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A Comparison of Parameters of Acoustic Vowel Space in Patients with Parkinson's Disease
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ABSTRACT

The acoustic vowel space has been used as an acoustic parameter in dysarthric speech. The aim of this work was to

examine mathematical formulae for acoustic vowel space and to apply these to Korean speakers with idiopathic Parkinson's

disease(IPD). Five acoustic parameters were chosen from earlier works and one new parameter was proposed, the pentagonal

vowel space. The six parameters included triangular vowel space (3 area), irregular quadrilateral vowel space (4 area), irregular

pentagonal vowel space (5 area), vowel articulatory index (VAI), formant centralization ratio (FCR) and F2i/Flu ratio (F2
ratio). An experimental group of 32 IPD patients(male:female=16:16) and a control group of twenty healthy people

(male:female=8:12) participated in the study and repeated vowels (/a-i-u-e-0/) three times. A correlation analysis was performed

among the six parameters, 2-way ANOVA was done with gender and groups as independent factors, and an independent

sample t-test was conducted between the male and the female group as post hoc comparison. All parameters were highly
correlated with each other and only the FCR showed a high negative correlation with the others. The results of ANOVA
showed a significant difference in F2 ratio, 3 area, 4 area and 5 area between gender and in 4 area and 5 areca between

groups. For the male members of the two groups, significant statistical differences were found in all parameters whereas no

such differences were found for the female members. These findings indicated that the vowel space of the female group was

wider than the vowel space of the male group. These differences may have been caused by gender-specific speech styles rather

than by patho-physiological mechanisms. We also claim that the pentagonal vowel space is better than the other vowel spaces

at representing the disordered speech in natural speech situations.

Keywords: idiopathic Parkinson's disease, vowel articulatory space, formant parameters,
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Table 1. Information of subject characteristics

EAT A

w o W o

AA 8 12 16 16
R s 622430 64.6£54 67.7£57  66.8+4.0

Rl IPD(E5)

H H-YHA 22405  2.0+0.8
¥ UPDRS 39.9493  28.5+14.0
K-MMSE 260429 249419

H-YS@7| : Hoehn-Yahr stage
UPDRS : United Parkinson Dis. Rating Scale-Ill motor section
K-MMSE : Korea-Mini Mental State Examination
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Table 3. Correlation coefficient of parameters
VAI FCR F2 ratio 3 area 4 area
Pearson [-.986***
FCR
P .000
.| Pearson |.929%** - Q]7***
F2 ratio
P .000 .000
Pearson [.790*** - 756%*** gp2%**
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P .000 .000 .000
Pearson [.730%** - 7]2%¥* 77]%**¥ Q4(k**
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P .000 .000 .000 .000
s Pearson |.737*¥* . 722%k* JETR** Q35kkk  QQDwkk
area
P .000 .000 .000 .000 .000
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Figure 1. Vowel space of the patient group(dotted line) and

the control grouplsolid line)
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# Written by Kang Young-ae(September, 10th, 2010)

# with help from Yoon Kyu-chul(September, 11th, 2010) &

# Seong Cheol-jae(September, 12th, 2010)

# 110,000 4: 11,000 HzZ downsampling 3}°] low pass

# filteringS ¥+ ¥ To formant & LPC ¢] To formant(burg)*] ]

system nocheck mkdir resultFolder

Create Strings as file list... fileList .\*.wav
select Strings fileList

numberOfFiles = Get number of strings

for ifile to numberOfFiles
select Strings fileList
file§ = Get string... ifile
fileName$ = file$ - ".wav"

Read from file... 'fileName$'.wav
Read from file... 'fileName$'. TextGrid

select Sound 'fileName$'
plus TextGrid 'fileName$'

Extract non-empty intervals... 1 no

for i to 3
select Sound ©}i'
Resample... 11000 50
# (24 24 48) Resample... 10000 50
To Formant (burg)... 0 5 5500 0.025 50
# (34 €4 Z8) To Formant (burg)... 0 5 5000 0.025 50
fl = Get mean... 1 0 0 Hertz
f2 = Get mean... 2 0 0 Hertz
fileappend.\resultFolder\'fileName$'.txt
'fileName$"tab$'©}'i"tab$"f1:0"tab$"2:0"tab$" newline$’

