 0586 | 2.480 | 2.427 | 2782 | 2678
A 0.200 [0.272 | 0.377 { 0502 | 1.987 | 1967 | 2050 | 3.014 A 0314 10293 | 0.628 | 0686 | 2469 | 2.364 | 2.720 |'2.678
E 0209 | 0251 | 0.418 | 0523 | 2.113 | 2.113 | 2928 | 3,380 Bl 0314 { 0293 | 0.628 | 0.607 | 2.490 | 2.469 | 2.782 | 2.762
[ 0.230 [0.252 | 0.430 | 0544 | 2.022 [ 2.071 | 2.920 | 3389 el 0.314 10335 | 0,628 | 0.6849 | 2531 | 2,616 | 2.866 | 2971
o 0288 |0.252 | 0.418 | 0623 | 2.155 [ 2050 | 2.972 | 3.006 9 0.314 10335 | 0.649 1 0.648 | 2573 | 2.636 | 3.627 | 3515
3 0.230 | 0.252 0.460 | 0.523 2008 | 2.002 3.006 | 3.117 3) 0.335 | 0.377 0.690 | 0.711 2.803 ] 2.908 3.556 | 3.577
-3 0.268 | 0.252 0.572 | 0.502 1,381 | 1.304 2.448 | 2.552 S 0.411 {0,377 0831 | 1.732 1.241 | 1.437 3.284 { 3202
A 0537 10509 | 0802 | 0,706 | 1.848 | 1.786 | 2.573 | 2.824 A 1.044 | 0.669 | 1.409 | 1,367 | 2.202 | 2.294 | 3177 | 3.354
2 0516 {0502 | 1,025 | 0957 | 2.615 | 2.789 | 3.403 | 3542 £ 0.697 |0.649 | 1,053 {0983 | 1.374 | 1.208 | 2.978 | 3040
L 4 0.729 10,293 | 0.523 {0523 | 1.326 | 1.607 | 2.448 {2550 | | F 0.397 | 0.320 | 0.746 | 0.670 | 1.137 | 1.241 3.229 | 3285




