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Purpose: This study aimed to confirm the correlation between short vowels, alternate Correspondence : Hee June Park, PhD
motion rate (AMR), sequential motion rate (SMR), and vowel space area (VSA) for elderly ~E-mail : june@cup.ac.kr

speakers. Vowels were combined to identify vowel space characteristics in an alternating

motion task. Furthermore, it is helpful to measure speech sound characteristics, motor Received : August 31, 2022

language ability, and intelligibility of the elderly, and to measure fast speech sound Revision revised : October 17, 2022

characteristics, motor language ability and intelligibility.
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Methods : The study involved two groups of 20 subjects each: normal elderly (65~82) and
the young (21~50). To compare the AMR, SMR, and vowel space characteristics for each This work was supported by the Ministry of
task type, differences in values of VSA, vowel articulatory index (VAI), formant Education of the Republic of Korea and the

centralization ratio (FCR), and F, ratio were compared.
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Results: According to the study, the youth group was significantly higher than the elderly ~(NRF-2021S1A5A8071216).
group in the following results. 1)AMR, 2)SMR: /papipu/, /tatitu/, /kakiku/, /patiku/, 3)VSA:

monophthong 4)VAL: monophthong, AMR: /pa/, /pi/, /pu/, SMR, 5)F; ratio: monophthong: /pi/, ORCID

/pu/. On the other hand, the FCR values were significantly lower than the VAI values in Dong Won Lim

monophthong, AMR: /pa/, /pi/, /pu/, and SMR tasks than in older adults.
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Conclusions: In conclusion, the diadochokinesis speed, characteristics of vowel triangles Geun Hyo Kim

between the elderly and young groups were recognized and presented. Therefore, it is  https://orcid.org/0000-0002-6439-3750

believed that they can be used for clinical use as a comparison of normal elderly groups.
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In addition, if software that can measure simultaneous tasks is developed, it will be https://orcid.org/0000-0003-4801-3188
possible to quickly measure intelligibility in the clinical field and compare before and

after treatment.

Keywords : Alternate motion rate, sequential motion rate, vowel articulatory index, vowel

space area, formant centralization ratio

& 3% AZ9 AXF A}, 2271EY +x ¥ HY
A8 Ao, &5 T A, A W " 239 9%, 35
A9l &5 Ast, AFFTEY 4 A, F9 Y e H
eled, ol Wdkel ¥HE 59, 3%, 9¢ sl A -1
Zog FgkS w)ztHBennett et al., 2007; Kim, 2005).
The PEEE 35 U4, 39 T Y AREC] Zedt R

£ 845 He SPAE, IR U 2e 124 7|59
Hile ¥ YWERAE JFE 714 4 AtHRamig, 1991
Yorkston et al., 1988).

QITHE A4} Aot Adslaiat ok JEE E, 2,

4

3,

P

Copyright 2022 © Korean Speech-Language & Hearing Association.

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/li-
censes/by-nc/4.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

A, By 5= 59l JALE Btk 11 F Ylspeech)> Ak
BolA 7P B&Foln AHAQ] itolt). ARl TS A&
7] YeiME &, B, 39, 23719 E30] YEsHA olF
ofAoF gttt

e A4Sl 5 29 B 9 A BRE A%
U 250 &40 A7 ARole AAAEA ¢ Azl EAIE
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AR o oIt Hrle 7RssItHDuffy, 2005; Freed,
2000). W59 off] FEoEE= F, H, A I Zo|
A%t 2L HESlE wdl5<4L(alternate motion rate:
AMRISH ‘HEA'Q} Po] FHY XFPE RHEcke HEES
T(sequential motion rate: SMR)Z ©]Fo{A QIthPark et
al., 2014). DDK #42 A AP AH £02 ST 5= glo
U Aol 24 42 ol dAelie AZELOE A
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Table 1. Participant information
Elderly (2=20)

Control (2=20)

