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The change of vowel characteristics for the dysarthric speech along with speaking style
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Abstract

The purpose of present study is to examine differences between habitual speech (HS) and clear speech (CS) in
individuals with mild dysarthria. Twelve speakers with mild dysarthria and twelve healthy control speakers read

sentences in two speaking styles. Formant and intensity related values, triangular area, and center of gravity of /a/,
/i/, and /u/ were measured. In addition, formant-ratio variables such as vowel space area(VSA), vowel articulatory
index (VAI), formant centralization ratio (FCR) and F2i/Flu ratio (F2 ratio) were calculated. The results of
repeated-measures ANOVA showed a significant difference in F2 of vowel /i/ and F2 energy of vowel /a/ between
groups. Regarding formant energy, F2 energy of vowel /a/ were observed as meaningful variables between
speaking styles. There were significant speaking style-by-group interactions for F2 energy of vowel /a/. These
findings indicated that current parameters could discriminate healthy group and mild dysarthria group meaningfully
and that speaker with dysarthria had larger clear speech benefit than healthy talkers. We also claim that various
acoustic changes of clear speech may contribute to improving vowel intelligibility.
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Table 1. Dysarthria speaker’s characteristics

age sex etiology type
1 52 = CI UUMN
2 51 S meningioma spastic
3 57 k1 1 UUMN
4 77 k=3 CI spastic
5 54 o meningioma ataxic
6 73 Gl 1 UUMN
7 63 w 1 flaccid
8 81 o] CI flaccid
9 53 o ICH spastic
10 53 o cl UUMN

CI: Cerebral Infarct, ICH: Intracerebral Hemorrhage
UUMN: Unilateral Upper Motor Neuron
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Table 3. Descriptive statistics of formant, Euclidean distance, and VSA
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oo

between groups according to speaking style

HS(habitual speech) CS(clear speech)
DG CG & DG CG g
F1_  648.0 611.3 630.1 645.4 652.1 648.8
fal (#93.1) (#472) (*735)  (2949) (@*789) (74.0)
F2_ 13604 14057 13831 14204 14041 14123
fal  (£321.2) (£1562) (1243.8) (22744) (x1272) (£205.6)
F3_  2209.1 23337 23119 22586  2269.6  2264.1
fal  (#251.0) (£137.9) (£195.9) (¥414.0) (£132.5) (£295.3)
F1_ 3843 359.1 371.7 369.4 354.9 362.1
A (£345)  (#454)  (#409) (#39.7) (#457)  (+41.8)
F2 15376  1879.7 1708.6  1903.6 19324  1918.0
A/ (£348.8) (x135.2) (¥310.0) (¥272.5) (£202.6) (£231.2)
F3 22651 24094 23373  2476.1 2498.6 24874
A (#2472) (£123.5) (£202.1) (+188.9) (*I21.7) (%153.1)
F1_ 3803 388.4 384.4 345.9 3924 369.1
o (#79.8)  (#434)  (#61.9)  (£79.0) (#31.5) (£62.6)
F2_ 9904 1041.0  1051.7  1059.3  1060.0  1059.6
M/ (£153.0)  (£258.3) (2205.6) (x128.1) (¥414.7) (£294.9)
F3_ 2208.1 2219.6 2213.9 2294.3 2198.4 2196.4
o (#220.8) (£102.1) (*165.4) (£1042) (£257.1) (+188.5)
ia 4427 545.8 4942 622.1 626.4 624.2
Euclid (£191.4) (£234.5) (£212.5) (£261.7) (£182.6) (£216.8)

iu 6042 8419 7231 8465 8773 8619
Buclid (£379.2) (£333.0) (23644) (4365.0) (+454.4) (£396.3)

au 5569 4447 5008 4814 6125 5469
Buclid (£242.8) (3269.4) (2532) (£217.1) (x164.0) (£197.0)

84258
VSA
(81112)

99821
(53684)

