acoustic analysis of voice and speech characteristics in
early untreated parkinson’s disease
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Abstract: parkinson’s disease (pd) is a neurological
illness characterized by progressive lost of
dopaminergic neurons, primarily in the substantia
nigra pars compacta. changes in speech associated
with hypokinetic dysarthria are a common
manifestation in patients with idiopathic pd. the aim
of this study is to investigate the feasibility of
automated acoustic measures for the identification of
voice and speech disorders in pd. the speech data
were collected from 46 czech native speakers, 24 with
early pd before receiving pharmacotherapy
treatment. We have applied several traditional and
non-standard measurements in combination with
statistical decision-making strategy to assess the
extent of vocal impairment of recruited speakers.
subsequently, we have applied support vector
machine to find the best combination of
measurements to differentiate pd from healthy
subjects. this method leads to overall classification
performance of 85%. admittedly, we have found
relationships between measures of phonation and
articulation and bradykinesia and rigidity in pd. in
conclusion, the acoustic analysis can ease the clinical
assessment of voice and speech disorders, and serve as
measures of clinical progression as well as in the
monitoring of treatment effects.
Keywords: parkinson’s disease, speech disorders,
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I. INTRODUCTION
Following the recent findings on the pathogenesis of
Parkinson’s disease (PD), increased interest has been paid
to the nonmotor symptoms indicating an early affection
of the lower brainstem that may precede the accession of
the main motor signs of PD [1].
As a part of the nonmotor symptoms, voice and speech
disorders are still considered to occur inconstantly and to
tend to be nonspecific, making them of little diagnostic
usefulness in early disease. On the other hand, previous

research has shown that deficiencies in speech affect
approximately 75-90% people with PD [2, 3]. The most
salient features of PD speech impairment include deficits
in the production of vocal sounds and motor involvement
of articulation [3-5]. Moreover, it has been demonstrated
that PD-related dysarthria can affect all different speech
subsystems
including
respiration,
phonation,
articulation, and prosody [6, 7]. Patients with PD can
manifest abnormalities related to all dimensions of speech
including
monoloudness,
monopitch,
imprecise
articulation, variable speech rate, hoarseness, reduced
stress, speech disfluencies, inappropriate silence, and
others [7].
To clinically test voice and speech disorders, there are
various vocal tests that have been proposed to assess the
extent of these symptoms including sustained phonation,
diadochokinetic (DDK) task (diadochokinesis connected
with articulation), and variable reading of sentences or
spontaneous speech [8, 9], that can be subsequently
assessed with various traditional and novel acoustic
measurements [10]. In our studies, we focus to
characterize the speech and voice disorders in the early
stages of PD, where the progression of speech symptoms
is not affected by medication. In order to find PD-related
speech features and separate patients with PD from
healthy control (HC) persons, we use several traditional
and novel acoustic measurement techniques as well as
statistical learning or decision theory.
II. DATA

We used the database of PD speech recordings which
we reported in [11]. From 2007 to 2009, a total of 46
Czech native participants were recruited for this research.
24 of these subjects (20 men and 4 women) fulfilling the
diagnostic criteria for PD were examined immediately
after the diagnosis was made and before the symptomatic
treatment was started. As a control group, 22 persons (15
men and 7 women) with no history of neurological or
communication disorders were included. None of the
participants had been under voice therapy and all gave
their consent to the vocal tasks and recording procedure.
The speech data were recorded in a quiet room with a
low ambient noise level using an external condenser
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microphone placed at approximately 15 cm from the
mouth and coupled to a Panasonic NV-GS 180 video
camera. The voice signals were sampled at 48 kHz, with
16-bit resolution; the video material was not used. All
subjects were recorded at the time of a single session with
a speech pathologist. Each participant was instructed to
perform at least two times three vocal tasks including
sustained phonation, diadochokinetic task, and running
speech as a part of a larger protocol. Detailed description
of the recording and data can be found in [11].
III. METHODS
We aimed to characterize the PD speech performance,
applying the statistical decision-making theory to several
acoustic measurements to explore how PD-related vocal
symptoms differ from the speech performances of the
wider norm of healthy speakers. Subsequently, we
designed quick vocal test in order to reduce the time
required for voice investigation, represent all speech
subsystems, and create reliable assessment in practice,
and tested performance of this test in separating PD
subjects from HC participants. Finally, we search for a
possible correlation of the voice parameters with respect
to the duration and severity of disease.
A. Characteristics of voice and speech disorders
We have mainly focused on four speech subsystems
including phonation, respiration, articulation, and
prosody. For each of these subsystems, we computed
several acoustic measures; all the algorithms are
described in [10]. In examining phonation of PD
speakers, we computed 4 features including jitter (the
extent of variation of voice range), shimmer (the extent of
variation of expiratory flow), noise-to-harmonics (NHR),
and harmonics-to-noise (HNR) ratios (the amplitude of
noise relative to tonal components in speech) [12]. In
examining respiration, we used 1 feature of Sound
Pressure Level Decline (SPLD – measure the ability to
maintain intensity level). In examining articulation, we
calculated 3 features including DDK rate (number of
syllable vocalizations per second), Robust Formant
Periodicity Correlation (RFPC – quantifies the accuracy
of articulation), and Spectral Distance Change Variation
(SDCV – quantifies the clarity of articulation) [10]. In
examining prosody, we used 3 features including
fundamental frequency variation (F0 SD), intensity of
voice variation (Intensity SD), and number of pauses
[10].
Two-sided Wilcoxon rank-sum test was performed to
find differences between groups. To explore the extent of
PD-related vocal impairment, we applied the Wald task
decision-making theory to features’ Gaussian kernel
densities [13]. As a result, for all the features, the subjects
were classified as PD (dysarthric speech performance),

