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ABSTRACT 

 

This study investigated the rhythmic characteristics 

of 15 dysarthric speakers and 15 non-dysarthric 

speakers. Speech rhythm was viewed from 

MacNeilage’s frame/content theory. Specifically, the 

temporal envelope was analysed. The subjects, native 

speakers of Canarian Spanish, read four phonetically-

balanced sentences. Five common spectral measures 

(centroid, spread, rolloff, flatness, and entropy) were 

computed from the temporal envelope of each 

sentence. A binomial logistic regression model was 

built to evaluate how well the five spectral measures 

can characterize speech rhythm in dysarthric speakers 

versus the control group. The results show that the 

dysarthric group present a significantly lower 

centroid and lower spread. Possible explanations for 

these results are discussed in relation to previous 

phonetic studies into the rhythmic speech patterns of 

dysarthric speakers. 

 

Keywords: dysarthria, rhythm, temporal envelope, 

Spanish, binomial logistic regression. 

1. INTRODUCTION 

This paper is an exploratory investigation into the 

rhythmic characteristics of dysarthria. Speech rhythm 

is viewed here from MacNeilage’s frame/content 

perspective, where the mouth opening-closing cycles 

(and thence the temporal modulations) constitute the 

rhythmic frame in speech [1]. In particular, the 

method followed in this article for speech rhythmic 

characterization consists in the extraction of five  

spectral measures common in audio engineering 

(centroid, spread, rolloff, flatness, and entropy), 

computed from the temporal envelope of sentences in 

read speech.  

Dysarthria is a speech disorder with neurological 

origin that causes difficulties in speech motor 

programming and execution [2]. Its evaluation is 

complex due to the heterogeneity of its symptoms [3] 

and requires the combination of a battery of objective 

and subjective tests [4]. 

In the upcoming section, literature is reviewed in 

terms of: (1) previous phonetic studies on dysarthric 

speech and (2) the frame/content approach to the 

study of rhythm.  

2. PREVIOUS STUDIES 

2.1. Phonetic studies on dysarthria 

Different acoustic analyses of dysarthric speech have 

been conducted in order to obtain objective data that  

distinguish individuals with this type of speech 

disorder, or to determine the severity of dysarthria by 

looking for measures that correlate with the level of 

speech intelligibility. Acoustic analyses are also 

useful to distinguish among different dysarthria 

subtypes. Commonly analysed acoustic 

measurements include: the area of the vowel space [3, 

4, 5], the range and slope of the second formant [3, 6, 

7], VOT [5, 8], temporal measures, such as speech 

rate [3, 6, 9], or a combination of temporal, spectral, 

and cepstral parameters [3, 10].  

Summarizing the findings of these investigations 

is not a simple task, as some of them focus on one 

particular type of dysarthria or analyse patients of a 

particular language. Hence results cannot be 

extrapolated to other dysarthria subtypes or to 

different languages. While some processes affecting 

motor speech planning and execution in dysarthria 

could be largely language-independent, others could 

be prone to cross-language differences [11].  

In terms of rhythmic analyses, since Holmes’s 

historical paper [12], dysarthria has been described as 

presenting reduced articulation rate, irregular 

duration contrasts between stressed and unstressed 

syllables and a scanning rhythm (staccato) [10]. 

However, this description refers to one particular type 

of dysarthria: ataxic dysarthria. Recent investigations 

tend to study a wide range of dysarthria subtypes, 

although results are sometimes disparate. As a case in 

point, while Liss et al. [9] concluded that rhythm 

metrics (acoustic measures of vocalic and 

consonantal segment durations) allow to distinguish 

control speech from dysarthria and to discriminate 

dysarthria subtypes, another study [13] concluded 

that none of the rhythm metrics based on segmental 

durations could differentiate disordered from healthy 

speakers, “despite clear perceptual differences, 
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suggesting that factors beyond segment duration 

impacted on rhythm perception” [13, p.1]. 

