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= Abstract=

Acoustic Characteristics of Stop Consonant Production
in the Motor Speech Disorders

Hee Kyung Hongz, Moon Jun Kim, MD', Jin Yoon, MD',
Hee Taek Park, MD' and Ki Hwan Hong, MD'

’Department of Clinical Speech Pathology, ' Otolaryngology-HNS, College of Medicine, Chonbuk National University,
Jeonju, Korea

Background and Objectives : Dysarthria refers to speech disorder that causes difficulties in speech communication due to pa-
ralysis, muscle weakening, and incoordination of speech muscle mechanism caused by damaged central or peripheral nerve
system. Pitch, strength and speed are influenced by dysarthria during detonation due to difficulties in muscle control. As eval-
uation items, alternate motion rate and diadochokinesis have been commonly used, and articulation is also an important eval-
uation items. The purpose of this study is to find acoustic characteristics on sound production of dysarthria patients. Materials
and Methods : Research subjects have been selected as 20 dysarthria patients and 20 subjects for control group, and voice sam-
ple was composed of bilabial, alveolar sound, and velar sound in diadochokinetic rate, while consonant articulation test was
composed of bilabial plosive, alveolar plosive, velar plosive. Analysis items were composed of 1) speaking rate, energy, artic-
ulation time of diadochokinesis, 2) voice onset time (VOT), total duration (TD), vowel duration (VD), hold of plosives. Results
and Conclusions : The number of diadochokinetic rate of dysarthria was smaller than control group. Both control group and
dysarthria group was highly presented in the order of /t/ >/p/>/k/. Minimum energy range per cycle during diadochokinetic
rate of dysarthria group was smaller than control group, and presented statistical significance in /p/, /k/, /ptk/. Maximum energy
range was larger than control group, and presented statistical significance in /t/, /ptk/. Articulation time, gap, total articulation
time during diadochokinetic rate of dysarthria group was longer than control group and presented statistical significance. The
articulation time was presented in both control group and dysarthria group in the order of /k/>/t/ > /p/, while Gap was present-
ed in the order of /p/>/t/ > /k/ for control group and /p/>/k/ > /t/ for dysarthria group. VOT, TD, VD regarding plosives of dys-
arthria group were longer than control group. Hold showed large deviation compared to control group that had appeared due to
declined larynx and articulation organ motility.

KEY WORDS : Motor speech disorders + Stop consonant.
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Table 1. Speech sample

Bilabial sound Alveolar sound Velar sound
Lenis stop /pa/ /1a/ /ka/
Glottalized stop /p'o/ /t'a/ /k'o/
Aspirated stop /p"/ /"o/ /K"
Lenis sound Fortis sound Aspirated sound
/p/ /pepeppep/ /p’ep’epp’ep/ /p"ep"epp’ep/
Stops /t/ [tetettet/ /t'et’ett’et/ /t"et"ett"et/
/k/ /kekekkek/ /k’ek’ekk’ek/ /K"ek"ekk"ek/
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Table 2. The comparison of diadochokinetic rate (unit : 315)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
/p/ 7.10 2.16 10.40 1.52* 6.75 2.10 10.45 1.38* 6.93 2.08 10.43 1.42%
AMR /1/ 7.00 1.70 10.80 1.40* 6.90 2.40 10.30 1.86* 6.95 2.03 10.55 1.62*
/k/ 6.50 1.37 10.20 1.48* 6.65 2.31 10.30 1.46* 6.58 1.85 10.25 1.43*
SMR /ptk/ 2.27 0.60 3.43 0.33* 1.73 0.63 3.50 0.52* 2.00 0.66 3.47 0.43*
* 1 p<.05
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Table 3. The comparison of energy (unit : 31%)
Min Max Average Standard Deviation
Dysarthria Control Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD
/o/ 1583 7.01 2272 3.67* 3525 574 3293 524 2443 578 2796 407 678 216 3.15 1.00*
AMR  /t/ 18.83 593 21.76 4.04 40.59 2.49 31.29 4.66* 2780 4.01 2655 417 674 123 291 0.99*
/k/ 1428 4.95 20.25 3.37* 39.47 1281 31.02 427 2412 409 2528 3.04 858 340 340 0.97*
SMR  /ptk/ 1636 209 2138 3.79* 3935 4.53 30.45 4.70* 27.44 3.12 2591 422 982 327 296 1.04*
* 1 p<.05
Table 4. The comparison of articulation fime of plosives in initial position (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
/o/ 159.77  60.30 100.20  19.84*  163.37 49.67 90.90 18.98* 161.57  53.80 95.55  19.49*
AMR  /t/ 166.01 67.23 106.56  21.66* 187.95 113.84 10235 24.30* 176.98  91.68 104.46  22.51*
/k/ 194.44  62.87 123.27  25.43* 193.62 79.70 11249  22.95% 194.03 69.87 117.88  24.21*
* 1 p<.05
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Table 5. The comparison of gap (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
e/ 144.41 57.37 98.20 14.70*  162.65 104.75 107.64 11.84 153.53 8273 102.92  13.86*
AMR [t/ 134.19  46.51 83.98 16.90* 151.22 11518 99.05 17.08 142.70  85.94 91.51 18.26*
/k/ 125.36  68.45 77.51 12.12% 16277 110.19 84.36 11.03* 14407 91.32 80.93 11.81*
* 1 p<.05
Table é. The comparison of total articulation time (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
/p/  304.18  85.41 198.40  28.64* 326.02 12535 198.54 26.26* 315.10 104.99 198.47 26.74*
AMR  /t/  300.20  70.66 190.54  27.24* 339.17 16623 201.40 34.03* 319.69 12591 19597 30.51*
/k/ 31980 73.68  200.78 31.33* 356.39 173.98 19685 24.08* 338.10 131.38 198.82 27.27*
* 1 p<.05
Table 7. The comparison of voice onset time (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
/p/  48.43 20.54 31.42  13.38*  40.06 22.58 38.47 14.41 44.24 21.44 3495 14.01
Lenis /1] 4511 11.86 36.33 1081 48.63 17.43 35.13 9.17%  46.87 14.63 35.73 9.78*
/Kl 69.22 22.61 49.77  14.53*  57.87 18.88 50.90 12.08 63.54 21.09 50.33  13.02*
4 /p'/ 1541 4.19 12.39 3.1 17.57 5.07 13.25 4.24%  16.49 4.66 12.82 3.65*
G'O::;’gzed /) 2409 576 17.66  531* 2512 9.44 1326 337 2460  7.63 1546  4.88*
/k'/  43.51 13.19 21.55 7.22*  31.70 10.82 22.85 6.74*  37.61 13.21 22.20 6.83*
/o"/  48.01 24.30 44.55 16.46 49.54 11.21 48.75 16.13 48.78 18.44 46.65 16.01
Aspirated  /1"/  52.64 19.73 46.90 10.75 59.89 17.73 46.42 8.63*  56.26 18.63 46.66 9.49*
/K" 74.28 20.21 6230 14.54 64.60 16.78 62.96 9.97 69.44 18.75 62.63 12,14
* 1 p<.05
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Table 8. The comparison of total duration (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

