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The Articulation Characteristics of the Profound Hearing-Impaired Children

with Reference to Formant Bandwidth

4 & o
Choi, Eunah

ABSTRACT

This study measured formant bandwidths of profound hearing impaired children and examined the characteristics of their

articulation. For this study, 10 cochlear implanted children(CI),

10 hearing aid children(HA) and 10 normal hearing

children(NH) were asked to read 7 Korean vowels(/a, A, o, u, w, i, €). The subjects' readings were recorded by NasalView

and analyzed by Praat.

The analysis of the formant bandwidths explains the degree of vocal fold opening and the characteristics of radiation.
Through the analysis of formant bandwidth, we can see that the hearing-impaired maintain vocal fold tension when they
speak high vowels and characteristics of radiation. Narrower B1 means better maintain vocal fold tension, wider B2 means
more front and wider B3 means the rounder lips. CI's Bl was widest and NH's was narrowest. And females' B1 was wider
than males'. Among vowels, Bl of /a/ was widest, and Bl of /i/ was narrowest. In the case of B2, HA and NH's B2 was
wider than CI's. Females' B2 was wider than males'. And B2 of /i/ was widest, and B2 of /a/ was narrowest. In the case of
B3, NH's was widest, and CI's was narrowest. Males' was wider than females'. Among vowels, B3 of /o/ was widest, and B3

of /e/ was narrowest.

As a result, first, through the analysis of B1, we can find that NH and males could better maintain vocal fold tension than
the hearing-impaired or females, and all children articulate /i/ with vocal fold tension than other vowels. Second, through the
analysis of B2, NH and HA articulate vowels with the weaker rounded than CI does. And females articulate vowels with the
weaker rounded than males do. Third, through the analysis of B3, NH articulate vowels with the rounder than HA or CI do,
and males articulate vowels with the rounder than females do. Through the results, we can expect that the analysis of
formant bandwidth will be applied to the therapy of articulation for the hearing-impaired with hearing aids or cochlear

implant.

Keywords: profound hearing-impaired, formant bandwidth, radiation, articulation
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Table 1. Information of subjects with Cochlear implant

JE ¥ (dB) By AR
T ) WA A W F AEE% 7IRKE)
1 o 6 90 35 100 3
2 9 7 100 40 100 4
309 8 100 30 100 4
4 o 8 100 40 100 4
5 9 9 95 35 100 4
6 ¥ 9 100 40 100 4
7 9 10 100 45 100 3
8 = 100 45 100 4
9 4 9 100 40 100 3
10 o 11 90 35 100 6
H 850 97.50 38.50 100 3.90
¥ 2 HA7] ZHE ol AR
Table 2. Information of subjects with Hearing Aids
PR A8 ( dB) 25 HA #ZH&
T o) A A 2R3 ARE% A7)
1 49 6 90 55 80 3
2 9 7 95 60 80 3
3 49 9 95 60 80 4
4 10 100 65 90 4
5 9 10 90 55 90 5
6 o 10 95 50 90 6
7 9 11 90 45 100 7
8 & 11 90 40 100 8
9 ¢ 11 100 60 90 7
10 o 12 100 60 90 7
H 970 94.50 55.00 89.00 5.40




3 3. %l 44, 25 ¥ BL B2, B3 B FUA
Table 3. Mean and standard deviation of Bl, B2 and B3 across handicap, gender and vowels

4 aw we R Bl(Hz) B2(Hz) B3(Hz)
M SD M SD M SD

o] 20 104.81 71.77 1075.19 439.87 574.30 349.61

ol 20 203.58 100.01 751.14 310.81 322,65 231.82

o} 20 493.16 322,01 343.94 183.74 867.68 272.11

. o] 20 19521 100.76 224.43 140.28 1162.53 471.81
" < 20 130.52 97.78 386.09 241.79 1237.20 380.59
< 20 191.69 113.83 650.92 378.34 825.25 367.97

