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ABSTRACT
Purpose: This study aimed to identify the speech sound category and nasalance score type that

is most affected in individuals with ALS to aid in evaluation and monitoring of the disease.
Methods: Twenty-three individuals with dysarthria secondary to ALS and 22 healthy aging
speakers participated as speakers. Participants with ALS were divided into mild and severe
groups based on their speaking rate. Nasalance scores were collected from them using a revised
version of the Simplified Nasometric Assessment Procedures (SNAP) test. The nasalance scores
were examined against speech intelligibility and speaking rate, and between groups. Perceptual
nasality ratings were collected from 20 listeners based on the Rainbow Passage which was
recorded from each of the speakers with dysarthria.

Results: The nasalance scores were significantly and positively correlated with perceptual rating
of nasality; and significantly and negatively correlated with speech intelligibility and speaking
rate. The mild and severe groups showed significant group differences, but the mild and control
groups did not. The sibilant was the only sound category that showed significant group
differences across nasalance score types.

Discussion: Nasalance is a valid estimation of perception of nasality. Sibilants performed well
across nasalance score types, particularly the maximum nasalance score. We suspect this to be
the case because of the sustained, airtight closure necessary for their production, and the
measurement of the maximum nasalance score.

Key words: amyotrophic lateral sclerosis (ALS), dysarthria, sound category, nasalance score

type, sibilant
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Chapter 1

Introduction

Amyotrophic lateral sclerosis (ALS) is a degenerative motor neuron disease in which
motor neurons gradually lose function as the disease progresses. There are two types of onset in
ALS: spinal and bulbar. In spinal onset, the initial signs of the disease are the loss of motor
control of the limbs, and in bulbar onset, the initial signs are the loss of motor control used for
swallowing and speech. The decline in functioning of speech organs results in decreased speech
intelligibility and quality of speech, which continue to decline until the individual with ALS
eventually loses speech completely regardless of onset type (Kent et al., 1991; Saunders, Walsh,
Smith, & Teller, 1981).

The speech function decline in individuals with ALS impacts their quality of life
significantly. Felgoise, Zaccheo, Duff, and Simmons (2015) retrospectively studied the quality
of life of individuals with ALS. Using their functional speech score from the ALS Functional
Rating Scale, they found that individuals with mild speech impairment or no functional use of
speech had a lower quality of life score than individuals with no speech impairment based on
their scores on the ALS Specific Quality of Life questionnaire.

Dysarthria in ALS

The speech disorder in individuals with ALS is dysarthria, a type of motor speech
disorder that results from impaired movement of the speech mechanism. The speech mechanism
consists of multiple subsystems: articulatory, velopharyngeal, laryngeal, and respiratory

subsystems. Rong et al. (2015) examined the contribution of each subsystem to speech



intelligibility in individuals with ALS. The results indicated that the primary contributor to
speech intelligibility is the articulatory subsystem, and the velopharyngeal (\VVP) subsystem was
the secondary contributor to speech intelligibility. Dysarthria leads to VP dysfunction because it
impacts the coupling of velopharyngeal structures. This results in increased nasality and
decreased speech intelligibility. Unlike the articulatory subsystem, there is limited knowledge
available about VP dysfunction associated with ALS.
Nasalance as a VP Dysfunction Measure

VP dysfunction causes incomplete closure of the VP port and results in increased airflow
through the nasal cavity. In other words, VP dysfunction increases nasality of speech. Nasality is
a perceptual measure, but can be quantified using various approaches such as nasal airflow and
nasalance. Nasalance has been one of the common approaches for measuring nasality. Nasalance
is the ratio of nasal acoustic energy to oral and nasal acoustic energy measured by a nasometer
(Kummer, 2014). Larger nasalance scores indicate greater amount of acoustic energy from the
nasal cavity compared to the oral cavity. It is an efficient and convenient instrumental approach
and has been widely used in clinical settings. Previous studies have shown that nasalance is a
valid representation of nasality (Dalston, Warren, & Dalston, 1991; Watterson, Lewis, &
Deutsch, 1998). Watterson et al. (1998) showed that nasalance data hold reasonable sensitivity
and specificity when distinguishing between typical and hypernasal speech regardless of the
speech stimuli types. In addition, nasalance data showed good sensitivity and specificity when
distinguishing between typical and hyponasal speech (Dalston et al., 1991). Thus, nasalance is a
valid representation of nasality related to resonance disorders.

