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ABSTRACT

Dysarthria due to Amyotrophic Lateral Sclerosis (ALS) affects the
acoustic characteristics of different speech sounds. The effects inten-
sify with increasing severity leading to the collapse of the acoustic
space of the affected individuals. With an aim to characterize such
changes in the acoustic space, this paper studies the variations in
band-specific and full-band spectral properties of 4 sustained vowels
(/a/, /i/, /o/, /u/) and 3 sustained fricatives (/s/, /sh/, /f/) at different
dysarthria severity levels. Effect of dysarthria on spectral features
of these phonemes are not well explored. Statistical comparison of
these features among different severities for the phonemes consid-
ered and among different vowels/fricatives for every severity level
using speech data from 119 ALS and 40 healthy subjects indicate
the followings. Though all band-specific and full-band features of
the three fricatives and most of those features for the four vowels
become statistically similar at high severity levels, certain features
remain distinguishable. Spectral differences in 0-2 kHz band be-
tween /a/ and the other vowels and in the 2-6 kHz band between /a/
and /o/, /u/ persist through all severity levels. Moreover, properties
of /f/ remain mostly unchanged with increasing dysarthria severity
levels.

Index Terms— Amyotrophic Lateral Sclerosis, dysarthria,
severity, vowels, fricatives

1. INTRODUCTION

Dysarthria due to the neuro-degenerative Amyotrophic Lateral Scle-
rosis (ALS) disease causes progressive disruption in several aspects
of speech production including articulation, phonation, respiration,
resonance and prosody [1]. Such impairments lead to a range of
acoustic abnormalities in different speech sounds, like vowels, frica-
tives, stop consonants etc. With increasing severity, the nature and
degree of the abnormalities change, leading to significant distortion,
or even, collapse of the acoustic space of these patients. As a result,
intelligibility and naturalness of different speech sounds get severely
compromised. In this paper, we aim to analyze the changes in the
acoustic space by studying how the frequency band specific spec-
tral properties of different sustained vowels and fricatives change
with increasing severity of ALS-induced dysarthria and how those
changes affect the discriminability of different vowels and different
fricatives. This study can help the clinicians design speech therapies
targeted towards improving the phonemes or the spectral character-
istics of the phonemes which are more prone to damage at specific
dysarthria severity levels. Moreover, the observations can serve as
the prior domain knowledge for designing effective speech-based au-

tomatic diagnosis methods, dysarthric speech enhancement systems,
efficient assistive technologies etc.

Dysarthria due to ALS causes articulatory undershoot during
vowel production where the patients fail to achieve the required ar-
ticulatory configurations for a vowel. Restricted speed and/or range
of motion of lips, jaw, tongue and velum, together with their com-
promised coordination, may lead to these abnormalities [2]. Con-
sequences of these articulatory deficits include centralization of for-
mant frequencies [3], compression of vowel working space [4] and
shallower F2 trajectories [5]. Impaired tongue height control often
leads to confusion between low and high vowels [6, 7]. The vowel
/i/ is reported to undergo the highest decline in intelligibility with
increasing dysarthria severity [8]. On the other hand, during the pro-
duction of fricative sounds, these patients face difficulties in forming
constrictions [9, 10]. They are also reported to add unwanted voic-
ing to voiceless fricatives making them sound similar to their voiced
counterparts, e.g. /s/ sounds like /z/ [11]. Kumar et al. [12] have
attempted to discriminate among /a/, /i/, /o/, /u/ and among /s/, /sh/,
/f/ at varied severity levels of ALS-induced dysarthria. They have
reported that though the discriminability of both voiced vowels and
voiceless fricatives decline with increasing dysarthria severity, vow-
els are more easily differentiable than fricatives at all severity levels.

