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Abstract.

Background: Up to 89% of the individuals with Parkinson’s disease (PD) experience speech problem over the course of the
disease. Speech prosody and intelligibility are two of the most affected areas in hypokinetic dysarthria. However, assessment
of these areas could potentially be problematic as speech prosody and intelligibility could be affected by the type of speech
materials employed.

Objective: To comparatively explore the effects of different types of speech stimulus on speech prosody and intelligibility in
PD speakers.

Methods: Speech prosody and intelligibility of two groups of individuals with varying degree of dysarthria resulting from PD
was compared to that of a group of control speakers using sentence reading, passage reading and monologue. Acoustic analysis
including measures on fundamental frequency (FO), intensity and speech rate was used to form a prosodic profile for each
individual. Speech intelligibility was measured for the speakers with dysarthria using direct magnitude estimation.

Results: Difference in FO variability between the speakers with dysarthria and control speakers was only observed in sentence
reading task. Difference in the average intensity level was observed for speakers with mild dysarthria to that of the control
speakers. Additionally, there were stimulus effect on both intelligibility and prosodic profile.

Conclusions: The prosodic profile of PD speakers was different from that of the control speakers in the more structured task,
and lower intelligibility was found in less structured task. This highlighted the value of both structured and natural stimulus to
evaluate speech production in PD speakers.
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INTRODUCTION

The most common type of speech disorder associ-
ated with PD is hypokinetic dysarthria, and is most
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prominently characterized by disruption in prosody
[1, 2]. Prosody refers to the aspects of the speech
signal used in carrying both linguistic (e.g., into-
nation and stress) and paralinguistic (e.g., anger
and sadness) meanings. As a result of rigidity of
speech musculatures and reduced range of articulatory
movements, speech associated with PD is generally
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characterized by monopitch, inappropriate pitch level,
reduced stress, monoloudness, inappropriate silences,
short rushes of speech, variable speech rate, harsh
and breathy voice qualities [2], all could have direct
and/or indirect impact on speech prosody. Impairment
in speech prosody not only affects the expression of lin-
guistic intonations and emotions; but is also reported
to negatively influence overall intelligibility [3, 4], and
may thus result in reduced communication efficiency
and listeners making negative personality judgement
about the speakers [5]. However, only very few studies
have explored the effects of impaired speech prosody
on intelligibility, indicating that prosody might be
the second most impacting factors on speech intelli-
gibility, after articulation [3]. Assessment of speech
prosody in PD speakers is thus crucial for diagnosis
and speech/language therapy.

Examination of impairment in prosody has been
regarded as one of the most difficult aspects for speech
and language therapy, one of the main controversies
being the type of speech material employed. Struc-
tured materials, such as sentence reading and standard
passagehave been most commonly used [6]. However,
the representativeness of prosody elicited in structured
material compared to that of natural speech is ques-
tionable [7]. Previous studies have shown that there are
differences in the prosodic patterns between structured
speech tasks and spontaneous speech tasks: Speakers
are more likely to pause at grammatical boundaries in
a reading task than in a spontaneous speech task [8],
while pauses in spontaneous speech are results of the
higher cognitive demand in the planning process [9].
A faster speech rate and a higher average fundamental
frequency (FO) were also reported for a reading task
when compared to a spontaneous speech task [10].

Another factor which complicates the analysis of
prosody in dysarthric speech is the lack of agreed
method on how speech prosody should be analysed or
quantified. Although perceptual evaluation has been
criticized for its high level of subjectivity and inter-
rater variability [11], it is still the “gold standard” in the
clinical differential diagnosis of dysarthria including
hypokinetic dysarthria [12]. Objective quantification
of speech prosody by acoustic analysisis suggested
as a more objective and reliable approach, employing
different parameters such as average FO and average
intensity [7].

The overall aim of this study thus was to compara-
tively explore the effects of different types of speech
materials on speech prosody and intelligibility in PD
speakers. Acoustic analyses were used to examine
prosodic variations across different types of speech

materials, and direct magnitude estimation (DME)
would be used to investigate the variation in speech
intelligibility. The relationship between impairment in
speech prosody and intelligibility was also be explored.

