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The Phonatory Characteristics of the Profound Hearing-Impaired Adults' Voice: with Reference to

FO, Intensity, and their Perturbations
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ABSTRACT

This study investigates the differences in mean FO, intensity, jitter and shimmer across hearing aid, gender and vowels.
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, 0, u, w, i, &/). Subjects' readings were recorded by NasalView and analyzed by Praat. Results showed that
the means of FO were significantly higher in the hearing impaired group(HL) than in the normal hearing group(NH), in the
female group than in male group, and in high vowels than in low vowels. Second, intensity was significantly higher in the
normal hearing group(NH) than in the hearing impaired group(HL), in male group than in female group, and in low vowels
than in high vowels. Third, jitter was significantly higher in the normal hearing group(NH) than in the hearing impaired
group(HL), and in female group than in male group and in the back vowels than in front vowels. Finally, shimmer was
significantly higher in the normal hearing group(NH) than in the hearing impaired group(HL), and in male group than in
female group. In particular, the male group showed that front vowels tend to have higher shimmer than back vowels.
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Table 1. Information of Hearing Impaired Subjects

D Ad 4 4 ¥(dB) o
a2y A wZF A

1 SBM f 18 ok 95 o} 55 24
2 KSM f 18 ok 100 ok 70 34
3 KJ m 18 oF 90 ok 60 34
4 PMK m I8 ek 90 ok 45 1A
5 SIY f 19 ek 90 o} 45 14
6 HW f 19 ok 100 ok 70 44
7 LW m 19 ek 95 o} 65 14
8 NBE £ 19 ok 90 oF 45 24
9 M m 20 oF 90 o} 50 34
10 BRH m 20 ek 95 e} 55 24
11 KIS m 20 ek 95 oF 60 34
12 LW m 20 ek 90 ek 55 24
13 HKJ f 20 <F 90 ok 50 34
14 NYO m 20 < 95 <k 60 44
15 PCH m 21 ok 90 oF 50 44
16 BJ £ 21 °F 100 oF 60 34
17 SSY f 19 oF 90 oF 50 14
18 CH m 21 o} 95 oF 55 24
19 JSH f 2 ok 100 oF 70 34
20 EHJ f 17 o} 90 ok 50 14

H 93.5 56 24
2) A8 43

3AHY A7 BAY7E 8 A= AR HAAEl
Z8% A8 AoA NasalView sl=rto|2E Z8slm T2
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= o} NasalView® =23tgt) AAE 249 HEZ22L
22,050 Hz@3 FASHIEE 160tk Fl, F2, F3, F47} A&
o2 2% Jehte AFE rixgez BT yehde AlFE
24zt mgol AFT FE AFoE HAET FolEysAt
Praatd o]83l F AdZ %Fd S4E El(mono)E HE
& F NeFHy, A, FHFHEE, AFUTEE Ttk
Praatol| A= Ful4=H5-8 3l jitter(local), jitter(local, absolute),
jitter(rap), jitter(ppqS), jitter(ddp) 5 THR 7}A] WHFE AX S
Ron AZHFL] tha] shimmer(local), shimmer(local, dB),
shimmer(apq3), shimmer(apq5), shimmer(apql1), shimmer(ddp) &
AR 7HA EFE AR Yok B dpdME o] F
jitter(rap)3} shimmer(local)& =3t B3} jitter(rap)=
thed 22 Wyog Aigich

() o™ #7) t.9 F92 AHT F
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Table 2. Mean and standard deviation of FO and intensity across
handicap, gender, and vowels

1 gss

ol A¥ e N 7|EFI(HR) Z5=( dB)
it SD Had  SD

o] 50 11723 1464 6681 490

o - 50 11653 1410 6894 506

oF 50 11559 1368 6895 536

g o] 50 11562 1367 69.74 5.03
2 50 12195 3776 6983 498
$ 50 117.04 1477  68.19 4.65
o 50 11814 1461 69.04 496
NH A 11744 1938 6879 5.04
o] 50 21469 1836 6803 4.23

of 50 21233 1824 6897 431
o}l 50 21032 1832 6996 524

o o] 50 20969 1768 7054 4.99
Q2 50 21250 1819 70.84 446
$ 50 21453 1853 6946 425
S 50 21708 1974 7080 431
A 213.02 1845 6980 4.62

