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of rate in individuals with idiopathic Parkinson’s disease. Fifteen native Marathi
speakers within the age range of 50 - 80 years with Idiopathic Parkinson’s Disease
(PD) and fifteen healthy controls (HC) participated in the study. The participants
read a Marathi passage at three rate conditions; habitual, fast and slow. Speaking
rate, articulation rate, pause duration, and pause frequency was extracted for the
two speaker groups using PRAAT software. Findings of the study show that for PD

India speakers, the average speaking rate, & articulation rate was reduced but pause
duration and pause frequency was increased as compared to HC speakers. The PD
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for PD speakers.

speakers altered their rate and pause characteristics in a similar way as done by HC
speakers to achieve speaking rate changes, however, the extent of change was lesser
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INTRODUCTION
Parkinson’s disease is a chronic
neurodegenerative  disorder characterized by the

progressive loss of dopaminergic neurons in the
substantia nigra [1]. Parkinson’s disease is a slowly
progressive idiopathic neurologic disease that affects
approximately 50 people per 100,000 older than age of 50.
It usually begins mid-to-later life; survival from symptom
onset is approximately 9 yrs. Dysarthria is seen in
Parkinson’s disease. However, it does not emerge for
several years after the onset of other signs of PD [2]. As
the disease progresses in individuals with PD,
approximately 60% to 70% of the individuals with PD
develop speech symptoms. Parkinson’s disease is most
commonly the cause of hypokinetic dysarthria. A study
analysed speech characteristics of dysarthric speakers
with Parkinson disease [3]. PD speakers excessively used
short phrases, short rushes, pauses and variable speech
rate. Reduction in the intensity of the speech, stress,
intonation patterns, abnormal voice qualities, distorted
consonantal sounds are the few speech abnormalities
observed in individuals with PD [4]. Review of literature
on speech rate suggests that speech rate deficits are
exhibited by individuals with dysarthria [4], [3], [5], [6],
[7], [8], [9]. The results of the studies showed that most
Parkinson disease patients speak at a rate that is at least

somewhat different from unimpaired speakers (too slow,
too fast, and variable). Variable rate is also one of the
speech symptom in hypokinetic dysarthria which gives an
impression of fast rate of speech and articulatory
undershoot [10].

Speaking rate has been observed to be a
significant perceptual feature which is impaired in
individuals with dysarthria associated with PD. Slower
than typical rate technique has been used to improve
intelligibility of dysarthria speakers but not all speakers
with dysarthria exhibits improved intelligibility when
their rate is reduced. For altering speaking rate, one may
change articulation time or pause time or both.
Researchers in western context have studied ability of
dysarthria speakers with PD, ALS, and Multiple sclerosis
(MS) to voluntarily alter speech rate at different
conditions, and whether they use articulation rate and
pause characteristics in a way similar to neurologically
intact individuals [11], [12], [13], [14]. Speech and pause
characteristics associated with voluntary rate reduction in
Parkinson’s disease (PD) and multiple sclerosis (MS) was
investigated and was compared with neurologically intact
talkers. The parameters measured were speech rate,
articulation time, pause duration, and pause frequency.
Descriptive statistics suggested that articulatory rate and
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speech rate was least for MS group as compared to PD and
control group in habitual condition. However, in slow
condition highest articulatory rate was found for PD
group. Pause duration was highest for PD group in
habitual and slow condition. All the speakers tried to
adjust their articulation time and pause time to reduce the
overall rate in the slow condition. When speakers tried to
slow their speech rate than normal, articulation rate was
reduced; shorter speech runs and longer and frequent
pauses were used. These results suggest that dysarthria
training programs can enhance the existing skills used by
the patients for the rate reduction [14].

There are few studies reporting relationship
between articulation rate and pause characteristics as a
function of speaking rate. However, in Indian context there
are no studies analyzing rate parameters in individuals
with dysarthria to best of researcher’s knowledge. There is
limited knowledge about how individuals with dysarthria
voluntarily alter their speaking rate. Therefore, analysis of
speaking rate in dysarthria is required which may extend
our understanding of how individuals with dysarthria
voluntarily alter speaking rates. Hence, the current study
was planned to analyze rate parameters in individuals
with dysarthria associated with Parkinson Disease.