o 20 117.96 63.95 301.88 285.68 1175.25 516.46

3 140 205.27 191.29 533.37 407.98 880.69 490.26

o] 30 104.59 62.89 957.43 619.09 338.24 321.51

ol 30 21633 170.66 851.58 240.33 379.26 258.14

o} 30 660.83 267.06 519.99 206.59 565.34 273.83

o] 30 249.59 117.75 256.66 203.22 969.30 447.43

° 30 12527 96.05 321.70 198.80 1018.05 494.32

< 30 146.05 77.17 478.47 299.26 862.66 393.56

o 30 128.05 125.41 369.79 319.89 959.15 592.81

g 210 232.96 231.64 536.52 407.98 727.43 488.65

o] 20 21542 157.39 780.70 547.47 543.61 408.71

ol 20 204.87 190.14 660.59 377.40 660.90 586.18

o} 20 329.51 261.10 361.49 238.73 682.46 375.54

N o] 20 248.04 204.07 285.26 206.66 763.91 301.82
" < 20 142.96 132.88 269.31 178.54 976.26 413.80
& 20 199.41 156.90 330.74 260.80 932.45 584.28

o 20 164.90 140.95 406.97 230.58 1057.64 567.34

3 140 215.01 187.93 442.15 360.41 802.46 498.46

o] 30 116.94 91.83 1001.67 594.71 608.49 296.62

ol 30 272.97 196.91 754.94 291.85 397.97 231.57

o} 30 390.82 257.12 504.23 220.79 395.80 207.75

o] 30 314.40 175.72 583.76 285.14 579.78 195.07

° 30 166.76 139.73 642.52 481.39 873.31 486.97

< 30 124.65 47.94 710.80 439.67 910.91 357.03

o 30 135.14 78.03 650.39 470.08 627.08 239.01

g 210 217.38 183.53 692.62 433.41 627.62 352.19

o] 20 112.11 89.88 708.53 386.17 314.89 192.84

ol 20 282.08 201.48 929.97 433.55 391.65 191.81

o} 20 444.92 226.50 413.35 314.55 597.65 305.48

N o] 20 290.81 135.38 262.86 217.25 977.68 665.21
= < 20 210.82 173.87 354.76 248.65 986.55 660.77
s 20 253.76 215.46 515.17 377.50 922.77 584.76

o 20 240.84 180.50 354.08 297.50 615.75 527.35

3 140 262.19 199.44 505.53 392.70 686.71 543.33

o] 30 112.12 65.78 746.24 371.44 440.68 357.62

ol 30 212.72 198.66 820.48 451.96 416.70 217.58

o} 30 420.20 255.87 366.11 181.91 591.90 593.60

o] 30 253.45 150.47 201.18 173.34 942.96 444.82

k3 30 146.18 110.89 252.19 174.72 910.91 382.73

< 30 292.36 285.98 397.07 242.28 903.05 42825

o 30 204.47 123.99 306.50 218.81 854.46 52111

g 210 234.50 205.54 441.40 354.92 722.95 479.15
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<& 4>0 YeR} %o] Biol e Fa3 B4 A} Ao,
5ol s Jek 2 frolwd Aozt ATk AFSEA A
AR, AF4 o15(246.82 Hz)Y Blo| 7M Wom A4
A8 o}5(220.66 Hz), A7) o}5(216.07 Hz)®] <202 LbE}
Wt B4, oJoh228.28 Hz)7} HoK227.49 Hz)RT} Blo| 4
Ak A, 25 Akelo] Blo] folmlgh ztolzt A B
2k Bl ool gk ARSEA A} < 5> AAFH A=
o /op2] Bio] 71 WlaL /ol/9] Blo] 7 Fdth

¥ 4. BI, B2, B39l T]3 ANOVA Z3}
Table 4. ANOVA results of B1, B2 and B3

FEY T - F

nTAEg Bl B2 B3
7ol 2 3.480% 6.551%*% 5177
k) 1 .005 8.613%*  12.334%*
e 6 57.759%%  61.369%*%  39.947%*

Aofxdd 2 2.116 19.752%%  5.860%*

Ao+ 12 12 5.154%%  3263%*%  3.73]%*

AAE*R g 6 1.539 240 989

HoxAErRS 12 1.394 1.447 1.382

2t 1848

**, p<0l FEA ol

X 5. 25 7 BlY| o Hla A3
Table 5. Tukey's HSD results of Bl

o ek
B N 1 2 3 4

o] 150 129.48

k3 150 15202 152.02

o 150 16529  165.29

+ 150 202.57  202.57

of 150 229.78

S 150 257.67

ok 150 458.09
o8& 582 171 101 1.000

ANOVA #4 Z3} Bl Zolj¢} 25 Atolovt ws A4-go]
AR Aol B Abole] mE Zgo AL & F 3
Bl9| F4H FuH o] <Id [>o] A=
<I¥ 1> Yehd 9ol /ol/¢] Bl <l
A4AY obs Tl Aole AL floy BAY] o5
ztol7h AR, /oWt 1979 Bl RA7] olsd AAAHY
ol5 Zbol|l Aol= AL fon AFS olsde Aol
AR 28]aL /o9 Bl AF9s obsd BA7| olF 3t
e Aol7b ARey AFAY obsHeE atol7t AT 1
uko] jol/o] Bl AT FA>EA 7] o 02, /2