A few works have been reported in the literature which per-
form spectral analyses on vowels and fricatives produced by ALS
patients. Tjaden et al. [13] have performed spectral moment analy-
sis on word initial /s/ and /sh/ produced by ALS patients as compared
to Healthy Controls (HC). They have observed lower difference be-
tween the first moments of /s/ and /sh/ in case of ALS subjects than
HCs. However, changes in the frequency specific spectral proper-
ties of sustained vowels and fricatives with increasing severity of
ALS-induced dysarthria are relatively less explored. To address that
aspect, we analyze spectral energy and spectral moments in 8 fre-
quency bands spanning 1 kHz each for 4 sustained vowels - /a/, /i/,
/o/, /u/, and 3 sustained fricatives - /s/, /sh/, /f/. We also study the
full-band estimates of these features along with the band-specific
ones. We perform two types of statistical comparison - (1) among
different severity groups for a phoneme, and (2) among different
vowels/fricatives for each severity. Speech data from 119 ALS and
40 HC subjects are used. We do not observe any significant spectral
difference between the healthy subjects and the ALS patients having
no dysarthria in case of any vowels or fricatives except in the 3-5
kHz band of /s/. This is expected as both these groups do not suffer
from any speech impairments. Further, we observe that the frica-
tive /f/ does not exhibit significant changes in band-specific spectral
properties with increasing severity, whereas properties of /s/ and /sh/
get significantly modified. At the highest severity levels, properties
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of all 3 fricatives become statistically similar collapsing the fricative
space. On the other hands, low frequency (0-2 kHz) characteristics
of /a/ remains significantly different from those of the other vowels
throughout all severity levels, while the properties of /i/ in the 2-5
kHz band loses its discriminability from other vowels with increase
in the dysarthria severity level.

2. DATASET

Sustained utterances of 4 vowels, i.e., /a/, /i/, /o/, /u/, and 3 frica-
tives, i.e., /s/, /sh/, /f/, were collected from 119 ALS (73M, 46F)
and 40 HC (20M, 20F) subjects at the National Institute of Men-
tal Health and Neurosciences, India. The age ranges of ALS and
HC are 23 - 81 and 22 - 55 years, respectively. All the subjects
were Indian residents having 5 different native languages - Bengali,
Hindi, Tamil, Telugu and Kannada. Three speech-language pathol-
ogists rated the dysarthria severity of the ALS patients following
the 5-point speech component of the ALSFRS-R scale [14] and the
mode of the three ratings was taken as the final severity. We catego-
rized 5 dysarthria severities into 3 groups, namely, severe dysarthric
group (SV) which consists of patients with severity 0 and 1, mild
dysarthric group (ML) consisting of patients with severity 2 and 3
and ALS group with no dysarthria (ND) comprising patients with
severity 4. All HC subjects are grouped together as the fourth group
(HC) representing normal speech. Number of subjects considered
for the groups SV, ML, ND and HC are 39, 40, 40 and 40 respec-
tively. Subjects were asked to take a deep breath and prolong a
vowel/fricative at comfortable pitch and/or loudness levels. 1 to 3
utterances for each vowel/fricative were collected from a subject de-
pending upon the subject’s level of comfort. All speech samples
were recorded at 44.1 kHz and then downsampled to 16 kHz. More
details about the data collection protocol and the data statistics can
be found in [15] and [12].

3. METHOD

We perform band-specific and full-band spectral analysis. The mo-
tivation behind taking up the band-specific approach is to check the
energy spread across different bands as the severity increases, along
with spectral moments, and also within the same severity across dif-
ferent vowels/fricatives. We consider a total of 8 bands, with each
band covering a 1 kHz frequency range. For instance, B1 ranges
from 0 Hz to 1 kHz, B2 from 1 kHz to 2 kHz, and so on, up to
B8, which spans from 7 kHz to 8 kHz. We conduct the analysis
using two different types of spectral measures - spectral energy and
spectral moments. We consider spectral moments of order 1 to 4,
i.e., mean, variance, skewness, and kurtosis, which can serve as the
descriptors for central tendency, energy spread, shape, and peaked-
ness, respectively. We calculate all these five different measures
separately for each band, for each frame, for every utterance, and
then average them across frames. In the case of energy, we normal-
ize the band-wise energies by dividing them by the total energy of
the frame before averaging across the frames. Subsequently, we ob-
tain an 8-dimensional vector for each measure for every utterance.
We further average these vectors across 1 to 3 repetitions of each
vowel/fricatives, resulting in a single 8D vector per vowel/fricative
per subject for each of the measures. In addition to the band-specific
features, we also calculate full-band moments across all frequencies.
We normalize all the waveforms by subtracting the means and divid-
ing by the standard deviation before extracting the features. All the
features are computed from the middle 1/3rd portion of the utter-
ances only as there might be transient changes in the beginning and

end portions. All feature extractions and experiments are carried out
using MATLAB R2018b.

