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Purpose: The purpose of this study was to evaluate vowel space (VS) variables and
speech intelligibility that reflect speech performance of patients with motor speech
disorder (MSD) and compare them with a group of normal adults. The difference between
the two groups was examined, and the optimal cutoff value and diagnostic predictive
power to detect MSD were also confirmed.

Methods: A total of 43 normal adults and 35 patients with MSD participated in the study.
The vowels /a, i, u, e, o/ and the first two sentences of the walking passage were
recorded. Fach vowel period was edited for 0.5 seconds, and formants (F1, F2) were
analyzed and VS variables were automatically calculated using the Praat script. To
evaluate speech intelligibility, three speech language pathologists used a 5-point scale.
Results: The patients group showed a smaller vowel space, VAL, F2_ratio, and larger FCR
than normal adults, and speech intelligibility was also found to be more severe. The VS of
female patients was larger than that of male patients, and it was confirmed in the
pentagonal VS. As a result of comparison among the types of dysarthria, there were no
statistically significant results. There was a moderate correlation of 0.73 or more between
VS variables and speech intelligibility. As a result of ROC analysis, all showed an AUC of
0.724 or more, an LR(+) of 2.05 or more, and an LR(-) of 0.44 or less.

Conclusions: We confirmed speech characteristics of patients with MSD through the
analysis of VS variables and speech intelligibility, and predicted speech intelligibility
through acoustic analysis. In subsequent studies, it is thought that there is a need to
analyze additional new acoustic parameters.

Keywords : Motor speech disorder, vowel space area, Praat
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=1 54, 74 Az griske 9)a dupd gol dols
Z7gcte Wol 2 AREY ¥ ¥E% 37t
Jofl SpREe] Wate] gt FAel Bl B, st
ols 5 AZEQolR EA5l] B3 XHE I o
AE, B3 AR, 2g 7% 59 HE T
of tist dAF= AYPET JckBang et al, 2013;

(speech disorden& £7Hh o] F TsHol= H=Y &4
AA, F8ol wet 227189 IA, Ao Qs 2F o0F
£ AZ 4 Aokl SIckDuffy, 2019). ol2fdt tiAE9)
TL2E5ANE Hrlole Wiole S99y 24, o ¥EE 24,
A4 2E Agr 5o] QItHKim et al.,, 2011; Lansford & Liss,
2014; Weismer et al., 2001). €8] AF&EH+ dEAQ] Wyoz
O HRE BXo] glon W PR Iixk9] T Altdlo] Hup
U & olgfsi¥EAE HsiEtHGentil, 1992; Scholderle et
al., 2016; Ziegler & Zierdt, 2008). & HaE H7/N= Wl &
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Kang et al., 2010). tU¥st T8 AZEYoj9 5oz Fut
A ZHE 242 & 5 A HeleH, 1 F t#AQd Ao
Praato|® 24 =3, 24, &, ATHE T O 7Is= 2
1 Qlth

B0l Foet] B2 ZHE A7 AT Ay B
7 e = A9 ZHE, A 1EHE(first formant: F1), A 2
IHE(second formant: F2)7} £83H AREETHDromey et
al., 2013; Lee et al., 2016). F12 9] 7f+=e} o] glo
Og ARZY,E Flo] £iL IHZUSE Flo] WA vehdth
F2= 89 A% 2903 B0l gleus, HMARIUFE F27t
SHESUSE F27F Rk 8 BF /of, o], &, o, 2/
9] F1, F2& 2AHRl #i= HASK] B3 4%, 23 AHE,

=1l
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A2 HA(H30H H23)

g o74% 58 FI3I) Praatd AHMEZTIH £ oA
714 oldl9] AL WEE Fl, F2 & Fgith THES AdER
I8 229 EAS AZHoE FHHETHWinn, 2020).