Informant C: Informant D:
tormant F1 F2 F3 Fa formant F1 F2 F3 F4
sounds . . . . . . . . sounds 3 ) " T3 . ) B .
7k 1.067 | 1.046 | 1.590{ 3.548 | 2.113{2.092 | 2,887 | 2.908 7t 1130 | 1088 | 1.695] 1.832 | 2504 2762 | 3891|2766
+ 1.025 | 1.025 | 1.560 } 1.500 | 2.385 | 2.573 | 3,180 | 3.305 v 1.192 | 1.088 | 1.778) 1,862 | 2.238| 2.427 | 3.305 | 3.264
c} 1.067 | 1.004 1560 | 1.485 | 2.113| 2.762 3138 | 3.285 23 1,172 | 1.088 1.778) 1.632 ) 2.678] 2.741 3.648 | 3.473
2 1.067 | 1.025 | 1.590 | 1,548 | 2,908 | 2.887 | 3.389 | 3.828 ad 12131 1.109 | 1.883) 1.841 | 2.448] 2.469 | 3,368 | 3.326
“ 1,930 | 1:088 | 1653 1.611 | 2.469 [ 2.427 | 3.264 | 3.264 i 113011109 | 1841 1,820 | 2552 2782 | 3.305 | 3.243
2 1.025 | 1.025 | 1.569 | 1.485 | 2,510 ( 2.406 | 3.389 | 3.013 i 1.192 ] 1.192 | 1.946| 1.820 | 2.594 | 2.427 | 3.473 | 3.908
a 1130 | 1.088 | 1.674 [ 1.653 { 2510 | 2531 | 3075 | 3,347 At 1172|1172 | 1987 1862 | 2504 | 2.490 | 3.389 | 3.326
€} 1,130 | 1.067 | 1.653 [ 1.674 | 2.490 | 2.460 | 3.305 | 3.264 et 117211172 | 1.925] 1.967 | 2594 | 2.343 | 3.326 | 3.159
s} 1,109 | 1151 | 1.632 { 1.685 | 2.490 | 2573 | 3.368 | 3.43 3t 12131192 | 1888 1946 | 2.594] 2678 | 3201 | 3.326
3 1,004 | 1,046 | 1.485 | 1,527 | 2.427 | 2.490 | 3.305 | 3.410 3t 1151 [1.234 | 1.841] 1,904 | 2,552 | 2.857 | 3.222 | 3159
7 0.293]0.293 | 0586 | 0565 | 1.361 | 1172 | 2.887 | 2.845 7) 0.356 { 0,314 | 0.690| 0.628 | 1.967 | 1.925 | 3.054 { 2929
v} 0.272 ) 02903 | 0.586 ] 0.544 | 1.151 {1.151 | 2908 | 2.887 H 0.356 | 0.314 | 0.690| 0.607 | 2.782] 2720 | 3117 | 3.075
2l 0283 {0272 | 0565 | 0.607 | 1.130 | 1.130 | 2845 | 2.824 4 0.335 | 0.314 | 0.732] 0.868 | 2.490] 2.552 | 2845 | 2.928
2] 0.314 | 0293 | 0.586 | 0.565 | 0.921 | 1192 | 2.615 | 2.845 2 0356 { 0.314 | 0711 0849 | 2134} 2573 | 2.845 | 2929
Al 0.335 | 0.314 | 0.607 | 0.628 | 0.900 | 1.276" | 2.678 [2.824 Al 0397 | 0,356 | 0.735} 0.719 | 2.636 | 2531 | 3.013 | 2.908
Bl 0.293 {0,293 | 0565 | 0.586 | 1.130 | 1.213 | 2.634 | 2.636 = 0.356 | 0.335 | 0.732 ] 0.649 | 2.469 | 2.552 | 2.845 | 2,908
l 0.293 [ 0.377 | 0.628 | 0.690 | 0.962 [1.130 | 2.741 | 2,678 Bl 041810377 | 0837]0.771 | 2615 2852 | 3013 | 2,929
E] 0314 [ 0377 | 0.607 {0.690 | 0941 [1.088 | 2782 | 2.845 € 0.439 | 0,397 | 0.858 | 0.774 | 2.504 | 2.406 | 2.347 | 3.033
7 0.314 | 0,397 | 0.628 |0.732 | 0.941 [ 1.151 { 2845 | 2.657 9 0439 | 0418 | 0.837 | 0816 | 2.615| 2.448 | 3.006 | 3.368
8 0.314 | 0.377 | 0,628 [ 0.690 | 1.067 {1.109 | 2.887 | 2.845 3 0.439) 0439 | 0858 (0795 | 1.736 | 1.562 | 2657 | 3.054
S 0.711 [0.711 | 1.402 { 1.402 | 1.778 |1.757 | 2824 | 3,159 £ 0390 0.432 | 0.774 | 0.830 | 1.569 | 1.666 | 3.110 | 3.162
A 0763 {0711 | 1,444 {1,402 | 2,573 [2.469 | 2908 | 2845 Al 0,635 0.600 | 0983|0948 | 1.040 ]| 1.304 | 2.478 [2343
& 0,711 {0,690 | 1.088 | 1.026 | 1.444 {1402 | 2929 | 3158 S 0.377} 0,342 | 0.760 | 0.669 | 1.118 | 1.025 [ 2782 {2,831
% 0732 | 0.609 | 1.109 | 1,046 | 1.464 |1.402 | 2950 | 3138 % 0432 0.397 | 0865 [0.809 | 1.304 [ 1.799 | 3054 | 3.026
Informant E: Informant F:
tormant F1 F2 F3 Fa formant F1 Fz F3 Fa
sounds - - N . B o - o sounds . o . Yy . 'S . o
7} 0.873 | 0816 | 1.008 |[1.067 | 1.632 | 1.611 | 3.054 | 2.971 7 0837 {0,753 | 1.265 | 1.279 | 2741 } 2762 | 3368 | 3.368
o 1,088 | 1.046 | 1.632 [ 1569 | 2.971 {3.180 | 3.536 | 3.682 R 07851 0,753 | 1.172 | 1,207 { 2.678 ) 2.803 | 3.285 | 3.389
o} 07950795 | 1.025 [ 1.025 | 1.569 | 1.869 | 3,138 | 3.117 o} 0900} 0004 | 1.276 | 1,255 | 2.824) 2.720 | 3432 | 3.431
o} 0.774 | 0795 | 1.046 [ 1.046 | 1.690 | 1.500 | 2.908 | 2.929 2} 0818|0921 } 1.172 1,360 | 2.866 | 2.720 | 3410 | 3.368
A} 081610858 | 1.067 [1.172 | 1.653 | 1.736 | 2.992 | 2.959 A 0.900 | 0941 | 1.297 {1.381 | 2720 | 2.762 | 3,305 | 3.452
=} 0.795 | 0816 | 1.046 {1,088 | 1.548 | 1.632 | 3096 | 2.992 ad 0816 | 0879 | 1.213{1.276 | 2241 | 2962 | 3222 | 3.420
2} 0879 | 0900 | 1.088 [1,192 | 1.653 { 1.458 | 2,762 | 2.950 At 0753 | 0732 | 1172 | 1.213 | 2562 | 2.852 | 3243 3.305
} 0858 | 0.900 | 1.151 [ 1.172 | 1.423 | 1.506 | 3,158 | 3.054 23 0837 | 0816 | 1.234 { 1.234 | 2.636 | 2657 | 3.222 | 3.452
ED 0.900 | 1.004 | 1.192 | 1.276 | 1.485 | 1.464 | 2,594 | 2.908 3} 0962 | 0.879 | 1.3%9 | 1.207 | 2.504 | 2.678 | 3096 | 3.305
&k 0.879 { 0921 | 1151 | 1.234 | 1.444 | 1,548 | 3180 | 3138 e 1.004 | 0879 | 1207 [1.330 | 2.852 | 2.762 | 3.305 | 3.473
7! 0,293 0,314 | 0.628 | 0,628 | 1.192 | 1.234 | 2720 | 2.762 il 0.335 | 0.335 | 0.690 [ 0.649 | 2.029 | 2.050 | 2.762 | 2.846
Y 0.314 | 0335 | 0.607 | 0,607 | 0921 0921 | 2678 ] 2.762 Y 0314 [ 0293 | 0.607 | 0.607 | 2.197 [ 2.113 | 2662 | 2720
! 03140335 | 0586 | 0.649 | 1213 | 1.255 | 2071 | 2.218 o 0293 | 0.293 | 0.628 | 0.586 | 2.197 | 2.280 | 2,803 | 2.866
2] 0203|0314 | 0586 [0.607 | 1192 | 1.276 | 2.364 | 2.74% g} 0.377 | 0.272 | 0.690 | 0.544 | 2.071 | 2197 | 2,741 | 2.7182
4 0.314 | 0.356 | 0.607 | 0628 | 1.506 | 1.632 | 2.460 | 2.343 A 0,356 | 0.314 | 0.690 | 0,628 | 2.071 | 1.904 | 2.427| 2,238
=} 0293 | 0.314 | 0544 | 0.649 | 1.423 | 1.548 | 3346 | 2.531 2 0.335 ] 0,356 | 0.711 | 0.649 | 2.002 | 2,155 | 2,782 | 2.803
% 0.314 | 0.377 | 0586 |0.690 [ 1.548 | 1.674 | 2.197 | 2.364 % 0.356 | 0.314 | 0732 {0,680 | 1.967 | 2.008 | 2.824 | 2971
€l 0.356 | 0,356 | 0.849 {0.711 [ 2218 (2.364 | 2.824 | 2.992 €l 0,335 | 0.355 | 0.669 | 0.690 | 2.238 | 2.134 | 2:929 | 2.803
b 0.314 | 0.335 | 0,649 { 0.648 | 0.259 | 2.636 | 2.845 | 3.054 bl 0,335 [ 0314 | 0669 | 0669 | 2.322 | 2343 | 2992 | 3.033
3 0.314 [ 0,397 | 0.628 |0.732 | 1.946 | 2.176 | 2.908 | 2.887 3 0377 {0,377 | 0.732 | 0,753 | 2.218 [ 2.197 | 2908 | 2.920
A 0.370 | 0.390 | 0.760 | 0.732 | 1.869 | 1.820 | 2.643 | 2.594 = 0586 | 0551 | 1.283 | 1.325 | 2.706 [ 2720 | 3.410] 3.633
) 07180718 | 1.213 [1.297 | 2155 | 2134 | 2761 | 2713 A 0572 | 0572 | 1.221 | 1.338 | 2.377 | 2.423 | 3208 | 3.264
% 0.377 | 0.370 | 0.711 | 0.697 | 1.067 | 1.053 | 2.873 | 2.845 & 0,579 | 0.607 | 0.865 {0900 { 1.158 | 1.160 | 2762 ] 2.745
# 0.377 | 0.363 | 0.767 |0.746 | 1353 | 1.350 | 2.836 | 2.804 % 0,398 { 0.384 | 0.778 {0.705 | 1.485 | 1.478 | 2999 | 2.950