We perform the statistical significance tests by following Multi-
ple Comparison test with critical value type being Tukey’s Honestly
Significant Difference Procedure [16] at 1% significance level. This
Multiple Comparison test compares the means of different groups to
test the hypothesis that they are all equal. The result tells us which
pairs of group means are statistically different. For each severity
group, we compare each band-specific and full-band measure across
the vowels and the fricatives. Also, for each vowel/fricative, we
compare across different severity groups. In this way we analyse
both severity wise changes as well as vowel/fricative wise changes
within severity.

4. RESULTS AND DISCUSSION

4.1. Analysis of Vowels

Fig. 1 summarizes the statistical comparison results for spectral en-
ergy (E), mean (M) and variance (V) of vowels at different frequency
bands B1-B8. The left half of the figure shows comparison among
different severity groups for each vowel and the right half shows
the comparison among different vowels at each severity level. Each
cell of a lower triangular matrix in the figure denotes the statistical
test outcome for comparison between the pair of feature sets corre-
sponding to the respective row and column. The value 1 (marked in
green) represents a significant difference between the competing fea-
ture sets, whereas the value 0 (marked in red) represents the absence
of any statistically significant difference.

First, let us consider the vowel wise comparisons of different
severity groups (left half of Fig. 1). All of spectral energy, mean and
variance in the higher B7-B8 bands of /a/ and the lower B2 band of
/i/ differ significantly between SV group and others, except only the
B8 energy of /a/ between SV and ND. Significant differences w.r.t.
spectral mean of /a/ in B1 are also observed between SV and ML/ND
groups. Moreover, SV and ML groups differ significantly in the B4
band of /a/ in terms of energy and mean. HC differs significantly
from SV in B4 and B7 bands of /i/, while differing from ML in the
B4 and B5 bands. For /o/ and /u/, the major severity-wise differences
are w.r.t. spectral mean. In B2 and B4 bands of both vowels, SV
group differs significantly from others w.r.t. spectral mean. Same
is also observed in B6-B8 bands for /o/ and B6 for /u/, except a
few cases. SV-ND pair in B6 band and SV-ML pair in B7 band
do not have significantly different spectral mean. Differences w.r.t.
energy between SV and ND in B1-B2 bands and between SV and
HC in B6-B7 bands of /o/ are also observed. The spectral variance
at the highest frequency band B8 of /o/ differs significantly between
SV and other severity groups, while those of B6-B7 bands differ
between SV and HC only. The variances in the B2 band for both
/o/ and /u/ are found to be different for SV and ND groups. Lastly,
differences between SV and HC are encountered in B3, B4 and B7
bands as well. It is to be noted here that there exists no significant
difference between ML-ND and ND-HC pairs in any frequency band
of the 4 vowels being considered.

While comparing different vowels at each severity level (right
half of Fig. 1), it is observed that, the significant differences of /a/
with the other 3 vowels at B1-B2 bands and with /o/,/u/ at higher
bands are mostly preserved at all severity levels. Additionally, for
SV, differences between /a/ and /o/, /u/ arise w.r.t. spectral energy in
the B3-B6 bands. On the other hand, though /i/ differs significantly
from others in B3-B5 bands for HC group, these differences gradu-
ally become insignificant with increasing dysarthria severity level.
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Vowel wise comparison Group wise comparison
/a/ /i/ /o/ /u/ SV ML ND HC

SV ML ND SV ML ND SV ML ND SV ML ND /a/ /i/ /o/ /a/ /i/ /o/ /a/ /i/ /o/ /a/ /i/ /o/
E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V

B
1

(0
-1

 k
H

z) ML 0 1 0 0 0 0 0 0 0 0 0 0 /i/ 1 0 1 1 1 1 1 1 1 1 1 1
ND 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 /o/ 1 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /u/ 1 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 1