Nasalance Score Types



The nasalance analyses from the nasometer software provide various types of nasalance
information. These include nasalance fluctuation in each time interval. Based on these values,
simple statistics are obtained such as average, minimum, and maximum values. The most
frequently used variable is the average value, which shows the mean nasalance score across the
speech stimuli. The norm values of nasalance scores are based on mean values of speech
materials. In addition, clinical interpretation of VP dysfunction based on nasalance scores is
based upon the mean values. For example, two standard deviation above the mean would
indicate hypernasality (Kummer, 2005). The minimum nasalance value is the score when the
least amount of acoustic energy was detected from the nasal cavity in relation to the oral cavity.
Individuals with ALS have increased nasality from limited control of VP function rather than
structural differences (e.g., oronasal fistura). Therefore, the minimum nasalance value likely
represents when the velopharyngeal port is smallest or the closure is tightest during production of
speech stimuli. The maximum nasalance value likely represents when the velopharyngeal port is
most open. Therefore, each value represents a different velopharyngeal configuration in
individuals with ALS. Considering that dysarthria in ALS results in reduced control of the
speech subsystem, it is unclear which of the aforementioned values would be most representative
of VP dysfunction in ALS.

Nasalance by Sound Category

Nasalance scores vary depending on speech sound because of differing acoustic
impedance in the VP area during production across sounds. Depending on the specific sound,
more open or closed VP configuration is necessary for the sound to be produced. For instance, in
typically aging speakers, oral sounds require complete decoupling of the VP structures in order

to be produced correctly, while for nasal sounds, the VP structures must be completely coupled.



Thorp, Virnik, and Stepp (2013) measured the nasalance scores of typically aging adults for
nasal and nonnasal syllables and sentences, using varying types of vowels in each stimulus, and
found the nasalance scores differed by stimuli characteristics including vowel types, nasalization
conditions, and place of articulation. Lewis, Watterson, and Quint (2000) studied individuals
without VP dysfunction (non-VPD) and individuals with VP dysfunction (VPD), and measured
the nasalance scores of syllable and sentence stimuli that were controlled for vowel type. In both
groups, the nasalance scores differed by speech sound, but the differences became greater and
showed its own pattern in people with VPD, showing that different stimuli present a different
amount sensitivity to VP dysfunction.

It is clear nasalance scores differ by speech sound, but it is unclear which speech sound is
most sensitive to VP dysfunction in ALS. Bell-Berti (1993) found that specifically oral
consonants require a more closed VP configuration than nasal consonants and vowels. Speech
sounds requiring a tighter seal of the VP port tend to be produced with higher nasalance scores
by individuals with VP dysfunction, and this is not the case in typical speakers (Lewis et al.,
2000).

VP dysfunction can be divided into VP insufficiency (structural defect), VP
incompetence (neurophysiological disorders), and VP mislearning (Kummer, 2014). Previous
studies in VP insufficiency showed that, among oral sounds, sibilants and plosives tend to be
most vulnerable in individuals with cleft palate. There is, however, not agreement among studies
whether sibilants or plosives are more vulnerable to the effect of VP insufficiency. Isshiki,
Honjow, and Morimoto (1966) suggests that plosives are more affected, but McWilliams (1958),
Subtelny and Subtelny (1959), and Spriesterbach, Darley, and Rouse (1956) suggest that

sibilants are more affected with plosives trailing closely behind.
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Individuals with ALS experience VP incompetence which has been investigated much less than

VP insufficiency. The current study focuses on VP incompetence, and it remains unknown which
consonant category is most influenced in individuals with this type of VP dysfunction. More
understanding about this VP dysfunction will aid in understanding its impact on speech
intelligibility.

