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b Université de Moncton, Campus de Shippaga, Canada
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Abstract This paper reports the results of acoustic investigation based on rhythmic classifications of

speech from durationmeasurements carried out to distinguish dysarthric speech from healthy speech.

The Nemours database of American dysarthric speakers is used throughout experiments conducted

for this study. The speakers are eleven young adult males with dysarthria caused by cerebral palsy

(CP) or head trauma (HT) and one non-dysarthric adult male. Eight different sentences for each

speaker were segmented manually to vocalic and intervocalic segmentation (176 sentences).

Seventy-four different sentences for each speaker were automatically segmented to voiced and non-

voiced intervals (1628 sentences). A two-parameters classification related to rhythmmetrics was used

to determine themost relevantmeasures investigated through bi-dimensional representations. Results

show the relevance of rhythm metrics to distinguish healthy speech from dysarthrias and to discrim-

inate the levels of dysarthria severity. The majority of parameters was more than 54% successful in

classifying speech into its appropriate group (90% for the dysarthric patient classification in the fea-

ture space (%V, DV)). The results were not significant for voiced and unvoiced intervals relatively to

the vocalic and intervocalic intervals (the highest recognition rates were: 62.98 and 90.30% for dysar-

thric patient and healthy control classification respectively in the feature space (DDNV, %DV)).
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Dysarthria covers various speech impairments resulting from
neurological problems and it probably represents a significant

proportion of all acquired neurological communication disor-
ders (as cited in Ziegler and von Cramon (1986)). These disor-
ders are linked to the disturbance of brain and nerve stimuli

of the muscles involved in the production of speech. Ultimately
they induce disturbances in the strength, speed, range, tone,
steadiness, timing, or accuracy of movements necessary for pro-

sodically normal, efficient and intelligible speech (Liss et al.,
2009; Yunusova et al., 2008). All types of dysarthria affect the
articulation of consonants leading to slurring speech. Vowels

may as well be distorted in very severe dysarthria. Rhythm trou-
bles may be the most common characteristic of various types of
dysarthria. Many studies state that most dysarthric patients
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have slow speaking rates with long vowel and consonant seg-

ments as compared to standard control samples (Liss et al.,
2009; Yunusova et al., 2008).

The present paper focuses on the assessment of rhythmic
disturbance in dysarthria caused by cerebral palsy and head

trauma. Cerebral palsy refers to a variety of developmental
neuromuscular pathologies, occurring in three main forms:
spastic, athetoid, and ataxic, associated with bilateral lesions

of upper motor neuron pathways that innervate relevant cra-
nial and spinal nerves. Dysarthria severity can be indexed in
several ways, but quantitative measures usually consider fea-

tures such as intelligibility and speaking rate. Disturbance of
rhythm in the speech flow process is one of the important fac-
tors in dysarthric abnormalities (Liss et al., 2009). Even if the

rhythm is identified as the main feature that characterizes dys-
arthria, assessment methods are mainly based on perceptual
evaluation measures. Despite their numerous advantages that
include the ease of use, low cost and clinicians’ familiarity with

related procedures, perceptual-based methods suffer a number
of inadequacies and aspects that affect their reliability. These
methods also lack evaluation protocols that may help stan-

dardization of judgments between clinicians and/or evaluation
tools. Therefore, the aim of this work is to quantify rhythm
abnormalities in the dysarthric speech by using the rhythm

metrics developed recently in the language identification do-
main (Arvaniti and Rhythm, 2009).

This paper is organized as follows. Section 2 gives some def-
initions related to the rhythm metrics. Section 3 presents our

method including the speech material, subjects and procedures
used throughout experiments. In Section 4, we discuss the rel-
evance of the rhythm metrics to assess the severity of dysarth-

rias. We describe the Gaussian Bayes classification system and
its results in section 5. Section 6 concludes this paper.