SUBJECTS AND METHODS

Speakers

Speaker recruitment was performed using a two-step
approach: The first step included the recruitment of
38 native German speakers with PD according to the
UK Brain Bank criteria [13] as a sample of oppor-
tunity by movement disorder physicians. Severity of
PD symptoms was assessed using the Unified Parkin-
son’s disease rating scale (UPDRS) [14]. Individuals
who had an identifiable cause of parkinsonism or signs
for atypical parkinsonian disorders, had history of
psychosis or signs of dementia (Mini Mental State
Examination [MMSE] < 23 points) or other relevant
conditions interfering with the study protocol were
excluded. All 38 speakers included in this study had
normal oral-peripheral structures, acceptable hearing
level (<40 dBHL at 500, 1K and 2K Hz for the better
ear), and normal language ability as screened by the
Token Test in the Aachener Aphasia Test [15].

The second step included the dysarthria sever-
ity rating of all 38 recruited speakers by perceptual
analysis of a thirty seconds passage-reading speech
sample to exclude patients without dysarthria and to
group patients according to dysarthria severity. These
speech samples were presented to three expert listen-
ers, who were qualified speech and language therapists
with more than 5 years of clinical experience with
dysarthric speech, to rate the degree of dysarthria as
mild, moderate or severe based on the perception of
the degree of deviation from the norm in respira-
tion, phonation, articulation, resonance and prosody.
Twelve speakers were rated to have no dysarthria and
were thus excluded from the study. Twenty-six speak-
ers were judged to have hypokinetic dysarthria (for
details see Table 1). Since only two patients were
judged as having severe dysarthria, they were com-
bined into the moderate group (moderate-severe). 24%
(n=9) of patients received speech therapy (all accord-
ing to Lee-Silverman-Voice-Treatment) prior to study
inclusion.

Twelve native German speakers were recruited as
controls, with ten males and two females (mean age
65.83 years, range 59-75 years). All control speakers
had no previous history of speech or language disor-
ders, normal oral-peripheral functions and acceptable
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Demographic and clinical data of speakers

Speaker  Age [years] Gender  Disease duration [years] Hoehn&Yahr stage ~ UPDRS part Il Dysarthria severity
S1 69 M 16 2 15 mild
S2 66 M 8 1 7 mild
S3 71 F 13 2 12 mild
S4 67 M 1 1 7 mild
S5 57 M 5 1 11 mild
S6 65 M 3 1 7 mild
S7 68 M 3 2 6 mild
S8 65 M 3 2 10 mild
S9 70 M 7 2.5 13 mild
S10 67 M 4 2 12 mild
S11 69 M 14 2.5 15 mild
S12 72 F 9 2 4 mild
S13 79 M 6 3 19 mild
S14 44 F 13 2 17 moderate
S15 72 M 5 2 22 moderate
S16 74 M 15 3 22 moderate
S17 66 M 23 3 13 moderate
S18 65 M 2 2 8 moderate
S19 78 M 7 4 12 moderate
S20 59 F 6 2.5 19 moderate
S21 46 M 4 2 16 moderate
S22 74 M 6 4 15 moderate
S23 75 M 13 4 41 moderate
S24 59 M 10 2 11 moderate
S25 47 M 1 1 14 severe
S26 75 M 4 3 37 severe

hearing level (<40 dBHL at 500, 1K, and 2K Hz for
the better ear).

Speech materials

Three types of speech materials were included: a
set of 15 single sentences, a reading passage and
a monologue, a German equivalent of the material
described previously [12]. The speech recording was
carried out in a quiet room, with an unidirectional
digital microphone connected to a computer running
Audacity software (version 1.2.6) and an E-MU USB
sound card. A 10 cm mouth-to-microphone distance
was maintained during the recording. All three types
of speech materials were collected in the same ses-
sion, which lasted for about 20 minute. The order of
recording of the three speech tasks was counterbal-
anced across speakers.

An approximately 30-second speech sample was
extracted for each stimulus type from each speaker
using Praat software (version 5.1.07) for analysis.
For single-sentence materials, sentences of different
intonation and syllable length were combined with
a one second pause separating the sentences. The
total number of sentences in the samples differed
across speakers owing to different speech rates. For
the passage-reading materials, a 30 second sample was

edited beginning from the second sentence of the pas-
sage. For the monologue task, a 30 second sample of
sample was extracted starting from the second sentence
of the monologue.

Intelligibility ratings

Five tasks were included in the perceptual ratings,
including a global severity rating task, an intelligibility
rating task for each of the three types of speech stimulus
and the rating of voice quality on the passage reading
task. The global severity rating was always presented
as the first task, followed by the three intelligibility
tasks. The sequence of the three perceptual tasks was
counterbalanced across the three expert listeners (5-
years experienced native German speech and language
therapists). The listeners sat in front of a laptop and the
speech samples were presented using an AKG K240
headphone in a quite room.