AgY AoME H2F7Hvowel space area: VSA)ol weh &
WELZL 92td £ qlom, I 250 S 2 AlEES B
So40] Ao E AAsta 2Z7|WEC] YT He W=
Uehdithy B 159 tHKim et al., 2014). B33k B3t QI
Y Aeg XY fES 18908 ZAgle] g4 & 5 =S
AAE ACE F1, F29 = ol&dth E /Y B ARSI
ol met 24 gEdth 4 B89 AES Adcte] Akt
WEg ZoF7tolet girh a7ty #Ed wWeE Bg A7
T, RS AT BE 07T B F2X|4(vowel articulation
index: VAI), Z& $%3} A4(formant centralization ratio:
FCR), Al 2EXHE H]8(F2_ratio) 5°| YHJacks et al., 2010;
Vorperian & Kent, 2007; Wieland et al., 2015). ¥¥t&o=
7 B9 2 Hwsks FREoMe 2 AT 2 AL
AeE ARESHARE 2337 WHolges SHAe 4 2SS0
02Z AESHHRE 3, 4719 ZHE FE°] AT oE H|
oA 7hsAdol = o] AtolAe B oA s ke
o o] BS/Q/7F [/Ee 98 B 3ol €] fiEol
o] YFoE RFF| FFE FA HI ES AT, Hg A
2% Hope o AldstA 23T ¢ Aot sF¥thKang et al.,
2010). 7t Bg50] A4 W] @Wol Hoju glojk Hgg7to]
WA E457] gio] ¥ gErele] AHE =X 32 Ao
& BuEAcKKwon, 2010 Lee, 2010). o]% ol& H¢sl] ¢
A 2 #eEo] AEA A= Janic et al., 2020). H&
ZEARVADE E337 WA EXYAE Bl HaliA A
AlStGr TIES SAEY TAadsd mEEgoold & 5 Wl
73t Aoz7 HEQtHRoy et al., 2009; Sapir et al., 2010).
B3 393 A(FCR= B RSAFE A5 Fg 32 Angt
. Al 2EHE H18(F2_ratio)> 1229 A% & Y] F&
wrgeith B3agtol ek S3Fehe 42 ARl O ¥

B71Y] AEe g AAsiFe $8% 84k o] HuEH
(Neel, 2008; Tjaden et al., 2014; Utianski et al., 2019).

2 dFoAs Odet 499 TEdol e BS E4E
S, FAZHoR BAste] 7ol SA 2 B71Y
AE T 4 Qe 712 ARE AASILA oftt AT &
Ae o= 2ok

AR, A G5 BAEY 27 HWE, ¥ HEE
Aol7t Y=71?

A4, 987 oY 2Z3 WA, O R o7t e

rd o

71?7
AR, T2l 38 Bastt WA, ¥ gEed Aot
g
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1. 97 ohy

£ A7 tdRte FAX Y g Agosl dRoER
B o &A40E Qg Aol nhEgolE Aoy, 79 ol
9] A Aol U= 17 Ao 3900 Y3l Duffy(2019)°l
AAGE 710 E TEgolE A=A L2540 AL 35
Bt AT 43S OE TS APelYtt W7t o] &
7Fs & W AAASE B XY F= 52 AEsto] Bl A
Folx] gria wekE FAES AQEglen, ARSS FRHl6H]
k2 AL (mild)@ F&(moderate) 9] uwh|EA] IRES
oz SAckDuffy, 2019). ARH60.6+13.14)S AEs
W SEE, dEsIAS, A, ¥, A 5 O HEHS
7] SREZ FAEAHTable 1). ¥ HEzE Jy] £44(19
), = EA(159), ¥= S(1F)eleH, HEA /L Y
F(11%), =4M24%)o1qltt. vhHEgole] §32 HAF(17
), BT P(11%), AXPTH)elAt. Hd(57.318.34)
2 A178HA wHo] glom ARl I AkEo] Thse ARES

oz s,

o M\ o

lo

Table 1. Description of normal and pathological groups

Group Norm. (2=43) Patho. (2=35)
Age 57.3+8.3 60.6+13.1
Gender

Female 30 (69.8%) 17 (48.6%)

Male 13 (30.2%) 18 (51.4%)
Lesion side

Both 0 ( 0.0%) 1 (2.9%)

Lt 0 ( 0.0%) 19 (54.3%)

Rt 0 ( 0.0%) 15 (42.9%)
Diagnosis

ACA 0 (0.0%) 2 (5.7%

BG 0 (0.0%) 11 (31.4%)