{unit; KHz), *;before prosthesis inserted,
F2;second formant

€1 first tormant,

*+. after prosthesis inserted
F3; third formant,

F4; fourth formant
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FAE B 4 st ot A3, 4Z9E = chopsiAl Wit
c) IAAC e) AAAE
& 2 / 1/ AL 2EutE: A2 & 7 A 3 55 22/ )/v 2F FE
4393 / /= F7hskden A, B 92z 2/ V= /7h WE AYstae A nE
= dhZA A3 4ZREE AL 2EHES FA ol Fo e, A3 4FEutEE 4] ook
¢ W3k e vt A wstahgict
Table 3-A,B,C,D,E,F. Consonantduration of the each informant
Informant A: Informant B:
sound duration before after difference sound duration before after difference
7]’ 0.0810 0.0660 0.0150 7]- 0.1080 0.0850 0.0240
v 0.0600 | 0.0650 -0.0050 s 0.0590 | 0.0920 -0.0330
2 0.0756 | 0.0420 0.0336 2 0.0580 [ 0.0620 -0.0040
2 0.0490 | 0.0430 0.0060 2t 0.0720 | 0.0470 0.0250
A 0.0910 | 0.1170 -0.0260 A} 0.0520 | 0.1140 -0.0620
=} 0.0928 | 0.0640 0.0288 2} 0.0680 | 0.0740 -0.0060
) 0.1020 | 0.1180 -0.0160 =} 0.1050 | 0.1010 0.0040
El 0.1030 | 0.0840 0.0190 E} 0.0730 | 0.1050 -0.0320
=} 0.0966 0.0740 0.0226 b1 0.0860 0.0880 -0.0020
3} 0.0800 | 0.0840 -0.0040 i 0.1032 | 0.0890 0.0142
7 . 0.0970 | 0.0520 0.0450 i 0.0630 | 0.0710 -0.0080
=) 0.0580 | 0.0710 -0.0130 Y 0.0870 | 0.0520 0.0350
£ 0.0620 | 0.0640 -0.0020 2 0.0580 | 0.0430 0.0160
2 0.0740 | 0.0660 0.0080 2] 0.0470 | 0.0572 -0.0102
Al 0.1790 | 0.1460 0.0330 A 0.1570 | 0.1830 -0.0260
A 0.0900 | 0.8810 0.0090 A 0.0690 | 0.0720 -0.0030
2] 0.1110 | 0.1140 -0.0030 2] 0.1586 | 0.1210 0.0376
E] 0.1050 | 0.0980 0.0070 €] 0.0740 | 0.0630 0.0110
b)) 0.0760 | 0.0690 0.0070 H 0.0530 | 0.0750 -0.0220
3 0.1270 | 0.0890 0.0380 3] 0.1300 | 0.1750 -0.0450
& 0.1087 | 0.0960 0.0127 2 0.1623 | 0.1133 0.0490
A 0.1283 | 0.1020 0.0263 A 0.1663 | 0.1523 0.0140
& 0.1089 | 0.0920 0.0169 S 0.1869 | 0.1403 0.0466
& 0.1290 | 0.1175 0.0155 e 0.1964. | 0.2017 -0.0053