Global severity rating of the degree of dysarthria
(mild, moderate and severe) was undertaken based
on the perception of the degree of deviation from
the norm in respiration, phonation, articulation, reso-
nance and prosody in a thirty seconds passage-reading
speech sample. For each intelligibility rating task, 42
speech samples of the same type of stimuli were pre-
sented, with one sample from each of the PD speakers
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(non-dysarthric, mild, moderate and severe) and four
random samples were repeated for reliability measure.
The presentation of the 42 stimulus was random-
ized automatically by the software. A free-modulus
direct magnitude estimation (DME) was chosen for
the intelligibility rating task, as it was found to be
an appropriate scaling methods in perceptual evalu-
ation of intelligibility in dysarthric speech [16]. In
free-modulus DME, the listeners give a reference num-
ber to the first speech sample they heard, and rate the
following samples with reference to the first sample in
terms of intelligibility. For example, if 100 was given
the first speaker, a rating of 50 for the second speaker
would imply that the listeners judged the sample to
be half as intelligible as the reference sample, while
a rating of 200 would mean that the sample is dou-
ble in intelligibility when compared to the reference.
The reference sample was repeated every five items,
and for each item, the listeners could opt to listen to
it a maximum of two times. An introduction session
was provided by the first author to all three listeners
before the perceptual sessions, and written instructions
were also provided at the beginning of each task. Addi-
tionally, a written definition of intelligibility was also
provided, in which intelligibility was as described how
easy it was for the listeners to understand the content
of the speech. The intelligibility ratings were then con-
verted using the transformation procedure outlined in
Engen [17].

Acoustic analysis

In order to establish a comprehensive prosodic pro-
file of intonation, the speech stimuli were analysed for
its FO, intensity and rate. Both overall and variability
measures were included for the FO and intensity mea-
sures, as proposed by Leuschel and Docherty (1996).
The FO value of the stimuli was analysed using the auto-
correlation algorithm of the Praat software (version
5.1.07) [18]. The voiced segment of each syllable was
identified visually from a wideband spectrogram and
an amplitude waveform display, and the FO estimates
were obtained at about 5 ms interval from the beginning
to the end of the voiced segment. All FO measurements
were subsequently converted into semitone (ST) scale
for further analysis, as speakers of both genders were
involved. Three measures of FO were then calculated
for each stimulus. Average FO was calculated across
the entire speech sample. FO range for each sample
was tabulated by the difference between the maximum
and the minimum values within the sample. Addition-
ally, FO envelop was included to examine the amount of

FO variation between the voiced segment of each sylla-
ble within the sentence. In calculating the FO envelop,
the mid-point between the maximum and the mini-
mum value for each voiced segment was calculated,
and the average difference between the neighbouring
voiced segments was computed throughout the whole
sentence. The average FO envelop was then calculated
across the sentences within each speech sample for
each individual speaker.

Intensity level was estimated using the averaging
method of the Praat software calibrating speech inten-
sity individually to the average level of spontaneous
speach (Boersma & Weenink, 2009) at about 5ms
interval from the beginning to the end of each voiced
segment, as explained above for the FO estimates.
Three measures of intensity were subsequently calcu-
lated, including average intensity, intensity range and
intensity envelop, which were calculated in a compa-
rable way to that of the FO measures detailed above.

Speech rate (syllable per second) was calculated by
dividing the total number of syllables in a sentence by
the overall duration (in seconds) of the sentence. The
average speech rate for the 30 second speech sample
was then obtained by calculating the average speech
rate across all the sentences.

Statistics

Validation of intelligibility was estimated by intra-
rater reliability measured using Pearson’s correlation
and by intraclass correlation (ICC) for analysing inter-
rater reliability. Differences in speech intelligibility
and acoustic/prosodic parameters between speakers
of different dysarthria severity and between different
stimulus types were analysed using a two-way ANOVA
with post-hoc Tukey Honest Significant Difference
(HSD) test. Significant differences was assumed with
p<0.05 (two-tailed).