Purpose of the Study

The purpose of this study is to find the most effective measure of nasalance in individuals
with ALS for evaluation and monitoring of the disease. Our study will investigate three questions
related to nasalance in individuals with ALS. (1) Do nasalance scores of all sound categories
have the same level of sensitivity to the presence and severity of dysarthria in individuals with
ALS? (2) Do minimum, average, and maximum nasalance scores of sound categories have the
same level of sensitivity to the presence and severity of dysarthria in individuals with ALS? (3)
Are there nasalance scores of specific sound categories that are more sensitive to the presence
and severity of dysarthria in individuals with ALS?

This study predicts that nasalance scores for different sound categories have different
sensitivity to the presence of dysarthria in individuals with ALS. Previous research (McWilliams,
1958; Subtelny & Subtelny, 1959; Spriesterbach et al., 1956; Isshiki, Honjow, & Morimoto,
1966) suggests that sibilants and plosives show good sensitivity to VP insufficiency, so we
predict that sibilants and plosives will show good sensitivity to VP incompetence, as well. In
regards to the second and third research questions, we cannot make a prediction due to the lack

of literature in these areas.



Chapter 2

Methods

Participants: Speakers

This study involved two groups of speakers: a group of 23 individuals with dysarthria
secondary to ALS and a control group of 22 typically aging speakers. The speakers with
dysarthria were recruited from the Penn State Hershey ALS Clinic and Research Center. Each of
these speakers met the Revised El Escorial criteria for definite, probable, probable laboratory-
supported, or possible ALS (Brooks, Miller, Swash, Munsat, 2000). In this group, there were 11
males and 12 females with ages ranging from 43 to 80 (M=63.13; SD=8.93). The characteristics
of the speakers with ALS are shown in Table 1. Included in this table are speakers’ scores from
the ALS Functional Rating Scale-Revised (ALSFRS-R), a questionnaire asked of individuals
with ALS that is used to gauge their physical functioning as the disease progresses. Twelve areas
of functioning are rated by the individuals on a scale of 0 (lowest functioning) to 4 (highest
functioning). Table 1 displays the speakers’ bulbar sub-score and total score. The ALSFRS-R
bulbar sub-score is the sum of the three scores related to bulbar function (speech, salivation, and
swallowing). The total score is the sum of the sub-scores from each section of the questionnaire,
and it shows overall functioning of the person with ALS (Cedarbaum et al, 1999).

Individuals with ALS were assigned to two severity groups based on speaking rate.
Speaking rate is used in addition to speech intelligibility to gauge severity of dysarthria in
individuals with ALS. Previous research suggests that speaking rate declines are highly

correlated with speech intelligibility declines; individuals with ALS present with speech



intelligibility decline when they reach 100-120 words per minute (wpm) speaking rate (Ball,
Willis, Buekelman, & Pattee, 2001; Ball, Beukelman, & Pattee, 2002; Y orkston, Strand, Miller,
Hillel, Smith, 1993). For the purposes of our study, 110 wpm served as the severity cutoff
between groups of speakers. Speakers with a speaking rate higher than 110 wpm were placed in
the mild group, and speakers with a speaking rate lower than 110 wpm were placed in the severe
group. The mild group was made up of seven speakers with a group average of 126 wpm
(SD=5). The severe group was made up of 16 speakers with a group average of 81 wpm
(SD=19).

The control group was comprised of 10 males and 12 females with ages ranging from 47
to 80 (M=62.95; SD= 7.35). They were matched to the speakers with dysarthria for gender and
age within 5 years. The youngest male, typically aging control speaker was the gender and age
match for two of the speakers with dysarthria, ALS14 and ALS19. The typically aging speakers
were required to pass a pure tone hearing screening at 30dB in their better ear. Twenty-one of the
speakers passed. One of the male typically aging speakers, who was 80 years old, required the
use of his hearing aids to pass. All of the speakers’ native language was American English, and
none of the speakers had any known neurological or speech/language disorders.