HC (intact speech performance), or “not sure” (indecisive
situation – performance of wider norm of healthy people).
The higher quantity of classifications as PD is associated
with progression of PD vocal impairment, the higher
quantity of classifications as HC is associated with
healthy speech performance.
B. Identification of voice and speech disorders
In order to create reliable assessment in clinical
practice, there is a need to test and find the optimal
combination of acoustic measurements that gain a useful
amount of information for separating early PD from HC.
Therefore, we constructed a feature vector with 8
representative measurements including jitter, shimmer,
NHR, HNR, SPLD, RFPC, SDCV, and F0 SD. To reduce
dimensionality of the data and find the combination of
acoustic measurements with the best classification
accuracy, the exhaustive search of all possible
combinations of features was performed using the method
from statistical learning theory called support vector
machine (SVM) [14]. The SVM classifier with Gaussian
radial basis kernel was applied because it allows smooth,
curved decision boundaries. On the basis of the decision
boundary, the SVM classifier enables to build a
predictive model which decides whether a subject belong
to the PD or HC group. The choice of optimal SVM
parameters was determined by an exhaustive search over
a range of values. Cross-validation with the leave-one-out
method was used to validate reproducibility (for possible
new outcome samples) of SVM classifier; the 50 iteration
was used for validation of each combination.
C. Relationships between acoustic features and severity
of disease
In addition to speech data, for each of the PD patients,
we have administered the duration of disease prior to
recording, stage of disease according to the Hoehn &
Yahr (HY) scale (disability scale comprised of stages 1
through 5, where 5 is most severe), and global motor
impairment according to the Unified Parkinson’s Disease
Rating Scale (UPDRS) III (motor rating scale from 0 to
108, where 108 represents severe motor impairment).
UPDRS III contains 27 items, each scored from 0 (no
disability) to 4 (severe disability). We have also
administered the three UPDRS III composite subscores
including bradykinesia (sum of the UPDRS III items 23,
24, 25, 26), postural instability and gait disorders (PIGD
- sum of UPDRS III items 27, 28, 29, 30), and rigidity
(UPDRS III item 22). Subsequently, the Person productmoment correlation was used to find relationships
between acoustic features and HY stage, duration of PD,
UPDRS III score, and UPDRS III composite subscores.
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IV. RESULTS
Table 1 summarizes the comparison of subject
parameters and speech parameters between Parkinsonian
speakers and control group. The final data obtained were
composed of 116 recordings (56 from the PD patients,
and 60 from HC individuals). After applying the Wald
task, we have found that 18/24 patients with PD indicate
some form of vocal impairment that differs from the
speech performance of the wider norm of healthy people.
None of the HC speakers reached the specific dysarthric
performance of patients with PD.
From all possible tested measurement combinations, 4
features including NHR, SPLD, RFPC, and F0 SD
obtained the best classification score of 85.02%. The
classification performance of the entire measurements
subset was 81.67%. From individual measures, F0 SD
obtained the best classification accuracy of 81.30%. The
maximal correct overall classification accuracy was
76.40% using only sustained phonation, and 71.35%
using only the DDK task.
In PD patients, there were no statistically significant
correlations between the vocal parameters and the stage
or duration of the disease. Accordingly, there were no
statistically significant correlations between the vocal
parameters and UPDRS III scores. However, the partial
subscore of bradykinesia significantly correlated with the
measure of articulation SDCV (R = -0.44, P < 0.05) and
measures of phonation including jitter (R = 0.42, P <
0.05), NHR (R = 0.43, P < 0.05), and HNR (R = -0.44, P
< 0.05). Admittedly, the subscore of rigidity correlated
with HNR (R = -0.43, P < 0.05). There were no
significant correlations between the vocal parameters and
the UPDRS subscores of PIGD and speech.
V. DISCUSSION
Fig. 1 summarizes the procedure and results of the
two-minute vocal test that was employed to evaluate
voice and speech disorders in a group of patients with
unmedicated PD in comparison to HC people. For the
sake of acoustic analysis, the measurements were
designed as robust as possible with respect to a possible
real-time automatic evaluation in a common acoustic
environment and with the presence of contradictory
factors such as individual differences in voice and speech.
The acoustic measures were used as features for
classification of probands into the PD and HC groups.
Despite the limited number of speech samples, the best
classification accuracy gains performance of 85% was
reached using the combination of four measures, each of
them representing deficits in one of the speech
subsystems related to PD.
According to our results, the deficits in speech
prosody appear to contain the greatest amount of
information in assessment of early PD-related vocal