B
2

(1
-2

 k
H

z) ML 0 0 0 1 1 1 0 1 0 0 1 0 /i/ 1 1 1 1 1 1 1 1 1 1 1 1
ND 0 0 0 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 0 1 1 0 0 0 /o/ 1 1 0 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0
HC 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 /u/ 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0

B
3

(2
-3

 k
H

z) ML 0 0 0 0 0 0 0 0 0 0 0 0 /i/ 0 0 0 0 0 0 0 0 1 1 1 1
ND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /o/ 1 1 0 1 1 1 0 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 1 1
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 /u/ 1 1 0 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 0

B
4

(3
-4

 k
H

z) ML 1 1 0 0 0 0 0 1 0 0 1 0 /i/ 0 0 0 0 0 0 0 0 0 1 1 1
ND 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 /o/ 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 1 0 1 0 1 1 1
HC 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 /u/ 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 0

B
5

(4
-5

 k
H

z) ML 0 0 0 0 0 0 0 0 0 0 0 0 /i/ 0 0 0 0 0 0 0 0 0 1 1 1
ND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /o/ 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 1 1 1
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /u/ 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 0

B
6

(5
-6

 k
H

z) ML 0 0 0 0 0 0 0 1 0 0 1 0 /i/ 0 0 0 0 0 0 0 0 0 0 0 0
ND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 /o/ 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 /u/ 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

B
7

(6
-7

 k
H

z) ML 1 1 1 0 0 0 0 0 0 0 0 0 /i/ 0 0 0 0 0 0 0 0 0 0 0 0
ND 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 /o/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
HC 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 /u/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

B
8

(7
-8

 k
H

z) ML 1 1 1 0 0 0 0 1 1 0 0 0 /i/ 0 0 0 0 0 0 0 0 0 0 0 0
ND 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 /o/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
HC 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /u/ 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fig. 1. Vowel wise (left half) and group wise (right half) comparisons of band-specific spectral Energy (E), Mean (M) and Variance (V) of
vowels; here, value 1 (in green) and value 0 (in red) respectively represent presence and absence of statistically significant difference

Vowel wise comparison Group wise comparison
/a/ /i/ /o/ /u/ SV ML ND HC

SV ML ND SV ML ND SV ML ND SV ML ND /a/ /i/ /o/ /a/ /i/ /o/ /a/ /i/ /o/ /a/ /i/ /o/
S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K

ML 0 0 0 0 0 0 0 0 /i/ 1 1 1 1 1 1 1 1
ND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /o/ 0 0 0 0 1 1 1 1 1 1 0 0 1 1 1 1
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 /u/ 1 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 1 0

Fig. 2. Vowel wise (left half) and group wise (right half) comparisons of full-band spectral Skewness (S) and Kurtosis (K) of vowels; here,
values 0 and 1 represent the same as mentioned in the caption of Fig. 1

Fig. 2 illustrates the statistical test results for full-band skewness
(S) and kurtosis (K) measures for vowels. It can be observed that /a/
differs from all of /i/, /o/, /u/ w.r.t. to both skewness and kurtosis for
ML, ND and HC groups. In case of SV, difference with /o/ becomes
insignificant while the others are maintained. No inter-severity dif-
ferences of skewness or kurtosis are observed in case of any vowel.

We do not report the full-band mean and variance comparison
results and band-specific skewness and kurtosis comparison results,
as no significant pattern is observed in those cases.

4.2. Analysis of Fricatives

As illustrated in Fig. 3 (left half), in case of the fricative /s/, SV and
ML differs significantly w.r.t. mean in high frequency B6-B8 bands,
w.r.t. energy in B7 band and w.r.t. all of energy, mean and variance
in the B1 band. Differences between SV and ND exist primarily
in all bands except B2-B3, whereas those between SV and HC are
prevalent in all bands except B3-B5. Moreover, ML differs from ND
primarily in B1 and B5 bands and from HC in B1 and B8 bands. The
only difference between ND and HC observed in this paper is in the
spectral energy, mean and variance in the B4-B5 bands of the frica-