f) A F

g S AASkE A chobd 4sE 23
o A2 zabEs B2 Aol FAAAY o
e HEE B3,

2. Xg XE Al
A7k Table 3-A,

7 ARAe) Ae A%
B,C.D.E, Fs} Rt

a) I74 A
A4 RAE AaFol Agof ALA7EE T
(/+h, 4 ah sk 4, H, AN)E ASdstn

[o]
o
£ op) adte A%e ngon] FagTol

Al /A/7 g Ada AHAE /2
b ARl 2/ A4 wRkE, AT

Afolt /71/7} A4 A3 JEl/7h A% wke

e

b) 7 B

S, B AL AL B sh ook e Ak
A, S od, 4ol AR F A4S ALz
Aeizln Aol watel FAFols 2 A7l
271E 233 % AFlE B /4/7 7
A Asln /2/7F A2 Aol /9/7) A2 Fol

AR A% Aele /A7 AR AR /5/7

informant D:

Informant C:
duration .
sound before after difference
7} 0.0550 | 0.0680 -0.0130
= 0.0710 | 0.0370 0.0340
ot 0.0540 | 0.0540 0.0000
2t 0.0420 | 0.0320 0.0100
AL 0.1490 | 0.1434 0.0056
2t 0.0680 | 0.0630 -0.0050
2k 0.0730 | 0.0660 0.0070
E} 0.0760 | 0.0500 0.0260
= 0.0650 | 0.0470 0.0180
af 0.0870 | 0.0700 0.0170
7] 0.0838 | 0.1070 0.0232
= 0.0700 | 0.1040 -0.0340
t 0.0690 | 0.0520 0.0170
2 0.0780 | 0.0410 0.0370
A| 0.1540 | 0.1510 0.0030
A 00820 | 00930 | -0.0110
| 0.1270 | 0.1080 0.0190
gl 0.0720 | 0.0582 0.0138
= 0.0546 | 0.0650 -0.0104
3] 0.1410 | 0.1026 0.0384
& 0.1170 0.1390 -0.0220
Al 0.1260 | 0.1410 -0.0150
el 0.0960 0.1170 -0.0210
% 0.1210 | 0.1250 -0.0040

duration
sound before after difference

7} 0.0650 | 0.0720 0.0070
v 0.0560 | 0.0690 .0.0130
ot 0.0610 | 0.0700 -0.0090
2 0.0430 0.0490 -0.0060
AL 0.0732 | 0.0110 -0.0178
A 0.0710 | 0.0940 -0.0230
2t 0.1100 | 0.0950 0.0150
E} | 0.0960 | 0.0840 0.0120
=} 0.0618 { 0.0820 -0.0202
3} 0.0700 | 0.0710 -0.0010
7 0.0980 | 0.1000 -0.0020
Y 0.0610 | 0.0650 -0.0040
= 0.0560 | 0.0610 -0.0050
2] 0.0480 | 0.0420 0.0060
Al 0.1800 | 0.0990 -0.0180
A 0.0810 | 0.0990 0.0180
A 0.1150 | 0.1650 -0.0500
gl 0.0900 | 0.0800 0.0100
= 0.0730 | 0.0450 0.0280
&l 0.1060 | 0.1000 0.0060
£ 0.1340 | 0.1383 .0.0043
Al 0.1183 | 0.0970 0.0213
& 0.1213_ | 0.1287 -0.0074
T 0.1317 | 0.1530 -0.0213




c) #HAA C

SEEEES)