Investigations into the perceptual characterization 

of dysarthria are rarer, although perceptual 

assessment in clinical studies is still considered the 

gold standard against which acoustic measures are 

compared [14]. In [15] a simplified version of the 

Vocal Profile Analysis (VPA) protocol [16] is used to 

analyse the voice quality of dysarthric speakers 

perceptually. The authors found that the perceptual 

settings ‘vocal tract tension’ and ‘laryngeal tension’ 

were the most useful to characterize this disorder. In 

particular, trained raters were more likely to score a 

voice with high vocal tract tension if it belonged to 

the dysarthric group than if it belonged to the control 

group of neurologically healthy speakers. The authors 

suggest that acoustic-perceptual assessment through 

this protocol could be an important complement to 

other types of evaluations, especially because several 

settings of the VPA refer to supraglottic structures 

commonly affected in dysarthria, a speech disorder in 

which the muscles used to produce speech are 

damaged, paralyzed, or weakened. However, more 

research is necessary into  the acoustic correlates of 

perceptual settings such as ‘vocal tract tension’. San 

Segundo et al. [17] suggested that low inter-rater 

agreement for this perceptual dimension could be due 

to the different salience of prosodic aspects in each 

rater. They showed that the perceptual ratings of one 

evaluator correlated with the mean intensity 

variability across syllables. In contrast, the ratings of 

the other evaluator correlated positive and 

significantly with two rhythmic measures related to 

mean consonant duration.  

Rhythm is a key element of prosody, together with 

intonation and tempo. Since dysprosody, or prosody 

degradation, is considered a hallmark of dysarthria 

[11], the current investigation has focused on the 

rhythmic characterization of this speech disorder. 

This will complement previous investigations, such 

as [15], where 13 acoustic features (mainly spectral 

and cepstral measures) were analysed, together with 

voice quality perceptual settings, with the aim of 

describing dysarthria phonetically. 

Due to the fact that traditional acoustic approaches 

to rhythm (i.e. durational variability in different 

phonetic intervals) in dysarthric speakers have given 

rise to disparate results [9, 13], a different acoustic 

method is proposed here, which analyses rhythm 

from the speech temporal envelope. 

2.2. Speech rhythm: The frame/content perspective 

The key idea which lies behind the concept of rhythm 

is cyclicity or regularity. The first phonetic studies of 

speech rhythm distinguish two major types of 

regularity: isochronous syllables and isochronous feet 

[18, 19]. However, it has not been possible to 

corroborate strict syllable- or foot-isochrony in 

traditionally considered syllable-timed and stress-

timed languages [20-21]. Different rhythmic metrics 

have since been developed by calculating durational 

variabilities in different phonetic intervals, usually 

consonantal and vocalic intervals [22]. These metrics 

have been used to characterize the rhythm of 

languages or speaking styles, but also to evaluate 

speech disorders [9, 13]. Other approaches to speech 

rhythm can be roughly grouped into ‘prominence’, 

‘modulation’ and ‘coupling strengths’ [23], which 

basically depend on which aspect gives rise to 

different rhythmicities: syllable intensity, peak 

frequencies in the amplitude envelope spectrum, or 

coupling oscillations.  

A recent investigation [23] suggests that 

MacNeilage’s frame/content theory of speech 

evolution unifies the different approaches to the study 

of rhythm: “MacNeilage held that speech rhythm 

evolved from pre-existing cyclical mandibular 

movements in ancestral primates in the form of lip-

smacking [1]. It is also believed that the coupling 

between mouth opening-closing cycles and 

vocalization emerged en route to human evolution: 

the sonority of speech typically waxes and wanes 

with mouth opening and closing gestures [24, 25]. 

Such opening/closing alternations are organized into 

syllable-sized units corresponding to the temporal 

modulations, which constitute the rhythmic frames; 

the open and closed phases are filled with vocalic and 

consonantal contents. More recently, Fitch [26] 

endorsed the frame/content mechanism and argued 

that it affords the evolution of the language system at 

large” [23, p. 568]. 

As explained in [23], the rhythm metrics 

quantifying the durational variability of vocalic and 

consonantal intervals typically focus on the content 

perspective, whereas the modulation-based 

approaches target the frame perspective with different 

emphases: recurring frequencies in the temporal 

envelope [27, 28] and coordination between 

envelopes at slower and faster rates [29]. This is how 

the different approaches to speech rhythm are related 

to the frame/content theory. Furthermore, Erickson 

and colleagues [30] demonstrated that the jaw 

displacement well explained the metrical structure 

and subjective prominence ratings in a number of 

languages in which a more prominent syllable was 

typically associated with a lower jaw position. To 

integrate both temporal modulation and the opening 

and closing cycles of the mouth for the 

characterization of the rhythmic frame, spectral 

coherence has been used [23, 31]. The coherence is 

calculated from the spectra of two signals to show the 
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connectivity between them in terms of their 

correlation in the frequency domain. For instance, He 

[23] uses spectral coherence between the temporal 

envelope and the mouth opening and closing 

kinematics to characterize speech rhythm in L2 

English speakers of Mandarin. He found that the 

native group was significantly higher than the non-

native group in terms of spectral centroid and spread; 

two of the five variables extracted from the spectral 

coherence, which can also be simply extracted from 

the temporal envelope (see section 3.3).  