tive /s/. These two groups are not expected to differ much as both
of these do not have any impairments in speech functions. In case
of /sh/, SV and other groups differ significantly in terms of spectral
mean of all bands except B2-B3 and except the ML vs. SV case in
band B6. The spectral energy, differs between SV and ML in B1 and
B6 bands, between SV and ND in B1, B4 and B5 bands and between
SV and HC in B1 and B4-B6 bands. The spectral variance, on the
other side, primarily differs between SV and HC groups in B1, B5
and B6 bands. Most of the frequency specific spectral properties of
/f/ remain unchanged with increasing dysarthria severity level except
a few. The spectral mean of B1 differs significantly between SV and
other severity groups while the spectral energy of that band differs
significantly between SV and ND/HC. Also, HC differs from SV in
terms of both energy and spectral mean of /f/ in the B8 band.

While analysing the discriminability of the fricatives at different
dysarthria severity levels (right half of Fig. 3), we observe that, /f/
differs significantly from /s/ and /sh/ in B1, B2 and B6 bands for HC,
ND and ML groups. Also, /f/ shows significant spectral differences
with /sh/ in B4-B6 bands and with /s/ in B6-B8 bands for all sever-
ities except SV. The differences between /s/ and /sh/ are observed
primarily in the cases of HC and ND groups in B3 and higher bands.
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Fricative wise comparison Group wise comparison
/s/ /sh/ /f/ SV ML ND HC

SV ML ND SV ML ND SV ML ND /s/ /sh/ /s/ /sh/ /s/ /sh/ /s/ /sh/
E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V E M V

B
1

(0
-1

 k
H

z) ML 1 1 1       1 1 1       0 1 0       /sh/ 0 0 0    0 0 0    0 0 0    0 0 0    
ND 1 1 1 1 1 0    1 1 1 0 1 0    1 1 0 0 0 0    /f/ 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
HC 1 1 1 1 1 0 0 0 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0

B
2

(1
-2

 k
H

z) ML 0 0 0       0 0 0       0 0 0       /sh/ 0 0 0    0 0 0    0 0 0    0 0 0    
ND 0 0 0 0 0 0    0 0 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1
HC 1 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

B
3

(2
-3

 k
H

z) ML 0 0 0       0 0 0       0 0 0       /sh/ 0 0 0    0 0 1    1 1 1    1 1 1    
ND 0 0 0 0 0 0    0 0 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0
HC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B
4

(3
-4

 k
H

z) ML 0 0 0       0 1 0       0 0 0       /sh/ 0 0 0    1 1 1    1 1 1    1 1 1    
ND 1 1 1 1 0 0    1 1 1 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 1 0 1 0 1 1 0
HC 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B
5

(4
-5

 k
H

z) ML 0 0 0       0 1 0       0 0 0       /sh/ 0 0 0    0 0 0    0 0 0    1 1 1    
ND 1 1 1 1 1 1    1 1 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1
HC 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

B
6

(5
-6

 k
H

z) ML 0 1 0       0 0 0       0 0 0       /sh/ 0 0 0    0 0 0    1 1 1    0 0 0    
ND 1 1 0 0 0 0    0 1 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
HC 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B
7

(6
-7

 k
H

z) ML 1 1 0       1 1 0       0 0 0       /sh/ 0 0 0    0 0 0    1 1 1    1 1 1    
ND 1 1 1 0 0 0    0 1 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 1 1 1 0 1 0 1 1 1 0 1 0 1 1 1 0 0 0
HC 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B
8

(7
-8

 k
H

z) ML 0 1 0       0 1 0       0 0 0       /sh/ 0 0 0    0 0 0    1 1 1    1 1 1    
ND 1 1 0 0 0 0    0 1 0 0 0 0    0 0 0 0 0 0    /f/ 0 0 0 0 0 0 1 1 1 0 1 0 1 1 1 0 1 0 1 1 1 0 0 0
HC 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Fig. 3. Fricative wise (left half) and group wise (right half) comparisons of band-specific spectral Energy (E), Mean (M) and Variance (V) of
fricatives; here, values 0 and 1 represent the same as mentioned in the caption of Fig. 1