/p/  748.64 128.91 618.88 42.93* 84590 109.95 696.52 106.98* 797.27 126.84 657.70 88.77*

Lenis /1] 760.43 119.36 635.59 48.67* 873.26 157.77 710.06 75.78* 816.85 14795 672.82 72.81*

/k/ 787.66 160.41 660.03 74.14* 912,65 170.38 732.56 98.28* 850.16 173.35 69630 92.54*

) /p'/ 818.55 138.55 604.66 37.93* 856.38 123.42 705.88  86.68* 837.47 129.17 65527 83.29*

Glost;r;ll)zed /') 801.32 182.66 62205 37.21* 869.11 158.39 724.4] 73.62* 83522 169.99 673.23 77.34*

/k'/  839.66 168.44 650.81 58.73* 882.09 164.82 718.89 94.16* 860.87 163.65 684.85 83.98*

/P"/  794.04 138.41 623.08 41.85* 830.60 105.18 72630 97.09* 81232 121.11 674.69 89.99*

Aspirated  /1"/  820.04 169.68 63579 22.65* 879.78 157.61 741.18  60.47* 849.91 16231 688.49  69.99*

/K" 837.89 139.01 67578 38.07* 90228 133.45 731.58 97.73* 870.08 136.68 703.68 77.65*

* 1 p<.05
Table 9. The comparison of vowel duration preceded by consonant (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

/p/  99.14 41.17 79.09 17.33 127.81 29.14 84.09  28.19* 113.47 37.70 81.59  22.92*

Lenis 11/ 99.79 31.96 76.53  17.08* 98.17  36.18 91.94 2292 98.98  33.23 8424  21.20

/Kl 99.93 42.64 84.62 9.38 121.15  24.60 9487 17.77* 110.54  35.59 89.74  14.80*

) /P’ 90.63 38.07 77.18 10.72 103.08  27.48 73.94 7.49* 96.86 3294 75.56 9.15*

Glogggzed /] 87.66 4143 6530 1248 10322 3124 7474 1041* 9544 3659 7002  12.29*

/K'/ 97.60 46.28 81.04 13.79 111.75  29.30 82.66  14.93* 104.67  38.39 81.85 14.01*

/p"/  70.81 41.44 50.19 10.15 84.68  33.19 42.92  10.80* 77.75 37.23 46.55  10.86*

Aspirated  /t"/  73.58 43.90 42.23 8.71* 73.27  37.50 51.08 5.47 73.42  39.74 46.66 8.41*

/K 78.46 39.75 49.49 1216 92.66  33.28 49.70 6.35* 85.56  36.41 49.59 9.44*

* 1 p<.05
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Table 10. The comparison of hold (unit : ms)
Male Female Total
Dysarthria Control Dysarthria Control Dysarthria Control

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

/p/ 59.17  27.93 50.21 14.57 64.39  26.95 46.53 13.54 61.78  25.56 48.26 13.71

Lenis 1t/ 48.28  17.09 33.45 8.94 76.18  27.61 41.67 12.88* 65.02  26.99 37.56 11.58*

/k/ 44.65 19.74 26.44 2.95 50.29  21.57 43.55 8.27 47.87 19.28 38.88 10.65

) /p'/ 130.81 41.48 114.03 13.60 11485 48.18 128.31 1475 122.83  44.51 121.17  15.63

Glosttf(c)ngzed /A 117.69 2718 98.40 19.09 125.19  30.61 127.77 1631 121.44  28.44 113.09 22.93

/k'/ 108.82  44.76 99.91 2392 10228 3228 10748 17.12 105.72  38.42 103.79 20.63

/P 121.66  32.16 99.69  16.25 99.35 53.75 115.06 14.28 110.51 4460 107.37 16.84

Aspirated  /t"/ 10540  27.18 98.29  16.05 96.63 37.35 11215 11.71 101.01  32.11 105.22 15.41

/K" 8548 31.79 79.66  13.78 92.89  23.28 96.70 16.19 89.29  27.37 88.18 17.05

* 1 p<.05
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