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Objective: Reading a passage out loud is a commonly used task in the percep-
tual assessment of dysarthria. The extent to which perceptual characteristics re-
main unchanged or stable over the time course of a passage is largely un-
known. This study investigated crowdsourced visual analogue scale (VAS) judg-
ments of intelligibility across a reading passage as a function of cued speaking
styles commonly used in treatment to maximize intelligibility.
Patients and Method: The Hunter passage was read aloud in habitual, slow,
loud, and clear speaking styles by 16 speakers with Parkinson’s disease (PD), 30
speakers with multiple sclerosis (MS), and 32 control speakers. VAS judgments
of intelligibility from three fragments representing the beginning, middle, and end
of the reading passage were obtained from 540 crowdsourced online listeners.
Results: Overall passage intelligibility was reduced for the two clinical groups
relative to the control group. All speaker groups exhibited intelligibility variation
across the reading passage, with trends of increased intelligibility toward the
end of the reading passage. For control speakers and speakers with PD, pat-
terns of intelligibility variation across passage reading did not differ with speak-
ing style. For the MS group, intelligibility variation across the passage was de-
pendent on speaking style.
Conclusions: The presence of intelligibility variation within a reading passage
warrants careful selection of speech materials in research and clinical practice.
Results further indicate that the crowdsourced VAS rating paradigm is useful to
document intelligibility in a reading passage for different cued speaking styles
commonly used in treatment for dysarthria.
A primary goal of a motor speech evaluation is es-
tablishing the presence and severity of impairment (Duffy,
2019). A comprehensive motor speech evaluation may also
identify specific components (i.e., subsystems, features) of
speech production that are affected. Once identified, as-
pects of deviant speech production become a primary tar-
get for behavioral treatment, with an overall aim of maxi-
mizing speech intelligibility (Yorkston, 2010). An impor-
tant and widely used task in the battery of speech tasks
used for the assessment of motor speech disorders is the
reading aloud of a written passage. Passage reading is a
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contextual speech task used to obtain samples of connected
speech, and allows for holistic evaluation of the respiratory,
phonatory, articulatory, resonatory, and prosodic aspects of
speech production. Arguably, passage reading is a more
ecologically valid task than tasks such as word or sentence
reading, for the evaluation of speech intelligibility (Weismer
et al., 2001). Compared to reading single words or sentences,
passage reading is considered to more closely approximate
the linguistic and cognitive demands of spontaneous speech,
while still providing the structure of a controlled and repeat-
able speaking task (Duffy, 2019; Patel et al., 2013).

Passage Reading in Research

A variety of reading passages have found their way
into research and clinical practice. Among the most
2022 • Copyright © 2022 American Speech-Language-Hearing Association
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prominently used are the Rainbow Passage (Fairbanks,
1960), the Grandfather Passage (Van Riper, 1963), the
Hunter Script (Crystal & House, 1982), and the Caterpil-
lar Story (Patel et al., 2013). A number of studies have
employed reading passages to assess acoustic and percep-
tual aspects of speech produced by individuals with dysar-
thria. The majority of these studies predominantly consid-
ered the passage as a single “unit” and, thus, examined
speech features within the passage as a whole (i.e., rather
than examining variation in speech features across the
course of the passage). For example, Nishio and Niimi
(2001, 2006) analyzed speaking rate and articulation rate
in the 223 morae Japanese standard passage “The North
Wind and the Sun” read by speakers with various types of
dysarthria and healthy control speakers. Averaged across
the entire passage, findings of slower speaking rates were
reported for all speakers with dysarthria compared to con-
trol speakers. Slower articulation rates also were found for
all speakers with dysarthria except those with flaccid and
hypokinetic dysarthria. To evaluate the effect of different
cueing techniques on intelligibility and speech production,
as inferred from the acoustic signal, Tjaden and Wilding
(2004) employed the John Passage. Speakers with dysar-
thria due to Parkinson’s disease (PD) and multiple sclero-
sis (MS), and neurotypical speakers read the passage
aloud in habitual, loud, and slow speaking styles. Acoustic
measures of interest included articulation rate, sound pres-
sure level (SPL), vowel space area, first moment difference
measures, and second formant (F2) trajectory characteris-
tics. Listeners estimated intelligibility for an excerpt taken
from the middle of the reading passage using a free-
modulus magnitude estimation paradigm. Control speakers
and speakers with MS demonstrated larger vowel space
areas in the slow speaking style compared to the habitual
speaking style, while such an effect was not found for the
speakers with PD. Speech intelligibility was found to be
higher in the loud versus habitual and slow speaking styles
for the speakers with PD, whereas between-style differ-
ences were absent for the other two groups, indicating
notable disparities in acoustic and perceptual findings
across speaker groups. The Grandfather Passage was
employed by Eijk et al. (2020), who investigated the ef-
fects of word frequency and probability on word dura-
tion in speakers with various subtypes of dysarthria.
Across the reading passage, measurements of word dura-
tion, frequency, transitional word probability, and visual
analog scale (VAS) ratings of speech precision were ob-
tained. Results indicated that with increasing dysarthria
severity, word durations were less affected by probabilis-
tic variables. The authors suggested that this result
might be due to reductions in the control and execution
of muscle movement exhibited by speakers with more
severe dysarthria (Eijk et al., 2020). Taken together,
these studies demonstrate the utility of reading passages
for investigating a variety of speech production and per-
ceptual characteristics in dysarthria.

In the studies discussed above, the manner in which
read passages were analyzed implicitly assumes that
speakers maintain consistency in speech production across
the length of a reading passage, such that a measure de-
rived from the beginning of a passage would be compara-
ble to the same measure derived from the middle or end
of the passage. Given that these studies included measures
of either single passage reading excerpts or the reading
passage as a whole, such an approach does not account
for within-task change or variation in speech production
along the course of a reading passage, something that
may be expected to occur both in neurotypical speakers
and speakers with dysarthria (Kent et al., 2000; Smiljanić
& Bradlow, 2008). In particular, factors including neuro-
muscular fatigue, planning, and coordination difficulties in
speech formulation and respiratory support, and self-
monitoring deficits may differentially impact intelligibility
as they vary across the course of a reading passage
(Huber & Darling, 2011; Pinto et al., 2017; Spencer &
Rogers, 2005; Yorkston, 2010).

Only a few dysarthria studies have investigated vari-
ation in speech production during passage reading.
Skodda and Schlegel (2008) analyzed articulation rate
and speech-to-pause ratios on the first and last sentence
of a 170-syllable standard reading passage produced by
speakers with PD and control speakers. The results indi-
cated that both speaker groups produced an accelerated
speech rate at the end of the reading passage, but speakers
with PD increased their rate in the last sentence to a larger
extent compared to the control speakers, indicating an im-
paired speech timing organization unfolding toward the
end of the reading passage. Kuo and Tjaden (2016) em-
ployed the John Passage to investigate variation in acoustic
measures of global speech timing, vocal intensity, and seg-
mental articulation. Speakers with MS and PD, and control
speakers produced the reading passage in habitual, slow,
and loud speaking styles. Acoustic measures were obtained
from three segments located at the beginning, middle, and
end of the reading passage. Acoustic measures showing
between-fragment, between-task, and between-group var-
iation included F2 frequency interquartile range (IQR),
articulation rate, and pause duration. For F2 IQR, all
groups showed a decrease in the middle segment com-
pared to the beginning and end segments for the loud
speaking style, while the slow and habitual speaking
styles showed a decrease in the end segments compared
to the beginning and middle segments. For articulation
rate, the end segment for all groups was associated with
increased rates compared to the beginning segment across
speaking styles. In addition, a Group × Speaking Style in-
teraction indicated that for the slow speaking style,
healthy speakers and speakers with MS decreased
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articulation rate to a larger extent compared to speakers
with PD. For pause duration, a Significant Group × Seg-
ment interaction was found, indicating that for healthy
speakers, mean pause durations increased throughout the
passage. In contrast, for speakers with MS, pause dura-
tions were shortest for the middle segment, whereas for
speakers with PD, pause durations were shortest for the
beginning segment, with comparable durations for the
middle and end segments. Overall, results indicate signifi-
cant within-task variation for a variety of acoustic mea-
sures during passage reading. The studies by Skodda and
Schlegel (2008) and Kuo and Tjaden (2016) are of particu-
lar interest because they revealed important findings that
would have been missed had the reading passage been
considered as a whole.

The studies discussed above indicate the presence of
within-task variation in speech acoustic characteristics
during passage reading. It is feasible that such within-task
variation is also present in perceptual measures of intellig-
ibility, and, moreover, the amount of within-task intellig-
ibility variation may be influenced by speaking style.
Global treatment techniques incorporating nonhabitual
speaking styles play an increasingly important role in
maximizing intelligibility in speakers with dysarthria and
are aimed at producing holistic improvements of the speech
subsystems (Duffy, 2019; Lee et al., 2014; Yorkston et al.,
2007). Treatment techniques commonly used in clinical
practice due to ease of trainability and high stimulability
are rate reduction, increased vocal intensity, and clear
speech (Duffy, 2019; Freed, 2018; Yorkston, 2010). The
impact of these techniques on perceptual and acoustic as-
pects of speech production are considered in the follow-
ing section.

