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Abstract: Introduction. This study empirically evaluated the influence of phonatory break duration and pause
time on auditory-perceptual measures of speech produced by 26 adult speakers diagnosed with adductor-type
laryngeal dystonia (AdLD).

Type of Study. Experimental.

Methods. Fifteen inexperienced, young adult normal-hearing listeners provided ratings of speech acceptability
and listener comfort for samples of running speech. Four phonatory break and pause time conditions were
assessed using visual analog scaling methods. All stimuli were randomized for presentation and listeners were pre-
sented with experimental stimuli in a counterbalanced manner.

Results. Results indicate that the duration of phonatory breaks directly influenced listener ratings of speech
acceptability (P < 0.001) and listener comfort (P < 0.001), with significant differences between original and modi-
fied recordings for both. Speech acceptability and listener comfort ratings were strongly correlated across all tim-
ing conditions (» = 0.85—0.97).

Conclusions. The duration of phonatory breaks and pauses have significantly influence judgments of speech
acceptability and listener comfort for AdLD. This suggests that temporal factors such as phonatory break dura-
tion and pause time in AALD may carry substantial negative impact on listeners’ perception relative to other
auditory-perceptual features that co-exist in the signal.
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INTRODUCTION
Adductor-type laryngeal dystonia (AdLD) is a well-recog-
nized neurological disorder that has been diagnostically
classified as one form of dystonia.'' As a distinct category
of voice disorders, AALD is characterized by abnormal and
variable adductory control of the vocal folds during voice
and speech production.” By clinical definition, AALD is
most commonly characterized by a vocal quality that is
described by listeners as strained and strangled, as well as
having variability that is influenced by vocal task.” ¢ Fur-
ther, this abnormality in voice quality may be highly vari-
able both within and across speakers and is perceptible to
the listener across a range of severity.'~® Although research-
ers have investigated the auditory-perceptual characteristics
exhibited by AdLD speakers, the most frequently reported
auditory-perceptual characteristics have centered around
aspects of laryngeal (adductory) strain. Accordingly, the
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!Over the past 30 years, the widely used term for this disorder was adductor spas-
modic dysphonia. Given the recent publication by Simonyan and colleagues (2021),
we have adopted the use of AALD for the purposes of this paper.

most direct influence of AALD is observed during vocal
tasks that require continuous voicing."* In fact, one early
auditory-perceptual dimension was termed laryngeal “over-
pressure” to reflect the increased degree of effort during
voicing and the inconsistent spasmodic effects of the disor-
der on vocal fold adduction.” Because of this physiologic
abnormality, as well as its variability and task-related inter-
mittency, numerous concerns may be raised about the
speaker’s composite voice quality.®

Because of the underlying adductory laryngeal spasms
associated with AdLD, one widely recognized auditory-per-
ceptual characteristics of AdLD is the presence of intermit-
tent and often inconsistent phonatory breaks. That is,
during an adductory spasm, voicing may cease briefly or in
its entirety, creating a noticeable disruption in the flow of
speech.'>* 71 Depending on the level of severity, laryngeal
spasms that lead to voice breaks may vary in both their
location within a spoken stimulus, as well as in the duration
of the voicing break.'’"'> However, at present it is unknown
how the temporal period of a voice break might influence
listeners” more composite perceptual judgments of speakers
with AdLD.

As a result of the types of intermittent changes that occur
with AdLD, psychological and social impacts have also
been reported.'®”'® In fact, previous research has shown
strong relationships between the severity of AdLD speech
and listener perceptions of speaker confidence and “tearful-
ness”'’; inexperienced listeners have also reported that lis-
tening to AdLD speech is annoying, emotionally painful,
and that they “must prepare to listen” to it [20, p.6]. Given
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the paramount role of auditory-perceptual outcomes in the
assessment of voice and voice treatment outcomes, listener
perceptions are a critical component of communicative suc-
cess for individuals with AdLD.

The question raised in this context is, if all other aspects
of the vocal signal remain unchanged, does the independent,
relative duration of phonatory breaks and pauses signifi-
cantly influence listener perceptions? Therefore, within the
study to follow, we directly sought to evaluate the influence
of phonatory break and pause duration on listener ratings
of two auditory-perceptual dimensions, speech acceptability
(SA) and listener comfort (LC). Our selection of these two
auditory-perceptual features was based on the following
reasoning. First, by definition, both dimensions seek to
describe the collective impact of a voice or speech disorder
at a global level rather than focusing on a single, unitary
feature (eg, pitch, strain, etc). Secondly, however, these
dimensions also may reflect the listener’s assessment of the
composite nature of AdLD and its potential impact on the
communication dyad between the speaker and the
listener.”'-*> Consequently, both SA and LC were antici-
pated to provide ideal surrogates for understanding how the
independent feature of phonatory breaks and pauses might
influence listener judgments of AdLD speaker samples.