19k /2/¢] B1& QAE>RAT>HYAY obs wo2 W
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Figure 1. Estimated marginal mean of Bl
across handicap and vowel
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374 Y obsrRt B27F Wilou fFemidk ztol= ISl
E7, 9JoK556.84 Hz)7} HoK493.68 Hz)Rt} B27} £2lv]s)
A GAek AA, 22 Aol B27F Fjmld Aolzt igle
o 25 7 B2 Apolof tigh ARFEA At <& 6> AAl
ol et /ol /0)/9] B27F 7B W, /09 B27} M
Fokoh

E 6. 25 3 B2 v Hla A3
Table 6. Tukey's HSD results of B2

5 ek
il N 1 2 3 4

o] 150 296.29

<2 150 361.09  361.09

° 150 394.14 39414  394.14

o} 150 41792 417.92

S 150 501.44

of 150 792.87

o] 150 872.72
o8& 181 791 104 418

B2ol the WE A BA A% Aolsh 48, oo} me
Aolel] . AHgol YT oIS 4B, olsh wg Atolo]
W5 AHge] AL AR 5 ol B2l FAE TPl

YAcIet SH0E HMed M2s (2014)
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Figure 2. Estimated marginal mean of B2
across handicap and gender
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Figure 3. Estimated marginal mean of B2 across
handicap and vowel

<a§] 250 UER Aol AARY ol Al Y@
B2¢] #fol7} 7e| gl wle) A7) o} UFShE: ofF
& e Aolrt Ak TelT BA7] obEE ololr} wolu
o B} WYL} Q1F9hS oL Wolr} elolrnt B7} T
Wt R <19 35004 HolRo] johe] Bt Al AW
2t B29] Fol7h Al figlem, folieh jose] B2t AR
ol53} QZok ol zho] Aolo] Ae] giglon} wg7] of
B3k Fel7h Ytk 2T /o)/st 9] Bas AARY>
BA7-QAES obF o2 WAL, /o] Bt AFoh9>
AAAE-RA7) ol wow yYglow, /ot RAISAY
Ae=9139h$ o} wo= Wl



AT H2AZO otse =
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an
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Hel

HE H9=sS S82=2

st} ok Tkl from|k Aol7h UATH<E 4> F=2). AA,
AREEAN A3 AFAY o}5(795.55 Hz)ol EA7] obs
(724.75 Hz) 2.t} B37F Wl HA7] ofFo] AFehs- ofs
(706.84 Hz):th B37} YAtk €4, FoH789.95 Hz)7} oo}
(692.67 Hz)Et} B37} fofulstAl Witk AR, 25 Ato]d
B37} freful gk ztol7t gislem =S 2+ B3 ztole] tigh A
FEA A3 <& 7>0 AAE Qs /2/9] B3 7H
WAL /oo B37 7HE FokoH, Mutd o AmEol B3
7} 12&9) B3RT ¢ YAt

& 7. 25 3 B39 thF vl At
Table 7. Tukey's HSD results of B3

o ek
=5 N 1 2 3
of 150 434.57
o] 150 466.79 466.79
o} 150 616.41
o 150 889.95
+ 150 893.57
o] 150 898.55
<2 150 996.83
o] 2-& .996 058 368

ANOVA 4] 23}, B3ol tlal oot 4, Aolsl me
Aolel] %5 o] Yotk Hohsh AE, G B Aol <]
5E Aol UelS AwE 5 9lE B3] T4 FUHFl

<79 459} <79 550l 2k2h AAE ] Uk,

a4

-

-0

NH HA cl
&0l

OF 5. oot e mE B3] FAH
FHAT
Figure 4. Estimated marginal mean of B3
across handicap and gender

ZHOH
= =NH
m— HA
..... cl
200 —
| T T I T |
0l o o o 2 =2 2
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