M SD M SD
Age 71.85 5.80 29.3 6.61
K-MoCA 24.55 1.39 27.0 1.78
Structure 24.05 .94 24.4 .99
SMST
Function 33.10 72 33.5 .61
2, o7 Ext
1) 88 58
g 9 450 gle 59T 49" oA ARE +4
sttt 8 AZ AAHIE folsiA gZ AE °lE of
ol =2 vl o] R Ago] 7FF AL AIRE Adst
et WolA ALE $WoR AT T =9e WAL
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Figure 1. Analysis of DDKavr using MSP
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W50 2 WHEE= 3ot H357t W0 tiste] ot
H7] Aol =52 sl ARt o= 15em Aol 42
£ o]83l9] SonyAe] HolAHFH(Linear PCM Recorder,
PCM-D50, Sony, Japan)= MEY HolE 44.1kHz, UASt
16bit. WAV ®4og wosjolr mojo=d @ud metu)
HE &3S 99 KayPentax®2] CSLo| 23t =& A"9d 4
ZEQoJ] MSPE AR&st5ch

3. &8 &4

1) R HAl ER

SESE7E WAS dophy] ste] HSAAEOlA 7 St
ARk /H/, 11/, [+ EEE WAsk ol Bkt I
A Al Ao Woke AR HAsHA 2% 5 TEiEA
872 et & AASHIT

olF ATLYAAEY T AT SFEHL YotHr] st
o AMR A2t SMR IAE 8519t AMR IAZE %

aNee TYan meHAEY 2 B
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Table 2. Types and contents of the task

Task List
1 Vowel /a/, /i/, Ju/
2 AMR  /pa/, /pi/, /pu/, ta/, Jii/, w/, [kal, [kif, [ku/
3 SMR  /patiku/, /papipu/, /tatitu/, /kakiku/

)

QAN/V/L I, [+/2eE 233 'pa’, pi’, pu, ta, i, ‘W,
ka', ki, ku'E SHE HIISHESE S191aL, SMR HHAR ‘patiku’,
‘papipu’, ‘tatitu’, ‘kakiku'E W WIRIEE SI9ich RE
SR At Ade e, AEels, A W 4
=% A7t BAYE R 23] A P A4
S ANESI AVR SVR TS & 334 2EaeH o
GRS AP Aokl A S B9 AN
41 SuEol Y wEn HEep] S9E RS Hdn
of Besigth ool 18 SIS ERL okfel Table 2
of AEHL

£ A7 DDKOl #3t $42 Park 5(2012)9] 478 =
sttt B4 =2 732 Kay FElemetrics®] Motor Speech
Profile (Model 5141)2 ARESIG Y, EAudLe 7k dislo] &
A WHE FRoA Qg 3% A= dolg AAsie &4
Sttt 1S5 EAoA AMEEE wERe] FFE & &
= Id=Q  IX:(threshold) 55dB, Z°] 20ms, &
(overlap) Z°J= 5ms, smoothing= low $&F02 BA5H9ct
EXMHO] o= Figure 19 AASIAH.

2 AFolx= /Y, 11/, [+ 370Y] B3l gt Fi, Bk
ofgfe] FAo] WYstATt VSAo tigt AEL RSAZEC]
AL 71eo® A8E AR Al W dolo] digt HH
& F3M= Heron'sY 3Ao& ARESIY, VAL FCR, F
ratio FA°] gt AR W82 o2 ZrHKang et al,
2010).

2o Hol = Vplp—a)(p—b)(p—c)
(a+b+e)
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b - \/(E/'}/' _E,’\ /')2 + (F2/ 1/ _FZ/H)Q

= \/(Fvl/"r/' - E,’ } /')2 + (F2/ v/ - F2/"r,/ )2

By T E,,,

VAI= R, +F _+F +F
F, +F, +F +F
FCR = LS
F2ratio = FZW
Py
4. 7 2

g TR0 =2 Ao 7+ AMRO digt H{w BEEAE
Table 3¢ AA|3FiH.

Table 3. Differences in alternation motion rate between groups

.