METHODS

Participant speakers

Twenty-four adults (18 women, 6 men) served as speakers
for this study (mean age = 61.3, SD = 8.13, range = 43-75
years). All participant speakers were diagnosed by the same
board-certified laryngologist as having AdLD. For all
speakers, the disorder had been present for at least six
months at the time of speech sample recording. Although
all speakers were diagnosed with AdLD, none of them
exhibited any coexisting vocal tremor, nor did they present
with other sites of dystonia. Aside from their diagnosis of
AdLD, all participants were self-reported to be in good gen-
eral health. All methods were approved by our institution’s
Research Ethics Board, with all speakers consenting to
recording. Neither participant speakers nor participant lis-
teners were compensated for their time.

All 24 speakers had been receiving ongoing botulinum
toxin (Botox®) injections as treatment for their AdLD.
Speakers also ranged in their general level of severity, not
only as a consequence of their voice disorder, but also in
relation to where they fell in the regular Botox® treatment
cycle. Thus, in order to obtain the most representative range
of voice samples, all participant speaker samples were col-
lected during a clinic visit, but prior to Botox® injection.
Our decision to obtain recordings prior to treatment was
based on the assumption that AdLD symptoms would be
more apparent at this phase in the Botox® treatment cycle
with voice abnormalities being more prominent at this time
regardless of the base level of any given speaker’s severity;
however, at time of recording, listeners varied in the range
of severity from mild to severe as a consequence of both the

disorder itself and the period of time that had elapsed for
each speaker since their last Botox® injection.

Prior to speaker selection, an assessment of speaker sever-
ity was made independently by one of the authors who is an
experienced clinician. In seeking to identify potential partic-
ipant speakers, speech samples (the Rainbow Passage) from
a larger group of potential participants were evaluated by
the same author and categorically assigned to one of five
global, although arbitrary severity categories — mild, mild-
to-moderate, moderate, moderate-to severe, and severe.
This categorization judgment was based on a composite
assessment of the speaker’s sample that was based on the
frequency of phonatory breaks (both within and between
spoken words) and a range of increased vocal strain at var-
ied intervals and loci in the speech sample. The sole purpose
of this assessment and categorization was to identify a range
of speaker severity prior to the modification of samples.
Once this was categorization was completed, our series of
speaker samples were then randomly selected to represent
an approximately equal, albeit subjective, distribution
across the categories of severity.

Speech stimuli and recording procedure

Each speaker recorded a stimulus sentence comprising only
voiced sounds: “Early one morning a man and a woman
were ambling along a one-mile lane running near Rainy
Island Avenue”.”® This sentence was obtained as part of a
larger, standardized speech recording protocol that was
gathered in a consistent manner across all speakers. All
recordings were made in a professional recording environ-
ment using Kay-Pentax Sona Speech II software (Pine
Brook, NJ), a cardioid microphone and preamplifier, with
all samples digitized at a 44.1 kHz sampling rate. All record-
ings were obtained by the same clinician while maintaining
a fixed 15 cm microphone-to-mouth distance. All speakers
were asked to produce the target sentence three times with a
pause in between each production.

As part of the explicit instructions prior to audio record-
ing, we asked participant speakers to “please read this sen-
tence aloud using your typical voice and please use your
typical pitch and loudness level. Do not worry if you have
any disruption in your speech due to your voice disorder.
We are seeking to obtain the most representative sample of
your speech and we will only stop recording if you misread
the sentence.” After all recordings were obtained, all sam-
ples were reviewed to ensure that no errors in production
occurred (ie, omitted or misspoken words). Following con-
firmation that no spoken errors existed in the samples, one
of each speaker’s three samples was randomly extracted for
use in the current study.

Temporal editing of speech stimuli

Before any signal editing was initiated, all speaker samples
were monitored and all vocal spasms within any spoken sen-
tence that resulted in a phonatory break were perceptually
identified. This process was performed independently by
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two of the authors through both auditory and visual identifi-
cation and confirmation. Following this assessment, identifi-
cations were compared, resulting in 100% reliability specific
to the occurrence and location of phonatory breaks. Once
AdLD breaks/spasms were confirmed, the duration (in
msecs) of all voice breaks and spasms was measured. Fol-
lowing confirmation of phonatory breaks, digital signal
editing of speaker samples was initiated in order to create
four sets of experimental stimuli.

All sound file editing was done using Audacity (Version
3.0.0), a digital recording and audio editing application.
Using this software, all samples were manually edited to
conform to a prescribed and standardized editing protocol
in order to generate the stimuli used during the auditory-
perceptual phase of the project. Four distinct signal modifi-
cations were undertaken resulting in four unique sets of
stimuli. These four edited stimulus sets were identified as: 1)
Normalized Original (NO), 2) Standardized Original (SO),
3) Modified Short (MS), and 4) Modified Long (ML). Spe-
cific audio file editing details for each set of experimental
samples are outlined individually in the subsequent sections.