3. METHOD 

3.1. Participants 

30 subjects voluntarily participated in this study: 15 

with dysarthria (mean age 42.93, SD 10.31) and 15 

neurologically healthy (mean age 41.86, SD 13.62). 

The two experimental groups (dysarthria and control) 

were sex matched. They were all speakers of 

Canarian Spanish. Within the dysarthric group, 10 

participants presented ataxic dysarthria, 2 spastic 

dysarthria and 3 mixed dysarthria; with different 

medical origins. After a preliminary analysis, one 

dysarthric participant presenting mixed dysarthria 

was discarded. Her audio samples presented signal 

saturation and stammering. These aspects were 

deemed unfit for this type of acoustic analyses.  

3.2. Recording setup and speech samples 

All recordings were conducted in a soundproof booth 

with an AKG C544L head-mounted condenser 

microphone. They were digitized at a sampling rate 

of 44.1 kHz and 16 bits of resolution using the audio 

interface Alesis io2 express. The signal-to-noise ratio 

(SNR) was measured post hoc to check the level of 

environmental noise of the voice recordings. All 

samples were consistent with the recommended 

threshold proposed by [32]. The speech material 

consisted in reading aloud four phonetically balanced 

sentences of the Spanish Matrix Sentences Test [33]. 

3.3. Acoustic analysis 

First, the acoustic signal per sentence was bandpass 

filtered between 700 and 1300 Hz (100 Hz 

smoothing) to keep the vocalic energy while 

removing the glottal energy and obstruent noise. This 

filter has been used to detect the P-centers or “beats” 

in the speech signal [35]. Then, the filtered signal was 

full-wave rectified and downsampled to the Nyquist 

frequency of 20 Hz, yielding the temporal envelope. 

Five spectral measures (CENTROID, SPREAD, 

ROLLOFF, FLATNESS, and ENTROPY) [34] were 

calculated from the temporal envelope of each 

sentence. The CENTROID calculates the “balancing 

point” in the coherence and serves as a point estimate 

of the coherence. The SPREAD calculates to what 

extent the coherence disperses around the centroid. 

The ROLLOFF indicates the degree of skewness in the 

coherence. The FLATNESS and ENTROPY quantify the 

amount of unpredictability or disorder in the 

spectrum. For details please look at the 

supplementary material ( https://osf.io/3z9uq ). 

3.4. Statistical analysis 

All statistical procedures were performed using R 

[35] and associated packages (lme4, car, effects, and 

ggplot2). The generalized linear mixed model 

(binomial logit) was used for data analysis. The five 

spectral variables extracted from the temporal 

envelope were modeled as the fixed-effect numeric 

predictors; GROUP (control and dysarthric speakers) 

was modeled as the dichotomous response variable. 

Both groups produced the same set of sentences, and 

thus SENTENCE was modeled as a random factor.  

4. RESULTS 

Table 1 summarizes the model-fitting results of all 

predictors. The reference of the response variable 

group is C (control speakers). The model explains 

between 66.54% and 88.76% of the dependent 

variable variation (Cox & Snell's R2 = 0.6654; 

Nagelkerke’s R2 = 0.8876). 

 

Predictor Estimate Std. Error z 

CENTROID –4.51 1.72   –2.63 ** 

SPREAD –5.95 2.84 –2.09 * 

FLATNESS 10.87 11.34 0.96 

ROLLOFF 0.22 0.73 0.30 

ENTROPY 3.11 1.88    1.66  .  
 

Table 1: Results of the fixed-effect predictors in the 

generalized linear mixed model (binomial logit).  

**p<0.01; *p<0.05; . p<1. 

 

 
 

Figure 1: Boxplots showing the distribution of CENTROID 

values per speaker. C = Control; D = Dysarthria. 
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Figure 2: Boxplots showing the distribution of SPREAD 

values per speaker. C = Control; D = Dysarthria. 
 