Participants: Listeners

In order to be considered to participate in the study, the listeners were required to be 18-
40 years of age, a native speaker of American English only, free of any neurological or speech
disorders, and inexperienced in communicating with people that have motor speech disorders. In
addition, each listener was required to pass a hearing screening, including frequencies, 250, 500,
1000, 2000, and 4000 Hz at 25dB. There were 18 females and 2 males with ages ranging from

18-23 (M= 20.90 ; SD= 1.07).



Procedures: Speech Production

Speakers produced Sentence Intelligibility Test (SIT) sentences, and using this data, SIT
and speaking rate were collected as a part of a larger scaled study (Beukelman, Yorkston, Hakel,
& Dorsey, 2007). The SIT data for each speaker is also shown in Table 1.

Each of the participants in both groups of speakers were asked to read the Rainbow
Passage. The Rainbow Passage is a paragraph that includes all of the phonemes used in Standard
American English. It is commonly used by professionals in the field of speech and language to
assess individual’s speech intelligibility. As the participants read the passage, their speech was
recorded. The audio recordings were used for the perceptual nasality ratings.

Nasalance scores were collected for the speakers. All of the scores were collected using a
Nasometer (KayPentax), a device used for measuring the nasalance of an individual’s speech.
The stimuli used to measure the nasalance scores were adapted from the Picture Cued Subtest
from the Simplified Nasometric Assessment Procedures (SNAP) test (Kummer, 2005). For the
purposes of this study, an adapted version of the test was used so that the stimuli could be used
across speakers regardless of severity of dysarthria. Five stimulus sentences from the Picture
Cued Subtest were chosen. Each were phonetically balanced and representative of a consonant

99 ¢

category (bilabial, alveolar, velar, sibilant, and nasal): “pick up the baby,” “take a teddy,” “go get
a cookie,” “Susie sees the scissors,” and “mama made some mittens,” respectively. The sentence
was modeled to each speaker, and they were asked to repeat the sentence. Nasalance scores were
measured by the Nasometer as the speaker repeated the sentence. The average, minimum, and

maximum values were extracted from the program.

Procedures: Perceptual Rating of Nasality



The recordings of the speakers reading the Rainbow Passage were used to collect
perceptual nasality ratings from the listeners. Prior to the task, the following instructions were
provided to each listener: “In this task, you will be listening to 23 speakers read a passage. After
each passage, you will be asked to rate the hypernasality of the speaker. A person who is
“hypernasal” sounds like they are speaking through their nose. You will listen to the full passage
and then rate the speaker on a sliding scale from “normal” to “severe hypernasality”. You can
move the slider anywhere along the scale that you think is appropriate. You can only listen to
each speaker once.” To provide further clarity to the listener’s understanding of the task, the
listeners were also provided with audio examples of speakers with mild to moderate, moderate,
and severe hypernasality. These audio samples were taken from the American Cleft Palate
Craniofacial Association. The listener was then instructed: “Our study includes people that have
other speech issues along with hypernasality. When rating the speakers, make sure to rate their
nasality, not the clarity of their speech.” Then, the listeners were provided with audio examples
to demonstrate this. The examples were of “someone who has other speech issues, but no
hypernasality,” and “someone who has other speech issues and substantial hypernasality”. These
audio samples were two selected speakers from the current study (ALS7, ALS22 respectively)
both producing the speech stimuli, “I say a Ohio again.” These audio samples were used so that
listeners were trained to distinguish the difference between hypernasality versus other speech
issues (e.g., distorted articulation). Then, the listeners were given an example test which included
two audio samples from SIT, also from the current study, that they could practice how to use the
visual analog scale (VAS) during the task. They were not provided with feedback on their ratings

during the example test or the recorded test.
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Perceptual ratings of hypernasality are influenced by the type of rating scale. Previous