Normalized original (NO). Any phonatory break or
spasm that exceeded 500 msecs in duration was edited to
not exceed 500 msecs. In instances where a break/spasm
needed to be shortened in duration, the appropriate tempo-
ral segment removed was always extracted from the mid-
point of that break/spasm. Any break or spasm less than
500 msecs remained unchanged. Given that a range of sever-
ity was exhibited in our group of speakers, multiple edits
were performed in this manner for some speakers; that is,
the overall frequency of breaks remained, however, only
those that exceeded 500 msecs were altered. Similarly, not
all of the speaker samples required modification according
to this predetermined, temporal editing requirement.

Standardized original (SO). For this editing condition,
any break or spasm that was greater than 250 msecs in dura-
tion was edited to 250 msecs. That is, regardless of the dura-
tion of such a break, all but 250 msecs of that break/spasm
was marked with cursors and deleted from the sample. This
was again achieved by removing the necessary temporal seg-
ment from the mid-portion of any given break. Similar to
the NO condition outlined previously, not all speakers dem-
onstrated breaks or spasms of this duration; hence, not all
speaker samples required modification. However, due to the
range of severity of the participant speakers, differences in
the number of edits that occurred varied. That is, for any
break/speaker that met the a priori temporal duration, and
regardless of the number of breaks that met this criterion,
modifications were made.

Modified short (MS). For this condition, an artificial
pause of 750 msecs was inserted into the modified samples
at eight pre-established, between word boundaries. These
temporal insertions occurred at points ranging from three to
four syllables in length. The specific points where insertions
were made were based on the following arbitrary truncation
of the spoken sentence with segmentation of the experimen-
tal sentence stimuli occurring at points noted between the

end brackets and start brackets of the stimulus as follows:
[Early one] [morning a] [man and a] [woman were]
[ambling along] [a one-mile] [lane running near] [Rainy
Island] [Avenue].” If a vocal abnormality existed in these
intervals, that abnormality was removed in its entirety and
replaced with the 750 msecs period of silence. The use of 3
—4 syllable intervals was based on an arbitrary segmenting
of each sample into nine segments of relatively short syllabic
structure; however, we actively sought to avoid segmenting
individual words as part of this study in an effort to avoid
adding another perceptual variable into the study.”*** This
resulted in eight inter-segment intervals wherein the 750
msecs silent (ie, phonatory break) durations were inserted
for each sample. Because of the nature of this MS editing
protocol, all speaker samples were modified using this
method.

Modified long (ML). The same editing process utilized in
the MS condition was followed to create this stimulus set.
However, in this condition, a longer pause of 1250 msecs
was inserted into the eight inter-segment sections of the sam-
ple. MS and ML were the only conditions where the 750 and
1250 msecs, respectively, were made. The extended duration
of this “foil” was selected arbitrarily but it was our expecta-
tion that such a lengthy pause would almost certainly result
in substantially negative auditory-perceptual ratings of sam-
ples for both of the auditory-perceptual features under study
(ie, SA and LC). This assumption was based not only on the
substantial temporal period of the pause (silence), but its
interaction and interference with the overall rate and
cadence of the running speech sample. In this regard, we
believed that judgments of samples in this condition could
serve as a “point of reference” for a substantial abnormality
in the modified signal and listener evaluation relative to the
other three editing conditions (NO, SO, and MS).

Participant listeners

Fifteen normally-hearing adults (11 women, 4 men) between
the ages of 18;11—23;7 years served as listeners (M age 20;2
SD = 1;3). None reported prior experience listening to or
evaluating voice disorders; thus, these listeners were consid-
ered inexperienced. Additionally, all listeners were native
speakers of North American English and reported that they
had no history of voice, speech, language, or hearing disor-
ders. All listeners provided informed consent prior to their
participation.

Procedure: Auditory-perceptual scaling of voice
samples

Three master randomized lists of all speaker stimuli and
duplicate samples (n = 24 speakers, 4 conditions) were cre-
ated for the auditory-perceptual phase of the experiment.
Each list also included 4 pseudo-randomly selected dupli-
cate samples (one from each condition), inserted into the
master randomizations at fixed intervals for purposes of
assessing agreement. Thus, each stimulus list comprised 112
total samples [24 speakers x 4 conditions + 16 agreement
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duplicates (4 per condition). Listening sessions were con-
ducted individually during a single listening session that
lasted approximately 90-minutes; each session was con-
ducted in a quiet laboratory room using a desktop computer
and circumferential headphones (Sennheiser, HD 205). Lis-
teners were randomly assigned to auditory-perceptual ses-
sions in a counterbalanced manner; that is, they rated SA
followed by LC, or vice versa. Following the rating of stim-
uli for any given feature, listeners were provided with a
short break of approximately 10 minutes prior to initiating
the second rating phase of the study in which the remaining
auditory-perceptual feature was evaluated.

