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Acoustic analysis of dysarthric speech  

Tina Magnuson and Mats Blomberg 

Abstract 

This report describes an acoustic analysis of the speech of persons with 
dysarthria. Sentence-based vs. word-based syllable rate and examples of 
deviant articulation patterns are presented. Implications for speech 
recognition systems are discussed. 

Introduction 

Automatic speech recognition (ASR) is becoming an increasingly attractive method for text 
entry, keyboard work and other forms of computerised environmental control. Previous work 
by other investigators has pointed out the possibilities for dysarthric speakers to use ASR, 
but up to now no systems have been satisfactorily developed to be used in everyday life for 
persons with moderate to severe dysarthria. Most studies have focused on how well the 
dysarthric speech has been recognised by the system compared to normal speech, i.e., 
quantitative studies. It is also important, however, to find out whether there are any 
possibilities of improving the results by adapting the systems for a particular dysarthric 
deviation. Insight into what problems are especially critical for ASR can give suggestions for 
improving the systems for this user category. This paper describes an acoustic analysis of 
dysarthric speech, and was performed within the EU project ENABL (Hunnicutt, 2000). 

Method and material 
Test persons and speech material 

The speech of 12 motorically disabled persons with dysarthria, five men and seven women, 
was recorded and analysed acoustically. The speakers were between 15 and 58 years old. The 
severity and type of dysarthria varied. The speakers had earlier been classified and judged 
perceptually by Rosengren (2000). The subjects were recorded reading for about one hour 
each. For the acoustic analysis, speech material from two sources was used: 

 A story ("Ett svårt fall"), containing 92 words. 

 The Swedish Dysarthria Test (Hartelius & Svensson, 1990). The test consists of six 
sections that evaluate respiration, phonation, oral motor function, articulation, prosody 
and intelligibility. For this study, a set of seven phonetically representative sentences was 
selected.  

The testing concentrated on the articulation and intelligibility aspects of speech, which are of 
special interest for automatic speech recognition.  

Acoustic analysis 

The speech samples were based on digital audiotape recordings. The recordings of the 
representative sentences were automatically labelled at the word and phonetic levels by an 
algorithm for forced alignment (Blomberg and Carlson, 1993). The precision in the 
alignment process was lowered by the deviant speech quality and, therefore, errors in the 
output label identities and time positions were manually adjusted using listening and visual 
inspection of spectrograms. The following acoustic parameters have been measured: 

 Mean fundamental frequency together with the mode value and standard deviation. 

 The highest achievable syllable repetition rate for the speakers. 



 Sentence-based vs. word-based syllable rate in the phonetically representative sentences. 
The sentence-based rate is defined as the utterance duration divided by the number of 
pronounced syllables. The word-based rate differs from the sentence-based rate in that 
the duration of the inter-word non-speech intervals are subtracted from the total duration 
of the utterance before division. The latter definition thus represents articulation rate, 
since it removes the influence of long pauses between words, which may have causes 
other than limitations in the articulation skill. Throughout this paper, we will use the 
terms speech and articulation rate for sentence-based and word-based syllable rate, 
respectively. 

 Reading speed, measured as the total time consumed reading the standard passage 
divided by the number of words.  

 Deviant phonetic spectral quality, detected by the means of spectrogram displays.  

In this paper, speech/articulation rate and deviant articulation patterns, demonstrated by the 
means of spectrograms, are presented. For a presentation of the results of the other measured 
parameters, see Magnuson & Blomberg (2000).  

Results 
Speech/articulation rate 

To measure and calculate the test persons’ speaking rates, the seven phonetically represen-
tative sentences from the dysarthria test were employed. The speech rate and articulation rate 
measures were used in order to make a distinction between the movement rate of the 
articulators and other sources influencing the utterance duration. The reason for this 
distinction is that speech may be processed differently by the recogniser depending on 
whether the speaker articulates slowly due to deficient motor control or whether the speaker 
has a normal articulation rate but has to make non-linguistically motivated pauses between 
words, due to, for example, lack of breathing control. The results can be seen in Figure 1. As 
normal articulation rate is approximately five syllables per second, we can see that the rate 
for the dysarthric speakers is considerably slower. The left-to-right order of the dysarthric 
test persons is based on the ranking of their results in the intelligibility test for isolated words 
from the perceptual assessment (Rosengren, 2000). As we can see, neither of the two rate 
measures corresponds to this ranking. However, there seems to be a tendency towards 
correlation between intelligibility and the difference between articulation rate and speech 
rate. This difference is caused by inclusion of pauses between words. Only three persons 
demonstrate a noticeable difference between articulation rate and speech rate (M4, F6, F7). 
These three speakers all have low intelligibility test ranking. We do not believe that pauses 
between words affect intelligibility, but they probably co-occur with pauses within words 
and other deviant aspects of articulation. The phonetic labelling has indeed shown that test 
persons F6 and F7 make pauses within words, which is linguistically unnatural and probably 
affects intelligibility. This deviation may co-occur with poor articulation to an even higher 
extent than pauses between words.  
 