RESULTS
Reliability

Four speech samples (11%) were repeated for each
listener in each perceptual task. Intra-rater reliability
was measured using Pearson’s correlation. The intra-
rater reliabilities range from 0.92 to 0.99 among the
three raters, with an average of 0.94. Intraclass correla-
tion (ICC) was used to analyse the inter-rater reliability.
The reliability coefficient for the three listeners was
0.84, which deemed to be at an acceptable level.
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Table 2
Mean values of each acoustic parameter for each speaker groups across stimulus type
Mild dysarthria Moderate-severe dysarthria Control
Sentence  Passage  Monologue  Sentence Passage Monologue Sentence  Passage = Monologue
FO average (semitone) 7.81 6.44 7.39 6.89 5.48 5.66 5.47 3.64 3.41
FO range (semitone) 17.84 20.08 19.30 17.76 19.17 19.08 21.01 18.95 21.92
FO envelope(semitone) 1.72 2.15 1.84 1.74 2.14 1.86 2.37 2.11 2.08
Mean Intensity 72.34 70.65 70.09 69.89 69.58 66.54 69.44 67.13 64.55
(dB SPL)
Intensity range 32.37 29.72 33.24 34.03 30.45 30.06 35.87 30.77 32.38
(dB SPL)
Intensity envelope 2.74 3.03 3.31 3.55 3.23 342 3.26 3.13 3.27
(dB SPL)
Speech rate (syllable 4.93 3.48 3.06 4.73 3.31 2.5 4.84 3.34 3.31
per second)
Table 3

Summary of the statistical analysis for the acoustic parameters

Group Stimulus Group x Stimulus
FO average F=1.83,p=0.18 F=36.12, p<0.001 F=3.30, p<0.05
FO range F=0.92,p=0.41 F=0.99,p=0.38 F=1.29,p=0.28
FO envelope F=1.38,p=0.86 F=1.08, p=0.35 F=3.09, p<0.05
Average intensity F=6.15, p<0.05 F=27.42,p<0.01 F=225,p=0.07
Intensity range F=0.56, p=0.58 F=28.10, p<0.05 F=1.60, p=0.18
Intensity envelope F=1.72,p=0.19 F=3.69, p<0.05 F=2.10,p=0.10
Rate F=1.22,p=0.31 F=122.48, p<0.001 F=1.93,p=0.12

Results from two-way ANOVA for each acoustic parameter (average FO, FO range, FO envelope, average intensity, intensity range, intensity
envelope and difference in speech rate) with speaker group (mild, moderate-severe and control) as the between-group factor and stimulus type

(sentence, passage and monologue) as the within-group factor.

Intelligibility rating

Intelligibility rating was compared between the two
groups of speakers with dysarthria (between-subject
factor) and across the three presentation condi-
tions (within-subject factor) using a 2-way ANOVA.
Results showed significant difference between the
two groups [F(1,24)=19.94, p<0.05], with the mild
group (mean=+SD=106.7=+15.9) showed signifi-
cantly higher speech intelligibility rating than the
moderate-severe group (82.2+ 18.2). The statistical
analysis also showed a significant difference between
the three types of speech stimulus [F(2,48)=24.35,
p <0.05], with significantly lower intelligibility rating
for monologue (104.6 £ 19.1) than for sentence read-
ing (90.5 +17.7) and passage reading (88.36 £22.7;
post-hoc Tukey HSD test, p <0.05 for both). No sta-
tistically significant difference was observed between
sentence reading and passage reading tasks (p>0.05).
The interaction effect between speaker group and stim-
ulus type was not significant [F(2,48)=0.75, p>0.05],
indicating that the intelligibility rating varied across the
three types of speech stimuli in similar ways across the
two speaker groups.

Acoustic analysis

Table 2 shows the average values of the FO, intensity
and rate measures across intonations for the speaker
groups. Two-way ANOVA was used to analyse the
data for each acoustic parameter with speaker group
(mild, moderate-severe and control) as the between-
group factor and stimulus type (sentence, passage and
monologue) as the within-group factor (Table 3; Tukey
HSD test: p<0.001 for both).

There were main effects for speaker group across
the three FO measures (average, range and envelope)
suggesting that speakers with dysarthria had simi-
lar overall FO level and variability compared to that
of controls. A main effect for stimulus type was
found for FO average, but not for range and envelope.
Post-hoc analysis showed that FO average in the sen-
tence reading task was significantly higher than that
in both passage reading and monologue tasks, which
could be explained by final FO increase in the into-
nation contour of the question stimuli in sentence
reading tasks. Consistently, no differences were found
in FO average between passage reading and monologue
tasks, as explained by the fact that both stimulus types
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were made up primarily by statements. Significant
interaction effects between speaker group and stim-
ulus type were observed for FO average and envelope,
but not for FO range. FO average in the sentence read-
ing task was higher than in the passage reading task for
all three speaker groups, but higher than in the mono-
logue task for only the moderate-severe group and the
control speakers. For FO envelope, control speakers
showed higher FO envelope than both the mild and the
moderate-severe groups in the sentence reading task.
The control speakers produced higher FO envelope in
the sentence reading task than in monologue. While
both mild and moderate-severe groups had higher FO
envelope values in the passage reading task than sen-
tence reading task, control speakers showed no contrast
in FO envelope between these two tasks.