Prior to the onset of the auditory-perceptual rating ses-
sion, listeners were informed that the speech samples pre-
sented were produced by both men and women and that
samples may sound unusual. All listeners were instructed to
rate each sample independently from others they would
hear. These samples were productions of the same sentence
as that used as experimental stimuli; however, they were not
edited in any fashion. This task provided each listener with
a representative sample of speech and voice characteristics
of those with AdLD and was meant to reduce any unusual
initial reactions to the abnormalities they would be exposed
to during the experimental phase.

Listener assessments of SA were made based on the defi-
nition that indicates that this feature is a composite audi-
tory-perceptual feature. More specifically, when rating of
SA, listeners were asked to “give careful consideration to the
attributes of pitch rate, understandability, and voice quality.
In other words, is the voice pleasing to listen to, or does it
cause you some discomfort as a listener?”.”® In regard to LC,
this dimension was defined as “how comfortable you would
feel listening to the person's speech in a social situation. Your
response should reflect your feelings about the way the person
was speaking (ie, how comfortable you would feel listening to
them), not what the person was saying or how their personal-
ity affected you.”.”’ Thus, while SA assesses a collective of
perceptually salient factors inherent to the speaker’s voice
and speech, LC is defined in a manner that may more
closely reflect an assessment relative to a face-to-face, social
type of interaction. Thus, while the auditory-perceptual
dimensions under evaluation (SA and LC) are not mutually
exclusive constructs, they are distinguished by an aspect
that asks the listener to make a judgment as if they were in
fact interacting with the individual directly (ie, the LC con-
dition). Further, judgments of LC require listeners to reflect
on their own emotional state, as compared to rating the
composite quality of the voice and speech signal that repre-
sented the SA perceptual feature. All listeners had access to
a written definition of the feature of interest (SA and LC)
throughout the session.

All listeners provided their independent judgment of each
sample by marking an individual, undifferentiated 100 mm
visual analog scale on a paper rating sheet for each dimen-
sion. Each stimulus item was listed with an individual rating
scale (112 scales per dimension). Thus, listeners could move
sequentially through randomized series of the experimental

sentences. Listeners were instructed that following presenta-
tion of any stimulus sentence they were to identify their
judgment of SA or LC at any point along the scale range
that they believed best represented the sample for each
dimension. Text anchors were placed at endpoints only; no
numerals were included on any scale. For SA, the left side
of the scale was identified as “extremely acceptable” and the
right side of the scale as “extremely unacceptable”; for LC,
the left side of the scale was identified as “extremely com-
fortable” and the right as “extremely uncomfortable”.
Thus, as numerical ratings increased from left to right (ie,
with respective increases of one mm from I mm to 100 mm
once measured), listener perceptions also represented
increasing levels of unacceptability for SA and less comfort
for LC. Again, written definitions of SA and LC were avail-
able throughout the perceptual task dependent upon which
feature was being evaluated at any given time. As part of
their instructions, listeners were directly informed that they
could listen to any sample as many times as they desired
prior to making a judgment. However, once the scaled rat-
ing was marked by bisecting the scaled line, listeners were
asked to not return to any sample or modify any prior rat-
ing. However, each score sheet did have scales for 6 samples;
so, listeners did have the potential capacity to see other rat-
ings that they provided on a given score sheet regardless of
whether SA or LC was being assessed. Yet it is important to
note that all listeners were explicitly instructed to provide
their rating of any sample independent from others and lis-
tener sessions were carefully monitored.

Analysis of auditory-perceptual data

All data for both judgments of SA and LC were recorded
individually (for each listener) and then unrandomized for
analysis. Data were then collated for each speaker/condition
and measures of central tendency were calculated by condi-
tion. Statistical analyses were conducted in SPSS (version
26.0, Minneapolis, MN) using two one-way analyses-of-var-
iance with timing condition (NO, SO, MS, and ML) as the
independent variable and mean auditory-perceptual ratings
(SA, LC) as the dependent variables. Pearson correlation
coefficients were computed to examine the potential rela-
tionship between each of the four listening conditions across
the LC and SA perceptual dimensions.

Measures of agreement between a listener’s first evalua-
tion of a given sample and a second rating of the same sam-
ple were calculated to assess intrarater consistency. The
determination of agreement was based on whether second
assessments of the same stimulus sample fell within one of
four numerical categories. Specifically, we calculated
whether the second rating was: 1) within +/- 5 mm of the
original rating, 2) within +/- 10 mm of the original rating,
or 3) within +/- 15 mm of the original rating. Determination
of agreement for ratings was pooled across the 15 listeners
for each condition (ie, SO, NO, MS, and ML). Thus, agree-
ment was based on 60 comparisons (15 listeners X 4 dupli-
cated samples) per temporal condition.
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Intrarater reliability was calculated using a 2-way analysis
of variance (ANOVA) with random effects (ie, Model 2).**
Intraclass correlation (ICC) coefficients were found for LC
and SA for all conditions and are reported as “single rater
reliability” (ie, consistency between individual raters) and
“average measures” reliability, or consistency of ratings
with the group mean.