92040
(66572)

122057
(68269)

118394
(74639)

120225
(68745)

471.14
(+43.34)

45295
(£30.35)

462,05 45357
(#37.16) (£38.92)

466.48
(+£36.83)

460.02
(£37.02)

Fl-co

1296.14 144214 1369.14 1461.10 146552 1463.31
(£160.50) (£85.56) (£144.99) (+136.64) (+140.86) (+133.34)

DG: Dysarthric Group, CG: Control Group

THE(1,12) = 6.169, p<.05). =7 2] #1] 7 (Bonferroni pairwise
comparisons) A}, wiH] ol T A /o)) 52l F2(p <.01)$}
F3(p <.05)0l1 M 23} 73 23k 2fo] & Wl A o= vepst
Th 55 oV, /970 FRE ghel = Es) 77, Azt 1
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Table 5. Mean & standard deviation of /©}-©] -/ formant-related
ratio parameters (female)
4,192 31 90 92 YT R G HUE G 2 g 2F
S = A" @ B85 FAFA BH(EEEA HS (habitual speech) CS (clear speech)
Table 4. Mean & standard deviation of formant, Euclidean distance, and DG cG 3} DG G 3}
VSA between groups according to speaking styles (Female) 704 791 747 307 312 310
VAI ’ ) ' ' ’ )
T S (s (*127)  (£118) (£126) (£138) (£103) (:117)
oG o = e e = FCR 1.462 1.290 1.376 1.272 1.247 1.259
= 2 E271)  (£196) (£244) (@E234) (&153)  (=190)
F1_ 737.0 7953 766.2 795.3 888.0 832.7 i) L621 1919 1770 1835 1.993 1914
/a/  (£197.4) (£82.5) (£139.1) (£82.5) (£222.6) (+143.9) ratio  (£567) (£551) (£559) (£410) (£584) (+.492)
F2_ 16270 1611.0 1619.0 1554.7 1682.0 1618.3
fl (#2252) (£125.0) (£163.1) (£100.1) (+210.0) (£162.87) e o4 o] THE B 1 E 2 7% 5
=
R 24767 BT 2271 2523 23063 2793 Table 6. Mean & standard deviation of /©}-©]--$-/ formant-related
la/  (£8375) (£231.1) (£552.2) (£3904) (x415.7) (23619) ratio parameters (female)
F1_ 4367 340.3 388.5 395.7 3623 379.0
il (72.8)  (#223)  (#714)  (#11.6) (#463) (+353) HS (habitual speech) CS (clear speech)
F2_ 1373.7  2453.0 1913.3 2047.3  2196.7  2122.0 DG CG 3k DG CG &
Al (#3574) (£205.3) (£646.1) (£93.0) (+406.6) (£276.2) AT 604 1.017 810 829 934 .881
F3 24960 29857 27398 26040 29067 27553 (*+046) (=149) (£246) (£.037) (£121) (£099)
il (#303.2) (£268.0) (£371.5) (£4164) (£251.6) (£349.5) e 662 1000 1331 1208 10B2 L4
FI_ 4217 3907 4062 4143 4143 4142 (E125) (@IS8) (E384) (F052) (E134) (@114
W (#29.0) (#25.6) (+29.8) (423.6) (#95.0) (+61.9) F? 1331 2849 2090 2011 2678 2345
F2 10207 3767 0487 10453 3383 0418 ratio  (£.166) (£571) (£912) (£455) (£709) (+.646)
N (#1362) (*118.1) (£138.6) (£187.6) (£162.6) (+193.7)
F3_ 2072.0 25340  2303.7 2330.7 2379.0 23548 3.2, ]LﬂX] U= f,\—f(] H]j!_
N (£150.6) (£184.2) (£294.4) (£141.9) (£199.2) (£156.9) %ﬂ"ﬂ‘ @‘d’oﬂ Lq_% E%-ﬂ @t‘iﬁ.‘ﬂ 701—5, ZI'EUJ_E. 7&_5,
ia 416.3 961.52 688.9 624.0 74084 682.4 _ -
— ol &= (skewness) ol TSt 7] BA= <3 7> ETh
