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Acoustic Characteristics of Stop Consonants in Normal Elderly
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ABSTRACT

Changes in speech production in normal elderly might be subtle and gradual. Therefore, an acoustic analysis is appropriate
to identify the effect of aging on speech. For this purpose, this study examined four speech parameters; voice onset time
(VOT), VOT range, f; of following vowel(fyFV), and fFV difference in two age groups, old (mean age 74.57 yrs.) and
young (m: 27.43 yrs.). The results show that compared to the older group the younger demonstrated significantly shorter
VOTs in lenis and longer in aspirated stop. VOT ranges were relatively broad and consequently overlapped between the
phonation types (e.g., lenis, fortis, aspirated). The fyFV values in the older group which are an integral parameter with VOT
were lower compared with the young group. The fFV differences in the old female group were significantly narrower than
the young female group, therefore, clear distinction became difficult. In conclusion, contrast in temporal information was
obscured, and the domain of glottal information was diminished on stop consonants in Korean elderly. The findings suggest
that central/peripheral changes by aging could lead to a deficit in coordination between phonation and articulation.
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wEbA, S mdFe @ AE T WEE Rl
AFetH, 1 mAg 2ol &
WS ARESHE Zlo] Aot

ghofe] 2 F 7 =2 HIE(47%, 919y AA|FHE A
2> ﬁ%%—%(stop)olu} HdgE  “BE(catch)-Z < (hold)- 71
(release)’ 9] Z5 TDAIE AA AEHEh dg50] ofF HA
SHAl =H, TN QAdA T Bgo] A 7R Arle Al
2t & AR SNAIAZH(Voice Onset Time, ©]3} VOTYS =
A + Utk vOTE AE59 T3l wet et s
ZHAEH, FAFES FHH e, FEdEES 3009 #&
& HRIth ghgole] ggdSe VEFH o g RIS T
SRR <ke] & VM, AsEe Ael7t VOT &9 2
Z1ol wgEth g 959 AFE2 1) ¥ S(lenis) /t,
2) ZS(fortis) /7, 3)8S(aspirate) M"/O.2 UYHEH, °]E2
VOT @2 A>H>459] €08 & s 717tk o o,
Hed Age Ae, 94 FE I #ol S (overlap)Er1E
SHCH(Kim, 2004; Kang & Guion, 2008).

gdgo HAFE Aol AT F e = o
A AREA FYPRFO| 7| EF 34 (fundamental frequency of
Following Vowel, ©]3} fiFV)E & 4 Uttt ulzy o=z 33
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e Bao] AR SEo] ¢ 24 X & gdeo]
ARl et 2ol Belth webA o] e AREA &§
g UTth Fo7k VOT %] AelRte & 54 th H(phonemic
contrast)g _ﬁ_;(]isl- 2= 9}\‘— ‘ﬂ"?i, 2‘5}—&‘7-01&« E:LO_;r,]. ﬁp_ 7]-
VOT F#3tell S3o] YehE= fiFvele] 532 4RE o
88 vt Ao Mo E f(FVe o] HE AA
VOTS} HIssiAY § B8 T2 5E 7FRItKKim, 2004; Kang
& Guion, 2008). fFVE B5Y A% o F #4373l vls)
e e JHEE, VOTZE 7= B3 A5 3 A
Hebo] 24 & itk
=dZe gdE B4 B8 5FTH AFE T2 ‘I‘Oi
oA P& o] k=, wslol] mal VOT kel ZhobAl= W
o2 WM3}g(Liss et al, 1990; Morris & Brown, 1994; Torre
& Barlow, 2009). =3k ©]E2] VOTS ¥ o] (variability)©]
7Fete] WHEel 255Ho] I8 FAEY RTK(Petrosino
et al., 1993; Morris & Brown, 1994; Torre & Barlow, 2009). F
FolE W R 3 A7+ IS FATH HuE 95
TF9] VOTE 243 A7l &, 200004 A d=S %
Kang & Guion, 2008)3to] 918 ¥ =
o] #dg EATHE tE A7e AS7HA A8E vt gloh
dog T dy =
d5& AH Rz 9t oY
Z7O0" Fto xdF DS
53—%01]/\1 1) VOT @_ﬂ%%k, 2) Z ARl AHEEE VOTY
9], 3) fFV Aoigh, 4) A5-9HS, B85 (hFV Aol&
] 23k T
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A FAAE BREg e, ABgs B A9l ds]e
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Ae Q72 2 AERA Fo] 3E d9S