For intensity measures, an effect for speaker group
was found for average, but not for range and intensity
envelope. Post-hoc analysis showed that the average
intensity of the mild dysarthric speakers was signif-
icantly higher than that of the control speakers. No
difference was found between the mild dysarthric
group and the moderate-severe dysarthric group, or
between the moderate-severe group and the control
group. The main effect of stimulus type was significant
for all intensity measures. Post-hoc analysis showed
that sentence reading had the highest average intensity,
followed by that of passage reading and monologue.
The higher intensity for sentence reading could be
explained by the higher intensity of both questions
and imperatives. Passage reading had a significantly
smaller FO range than sentence reading and a smaller
FO envelope than the monologue, suggesting a smaller
degree of intensity variability in the passage read-
ing task than the two other tasks. No difference was
observed between the sentence reading and the mono-
logue task in the intensity variability and no interaction
effect was noted for the three intensity measures.

The main effect of stimulus type was significant in
speech rate measurements. Post-hoc analysis showed
the highest speech rate for the sentence reading task,
followed by that of passage reading and monologue.
There was no main effect for speaker group or interac-
tion effect between speaker group and stimulus type.

DISCUSSION

Our examination of the prosodic profile showed dif-
ferences between PD and control speakers only in
average intensity, but not in the other six acoustic
parameters. The observation of higher average inten-

sity level in speakers with mild dysarthria than that
of the control speakers contradicted the general report
of reduced loudness in PD speech [1, 2]. Therefore,
the mean intensity of each speaker across the three
stimulus types was examined qualitatively to com-
pare the differences among individual speakers as
suggested by Leuschel and Docherty [19]. The aver-
age intensity of the speakers with mild dysarthria was
71dB SPL, and eleven of the thirteen speakers with
mild dysarthria showed mean intensity values above
69dB SPL, which is higher than the mean inten-
sity values for both the moderate-severe dysarthric
group (69dB SPL) and controls (67 dB SPL). Four
speakers showed consistently high mean intensity
values across the three sampling tasks (> 69dB
SPL for all three tasks). These qualitative obser-
vations suggested that the higher intensity level in
mild dysarthric speakers was not related to individ-
ual variability. This might be explained by the fact
that the two groups of speakers with dysarthria com-
pensated for their speech volume to different degrees,
resulting in speakers with mild dysarthria having a
higher average intensity than the other two speaker
groups.

Acoustic analysis showed no differences in FO vari-
ability measures (both FO range and envelope) between
PD and the controls. This result was intriguing as
PD speech is often described as monotonous percep-
tually [2]. However, the perceptual characteristic of
monotonous speech in PD speakers is not always mir-
rored in studies using acoustic analysis. Harel and
colleagues reported that differences in FO measures in
read speech and free speech between PD speakers and
control speakers were observed in the “off” state but
not in the “on” state [20]. FO variation increased in PD
speakers after the administration of levodopa [21]. In
addition to the on/off state of the speaker, Metter and
Hanson reported a measurable reduction in FO vari-
ability in PD speakers with severe dysarthria, while
no consistent difference in FO variability was found
between PD speakers with mild dysarthria and control
speakers [22]. The effects of on/off state and sever-
ity of dysarthria could have contributed to the lack of
FO variability differences between PD and controls in
this study, as all speakers were in “on” state at the
point of speech recording, and most of our partici-
pants were rated as mild to moderate in severity of
dysarthria. In addition, 24% of PD speakers received
Lee-Silverman-Voice-Treatment, a speech treatment
that aims at increasing vocal loudness, which might
also have influenced FO variability in these subjects.
Other possible explanations for lack of FO variability
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between PD speakers and controls could be related to
the limited sample size or the used speech materials.