Perceptual and Acoustic Findings of Global
Treatment Techniques

Rate reduction is a commonly practiced behavioral
management technique for improving intelligibility in dys-
arthria (Yorkston et al., 2007). Mechanisms that have
been proposed to explain the improved intelligibility asso-
ciated with rate reduction include increased articulatory
precision by enabling the achievement of more extreme vocal
tract configurations (Blanchet & Snyder, 2010; Yorkston
et al., 2007), allowing speakers to simultaneously manipu-
late multiple speech subsystems, and enabling speakers to
produce more appropriate breath group units (Hardcastle
& Tjaden, 2008; Yorkston, 2010). Listeners may also
take advantage of a slowed speech rate to improve accu-
racy of lexical segmentation by using the extra time to
better decode speech (Liss, 2007; McAuliffe et al., 2014).
Rate control as a behavioral management technique has
shown treatment effectiveness across many neurological
diagnoses and clinical dysarthria subtypes (Duffy, 2019;
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Yorkston et al., 2007). However, the effect of rate reduc-
tion on intelligibility has been found to vary, even within
relatively homogeneous populations of speakers with the
same neurological diagnosis and pathophysiology, or
comparable severity.

Increasing vocal intensity is another commonly used
treatment technique in the management of dysarthria. A
variety of training programs are aimed at increasing vocal
loudness by increasing respiratory and phonatory effort.
Increased vocal intensity has been associated with in-
creased SPL, increased fundamental frequency range, and
improved segmental productions (Tjaden & Martel-
Sauvageau, 2017; Yorkston et al., 2007). Improvements in
intelligibility have been associated with increased vocal
loudness across a number of assessment tasks and patient
populations (Neel, 2008; Stipancic et al., 2016; Tjaden
et al., 2014; Yorkston et al., 2007).

A clear speaking style is characterized by exagger-
ated or hyperarticulated speech production. Clear speech
has been associated with a number of segmental and su-
prasegmental acoustic adjustments including a reduced
rate of speech, increased vocal intensity, increased tense
and lax vowel space areas, and steeper F2 slopes
(Ferguson, 2004; Kuo et al., 2014; Lam & Tjaden, 2016;
Smiljanić & Bradlow, 2009). These acoustic adjustments
have been associated with increased intelligibility, as mea-
sured by transcription accuracy and VAS scores (Cannito
et al., 2011; Kuo et al., 2014; Stipancic et al., 2016;
Tjaden et al., 2014).

Although the three behavioral strategies discussed
above have been shown to produce some positive effects
on speech intelligibility in speakers with dysarthria, the
durability of such an intelligibility benefit across longer,
more extended speech material has not been thoroughly
and systematically studied (e.g., see the work of Tjaden &
Wilding, 2004). This knowledge is important for strength-
ening the validity of passage reading in evaluating global
treatment techniques. Improved understanding of intellig-
ibility variation as a function of particular behavioral
strategies over an extended connected speech task like pas-
sage reading could have implications for the selection of
treatment strategies used in clinical practice. For example,
both clear and loud speaking styles may improve intellig-
ibility for a given speaker. However, one style may yield a
decreasing benefit over the length of speech output due to
putative difficulties in maintaining the production alter-
ations necessitated by the style, while the other strategy
may yield preserved intelligibility benefits. Especially for
speakers with dysarthria with impaired neuromuscular
control, a given speaking strategy may be feasible and
beneficial for the production of a single sentence, but a
connected speech task may present challenges for sustain-
ing the new mode of production. As within-task variation
in speech production may be evident in a passage read in
408 • January 2022
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a habitual or typical speaking style (Kuo & Tjaden, 2016;
Skodda & Schlegel, 2008), it is important to establish to
what extent such variation is present in speaking styles
commonly used in therapy. Such knowledge may aid in
the optimal use of passage reading for dysarthria evalua-
tion and treatment selection.

A further clinical challenge in the assessment of in-
telligibility of dysarthria is the use of and access to reliable
measurement tools (Abur et al., 2019). While orthographic
transcription is arguably the most ecologically valid
method of assessing intelligibility (Duffy, 2019; Miller,
2013), it is time and labor consuming, requiring significant
effort on the part of the listener and the scorer, which
may not always be feasible. Listener familiarity with both
speakers and stimuli is another critical element to consider
when employing this methodology. Studies have shown
that listeners previously exposed to the speaker or the type
of dysarthria show higher transcription performance
compared to unfamiliar listeners (Beukelman & Yorkston,
1980; Hustad & Cahill, 2003; Utianski et al., 2011). VAS
judgments of intelligibility are an alternative to time-
intensive orthographic transcription (Miller, 2013; Stipancic
et al., 2016). The VAS paradigm involves rating a speech
stimulus on a particular perceptual dimension such as intel-
ligibility or naturalness using a scale of predefined length.
Compared to orthographic transcription, VAS is less time
consuming for both listener and scorer. In addition, previ-
ous research has shown that VAS scores and transcription
scores are strongly correlated when employing naïve lis-
teners (Abur et al., 2019; Stipancic et al., 2016). Crowd-
sourcing websites offer a platform to recruit large numbers
of naïve listeners as well as the opportunity to sample the
broader population of possible listeners compared to
laboratory-based recruitment practices. Previous studies
have demonstrated the feasibility of using crowdsourced
transcription paradigms to quantify intelligibility in dysar-
thria (Lansford et al., 2016; Nightingale et al., 2020; van
Brenk et al., 2021). However, the feasibility of using a
crowdsourced VAS paradigm to assess intelligibility in dys-
arthria has not yet been demonstrated, although this
knowledge would strengthen use of VAS as a measurement
tool in both research and clinical practice.

Purpose

As suggested in the preceding review, prior acoustic
studies have reported within-task variation across a read-
ing passage. Moreover, the within-task acoustic variation
has been found to depend on the neurological status of
the speaker (Kuo & Tjaden, 2016; Nishio & Niimi, 2006;
Skodda & Schlegel, 2008). This investigation extends this
line of inquiry to intelligibility. Following previous re-
search (e.g., Kuo & Tjaden, 2016), this study also evalu-
ated intelligibility variation for a number of speaking
styles commonly used therapeutically to maximize intellig-
ibility in dysarthria. Capturing robust differences in acous-
tic measures across a reading passage attributable to
speaking style in prior research has been challenging. It is,
therefore, important to evaluate whether differences in
variation across a reading passage as function of speaking
style may be revealed using perceptual measures.

Against this background, this study evaluated scaled
intelligibility over the course of a reading passage read in
habitual, slow, loud, and clear speaking styles by speakers
with dysarthria secondary to MS and PD as compared to
neurologically healthy speakers. We hypothesized that a
crowdsourced VAS paradigm would reveal intelligibility
differences associated with cued speaking styles employed
in clinical practice. We also hypothesized that the crowd-
sourced VAS paradigm would reveal intelligibility varia-
tion across three fragments of a reading passage (i.e., pas-
sage beginning, middle, and end) produced in habitual,
slow, loud, and clear speaking styles by individuals with
PD, MS, and control speakers. Comparing intelligibility
variation across a reading passage for different speaking
styles affords the opportunity to identify favorable speak-
ing styles with respect to cueing and trainability, or ease
of maintenance across a longer stretch of speech. Acoustic
measures of duration and SPL were obtained to validate
that speakers produced the cued slow, loud, and clear
speaking styles. As lexical properties of speech stimuli
may impact intelligibility (Chiu & Forrest, 2018; A.
Fletcher & McAuliffe, 2021), word frequency and neighbor-
hood density values also were calculated for each word in
the three fragments. Findings have the potential to inform
clinical use of reading passage materials and choice of
speaking style in determining optimal behavioral strate-
gies in the management of dysarthria, as well as to inform
the use of crowdsourced VAS paradigms for research
purposes.
Method

Speakers

The 78 speakers of interest for this study have been
described in greater detail in Tjaden et al. (2014) and
Stipancic et al. (2016). Control speakers (n = 32) were
10 men (25–70 years old, M = 56) and 22 women (27–
77 years old, M = 57) who reported the absence of neuro-
logical disease. Speakers with PD (n = 16) were eight men
(55–78 years, M = 67) and eight women (48–78 years,
M = 69) who reported being diagnosed with idiopathic
PD by their neurologist. Speakers with MS (n = 30) were
10 men (29–60 years, M = 51) and 20 women (27–66 years,
M = 50) who reported a diagnosis ofMS from their neurologist.
All participants were native speakers of American English,
van Brenk et al.: Intelligibility Across a Reading Passage 393
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had achieved at least a high school diploma, denied use
of hearing aids, reported no other history of neurologic
disease, and had cognitive ability adequate for the pur-
poses of the experiment as indicated by score of at least
26 points on the Standardized Mini-Mental State Exami-
nation (Molloy, 1999). Pure-tone thresholds were ob-
tained by an audiologist at the University Speech-
Language and Hearing Clinic for the purpose of provid-
ing a global indication of auditory status. However, no
speaker was excluded on the basis of pure-tone thresh-
olds. Pure-tone thresholds averaged across 500, 1000,
and 4000 Hz were 25 dB HL or better in both ears, ex-
cept one speaker who displayed elevated average pure-
tone threshold of 37 dB HL in the left ear.