Fricative wise comparison Group wise comparison
/s/ /sh/ /f/ SV ML ND HC

SV ML ND SV ML ND SV ML ND /s/ /sh/ /s/ /sh/ /s/ /sh/ /s/ /sh/
S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K S K

ML 1 1     1 1     0 0     /sh/ 0 0   0 0   0 0   0 0   
ND 1 1 0 0   1 1 0 0   0 0 0 0   /f/ 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1
HC 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Fig. 4. Fricative wise (left half) and group wise (right half) comparisons of full-band spectral Skewness (S) and Kurtosis (K) of fricatives;
here, values 0 and 1 represent the same as mentioned in the caption of Fig. 1

These spectral differences between different fricatives reduce with
increasing severity making all three fricatives statistically similar in
terms of all of energy, mean and variance features of all bands in the
case of the SV group, and thereby, collapsing the fricative space.

Lastly, Fig. 4 illustrates the statistical test results for full-band
skewness and kurtosis measures for fricatives. SV differs from the
other groups w.r.t. both parameters for /s/ and /sh/. However, /f/ do
not show any severity wise changes in these features, which agrees
with the behaviour of /f/ in terms of the other spectral properties
described before. While comparing among fricatives, we observe
that, both skewness and kurtosis of /f/ differ significantly from /s/
and /sh/ in case of all severity groups except SV, in which case the
differences become insignificant. Moreover, no difference between
/s/ and /sh/ w.r.t. these features is observed at any severity level.

Altogether, these observations on the fricatives might indicate
that /f/ is less affected with increase in dysarthria severity, whereas,
/s/ and /sh/ undergo significant changes and collapse towards /f/ at
the highest severity level. Similar to the vowel case, we do not ob-
serve any significant patterns in the full-band mean and variance
comparison results and band-specific skewness and kurtosis com-
parison results for fricatives. Hence, those are not reported.

5. CONCLUSION

In this paper, we analyse band-specific and full-band spectral energy
and spectral moments among different dysarthria severity groups
for particular vowels and fricatives as well as among different vow-
els/fricatives for each dysarthria severity group. Fricative /f/ is ob-
served to preserve its spectral properties whereas /s/ and /sh/ signifi-
cantly change with increase in severity, thereby making the spectral
properties of all three fricatives statistically similar at the highest
severity level. In the case of vowels, though the differences in sev-
eral spectral properties collapse with increasing severity, some dis-
tinguishable features remain, like, /a/ remains significantly different
from the other three vowels /i/, /o/ and /u/ in the 0-2 kHz band at
all severity levels. In the future, we would like to explore the spec-
tral properties of stops, diphthongs and syllables with consonant-
vowel transitions. We also plan to extend this study to other neuro-
degenerative diseases, like Parkinson’s disease.

Acknowledgements - We are grateful to the subjects for their valu-
able speech contributions. We also thank the Department of Science
and Technology (DST), Govt. of India for supporting this work.

12770

Authorized licensed use limited to: J.R.D. Tata Memorial Library Indian Institute of Science Bengaluru. Downloaded on October 24,2024 at 09:41:00 UTC from IEEE Xplore.  Restrictions apply. 



6. REFERENCES

[1] Lavoisier Leite and Ana Carolina Constantini, “Dysarthria and
quality of life in patients with Amyotrophic Lateral Sclerosis,”
Revista CEFAC, vol. 19, pp. 664–673, 2017.

[2] Aravind Illa, Deep Patel, BK Yamini, Meera SS, N Shiv-
ashankar, Preethish-Kumar Veeramani, Seena Vengalii, Kiran
Polavarapui, Saraswati Nashi, Nalini Atchayaram, and Pras-
anta Kumar Ghosh, “Comparison of speech tasks for automatic
classification of patients with Amyotrophic Lateral Sclerosis
and healthy subjects,” in International Conference on Acous-
tics, Speech and Signal Processing (ICASSP). IEEE, 2018, pp.
6014–6018.

[3] Ray D Kent, Gary Weismer, Jane F Kent, Houri K Vorperian,
and Joseph R Duffy, “Acoustic studies of dysarthric speech:
Methods, progress, and potential,” Journal of communication
disorders, vol. 32, no. 3, pp. 141–186, 1999.