/pa/ 5.11 (.90) 6.46 ( .55) 5.74”
/pi/ 4.82 (.74 5.94 (.49 5.63"
/pu/ 458 (.67) 5.70 (.77) 4.84”
Jta/ 471 (.71) 6.28 (.97) 5.83"
Jti/ 4.69 (.58) 5.63 (1.27) 3.02°
/tu/ 4.68 (.82 6.18 ( .80) 5.84"
[ka/ 4.84 (.73) 5.96 (.74) 4.85"
/ki/ 457 (.74 5.79 (.93) 4.57"
/ku/ 471 (.69) 5.78 (.59) 5.23"

205, "p<.01

olzfet A¥E & W, AMRO| HiRt H e o] A
of /ti/ AKX 05)2k /pa/, /pi/, [pu/, /taf, [t/, [kaf, [kif, [ku/
TACODY &hold Faddy =d¥d 7 SAHCE
Fofgt Aok uepdth. Fddeld 29 wESeTE MY
2 Me 23 64695 WEQ /pa/iAlE dERA WS
St 7 3 e 29 5.633E wHER /d/THAE U
et QiidolMe 23 WHESIVE P 22 e 2
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g 511818 WET /pa/aHE AT FUSIGT W=

S7h P RS I 2 45798 MRS kiR et

sk

2. B2 ZR0 mE I 7t YBSSAT(SMR) Xt
BS ZR0 mE Fe 7 SMRO| ot WE EEREAE

Table 40f A5t

Table 4. Sequential motion rate difference between groups

Task i Conre :
/patiku/ 1.69 ( .32) 2.60 (.37) 8.38"
/papipu/ 1.54 (.28) 2.26 (.17) 9.87"
Jtatitu/ 1.53 (.29 2.24 (.21 9.99"
[kakiku/ 152 (.31 2.27 (.20) 8.93"
"pC.01

ojzdt A¥E & w, SMRo wigh Mgk 7] £ glo]
/papipu/, /tatitu/, /kakiku/, /patiku/HE THA|] Lol g
At wyezte] BAHoR  |ogt Ao|(p.01)7F E
wrh Faddoldes SMR Aol i8] /patiku/, /kakiku/<t
/papipu/, /tatitu/9] =0& WHEIIGTL #9101, Rl dolA=
SMR FAo]l sl /patiku/, /papipu/, /tatitu/, /kakiku/2] &2
2 ¥RE3IRT} Eokth

3. oA |¥0 oE 233 4 X0|

1) HE 2 2837 BH(VSA) x|
Ak 7+ Aol e VSA g Bt #EHA = Table 5



Table 5. Analysis of vowel space area by task type between
groups

Task id(e;g %)r(lgg)l )
Vowel 205,049 (86,980) 404,251 (191,756) 4.23"
“@,/pw 176,850 (73,585) 214,091 (126,178) 1.14
iy 109095 @675 146381 (99.879) 140
Ah//[kz//h//ku/ 145,938 (89,064) 235,098 (144,945) 2.34
Shf;ﬂku/ 125,539 (60,791) 142,122 ( 85,957) .70

Note. AMR=alternate motion rate; SMR=sequential motion rate.
“pK.01

Fasit iol@i}fﬂ VSAS ®|wet Azt 7]& E—J}Xﬂ"ﬂ ot

£ VSA Follde fofet Alol7h YepgAe, 712 BEs AlQjet
AMR TH|, SMR -‘Jr;ﬂ]""/ﬂ FAACE {3t AlolE UERfA|
£ gt
Figure 2~60] F& 7t JAFH] e 24T E U
Wl

Figure 2. Vowel space area according to monophthong task
between groups
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Control == ———

AMR [pa/, /pi/, fpu/

Figure 3. Vowel space area according to /pa/, /pi/, /pu/ task
between groups
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Elderly
Control  =—————