RESULTS

Data revealed that the changes in the duration of phonatory
breaks and pauses significantly influenced judgments of
both SA and LC. LC results indicated significant differences
across the four conditions [F (1,31) =124.127, P =<.001].
Post-hoc pairwise comparisons using the Bonferroni adjust-
ment revealed that ratings of LC were higher in the ML con-
dition (M 60.23) compared to the NO (M 35.05, P =<
0.001), SO (M 3448, P =< 0.001), and MS (M 57.19,
P = 0.003) conditions. Listeners also rated LC significantly
higher in the MS condition compared to the NO (P =<
0.001) and SO (P =< 0.001) conditions. There was no statis-
tically significant difference between the NO and SO edited
conditions (P = 0.485).

The one-way, within-subjects ANOVA also revealed a
significant difference between the four timing conditions in
the SA dimension [F(1,33) = 144.737, P =< 0.001]. Post-hoc
analyses revealed that listeners’ responses to stimuli were
significantly less favorable at ML (M 60.04) compared to
the NO (M 36.24, P =< 0.001) and SO (M 32.03, P =<
0.001) conditions. SA scores were significantly greater in the
MS condition (M 59.69) compared to the NO (P =< 0.001)
and SO (P =< 0.001) conditions, as well as in the NO versus
SO edited conditions (P =< 0.001). The difference in SA rat-
ings between the MS and ML conditions was not found to
be statistically significant (P = 0.682). Summaries of these
data for both LC and SA ratings across condition are pro-
vided in Tables | and 2, respectively.

Although auditory-perceptual ratings were similar
between SO and NO conditions for both SA and LC, sig-
nificantly increased scaled scores (less favorable) were
observed for both dimensions in the MS and ML condi-
tions. Graphic representation of each speaker’s data reveal

TABLE 1.

Measures of Central Tendency For Scaled Ratings of LC
Across Timing Conditions (NO, SO, MS, ML); Scores Pro-
vided are Represented in mm

Mean SD Minimum Maximum
NO 34.48 17.54 4.0 70.4
SO 35.04 17.80 5.1 69.0
MS 57.19 9.0 44.4 79.1
ML 60.23 9.26 46.3 78.2
Note: Higher scores represent less favorable auditory-perceptual
judgments.

Abbreviations: ML, modified long stimuli; MS, modified short stimuli;
NO, normalized original stimuli; SO, standardized original stimuli.

TABLE 2.

Measures of Central Tendency For Scaled Ratings of SA
Across Timing Conditions (NO, SO, MS, ML); Scores Pro-
vided are Represented in mm

Mean SD Minimum Maximum
NO 32.03 16.48 5.7 67.3
SO 36.23 18.01 6.8 76.1
MS 59.68 8.75 45.1 78.8
ML 60.03 8.25 44.9 75.9
Note: Higher scores represent less favorable auditory-perceptual

judgments.
Abbreviations: ML, modified long stimuli; MS, modified short stimuli;
NO, normalized original stimuli; SO, standardized original stimuli.

that despite individual speaker differences (likely due to
differing individual levels of AdLD severity), the pattern of
change across the conditions was remarkably consistent
(see Figures 1 & 2).

In regard to correlational analyses, overall, there was a
strong positive and significant correlation between the audi-
tory-perceptual dimensions of LC and SA across all four
timing conditions: NO (r = 0.97; P =< 0.001), SO (r = 0.95;
P =<0.001), MS (r = 0.85; P =< 0.001), and ML (r = 0.89;
P =<0.001).

Agreement and reliability

Intrarater agreement was calculated at three specific levels
for SA and LC (ie, +/-5mm; +/-10mm; +/-15mm). Table 3
displays the gross number of agreements within each level
for 60 pairs (15 listeners X 4 pairs) presented in each condi-
tion, and the relative percentage of those pairs in agreement
at each level of agreement. The cumulative percentage
across rows equals 100% in Table 3: the cumulative percent
agreement within +/- 10mm was of particular interest for all
timing conditions. At that level, overall intrarater agree-
ment was 55.8% for SA and 56.1% for LC.

Single rater reliability was poor-moderate for both LC
and SA in all conditions, based on 95% confidence intervals
(Table 4).”” Consistency of individual ratings with the group
mean, as measured by average-measures ICCs, was strong
for both LC and SA in all conditions, based on 95% confi-
dence intervals (Table 5).