Chbll 0 ( 0.0%) 3 ( 8.6%)

MCA 0 (0.0%) 15 (42.9%)

Pontine 0 (0.0%) 1 (2.9%)

Thalamus 0 ( 0.0%) 3 ( 8.6%)
Dysarthria

Spastic 0 (0.0%) 17 (48.6%)

Dyskinetic 0 ( 0.0%) 11 (31.4%)

Ataxic 0 ( 0.0%) 7 (20.0%)
Type

ICH 0 (0.0%) 11 (31.4%)

INF 0 ( 0.0%) 24 (68.6%)

Note. Norm.=normal group; Patho.=pathological group; Both=both
side; Lt=left side; Rt=right side; ACA=anterior cerebral artery;
BG=basal ganglia; Cbll=cerebellum; MCA=middle cerebral artery;
[CH=intracerebral hemorrhage; INF=infarction.
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24384717191 Computerized Speech Lab 4500 (Kay
Flectronic, USA)E ARESt] =231%19H, Praat (version
6.1.09) AZEgel2 ZHE ¢ W327F BAZ HASIgIth Tt
Ae di2g /of, o, & o, o/, AF Fae] A & FH0R 4
Sill, W g 329 o], 33 §E-S ol E Aolyitt It
Al A WA B2 9 IAIE skl b & o] IAIE Ak
oh B3 2 A= /ol o], & o, &/F ALFoR UslsiHA]
Z+ BE 7 129 €2 SiEE AXsgeH, 971 Il 4
H ARE EEA 69tk THE 24e wgo] ok it
5% A& Adete] EHoa, 33 wHEC] Hglos At
e 243199tk Praatd] uiRdol wet formant settingolA]
Maximum formantg ‘A= 5,000Hz, %A= 5,500Hz2 Aot
of EXslthKawitzky & McAllister, 2020). EXHE & 9
2227t W AXRL Praat AGHEES 53] Y=k =4
E 29| 39 ATYELE thga} Ltk

select Sound soundObj

Edit

Formant settings: 5000(5500), 4.5, 0.025, 30, 1
f1 = Get first formant

f2 = Get second formant

endeditor

3. @emJ} &%

0z

S4E ZHE 2 B 2 AR, BE AR, BE o7t
I Hg %2 Ag(vowel articulatory index: VAI), XS 5%
3} Hl&{formant centralization ratio: FCR), A2dd H]&
(F2 ratio) AARSIECE W49 A4 FA2 APAHKang et
al., 2010; Sapir et al., 2010; Skodda et al., 2011)°A AA|
gt AL ARSIl oIt At

Area_3 (Tri)(Heron's formula) =p(p—a)(p—b)(p—c),
_ (a+b+c)
3
a= \/(Fl/u/*Fl/i/)z-i-
b= V/(F1/a/—F1/i/)’ +
c= V(F1/u/=F1/a/)* +

(F2/i/ —F2/u/)
(F2/i/ —F2/a/)?
(F2/a/—F2/u/)?

Area_4 (Quad)
= [(F2/i/*F1/e/+F2/e/*F1/a/+F2/a/*F1/u/+F2/u/*F1/i/)
- (F1/i/*F2/e/+F1/e/*F2/a/+F1/a/*F2/u/+F1/u/*F2/i/)] | 2

Area_b (Penta)

= [F1/e/*(F2/i/-F2/a/)+F1/i/*(F2/u/-F2/e/)
+ F1/u/*(F2/0o/-F2/i/)+F1/o/*(F2/a/-F2/u/)
+ F1/a/*(F2/e/-F2/o/)] /2

VAl = (F2/i/+F1/a/)/(F1/i/+F1/u/+F2/u/+F2/a/)
FCR = (F2/u/+F2/a/+F1/i/+F1/u/)/(F2/i/+F1/a/)
F2 ratio = (F2/i/)/ (F2/u/)

