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Title: Measuring vocal fatigue in sports coaches

Abstract

Objective: This study explores the immediate impact of prolonged voice use by
professional sports coaches.

Method: Speech samples including sustained phonation of [a] vowel and a short read
passage were collected from two professional sports coaches. The audio recordings were
made within an hour before and after a coaching session, over three sessions. The auditory
analysis of the recordings was done using the GRBAS scale. The speech samples were
subsequently analysed using Praat. The extracted acoustic measures included fo, jitter,
shimmer, Harmonic-to-Noise ratio and Cepstral Peak Prominence. The data collected
before and after coaching sessions was compared across speech types.

Main results: The results of auditory and acoustic analysis suggest a slight shift towards a
tenser phonation post-coaching session, which is a likely consequence of laryngeal muscle
adaptation to prolonged voice use. Differences in the levels of parameters measured were
observed between sustained vowels and connected speech.

Conclusion: Selected acoustic measures and methodology can be useful to capture the
subtle voice change post-coaching session. It is desirable, however, that more sophisticated
and robust and at the same time intuitive and easy to use tools for voice assessment and

monitoring be made available to clinicians and professional voice users.

Key words: vocal fatigue, sports coaches, acoustic analysis, fo, jitter, shimmer, HNR,

Cepstral Peak Prominence.



Measuring vocal fatigue in sports coaches

Kathy Connaughton and Irena Yanushevskaya

Introduction

Voice disorders are becoming increasingly more prevalent (Colton, Casper, & Leonard,
2006), with occupational voice disorders attracting a lot of attention. A voice disorder can
be defined as any abnormality with an individual’s voice pitch, quality or loudness or any
combination of these three. According to the American Speech-Language-Hearing
Association, voice disorder ‘is characterized by the abnormal production and/or absences
of vocal quality, pitch, loudness, resonance, and/or duration, which is inappropriate for an
individual's age and/or sex’ (American Speech-Language-Hearing Association, 1993). No
uniform standard for abnormal voice exists, just as there are no fixed criteria for normal
voice. Voice disorders can be organic, functional or psychogenic. Organic voice disorders
can be either structural or neurological. Functional voice disorders occur when the physical
structure appears normal but the vocal mechanism is being misused. Psychogenic voice
disorders occur when poor voice quality becomes a manifestation of unresolved

psychological conflict (Gallena, 2007; Mathieson, 2001).

Professional or occupational voice users are those whose use of voice is of key importance
in their job performance (Dejonckere, 2001; Sataloff, 2005; Verdolini & Ramig, 2001).
High levels of voice disorders have been reported amongst this population, with 20-80% of
teachers and 46% of call centre workers reporting voice problems (Hazlett, Duffy, &
Moorhead, 2011; Roy et al., 2004). In particular, they are susceptible to vocal fatigue.
Vocal fatigue is described as a negative vocal adaptation that occurs as a consequence of

prolonged voice (Welham & Maclagan, 2003). Vocal fatigue is associated with undesirable
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and unexpected changes in vocal quality such as laryngeal discomfort, hoarseness, breathy
voice quality, reduced loudness, reduced vocal control and loss of voice (Solomon, 2008;

Nanjundeswaran, Jacobson, Gartner-Schmidt, & Verdolini Abbott, 2015).

One group of professional voice users where objective evidence on vocal function is
somewhat lacking is sports coaches. Sports coaches are at risk of vocal fatigue due to a
number of factors. These include extended voice use at high vocal effort in order to be
heard by players during training sessions and environmental factors such as weather
conditions (Dejonckere, 2001). A number of questionnaire-based studies looked at the
voice problems of group fitness instructors (Rumbach, 2013; Heidel & Torgerson, 1993;
Newman & Kersner, 1998). A qualitative study by O'Neill and McMenamin (2014) is one
of the first studies to explore the daily experiences of professional soccer manager’s
occupational voice use. However, only a handful of studies have been conducted using the
objective acoustic measurements of the immediate impact of vocal strain in this
population. A study by Wolf et al. (Wolfe, Long, Conner Youngblood, Williford, &
Scharff Olson, 2002) reported that fitness instructors with self-reported voice problems
used louder voice and their speech was characterised with higher jitter and lower
Harmonic-to-Noise ratio (HNR) compared to the instructors without voice complaints,
although no significant differences were found in the acoustic measures before and after
the exercise session. A very recent study (Dallaston & Rumbach, in press) explored vocal
performance of female group fitness instructors using an approach similar to the one
presented here. Speech samples (sustained vowels, read speech and monologue speech)
were collected from fitness instructors before and after a 60 minute exercise class and
analysed in terms of fo, intensity, jitter, shimmer, HNR, maximum duration of sustained
phonation, and pitch range. Additionally, self-ratings of voice quality were obtained before