DISCUSSION
This study was designed to systematically evaluate the influ-
ence of phonatory break duration in speech samples pro-
duced by speakers with AdLD on auditory-perceptual
judgments made by inexperienced listeners. In addition, we
explored pause times that were systematically inserted into
the samples at predetermined intervals. The perceptual
judgments focused on the evaluation of two specific audi-
tory-perceptual dimensions, speech acceptability (SA) and
listener comfort (LC). The collective results of this work
suggest that the duration of phonatory breaks does influence
listener assessments of both SA and LC. Further, regardless
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FIGURE 1. Mean listener ratings of LC for each of the 24 speakers across timing conditions NO, SO, MS, and ML (higher scores reflect
less favorable ratings by listeners). Note: NO, normalized original stimuli; SO, standardized original stimuli; MS, modified short stimuli;

ML, modified long stimuli.

of the duration of a phonatory break, the presence of pauses
also negatively influences listener assessments of such sam-
ples. Regardless of the dimension being evaluated by listen-
ers, as break duration increased, less favorable ratings of
both SA and LC were observed. Further, the findings of this
work for both dimensions (ie, the combined findings for
both SA and LC) were highly consistent across both the tim-
ing modification conditions and the speakers assessed. Thus,
our work supports the assumption that the duration of pho-
natory breaks (ie, the NO and SO conditions) carries clear
perceptual salience to listener judgments. However, our
data also indicate that other “breaks” that occur within an
utterance in a systematic fashion (ie, the MS and ML condi-
tions) will result in additional negative influences on audi-
tory-perceptual judgments of listeners.

While the broader psychophysical implications of this
work are complex, the current data provide evidence that
break duration is one component that influences a listener’s
assessment of speakers with AdLD. In that regard, it would
seem that the interactive relationships among a number of
factors, and certainly those that are acoustic in nature, are
multifaceted in relation to how AdLD is described clini-
cally. Both the extent of variation and the interactions
among multiple acoustic properties that exist in speakers

with AdLD appear to be important areas for further study.
Yet, the present data confirm that phonatory break duration
alone significantly influences how listeners judge these sam-
ples.

Of particular note is the remarkable consistency observed
from our data across speakers for both auditory-perceptual
dimensions. This finding was observed within any given
temporal condition across speakers in this study. Although
the present study was designed in a manner that provided
control over both the duration of the break and its location
within the target sentence stimuli, we would suggest that
both factors are critical to listener judgments. However, we
might also note that if phonatory breaks occurred in an
inconsistent manner, as is found in speakers with AdLD,
this might have a differential effect on listener ratings of
LC. This suggestion would appear to be of particular impor-
tance relative to the duration of such breaks and associated
pauses, as well as the loci within any given utterance. Thus,
we carefully considered concerns related to breaks associ-
ated with speech task, linguistic demand, and lexical
boundaries.”*** This suggestion is based on the fact that
by definition, LC does carry with it some inferential sugges-
tion of a face-to-face interaction (ie, “. . .listening to the per-
son's speech in a social situation”). Specifically, we might
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interacting with the speaker directly (ie, the level of effort silige ai e e ety Fer Mo e SalTor i ie o

required by the listener to monitor the signal). Likewise, the LC SA

irregular phonatory breaks common to AdLD speech might ICC (2, 1) [95% ClI] ICC (2, 1) [95% ClI]

affect judgments of SA, given its strong correlation with LC NO 26[.14 - 48] 31[.18 - .54]
SO .25[.14 - .48] .29[.16 - .52]
MS .46 [.30 - .69] .26 [.14 - .48]

TABLE 3. ML .46 [.30 - .69] .34[.20 - .57]

Raw Number of Overall Intrarater Agreements Across Il
Listeners For Auditory-Perceptual Ratings of SA And LC
by Timing Condition, With Relative Percentage in
Parentheses

Abbreviations: ML, modified long stimuli; MS, modified short stimuli;
NO, normalized original stimuli; SO, standardized original stimuli.

Speech +/-5 +/-10 +/-15 >15

Acceptability TABLE 5.

NO 17(28.3)  14(23.3)  12(20.0) 17(28.3) Average-Measures Reliability For LC and SA For 15
SO 25(41.6)  11(18.3) 9(15.0)  15(25.0) Raters

MS 24(40.0)  11(18.3) 7(11.7)  18(30.0)

ML 20(33.3) 12(20.0) 11(18.3) 17(28.3) LC SA

Totals 86(35.8) 48(20.0) 39(16.3) 67(27.9) o o
Listener Comfort ~ +/-5 +1-10 +1-15 >15 ICC (2, k) [95% ClI] ICC (2, k) [95% ClI]
NO 20 (33.3) 14 (23.3) 4 (6.0) 22 (36.6) N 0.89 [0.80—0.96 0.92 [0.84—0.97
SO 30 (50.0) 7(11.7)  11(18.3)  12(20.0) 88 0 83 {0 29-0 26} 0 31 {0 890 36}
MS 21 (35.0) 8(13.3) 13(21.6)  18(30.0) 0 0 0 0 0 0

ML 24(40.0) 13(21.6) 10(16.7)  13(21.6) MS 0.95[0.91-0.98] 0.89 [0.79-0.96]
Totals 95(39.6) 42(17.5) 38(15.8) 65(27.1) ML 0.95[0.91-0.98] 0.92 [0.86—0.97]

Abbreviations: ML, modified long stimuli; MS, modified short stimuli;
NO, normalized original stimuli; SO, standardized original stimuli.