studies suggest use of a VAS for perceptual judgements of hypernasality results in higher
interrater and intrarater reliability and validity of ratings (Baylis, Chapman, Whitehill,
Americleft Speech Group, 2015). VASs are influenced by the number of anchors on the scale.
Galek and Watterson (2017) showed that providing listeners with three anchors significantly
improved interrater and intrarater reliability. Thus, in the current study, three anchors are used on
the VAS; Normal, Moderate, and Severe. These are adapted from the labels of anchors in the
Consensus Auditory Perception Evaluation-Voice (CAPE-V) (Baylis et al., 2015; Kelchner et al.,
2010). The scale ranged from 0-100 with Normal being 0, Moderate being 50, and Severe being
100. The numerical representations were not visible to the listeners during the task. Their rating
could be placed anywhere along the scale, meaning it could be any number between 0 and 100.
An image of the VAS used by the listeners is pictured in Figure 1. During the task, the listeners
were presented with one of the Rainbow Passage audio recordings at a time. After each
recording, the listener placed their perceived hypernasality rating of the speaker on our VAS.
Experimental Design and Statistical Analyses

To answer the first and second research questions, two statistical approaches were
employed: Pearson correlation coefficients and ROC curve analyses. In these analyses, nasalance
of all sound groups as well as types of nasalance scores (minimum, average, and maximum)
were tested in individuals with ALS. To answer the third research question, a one-way analysis
of variance (ANOVA) was performed comparing three groups: severe, mild, and control. When
significant main effect was observed, Tukey post-hoc test was used. The alpha-level of the

current study was 0.05.
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Chapter 3

Results

Reliability: Perceptual Rating of Nasality

The interrater reliability was identified using the interclass correlation coefficient (1CC).
In order to measure the consistency of scores from the raters across the speakers, a two-way
mixed model was used. The average ICC was 0.924 which was statistically significant (p
<0.001).

Correlates of Nasality Rating

Both speech intelligibility and speaking rate were significantly associated with the
perceptual nasality ratings. The correlations for each are -0.512 and -0.566, respectively. These
negative correlations show that higher nasality ratings were strongly associated with lower
speech intelligibility and speaking rates.

Results for the correlation between nasality ratings and nasalance scores for each sound
category revealed significant associations between most of the sound categories. Using 0.75 as a
determinant of stronger associations between the variables, the perceptual rating of nasality is
strongly associated with average and minimum velar (0.819, 0.787), average and minimum
sibilant (0.8, 0.817), and average alveolar (0.773).

Correlates of Speech Intelligibility and Speaking Rate

Results of Pearson correlation coefficient analyses are presented in Table 2. In the

following section, the sound categories and nasalance measures that showed significant

association are described. All the significant coefficient values (r-values) were negative values



12
indicating that individuals with more severe dysarthria measured by speaking rate and speech

intelligibility produced higher nasalance scores.

For the bilabial sounds, a significant association with speech intelligibility was observed
in the minimum nasalance score but not in average and maximum nasalance scores. With
speaking rate, a significant association was observed in average and minimum nasalance scores.
For alveolar sounds, a significant association was observed between speech intelligibility and the
minimum nasalance score, but not with the average and maximum nasalance scores. Speaking
rate was significantly correlated with all three types of nasalance scores (average, minimum, and
maximum). For velar sounds, speech intelligibility was significantly correlated with average
nasalance score, but not with minimum or maximum nasalance scores. With speaking rate, all
three types of nasalance scores were significantly correlated. For sibilant sounds, a significant
association was observed in the minimum and maximum nasalance scores, but not average
nasalance scores. With speaking rate, a significant association was observed in all three types of
nasalance scores. For nasal sounds, a significant association with speech intelligibility was not
observed in any of the nasalance scores. Speaking rate was observed in a significant association
with minimum nasalance scores, but not average or maximum nasalance scores.

The average and range of r-values when tested against SIT was mean -0.184, and range -
0.610 — 0.097. The average and range of r-values when tested against speaking rate was mean -
0.261, and range -0.695 - 0.068. Among all sound categories, sibilants showed the strongest
association (SIT r =-0.610; SR r=-0.695)

Between Group Differences
The results of ANOVA analysis tested general differences between the three severity

groups: control, mild, and severe. As seen in Table 3, for the bilabial, alveolar, and velar sounds,
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a significant group difference was observed for the average and minimum nasalance scores. For

the sibilant sounds, a significant group difference was found in all three types of nasalance
scores. Among the three types of nasalance scores for the sibilant sounds, the maximum score
has the highest effect size (0.256; Table 3). For the nasal sounds, a significant group difference
was observed only in the minimum nasalance scores.