~J
o

oo ddojAE YIEHZ 7Hl AofHZA 3ol T A
1 589 SRR o ¥REE BRIt 87t 7
2  Screening test for aphasia and neurologic-
communication disorders (STAND) H7}A]o] A70H 548 Hx
o} AR 71&2S H85I¥HKim et al., 2009). 71&2 1884,
Te doteet A ool §12), 28(AE, ¥ Bt
U gotee Hole Aol §h2), 3Gk, E2o] EEEsta]
Yols2 & Ue FEI Lole7] o F2o] AR, 48
T, H2o] mfe EEEst] A9 doles 4 812, SAGEAHE,
e A QAU ZHOE SISl 389 Aok dES
I A 2 9718 £ 5% HER Brlelglth

H
it

N
o
il

g BEE 3719 @R Y AREE BrIsE] YA A4

Z F 9 30%0) sfgshe 2499 T BES FARE A4F
sto] x7] g7} ol% 25 § 23 BUIE At BARE
B4R 399 Ut AdgkE Waol] RS T UEE 3
7l gt AEeE ASS] fsiA SHARAR(ntraclass
correlation coefficient: ICCOE &4ttt &7 23, B7EAk
b AFE(733~.899, Mean=846), B/ W AFE
(.741~.907, Mean=.858)2 &= $0]tt.

A, AT Dol S 2 BT o 1Y T AE
of tgt S Bt T ¥R B/FE Hlus] e 5H
2 A% ANSIGTE A, rHITel R S3eH B
T BHE: WE Hush]  fEiA deERAHEA(one-way
analysis of variance: one-way ANOVA)Z AASI3L} AlH|, 2
Fehd griel F HEE 7] AAE gtk $isiA Amlo]
o AFEAY(Spearman  correlation)& AAISIIL oSS
p05E AAsiGint. WA, A desgo] SREE Adsp|
I3t receiver operating characteristic curve (ROC) £4& 4
Alglo] W= (sensitivity)?} E°]%(specificity), ZA 3} FY
(area under the curve: AUC), %3 H|(likelihood ratio for
a positive result, LR+), S/3FEH|(likelihood ratio for a
negative result, LR-)E AEsi3tt. 59 HE 7%, Adojw
AFEA, ROC £42 R version 3.5.3 (The R Foundation for
Statistical Computing, Vienna, Austria) and RStudio 1.3.959
(RStudio Inc., Boston, MA, USAYE o]-&slo] B4t

. ¢+t Zut
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A2 HA(H30H H23)

Told  BAEewE {omgt  AolE  Hew, e Fl,
o_F1(p=.394), o_F2(p=.065), u_Fl(p=.934)oM= = Hct 7+ &
omgk Zpol7} ERIEA] okt Tt U-sdol dREY W
= H|¥+= Table 2, B3 379 EA8k= Figure 100 AAoHITE

Table 2. Independent #test between normal and pathological

groups

Variables ~ Norm. (72=43) Patho. (2=35) t p
aF1 954.0 + 87.2 807.2 + 116.2 6.189 .001™
aF2 1506.4 + 144.6  1308.1 + 208.4 4771 .001™
e Fl 608.1 + 78.7 591.6 + 90.9 845 394
e F2 21489 +212.0  1986.9 + 296.2 2.718 .009™
i_F1 351.0 + 683 418.7 + 110.3 -3.166 .003"
iF2 24284 +3188 22187 +3723 2.636 .009”
o_F1 568.6 + 93.6 544.5 + 142.6 859 394
o_F2 919.3 £224.0  1081.5 + 466.6 -1.887 .065
u_F1 473.9 £ 107.0 471.7 +123.3 081 .934
u_F2 1036.4 +364.1 13422 + 442.7 -3.282 001"
Tri 357661.6 + 183103.1 175767.5 + 139855.6  4.972 .001™"
Quad  395720.8 + 176960.1 204889.2 + 1531740  5.103 .001™"
Penta  449178.7 + 150973.0 249480.7 + 181202.7  5.212 .001"
VAI 10+ 2 9+ 2 3.710 .001™
FCR 1.0+ 2 12+ 2 -3.696 001"
F2_ratio 26+ .8 18+ .7 4.227 001"
Int 12+ 4 29+ .9 -10.735 001"