Abbreviations: ML, modified long stimuli; MS, modified short stimuli;
NO, normalized original stimuli; SO, standardized original stimuli.
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across timing conditions in this study, and given the particu-
lar reference to pitch, rate and voice quality in the instruc-
tions to raters.

The significant difference in ratings of SA in the NO com-
pared to the SO condition is interesting in the absence of
such a difference for ratings of LC. These stimuli were rela-
tively unmodified, in that we inserted no artificial pauses;
however, all phonatory breaks were reduced to either 500
msecs (NO) or 250 msecs (SO). The finding of a disparity in
SA between these conditions indicates that our inexperi-
enced listeners perceived temporal differences among stim-
uli that most closely resembled “natural” AdLD speech.
The lack of such a distinction in ratings of LC suggests that
although listeners noticed a change, they did not appear to
sense the degree of distress as a listener that they provided
in their ratings of modified stimuli (ie, MS, ML). This differ-
ence provides evidence that there may be benefit in at least
considering both signal-based (SA) and listener-based (LC)
perceptual measures for disrupted speech, particularly as
functional outcomes.

The artificial pauses in our samples were set at fixed word-
based intervals that ranged in length from 3—4 syllables.
However, although our determination of where a phonatory
break occurred was selected arbitrarily, we actively modified
our samples to ensure that no break existed within the struc-
ture of a single word. The breaks that did exist in our sam-
ples were inserted between words. We suspect that if breaks
occurred within a multisyllabic word, both SA and LC
would be further negatively affected.”* For that reason, the
temporal characteristics of the voice breaks associated with
AdLD must be more fully evaluated. This raises the related
concern of how phonatory breaks will influence the overall
speech rate of any given sample. As pauses increase in either
frequency of occurrence or duration, the total length of any
utterance is altered. Past research into the influence of pause
time on auditory-perceptual ratings of disordered speech
samples has been reported most commonly in relation to
stuttering and dysarthria subgroups.””'

It is clear from this project that both linguistic pauses and
articulatory speed will influence a speaker’s rate of speech.
As reported in prior studies with other clinical populations,
temporal editing or disordered speech may provide a rich
area for continued study.’’> As expectations of normal
speech timing are violated, we would assume that listeners
would provide less favorable ratings of any given speech
sample.”” We believe that this would also be observed in
assessments of the speech of those with AdLD. For that rea-
son, questions specific to a variety of temporal changes in
the speech of AdLD speakers, and the effect of such changes
on listener perceptions, may provide a valuable area for
future inquiry.

The present data suggest that listener judgments of both
SA and LC may offer a viable and valuable index of deficits
common to those with AdLD. While further research needs
to be pursued to provide external validity to our findings,
the present correlation data are quite robust and the pat-
terns of auditory-perceptual judgments of our listeners were

consistent across the timing modifications assessed for both
auditory-perceptual dimensions. In the context of treatment
of AdLD, and more specifically the use of Botox® as a pre-
ferred and widely used method of treatment, it would be of
interest to explore the acoustic characteristics of phonatory
breaks relative to the disruption of the spoken signal. That
is, as the flow of speech is altered due to spasms associated
with AdLD and their associated phonatory breaks, we
might expect that more negative judgments would emerge
as both the number of breaks and their relative durations
increase.'>* ' The location of these breaks within an
utterance would also likely influence listener judgments. It is
not unreasonable to expect that as breaks occur within a
word, or in those instances where normal sentential pauses
would occur as points of linguistic juncture, less favorable
listener judgments would occur.

Accordingly, as these types of changes occur as a conse-
quence of AALD, we would logically assume that listener
judgments of the overall severity of the disorder would also
increase. This assumption requires confirmation through
additional research; however, the present data do appear to
offer some translational value in our efforts to better under-
stand the relationship between auditory-perceptual dimen-
sions, listener assessments of these dimensions, and the
composite acoustic (frequency, intensity, and temporal)
characteristics of the AdLD speech signal. The influence of
less controlled or systematic interruptions of voice, as may
be observed in spontaneous AdLD speech, may result in
more complicated clinical outcomes, particularly given the
unpredictable ways in which conversational partners may
react to it.**