Clinical metrics of sentence intelligibility and scaled
estimates of speech severity for the Grandfather Passage
(Duffy, 2019) and procedures to obtain these measures
were reported in a previous study by Sussman and Tjaden
(2012), and are summarized below to characterize partici-
pants’ speech. Stimuli were presented in quiet through
headphones at the same SPL at which they were naturally
produced by the speakers. Sentence intelligibility scores
were obtained using the Sentence Intelligibility Test (SIT;
Yorkston et al., 1996) and scored by 42 naïve listeners.
The mean sentence intelligibility for control speakers was
94% (SD = 2.7). Average sentence intelligibility was 93%
(SD = 4.5) for speakers with MS and 85% (SD = 10) for
speakers with PD. Speech severity, an operationally de-
fined perceptual construct intended to assess speech natu-
ralness and prosodic adequacy (Feenaughty et al., 2014;
Kuo et al., 2014), was judged by 10 naïve and three expert
speech-language pathologists who were blinded to the
speakers’ neurological diagnoses and identities. Listeners
used a computerized VAS to judge speech severity, with
scale end points of 0 (no impairment) and 1.0 (severe im-
pairment). The mean scaled speech severity value for the
Grandfather Passage was 0.18 (SD = .08) for control
speakers. Mean scaled speech severity was 0.44 (SD = .25)
for speakers with MS and 0.46 (SD = .21) for speakers
with PD. In addition, Sussman and Tjaden (2012) re-
ported anecdotal perceptual observations made by three
expert listeners of the speech of the clinical groups.
Speakers with MS had predominantly reduced segmental
precision and some prosodic (e.g., slow speech rate, excess
stress) and voice deficits (e.g., harshness, hoarseness).
Speakers with PD had mostly reduced segmental precision
and a breathy, monotonous voice. While sentence intellig-
ibility was relatively spared in the speakers with MS and
PD (e.g., high mean SIT scores: MS = 93%, PD = 85%),
these speaker groups had a noticeable speech impairment,
as reflected in the higher scaled speech severity scores rela-
tive to control speakers. The combination of the clinical
measures of intelligibility, the scaled severity for the
Grandfather Passage, and anecdotal perceptual judgments
394 American Journal of Speech-Language Pathology • Vol. 31 • 390–
suggest mild dysarthria for many speakers (Yorkston,
2010).

Speech Production Task

Each speaker was audio-recorded while reading a
modified version of the Hunter Script, a short 17-sentence
story (Crystal & House, 1982). A small number of words
were replaced or inserted to ensure an adequate number
of phoneme occurrences for segmental acoustic analyses
not of interest to this study. The modified Hunter Script
consisted of 240 monosyllabic and 39 polysyllabic words,
with a total of 328 syllables (see Appendix). The passage
was read in habitual, slow, fast, loud, and clear speaking
styles. Speaking styles used clinically to maximize intellig-
ibility (i.e., slow, loud, clear) were of interest to this study.
For the slow speaking style, participants were instructed
to read the passage at a rate half as fast as their regular
rate. Speakers were encouraged to stretch out words
rather than solely insert pauses and to say each sentence
on a single breath, compare McHenry (2003). This in-
struction was intended to discourage speakers from only
using pauses to reduce speech rate, as only adjusting pause
characteristics to reduce rate would likely not enhance in-
telligibility (van Brenk et al., 2021). For the loud speaking
style, participants were asked to read the passage twice as
loud as their regular talking voice. For the clear speaking
style, clear speech instructions were modeled after other
clear speech studies and were intended to maximize the
likelihood that speakers would not only exaggerate articu-
lation but would also increase vocal intensity and reduce
rate (Smiljanić & Bradlow, 2009). Specifically, speakers
were instructed to say each sentence twice as clearly as
their typical speech. Speakers were told to exaggerate the
movements of their mouth as how they might speak to some-
one in a noisy environment or to someone with a hearing
loss. All participants first read the passage in their habitual
speaking style to establish a baseline performance. Other
speaking styles were implemented in a randomized order.

Audio recordings were collected using an AKG
C410 head-mounted microphone with a constant mouth-
microphone distance, positioned 10 cm and 45°–50° from
the left oral angle. The acoustic signal was preamplified,
low-pass filtered at 9.8 kHz, and sampled at 22 kHz. A
1000-Hz calibration tone was recorded to permit off-line
measurement of SPL of the acoustic signal.

Stimulus Preparation and
Dependent Variables

Three fragments were segmented from each of the
Hunter Script recordings for presentation to listeners for
judgment of scaled intelligibility. As shown in the Appendix,
one fragment was located near the beginning of the passage,
408 • January 2022
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Table 1. Demographic details of listener participants.

Demographic details N %

Gender
Males 194 46.7
Females 212 51.1
Other/blank 9 2.2

Age
≥ 50 31 7.5
40–49 46 11.1
30–39 133 32.0
≤ 29 205 49.4

Education completed
Doctorate 13 3.1
Master’s 61 14.7
Bachelor’s 173 41.7
Associate 43 10.4
High school/GED 125 30.1

Region
Midwest 80 19.3
Northeast 96 23.1
Southeast 119 28.7
Southwest 32 7.7
Rocky mountains 8 1.9
Pacific 72 17.3
Noncontiguous 4 1.0
Not specified 3 0.7

Race
American Indian/Alaska Native 2 0.5
Asian 39 9.4
White 294 70.8
Black or African American 39 9.4
More than one race 31 7.5
Other/prefer not to say 10 2.4
one near the middle of the passage, and one near the end of
the passage. Fragments were carefully selected to avoid
potential idiosyncrasies associated with initial and final
sentences of a reading passage. In addition, fragments
were selected to include a comparable number of words,
coincided with sentence boundaries, and were separated
by at least one sentence (c.f. Allison et al., 2019; Kuo &
Tjaden, 2016). Fragment 1 was composed of 21 words
and 21 syllables. Fragment 2 was composed of 18 words and
20 syllables. Fragment 3 was composed of 17 words and
20 syllables. To minimize sentence-level loudness differ-
ences, each of the stimuli were intensity normalized using
the following procedure: Speech signal waveforms were
first filtered with an A-weighted filter, and levels were
calculated by averaging frame-by-frame root-mean-squared
(rmsA) sample values. Each waveform was then multiplied
by an appropriate gain factor so that the resulting wave-
forms all had the same average rmsA value (Kain et al.,
2008). Speakers had mild dysarthria based on transcription
scores obtained using the SIT (Yorkston et al., 1996), as
reported in the work of Sussman and Tjaden (2012). To
avoid ceiling effects (i.e., VAS ratings averaging 100% re-
gardless of fragment) in the perceptual task described be-
low, sentence variants were mixed with 10-talker babble
sampled at 22 kHz and low-pass filtered at 11 kHz. Pilot
testing with nine crowdsourced listeners evaluating a total
of 216 fragments indicated that a signal-to-noise ratio
(SNR) of 0 dB (c.f. Abur et al., 2019; Moya-Galé et al.,
2018) minimized floor and/or ceiling effects and yielded a
mean VAS score of 56.7 (SD = 30.5) demonstrating lis-
teners’ use of the full scale.

Previous research has shown that lexical properties
of speech stimuli may impact intelligibility. Specifically,
transcription accuracy for speech mixed with noise pro-
duced by individuals with dysarthria has been found to be
higher for high-frequency words than low-frequency
words, and for words with low phonological neighbor-
hood density compared to words with high phonological
neighborhood density (Chiu & Forrest, 2018; A. Fletcher
& McAuliffe, 2021). It was, therefore, important to docu-
ment the presence of any differences in lexical characteris-
tics among fragments. Word frequency and neighborhood
density values for each word in the three distinct opera-
tionally defined fragments were calculated using the Irvine
Phonotactic Online Dictionary (Vaden et al., 2009).

To verify whether speakers successfully increased
speech intensity during the loud speaking style, measures
of SPL of the original nonintensity normalized fragments
were performed with TF32 (Milenkovic, 2005). To verify
whether speakers increased durations in the slow speaking
style, measures of fragment durations were performed with
Praat (Boersma & Weenink, 2020). Both SPL and durational
measures were performed to document the implementation
of a clear speaking style, as a reduction in rate and
increased vocal intensity are expected to characterize clear
speech (Smiljanić & Bradlow, 2009; Uchanski, 2005).

Listeners and Perceptual Methodology

A total of 415 adults (212 women, 194 men, nine
not specified), 18–71 years of age (M = 31.4, SD = 10.6),
judged intelligibility in the context of a crowdsourced
experimental paradigm. All listeners self-reported to be
native speakers of American English, living in the United
States, and without a history of speech, language, or hear-
ing problems. Extended demographic information of partic-
ipating listeners is displayed in Table 1. The study was pro-
grammed and executed in jsPsych (De Leeuw, 2015) and
hosted on Pavlovia.org (Peirce & MacAskill, 2018). Partici-
pants were recruited using the crowdsourcing website Pro-
lific (prolific.co; Palan & Schitter, 2018).