o] 50 15587 3950 68.63 7.69

of 50 15090 3708 7046 628
ol 50 14405 3517 7095 5.86

o 9 50 14310 3290 7LIL 625
Y9 50 15037 3815 7132 704
£ 50 15303 4113 7081 687
© 50 15293 3794 6954 7.2
HL A 150.04 3743 7040 6.82
o] 50 27028 71.14 6441 755

of 50 26858 7484 6504 6.09

o} 50 25473 5274 6721 682

o o] 50 25205 5145 6686 689
Q2 50 26306 63.65 6515 7.54
S 50 26307 5956 6492 820
o 50 26974 6711 6436 7.19

7 263.07 6328 6542 722
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<¥ 2>0M Fol, A, B wg JEFIFe} P59
a}o)7} EAHO R {oudA] Lolr ] st 7RIS}
AEE FEHESFE o Ao, Y, &S EYAFE 39
YA A AR N (Gway ANOVA)S AMNEHTE fro5Ee
0.059.29 Tukey's HSDE ©o|-&3tq ALFE £4& A8t
I A7) < 3> AAHe] ok

i 3. 7185049 229 ANOVA 3 23
Table 3. ANOVA results of FO and intensity

BN AHE F
e 23 AE s AR
ZJol 1 388.645%* 18.51**
Ay 1 2476.065%* 38.25%%
e 6 1.849 4.30%%
ol *+ A 1 17.343%+ 87.30**
o * B G 6 674 1.05
A+ B 6 213 40
Ao * A * T& 6 104 39
3} 1372/1400

** p<0l FEAAM
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Figure 1. Estimated marginal mean of FO across

handicap and gender
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34315004 HpRT 718F9571 g3on Pzbgo 49
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St B3HE AAoAMY F 2 Frgk 2ol A A4
Aol e] H T BFgh Zolrot &t o2 Ajo|7} oo}
8 Atole] s AL gjle wel)

G2o g Bxo U FEI 24 A3 Ao, AE, 289
A frelud zolzt AN RA, ALFEN A Z4HY A
Ao} F5(69.29 dB)7F HZAR el 419 AE(67.91 dB)ETH F
o 4, 34(69.60 dB)°l 44(67.61 dB)ET} =7t Atk A
A, B Atold folud Z= Aolrt AUTE Bg 7 B
g AREEA At < 4o AAEHY ok
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Table 4. Results of Tukey's HSD for intensity
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<aq 2o JeR} Aol FHY 420 14(69.80 dB)
o] ¥4(68.79 dB)ET} Z=rt Hom gy 1ol Ax xlo)rt
A9 gloy HZAFe] B Ae EA4(7040 dB)ol A
(6542 dB)ETH Z=7t Ao fFou|g ol7t AT ol
g3 @4 ol AAAY Al g Al 49
AN Uehle 9y 2t & A= ot oot AE Aol
oF Ag9 ddoez =l

oz Fof, A, E5d o Jo T FoeEs e
AEZNF o] Yid} TEUA} <F 550 AA=o] Qi

£S5 g, A, Es 8 FRrHEES
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Table 5. Mean and standard deviation of jitter and shimmer
across handicap, gender, and vowels

GEEEED

Al dd Eg N jitter shimmer
1 2 Hd  SD B SD
o] 200 66.9711 o] 50 045 009 249 060
+ 200 68.3453 68.3453 o) 50 051 007 236 046
2 200 68.3520 68.3520 o} 50 065 012 20 052
o 200 68.4391 68.4391 " o 50 - 065 022 187 077
o} 200 69,2649 % 50 057 022 218 .109
20 69846 e o om im o
2 200 §9.5634 - A '059 k'033 '210 '077