ATFNE AHES gtk AA PAE F B A7
WgoR AT B B 1) BEE AEIHE SARA,
2) M3t B7)S0A SASAT, 3) B-Alolgolsh e B

O

o] §le A2 HFHJUTE =7 4) o1 F I otolaryngology)
T 217482 A 3H(neurological illnesses)©] $1o.H, 7]
ARl &3l s H¥(literacy skills)S 2+&F =JAEE FAHUY. Z
7SS E3l Y-S 54, oA, 4 DA A Yol
AFE AAIEte] glstnh &, A4l of
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Table 1. 27 syllables categorized by phonation type, articulation
place and following vowels

S Az2s AN
- fpal, pil, pul/  ftal, til, tul/  /kal, kil, kul/
AS  fplal, pil, pul/  Aal, il tul/ /KTal, Kl Kul/

S jphal, pUiL pul/ A"al, thil, thul/ /KPal, KL KMul/

23 ¥4
42 TSH(Praat, ver. 5.2.23)& AME3IA] 277 & A 7+

7t VOT2} hFVE T3t o %, dd(Excel, 2007)A] 2 %
7kl WAREE vOT FHYUZ(VOT max)@ HEZHVOT
min)S FE3t9 VOT BHE &3I4 VOT 72 ~9E
233 o] 2] 23ho] A(vertical spike)FE] T3 T2 A2
IHET} Yehr] AlFshe AR7AAR AR 249
A2 A& wHEs] Felstr] HsiA S THsound wave)] FE)
5= ZFE3AT fiFveE $3 259 3% F4(pitch contour)©]
Uelte AN O & FE3th 98 1Y fGFV
ztolE 2t F7iAre] ASEe Hd fFVatalA HeE9 B
fFVE-S M zpo] e AMESIR T, e WoR A ¥
=, A5 Ao fFV zto] = AT
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Figure 1. VOT measurement in Praat
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VOT;,M,W =VOT, .. — VOT,:, (1)
FoF Vaigr = fol'Vpr — FoF Ven @

(diff: difference, PTa: Phonation Type a, PTb: Phonation Type b)

VOTS} VOT H$lE= e w2 ‘}017} froJstA] ghgkom
2 AEE rA @3, [Fve $F 729 7EH Ao
£ 1E3te] @AY A4S Eré}oq —‘%M%}%{E}. wdEy A
WZellA 2+ AxE0] TAA frolgh atolg Hol=A] &
elal7] YsiAl SPSS(ver. 18.0.0)% o]-&3le] VOT B4ld= =
H3EE A (independent rtest), fHFV A= WM-FEY U

717 (Mann-Whitney U test)& A AISFATH
3. 2%

3.1 VOT

X 2. VOT &9 7lesAdt 14 At
Table 2. Descriptive statistics and t-test results of VOT values

Hg EFEx t frolgE
L Td= 5987 14.74 "
e —— 4512 .000
AdS 77.44 14.54
=d= 2007 5.98
Ae ——=° 613 542
Ads 19.18 455
=d= 10942 19.23 .
e — 2798 014
Jd=  98.11 12.08
9 msec, * p<.05, " p<.01
T A¥ETY VOTE 4% 23, H29 voTE i3l
AdZo] w3 fosiAl gtk W, FS9 voTeE =93
oA o 1 Fe B HSHE iEE S BAT
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50 100 150 50 100 150
B35 (msec) 2% (msec)
a9 2. B3 A59] VOT 3=
Figure 2. VOT graphs of lenis and aspirated stops

32 VOT ¥
T 4% OF9 VOT B9E A4S 24, wddo] i
of vls ZE g {3 Ao o & AE A&t AN
AR T3 5

o ol Qs Al AN Y KRl B

e, 3939 A9s
#3590,
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23 Agol AR o L @Al

& 3. VOT W99 71eSAZTH 34 23
Table 3. Descriptive statistics and t-test results of VOT ranges

FF EEUA ¢ folEE
Tl 59.60 23.96
e —2 1989 051
AdZF 4830 16.39
Td= 3480 26.70 X
Ae — 2289 027
A= 24.08 7.81
a2 5946 20.46 .
Ae —— 3804  .000
Ad= 4387 11.22
@9: msec, © p<05, 7 p<01
9} (msec) 0 50 100 150
34.80 9.18 43,98
59.60 33.88 93.48
59.46 8L51 140.98
2408 10,18 3426
48.30 54.11 102.41
43.87 78.17 122.04

19 3. VOT ¥4l vm
Figure 3. Comparison of VOT ranges

33 fFV

E 4. {FVe] 71EsAF M- EY U H4A dik4)
Table 4. Descriptive statistics and Mann-Whitney U-test results
of fFV(female)