Aim: The study the effect of speaking rate modification on
parameters of rate in individuals with dysarthria
associated with Parkinson’s disease.

Material and Method

Participants: Participants of the study were divided into
two groups. The first group consisted of individuals with
dysarthria associated with Parkinson’s disease (PD) and
the second group (HC) consisted of healthy individuals.
Individuals with confirmed medical diagnosis of
Parkinson’s disease were selected. The participants were
within the age range of 50-80 years with mean age of 59.8
years. Severity of dysarthria was assessed by SLP on a
rating scale of mild to severe (1-mild, 2-moderate, 3-
severe) and individuals with the severity of mild degree
were considered (Table I). The participants with PD who
had very limited or no speech output and the one with
normal speech intelligibility were not considered in the
study. All the participants were able to read and speak
Marathi fluently. Participants had no known associated
language, cognition, and vision and hearing difficulties. In
order to avoid the effect of medication on speech, it was
ensured that the speech samples were recorded at least
eight hours post-medication. For the HC group, individuals
within the age range of 50-80 years were selected.
Individuals without any neurological problems and no
known associated hearing, speech, language, cognitive and
visual problems were considered. All the participants
were able to read and speak Marathi fluently.

Material and recording procedure: The stimuli included
a Marathi passage consisted of 152 words and including all
the phonemes in Marathi language. The printed passage
was given to the participants and they were asked to read
the passage once for familiarity. The participants were
instructed to read the passage in three speaking
conditions i.e., Habitual (H), fast (F) and slow (S). In
Habitual speaking condition, patients were instructed to
read the passage at their normal speed. Following the
habitual condition, participants were instructed to
voluntarily speak as fast as possible and as slow as
possible. A rest period of 5 minutes was given to the
participants between the three recordings. The speech
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recording for PD was done at least four hours after the
consumption of anti-Parkinson’s medication to avoid its
effect on speech.

Acoustic Analysis: The recorded sample from each
participant was subjected to acoustic analysis. The
parameters extracted using PRAAT software (version
4.1.21) was Speaking rate, Articulation rate, Pause
duration, and Pause frequency. The working definitions
are: (a) Speaking rate is defined as words per minute for a
given sample of speech; (b) Articulation is defined as the
total number of the syllables produced by the articulation
time (time during which speech segments are produced)
and is expressed in syllables/second; (c) Pause duration
was measured from the offset to the onset of the two
consecutive speech runs. It is defined as a silent period in
the speech waveform of at least 200 milliseconds; (d)
Pause frequency was considered to be the number of
pauses in the speech sample.

Results and Discussion

The mean and standard deviation obtained through
descriptive statistics for the selected rate parameters at
each condition for both the groups are given in the Table .
A difference in the mean scores was observed between
DYSPD and HC group each rate condition for all rate
parameters namely, speaking rate, articulation rate, pause
duration, and pause frequency. Average speaking rate and
articulation rate were reduced in DYSPD group as
compared to HC group. Whereas an increase in pause
duration and pause frequency was noted in DYSPD group
as compared to HC group. For both the groups mean
speaking rate, and articulation rate for a speech run was
highest for fast condition followed by habitual and slow
rate. MANOVA was done to compare the selected rate
parameters between DYSPD and HC group separately for
each condition. Statistically significant main effect was
noted for the selected rate parameters between the DYSPD
and HC group for habitual condition (F(1,28)=51.71,
p<0.01), Fast condition (F(1,28)=36.16, p<0.01) and Slow
condition (F(1,28)=50.77, p<0.01) was observed. There
was a statistical significant difference between the groups
for speaking rate (p<0.01), articulation rate (p<0.01),
pause duration (p<0.01), and pause frequency (p<0.01) for
each rate condition was seen. Repeated measure ANOVA
was done for each rate parameter across the rate
conditions separately for DYSPD and HC group.