A= C 94l AHupR ez ok7te] #Has /vhoAh 3k AL H, A /8 TeE A
Az Fof Hodow] A,Be #A$e whaslA dhare A Foll A&9 A& A zke] 4@}
2 /A AE AT 2y A 7] UgS i Za AFel Aol /A41/7F 7h A9l
woioh - 2 /g7 Az AZe AdAgle]l shg ke

v JAY/ 7} AR AF zpelsb A Zla /7

d) I7# D 73 A

/7 Eho#, Al H, d9, 8, A9 8eF
Aeslae A2 Fol A5 A& A|7ko] Ao f) AAAF
Hor] A2 Aol /4/, AF Fol= /A /7 10702 & (/74 v &, 3, 2, H, 51, &
7t AQda, /=, /8l/7F #E AFol s A, /) 7F Az Foll A& A|7ke] Fhsi
ek AF Aol /9/7F b =z /87 AR Aoz /A, AR Zolt /77 R
7bg 2okt Agen] /o, e/7b Az A A3l b
Informant E: Informant F:
sound duration before after difference sound duration before after difference

7k 0.0560 | 0.0500 0.0060 7} 0.0930 | 0.1180 -0.0220
vt 0.0460 | 0.0590 -0.0130 v 0.0370 | 0.0490 0.0120
o} 0.0650 | 0.0390 0.0260 ot 0.0740 | 0.0520 0.0220
2} 0.0490 | 0.0260 0.0230 2 0.0410 | 0.0300 0.0110
AL 0.0720 | 0.1440 -0.0720 At 0.1170 | 0.1000 0.0170
Zt 0.0890 | 0.0780 0.0110 2t 0.0640 | 0.0500 0.0140
2} 0.0870 | 0.0690 0.0180 &} 0.0620 | 0.0870 -0.0350
E} 0.0880 | 0.0648 0.0162 e} 0.0760 | 0.0570 0.0190
=t 0.0570 | 0.0710 -0.0140 =} 00700 | 0.0570 0.0130
3t 0.0826 | 0.0710 0.0116 a} 0.0540 | 0.0670 -0.0130
7 0.0710 | 0.0600 0.0110 7 0.0510 | 0.0500 0.0010
Y 0.0610 | 0.0420 0.0190 Y | 00470 | 0.0430 0.0040
2 0.0750 | 0.0680 0.0070 = 0.0690 | 0.0820 0.0170
2 0.0590 | 0.0430 0.0160 2| 0.0520 | 0.0660 -0.0140
Al 0.1456 | 0.160 -0.0154 A 0.1320 | 0.1150 0.0170
2| 0.1000 | 0.0840 0.0160 2 00870 | 0.0550 0.0320
2] 0.1050 | 0.0970 0.0080 2 0.0896 | 0.0824 0.0072
E] 0.0850 | 0.0490 0.0060 E] 0.0598 | 0.0640 -0.0042
2 0.0600 | 0.0610 -0.0110 & 0.0440 | 0.0690 -0.0250
3] 0.0900 | 0.0740 0.0160 3] 0.0610 | 0.0520 0.0090
& 0.1010 | 0.1151 -0.0141 e 0.0880 | 0.0960 -0.0080
Al 0.1263 | 0.1080 0.0183 Al 0.0850 | 0.1020 -0.0170
£ 0.1353 | 0.1313 0.0040 4 0.1067 | 0.094 0.0127
4 0.1278 | 0.1317 -0.0039 % 0.0990 | 0.1083 -0.0093
{unit: sec.)
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Table 4-A,B,C,D,E,F.

Informant A:

Mandibular movements of the each informant during the tested sounds prenunciation

Informant B:

plane Sagittal frontal plane Sagittal frontal
sound vert. p-a vert. lat. sound vert, p-a vert, lat.
7t * 15.4 | 48 | 147 | 2.7 2 * 15.4 | 4.8 14.7 | 1.4
** 1134 | 4.0 12.8 | 1.9 ** | 200 | 7.2 18.6 | 2.0
. * 17.4 6.3 16.3 25 U * 12.0 4.1 11.3 0.8
*w 13.6 4.4 12.8 1.7 * % 22.5 9.0 20.6 1.7
o * 195 | 6.3 18.4 | 2.7 o * 127 | 5.4 116 | 1.4
o 17.8 7.3 16.3 1.9 ** 19.9 7.8 18.9 1.4
o * 16.7 | 3.8 16.3 | 2.1 o * 14.0 | 5.0 13.1 | 0.5
** 1131 |38 125 | 1.3 : ** 1198 | 7.6 182 | 0.8
A * 184 | 55 175 | 2.1 A * 13.7 | 5.7 124 | 1.6
* 13.3 4.6 12.5 1.7 ** 211 8.8 19.1 1.2
2} * 19.0 | 5.8 18.1 | 2.7 2 * 124 | 4.6 115 | 2.0
** | 141 | 46 133 | 2.0 ** | 17.4 | 6.6 16.0 | 1.4
2+ * 16.8 4.8 16.1 2.7 2 * 10.8 5.1 9.5 2.4
el 13.4 3.7 12.8 2.0 ** 17.2 6.8 15.7 1.2
e} * 19.1 6.5 18.0 2.7 e} * 14.2 5.9 12.9 2.0
** 16.0 5.9 14.9 1.1 il 156.8 7.0 14.2 1.6
= * 20.7 | 6.3 19.7 | 35 3} * 185 | 7.1 171 ] 15
o ** | 163 | 50 | 155 | 2.3 ~* | 21.3 | 87 | 19.4 | 16
3 B 21.7 | 4.6 21.3 | 3.1 3 B 16.9 | 6.2 15.7 | 2.4
** 17.9 3.5 17.5 1.5 ** 23.0 8.8 21.3 1.3
2 * 7.4 | 1.7 72 | 19 7 * 33 | 20 26 | 0.6
* ¥ 6.2 1.5 6.0 1.2 *x 2.8 1.5 2.3 1.6
* 69 | 2.1 66 | 1.3 * 46 | 2.7 38 | 1.7
** 6.9 | 2.6 6.4 | 1.3 ** 35 |20 28 | 1.0
* 55 | 1.4 53| 1.4 * 44 {286 35 | 1.3
*% 56 | 1.7 53| 1.6 *x 53 | 35 39 | 19
* 6.3 1.3 6.1 1.9 * 3.7 2.1 3.0 1.5
*x 6.2 1.6 6.0 1.6 ** 29 1.9 2.2 0.7
B * 3.4 | 1.7 28 | 1.6 A * 1.2 {07 0.8 | 07
el 3.9 1.7 3.5 1.5 . 2.4 1.7 1.8 0.8
A . 33 [19 | 27 | 18 A * 13 |09 [ 08 ] 10
" 37 | 20 31 [ 1.2 *¥ 29 |16 21 | 13
A B 27 [ 1.6 22| 13 3 * 1.7 |10 09 | 11
il 3.8 1.7 3.5 1.5 ** 2.8 1.6 2.3 0.7
gl * 6.1 ] 1.6 58 | 1.2 ol * 4.4 |26 36 | 1.0
** 5.6 1.7 53 1.6 e 58 3.5 4.6 2.2
5 * 40 | 1.7 36| 1.5 . > 41 | 2.6 32 1 1.0
** 46 | 1.9 43 | 1.4 ** 31 | 2.1 43 | 08
3 * 53 | 1.6 50 [ 1.8 3 * 1.7 [ 14 12 111
*e 46 | 1.6 43 | 1.2 . 27 |20 19 | 07
N * 29 | 22 18| 156 N * 19 [1.2 15 | 0.6
“ ** 35 [ 1.6 3.0 | 1.7 - *w 1.0 | 06 0.7 | 05
A * 93 |19 92 | 1.7 Al * 6.6 | 44 48 | 14
** [ 100 | 1.4 99 | 15 ** 89 |47 7.6 | 24
. * 83 [ 19 811 25 . * 6.7 {36 56 | 1.4
- *x 93 [ 2 911 22 - . 61 |28 55 | 1.8
-~ * 3.2 2.7 1.8 1.5 o * 1.6 1.0 1.3 0.5
N [ 33 |17 28 | 18 T = | 16 |11 12 | 14
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Informant D:

Informant C:
plane Sagittal frontal
sound vert. | p-a vert. | lat.
2 * 120 | 7.9 9.1 { 1.6
wx 79 | 44 6.6 | 1.0
. * 111 | 78 8.1 | 25
** 88 | 5.4 69 | 08
o * 138 | 8.8 106 | 2.5
** 109 | 6.9 84 [ 1.3
2} * 95 | 6.3 72119
*x 7.6 | 4.2 6.3 | 0.9
A * 1.4 | 6.9 91 ] 19
*x 1.0 | 6.3 9.1 [ 1.3
2 * 99 | 65 75 15
*x 83 ] 46 69 | 1.3
2 * 55 | 3.3 44 1 06
*¥ 54 [ 3.1 44 (1.3
* 10.8 | 7.1 811 1.3
Bt ** 94 | 5.2 7.8 | 1.0
2} * 7.3 | 42 590 | 0.8
*x 7.5 | 4.2 63 ] 08
N * 11.2 | 6.0 9.4 [ 1.9
i ** | 109 | 5.0 9.7 | 13
2 * 27 119 191 1.3
** 16 | 1.3 09 [ 0.6
* 1.2 | 1.0 0.6 | 0.6
H % 33|25 22 | 0.6
* 21 ] 19 09 | 0.6
" 24 19 1.6 | 0.8
* 1.6 | 1.3 09 [ 1.3
** 25 [ 19 1.6 | 0.6
A * 1.2 [ 1.0 0.6 | 0.8
*x 21 | 1.7 1.3 | 0.6
2] * 0.5 | 0.4 0.3 | 0.6
*x 14 [ 1.0 09 [ 0.6
F * 1.1 | 0.6 09 [ 08
*x 21 | 1.7 1.3 | 0.6
g * 1.8 | 1.3 1.3 | 0.2
** 24 |15 19 110
3 * 28 | 2.3 1.6 | 0.8
** 20 [ 1.3 1.6 | 08
. * 1.3 [ 0.8 09 1.3
** 1.1 [ 0.6 09 | 1.0
- * 15 | 0.7 1.1 | 1.0
- ** 1.1 |05 09 | 04
P * 84 |42 7.4 | 21
** 6.6 | 3.6 55 | 2.3
N * 44 |26 35 | 1.8
- ** 38 |24 29 | 1.4
- * 1.6 [ 1.2 1.0 ] 1.0
T = 13 1.0 09 | 0.7

