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Abstract 
The speech of four speakers with varying degrees of dysarthria was studied, using 
spectrographic methods. Some interesting results were obtained, including 
incomplete realizations of consonants and consonant clusters and long voiceless 
portions of vowels. 

Introduction 
Speech recognition is an excellent input method 
for physically disabled persons who cannot ac- 
cess the keyboard with their hands. However, 
many disabled persons who cannot use their 
hands also have dysarthria of varying degree. 
Automatic speech recognition (ASR) may be a 
viable interface even for such individuals to 
write and to control their environment. Noyes & 
Frankish (1992) commented that even recogni- 
tion systems with small vocabulary have the 
potential to enhance the quality of life of many 
users. They added, however, that in spite of the 
possibility of extensive application relatively 
little work has been done in this area. 

The aim of a study has been to investigate 
the use of two speech recognition systems with 
dysarthric speech as input. The acoustic- 
phonetic properties of this speech are described 
here. One system was (1) Infovox RA 
(Blomberg & Elenius, 1986), a whole-word 
pattern-matching recognition system based on 
dynamic time warping and the other was (2) the 
prototype Swedish DragonDictate (PSDD) sys- 
tem, a phoneme-based system (Bamberg, 1990). 

Previous research 
Early recognizers were small-vocabulary, 
speaker-dependent, discrete systems; develop- 
ment has progressed toward large-vocabulary, 
speaker adaptive, discrete and continuous 
systems. A few applications which have been 
reported early in the literature were the follow- 
ing: ASR input to expert systems, electronic 
mail and daily job activities for an adult with 
cerebral palsy and moderate dysarthria (Lee et 
al., 1987); input for environmental control by a 
quadriplegic with mild dysarthria (Wacht- 
meister & Granstrom, 1990) and initial trials 
with letter input in combination with word 

prediction for quicker text entry for the same 
user (Rosengren & Hunnicutt, 1990). 

One of the more recent studies (Trevi-ranus, 
Shein, Parnes, & Millner, 1992) has looked at 
using VoiceNavigator, an ASR system designed 
specifically for the Macintosh. 

ASR has also been compared with word pre- 
diction to study rate of text entry by 5 physically 
disabled individuals with mild to moderate 
dysarthria (Lariviere,et al., 1993). 

Method 
Table 1. Four subjects with d~fferent degrees of 
dysarthria and one subject with normal speech 
were the subjects. 

Age Sex Diagnosis 
(Year) 

Male 1 25 M Ataxia, Mild 
dysarthria 

Male 2 26 M Spastic CP, 
Moderate 
dy sarthria 

Female 1 35 F Spastic athetoid 
CP, Severe 
dysarthria 

Female 2 30 F Spastic CP, 
Severe dysathria 

The four subjects with dysarthria were admin- 
istered a Swedish test (Hartelius & Svensson, 
1990) to assess their speech. The test was de- 
signed to indicate which of the speech processes 
seem most affected, the type of dysarthria (or 
neurological location) that seems to agree with 
the symptom constellation and the severity of 
dysarthria. The test contains both qualitative 
and quantitative data. Data are gathered using 
perceptual (auditory and. visual) and instrumen- 
tal measures. The most outstanding speech 
symptom in dysarthria is "imprecise conso- 
nants" (Darley et al., 1975). To investigate this 
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articulation problem, one task in the test is to 
read seven sentences containing consonants of 
different place and manner of articulation (see 
appendix). The deviations noted in this task 
were rated and described. Consonant combina- 
tions, vowels, and degree of nasality were also 
judged and the presence of articulatory break- 
downs reported. An acoustic-phonetic analysis 
was carried out on the seven sentences from this 
task. Because the material was limited, the re- 
sults may only be taken as describing examples 
of the subjects' speech. 

Male 1 
Diagnosis and dysarthria test results 
Male 1 has been diagnosed to have ataxic type 
of dysarthria of a mild degree. He had been 
normal till the age of 15, when he was operated 
on for a tumour in the brain (cerebellum). After 
the surgery, his co-ordination, vision and speech 
were affected and he now uses a rollator to 
walk. His speech is easy to understand except 
on the telephone. Results from the test showed 
that he had very few articulation errors but that 
his speech was slow due to difficulties in timing 
and rhythm. He had some disturbances in pro- 
sodic control. His scores on the intelligibility 
test for one- and two-syllable words was 100% 
and for sentences, 90%. 

Analysis 
Male 1 produced unvoiced bilabial stops, /p/, 
that were very long and characterized by an es- 
pecially long aspiration phase sentence initially. 
The duration of the phonetically long medial 
/p:/ was 330 msec. 