table 1: List of results of acoustic measures with
mean±SD values and statistical comparisons between
Parkinsonian and healthy groups.

subject parameters
Age (year)
Male
Female
Duration of PD (month)
HY stage
UPDRS III score
sustained phonation
Phonation
Jitter (%)
Shimmer (%)
NHR (-)
HNR (dB)
ddk task
Respiration
SPLD (1/s)
Articulation
DDK rate (syll/s)
RFPC (-)
SDCV (-)
running speech
Prosody
F0 SD (semitones)
Intensity SD (dB)
No. pauses (pause/s)

Subjects
PD
HC
(n = 24)
(n = 22)

Difference
between
PD and HC

60.92±11.24 58.73±14.61
n = 20
n = 15
n=4
n=7
31.29±22.25
n/a
2.19±0.48
n/a
17.42±7.14
n/a

P = .46
n/a
n/a
n/a
n/a
n/a

0.91±0.68
8.57±4.60
0.22±0.25
14.05±6.01

0.33±0.21
3.25±1.57
0.04±0.03
22.55±4.28

P < .001
P < .001
P < .001
P < .001

5.68±2.99

3.85±3.01

P < .05

6.01±0.60
0.43±0.14
0.14±0.03

7.16±0.71
0.58±0.10
0.17±0.03

P < .001
P < .001
P < .01

1.52±0.43
7.15.±1.42

2.62±0.75
8.66.±1.49

P < .001
P < .001

3.24.±0.85

3.83.±0.70

P < .01

impairment. Similarly, reduced melody in running speech
captured by F0 SD measurement was found in other
studies in PD patients, both treated and untreated with
dopaminergic drugs [7, 15, 16]. On the other hand,
several previous studies suggested that the most salient
features of PD speech are related to phonatory and
articulatory impairment [3, 4]. Indeed, our findings of
increased values in jitter, shimmer, and NHR/HNR that
may be clinically interpreted as hypophonia, voice
hoarseness, and tremolo are in agreement with a previous
report on untreated patients with PD [15]. However, in
PD patients treated by dopaminergic drugs, only the jitter
values were increased compared to controls while
shimmer values were similar to those of controls, and the
NHR/HNR findings were controversial [16].
VI. CONCLUSION
In conclusion, our newly designed configuration of
vocal tests appears suitable for identification of voice and
speech disorders in early stages of PD where it can
accurately differentiate PD patients from HC. It consists
of vocal tasks commonly used in most of the research
studies examining PD-related voice and speech disorders
[7]. Furthermore, the measurement methods can be
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figure 1: Schematic diagram depicting the recording of
the PD patient’s speech signals through the vocal test.
Signals are calculated using speech signal processing
algorithms and evaluated using the SVM-based model.
SUBJECT

VOCAL TASKS

Sustained phonation

(at least 5 s; approximately 15 s)
Recording

Person in early stage of Parkinson‘s
disease speaks to
microphone

Diadochokinetic task

(at least 5-times /pa/-/ta/-/ka/ repetition)

Running speech

(about 170 words; approximately 80 s)
Speech signal
processing

(the number of Parkinsonians correctly
classified)

True negative rate of 87.56 %

(the number of healthy people correctly
classified)

EVALUATION

SVM-build
model

Correct overall rate of 85.02 %

True positive rate of 82.78 %

Phonation
Respiration
Articulation
Prosody

↔ NHR
↔ SPLD
↔ RFPC
↔ F0 SD

SPEECH SUBSYSTEMS MEASURES

performed automatically with sufficient accuracy and
without assistance of speech pathologist. In the future,
when precise automatic assessment of boundaries
between vowels and consonants etc. become feasible, the
quick vocal test can be extended using new measurement
methods such as for example novel acoustic measure of
formant centralization ratio [17] which was proposed to
robustly differentiate dysarthric from healthy speech.
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