Listeners were allowed to participate after fulfilling
a number of prerequisites, including an 80% approval re-
cord for previously completed studies on the Prolific plat-
form, and confirmed status of U.S. residence. Participants
were limited to using a personal computer or laptop only,
excluding the use of mobile devices or tablets. Participants
were provided a brief description of the task including the
requirement of wearing headphones or earphones and
van Brenk et al.: Intelligibility Across a Reading Passage 395
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being in a quiet environment when participating. After
consenting to participate using the institutional review
board–approved consent form, listeners were asked to com-
plete a demographic questionnaire. Then, participants per-
formed a sound check by playing an example sentence to
allow them to adjust their listening volume to a comfort-
able level. Listeners practiced using the computerized VAS
interface by evaluating three practice fragments produced
by speakers who were not part of this study.

Written instructions for the intelligibility task di-
rected listeners to judge how well a sentence was under-
stood using a computerized, continuous VAS with scale
end points labeled Cannot Understand Anything (0) to Un-
derstand Everything (100). The continuous scale contained
no tick marks and was oriented horizontally on a com-
puter monitor. Participants were instructed as follows:
“Judge how well you can understand each utterance, using
the scale from CANNOT UNDERSTAND ANYTHING
(0) to UNDERSTAND EVERYTHING (100). Slide the
indicator positioned in the middle of the line using a
mouse, pen, or touch screen to indicate the intelligibility
judgment. Wait until the utterance is finished before mak-
ing your judgment. Evaluate the entire utterance. You are
encouraged to use the entire scale when judging the utter-
ances.” Listeners judged each fragment without knowledge
of the speaker’s neurological diagnosis. Listeners were
allowed to listen to each fragment once and were not able
to alter a previously submitted score after moving on to
the next fragment.

Each listener judged 18 fragments, randomly se-
lected from the list of stimuli. To assess intrarater reliabil-
ity, a random selection of nine fragments was presented a
second time to each listener. Stimuli were presented in a
blocked and randomized fashion, ensuring that fragments
presented the second time for the purpose of intrarater re-
liability measures were separated by at least two other
stimuli. The fast rate condition was not of interest to this
study, but was used as an experimental foil. Thus, percep-
tual judgments for the fast rate condition were not in-
cluded in the statistical analyses discussed below.

The experiment lasted 12–16 min with associated re-
munerations between $1.60 and $2.20. Listeners were
allowed to participate once. For each listener, intrarater
reliability was determined by calculating a Pearson corre-
lation for the VAS scores of the nine stimuli that were
presented twice. Listeners with nonsignificant Pearson cor-
relations (α > .05, equivalent to Pearson r < .583) were re-
placed (c.f. Sussman & Tjaden, 2012). Overall, about 30%
of listeners were replaced based on low intrarater reliabil-
ity values. For each stimulus, a minimum of three valid
VAS scores were obtained to permit calculation of stan-
dard deviations as well as to meet minimum effect size
targets (c.f. Abur et al., 2019; Tjaden et al., 2014). The
average number of observations for each stimulus was
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4.85 (SD = 1.65), equally distributed across groups, frag-
ments, and speaking styles. The average intrarater reliabil-
ity expressed as Pearson r across all listeners meeting
intrarater reliability criteria was .790 (range: .583–.994).
Overall intrarater reliability and interrater reliability were
assessed by means of two-way mixed (with fixed measures
and random listener effects) intraclass correlation coeffi-
cient (ICC) models. ICCs computed for absolute agree-
ment among listeners were used to determine intrarater re-
liability. The single measures ICC was .76 (95% CI
[.69–.81]; p < .0001), and the average measures ICC was
.86 (95% CI [.81–.90]; p < .0001), both indicating good
intrarater reliability. An ICC model computing consis-
tency aggregated over all listeners was used to determine
interrater reliability (Neel, 2009; Weismer et al., 2012).
Aggregated interrater reliability as assessed by average
measures ICC was .85 (95% CI [.84–.86]; p < .0001), indi-
cating good reliability. Listener reliability is considered
further in the Discussion section.

Data Analysis

Statistical analyses were carried out using R soft-
ware (R Core Team, 2019). The averaged logarithmically
transformed word frequency and raw neighborhood den-
sity values of each word were compared across fragments
using a one-way analysis of variance (ANOVA). The out-
come measures fragment duration (in seconds), SPL (in
dB), and intelligibility (in VAS score) were analyzed by
means of linear mixed model analyses. To reduce model
complexity and to be able to focus on interaction effects
separately for each group, separate models were used to
analyze between-groups effects and within-group effects.
Between-groups effects were analyzed with a model con-
taining group, speaking style, and fragment as fixed fac-
tors, and speaker as the independent random factor. In
these models, the main effects of group, speaking style,
and fragment were of interest. The factor speaker sex was
included as covariate in consideration of different propor-
tions of males and females in the three speaker groups.
Speaker sex was a significant contributing factor for in-
telligibility only, and excluded from the models analyz-
ing fragment duration and SPL. Given the need for
hypothesis-driven analyses, planned comparisons were
performed for the factor speaking style, with post hoc
comparisons limited to slow, loud, and clear speaking
styles compared to the habitual speaking style.

Within-group effects for each of the three speaker
groups were analyzed using linear mixed models contain-
ing speaking style and fragment as fixed factors, and
speaker as the independent random factor. For intelligibil-
ity, listener was an additional independent random factor.
As the covariate speaker sex was not a statistically signifi-
cant factor in any of the within-speaker group analyses, this
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variable was excluded from the within-speaker group
models. In these models, the main and interaction effects
of speaking style and fragment were of interest. Significant
post hoc differences of estimated marginal means were fur-
ther explored using Tukey’s method to correct for multiple
comparisons, and Satterthwaite’s method to estimate the
degrees of freedom (Lenth et al., 2020). Again, planned
comparisons were performed for the factor speaking style,
with pairwise post hoc analyses limited to comparisons of
slow, loud, and clear speaking styles versus the habitual
speaking style. Standardized effect sizes, expressed as
Cohen’s d, were derived from the estimated marginal means
and population standard deviations. A significance level of
.05 was used for all hypothesis testing. With a few excep-
tions for completeness, the Results section focuses on statis-
tically significant findings.
Results

Lexical Characteristics

Results from the one-way ANOVA indicated that
log-transformed word frequency values were not statisti-
cally different across the three fragments, F(2, 53) =
0.458, p = .635. The average word neighborhood densities
were also not statistically different across the fragments,
F(2, 53) = 1.647, p = .202. Thus, any differences in intellig-
ibility across the three fragments could not be attributable
to differences in word frequency or neighborhood density.

Duration

Between-Speaker Groups
The results of the statistical analyses of the fragment

durations indicated a main effect of group: F(2, 75.03) =
8.18, p < .001. Post hoc pairwise testing indicated longer
fragment durations for the control speakers (M = 9.56 s;
t(74.9) = 3.66, p = .001, d = 1.08) as well as the speakers
with MS (M = 9.62 s; t(75.1) = 3.71, p = .001, d = 1.11)
compared to the speakers with PD (M = 7.55 s). Frag-
ment durations were not significantly different between
the speakers with MS and the speakers of the control
group. There was a main effect of speaking style: F(3,
814.6) = 288.1, p < .001. Durations were longer in the
slow (M = 11.38 s; t(814) = 24.59, p = .001, d = 2.39) and
clear (M = 10.09 s; t(815) = 17.35, p = .001, d = 1.70)
speaking styles compared to the habitual speaking style
(M = 6.93 seconds). The habitual speaking style was not
significantly different from the loud speaking style (M =
7.24 s). There was a main effect of fragment: F(2,
814.1) = 10.4, p < .001. Durations were longer in the be-
ginning fragment (M = 9.29 s) compared to the middle
(M = 8.84 s; t(814) = 2.86, p = .012, d = 0.24) and end
fragment (M = 8.59 s; t(814) = 4.50, p = .001, d = 0.38).
The middle and end fragment did not differ in duration.

Within-Speaker Groups
Speakers in control group. Within-group analyses of

fragment durations for the control speakers indicated a
significant effect of speaking style: F(3, 340.1) = 255.3,
p < .001, and fragment: F(2, 340.1) = 4.18, p = .016.
Post hoc comparisons across fragments indicated that the
longest fragment durations were produced during the slow
speaking style. Both the slow speaking style (M = 13.23 s;
t(340) = 23.3, p < .001, d = 3.36) and the clear speaking
style (M = 11.36 s; t(340) = 16.7, p < .001, d = 2.42)
yielded significantly longer fragment durations, com-
pared to the habitual speaking style (M = 6.52 s). The
loud speaking style (M = 7.14 s) was not significantly dif-
ferent from the habitual speaking style. Across speaking
styles, the beginning fragment (M = 9.96 s) had longer du-
rations compared to the end fragment (M = 9.25 s;
t(340) = 2.784 p = .013, d = 0.36). Comparisons involving
the middle fragment (M = 9.49 s) were not significant. The
interaction effect of speaking style by fragment was not
significant.

