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Nasalance and Intensity of Profound Hearing-Impaired Adults
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ABSTRACT

This study investigates the differences in nasalance across handicap, gender, and vowels and the correlation between nasal

energy and oral energy both of which are used to compute nasalance. For this study, 20 hearing-impaired adults and 20
normal hearing adults as a control group were asked to read 7 Korean vowels (/a, A, o, u, w, i, €/). Subjects' readings were

recorded by NasalView and analyzed by Praat. Results showed that the hearing impaired group (HL) has a significantly higher

nasalance than the normal hearing group(NH), and that there was a significant positive correlation between nasal energy and

oral energy. A higher nasalance of the hearing impaired group seems to be due to an improper velopharyngeal control which

is caused by lack of a proper auditory feedback.

Keywords: nasalance, hypemasality, auditory feedback, profound hearing loss, resonance, correlation
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Table 1. Information of Subjects with Hearing Aids

ID AgE A= %= (dB) ozl
() A AT A 7)(3h

1 SBM f 1804 °F95 255 24
2 KSM 1808 <F100  °F 70 34
3 K m 1809 °F90 <k 60 3A)
4 PMK m 1811 2F90 2k 45 1A4)
5 SIy £ 1900 <290  oF 45 1A4)
6 JHW f 1903 <100 <k 70 44
7 LWI  m 1906 <F95 2k 65 1A
8 NBE f 1910 k90 9k 45 24
9 IMI  m  20;10 <F90  °F 50 34
10 BRH m 2003 <95 255 24
11 KIS m 2005 99 <60 34
12 LIW m 2005 290 <55 24
13 HKJ f 2006 <90  <F50 34
14 NYO m 20,09 <F95  2F60 44
15 PCH m 21,01 °F90  2F 50 4A)
16 BIJ f 21,00 2100 <60 34
17 SSY f 1905 <90 9k 50 14
18 CIH m  21;01 295  <F55 24
19 JSH f 2205 <¢F100 <°F70 34
20 EHJ f 17,06 290  <F 50 1A

o 93.5 56 24
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Figure 1. Segmentation and labeling of a vowel
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<ai>el veht o] BEe HIZ A e AU A
FAEE 555 vk OddA HelE ve R oVE
Yehdth B89 A1Z A--E FL, B2, F3, F47F BF Yehds
A AFom AR o vEAE AR Fl, F2, F3, F4
7 B yehe epA e Ao HASHTh Praats ©]-8-3t
of HIZZUA] Adat FeluA] A= Bed -, 2 Al
th3lA] energy, power, energy in air, power in air, intensity(dB)
T A 7HA YA k& FEEATE ©] F intensity(dB)E ©]&
sto]  BIZJo U A|(NE: Nasal Energy)$} 7ol A|(OE: Oral
Energy) @< S8 $1o AAR T4 ()S ©]&3te H
BEE Ttk

B Ao AFE3 B EE NasalViewol|l A &4 3st= HA
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Aoz A3t dolo 4415 E wpA] Y Y=5(Hamming
window)& ¢ HIAEE A4EIEL [23]
= AA e ds 58] e Hex
3te] HIAEE AlLbst
Az 32 g BE AA 7t digh @ shue] gholA| gt
25| oy FeA S HIAE ko] argkelut AWk
o] o}t B Ao A 7 (intensity) 3] A Z}
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=2 Hgkete] Altetdoh AE @2 9] v YR 9 F
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ANOVA)S AABIATE o472 0.05%.27 Tukey's HSDE
olg3te] Al 45 AASATE A 4 ZHrt <3E3>0l
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4, 25 8 HIAE, HIAUANE), 74IHA(0E), lUAe] ¥(NE + OF), Z4%9] B3 T893t
Table 2. Mean and standard deviation of nasalance(Nasalance), nasal energy(NE), oral energy(OE) and total energy(NE+OE) and

intensity(Intensity) across handicap, gender, and vowels

et

alo

A8t M1 H3S (2009)

o A EE H A = (%) NE(dB) OE(dB) NE+OE(dB) Intensity(dB)
ki SD 3 SD 4t SD ki SD ki SD

NH ¥#A o] 46.47 2.46 61.40 8.25 70.22 421 131.62 11.73 66.81 4.90
of 45.52 2.81 61.44 8.57 72.96 4.69 134.40 12.12 68.94 5.06

o} 45.39 2.02 61.30 7.74 73.40 5.02 134.70 12.32 68.95 5.36

o 43.78 2.69 58.48 8.4 74.56 4.83 133.04 12.62 69.74 5.03

°3 43.59 2.64 58.20 8.30 74.70 4.74 132.90 12.46 69.83 4.98

< 44.05 2.67 57.80 7.93 72.98 4.47 130.78 11.50 68.19 4.65

=3 44.04 2.37 58.46 7.86 73.80 4.82 132.26 12.07 69.04 4.96

gz o 48.57 2.66 65.80 6.18 69.52 5.47 135.32 9.52 68.03 423

of 46.35 1.74 62.90 4.08 72.78 5.35 135.68 8.34 68.97 431

o} 46.52 1.79 64.32 5.96 73.92 5.97 138.24 10.96 69.96 5.24

S 44.66 1.85 60.78 4.85 75.22 5.59 136.00 9.25 70.54 4.99

2 44.36 2.56 60.34 5.48 75.56 5.17 135.90 8.26 70.84 4.46

< 45.41 2.63 61.26 6.03 73.48 4.93 134.74 8.47 69.46 4.25

° 45.56 2.43 62.74 5.95 74.84 5.13 137.58 9.07 70.80 431

HL #x% ] 48.97 3.01 66.88 9.23 69.44 8.05 136.32 15.31 68.63 7.69
o} 47.20 2.93 65.36 6.65 73.20 772 138.56 12.08 70.46 6.28