Note. Tri=triangle vowel space area; Quad=quadrilateral vowel
space area, Penta=pentagonal vowel space area; VAl=vowel
articulation index; FCR=formant centralization ratio; Int=speech

intelligibility.
“p<.01, T pC001

Table 3. Independent #test between male and female in
pathological groups

Variables Male (=18) Female (=17) t p
a_F1 741.1 + 88.5 877.2 + 101.3 -4.225 .001™
a_F2 1169.3 + 104.5 1455.0 + 190.1 -5.467 001"
e Fl 553.6 + 78.4 631.9 + 87.7 -2.781 .009”
e F2 1810.0 + 183.6 2174.3 +279.5 -4.530 .001"
i_F1 380.3 + 132.4 459.2 + 62.1 -2.277 032"
iF2 2133.1 + 2435 2309.4 + 463.2 -1.397 .175
o_F1 528.1 + 1423 561.9 + 145.1 -.695 492
o_F2 1055.8 + 578.0 1108.7 £ 325.8 -336 739
wF1 474.0 + 124.7 469.3 + 125.6 111 912
wF2 1325.8 + 533.1 1359.7 + 337.6 -226 824
Tri 145025.6 + 108240.6 208317.6 + 1640943 -1.339 .185
Quad  158125.3 + 130320.7 254403.9 + 163545.8 -1.919 .062
Penta  171806.6 + 120959.7 331723.9 + 2006323 -2.836 .009"
VAI 9+ 2 9+ 2 252 .802
FCR 12+ 2 12+ 3 -356 .723
F2_ratio 19+ .8 1.8+ .7 141 .889
Int 28+ 9 27+ 9 423 674

(.05, “pC.01, T pC.001

Table 4. Independent #test between male and female in
normal groups

Variables Male (7=13) Female (=30) t p
a_Fl 957.0 £ 83.8 952.7 £90.1 152 .884
a_F2 1542.7 +120.0 1 490.6 + 153.2 1.198 283
e Fl1 622.1+ 92.9 602.0 £ 72.6 .694 448
e F2 2227.1 £ 198.5 2115.1 £ 211.8 1.666 112
i F1 368.6 = 76.3 343.4 + 64.5 1.038 273
i_F2 2424.0 + 339.7 2430.3 + 315.4 -.570 953
o_F1 584.3 +102.3 561.8 £ 90.5 .685 475
o_F2 904.7 + 139.2 925.7 + 254.0 -.348 730
u_F1 479.3 £ 108.8 471.5 +108.0 215 .830
u_F2 1028.9 + 366.3 1039.7 + 369.4 -.890 .930
Tri 350429.8 + 189764.2 360795.3 £ 183361.6  -.166 .867
Quad 389184.8 + 177894.4 410803.7 + 181024.7 362 718
Penta 438255.7 + 158514.1 474385.8 + 134407.9 766 478
VAI 1.0+ .2 1.0+ .2 -.400 .689
FCR 1.0+ .2 1.0+ .2 426 .655
F2_ratio 26+ .9 26+ .8 184 .847
Int 1.2+ 4 1.2+ 4 -.133 .896
2. SYSIH H4 Y Y FIO| YUY 74 H|L
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Figure 1. Vowel space area of normal and pathological group
(A=3 vowels, B=4 vowels, C=5 vowels)
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Solulat Hol= SrelElA] giorch WA ek o4 Satel wl
A= Table 301 AXISIAT,