Speakers with MS. The statistical analyses for the
speakers with MS indicated significant main effects of
speaking style: F(3, 310.5) = 100.9, p < .001, and frag-
ment: F(2, 310.1) = 7.26, p < .001. The post hoc results
indicated that, across fragments, speakers increased dura-
tions to the greatest extent in the slow speaking style
(M = 11.84 s; t(310) = 14.1, p < .001, d = 2.11), followed
by the clear speaking style (M = 11.03 s; t(311) = 11.2, p <
.001, d = 1.71), compared to the habitual speaking style
(M = 7.57 s). The loud speaking style (M = 7.98 s) was
not significantly different from the habitual speaking
style. Across speaking styles, durations were longest in the
beginning fragment (M = 10.15 s) compared to the middle
(M = 9.54 s; t(310) = 2.36, p = .0496, d = 0.31) and end
fragments (M = 9.17 s; t(310) = 3.77, p < .001, d = 0.49).
The middle and end fragments did not differ in duration.
The interaction effect of speaking style by fragment was not
significant.

Speakers with PD. The results of the statistical anal-
yses for the speakers with PD also indicated a significant
main effect of speaking style: F(3, 164.0) = 47.8, p < .001.
Parallel to the results for other speaker groups, the results
of the post hoc comparisons indicated the longest frag-
ment durations for the slow speaking style (M = 9.06 s;
t(164) = 10.1, p < .001, d = 2.06), followed by the clear
speaking style (M = 7.85 s; t(164) = 5.0, p < .001, d = 1.03),
compared to the habitual speech style (M = 6.66 s). Dura-
tions of the loud speaking style (M = 6.61 s) was not signifi-
cantly different from the habitual speaking style. The main
effect of fragment and the interaction effect of speaking style
by fragment were not significant.
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Sound Pressure Level

Between-Speaker Groups
The results of the statistical analyses of SPL indi-

cated a main effect of group: F(2, 72.95) = 4.96, p = .001.
Post hoc pairwise testing comparing the three speaker
groups indicated significantly higher SPLs for the control
speakers (M = 78.7 dB) compared to the speakers with
PD (M = 75.4 dB; t(72.9) = 3.08, p = .008, d = 1.45).
SPLs were not significantly different for between-group
comparisons involving speakers with MS (M = 77.1 dB).
The main effect of speaking style was significant: F(3,
794.1) = 325.6, p < .001. SPLs were significantly higher
in the loud (M = 81.0 dB; t(794) = 26.4, p < .001, d =
2.60) and clear (M = 77.4 dB; t(794) = 10.7, p < .001,
d = 1.06) speaking styles compared to the habitual
speaking style (M = 75.0 dB). SPL for the slow speaking
style (M = 74.8 dB) was not different from the habitual
speaking style. The main effect of fragment was also sig-
nificant: F(2, 794.0) = 3.79, p = .023. SPLs were higher
in the middle fragment (M = 77.3 dB; t(794) = 2.75, p =
.017, d = 0.23) compared to the beginning fragment
(M = 76.8 dB). Comparisons involving the end fragment
(M = 77.1 dB) were not significant.

Within-Speaker Groups
Speakers in control group. Control speakers demon-

strated a significant effect of speaking style: F(3, 318.0) =
174.4, p < .001. The results of the post hoc comparisons
indicated that, across speaking styles, the highest mean
SPL values were produced during the loud speaking style
(M = 83.5 dB; t(318) = 20.1, p < .001, d = 3.00), followed
by the clear speaking style (M = 79.2 dB; t(318) = 8.68,
p < .001, d = 1.30), when compared to habitually produced
speech (M = 75.9 dB). No significant differences were
found between the habitual and slow speaking styles (M =
76.2 dB). The main effect of fragment and the interaction
effect of speaking style by fragment were not significant.

Speakers with MS. The results of the speakers with
MS indicated a significant effect of speaking style: F(3,
312.0) = 182.9, p < .001. Similar to the results of the con-
trol speakers, the post hoc comparisons indicated highest
mean SPL values during the loud speaking style (M =
81.2 dB; t(312) = 20.9, p < .001, d = 3.15), followed by
the clear speaking style (M = 77.4 dB; t(312) = 8.08, p <
.001, d = 1.23), compared to habitually produced speech
(M = 74.4 dB). No significant differences were found be-
tween the habitual and slow speaking style (M = 75.1
dB). The effect of fragment was significant: F(2, 312.0) =
6.84, p = .001. Across speaking styles, SPLs were higher
in the middle (M = 77.4 dB; t(312) = 3.52, p = .002, d =
0.46) and end fragments (M = 77.2 dB; t(312) = 2.74, p =
.018, d = 0.36), compared to the beginning fragment (M =
76.5 dB). SPLs of the middle and end fragments were not
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significantly different. The interaction effect of speaking
style by fragment was not significant.

Speakers with PD. A significant effect of speaking
style was also found for the speakers with PD: F(3,
164.0) = 47.5, p < .001. Parallel to the results of the other
two speaker groups, mean SPL values were highest during
the loud speaking style (M = 78.2; t(164) = 8.34, p < .001,
d = 1.71), followed by the clear speaking style (M = 75.9 dB;
t(164) = 3.21, p = .009, d = 0.66), when compared to habitu-
ally produced speech (M = 74.4 dB). In addition, higher SPL
values were found during the habitual speaking style com-
pared to the slow speaking style (M = 73.0 dB). The main
effect of fragment and the interaction effect of speaking
style by fragment were not significant.

In summary, no significant differences were found in
lexical variables between the three fragments. When com-
paring speaking styles, all three speaker groups produced
the longest fragment durations during the slow speaking
styles. Fragment durations were also significantly longer
in the clear speaking style compared to habitually pro-
duced speech. All three speaker groups produced the high-
est SPL during the loud speaking style. Compared to the
habitual speaking style, SPLs were also significantly
higher in the clear speaking style. When comparing frag-
ments, findings across groups varied. The control speakers
showed longer duration in the beginning compared to the
end fragment, with SPLs equal between fragments. The
speakers with MS showed longer durations and lower
SPLs in the beginning versus the middle and end frag-
ments. Durations and SPLs did not differ between frag-
ments for the speakers with PD.

Intelligibility

Between-Speaker Groups
VAS intelligibility scores across fragments and

speaking styles are plotted in Figure 1. Intelligibility scores
in Figure 1 are reported separately for each speaker
group. Summative statistics of VAS scores across groups
and sex, separately by speaking style, are reported in
Table 2. Averaged differences in intelligibility scores be-
tween nonhabitual and habitual speaking styles across
fragments and speaking styles are plotted in Figure 2.

When comparing overall intelligibility between groups,
the statistical analysis indicated a significant main effect
of group: F(2, 73.7) = 9.26, p < .001. Post hoc pairwise
testing indicated higher intelligibility for the control group
compared to the MS group (mean difference = 11.4,
t(73.8) = 2.50, p = .038, d = 0.56) and the PD group
(mean difference = 23.4, t(73.7) = 4.21, p < .001, d =
1.14). Intelligibility was not significantly different between
the MS and PD groups.

The main effect of speaking style was also signifi-
cant, F(3, 4173) = 27.2, p < .001. Post hoc analyses
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Figure 1. Intelligibility scores across fragments and speaking styles, separately by speaker group. Error bars indicate ± 1 SD. VAS = visual
analogue scale; Hab = habitual; CS = control speakers; MS = multiple sclerosis; PD = Parkinson’s disease.
indicated that when pooled over groups and fragments, in-
telligibility was significantly higher in the clear speaking
style compared to the habitual speaking style (mean differ-
ence = 6.4, t(4170) = 6.5, p < .001, d = 0.31). There also
was a significant effect of fragment: F(2, 4038) = 43.6,
p < .001. Post hoc comparisons indicated that the end
fragment was significantly more intelligible compared to
the beginning (mean difference = 6.3, t(4028) = 7.8, p <
.001, d = 0.31) and middle fragments (mean difference =
6.9, t(4045) = 8.4, p < .001, d = 0.34). It should further be
noted that the covariate speaker sex significantly contrib-
uted to the between-speaker model: F (1, 73.8) = 4.53, p =
.037. Overall, male speakers were more intelligible than
female speakers.

Within-Speaker Groups
Findings for within-group analyses of intelligibility

are detailed below for each of the three speaker groups.
Speakers in control group. Within-group statistics of the
control speakers indicated significant main effects of
speaking style: F(3, 1749.9) = 13.6, p < .001, and frag-
ment: F(2, 1664.4) = 24.1, p < .001. The interaction of
speaking style by fragment was not significant. The re-
sults of the post hoc comparisons are reported in
Table 3. In summary, pooled over fragments, intelligibil-
ity was significantly lower in the slow and loud speaking
styles compared to the habitual speaking style. Intelligibil-
ity of the clear and habitual speaking styles were not sig-
nificantly different. Pooled over speaking styles, the end
fragment was more intelligible compared to the beginning
and middle fragments, and the beginning fragment was
more intelligible compared to the middle fragment.

Speakers with MS. The results of the statistical anal-
yses for the speakers with MS indicated significant main
effects of speaking style: F(3, 1643.6) = 12.3, p < .001,
and fragment: F(2, 1583.9) = 18.0, p < .001. In addition,
the interaction of speaking style and fragment was signifi-
cant, F(6, 1641.5) = 3.23, p = .004. The results of the post
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Table 2. VAS scores (mean [standard deviation]) as a function of group and sex.