o} 46.35 3.08 64.28 5.88 74.78 6.35 139.06 10.30 70.95 5.86

o] 46.35 3.07 64.36 6.49 74.60 7.25 138.96 10.83 71.11 6.25

2 46.14 3.11 64.36 9.08 74.78 6.99 139.14 13.86 71.32 7.04

% 46.99 3.68 65.50 9.88 73.48 7.08 138.98 14.25 70.81 6.87

° 48.76 2.98 67.38 9.24 70.64 7.90 138.02 15.38 69.54 7.52

gz o 49.14 2.61 63.14 7.55 65.38 8.45 128.52 14.52 64.41 7.55

o} 47.08 2.09 60.86 7.14 68.18 6.07 129.04 12.17 65.04 6.09

o} 46.45 243 62.38 7.08 71.08 6.69 133.46 12.95 67.21 6.82

o] 46.45 243 61.40 8.08 70.54 6.80 131.94 13.67 66.86 6.89

9 46.83 2.95 60.20 8.27 68.22 7.84 128.42 14.17 65.15 7.54

< 46.88 3.71 59.84 9.26 67.70 8.78 127.54 15.38 64.92 8.20

° 48.96 2.49 63.00 6.91 65.70 8.45 128.70 14.11 64.36 7.19

X 3. HAE,

A7 A, FdAd A, dl|qAe] 9, dEe] ANOVA 73 23
Table 3. Results of the ANOVA tests for nasalance, nasal energy(NE), oral energy(OE), the sum of nasal energy and oral

energy(NE+OE), and intensity

a7 F
AHE .
TE= w3 ze Nasalance NE OE NE+OE Intensity
7ol 1 206.93%* 36.02%* 70.68%* .50 18.51%*
A4 1 25.57%* 1.23 43.14%* 16.88%* 38.25%*
2 6 31.73%* 5.88%* 14.94% 1.85 4.08%*
o238 1 13.16%* 74.08%* 59.24%% 86.34%* 87.30%*
oS 6 9.13%+* 1.93 3.45%% 28 1.05
AE*e S 6 473 55 30 48 40
ol x4l * 2 g 6 653 64 .58 49 39
9=} 1372
# p< 01 FFolA F23
U vz digh Fa3 74 Ad o, A, Bs BT T Zo|7} ek B 7 AR zpolo tid ALFEA A
A grell frefw|gk 2ozt Aok AR, HLS| HIE=7F NH 7} <B4>el A= Utk

of Hid=RG FoujsiAl Aok =4, oAkl MR} HAtel
HIAER T fFolvetA Zinh AAl, 23 Abolol frofwlgh uiAy
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Table 4. Results of Tukey's HSD for nasalance

LA N qek
1 2 3 4

< 200 45.23

o] 200 4531

< 200 4583  45.83

o} 200 4621 4621

o} 200 46.54  46.54

o 200 46.83

o] 200 48.29

o8& 257 106 223 1.000
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Figure 2. Estimated marginal means of nasalance across handicap
and gender
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Figure 3. Estimated marginal means of nasalance across vowel
and handicap
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3 5. Tukey's HSDE ©]-8-3F vty =|e] thguln Az
Table 5. Results of Tukey's HSD for nasal energy

I N ek
1 2 3
2 200 60.78
% 200 61.10 61.10
°] 200 61.25 61.25
of 200 62.64 62.64 62.64
o 200 62.90 62.90 62.90
o} 200 63.07 63.07
°] 200 64.31
FolgE 072 120 287
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Hazol AAjEe] Aot

HIZ0H A (NE)S FHE FHER

Hol
66 au
& - =X
65— ’ s (H A}
= Fd
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064 ?
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w063 ’
Fl ’
KF 62 b
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061 ?
KF ’
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d
59—
T T
NH HL
ZH0H

2% 4 goet o] gE wgeluAe) F4E S B
Figure 4. Estimated marginal means of nasal energy(NE) across
handicap and gender

<adg4>o] Yel} gl%o] NHAIME o271 Fapr v 7ty
A7} B Zom HLelAE @7t 2Rt} vl 3oy R o
2t ©]9} & HLI NH Afole] 4 1k oizdo] Aofe} 4
Atele] wE g hlow Helth

ooz ARl nd FEF B4 Azt gol, A,
2 2 Y ol frofulg o)zt YTk A, NHe| HL
oy AR fronsiAl . &4, AP ARy
BAA7} frefwlaiA Ak AR, Bg Atole] frofuld 77
AR Zpol7h AATE Eg 2F FAIUA Aol digk AL
B4 Ay} <ol A= Sl