Speaking rate: Overall speaking rate was slower for
DYSPD group compared to HC group although the mean
speaking rate increased from slow to habitual to fast rate
condition for both groups (figure 1). Statistical analysis of
speaking rate showed a significant main effect
(F(1,14)=16.17, p<0.01) for rate conditions within DYSPD
group and within HC group. For both groups, post hoc
analysis revealed a significant difference between the
three rate condition pairs ie, H-F, H-S and F-S
(p<0.01).Both the groups were able to voluntarily modify
their speaking rates; reduce rate from habitual to slow and
increase from habitual to fast condition; the DYSPD
individuals could not change the rate to the extent as the
healthy controls. Previous studies on speaking rate have
been done in speakers with dysarthria of various
neurological diagnosis like with PD, ALS and MS. Results of
few studies suggests that speakers with PD are able to
voluntarily reduce their speech rate from habitual to slow
condition but the magnitude was smaller compared to
controls and MS [14] which supports our findings,
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whereas, another study [15] found contrary findings that
dysarthria speakers of different neurological diagnosis
were not able to speak ‘slowly on demand’ compared to
the other rate control methods used. A study on ALS
report that speakers were able to alter their speaking rate
for a reading passage from habitual to slow condition but
ALS speakers’ rates were slower than normal speakers in
habitual condition [11]. The current study supports the
previous findings that speakers with PD can voluntarily
alter their speaking rate. But the strategies used are
different for the groups during reducing the rate. DYSPD
individuals increased duration of pauses while HC
individuals used frequent pauses.

Articulation rate: Figure 2 indicates slower articulation
rate for PD group as compared to HC group. The average
articulation rate showed an increase from slow to habitual
to fast rate conditions for both the groups. A statistical
significant main effect (F(1,14)=21.74, p<0.01) was seen
for articulation rate within PD group and HC group. Post
hoc analysis indicated a significant difference (p<0.01)
between H-F and F-S condition but not for H-S for both the
groups (p>0.05). Results indicate that both DYSPD and HC
individuals were able to voluntarily alter articulation rate
from habitual to slow and from habitual to fast condition
but extent of change was reduced for them when
compared to HC for all the conditions. But these results
are not unique as studies analyzing effect of voluntary rate
modification by PD speakers and healthy controls indicate
mixed results. Studies done in past report similar findings
that PD speakers can voluntarily reduce their articulatory
rate for a short reading passage in presence of external
pacing device [16], increase the articulatory rate from
habitual rate to fast and decrease from habitual to slow
[13] and reduce the mean articulatory rate from habitual
to slow condition [14]. However, their findings [14] are
contrary to the above findings in that magnitude of
reduction in articulatory rate was lesser (18 %) for PD
speakers compared to control group (35 %). In the
present study, DYSPD group was able to voluntarily
decrease their speaking rate from habitual however
contradictory results have been found [15], [16] where
speakers with dysarthria did not reduce their speaking
rate. This could be attributable to the language or cultural
differences and cross-study variances in the studies
reported earlier may help to explain different results
observed in the study. The present study reports data for
Marathi speakers, while other studies have been
conducted in Belgium [15], English speakers [16], [13].
Pause duration: The average pause duration increased
from fast to habitual to slow rate conditions for both the
groups is shown in the figure 3. A statistical significant
main effect (F(1,14)=147.56, p<0.01) was seen for pause
duration within PD group and within HC group. Post hoc
analysis indicated a significant difference (p<0.01)
between Habitual Vs. Fast and Fast Vs. Slow condition but
not for Habitual Vs. Slow for HC group (p>0.05). However,
pause duration was significantly (p<0.01) different
between Habitual Vs. Fast, Habitual Vs. Slow and Fast Vs.
Slow rate conditions for DYSPD group. Present study
indicates that DYSPD used longer pauses for each rate
condition when compared with HC. Similar findings have
been reported in other studies analyzing pause duration in
PD speakers [3], [16], [9]. But the pause duration tended
to become longer as the rate decreased and became
shorter with increase in rate for both the groups. Similar
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reports are shown by a study where the PD speakers used
longer pause duration while voluntarily decreasing the
rate from habitual to slow condition [14].

Pause frequency: Figure 4 shows the pause frequency
across the rate conditions for both the group. The average
pause frequency was found to be highest in slow condition
and lowest in fast condition in both the groups. A
statistical significant main effect was seen for pause
frequency within PD group and HC group. Post hoc
analysis indicated a significant difference (p<0.01)
between Habitual vs. Fast and Fast vs. Slow condition but
not for Habitual vs. Slow for HC group. However, pause
frequency was significantly different between Habitual vs.
Fast and, Fast vs. Slow rate conditions. However, for
Habitual vs. Slow a non-significant difference (p>0.05) was
observed for PD group. Similar findings have been
reported by a study [14] suggesting increased pause
frequency in PD group as compared to controls.