Limitations of the present study

Although the present study did reveal remarkable consis-
tency across the speakers studied, several limitations exist.
Most prominently, the arbitrary modification of break dura-
tions, as well as the pre-established loci of timing modifica-
tions in the conditions studied present a concern. Despite
the fact that none of these changes truncated any given
word, it is possible that these breaks and pauses fell at
unusual points in what might be considered the normal pro-
sodic flow of the sentence.”®'*? Hence, changes that
occurred in the signal secondary to editing at these pre-
established points in the MS and ML conditions may have
been perceived as unusual or awkward by listeners. As a
result, poorer ratings of both SA and LC in two conditions
may have occurred simply due to the imposition of eight
pauses within an utterance. Thus, it is possible that the exis-
tence and duration of a pause at these atypical intervals
based on normal juncture, as well as the presence of other
abnormal features within any given sample, carried percep-
tual weight relative to other points in the sample where
adductory spasms occurred. However, when data from all
speakers are viewed together, the pattern of change due to
the timing modifications remains consistent.
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Additionally, it is well documented that the location of
phonatory breaks or other disruptions in speech flow for
those with AdLD may often occur within a word or may be
exacerbated within the context of particular phonetic enti-
ties. This was certainly the case with our speakers who
ranged in their AdLD severity. Consequently, the location
as well as the duration of phonatory breaks must be consid-
ered in future evaluation of listener judgments. As such, the
collective influence of break duration and other features
characteristic of AdLD relative to listener assessments may
be raised. In this regard, we would also note that the motor
speech behaviors that underlie both normal and disordered
voice and speech production must be considered. More spe-
cifically, it is possible that a speaker with AdLD may be
more likely to exhibit phonatory breaks in association with
particular sounds or relative to a given articulatory or coar-
ticulatory gesture associated with the demands of a given
word environment rather than at the arbitrary points repre-
sented within our NO and SO conditions.

This finding supports the notion that although the arbi-
trary temporal modifications for some conditions and the
points of pre-established durational change in the MS and
ML conditions may have considerable primary perceptual
salience, other characteristics inherent to the sample may be
considered as additive to the listener. We sought to mini-
mize “snap” judgments based on partial samples by explic-
itly requesting that listener judgments be made only
following a listener’s auditing of the entire sample. How-
ever, it is clear that considerable challenges remain relative
to the auditory-perceptual assessment of voice quality
regardless of the disorder being studied.””*’

Because listeners heard the same sentence multiple times,
it is possible that individual judgments were affected by the
eventual predictability of the pauses within the sentence, or
frankly by fatigue from hearing the sentence itself; however,
the use of three randomly presented sets of stimuli limited
the likelihood of sequence effects on mean ratings of SA or
LC. Relatedly, intrarater agreement was quite good overall,
with listeners’ second ratings of repeated samples tending to
fall within 10mm of their first ratings for both SA and LC a
majority of the time. ICC measures were also excellent.
While listeners did have potential access to five other ratings
on any given score sheet (i.e., there were six scales for sam-
ples on each page), previous ratings could have served as a
personalized external visual standard against which a given
listener could base other judgments on that page. In this
way, listeners may have been guided less by their contempo-
raneous assessment of LC or SA for a particular stimulus
than by an attempt to be consistent. However, listeners were
instructed to make each judgment independently and to not
return to any prior judgment, a process that was monitored
by one of the experimenters. Visual evidence of prior judg-
ments may, therefore, decrease the ecological validity of this
study, given that such an external standard could artificially
increase reliability of perceptual judgments’®. Any effects of
access to prior ratings would not have extended to other
raters, however, and interrater reliability in this study was

comparable with results from the literature on auditory-per-
ceptual ratings of voice quality’’ Accordingly, we do
acknowledge that listeners may exhibit increased sensitivity
to particular changes in speech flow such as the frequency of
occurrence and duration of breaks, as well as and the larger
composite presentation of any given sample regardless of
disorder.””~** When the dynamic nature of AdLD is consid-
ered, future efforts that seek to identify interactions between
elements within a disordered speech sample and their rela-
tive impact on listener judgments would be of value.

CONCLUSIONS

This study sought to identify changes in the auditory-per-
ceptual evaluation of temporally modified speech samples
from speakers who had been diagnosed for AdLD. Two
auditory-perceptual features, SA and LC were assessed.
Our data indicate that the duration of phonatory breaks
and pauses have a significant influence on judgments of SA
and LC for AdLD. This suggests that temporal factors
affecting AdLD speech may carry an additional and sub-
stantial negative impact on listener perceptions relative to
other acoustic factors that co-exist in the signal. Although
ratings of SA and LC were highly correlated across condi-
tions, there were indications that listeners perceived rela-
tively minor timing differences among “original” stimuli,
based on differences in SA ratings. That LC ratings did not
differ in these conditions suggests that they may reflect a
unique aspect of communicative interactions with individu-
als with AdLD. The present data provide new information
that may be further explored to determine the influence on
temporal changes on listener judgments of AdLD speech.
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