o & 181 397 NH : : : :
LS o] 50 Tos0 o2a T oM
o 50 055 023 .187  .091
<E 4>oH B 5 Q0] o9 BAEst 4 Ak so)e) o} 50 058 014 216 043
A7 A Tk ol jol, 2, ol W] Azel &3t I O o o
E RoE Uikl /o)/9) 0}, &, o) Alojdle g-ojndt 2t X 50 092 057 .189  .126
C a6 on ~ o 50 110 . 048 141 083
VEATE AE ¢+ A g o012 oal T 096
A= g w3 28 B4 Ant gollo} A Alold wE o] 50 051 02 .19 068
A8l AAek. Aol Y Alolel s g} A Y@ Ao o
T AT AR 39 FARTl <2™ 2> A . o o 50 061 018 195 054
= e 50 072 041 187 083
2&(iintensity)o =S FHED <+ 50 059 031 190  .080
o 50 056 024 192 072
37 059 026 200  .069
™ 2% HL ol 50 043 020 150 099
70~ — of 50 057 031 479 086
) of 50 068 044 172 059
%59_ o o] 50 060 030 .60 .07
i 2 50 047 039 .120 088
Bieo % 50 050 040 151 084
K o 50 046 029 156 098
67 A 053 o34 155081

A '

T i
NH HL

ZoHOoI T

9 2. Foheh o wE Fwe] 39 i BF
Figure 2. Estimated marginal mean of intensity across
handicap and gender
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# 6. FIFAHFTET IZUF LS ANOVA 2R 2
Table 6. ANOVA results of jitter and shimmer

FaI 2T F
= 23 &g jitter shimmer
oy 1 29.887** 13.144%*
4 1 4.699* 86.376**
2e 6 10.392%* 8.941%*
ol * JH 1 31.520%* 2.043
ol * B S 6 10.530%* 8.221**
g+ 2E 6 3.575%* 5.856%*
ol * A * & 6 10.504** 7.520%%
23 1372/1400

<# 6o Jeh} %ol FardEgol digt a7 24
A% Bol, E, B& ZF tistd A ol {2 Ale]
7t YAk AR, ARERA A Y ARle] Fords s
(07°] A7) 4le] FoFHEE060RT Ak &4, o
8(06)7F FE(05)ET FHFHEFE] AT AR, B Alo]
o] FaFAFEL /47 7P HeH /o7 g Astth 2
% U FoAEE Aolo] i ARERA Ay} <H 69 Al
AlEjo] Slch

® 7. FoeHEEe] dula 23
Table 7. Tukey's HSD results of jitter

=g N At
1 2 3

o] 200 047

o} 200 055 055

o] 197 061 061

o} 200 062 062

L 198 064 064

o 199 067

= 198 068
o8& 122 111 361

<E 4 feu@ Aolr} gE BeEel FYYeToE
Fof itk /199 FsheaEacl b 208 jos Foa
580) 7V} A9 Autdoz AM IRSY FASHES
ol 71 Agtom 4 AEel FusHE el A

Foeussd U 2o 4§ B4 23 Foo 49, 3
oish =g Atolo] w35 Ago] ATk Polsk A Alele)
5 A8 99 A2 5 Uk 249 FARHO] <19 3>
o A=} gk,

<1 3>o UEht 9%l ARG AL 0o
B06)RT FoAsUEEo] Zor, A4ge] e
o] SR(05)HTH FAFEF Sl AT AARY YU 2R
of 491 B5 4 wolzt feirlshl Ak ols} 2o 44 @
ey ohiel BHY A4S B7gel Aol Uehbe

FHHESE(itter)d 238 FUBZ
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Figure 3. Estimated marginal mean of jitter across
handicap and gender
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Figure 4. Estimated marginal mean of jitter across
vowel and handicap
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Figure 5. Estimated marginal mean of jitter across
vowel and handicap
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Figure 6. Estimated marginal mean of jitter across
vowel and handicap for male adults
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Figure 7. Estimated marginal mean of jitter across
prei and handicap for female adults

<1 67 <2y 7>o Yeht dxol F43 |4 Abold
F23 g 1o xo|z} ok BEH ofol dig sElo]
AARSAME FAIAT THAREAAE & RolE Bth
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40 Atelell frojulgt Apolrt AKeEdl AAAE 4A19)°l
A7) A1) R AEFHAFEo] o ot EA, G487 o
4 Ateldll frefmigt ztol7k AREE FA(21)7F A8 ET
AZHFEo) AU ok AR, Z& Alele] fojng A
Zygg Ao/t Atk 7] BE 3 AEAFE oldl o
T AFE B4 Ayt <E 8o A= Utk