In summary, rate parameters were compared
between DYSPD and HC group across three rate conditions
i.e, habitual, fast, and slow in this study. The DYSPD
individuals altered their articulation rate, pause duration,
and pause frequency group in a similar manner as done by
HC individuals to achieve speaking rate changes. Although,
the both groups were able to voluntarily modify their
speaking rates; reduce rate from habitual to slow and
increase from habitual to fast condition; the DYSPD
individuals could not change the rate to the extent as the
healthy controls. Overall the DYSPD individuals spoke
slowly as compared to HC individuals. For both the groups,
increase in speaking rate was associated with increase in
articulation rate, decrease in pause duration, pause
frequency and breath group. Whereas, while reducing the
rate, DYSPD individuals increased pause duration and
breath group, and while HC individuals increased the
breath group and used frequent pauses. Although, both the
groups were able to manipulate their breath group while
reducing the rates, DYSPD achieved it by using longer
pauses while HC increased frequency of pauses. Moreover,
DYSPD group gave pauses at grammatically inappropriate
locations at each rate condition compared to HC.

Table I. Information regarding age, gender, year since
onset of Parkinson’s disease and severity of

individuals with dysarthria associated with
Parkinson’s disease.

DYSPD Age/Sex Dysarthria Yeas since onset

Group Severity

D1 65/F Mild 10 Years

D2 68/M Mild 15 Years

D3 62/M Mild 10 Years

D4 62/M Mild 12 Years

D5 58/F Mild 5 Years

D6 62/M Mild 10 Years

D7 68/M Mild 10 Years

D8 68/M Mild 8 Years

D9 65/M Mild 7 Years

D10 62/F Mild 7-8 Years

D11 68/M Mild 10 Years

D12 65/M Mild 10 Years

D13 65/M Mild 8 Years

D14 65/M Mild 10 Years

D15 62/F Mild 7 Years

Table II. Mean and SD values of the rate parameters
between DYSPD and HC.

Parame  Group Habitual Fast Slow
ters Mean  SD Mean  SD Mean  SD
Speaking DYSPD 1122  9.80 1275 427 1061 4.27
rate 7 3 3
HC 1213 6.62 1374 546  101.0 1.57
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3 0 7
Articulat  DYSPD  10.07 0.35 13.26 0.76 9.42 0.21
ion rate HC 11.76  0.40 20.09 1.25 1197 0.59
Pause DYSPD 5504 6.98 4775 6.79 621.5 7.84
duration 8 2 5
HC 4184 1011 3645 6.46 438.3 10.3
7 4 0 1
Pause DYSPD 33.6 1.12 23.26 1.77 3520 1.28
frequenc  HC 23.2 0.82 15.8 0.97 27.20 1.07
Y
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Figure 1: shows the speaking rate across the rate
conditions for DYSPD and HC.
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Figure 2: shows the articulation rate across the rate
conditions for DYSPD and HC group.

Pause Duration
g
o E215
]
- " 4333
400 W
5 =i=07iF0

300 —=HC
200
il )

o

habibaal fast show

Figure 3: shows the pause duration across the rate
conditions for DYSPD and HC group.
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Figure 4: shows the pause frequency across the rate
conditions for DYSPD and HC group.
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Conclusions

Findings of this study indicates that DYSPD speaker’s can
voluntarily alter their speaking rates but the extent of
changes made in articulation and pause characteristics
were limited when compared with healthy controls.
DYSPD individuals relied on pause duration for reducing
rate although less pauses were placed at grammatically
appropriate locations. So, the existing strategies used by
individuals with dysarthria associated with PD can be
used in the treatment focusing on rate control. Therefore,
the treatment programs focusing on voluntary rate
modification in dysarthria might incorporate speaking
fewer syllables per breath while pausing frequently and
placing pauses at appropriate grammatical locations.
Pause placement training might be helpful because the
current results indicated that individuals with dysarthria
relied on pause duration to alter their rate but paused
inappropriately.
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