The Post Hoc tests revealed more specific differences between groups for each sound
category and type of nasalance score (Table 4). For bilabial, alveolar, and velar sounds, average
nasalance scores could detect the group difference between severe and mild; and severe and
control groups. Maximum nasalance score was not found to be sensitive to the group difference
in these three sound categories. Unlike the average nasalance score, minimum nasalance score
could only detect the difference between the severe and control groups but not between the
severe and mild groups. Thus, among these three sound categories, average nasalance score out-
performed minimum and maximum nasalance scores for detecting group difference. It should be
noted that, among all the sound categories, only the sibilant sound category showed a significant
group difference in all three types of nasalance scores. Across all analyses, a significant group
difference between mild and control was not observed. For the nasal sound category, the only
group difference detected was between the severe and control groups by the minimum nasalance
score.

ROC Curve

The sensitivity and specificity of the nasalance scores across the different sound
categories were tested. As seen in Table 5, in the severe group, the following variables showed a
significant effect: alveolar average, minimum, and maximum; velar minimum; sibilant average

and maximum; and nasal minimum. Maximum sibilant showed the largest area under the curve
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(0.789). In the Mild group, there were no significant effects observed across the nasalance scores

and sound categories.

When tested using a combined group consisting of the severe and mild groups,
representing all the participants with ALS, two variables showed significant effects: velar
minimum and sibilant maximum. Both velar minimum and sibilant maximum had similar areas

under the ROC curve (0.696 and 0.672, respectively). This is shown in Table 6.
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Chapter 4

Discussion

This study aimed to answer three questions about how different sound categories and
nasalance score types are associated with the severity and presence of dysarthria in individuals
with ALS. The hypothesis for our first question suggested that nasalance scores of different
sound categories have different sensitivity to dysarthria. This was supported because the data
showed differing degrees of association across statistical tests depending on the sound
categories. There were not hypotheses for our second and third questions due to the lack of
previous literature. The second question was designed to investigate the sensitivity of different
nasalance score types, and the third, to investigate whether there are specific types of nasalance
scores within certain sound categories that are more sensitive than others. In regard to the second
question, the data showed that the degree of association was different depending on the
nasalance score type across all of the statistical tests. The data pertaining to the third question
was suggestive of stronger relationships between certain types of nasalance scores in specific
sound categories than others. The findings are discussed further in detail in the following
sections.

The results of our study supported previous literature suggesting that nasalance is a valid
representation of nasality. This was shown through significant associations observed between the
nasalance scores and nasality ratings in many of the variables. This finding shows that nasalance
scores can be used as a valid measure to estimate the perception of nasality.

As stated before there has not been extensive research completed with VP incompetence,
and research based on VP insufficiency is inconclusive about the sensitivity of sibilants versus

plosives (McWilliams, 1958; Subtelny & Subtelny, 1959; Spriesterbach et al., 1956; Isshiki et



16
al., 1966). The findings from this study suggest that sibilants are the most sensitive sound

category to the severity and presence of VP incompetence in individuals with dysarthria. We
speculate that this may be due to the demands placed on the VP subsystem during production of
a sibilant. For nasalance score type, there was not a definitive answer in the data as there was for
sound category. The average nasalance score seems to have performed well across the tests, and
particularly in the group comparison tests, showing that it could possibly be more sensitive to VP
incompetence than the minimum or maximum nasalance scores. However, it needs to be
emphasized that, only for the sibilants, the maximum nasalance score performed better than the
average score across tests.