Buclid (£303.3) (£309.5) (24053) (#474) (£277.3) (&189.1)
iu 3568 15772 967.0 10024  1360.1  1181.3 7. 0] el 4 a0 T YUt 2.0o] 25 b THE o]
E A 2 =, ZtxH Y=
Buclid (22189) (320.5) (712.1) (22564) (#433.0) (£373.7) 7 N el - ’
=
gy 7053 840.1 7727 643.8 968.2 806.0 Table7. Mean & standard deviation of vowel intensity, formant energy and
Buclid (£180.1) (£86.5) (£146.3) (£218.6) (¥276.8) (£285.2) skewness between groups by speaking styles (male)
— 34111 344535 189323 187002 367783 277382
(20618) (111554) (184544) (42575) (255241) (191282) HS (habitual speech) CS (clear speech)
i 531.78 508.78 520.28 529.00  554.89  541.94 DG CG ok DG CG i
-co
(84.10) (:40.80) (260.44) (£6.74) (£109.18) (£70.94) T Bm 1541 ST M3 T8 7607
134045 1646.89 1493.67 1549.11 157233  1560.72 intensity (#5.10) (¥8.62) (£7.07) (£5.89) (¥8.0) (£7.19)
(#214.10) (£10.40) (2215.76) (£35.14) (+217.25) (+139.76) Flonogy 6939 8740 7839 7600 8852 8226
al (#1233) (#6.70) (+13.35) (£1028) (27.74) (+10.89)
THE Blg W =427 ws gz At oju)st Flenergy 8723 8344 8784 8853  9L14  89.83
2Fol7) Q] A K] Y] HHEEA BARRA S A N (£7.63) (£9.30) (+8.20) (#£3.83) (£9.89) (7.33)
t}. VAL FCR, F2 ratio 5o A4 07 §ou|d 23} & Flenergy 8153  81.77  81.64  81.66 85.26 83.46
9. 215 71 Jo|Lp A A go] 7|2 ekab} W (#571) (£12.94) (*9.61) (26.80) (£1225) (£9.70)
DS EHE Bl Gue] st 7| S EA Auls <3 5>(‘Tj]'}‘é), F2 energy  58.05 76.67 67.36 67.48 76.39 71.93
B " Jal (£1148) (#8.74) (213.76) (11.13) (#4.23) (29.31)
<3 6>(°17d)°ll Al A& T
F2 energy  58.46 72.12 65.29 65.66 73.59 69.63
i (@1476) (4872) (£13.63) (48.82) (£10.52) (*10.19)
F2energy 6652  62.79 64.65 64.01 69.72 66.87
W (EI307) (*12.62) (#12.54) &1332) (@9.31) (+11.43)
969 9.1l 9.4 9.0 934 916
skewness
(#3.17) @241) @281) (242) @F2.73)  (22.56)
F1, F2 energy: 2t 2T E 9] o1 X|(dB)
55
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Table 9. Mean & standard deviation of vowel intensity, formant energy &
skewness between groups by speaking styles (female)

HS (habitual speech)

DG CG g DG CG &
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CS (clear speech)

intensity
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Flenergy 5739 5722 5731 6511 6537 6524
il (#5.07) (#7.09)  (#5.55) (#7.17)  (£6.84) (£6.27)
Flenergy 5830 6629 6230 6644 7154  68.99
W (£12.87) (H7.05) (£1026) (£11.70) (£6.15) (+8.82)
889 860 874 844 942 892

skewness
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Figure 3. Descriptive Statistics of F1 & F2-energy of Dysarthric
Group’s /©} with respect to the speech style variation(1=HS, 2=CS)
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