and after instruction. The study reports a significant increase in fo mean and minimum as



well as intensity post-instruction session in sustained vowels and read speech. Substantial
cross-speaker variability was also reported. Another recent study of occupational vocal
health in elite football coaches (Buckley, O'Halloran, & Oates, 2015) included measures of
phonation time, fo mean and mode as well as vocal intensity during a coaching session
using a portable phonation monitor. The study reported increased fo and vocal intensity
during coaching sessions. Similar findings (e.g., increase in mean fo, decrease in jitter and
shimmer) have been reported in teachers after a working day of voice use and in other
studies investigating vocal loading, e.g., Laukkanen, llomaki, Leppanen, and Vilkman
(2008). Overall, prolonged voice use in sports coaches seem to be associated with increase
in fo (this has also been reported in many studies on vocal fatigue, e.g., Solomon (2008)

and references therein), but the findings of perturbation measures are inconclusive.

The aim of the pilot study reported here is to establish (i) whether prolonged voice use (in
a particular group of professional voice users — sports coaches) has any immediate impact
on phonatory quality and (ii) whether acoustic analysis tools in a widely available free
software package Praat (Boersma & Weenink, 2014) can measure this impact. The acoustic
measures used in this study are selected from a range of analysis tools available in Praat,
such as fo, perturbation measures (jitter, shimmer), and measures of periodicity of the voice

(HNR, Cepstral Peak Prominence - CPP).

Acoustic measures of phonatory function are well established as tools in the area of clinical
voice research as well as for objective evaluation of different treatment approaches and to
monitor/evaluate the client’s progress in the course of treatment (Hillenbrand, 2011; Baken
& Orlikoff, 2000). Although a large amount of acoustic measures exist (Baken & Orlikoff,
2000; Kent & Ball, 2000; Maryn, Roy, De Bodt, Van Cauwenberge, & Corthals, 2009;
Buder, 2000) in reality the most frequently used (in clinical context) are those readily

available in software packages like Multi-Dimensional VVoice Program of MultiSpeech
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(Kay Elemetrics) or VVoice Report in Praat (Boersma & Weenink, 2014). The present study
uses the software and analysis techniques readily available to a practising speech and
language therapist who often has no access to costly proprietary software (e.g.,
Multispeech). In particular, we use parameters such as fo mean and standard deviation,
jitter and shimmer, HNR. These parameters are the ones most commonly used for the voice
assessment and analysis in clinical research (Baken & Orlikoff, 2000) and are considered
‘the cornerstones of acoustic voice measurements’ (Kreiman & Gerratt, 2005, p.2201). In
addition, the set of parameters used in this study includes CPP which is considered a more
reliable measure of dysphonic voice than jitter and shimmer as they do not rely on pitch

detection (Fraile & Godino-Llorente, 2014; Jannetts & Lowit, 2014; Maryn et al., 2009).

Acoustic analysis was preceded by an auditory analysis using GRBAS. Perceptual analysis
of phonatory function using auditory scales is extensively used in clinic (Carding, Carlson,
Epstein, Mathieson, & Shewell, 2000). GRBAS was selected in our study because this
scale is the main auditory perceptual analysis tool used by speech and language therapists
to assess the degree and quality of hoarseness (Omori, 2011). It is considered the minimum
standard of perceptual analysis in the UK as adopted by the UK Royal College of Speech
and Language Therapists (Carding et al., 2000). Auditory analysis is fundamentally
important as auditory perceptual judgement is one of the key aspects of clinical decision
making and provides a standard to compare objective measures to (Kent, 1996). Surveys
demonstrate that clinicians rely heavily on auditory measures and that these methods are

used frequently and are highly valued (Gerratt, Till, Rosenbek, Wertz, & Boysen, 1991).