plane Sagittal frontal
sound vert. | p-a vert. | lat.
7} * 12.7 9.2 8.8 1.7
** 142 | 99 10.2 | 0.9

U * 11.6 8.3 8.1 0.8
** 10.7 | 7.4 7.7 1 0.8

o} * 14.8 | 10.6 10.3 | 1.3
** 15.4 |11.2 10.7 1.0

2 * 14.1 {10.0 10.0 1.3
*x 13.2 | 8.9 9.7 [ 09

A * 134 | 9.3 95 [ 1.2
** 147 { 9.5 11.3 1.0

* 9.9 6.3 7.7 1.1

= [ 134 ] o1 97 | 1.2
A * 9.3 6.3 6.9 1.1
** 11.5 | 6.9 9.2 109

e} * 10.1 7.3 7.1 1.2
** 116 | 7.8 8.6 [ 1.0

B * 10.8 7.2 8.0 1.5
** 11.8 7.6 9.1 1.1

3 * 17.5 [13.1 11.6 | 1.0
** 149 { 9.4 11.6 1.0

7] * 2.1 1.5 1.6 1.3
** 431 2.8 3.1 0.7

* 3.2 | 28 1.6 | 0.6

g *% 29 [ 21 1.9 1
g * 26 | 21 1.5 | 0.6
* 36 | 29 22 108

2 * 48 | 3.8 3.0 | 0.8
ol 501 33 3.0 | 0.6

A * 2.4 1.8 1.5 0.5
** 3.2 2.2 2.4 0.8

2 * 2.5 1.8 1.7 1.2
**® 1.9 1.3 1.3 | 0.9

) * 34| 23 2.5 | 0.9
** 3.0 2.1 2.2 1.1

* 36 | 2.8 22 ] 0.6

e 4.3 | 3.5 25 {08

5 * 2.8 1.9 2.1 0.9
* 2.1 1.6 1.5 | 0.4

3| * 4.1 3.1 2.7 0.6
* 4.1 2.4 3.3 1.0

. . 19113 1.3 | 038
- ** 2.4 1.3 2.1 0.6
A * 9.1 | 6.2 68 | 1.2
** 7.8 4.7 6.3 1.0

A * 76 | 5.1 56 |12
- = 6.4 | 8.4 47 | 0.4
. * 2.6 | 1.9 1.7 | 0.7
a [ 28 [ 18 22 [ 10




Informant E: Informant F:
plane sagittal frontal plane sagittal frontal
sound vert. p-a vert. lat. sound vert. p-a vert. lat.
7 * 11.0 | 6.3 9.1 1.9 2 * 9.8 5.0 84 1.5
** | 102 | 5.2 8.8 15 *» 1104 50 9.1 15
* 8.6 | 4.2 7.5 2.1 . 10.9 5.6 94 17
v *e 6.4 | 2.5 5.9 1.7 i ** 113 58 9.7 13
o * 95 | 4.9 8.1 2.1 o * 95 5.0 81 1.3
*x 79 | 33 7.2 1.9 ** 9.7 48 84 0.8
* 7.7 | 39 6.6 2.3 * 104 5.0 91 13
o ** 7.3 | 3.1 6.6 2.3 2 xx 85 50 69 1.0
» 86 | 35 74 1.8 * 86 4.2 75 1.3
A

A " 89 | 4.0 8.0 15 F e 80 5.0 6.3 1.3
2 * 99 [ 5.3 8.3 2.3 2 * 65 4.8 44 1.7
s 96 | 5.2 8.0 2.2 ** 75 4.6 59 10
A * 72 | 35 6.3 1.4 A 58 4.2 41 1.3
*x 82 | 4.4 6.8 1.7 *x 76 38 66 1.7
* . . . 15 * 7.3 3.1 6.6 1.3
e e ;g g: 3? 0.8 e} = (114 33 | 109 21
st * 101 | 4.2 9.2 1.6 s * 6.7 25 63 1.0
** 96 | 4.8 8.2 15 = 90 31 84 1.3
R * 97 [ 42 8.8 1.3 - * 64 15 63 19
3 = 94 | 46 | 81 13 s * 117 31 113 15
* K . * 1. 0.8 1.3 0.6