AHEA .
TAE %T z  foEE
B =d= 21474 32.19
e — -.644 534
AdZE 21673 13.67
wd= 22935 48.42 "
e — 2840  .004
AdZE  262.60 27.57
Td3F 26174 50.57 .
Ae —— 234 019
AdZ 289.60 32.37
&9: Hz, " p<05, ™ p<01
fFVE 48 Eefste] F 9% 159 A3 vlashsith

L A% Agel fFVAlA
& ¥olB AgAT WAe) fFVE o4 2
e o, BAA o4l 9tk

A5 AdSol nlsl
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Figure 4. fi)FV according to phonation type(female)

34 fFV =}o]
E 5. fFV 2o VEEAES M-I EY U A4 AzHAA)

Table 5. Descriptive statistics and Mann-Whitney U-test results
of foFV difference(female)

REXES

gae L0z seuw
wd% 5863 3090 .
AeHe — 1757 081
AdZE 6841 3321
wdF 2643 4377 .
Ae-BE — 2166030
AdS 4435 31.54
wdF 2744 3593
Ae e —— -205 851
9T 2678 2995

©9): Hz, " p<.05, ™ p<.01

F Ay 204 ol A GFV AolE Hu, A%
3 g, A3 BeolA GFV o Rl mdFo] Pd
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3 6. [FV 2tole] ZleTAEH V- EY U A4 23(E4)
Table 6. Descriptive statistics and Mann-Whitney U-test results
of fyFV difference(male)

A4
TAE g 0z RoluE
dE 3881 3593
Aeg e — -84 808
AdE: 4730 28.20
EdE 4678 2611 .
Ae-BE —— 2345 018
Ad3 3305 1657
dE 39589 2357 .
oL ——2 3127 001
J9% 1398 1178

©): Hz, " p<.05, ™ p<.01

A S A5, Ae3 LM [V Aole o
TE 2 Fl@ Aol Gtk e FE HFV Fol
WEol AdFuc odle 2 g uel, oy AiAsel
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YAiciet S0 M7E Mi1s (2015)

Fob= g2A ettt A5 452 (FV Aol 011/\1% =
ol =) #e Ho, AsH 5ol 298 w2 fFV
7HA .
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o] e 55, A, 74 2, E,
ol B33k Aot} wekA dr]o] e HE B
< 7]A(speech production mechanism)2] 35222 W3},
3] =l (sensory feedback)e] 7H4:, % ZZ(motor control)2]
5o A Ast T2 o §¥H EAo) W E rtHe
(Torre & Barlow, 2009).

%}301 =4E T HESS 4 AA WelA 1 RlEe] =
, At s vzt viE AUt Bt w}ﬂ'/‘i st
= 3‘—%"“ AV ST FE 54 UPe dEeoz A
ZREA Q1 T T E S(speech intelligibility) #3171 L}E}a Aot

B AT AdgeA A sEeo A WA S3FH EA
A dSol viste FEddAe &1, A5
A s E?l = Aotk WEoAe] olgd A ol
A ATE(Liss et al., 1990; Morris & Brown,
1994; Torre & Barlow, 2009)°IM = FEZ o2 3213 nle}
2T}, Forest 9(1989)l 2J3td, xdF2 &F IHFZ 0] 7
2 (stiffness)3ll Foll wet 52 VOT o]l Eolethal sttt

Els

f
o
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oy M

o4

Fd& 255 AdlMe 257189 ARs FaskARE 2
ARl ge 37 gAY AAT RFo] FFd, 57
oHzZo] ZAEY o] 22 FA o] AFHA o] Fo|AA
27 Fth(Martins et al., 2014).

Agel Agele B 28 wd3e) vorrt Fddel

Hste] Aotk oleldt @4ol thek 9= APAF= Foprr]
AEH, 2 olfE Folo FATFES(, ol dF=olo A
(el, /ende th27] gZolnh. &, =dSdA g A5
o] VOT7F AEZRT 21 @2o diste] ozl FA4E59]
Hole 21 #ke] voTel AFo] AHs| & & sl APl
(2009 A& BAE0] B mdEed Hal 2 kel voT
£ Ztetta Bastgnh oldf tiste Azke AE S$AE
o] Holz u|FAlZH(vagus nerve)?] WIS 25 21743 (dorsal
motor nucleus)¥} % A7 Al(enteric nervous system)2] H3}ol
o3t Axteta Awstnt olgg 71del o3 259 EFS
(incoordination)> VOTS] 9948 7F4-& 4 UATHForest et al
1989). A1 Esl= vld 278 dge A
T opet A w3t FAAE UEhE  floH, 53
& #kAtel 13 =2(old-old) <] ,%%t Be FiA
F& RQITHLiss et al, 1990). A
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Z7] &4 7118t Aol FEo|th(Boisgontier, 2015).