Y YRS JeloMe 23S £4 H

T o7

keh. BB A9, BE AT, BE AT, BE 074%
BE Y ool B4 wAED A SYHUAR SAKo=

B 8T B oS vlwet A%, BE S B | FHIEE Aol gtk A BT A o149 Blu Zxks

F 2 % ¥rE BJrloA BAFCE {oR|gt Afol7t ERIFA Table 40 A5t

Table 5. One-way analysis of variance in pathological groups

Variables Spastic Dyskinetic Ataxic F j2)
a_Fl1 812.7 + 109.6 773.7 £ 125.2 846.4 + 120.2 .867 430
a_F2 1253.3 + 205.7 1333.9 + 224.5 1400.6 + 172.4 1.393 .263
e _F1 577.7 £ 98.7 601.9 + 84.1 609.4 + 89.2 .388 .681
e F2 1951.5 + 305.6 1977.5 + 296.1 2087.9 + 293.9 519 .600
i_F1 413.0 + 1223 4115 + 1193 4437 + 66.8 216 .807
i_F2 2174.4 + 362.8 2304.2 + 298.5 2192.1 £ 515.9 414 .665
o_F1 557.2 + 164.4 534.4 + 138.0 529.6 £ 102.1 126 .882
o_F2 1002.4 + 465.8 1190.9 + 574.8 1101.8 + 253.4 .539 .589
u_F1 476.1 + 125.6 468.5 + 129.2 466.2 + 127.2 .021 .980
u_F2 1366.2 + 358.9 1385.1 + 621.1 1216.7 + 317.6 344 712
Tri 137395.4 + 90704.2 214023.8 + 168576.5 208839.7 + 182767.3 1.267 .296
Quad 170365.5 + 107758.2 232149.8 + 201607.9 245894.4 + 165963.9 .849 437
Penta 231572.7 + 156944.4 250858.4 + 229167.7 290806.6 + 173041.3 254 777
VAI 9+ 1 9+ 2 9+ 2 .083 .920
FCR 12+ 2 12+ 3 12+ 3 .013 .987
F2_ratio 1.7+ 5 20 £ 1.0 20+ 8 .806 .455
Int 26 6 3.0 £ 1.0 29 + 1.2 767 473
Table 6. Descriptive statistics of ROC curve according to acoustic parameters

Parameters Sensitivity Specificity Cutoff AUC 95% CI LR+ LR-
Tri 80.00 69.77 239802.3065 783 .675~.868 2.65 .29
Quad 82.86 69.77 323695.5576 791 .684~.875 2.74 .25
Penta 62.86 85.35 262068.3591 799 .693~.881 5.51 23
VAL 71.43 65.12 .9569 724 .611~.819 2.05 .44
FCR 71.43 65.12 1.0293 724 .611~.819 2.05 44
F2_ratio 77.14 65.12 2.3078 748 .636~.839 2.21 .35
3. OHIZR0N QF 7o) S3BHA W4 U I HRTO Ul ‘

Tri 0.94 0.85 0.85 -0.79 0.86 -0.67

g §3 7] T g 2 O PREE Hlusy] ¢
fA LLEAREA(one-way ANOVA)S AASHLE. HAA 2,
Y, EeEd, AxY LR 7o) SAMCE fon
O]X] %5}93\‘:} BET2 A7) AR vl
]’]'E]—]}TA}Z]U]— e KT |UE Ao
H| = Table 59 AAISFATE

3t

23kekd Briel & Wk 719 AEAE BAdsk 2yl e

=2k —r(Tl”l p=-738, Quad, p=-.758: Penta, p=-.762; VAI,
=-.669; FCR, p=669 F2_ratio, p=-.670)52 ¥ ¥R} IF
Holm ]ﬁL YRS 0™ Figure 200 Al & Hawole]

AEHE 22 EZ.‘E(Penta, ==762)7} 7V =34

082 075 085 065 06

04
, / Penta 0.71 -0.66 0.68 -0.62
02

-0.97 0.93 -0.74 [

NN -
I70/\
N\ VAW ¢

Figure 2. Correlation coefficient between
acoustic measures and A-P ratings

)

1

5. ROC &4
L2570l St AEsl] 91’ ROC £4] 2= Figure 3,

Table 69 AAISHA. EE53to] et 54 249 24 dd
2 EE A4E(239802.3), EE AR (323695.0), Ea 2
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A2 HA(H30H H23)

ZT(262068.402 VERFeH, I 9 WHHELR VAI(96),
FCR(1.03), F2_ratio23DZ UERdtE AUCE AH=(783),
AFFE(791), Q7Y%(.799), VAI(.724), FCR(.724),
F2_ratio(748)2 R%F F5k(fain9 Akt HrlE Ri=ch
(Muller et al., 2005). ZF W59 LRHE 2.05~5.51, LROE
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Figure 3. Receiver operating characteristic curve for
motor speech disorder sensitivity and specificity
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