AMR /fta/, [ti/, [tu/

Figure 4. Vowel space area according to /ta/, /ti/, /tu/ task
between groups

2700 2200 1700 1200 700
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Control  =——e———

AMR /ka/, /kif, fku/

Figure 5. Vowel space area according to /ka/, /ki/, /ku/ task
between groups

2700 2200 1700 1200 700

Elderly
Control —————-

SMR /patiku/

Figure 6. Vowel space area according to /ptiku/ task
between groups

e 7 PG 2 BLESAS Y Wi BEHA
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Table 6. Analysis of vowel articulatory index according to task
type between groups

Table 8. Analysis of F, ratio according to task type between
groups

Elderly Control

Task M(SD) M (SD) ¢
Vowel 99 (.17) 1.19 (.14 3.94"
AMR i

Joalfpiffpy 21D 106 (13) 371
AMR *

Jta/ i/ [t/ 79 (.15) 87 (.11) 2.06
AMR ok
SMR 77 (.13) 91 (.12) 3.62"

Note. AMR=alternate motion rate; SMR=sequential motion rate.
<05, pL.01

g wQlfde] RgRSAS: S vt A
AMR /ta/, /ti/, /tu/ TA(pK.05), 712 BSIA AMR /pa/,
/pi/, /pu/ T, AMR /ka/, /ki/, /ku/ T4, SMR ZHA|(p{.01)
oA BAHoz Folgt alol7}t HEehgt,

b HIZ(FCR)

MR 25 SY=
= 399 HE @] B

oE
A PAFF e B
FHAE Table 701 AlAISI3

Table 7. Analysis of FCR according to task type between groups

Elderly Control

Task S e ,
Vowel 1.04 ( .20) 85 (.11 -3.64"
AMR )

Joal/piffpy/ 11100 95 (.12) 3,55
AMR ‘

il 132030 117019 2.09
AMR *

Jka//kiffkyy 108 (19 95 ( .14) -2.87
SMR 1.34 (.25) 111 (.13) -3.67"

Note. AMR=alternate motion rate; SMR=sequential motion rate.
<05, pL.01

A =QfHe] FCREHE ®we 23 AMR /ta/,
/ti/, /tu/ IHA, AMR /ka/, /ki/, /ku/ ZA(pC.05), 718 EE3t
Al, AMR /pa/, /pi/, /pu/ ZA, SMR FA(p<.01)M EAH
O [t o]z} Yetyitt.

4) Tk 7 HQE0| M2 F, ratio £A]

At 7+ IdAeFe] UE F, ratiodd By FEHEAE
Table 80l AAISFATE.
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Task Control Elderly t

VZ‘;% / 3.48 (.56) 2,61 (. 74) 418"
A/fo/ Jou/ 2.82 (.53) 2.31 ( .49) 3.2"
A}\fi};/m/ 2.13 (.71) 1.74 (.50 2.04
e e/ 339 (689 269 (.69 3317
SMR 2.59 (.49 2.22 (.49) 245

Note. AMR=alternate motion rate; SMR=sequential motion rate.
.05, p01

lo

FQSH o] Fy raioghg MEe An 7R =
Aok AMR T, SMR T mEolA BAdos goft 3}
ol7} v

o

V. =2 ¥ z#2

= =2=

2 dFoMe @SS tdeE DDK IAo ZSAE
o Z+ & A QA /Y, /1], [/ XA TR,
AMR, SMR, Z237F W] tigt xjolg IKIsta o9t t&E
o] Z+ &40 YA 23S ZFet DDK IAE Edlo] ¥s
2555 B3R WEZ FAlO) Sste] Hddt =9l
9 WIEE FHsYZ HlwolwA stk B Ay Fie
ka3t o] 89k & & itk