AEo)A VOT %% ztololl digh = shte] 72 fFvet
o] A BA(trading relation)oll Al AT 4 J=Hl, 22 fFV
9] zpo]2 71 VOT o2 HYstuAsi= 24 2= o} 3
o] S5 W AS2 VOT #toll glo] 47 FHE
ol AEFHER, BebH o7 fFVY Fh ZolE e B
o SRR, @SS AdSel vis) AL fFV & xfol& AHS
37 W&o, 1S 53 AE2(glottal) zmaq VOT %ol B
o F = AZHE(temporal) X O HIFS & Zo2
T AT

2 AFA A3 2 voT 89 ¥ae shue] A f3o]
ket AR A0l me) o= H =9 W F(variation)= H.0]
A #F ARE G8F F vt dFo] ¢ W HAE
g AEo) ARSSte B A7 Ay w3t J8gEs
£ VOTY 74 W ®o|(intra-subject variability)”} =}
PATe} eto] UX|GTHPetrosino et al., 1993; Morris
Brown, 1994; Torre & Barlow, 2009). o]l #Hisll, JdFL
A BARE S dAE HAE 8o, TR
W WEo] A ZAzhe] WARE 1 HFA AolE HEgs] &
g ATk VOTY F842 I &9 Ao/t 24 dds yE
LH7 “ﬂ A, & A7 =dF Ade 24 HHRHE0] Al

f

rL

2

ot _lllTI =

3o 71Ug d-S(coordination)S TR E

< A2 vorel o8l dAH oz iy
E]OiO}: 3l=Ttl(Kang & Guion, 2008), = dZolHE o]E°] =
A=l YehuEZ A& ZAZE #ASHA Atk Ae-2 H5ol
Hl5) 718 (tense)= HE A (distinctive feature)Z e o4
O|Th(Han, 1996). ThekA HAGE 259 INFEE FA7] ©f
HYAE =dFolAME A9 F-2 A(short lag)o] FrAH
A @1 0 AFE Bole FoH AR FHEH YA |
o gojo] A= &2 VOT Hol7t A e do] s of
AA Sh=tl(Morris & Brown, 1994), o]= TA-Z27]#2] Al
7+2 H-S(temporal coordination) A3 ZAZ B & 9t}
(Torre & Barlow, 2009).

@ A=l Slol AHghstal W
= Aol tig AAEH A=
2006). 1Y =32 Qs
(supraglottal-glottal coordination)S <
W37} dAshE A 02 FHHTH(Liss et al., 1990). =8b= T
<59 Ay HPe #AS= FFAHA(central nervous
system)?} 59 AE @EshE  EZ2A73 | (peripheral
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A AdiRlEe] AAIRE dZ20] o2 ¢t Soros 2 (2011)

o] A7 Ao w2 wslo] o3t FFANAA Y W=
Z5-3(supratemporal gyri)E L= FSFAAE Oﬂ(posten’or

supratemporal  area)®]  FHAZ/dShHunderactivation)} Y=
(bilateral) =53] (middle temporal gyri), W% F3](medial
frontal gyri), &% F%(middle frontal gyri), 3} (inferior
frontal gyri)®] FThEdSHover activation)E UEFATE T35
92 A7+ A (auditory processing), *dZ(tone), T EF
Wshe 9o, o] XY HASAGS) kit &
) TEY AMIE VA LE R £5FE F 3
gk o] B9= 2224 A gl (phonological processing) I4-S
5 g, 45 5739 Ao2gsl o B
T oka ARttt oleid A4 B4E sl el A
22| Fosh= /‘\_]76‘ "Hneural networks)E2| AT%3} 74
UTE FRAAA Y] WHslE FE $
ﬂ%(camlage)«] *“§]-(os51ﬁcat10n)9} T7H A (orofacial)
o] tl3EZ o]H(Tremblay, 2013). ©]=
1 £57F =eAa ATt GojAA