[4] B Yamini, N Shivashankar, and A Nalini, “Vowel space area
in patients with Amyotrophic Lateral Sclerosis,” Amyotrophic
Lateral Sclerosis, vol. 9, no. 1, pp. 118–119, 2008.

[5] Gary Weismer, Jing-Yi Jeng, Jacqueline S Laures, Ray D Kent,
and Jane F Kent, “Acoustic and intelligibility characteristics
of sentence production in neurogenic speech disorders,” Folia
Phoniatrica et Logopaedica, vol. 53, no. 1, pp. 1–18, 2001.

[6] Kate Bunton and Gary Weismer, “The relationship between
perception and acoustics for a high-low vowel contrast pro-
duced by speakers with dysarthria,” Journal of Speech, Lan-
guage, and Hearing Research, vol. 44, no. 6, pp. 1215–1228,
2001.

[7] Jimin Lee, Heejin Kim, and Yong Jung, “Patterns of misiden-
tified vowels in individuals with dysarthria secondary to Amy-
otrophic Lateral Sclerosis,” Journal of Speech, Language, and
Hearing Research, vol. 63, no. 8, pp. 2649–2666, 2020.

[8] Jimin Lee, Emily Dickey, and Zachary Simmons, “Vowel-
specific intelligibility and acoustic patterns in individuals with
dysarthria secondary to Amyotrophic Lateral Sclerosis,” Jour-
nal of Speech, Language, and Hearing Research, vol. 62, no.
1, pp. 34–59, 2019.

[9] Susan E Langmore and Mark E Lehman, “Physiologic deficits
in the orofacial system underlying dysarthria in Amyotrophic
Lateral Sclerosis,” Journal of Speech, Language, and Hearing
Research, vol. 37, no. 1, pp. 28–37, 1994.

[10] Tanuka Bhattacharjee, Yamini Belur, Atchayaram Nalini, Ravi
Yadav, and Prasanta Kumar Ghosh, “Exploring the role of
fricatives in classifying healthy subjects and patients with
Amyotrophic Lateral Sclerosis and Parkinson’s Disease,” in
International Conference on Acoustics, Speech and Signal Pro-
cessing (ICASSP). IEEE, 2023, pp. 1–5.

[11] Tanja Antolı́k and Fougeron Cecile, “Consonant distortions
in dysarthria due to Parkinson’s disease, Amyotrophic Lateral
Sclerosis and cerebellar ataxia,” in INTERSPEECH, 2013, pp.
2152–2156.

[12] Chowdam Venkata Thirumala Kumar, Tanuka Bhattacharjee,
Yamini Belur, Atchayaram Nalini, Ravi Yadav, and Pras-
anta Kumar Ghosh, “Classification of multi-class vowels and
fricatives from patients having Amyotrophic Lateral Sclerosis
with varied levels of dysarthria severity,” in Interspeech, 2023.

[13] Kris Tjaden and Greg S. Turner, “Spectral properties of frica-
tives in amyotrophic lateral sclerosis,” Journal of Speech, Lan-
guage, and Hearing Research, vol. 40, no. 6, pp. 1358–1372,
1997.

[14] Jesse M Cedarbaum, Nancy Stambler, Errol Malta, Cyn-
thia Fuller, Dana Hilt, Barbara Thurmond, Arline Nakanishi,
BDNF ALS Study Group, and 1A complete listing of the
BDNF Study Group, “The ALSFRS-R: a revised ALS func-
tional rating scale that incorporates assessments of respiratory
function,” Journal of the neurological sciences, vol. 169, no.
1-2, pp. 13–21, 1999.

[15] Jhansi Mallela, Yamini Belur, Nalini Atchayaram, Ravi Yadav,
Pradeep Reddy, Dipanjan Gope, and Prasanta Kumar Ghosh,
“Raw speech waveform based classification of patients with
ALS, Parkinson’s disease and healthy controls using CNN-
BLSTM,” in Proc. 21st Annual Conference of the Interna-
tional Speech Communication Association, Shanghai, China,
2020, pp. 4586–4590.
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