Fig. 1 and Fig. 2 show the distribution of CENTROID 

and SPREAD values, respectively, per speaker and 

group (black for the control group and grey for the 

dysarthric speakers). 

5. DISCUSSION 

This paper has investigated the rhythmic 

characteristics of read sentences in a group of Spanish 

speakers, distinguishing dysarthric speakers and non-

dysarthric speakers. For this purpose, five variables 

capturing the temporal envelope of the sentences 

were computed and analysed as numeric predictors in 

a binomial logistic regression model.  

Dysarthric speakers in general showed 

significantly lower CENTROID frequencies in the 

temporal envelope (estimate = –4.51, with p<0.01). 

Although this study was mainly exploratory, this 

finding agrees with our expectations. Dysarthric 

speech typically exhibits a slow speech rate due to 

slow articulatory movements. As a result, a stretched 

rhythmic frame was expected, together with a 

centroid shifted towards lower frequencies, in 

comparison with those of the control speakers.  

A more restricted spread could also be anticipated 

in the dysarthric group. Our results corroborate that 

indeed dysarthric speakers in general showed a 

significantly narrower spectral SPREAD in the 

temporal envelope (estimate: –5.95, with p<0.05) in 

comparison with the non-dysarthric group. This 

suggests that the oscillations in the rhythmic frame 

were more regular around the centroid. A possible 

explanation for this could be that jaw displacements 

in the non-dysarthric population are variable while 

jaw oscillations in dysarthria do not exhibit large 

variation. Instead, in terms of openness, both the jaw 

and the mouth remain stationary in these speakers 

throughout utterance production. These results can be 

explained by the fact that dysarthria is a motor speech 

disorder in which the muscles used to produce speech 

are damaged, paralyzed, or weakened.  

Our acoustic findings agree with impressionistic 

perceptual descriptions of dysarthria. For instance, 

Ziegler [10] highlights reduced articulation rate and 

‘drawling’ speech as clinical symptoms of ataxic 

dysarthria. In future studies we will consider 

analysing ataxic, spastic and mixed dysarthric 

patients separately. Upon observation of the boxplots 

(Figs 1-2), there seems to be some differences among 

the speakers belonging to different subtypes of 

dysarthria. For instance, speakers 16, 18, 21, 22, 26, 

27, 29 and 30 are ataxic speakers while the rest of 

dysarthric speakers present either mixed or spastic 

dysarthria. Possible explanations for these differences 

could be related to what Ziegler [10, p.14] states 

about ataxic dysarthria, namely that voice impairment 

in this disorder can be more irregular than in other 

dysarthrias: “vocal pitch or loudness may suddenly 

change and thereby interrupt the natural intonation 

pattern, and voice quality may change from strained-

strangled to breathy or rough (…). Likewise, 

articulation may change between lenis and fortis 

consonant production, with staccato transitions 

between syllables or with syllable lengthening”.  

6. CONCLUSIONS  

This study have shown that the dysarthric speakers 

analysed present a significantly lower centroid and 

lower spread in the temporal envelope of their read 

sentences, in comparison with a control group of non-

dysarthric speakers. These variables can discriminate 

dysarthric and non-dysarthric speakers, although 

more studies, preferably with a larger number of 

subjects and in different languages, are necessary to 

ensure replicability and validation of these findings. 

The literature has shown that content-based 

approaches to rhythm (durational variability in 

different phonetic intervals) have resulted in disparate 

findings in dysarthric studies. The method proposed 

here analyses rhythm from the speech temporal 

envelope and presents the advantage of not requiring 

audio transcriptions or phonetic interval 

segmentation. Previous L2 studies have shown that 

rhythmic characteristics may not be sufficiently 

explained from the traditional content-based 

perspective alone [23], highlighting the importance of 

the frame aspect in rhythm acquisition. In a similar 

way, investigations on speech disorders can benefit 

from this combined perspective. Since the 

sonorant/obstruent alternations typically follow the 

opening-closing mouth movements, according to the 

frame-content theory [1], future dysarthric studies 

could analyse the spectral coherence between the 

temporal envelope and mouth opening-closing 

articulatory data, as well as correlations with jaw 

openness ratings in the VPA perceptual protocol.  
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