Acoustic analysis of voice is usually performed on sustained isolated vowels. Although
these are undoubtedly useful for the assessment of phonatory ability, they offer a rather

poor representation of how voice functions in connected speech, in real-life situations of



conversational interactions. It has been noted that speakers may use compensatory
strategies in sustained vowels that they may not be able to maintain in dynamically varying
connected speech (Hillenbrand, 2011). The studies mentioned above found differences in
the acoustic measurements of sustained vowels and connected speech. We therefore
examine the difference between measures made on sustained vowels and connected

speech.

The speech data was collected from two professional sports coaches before and after a one-
hour coaching session and included sustained vowels and a short read passage. The number
of participants in this study is admittedly very small, and no claims are made here about
the generalisability of results. However, this study may act as a useful pilot and a basis for
a larger study which would aim to further investigate the impact of prolonged voice use on

this population using a much larger sample size.

Method

Participants

Before beginning this research, ethical approval was sought to ensure that this study
conformed to the ethical practice guidelines of the Research Ethics Committee. Prospective
participants were informed about the nature and purpose of the study and were required to

sign a consent form which allowed their data to be utilised in this study.

The following criteria were used in the recruitment process: the participants were male
sports coaches, aged between 20 and 40 years old who had at least two years of coaching
experience. The participants were required to have no history of previous speech and

language therapy to ensure that the results were representative of those who have not had



any voice therapy and have not been educated in voice care, as self-reported. The

participants were required to be non-smokers and of good overall health.

As the goal of the study was to establish whether acoustic analysis tools readily available
in Praat can capture the immediate impact on the voice that prolonged voice during a
coaching session might have, we planned to record our participants within an hour before
and after a coaching session, over three sessions, and the participants were asked to travel
to the recording venue. The demands of the study were rather hard to meet for some of the
prospective participants, and only two participants were recruited for the study. The
participants were 24 and 36 years old. One of them had three years of experience while the
other had nine. Both coaches worked part-time, on average four hours per week. They
were soccer coaches who worked outdoors and did not use any kind of amplification

device.

Although no formal self-assessment (e.g., with a questionnaire) was planned for the study
before or after a coaching session, in an informal conversation with the researchers, the
participants mentioned that the training session placed high demands on their voice as they
were instructing a large group. One of the participants reported that his voice often felt

strained after the coaching sessions.

Recording procedure

The recording of speech samples were made in a quiet (sound treated) room using a high
quality Shure SM48 microphone held at about 15 cm from the speaker’s mouth, directly
onto a PC, at the sampling frequency of 44.1 kHz. The recording conditions were kept the

same from session to session.



Speech material

The participants were recorded reading a short text, ‘The Rainbow Passage’ (Fairbanks,
1960) as well as sustaining the [a] vowel for about three seconds, and two repetition of
each speech type were collected from each participant during each recording session. The
recording sessions were held within one hour before and after a one-hour-long coaching

session, over three coaching sessions.

The total data collected included: 2 speakers x 2 speech tasks (sustained [a], read passage)

X 2 repetitions x 2 recording sessions (before/after) x 3 coaching sessions.

Data analysis

The recorded speech samples were initially assessed by a qualified speech and language
therapist (over 20 years of clinical experience and a specialist in voice analysis) who was
blinded to the aims of the study. The therapist carried out perceptual evaluation, using the
GRBAS scale, on all the recorded samples. GRBAS was used for the auditory evaluation
because as mentioned previously it is one of the most commonly used auditory analysis
tool that has been shown to correlate with acoustic analysis measures (Bhuta, Patrick, &

Garnett, 2004).

Subsequently, acoustic analysis of the data was carried out using Praat software (Boersma
& Weenink, 2014). A number of acoustic parameters were extracted using Praat’s Voice

Report, along with Cepstral Peak Prominence. The parameters are summarised below.

fo (Hz) : The rate of vocal fold oscillations, measured as the number of glottal cycles per
second. We extracted fo mean and standard deviation as well as fo range (the difference

between fo maximum and fo minimum values).
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Jitter local (%): Frequency perturbation measure; defined in Praat as the average absolute
difference between consecutive periods, divided by the average period; approximate

threshold for pathology > 1.040%.