One of main findings in the current study is the sensitivity of the sibilant sound category
to VP incompetence in individuals with ALS. Previous literature indicates that all oral sounds,
including sibilants and plosives, require airtight VP closure (Thompson, 1978). Kuehn and Moon
(1998) showed that fricatives and plosives require a much tighter VP closure than nasals. Also, it
was suggested that nasal airflow during the production of oral sounds was not common in
typically aging people (Thompson, 1978). Considering that our study included individuals with
VP incompetence, this explains why these sound categories were most affected. Although both
sound categories require airtight closure, unlike plosives, the production of a sibilant requires
sustained airtight closure of the VP port. In other words, when an individual produces a sibilant,
they must maintain airtight closure for a longer interval than when producing a plosive.
Jongman, Wayland, and Wong (2000) showed in their study that sibilant fricatives require longer
closure durations than non-sibilant fricatives, and Byrd (1993) showed that plosives require
shorter closure durations. The sibilants’ durations were between 118-178 milliseconds and the

plosives’ were between 59-62 milliseconds, showing that the VP port closure is released more
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quickly in plosives (Jongman et al., 2000; Byrd, 1993). These speculations explain why the

sibilants were found to be the most sensitive sound category in our study.

When the sibilant nasalance scores were compared, each of the score types performed
well, but the maximum nasalance score was the most sensitive measure across many of the
statistical analyses. The maximum nasalance score is measured when the VVP port is most open
and/or when the greatest amount of acoustic energy is radiated through the nasal cavity in
proportion to the oral cavity. Thus, a higher maximum nasalance score in the production of a
sibilant indicates a greater breakdown while attempting to achieve or maintain airtight closure.
This means the maximum nasalance score of the sibilant would be better at detecting changes in
speech due to the presence or progressing severity of dysarthria.

Limitations

The limitations of our study include the small sample size of the participants in the
speech production and perceptual ratings tasks. Also, listeners for the perceptual ratings may
have experienced listening fatigue during the task. Another limitation of our study is the stimuli
adapted from the SNAP test for the speech production task. The sentences used were not
controlled for vowels, and nasalance scores were calculated based on the entire phrase.
Coarticulation could have influenced the nasalance scores. In order to correct this, the sentences
would have to be more closely analyzed. The productions of the consonants within specific
sound categories would have to separated, and nasalance scores would need to be calculated
based solely on the consonants. Our reasoning for not following this procedure lies in clinical
application. It would take a lot of time to do this for every consonant in each of the sentences,
and clinicians do not have time to do so for every client. The procedure we followed, although

potentially not as accurate, is more applicable in clinical settings.
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Clinical Implication

The findings from the current study supported previous literature indicating that the VP
subsystem influences SIT significantly in individuals with ALS (Rong et al., 2016). The current
study demonstrates how VP dysfunction influences perception of nasality and the contribution
that VP dysfunction and its perceptual outcome have on the overall outcome of speech in ALS.
Both SIT and SR were strongly and negatively associated with the perceptual ratings of nasality
showing the critical role of the VP subsystem.

Overall, the findings suggest that the sibilant maximum nasalance score would be more
sensitive than others to the changes in speech production resulting from dysarthria secondary to
ALS. As mentioned before, the average nasalance score detected these same changes in speech.
In the clinical setting, the average nasalance score is the most widely used score type when
considering an individual’s VP subsystem. Based on our findings, clinicians may want to
consider including the maximum nasalance score of the sibilant for diagnosis and treatment

planning as the disease progresses.
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Appendix A

Figures

Figure 1. Visual Analog Scale Used for Perceptual Nasality Rating
Please listen to the reading carefully and then rate the severity of hypernasality.