Group Sex Habitual Slow Loud Clear

CS Both 77.4 (26.1) 72.7 (28.7) 72.7 (27.9) 79.8 (24.1)
Female 75.1 (26.4) 66.4 (31.5) 67.4 (29.5) 75.8 (25.7)
Male 79.1 (23.4) 75.4 (27.3) 77.3 (24.4) 81.0 (22.7)

MS Both 61.8 (33.2) 65.1 (32.2) 61.8 (32.1) 69.6 (30.7)
Female 59.8 (34.0) 60.3 (34.2) 59.8 (31.9) 64.4 (32.4)
Male 62.0 (31.5) 70.1 (28.6) 65.6 (30.6) 71.9 (29.6)

PD Both 52.8 (35.0) 53.8 (33.3) 52.1 (32.2) 59.9 (33.5)
Female 46.3 (36.4) 40.6 (33.7) 42.4 (30.5) 50.1 (34.6)
Male 51.5 (33.7) 63.2 (29.2) 56.4 (34.4) 64.1 (31.6)

Note. VAS = visual analogue scale; CS = control speakers; MS = multiple sclerosis; PD = Parkinson’s disease.
hoc comparisons are reported in Table 4. The significant
interaction indicated that variation in intelligibility across
the beginning, middle, and end fragments varied with
speaking style. In particular, with respect to the habitual
Figure 2. Averaged differences in intelligibility scores between the habitu
displayed across fragments and speaking styles, separately by speaker
speakers; MS = multiple sclerosis; PD = Parkinson’s disease.
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speaking style, the end fragment was significantly more
intelligible than the beginning fragment. For the slow
and clear speaking styles, the end fragment was signifi-
cantly more intelligible than the middle fragment. For
al speaking style and the nonhabitual speaking styles. Results are
group. VAS = visual analogue scale; Hab = habitual; CS = control
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Table 3. Post hoc comparisons of fragment intelligibility in control
speakers.

Speaking style
Difference
(VAS score) t p d

Contrasts:
Main effect

Habitual–slow 4.52 3.06 .012* 0.24
Habitual–loud 4.59 3.12 .001* 0.24
Habitual–clear −3.18 −2.15 .137 −0.17
Contrasts:

beginning
fragment

Habitual–slow 4.88 1.96 .205 0.26
Habitual–loud 4.49 1.77 .290 0.24
Habitual–clear −6.22 −2.36 .084 −0.33
Contrasts: middle

fragment
Habitual–slow 5.55 2.12 .149 0.29
Habitual–loud 5.22 2.07 .164 0.28
Habitual–clear −2.95 −1.16 .651 −0.16
Contrasts: end

fragment
Habitual–slow 3.13 1.28 .577 0.17
Habitual–loud 4.06 1.64 .357 0.21
Habitual–clear −0.37 −0.15 .999 −0.02

Fragment ID

Beginning–middle 2.94 2.45 .039* 0.16
Beginning–end −5.22 −4.39 < .001* −0.28
Middle–end −8.17 −6.84 < .001* −0.43
Contrasts: habitual
Beginning–middle 1.78 0.69 .771 0.09
Beginning–end −6.14 −2.50 .033* −0.32
Middle–end −7.92 −3.19 .004* −0.42
Contrasts: slow
Beginning–middle 2.45 0.99 .584 0.13
Beginning–end −7.89 −3.31 .003* −0.42
Middle–end −10.3 −4.15 < .001* −0.55
Contrasts: loud
Beginning–middle 2.50 1.04 .593 0.13
Beginning–end −6.57 −2.70 .019* −0.35
Middle–end −9.07 −3.75 .001* −0.48
Contrasts: clear
Beginning–middle 5.05 2.02 .108 0.27
Beginning–end −0.29 −0.12 .993 −0.02
Middle–end −5.34 −2.21 .071 −0.28

Note. Asterisk indicates statistically significant differences. VAS =
visual analogue scale.

Table 4. Post hoc comparisons of fragment intelligibility in
speakers with multiple sclerosis.

Speaking style
Difference
(VAS score) t p d

Contrasts:
Main effect

Habitual–slow −3.89 −2.45 .068 −0.19
Habitual–loud 1.85 1.14 .664 0.09
Habitual–clear −6.96 −4.35 < .001* −0.34
Contrasts:

beginning
fragment

Habitual–slow −7.32 −2.68 .037* −0.36
Hab–loud −3.78 −1.34 .538 −0.19
Hab–clear −11.92 −4.28 < .001* −0.58
Contrasts: middle

fragment
Hab–slow 2.26 0.82 .845 0.11
Habitual–loud 11.44 4.04 < .001* 0.56
Habitual–clear −1.26 −0.45 .969 −0.06
Contrasts: end

fragment
Habitual–slow −6.60 −2.38 .082 −0.32
Habitual–loud −2.10 −0.78 .864 −0.10
Habitual–clear −7.71 −2.83 .025* −0.38

Fragment ID

Beginning–middle 2.54 1.88 .14 0.13
Beginning–end −5.24 −3.94 < .001* −0.26
Middle–end −7.78 −5.87 < .001* −0.38
Contrasts: habitual
Beginning–middle −6.32 −2.26 .063 −0.31
Beginning–end −6.89 −2.55 .030* −0.34
Middle–end −0.57 −0.21 .977 −0.03
Contrasts: slow
Beginning–middle 3.26 1.22 .444 0.16
Beginning–end −6.17 −2.25 .064 −0.30
Middle–end −9.43 −3.44 .002* −0.46
Contrasts: loud
Beginning–middle 8.90 3.12 .005* 0.44
Beginning–end −5.21 −1.90 .138 −0.26
Middle–end −14.1 −5.14 < .001* −0.69
Contrasts: clear
Beginning–middle 4.34 1.60 .246 0.21
Beginning–end −2.68 −0.98 .590 −0.13
Middle–end −7.02 −2.60 .025* −0.34

Note. Asterisk indicates statistically significant differences. VAS =
visual analogue scale.
the loud speaking style, the beginning and end fragments
were significantly more intelligible compared to the mid-
dle fragment.

Speakers with PD. The statistical analyses for the
speakers with PD indicated significant main effects of
speaking style: F(3, 869.6) = 5.74, p = .001, and fragment:
F(2, 854.0) = 11.6, p < .001. The interaction of speaking
style and fragment was not statistically significant. The
results of the post hoc comparisons are reported in
Table 5. The speakers with PD demonstrated increased
intelligibility in the clear versus the habitual speaking style,
when data were pooled over fragments. No significant dif-
ferences were found between the slow or loud speaking
styles, compared to the habitual speaking style. Pooled over
speaking styles, the end fragment was more intelligible
compared to the beginning and middle fragments.
Discussion

Validating Speaking Style Implementation,
Lexical Characteristics, and Listener
Reliability

This study evaluated the effect of slow, loud, and clear
speaking styles on crowdsourced scaled intelligibility across a
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Table 5. Post hoc comparisons of fragment intelligibility in
speakers with Parkinson’s disease.

Speaking style
Difference
(VAS score) t p d

Contrasts:
Main effect

Habitual–slow −2.35 −1.00 .748 −0.12
Habitual–loud −1.75 −0.73 .886 −0.09
Habitual–clear −9.42 −3.89 .001* −0.47
Contrasts:

beginning
fragment

Habitual–slow −0.50 −0.13 .999 −0.03
Habitual–loud −2.20 −0.55 .946 −0.11
Habitual–clear −9.83 −2.34 .091 −0.49
Contrasts: middle

fragment
Habitual–slow 2.03 0.49 .961 0.10
Habitual–loud 3.65 0.84 .834 0.18
Habitual–clear −7.12 −1.73 .309 −0.36
Contrasts: end

fragment
Habitual–slow −8.57 −2.11 .151 −0.43
Habitual–loud −6.70 −1.55 .407 −0.33
Habitual–clear −11.32 −2.67 .039* −0.57

Fragment ID

Beginning–middle −3.96 −2.00 .114 −0.20
Beginning–end −9.53 −4.81 < .001* −0.48
Middle–end −5.58 −2.68 .020* −0.28
Contrasts: habitual
Beginning–middle −6.73 −1.68 .213 −0.34
Beginning–end −6.02 −1.49 .297 −0.30
Middle–end 0.71 0.17 .984 0.04
Contrasts: slow
Beginning–middle −4.20 −1.08 .530 −0.21
Beginning–end −14.1 −3.63 .001* −0.70
Middle–end −9.88 −2.45 .039* −0.49
Contrasts: loud
Beginning–middle −0.88 −0.21 .977 −0.04
Beginning–end −10.5 −2.53 .031* −0.53
Middle–end −9.64 −2.19 .073 −0.48
Contrasts: clear
Beginning–middle −4.02 −0.95 .611 −0.20
Beginning–end −7.51 −1.75 .188 −0.38
Middle–end −3.49 −0.83 .683 −0.17

Note. Asterisk indicates statistically significant differences. VAS =
visual analogue scale.
reading passage produced by speakers with dysarthria due to
MS and PD as compared to neurologically healthy control
speakers. Pertinent experimental considerations are dis-
cussed briefly prior to addressing the hypotheses.