Remove

endfor

for i to 3
select Sound ©]'f'
Resample... 11000 50

To Formant (burg)... 0 5 5500 0.025 50

fl = Get mean... 1 0 0 Hertz

f2 = Get mean... 2 0 0 Hertz

fileappend.\resultFolder\'fileName$'.txt
'fileName$"tab$' ©]'i"tab$"f1:0"tab$"f2:0"tab$ " newline$'

Remove

endfor

for i to 3
select Sound $-'i
Resample... 11000 50

To Formant (burg)... 0 5 5500 0.025 50
fl = Get mean... 1 0 0 Hertz
f2 = Get mean... 2 0 0 Hertz
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fileappend.\resultFolder\'fileName$'.txt
'fileName$"tab$'-%-'"tab$"f1:0"tab$"2:0"tab$"newline$'

Remove
endfor
for i to 3
select Sound o'’
Resample... 11000 50
To Formant (burg)... 0 5 5500 0.025 50

fl = Get mean... 1 0 0 Hertz

f2 = Get mean... 2 0 0 Hertz

fileappend.\resultFolder\'fileName$'.txt
'fileName$"tab$'l]'i"tab$"f1:0'tab$"2:0"tab$ " newline$'

Remove

endfor

for i to 3
select Sound L'
Resample... 11000 50

To Formant (burg)... 0 5 5500 0.025 50

fl = Get mean... 1 0 0 Hertz

f2 = Get mean... 2 0 0 Hertz

fileappend.\resultFolder\'fileName$'.txt
'fileName$"tab$' 2'i"tab$"f1:0"tab$"2:0"tab$"newline$'

Remove
endfor
endfor
select all
Remove
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# written by Kang, Young-ae(September 29th, 2010)
# H5/0]-0f-0}- 29/ o]&
# XMP?JJF ﬂx}—? F a9 Z;'x-] 11347]

Select outer viewport... 0 6 0 4
Draw inner box

es... 3000 500 1000 200
Text top... yes F2(Hz)
Text right... yes F1(Hz)

Marks top every...
Marks right every...
Solid line

Black

1 250 yes yes no
1 100 yes yes no

afl = 812
af2 = 1355
ifl = 343
if2 = 2254
ufl = 418
uf2 = 901
efl = 576

ef2 = 2007
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ofl = 455
of2 = 817

Draw line... af2 afl of2 ofl
Draw line... of2 ofl uf2 ufl
Draw line... uf2 ufl if2 ifl
Draw line... if2 ifl ef2 efl
Draw line... ef2 efl af2 afl

Text special... af2 centre af1+20 half Times 10 0 o}
Text special... if2 centre ifl+20 half Times 10 0 ©]

Text special... uf2 centre ufl+20 half Times 10 0 %
Text special... ef2 centre efl+20 half Times 10 0 ©
Text special... of2 centre of1+20 half Times 10 0

# 3T Sloll Sk 2 4% HA 187

Select outer viewport... 0 6 0 4
Draw inner box

Axes... 3000 500 1000 200
Text top... yes F2(Hz)

Text right... yes F1(Hz)

Marks top every... 1 250 yes yes no
Marks right every... 1 100 yes yes no

Dotted line
Red

# ST EHE X

afl = 787

af2 = 1307
ifl = 334

if2 = 2168
ufl = 417
uf2 = 1005
efl = 527

ef2 = 1916
ofl = 484
of2 = 1010

Draw line... af2 afl of2 ofl
Draw line... of2 ofl uf2 ufl
Draw line... uf2 ufl if2 ifl
Draw line... if2 ifl ef2 efl
Draw line... ef2 efl af2 afl

Text special... af2 centre afl+20 half Times 10 0 o}
Text special... if2 centre ifl+20 half Times 10 0 ©]

Text special... uf2 centre ufl+20 half Times 10 0 %
Text special... ef2 centre efl+20 half Times 10 0 ©
Text special... of2 centre of1+20 half Times 10 0 2

Write to Windows metafile... 3 ©7F.emf

at
=
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