3 6. Tukey's HSDS ©]-&3 Tl A19] thavla 23}
Table 6. Results of Tukey's HSD for oral energy

o AT

. N 1 2 3 4

o] 200 68.64

o 200 71.25

of 200 71.78 71.78

< 200 71.91 71.91 71.91

o} 200 73.30 73.30

k) 200 73.32 73.32

o] 200 73.73

o) gtE 1.000 945 199 067

<®6>olA FFF 05904 fFru|gt Zol7} gl EEEC
SAdHGTFoE B Qo) /o7t BB RE EE&HT 77

YAicIet S0 M1 M3S (2009)

TFZ0HN(OE)9 FAHA FHEZ
Aol
74 =

- =uR

bl G PN

NH HL

a9 5 oot Ao mE AR FAE FH B
Figure 5. Estimated marginal means of oral energy(OE) across
handicap and gender

TZUUXN(OE)Y FHE F=HAZ
g

76 =L
= =NH

a9 6 ls mgol wE TheA ) FHE Ful B
Figure 6. Estimated marginal means of OE across handicap and
vowel

NI T LEAE B4 2 2
Ao} =g Aolol mzAgo] Ygich WA oot A Aol

o mE Aol 4AL B 4 Qe FRH FaHTo] <1
Gs>ol AAHo] k. <a@s>ol et Qo] TAelUA7)

NHAME x4z s o 3101 HLAAME &
Hoh o 24 o9} 22 HLI} NH Ate]e] ' 2F d o] Aof
o} g9 Atele] o Ahge] Ao g HRlrh Aol o}
o] nEAgo] AAS AWE F e FHE FHGde] <1
ge>ol AAI= o] itk

<age>dl Jeht d%xo] RE Zgo] 23 NH7F HLEUT



o 58 0 T Aol A4 B Aol L85 Al
Aol ] ﬂiz}%sq fel0w nel,

gog WgUAst FHIUA ol vid Faa
4 2% *3%011*1% Frelula Aol7} Qigie, WAt oA
ok Bl gl Ash P Feol felvlahAl o Ack u%
oA st R ol e wBag #A A golsh
39 Aolo] mEAEo] Uitk Fohsh A Atole] w5 2E
o 9912 AuE 5 e F4F FABT] <1yl A

5] 9l

Ol X &(NE+OE)2 =R & FHEZ
Ao
140 <4

N |

Ol A}

&0l
29 7. Aolsk A me we A2 P A
A(NE+OE)S] 49 FH Hd
Figure 7. Estimated marginal means of the sum of oral energy
and nasal energy(OE+NE) across handicap and gender

<170l Ueht gle] Mol Ast TelAe] Fol NH
NAE oAt waEc o & W HLAHE 9A} ofan
o v 2. ol9 2 HLT NH Aole] AW 7+ 9xdo] e
St Aole] mEAEe] PeloE Bel

AEto 2, o] e FES B4 A% o), 48, Be
5 g o e Aol A5k A, N} HLE
Ao} feulab o Ak B4, WATE AARY 4T §
SJelshA o Zch AR, B8 Aelel] foviat J= Fol7t )
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£ 7. Tukey's HSDE ©]-83+ F=9] thavla A3
Table 8. Results of Tukey's HSD for intensity
RSR<S N A
1 2
o] 200 66.9711
= 200 68.3453 68.3453
of 200 68.3520 68.3520
o 200 68.4391 68.4391
of 200 69.2649
L 200 69.2846
o 200 69.5634
ro&E 181 397
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Figure 8. Estimated marginal means of intensity across handicap
and gender
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Table 8. Correlation coefficients between oral energy(OE) and

nasal energy(NE) for the entire adult group and its subgroups

At N NE/OE®] Z¢#A
A 1400 A56(**)
NH 700 A84(*¥)
HL 700 524(*%)
NH s 350 685(**)
o} 350 280(**)
HL Iz} 350 398(**)
o=} 350 581(*%)
o] 50 T52(%%)
of 50 .648(*%)
o} 50 856(**)
U2} o] 50 789(**)
k3 50 809(**)
+ 50 700(**)
o 50 805(**)
NH o] 50 341(%)
of 50 .584(F*)
o} 50 .684(**)
o=} o] 50 568(**)
k3 50 206
+ 50 193
o 50 332(%)
o] 50 577(%%)
of 50 A14(+%)
o} 50 A10(%%)
= o] 50 239
k3 50 480(**)
2 50 383(**)
o 50 .599(**)
HL o] 50 .649(*%)
of 50 .694(*¥)
o} 50 780(**)
o2} o] 50 683(**)
2 50 547(%%)
£ 50 A51(%¥)
o 50 .690(**)

* p<05 GOl A, #* p<01 FTollA sk
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Figure 9. Scatterplots of nasal energy(NE) and oral energy(OE)
for the entire adult group
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Figure 10. Scatterplots of nasal energy(NE) and oral energy(OE)
for the NH group
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