7] — 35 1.9 3.0 1.5 7] — 5
32 [ 19 2.5 1.5 23 1.3 19 0.8
¥ 32 |15 28 1.6 * 32 1.5 28 1.3
H ** 26 | 14 22 1.2 ¥ 39 23 32 0.7
* 31 | 1.8 25 1.5 * 24 16 18 1.3
** 34 | 1.9 2.8 1.3 " 30 1.8 24 0.7
* 40 | 23 33 1.6 * 24 13 20 08
w 45 | 21 40 1.2 v 31 2.0 24 00
Al * 27 |17 2.1 1.7 A * 20 14 1.5 0.9
. 29 |19 2.1 2.0 ** 26 1.6 20 1.3
A1 * 17 | 15 7.1 1.7 2 * 1.7 1.2 13 06
*x 30 | 22 20 18 ** 38 15 31 14
] * 18 | 15 1.1 20 . * 21 15 1.6 0.7
A |28 |19 | 21 |18 A w40 23 33 21
¥ 32 | 1.8 2.6 1.2 ¥ 28 1.8 22 08
B ** 30 |15 2.6 14 ¥l o 47 25 20 15
P * 34 |15 2.8 1.1 5 * 29 1.8 22 04
s 33 [14 3.0 0.9 *x 22 1.3 18 1.2
5 * 29 |14 24 11 3 24 1.1 22 04
** 34 115 30 1.2 e 16 0.6 15 038
A * 1.6 | 1.3 1.0 0.9 N . 1.3 0.8 10 04
** 20 {15 1.3 0.4 = . 23 14 18 0.7
A * 72 | 34 6.4 2.3 A ** 41 25 32 07
8.8 |35 8.0 22 * 63 3.8 50 0.9
» * 48 |31 368 | 16 = * 50 3.0 39 10
¥x 6.6 | 4.5 49 11 ** 35 2.6 2.4 05
A * 24 |11 2.1 0.9 A ¥ 21 1.6 13 0.7
T ** 30 |15 2.5 0.8 w e 26 1.6 20 1.0

*: before prosthesis inserted

**. after prosthesis inserted
vert.: vertical movement
P-A.: posteroanteriorly movement (unit:mm)
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Files Display Playback
Utilities User_Progs

@ Files Display Playback
Utilities User_ Progs

S

1.8308s 2.528s]2.675s

3.373s

59000 9P

Fig. 6-a. A view of the comparison of energy level; no differences before and after prosthesis inserted
conditions. (Informant C, sound: /na ( +})/)

(left: before, right: after)

Utilities User_Progs

Files Display Playback L@ Files Display Playback

Utilities User_ Progs

S

4.118s : 4.816s|4.646s

5.344s

Fig. 6-b. After prosthesis inserted energy level increased than before. (informant A, sound: /si( A1 )/)
(left: before, right: after) '
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— Abstract—

A STUDY OF THE INFLUENCE ON PHONATION WHEN
MAXILLARY ANTERIOR TEETH ARE MISSING

Chang - Sup Roh, Dae - Gyun Choi, Yi- Hyung Woo, Boo - Byung Choi
Department of Prosthodontics, College of Dentistry, Kyung Hee University

This study was performed to investigate the phonetic alterations with upper anterior teeth
were missing.

To compare the changes of the phonations, before and after insertion of the temporary
prosthesis, six subjects who lost their upper anterior teeth were selected (2-male, 4-female).

Tested sounds (/ga(D), na(*}), da(=}), ra(®), sa(A}), ja(z), cha(x}), ta(e}), pa(sh), ha(s}), gi

(7D, ni(4), di(=h), ri(2D), si(A]), ji(A), chi(A), ti(el), pi(), hi(3)), seu(x), se(A), so(£), su(+)/

were programmed into an IBM AT with and without temporary prosthesis.

These experiments were analyzed by formants, consonants durations, and energy level changes
with an LSI speech work station program.

During the pronunciation of the tested sounds (with and without temporary prosthesis),
mandibular movements were recorded to a Mandibular Kinesiogram and analyzed.

The findings led to the following conclusions:

1. Objective differences could not be found. However, in every informant, subjective improve-
ment could be noticed.

2. There were no persistant correlations of the formant’s changes. And in every informant,
phonetic changes were variable.

3. There were various changes of the consonant durations in every informant. By and large,
those of [si( #]), ji( &), chi( 2]), pi( ), hi(3] }/ were longer than other tested sounds. After
insertion of the prosthesis, durations were shorter. Consonants with fi( | )/ were longer than
with /a(})/, with or without prosthesis.

4, With and without temporary prosthesis, mandibular movements were various in the frontal
view. Mandibular movements showed lateral deviations, and mandibular positions with

[5i(A]), ji(R), ti(E]), seu(&), hi(¥])/ were nearer to the mandibular rest position.
5. The kinds of temporary prosthesis and conditions of the missing teeth influenced every

informant variously, so there were no correlation between informants.
6. Energy levels increased in all tested sounds with a fixed temporary prosthesis. And, there
were no differences between before and after insertion of a removable temporary prosthesis.

However, sibilant sounds, and consonants with /i( ] )/ showed a little increased energy level.