Severe
Normal Moderate Hypernasality
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Table 1. Characteristics of participants with dysarthria secondary to ALS
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ID Age Sex ALS Time since  Severity ALSFRS- ALSFRS- Speaking  SIT
(yrs) Onset Onset of R R Rate (%)
Type Dysarthria Bulbar Total (wpm)
(months) score score
ALST 60 M Bulbar 9 Mild 9 42 202 97.58
ALS2 76 F Bulbar 18 Mild 9 29 133 97.58
ALS3 80 M Bulbar 1 Mild 6 37 131 94.85
ALS4 61 F  Mixed 5 Mild 9 29 131 94.55
ALS5 65 M Bulbar 12 Mild 9 45 126 90.00
ALS6 60 M Mixed 49 Mild 10 35 124 92.42
ALS7 68 M  Spinal 8 Mild 7 9 118 67.58
ALS8 64 F Bulbar 15 Severe 9 45 109 91.21
ALS9 64 M Bulbar 37 Severe 8 44 108 91.82
ALSI0 67 M Mixed 201 Severe 6 23 102 93.64
ALS11 71 F Bulbar 15 Severe 9 39 94 93.03
ALS12 69 F Bulbar 20 Severe 7 35 94 71.21
ALS13 70 F Bulbar 31 Severe 1 36 93 52.73
ALS14 48 M  Spinal 10 Severe 9 34 88 70.30
ALS1S 66 F  Bulbar 33 Severe 5 37 83 94.24
ALS16 64 M Bulbar 51 Severe 6 40 80 79.55
ALS17 66 F Bulbar 5 Severe 6 32 77 11.52
ALS18 63 F  Spinal 11 Severe 4 12 70 11.82
ALS19 47 M Mixed 36 Severe 3 24 70 10.00
ALS20 43 F  Spinal 120 Severe 8 24 65 58.79
ALS21 64 F Bulbar 19 Severe 5 39 57 25.76
ALS22 50 M Bulbar 16 Severe 9 25 100 42.73
ALS23 66 F Bulbar 44 Severe 2 20 48 6.67




Table 2. Results of Pearson Correlation Coefficients analyses for speech intelligibility and
speaking rate

Sound Category Nasalance score type Speech Intelligibility =~ Speaking Rate
Bilabial Average ns -.415%*
Minimum -.418* ns
Maximum ns ns
Alveolar Average ns -.498*
Minimum -.507* -.435*
Maximum ns -.463*
Velar Average -.446* -.424%*
Minimum ns ns
Maximum ns ns
Sibilant Average ns -.501*
Minimum -.459* ns
Maximum -.610** -.695**
* p<0.05
** p<0.01

ns = not significant




Table 3. Significant results in a one-way analysis of variance (ANOVA) on severity group
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difference

Sound Category Nasalance df F p-value Effect Size
Score Type

Bilabial Average 2,42 5.688 0.007 0.213
Minimum 2,42 3.763 0.031 0.152

Alveolar Average 2,42 7.940 0.001 0.274
Minimum 2,42 6.335 0.004 0.232

Velar Average 2,42 5.721 0.006 0.214
Minimum 2,42 4.798 0.013 0.186

Sibilant Average 2,42 6.821 0.003 0.245
Minimum 2,42 4.132 0.023 0.164
Maximum 2,42 7.227 0.002 0.256

Nasal Minimum 2,42 4.609 0.016 0.180




Table 4. Post hoc results for between group differences

24

Sound Category Nasalance Score Direction of the effect p-value
Type Difference
Bilabial Average Severe >Mild 17.60 0.028
Severe > Control 14.22 0.013
Minimum Severe > Control 6.17 0.030
Alveolar Average Severe > Mild 19.20 0.013
Severe > Control 17.08 0.002
Minimum Severe > Control 7.99 0.003
Velar Average Severe > Mild 15.94 0.042
Severe > Control 14.39 0.009
Minimum Severe > Control 10.26 0.011
Sibilant Average Severe > Mild 20.52 0.017
Severe > Control 14.39 0.009
Minimum Severe > Control 10.03 0.031
Maximum Severe > Mild 26.38 0.013
Severe > Control 21.78 0.004
Nasal Minimum Severe > Control 9.78 0.024




Table 5. ROC curve results for severe group
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Sound category  Nasalance Score Area Standard Error p-value
Type

Alveolar Average 711 .091 0.020
Minimum .693 .091 0.034
Maximum .706 .089 0.024

Velar Minimum 717 .091 0.017

Sibilant Average .748 .079 0.006
Maximum .789 .070 0.001

Nasal Minimum .730 .083 0.012




Table 6. ROC curve results for combined severity groups and control group
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Sound Category  Nasalance Score Type  Area Standard Error p-value
Velar Minimum .696 .082 0.025
Sibilant Maximum .672 .082 0.048
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