A, AMR FHAPRlA HAaddy} e 7F AMR 9719
Ao et AMRavrigk & 23 WHEEE &£x BEHoA 54
oz fogt zolE yeRfldch ols ko] HWZHo
DDK 3o Yrh= A¥A(Cheon, 2007; Kim, 2003)%t
gxgiet. sHAgE / /RS X3etge W FUATS /pal/,
/tal, [ka/&EAR B2 YRS UL, =AFES /pa/,
/ka/, [ta/&£AZ B $FFEE Yeioich 74 AdolA9]
AMRIHAlS] W& zlolE AmEA HAHHIM /pa/7t /pi/et
/pu/ETH 2 S et =fdolN 9A] U
FFS vERIE ESF LT /k/AGAM  /ki/TA7
[ka/%} [ku/IAED W2 S YERQITE o= L3E <l
3 F2 ARlEck o] HoRpE 9] ZzQlo] Folue
Hall YeEdti= Bennett $(2007)9 9= 1Ed o), %
SAA7E ARl /k/E QRFHeR Tk [}/, /% 2%
o A Bo il 7P Hel gk dAme /] /9 23E
TS sk g 9ol 7 229 Atz Qs *e g
g mel Aow o)

E4, SMR IHAPlA Hadest 8w 7+ SMR 4714 A
off gt £ 24 23t /papipu/, /tatitu/, /kakiku/, /patiku/ 47HA]
I 2E ROt zlorh 9otk HARHS] SMR SRR
[patiku/ 2.60/s), /papipyu/ 2.26/s), /tatitu/ (2.24/s), /kakiku/ (2.26/s)
«o®  Uehgom Qe /patiku/ (1.72/s), /papipu/



(1.58/s), /[tatitu/(1.53/s), /kakiku/(1.52/s) €02 w=Q1¥dho]
BE TAOA o] [ostA WA 72t IAY] WEE
59 SAe Fuydat vsst FFE dERdh SMR T
Aol et FdollMe] ¥ e 2wl FAANA /patiku/T}
AolM 2 S Yepfiodch o= AMR IHOIM 7 &

o 4qRe BYY /pa/% 25 AV FUT AL BE
o] 2% /pi/%t /ku/9) Eo] WEHQ 2FS St o 9)
of #o gAUS HisKel uet Sl ok ¥ 4
olck

AR, IAFR] WE A 7 B35 B4 24T 2
REEZ WA Qo] BE A FYolA Fds XEsd |
ol IA YeRtol BAZHCZE HR2oARt folstA YE
o ole WHESEIE dEpel meh B33t wo] Fop
£ A4S vehita wekEnh SMR ZHAIRD /patiku/ofl ohgt
EAE J¥e AvEd PddoiMe AdEd 2
A=l Bge HORARE Leflfdolre] E3HAEE HHE /
|

_h‘:"

PG BE AMR A F /tu/THAIIA o2 Ao vl &
7b st e E4S YR ols 2R3 /v 34
e /+/7F vy §7F Aoz AdEicty HoHEdh o
7 I fYo wWE VAREE 249 ERE o Hddol
LdgEr gES, AMR ZAI9E SMR IHA] EFOA {9
s =A 2= 3 FCRES VAR HifE Fdy
o] LofgEnh @ AMR A, SMR IHAOIA ffst
A WA AT ol kA¥do] T IAE SFHsh=
g 9ol mZol FUst Hlgo] oS FIT £ Qlodth
Lee(2010)9] A7E 1tgle W VAR FCRE o
Froe @2 JFS vAH, YRE AE Hole EF
Shh gl AL 7 Y @S, AMR A
/pal/, /pi/, /pu/, SMR FAE +FT ff =RIFHO] PREE F
g o wolttn wd = gk ek 7 Fp ratios Hlust 2
I S%2-Z3t /pi//pu/, /ki//ku/, /ti//tu/, SMRO HHEF ko] W
SOl oAl EA A=k F, ratios 23/ 1/9 /+/9
Wy gEE EEA 22 HYEES W1l 589 HgE,
o A% 229 2 Y& ¥4 T 22T 2FU
s metslr] R-89t metulEoltkSapir et al, 2010). F,
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i @30 YEwrl JASEo WiteE AL d&5) & 4

olN olN of
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