First, all three speaker groups significantly increased
fragment durations during the slow and clear speaking
styles and significantly increased SPL during the loud and
clear speaking styles, compared to the habitual speaking
style. These results indicate that when cued, speakers al-
tered their speech output in ways consistent with slow,
loud, and clear speaking styles (Lam et al., 2012; Picheny
et al., 1986; Smiljanić & Bradlow, 2005). Second, neither
log-transformed word frequency or neighborhood density
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values differed across fragments. The implication is that
intelligibility variation among the three fragments cannot
be attributed to variation in these lexical characteristics.
Third, when implementing an intrajudge reliability crite-
rion for listener participants, using crowdsourced VAS
judgments may yield sufficiently acceptable intrarater and
interrater reliability measures. In this study, about 30% of
initially recruited listeners were replaced based on low
intrarater reliability values. Following this procedure,
intrarater reliability was characterized by a single measure
ICC of .76 and an average measure ICC of .86. These
metrics are comparable to those reported in previous liter-
ature using a VAS to obtain judgments of intelligibility in
a controlled laboratory setting for individuals with dysar-
thria. Intrarater reliability values in these prior studies
ranged from .76 to .85 (Abur et al., 2019; Tjaden et al.,
2014; Van Nuffelen et al., 2009). Similarly, for interrater
reliability, the consistency aggregated over all listeners as
assessed by average ICC was .85. These findings are also
comparable to previously reported studies wherein average
ICC values ranged from .83 to .84 (Abur et al., 2019; A. R.
Fletcher et al., 2017; Tjaden et al., 2014).

Effect of Speaking Styles on Intelligibility

It was hypothesized that a crowdsourced VAS para-
digm would reveal intelligibility differences for a passage
read by speakers with PD, speakers with MS, and healthy
controls in habitual, slow, loud, and clear speaking styles.
When pooled over the three groups, intelligibility was sig-
nificantly higher for the clear speaking style compared to
the habitual speaking style, while intelligibility in the slow
and loud speaking styles did not differ from the habitual
speaking style. The results for the within-group analyses
were more varied. For the control group (see Table 3), in-
telligibility was significantly poorer in the slow and loud
speaking styles compared to the habitual speaking style,
while intelligibility for the clear speaking style did not dif-
fer from habitual. This suggests that extending global dys-
arthria treatment strategies to passage reading for neuro-
typical speakers is not effective for enhancing intelligibility
and may even be detrimental. In contrast, the clear speak-
ing style yielded improved intelligibility for the MS and
PD groups relative to the habitual speaking style, al-
though slow and loud speaking styles were not effective in
enhancing intelligibility (see Tables 4 and 5). When de-
scriptively comparing these findings to previous studies ex-
amining cueing strategies, the following observations can
be made. Tjaden et al. (2014) and Stipancic et al. (2016)
reported lab-sourced judgments of sentence intelligibility
for the same speakers and speaking conditions of interest
to this study. These prior studies found that the speakers
with MS as well as neurotypical control speakers had
higher intelligibility scores for Harvard sentences produced
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in both the clear and loud speaking styles relative to the
habitual speaking style, while no intelligibility differences
were found for the slow and habitual speaking styles. In
this study, given that both clinical groups successfully in-
creased SPL for passage reading, the fact that neither
group showed an intelligibility improvement in the loud
speaking style may be unexpected. While speech with a
more favorable SNR should be more audible and, there-
fore, result in improved speech intelligibility (Kim & Kuo,
2012), speech fragments in this study were equated for
peak intensity prior to mixing with multitalker babble.
The implication is that audibility would not contribute to
any intelligibility differences among speaking styles.
However, other adjustments to segmental and supraseg-
mental speech production characteristics including en-
hanced vowel and consonant segmental contrasts, a
larger fundamental frequency range, and long-term spec-
tral change have been found to be associated with speak-
ing styles of interest to this study, including the loud
speaking style (Neel, 2009; Tjaden & Wilding, 2004).
These acoustic changes may be presumed to be especially
beneficial to speakers with PD, whose speech is often
characterized by reduced loudness, monoloudness, and
monopitch. In this study, speakers with PD increased
SPL by about 3.8 dB and speakers with MS by about 6.4
dB from the habitual to the loud speaking style. In com-
parison, Tjaden et al. (2014) and Stipancic et al. (2016)
reported larger SPL changes, with an average increase of
7 dB for speakers with PD and 8 dB for speakers with
MS during the loud speaking style. One might speculate
that the intelligibility benefit of loud speech is related to
the intensity gain achieved during this speaking style.
Thus, the absence of intelligibility improvement for the
loud speaking style might possibly be explained by the
smaller increase in SPL and corresponding speech produc-
tion adjustments realized during passage reading task
(Huber & Darling, 2011; Kempler & Van Lancker, 2002).
The absence of intelligibility improvements in the slow
speaking style in speakers with PD and MS was not unex-
pected, as the varying impact of rate reduction on intellig-
ibility has been previously documented (Stipancic et al.,
2016; Tjaden et al., 2014).

The finding that both lab-sourced (previous studies
discussed above) and crowdsourced (current study) experi-
mental paradigms documented intelligibility improvements
for clear speech suggests that speech improvements to neu-
rologically impaired speech associated with this speaking
style are robust and may be perceived in a variety of con-
texts. Furthermore, these findings are affirmation of the
potential effectiveness and stimulability of this global be-
havioral treatment technique. On average, intelligibility
for the clear speaking style improved intelligibility in the
MS group by 7.0% and in the PD group by 9.4% com-
pared to the habitual speaking style. Previous research
has suggested this magnitude of intelligibility difference is
clinically meaningful, especially for mildly impaired
speakers in a perceptually challenging environment of
multitalker babble (Lansford et al., 2019; Stipancic et al.,
2018; Tjaden et al., 2014). In addition, the mild speech
impairment of most speakers in this study may have con-
tributed to the relatively modest intelligibility gains for the
clear speaking style. Future research including speakers
with dysarthria spanning a wider severity continuum may
shed light on whether notable intelligibility gains for pas-
sage reading are limited to clear speech only, or whether
loud and slow speaking styles might also lead to improved
intelligibility.

Although reliability for crowdsourced and lab-sourced
listeners was comparable, overall sensitivity to production
contrasts of different speaking styles might be lower in the
crowdsourced listener group, resulting in less pronounced
intelligibility differences between speaking styles. This is in
spite of the differences in signal-to-noise listening condi-
tions across studies. Whereas Tjaden et al. (2014) and
Stipancic et al. (2016) employed an SNR of –3 dB for
their sentence materials, this study used a more favorable
SNR of 0 dB in the speech fragments, theoretically leading
to improved sensitivity to production differences across
conditions. Despite this apparent loss of sensitivity, these
findings indicate the feasibility of using crowdsourced VAS
judgments of intelligibility for speakers with dysarthria.

Variation in Intelligibility across
the Reading Passage

It also was hypothesized that the crowdsourced
VAS paradigm would reveal intelligibility variation
across the course of the reading passage as a factor of
speaking style. Pooled over the three speaker groups, the
end fragment was significantly more intelligible com-
pared to the beginning and middle fragments. The
within-group results were more varied. With respect to
the control group (see Table 3), variation in intelligibility
was noted, with overall higher intelligibility in the begin-
ning and end fragments. The absence of a Speaking Style ×
Fragment interaction effect indicated that this variation
was not influenced by speaking style. The overall high in-
telligibility scores in combination with a notable absence
of a significant clear speech intelligibility benefit across all
three fragments may be an indication that speakers al-
ready produced the reading passage at maximum perfor-
mance during the habitual speaking style, without room for
further improvement.

The results for the speakers with MS (see Table 4),
pooled over speaking styles, indicated increased intellig-
ibility for the end fragment compared to other fragments.
Speaking style contributed with varying degree to the in-
telligibility gain for the end fragment. When comparing
van Brenk et al.: Intelligibility Across a Reading Passage 403
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intelligibility in the nonhabitual speaking styles to the
habitual speaking style across the three fragments for
speakers with MS (see Figure 2), a trend emerged in
which all three nonhabitual speaking styles were charac-
terized by an intelligibility decline from the beginning to
the middle fragment, followed by notable gains from the
middle to the end fragment. Since the speakers success-
fully produced the speaking styles as evidenced by acous-
tic measures of duration and SPL, there is no evidence
that speakers became less effective in maintaining the non-
habitual speaking styles during the middle part of the
reading passage, making it difficult to explain the nature
of the intelligibility variation across fragments, at least
based on the acoustic measures that were obtained.

The results for the speakers with PD (see Table 5)
showed that, pooled over speaking styles, intelligibility
was significantly higher for the end fragment compared to
the beginning and middle fragments, but this variation
was not influenced by speaking style. The intelligibility
differences between the nonhabitual and habitual speaking
styles showed a similar but less pronounced pattern com-
pared to the speakers with MS: Intelligibility declined
from the beginning to the middle fragment, followed by
gains from the middle to the end fragment. Parallel to the
results for the speakers with MS, acoustic measures of du-
ration, and SPL did not provide clues that may explain
this trend in intelligibility variation. This suggests that
other factors such as enhanced segmental articulation or
fundamental frequency modulation may be at play, which
could be explored in future studies.