o
1
[e}
_|

=
Jur)
T,
X
ro,
m‘i

or

q

o
i
o
)
ol
oL
i
r{r

(e, 2 o i o ng Ok nft A
Ol
= f
b &
(L N
oy [
Ly g
mEI =
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S AdEe] F WA 5 54L fFv7E e 2
y ddc= A9 2 R 1Y o
o AHE-3k= fiFV ztol7} EolEthe Zlolth fFve] Azt
e B3 ()7 =
B AA Eolxithe APATot YA FrHRamig et al,
2001; Xue & Deliyski, 2001; Nishio & Niimi, 2008; Torre &
Barlow, 2009). =d=9] SA40) J&S FA HE 2541744
o] M3lREE FolE ¥ FAS 3 olds & F e,
o2 I3 vAg RAUH &5 - ofEgo] TASHA
H Tt Weismer & Liss, 1991). &x9] He= 2 o Z(vocal
muscle)= X33+ o8] FF Y (intrinsic muscle)? 2
(extrinsic muscle), & (cartilage)E2] 3)F3H2 WHIlZ Q3] &
T EAo] ZefAle Ao E UehdthMartine, 2014). 3],
w3lo] o3 AEFAAY]  AwiE W S

—_L
(cricothyroid muscle)®] 3ol AAEFH I1FE 7] oYX H
kil
o
=4

1o
1'011
il
i

A G| 4R MY} st dnh =R o4
37} o] B (edema)yS 7HH 9} mdZo] Fd Sl H]s)

7} eldthe 2 3 Pelxl Aol EE 9, 2014)
AE Beol vl O T AR 2dF GV gl
oA ks A, fFve] 4TS TP W o)

it = wd

Fo AR B oA ke etk 4 BARY

o] fFV oS Au] B Ano| %

el © 22 polE ARgataL glo] foFV«] Az g 5
s

ool voTHe 2 F2tde] Brhed Aol £ sz

(Kong, 2012), ¥k=A] VOTS} fiFVe] S92 ARt dasi.
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AAZY HEH A5 FHol {FvY BEE Aol= Kty
€ B, =95 BE EREEC) AR FHPAE BFs)
I AASERG AL (FV 2olE ARESkAL AT 53], VOT
oA Uehdes A3 B59 3L Tdd 2aus bt
e Aelth VOTAA S50l dojud fFVE 831 o]
£ slaslof gt =i 9489 A%, Ao Heo T3
5 B8 fFV Zol7F AdSdl vis) ZopA F HAdHY
2 Oige] Ao R offrhs 2e ¢ & Uk ¥, =d
% 949 A4S HAEFTEY fFV 2olE o A AMEStY =
e S W83 st 2R B,

2aole] g F4 AEde ke adlEse] #ogith
E3], &% =27 (speech motor programing)S 5
A (timing)ell, AgH A <&AZHduration) s, SHFE T4

(sequence)©ll we} &2 ol =% WHe ok stal, o uhz}
Zx7] o] B5 33 (speech motor execution)©] o] FO] ] of
kS 9, 2012; AF3, 2012). =3h= o] HA F
oA EAZE BAL 5 A, oA @ FA =& &F
Aol wgo] At 53], o] FEF| A, MolT=
2554 *éﬂ]{]%’\]ﬂolﬂ}% “53]'0] Mz & Sl
A Ao R AZEBRRE F 31 &S vl 533 g
ol kstol o3 FEFE WS 7Fedel =T sl

5. 48
B AeME wdsy 9w 4de 54 2394 o
TS Bt FRIstaA sty 1 A dSES Hd
Zol vs] HgolAe & AgolAE 21 VOT e Held
A, ZF B AMgstE VOT H9lE doidoz yojA
M2 FHE Uitk vOoTS BdH g A83te fiFve
Azl ws) e e BA, 44 #ARE 1] fiFV

AFol7h FobA HEg gl o zol ATk A T, =
W29 gtde-e AZHA Ao o3 FEo] nEsA1, o
E B A% AE AR HAAR SA4HE FHHL E
T Uk ol x3E 3 FF/LE W3} A A
9 25549 #&S ofgA shr] dEelth

2 A7 293y JE5E E SHoA gEglon,
A7t Ago] FrtE o], AEH DA 7 7he] @A el s
A7 EgETd 2o B§Y 52 ARE =2 F IdSs
Zoltt, EF, =W olHg 2 M} ANAE] T Ha
Eo ofud FFE NMALEAE ARFOEZH oARAT 9
2 S TY AstE AWsd 4+ E vt HIY
(neuroimaging) #4318 53 = dF9] U5 e Wl 7

5
< Fe d7= Fesita Asdnh

3) oh, Ao Astel Y@ SN B AT A wPA
FE Q3] Yukslo] tha ofelgol 9g.
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