£ 8 AEZWFTES dEHin 23
Table 8. Results of Tukey's HSD for shimmer

R N AT
1 2 3

o] 200 .169

o 200 171

+ 200 174 174

o] 200 .178 178

° 200 .194 194

o} 200 206

of 200 208
FoEE 935 126 .596

<& o Yeht %ol fFoud Aolrt fle EEEC] F
dAGT o2 Fo9 Utk /o9 AZHFE0| 7P Flon /o
o] JEWFEo] 7P Atk
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Figure 8. Estimated marginal mean of shimmer across
handicap and vowel
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Figure 9. Estimated marginal mean of shimmer across
gender and vowel
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Figure 10. Estimated marginal mean of shimmer
across handicap, vowel and gender for male adults
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Figure 3. Estimated marginal mean of shimmer across

handicap, vowel and gender for female adults
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vowel FO)°ll 2J& AYx ojn] & Atalo|th1s][16]. 343
of 4Ae 3% 94 BF FEY AAsd v 7153
Terh w3k FA4R A 94 F 2R ZAAY A9
49 NeFaetd 52 s AL EA, BEE A
379 Aol AN A BEHY glon YAo] oA
Bo Zioh aela AukAo g ARgo) v gRYg FErt
o Axd AME ARG ZAErt 1ELY B wg 2
AL B 31-F7 S (instinct vowel intensity) W&l Aoz wQ)
o 71E2F0ee) Zro gt Aol JY &4z Q8 37
2 vjede] FE&A koW FF zgo) AR £ 3
=7 UF AU BolAR, AxE UE aAY FopAH o]
2 8 2HEsR woldte 71Ee a7 Axst IXF
[18]. 91 ME Az Z=rt AP ARY B4 et
o 2 AFeMe FZgelQle 2=t 9 vgkn 3z
of Fdel Afole A4HY G4 BN ol7t A @
ek AR G4 94 F X 58 25 1 &
4 A= AL A M B gEQ Aeg B AlA,
FIHFHETE S AEAY ARle] g FArn Hu 94
o] AR foulsiAl ok 1ela A¥tHes FHRLo]
PAESHT Foeis ol ok A, AZa5eL 343
g ol gl ARk aga FAde) orct foju)
Al Atk $49) A9 AERZAM FHARgoZ AFE 3
FHFEo] ol AFo] ANTh FoeEEEY JEZWF
&2 S BYE WFE FoedEES 714 4 249
(breathy voice)s} ##o] Y1 WZAFEE AZ B2 (hoarse
voice)?t #¥o| Qich. £ AF AfolNe Autzow Hzx
of ARle] FHH 4lo] uls] FogbuEgol wgton &
3 A A4 FoFHE o] ¥yt AFHFEE A
478 40 vis] FZ Ale) Rt o) [9]d1A A

wAZIY SHUE W1A M4E (2009)

ZWE L Fzbgollo] AAYAURT § Uty Fusw
588 AZAoQlo] FARYANY o Ekor B2
7 AL Alolo] FusHELolt AZUF LY Aole
a7 e AT g anolth. B A7NNE [17)904 /o, o,
9/ Bgo et RE, AT, FHSEEE, AZWES Sol o
2 Yehgtie Bad gel 7] 2o b 4L s
aEg oy BT Asd 4SS 2AW Ade U
297} Jeig 4 Ug Aol t ABAE 2e s
ST BdgE o] chjuz HoT WESE Ao ofm

£ 548 BoleA AHHEE Ao W3

Arje] 244 AT HEL HRAH BAL oplEy
ol ¥ FH5UF S AZWEL] FAHAUY $uT &
Al Ve 4 Yok 28n 3y A% g5t ¥1 &
a7t BAASA ST B AT A A Fusw
523 AEUFLL APNYASRT 231 BT} ol
27 Fs) 2 o AAgoNAEL 2%, A%, o4 5o &
22d) BA7 en olgd Big) EHE EGOU SYEA
& B3 49T £ Yok AT - Y SN nFHE
U QolN FH4uSed JETAUFLE PPase oA
SRS AWsE o 28X $ee ¢ & AU ol BF
FoholEo] Hole 220 EAlE L4 BASH Zo| 4
the) AFelN L& Ao| ohyr] MEQ Aoz Hlth Az
dAse oA SHe F MYl F= WsSd U 1Y
A 1Y WSS HAEse] APIASY 2L ANY
e W 3Y £FoU 9o niE AL O dF
A2 YTk
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