As a second example of the difference between slow articulation and slow speech due to 
extensive pausing, the two first sentences of the standard passage (44 words) were analysed. 
Two speakers (M4 and F4) were compared. The total length for the utterance is nearly the 
same (88 vs. 96 seconds) but the intrinsic relationship between speaking rate on one hand 
and the number of pauses and their duration on the other differs considerably. Speaker M4 
has an articulation rate close to normal but makes 14 linguistically inappropriate pauses 
between words within the phrase. These pauses are longer than 450 ms (mean = 1050 ms). 
Speaker F4 does not make as many or as lengthy pauses between words but, rather, has a  
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slower articulation rate including 15 prolonged occlusions longer than 165 ms within the 
word.  
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Figure 1. Articulation rate, speech rate and their difference (syllables/sec) for the 12 speakers. 

Correlation between the acoustic measures “articulation rate” and “speech rate” vs. the 
perceptual measures “articulation deviation scores”, “intelligibility of isolated words”, and 
“intelligibility of nonsense sentences” were calculated. The results can be seen in Table 1. 
No significant correlation was found. The strongest correlation was between articulation 
deviation score and speech rate (r=-.479, n = 12, p<0.5).  

Table 1. Correlation matrix for the 12 dysarthric speakers. Articulation rate and speech rate are 
compared to three measures from the perceptual analysis. 

 Articulation 
deviation score 

Word 
intelligibility 

Sentence 
intelligibility 

Articulation rate  -0,372 0,119 0,209 
Speech rate -0,479 0,279 0,333 

Articulation 

Perhaps the most relevant of all the aspects of speech production, for the recogniser as well 
as for a human listener, is articulation. Articulation in this study is defined as the speed, 
precision, timing, and co-ordination of the separate articulators, i.e., the lips, the different 
parts of the tongue and the velum. In this report, we focus on the acoustic representation of 
speech. The following types of acoustic-phonetic deviation patterns were found: 
 
 Occlusion of unvoiced plosives are often voiced in voiced surroundings 
 Velar closure is often incomplete, causing vowel nasalisation and turbulent noise in the 

occlusion of unvoiced plosives. 
 Consonant closure is often inadequate, lowering the vowel-consonant contrast. 
 Lack of fine precision in the constriction of fricatives and laterals may result in a 

complete closure, generating an occlusive segment. 
 Slow articulatory gestures, expressed as low speech rate or non-clear pronunciation. 
 Variation in the synchrony between the articulatory gestures generates certain acoustic 

phenomena at phoneme boundaries such as inserted vowels in consonant clusters. 
 
These types of articulatory deviation will have implications for most speech recognition 
systems. As an example, Figure 2 shows one speaker’s difficulties with the fine precision of 
fricatives, producing a linguadental closure before achieving the narrow opening for [s]. This 
closure results in a silent interval, which is likely to be recognised as [t]. 



 

Figure 2. Spectrogram of [i:sen] from “Isen låg länge ute på sjön förra året”.  Subject F6. 

Conclusions 

Parameters that are measured which are of potential importance to the recogniser are 
articulation, speaking rate, and the frequency, position and duration of pauses (dysfluencies). 
Deviations from the normal range and mean have been detected in all parameters. No 
significant correlation between the parameters has been found concerning fluency vs. 
intelligibility and articulation deviation score but all symptoms occur with different degree 
and quality in all speakers. This finding indicates the complexity in predicting which 
individuals of the dysarthric population will be intelligible (including understandable by 
ASR systems) and which will not. One of the critical questions that arises is how to deal with 
the fact that the parameters selected for acoustic/phonetic analysis do not necessarily reflect 
factors essential to human intelligibility. It may thus be difficult to predict machine 
recognition performance. For further discussion of this question, see Talbot (2000).  
 
The spectrographic analysis of the dysarthric speech revealed several examples of articu-
latory deviation, which are expected to cause severe problems for any speech recognition 
system. It is possible that some of these effects could be described by pronunciation rules, 
specially adjusted for dysarthric speech. This would complement existing work on adaptation 
to spectral and durational properties (Talbot, 2000).  
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