Shimmer local (%): Amplitude perturbation measure; defined in Praat as the average
absolute difference between the amplitudes of consecutive periods, divided by the average

amplitude; approximate threshold for pathology > 3.810%.

HNR (dB): Harmonics-to-Noise ratio, a measure of the degree of the signal’s periodicity;
approximate threshold of pathology < 20 dB. In Praat, a HNR of zero means that there is

equal energy in the harmonics and the noise.

CPPs (dB): Cepstral Peak Prominence (Hillenbrand et al., 1994; Hillenbrand & Houde,
1996) is a measure of the degree of periodicity of the voice signal. It is the difference in
amplitude between the cepstral peak and the corresponding value on the regression line

fitted to the cepstrum that is directly below the peak.

The measures of all the above parameters in sustained [a] vowels were made on steady-
state portions of phonation (approximately three seconds in the middle of the vowel,
excluding the onset and offset of phonation as recommended, e.g., in Baken and Orlikoff
(2000). To get an indication of voice parameters in connected speech (read passage), we
adopted an approach similar to the one described in Maryn and Weenink (2015) where
acoustic measures of connected speech data were performed on automatically extracted
and subsequently concatenated voiced speech segments. In our study, rather than selecting

all voiced segments (which would include consonantal perturbations and might inflate
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jitter and shimmer measures), we extracted 30 vowels from each recording of the read
passage, concatenated them and conducted acoustic analysis on the concatenated signal.
The vowels from the stressed (perceptually prominent) syllables were first manually
segmented in Praat. To ensure unambiguous segmentation, we used vowels preceded and
followed by obstruents, nasals or laterals (butnot [ 1], [w] or [j]). The extraction,

concatenation and acoustic analysis were done automatically using a Praat script.

Results

Auditory analysis

The results of the auditory analysis are shown in Table 1. Although rather small, and in a
number of cases not at all present, there are some directional changes in the perceptual
evaluation of the speech samples: samples collected after coaching session are graded as
showing decreased breathiness and asthenia, and increased strain, suggestive of a shift
towards somewhat tenser phonation, as well as a slightly increased grade of hoarseness.
The expectation therefore was that we would see patterns in the acoustic data suggestive of
(slightly) tenser and hoarser phonation, such as, for example, increased jitter and shimmer

values and decreased HNR and CPP values.

[Insert Table 1 about here]

Acoustic analysis

The results of the acoustic analysis are presented in Figure 1 and Table 2. Shown are the

data collected before and after a coaching session, averaged over the three coaching

sessions, for each speaker.

[Insert Figure 1 and Table 2 about here]
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fo— There was a very slight increase of mean fo (2-3 Hz in sustained vowels, 3-6 Hz in
connected speech) in the speech samples recorded post-coaching session compared to pre-
coaching session samples, in both speakers in both speech types. As expected, higher mean
foand fo range were found in connected speech than in sustained vowels. There was no
difference in fo range between pre- and post-coaching session recordings in sustained
vowels. In connected speech, there was a slight increase in fo range post-coaching session

(8 Hz and 4 Hz in Speaker 1 and Speaker 2 respectively).

Jitter — The jitter (local) measures showed a slight decrease (0.04%) in both sustained
phonation and connected speech post-coaching session in both speakers. The jitter values
in connected speech were higher than in sustained vowels and were above the 1.040%

threshold of pathology for both speakers.

Shimmer — Shimmer (local) was also lower in both sustained vowels and connected
speech in the samples collected post-coaching session in both speakers. Just like in jitter,
there is a pronounced difference in the shimmer levels in sustained vowels and connected
speech, with jitter being noticeably higher in the latter. For example, shimmer local was
2.10-2.26% post coaching session in sustained vowels, and 7.61-7.34% in connected
speech. The level of shimmer (local) was above the 3.81% threshold of pathology in
sustained [a] vowel post-coaching session (Speaker 1) and in connected speech (both

speakers) in the samples collected pre- and post-coaching session.