Using DME, speakers with moderate-severe
dysarthria had significantly lower speech intelligibil-
ity than speakers with mild dysarthria. The difference
in speech intelligibility between the two groups
was not unexpected, as speech intelligibility tends
to deteriorate with the progression of dysarthria.
The main prosodic difference between the three
speaker groups in the present study was in the average
intensity, but not FO variability. This suggests that
the lower intelligibility of the moderate dysarthric
speakers compared with the mild dysarthric speakers
is likely to be caused by other common deviant
speech characteristics in individuals with hypokinetic
dysarthria, such as imprecise consonants, harsh voice
and hypernasality. While it is beyond the scope of
this study, in future it would be interesting to explore
the relationship between the relative impairments in
articulation, voice quality and resonance together
with prosody, and their impact on overall speech
intelligibility. The differences between the three types
of speech stimulus were compared across the seven
prosodic parameters. Differences between the three
tasks were found in FO average, intensity average,
range and envelope and speech rate. Speech stimuli
produced in the sentence reading task were found to
have higher FO average, higher mean intensity and
larger intensity variation than in the passage reading
and monologue tasks. This could be explained by
the inclusion of various intonations in the sentence
reading task, such as questions and imperatives.
Generally speaking, questions have a higher mean FO
value than statements, and imperatives are produced
with a higher intensity. The difference in speech
rate was also consistent with previous reports in the
literature, where speech rate was reported to be faster
in reading than in spontaneous speech [10].

The three speaker groups varied differentially across
the three types of speech stimulus: When the FO enve-
lope values of the three groups of speakers were
compared across the three types of speech materi-
als, the interaction effect showed that the two speaker
groups with dysarthria had lower FO envelope than
the control group in the sentence reading task. Con-
trols showed a higher degree of FO modulations in
sentence reading task than in monologue task. This
could be explained by the inclusion of question intona-
tions in the sentence reading task, which were typically
marked by a gradual FO decline followed by a final
FO increase; while monologues were dominated by
statements marked by gradual FO decline. However,

both groups of speakers with dysarthria showed lower
FO envelope values in sentence reading than passage
reading, and no significant contrast between sentence
reading and monologue. This supported previous study
of intonation patterns of PD speakers, which showed
that while PD speakers are able to use similar into-
nation patterns as controls, they showed reduction in
pitch excursion [23].

The effects of speech materials were also observed
in speech intelligibility. Speech materials produced as
part of a monologue was less intelligible than those
in sentence and passage reading tasks. The differ-
ence in intelligibility between speech stimuli could be
attributed to the demands of the speech task on the
speaker, as well as the effect of the speech materials on
perception. The relatively higher cognitive demand of
the monologue task may have reduced speech intelligi-
bility. Similar findings have been reported in the study
of dysfluency, where normal dysfluency was found to
be more prevalent in free speech than in reading as a
result of the increased cognitive demands [24].

The results of the current study revealed no signif-
icant difference in the effects of speech stimulus type
on intelligibility between speakers with different sever-
ity. This contradicted findings reported in the literature
that speech materials have differential effects on intel-
ligibility of dysarthric speakers of different severity
[25-27]. Although intelligibility ratings were carried
out with different approaches in the above-mentioned
studies (orthographic transcription) compared to our
study, Yorkston and Beukelman pointed to a close
approximation of the two measures [26]. This indi-
cates that different means of quantifying intelligibility
probably do not account for the lack of interaction
effect between severity and stimulus type. However,
in the current study, only two speakers were judged
to be severe in their overall intelligibility ratings. As
the most significant differences were found between
speakers with mild impairment and profound impair-
ment, the slightly skewed spread of severity rating
in this current study might explain the differences.
Additionally, intelligibility contrast was found to be
prominent between word and sentence intelligibility
tasks, while all the stimulus types in the current study
involved a sentence context.

The findings of our study highlight the need to
include different types of speech materials in assess-
ing speech impairment in PD. While the overall
measures did not reveal major differences between
PD and controls, differences in speech parameters
could be observed by comparing their performance
across various types of speech stimulus. In clinical
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practice, intelligibility of speakers with dysarthria is
often assessed at sentence and single word level (e.g.,
Assessment of Intelligibility of Dysarthric Speech
[26], Diagnostic Intelligibility Testing [28]). While
these assessments provide clinicians with detailed
information about the specific breakdown in individ-
uals with dysarthria, they do not take into account
speech problems such as dysprosody and its effect on
intelligibility in connected speech. It is important to
emphasize the need to include more naturalistic materi-
als in clinical assessments. For the purposes of clinical
assessment, the results of this study suggest that there
is a need to balance between materials that provide
detailed information and those that accurately reflect
the speech problem in individuals with dysarthria,
and that different types of speech stimuli should be
included in clinical assessment of dysarthria.
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