Low energy characterized his voiceless den- 
tal fricative, Is/. One often observed spectral 
energy down to 2 kHz with weaker energy as 
low as 1 kHz. His unvoiced phonetically long 
dental stop, It:/, was also unusually long and 
similar in duration to /p:/ in medial position. In 
initial position, It/ was quite strong. The voiced 
dental Id/ was often realized as retroflex or su- 
pradental with a high F2 locus. Medial /r/ was 
sometimes rolled. Final In/ was sometimes re- 
leased or could be weak in a final unstressed 
syllable. 

All consonant clusters beginning with Is/ 
were articulated with an intrusive schwa vowel. 
The cluster /svl became /sav/ and in the clusters 
/spr/, /skr/ and /str/, a schwa vowel was inserted 
between the second consonant and the /r/. 

It was not uncommon for his vowels to lose 
energy medially. The energy usually remained 
low until the onset of the next phoneme but 

- could sometimes return to a higher level. In- 

stances in which a vowel of normal or low en- 
ergy showed increased final energy were also 
observed. 

Male 2 
Diagnosis and dysarthria test results 
Male 2 has cerebral palsy with moderate degree 
of spastic dysarthria and uses a wheelchair. The 
severity of his physical problem makes it ex- 
tremely difficult for him to type and he dictates 
to his personal aide. Results from the dysarthria 
test showed that he had difficulties in articulat- 
ing some sound combinations, especially conso- 
nant clusters. His speech was characterized by 
hesitations, repetitions, tenseness and imprecise 
articulation requiring effort. His scores on the 
intelligibility test varied from 50% for one- 
syllable words to 80% for two-syllable words 
and sentences. In addition, he had visual prob- 
lems and used enlarged text on the computer 
screen. 

Analysis 
The speech for Male 2 was also unusually slow 
and was marked by many between-word pauses. 
Transitions from one phoneme to another which 
are usually clearly seen in spectrograms of nor- 
mal voices were either lacking or minimal. This 
lack of clear transitions and a tendency to coar- 
ticulate over more phonemes than usual sug- 
gests lack of lip and tongue tip movement. Sepa- 
rate articulation was also seen where most 
speakers would coarticulate, for example, in 
realizing a nasal in a context in which most 
speakers would nasalize a preceding vowel. 
Some unstressed syllables were very weak. An 
unusual amount of noise was observed in his 
speech, in both consonants and vowels. Unusu- 
ally high fundamental frequency was sometimes 
also apparent. 

The dental stops, It/ and Id/, often exhibited 
unusually low intense burst energy, often begin- 
ning around 2 kHz. Word-finally, they appeared 
retroflex or supradental. Between vowels, a 
voice bar was observed in the It1 occlusion, and 
voicing also began in the It/ in the cluster /str/. 
Separate articulation of /V and Id/ was observed 
in the final /Id/ cluster. In a final unstressed 
syllable, NdVI, there was unusually much en- 
ergy in the F1-F2 region of Id/, resembling a 
velar. As with Male 1, intense energy down to 2 
kHz was observed in the dental fricative Is/ as a 
rule. His /r/ was always vocalic and did not 
show the normal downward movement in F4 
found in Swedish /r/. This movement was ob- 
served only once, when he repeated a word with 
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Figure I .  Female 2: Isen l6g lange ute pd sjon forra Bret. 

Analysis 
The speech of Female 2 is characterized by 
short and weak, and sometimes entirely absent, 
consonants. When they occur, the voiced con- 
sonants may be realized as voiceless. Retroflex 
gestures are often missing. Some consonants 
have no place cue; several were realized as /h/ 
and several stops as mere occlusions. In the first 
sentence of the recorded material, however, two 
/p/ phonemes were realized with several bursts 
each. A few con- sonants were sometimes real- 
ized adequately. Vowels were often creaky, of- 
ten in their last half. The formant space was ex- 
ceedingly. small. E g the phoneme /i/ in the 
spectrogram below was realized with a too high 
F1 and a too low F2. There were many long 
pauses and extra sounds such as blowing 
through the nose, snorts, and sounds of saliva 
and swallowing. FO was rather constant and was 
high and tense. See Figure 1. 

Summary 
There is a clear correlation between the severity 
of the dysarthria as evidenced in the Swedish 
test (Hartelius & Svensson, 1990) and the devi- 
ation from normal speech in the spectrographic 
analysis for these four speakers. 
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APPENDIX 
Sentence list (in Swedish): 
Pappa milar bilen. 
En fin vastanvind. 
Damen sitter p i  tbget. 
Sjomannen jamrade sig av kold. 
Goda kakor k hungriga magar. 
Sven skrattade niir den sprackliga katten strok 

forbi stugknuten for fjtirde gbgen. 
Isen lig 12nge Ute p i  sjon forra &et. 