2. Rhythm metrics

Rhythm metrics are based on acoustic measures of the dura-

tion of vocalic and consonantal intervals in continuous speech,
they take into account variability in these durations, and they
can be calculated in both raw and rate-normalized forms. A

list of rhythm metrics used in our experiments is given at the
end of this section. Grab and Low calculate durational vari-
ability in successive acoustic-phonetic intervals using Pairwise
Variability Indices (PVI) (Grabe and Low, 2002). The raw

Pairwise Variability Index (rPVI) is given in Eq. (1):

rPVI ¼
XN�1

k¼1
jdk � dkþ1j=ðN� 1Þ ð1Þ

where dk is the length of the kth vocalic or intervocalic seg-

ment and N the number of segments.
A normalized version of the PVI index (noted nPVI) is de-

fined by:

nPVI ¼
XN�1

k¼1

dk � dkþ1
ðdk þ dkþ1Þ=2

����

����=ðN� 1Þ ð2Þ

Ramus et al. (1999) based their quantitative approach of
speech rhythm on purely phonetic characteristics of the speech
signal. They measured vowel durations and the duration of

intervals between vowels. They computed three acoustic corre-
lates of rhythm from the measurements:

(a) %V: the proportion of time of vocalic intervals in the

sentence;
(b) DV: the standard deviation of vocalic intervals;
(c) DC: the standard deviation of inter-vowel intervals.

Ramus et al. (1999) found that a combination of%V andDC
provided the best acoustic correlate of rhythm classes. Our goal
is to use these metrics in order to distinguish between the

healthy and dysarthria speakers and to assess the speech intelli-
gibility since the alterations of rhythm may also impact speech
intelligibility. For each dysarthric sentence of each speaker, we

havemeasured the durations of the vocalic, consonantal, voiced
and unvoiced segments. In addition to the Vocalic-rPVI, Voca-
lic-nPVI, Intervocalic-rPVI, Intervocalic-nPVI, %V, DC, and
DV, we computed the%DV, the duration of voiced intervals ex-
pressed in percent, DDV and DDNV, the standard deviation of
voiced and non-voiced intervals, respectively.

3. Method

3.1. Speech material

Nemours is one of the few databases of recorded dysarthric

speech. It contains records of American patients suffering dif-
ferent types of dysarthrias (Polikoff and Bunnell, 1999; James
et al., 1996). The evaluation methodology followed in

Nemours is inspired by the work of Kent et al. (1989). The test
consists of a list of words from which four words are selected.
The patient is supposed to listen to these words and repeat

them aloud. The full set of stimuli consists of 74 monosyllabic
names and 37 bi-syllabic verbs embedded in short nonsense
sentences. Each Speaker pronounced 74 different sentences.

Sentences have the following form: THE noun 1 IS verb-
ING THE noun 2. The recording session was conducted by
a speech pathologist considered as the healthy control (HC).
The speech waveforms were sampled at 16 kHz and 16 bit sam-

ple resolution after low pass filtering at a nominal 7500 Hz cut-
off frequency with a 90 dB/Octave filter.

3.2. Subjects

The speakers are eleven young adult males with dysarthria

caused by cerebral palsy (CP) or head trauma (HT) and one
non-dysarthric adult male (the experimenter). Seven speakers
have CP, among whom three have CP with spastic quadriplegia
and two have athetoid CP, and both have a mixture of spastic

and athetoid CP with quadriplegia. The four remaining subjects
are victims of head trauma. A two-letter code was assigned to
each patient: BB, BK, BV, FB, JF, KS, LL, MH, RK, RL and

SC. Thanks to the Frenchay dysarthria assessment scores (see
Table 1 and (James et al., 1996; Enderby and Pamela, 1983)),
the patients can be divided into three subgroups: one mild,

including subjects FB, BB,MHandLL; the second subgroup in-
cludes the subjects RK, RL, and JF and the third is severe and
includes subjects KS, SC, BV, and BK. The perceptual data

and the speech assessment did not take into consideration the
too severe case (patient KS) and the too mild case (patient FB).

4. Experiments and results

The mean and the standard deviation of vocalic and consonan-
tal interval durations are given in the Fig. 1. These measures
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