Drawing on the results of Kuo and Tjaden (2016),
who reported on acoustic variation across segments in the
shorter John Reading passage (192 vs. 279 words in the
Hunter Script), some notable parallels with this study may
be discerned. Acoustic variation in segments was mostly
independent of speaking style, similar to these intelligibil-
ity findings of the control speakers and speakers with PD.
With respect to the loud speaking style, an overall trend
of F2 IQR decreasing in the middle segment compared to
the beginning and end segments was found. As reduction
in F2 IQR has been associated with decreases in intellig-
ibility (Feenaughty et al., 2014), this trend aligns well with
the intelligibility patterns of the loud speaking style for
the speakers with MS in this study. Furthermore, Kuo
and Tjaden (2016) reported increased articulation rates for
the end segment compared to earlier segments. Although
the association between articulation rates and intelligibility
is not unequivocal, some studies have indicated an in-
creased intelligibility with decreasing articulation rate (A. R.
Fletcher et al., 2017; Van Nuffelen et al., 2009). If such a
trend were present in this study, one would predict a de-
crease, not an increase, in intelligibility for the end fragment.
These findings suggest that assessing articulation rates might
be warranted in future studies.
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Although the finding of enhanced intelligibility of
nonhabitual speaking styles during the beginning and end
fragments for the speakers with PD and MS needs to be
replicated in other studies, this points to methodological
considerations when using passage reading for estimating
intelligibility in clinical populations. First, there might be
an interplay between physical (e.g., an increased fatigue
from beginning toward the end) and psychological factors
(e.g., speakers are emotionally more motivated toward the
end of the passage) leading to the observed variation in in-
telligibility for the different fragments. Alternatively, the
finding that the clinical speaker groups appeared to more
effectively implement the nonhabitual speaking styles dur-
ing the beginning and end of the reading passage relative
to their habitual productions (see Figure 2) suggests that
these speakers were immediately able to implement non-
habitual speaking styles on cueing, as evidenced by the in-
telligibility gains in the beginning fragment for the non-
habitual speaking styles. During the middle fragment, the
intelligibility gains for the slow and clear speaking styles
disappeared for the speakers with MS, with the loud
speaking style resulting in a relative intelligibility loss.
Since the interaction effect of speaking style by fragment
was absent for the speakers with PD, limited conclusions
can be drawn. A trend can be discerned in which gains for
the slow and loud speaking styles seem to diminish during
the middle fragment, while intelligibility gains for the clear
speaking style were largely maintained. Given the signifi-
cant interaction effect of segment by speaking style for
the speakers with MS in combination with the trends dis-
played in Figure 2, the two clinical groups seem to differ
in the relative intelligibility variation for the nonhabitual
speaking styles. Overall, the magnitude of variation was
descriptively larger for the speakers with MS compared to
the speakers with PD, suggesting that speakers of the for-
mer group are more sensitive to implementing nonhabitual
speaking styles compared to the speakers with PD. A
number of factors may underlie these observations. First,
speakers with PD were more severely impaired compared
to speakers with MS (see Table 2). A neuromuscular sys-
tem with diminished neurological capabilities and/or in-
creased neuromuscular constraints might result in a re-
duced ability to change speech production styles when
cued to do so (Tsao et al., 2006; Tsao & Weismer, 1997).
Second, rigidity and bradykinesia are common clinical
signs of parkinsonism. Bearing in mind that the manifestation
of these symptoms to the axial speech musculature is not fully
understood, rigidity may limit flexibility and intentional adap-
tation to the speech subsystems for speakers with PD com-
pared to speakers with MS (Pinto et al., 2017; Skodda et al.,
2012). Third, deficits in perceptual processing of speech inten-
sity, timing, fundamental frequency, and formant frequencies
and the effects on speech production have been reported in
speakers with PD (De Keyser et al., 2016; Mollaei et al.,
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2019). Thus, perceptual deficits may also have contributed to
the limited changes in speech production across speaking
styles for the speakers with PD.

These findings have several clinical implications.
The presence of intelligibility differences between frag-
ments suggest that passage reading may supplement stan-
dard metrics of average sentence intelligibility and pro-
vide a more nuanced and complete assessment of intellig-
ibility by yielding a range of intelligibility values not cap-
tured by average or overall sentence intelligibility. While
intelligibility variation might be present to a similar degree
among a series of sentences, to date such analyses at the
level of individual sentences has not been carried out. For
example, for the SIT, intelligibility is calculated by averag-
ing across the 11 sentences and does not consider any vari-
ation in intelligibility across sentences (Yorkston &
Beukelman, 1981). In contrast, this study elucidated the
presence of distinct intelligibility variation patterns at
group level across fragments of a reading passage as a fac-
tor of different speaking styles. These patterns may serve
as a baseline and inform intervention decisions. For exam-
ple, although, on average, intelligibility was the highest at
the end of the passage reading, there may be speakers for
whom this pattern does not hold throughout the passage,
due to their inability to maintain effective implementation
of the chosen speaking style. In this case, an alternative
technique that achieves durable intelligibility benefits
would be advantageous. Therefore, the use of a reading
passage may be appropriate to test stimulability and train-
ability of treatment methods in an ecologically valid man-
ner. Furthermore, the findings suggest the need to con-
sider task or session length for their potential impact on
intelligibility. Specifically, these results indicate that some
minimum length of stimulus material may be required to
fully evaluate whether a specific cued speaking style has
been incorporated and applied in a consistent manner.
Similar to previous work reporting the intelligibility bene-
fit of sentences with fewer words (see the work of Allison
et al., 2017), this type of research could have implications
for determining speaking and practice time with the goal
of optimizing intelligibility.

Limitations and Other Considerations

This study confirms the feasibility of crowdsourced
VAS judgments to assess intelligibility variation over lon-
ger speech materials. However, a number of limitations
were present that may be addressed in future work using
crowdsourcing paradigms for intelligibility assessment.
Overall dysarthria severity for the clinical groups was rela-
tively mild in quiet listening conditions. To avoid ceiling ef-
fects during the assessment of intelligibility in all three speaker
groups and to maximize between-speaker differences, stimuli
were mixed with multitalker babble before presentation to
listeners. The addition of noise might impact intelligibility dif-
ferently for dysarthria and neurologically healthy speech. Pre-
vious studies reported mixed results, with Chiu and Forrest
(2018) reporting a significant decrease in intelligibility in noise
for speakers with dysarthria secondary to PD compared to
neurotypical speakers, whereas Yoho and Borrie (2018) re-
ported the decrease in intelligibility due to increasing levels of
noise to be similar for both speakers with dysarthria and neu-
rologically healthy controls. The potential impact of added
noise to degraded speech is a complex topic that requires fur-
ther investigation.

In addition, overall speech severity might affect an
individual’s response to a cue or instruction to produce
different speaking styles. Individuals with more severe dys-
arthria than those included in this study may have benefit-
ted more from nonhabitual speaking styles, resulting in
significantly larger differences across conditions (A. R.
Fletcher et al., 2017; Hammen et al., 1994). The relatively mild
severity of participating speakers may not only have prevented
more pronounced differences but may also have impacted the
extent and patterning of intelligibility variation across the read-
ing passage. Neuromuscular fatigue and difficulty sustaining
respiratory support may start to play a role in more severely
affected speakers, possibly resulting in patterns of intelligibility
decline toward the end of the reading passage. Future research
including speakers with a range of dysarthria severities is
needed to further explore this possibility.

Listeners’ assessment of intelligibility might poten-
tially be influenced by having access to linguistically pre-
dictive information (Miller, 2013). The average predict-
ability of words for each fragment was not considered and
might have varied across the three fragments. In addition,
the emotionality of the end fragment (aiming to shoot a
bird) may have driven speakers to be more intelligible
compared to the other fragments. These topics could be
pursued in future research. Finally, results may not reflect
spontaneous or conversational speech on intelligibility var-
iation over time, as it is widely accepted that spontaneous
speech requires additional cognitive resources that impact
intelligibility (Kempler & Van Lancker, 2002; Tjaden &
Wilding, 2011). However, we argue that a reading passage
more closely approximates spontaneous speech versus iso-
lated, single sentences and, therefore, may be more useful
for understanding intelligibility variation that may be en-
countered in everyday speaking situations.
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Appendix

The Hunter Script (Crystal & House, 1982) With the Three Operationally Defined Fragments (Indicated in Bold)

In late spring and early June, short rays of the sun call a true son out-of-doors back to the places of his childhood. Tom
Brooks was such a man. Each year, his desk seemed like a stone whose weight made him wish for the life he knew
as a boy (Fragment 1; beginning). In the years since leaving college, he had not revisited his past haunts before. But this
March, Tom found himself by a stream with an apple, some cash, and a gun at rest in the crook of his arm. The steady desk
that had needed to be set apart was gone and his one thought was for quail. He had been jogging on the foggy trail since
dawn, but not one bird had crossed his path (Fragment 2; middle). It seemed as though five years without hunting had
made him lose touch with signs that he once knew – signs that would tell for sure if an animal was near or not. Once he
thought he saw birds feeding, but it was just garbage and a leaf from a rosebush up above that had failed to drop to the
ground during winter. Tom stopped to rest on jagged rocks. Soon after he put down his gun, he heard wings making sounds
from across the stream, and saw pale birds dash out of the brush. They flew to the edge of the stream, seemingly appalled
at the hunter. Tom placed his hand on his gun quietly. He raised it to his shoulder and took aim (Fragment 3; end).
Seconds ticked off abruptly, but the birds drank like piggies. Quick shots rang out. Years of waiting seemed to disappear
with the successful culmination of the hunt.
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