HNR — The HNR measurements did not show any difference between the pre- and post-
coaching session speech samples in both speakers. HNR in connected speech (12-15 dB)

was found to be much lower than in sustained vowels (23-24 dB) and is indicative of an
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elevated amount of noise in the speech signal (the values in connected speech are lower

than the approximate threshold of pathology 20 dB).

CPP — There was a slight increase (1-2 dB) in CPP values in the speech samples collected
post-coaching session in sustained vowels and connected speech (except in Speaker 2
connected speech where there was no difference in the pre- and post-coaching session
samples). CPP values were lower in connected speech samples than in sustained vowels for

both speakers.

Although the amount of data collected was small, an indication of overall differences in the
speech samples collected before and after coaching sessions can be obtained by pooling the
acoustic parameter data across speakers and speech tasks and comparing them using a
paired samples t-test. The results of the test revealed that mean fo was significantly higher
after the coaching session (M =115, SD = 8) than before coaching session (M = 111, SD =
6), t(11) =-2.51, p = 0.03. Shimmer was significantly lower post-session (M = 4.83, SD =
2.80) than pre-session (M = 6.39, SD = 2.76), t(11) = 2.59, p = 0.02. The differences in
jitter, HNR and CPP pre- and post-coaching session were not found statistically
significant: jitter pre-session (M = 0.75, SD = 0.61), jitter post-session (M = 0.72, SD =
0.61), t(11) = 0.37, p = 0.71; HNR pre-session (M = 18.6, SD = 5.4), HNR post-session (M
=19.6, SD =5.4), t(11) = -1.57, p = 0.14; CPP pre-session (M = 27.0, SD = 3.5), CPP post-
session (M = 27,9 SD =4.0), t(11) =- 2.19, p = 0.05. Overall, the results of acoustic
measurements showed rather minor changes in phonation post-coaching session compared

to pre-coaching session.
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Discussion

The results of both the auditory and the acoustic analysis suggest rather minor changes in
phonation post-coaching sessions in the participants analysed here. GRBAS ratings
conducted prior to the acoustic analysis suggests a shift towards somewhat tenser
phonation after a prolonged voice use in both speakers (decreased asthenia and increased
strain), although the ratings are within the mild range. This is in keeping with informal
self-reports of the participants: an increased vocal strain after a coaching session. As the
results of the auditory analysis showed, the changes in phonatory quality observed here are
perceptually rather subtle, so it is not surprising that the acoustic measures did not show
any striking differences. Contrary to expectations, the perturbation measures jitter and
shimmer did not increase significantly but rather showed a tendency towards decrease.
Increased mean fo, decreased jitter and shimmer and increased CPP and HNR in the speech
samples collected post-coaching sessions are concordant with a shift towards a less
breathy/more tense phonation mode than pre-coaching session. Our findings are similar to
the ones reported by Dallaston and Rumbach (in press) who found significant increase in fo
mean in group fitness instructors after a 60 minute exercise class. Similar findings (e.qg.,
increase in mean fo, decrease in jitter and shimmer) have been reported in teachers after a
working day of voice use and in other studies investigating vocal loading (e.g., Laukkanen
et al., 2008 and references therein). Decreased perturbation values and increase in fo seem
to be the result of laryngeal muscle adaptation to prolonged voice use. It is likely that the

same is reflected in our findings here.

These findings appear to be counterintuitive. As discussed in Dallaston and Rumbach (in
press), a common consequence of vocal loading is vocal fold oedema — the swelling of the
vocal folds. An increased mass of the vocal folds would cause a decrease in fo and increase

in the perturbation measures. Contrary to predictions, the amount of vocal loading/vocal
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strain experienced by our participants did not seem to cause vocal deterioration. One
possible explanation is the duration of vocal strain. It is not clear for what proportion of the
one hour coaching session the participants used their voice, at what vocal effort and pitch.
It would have been necessary to include measures of relative time speaking, as well as
intensity and fo (e.g., percent phonation time and other measures used in Buckley et al.,
2015) to estimate that. It is possible that one hour coaching session may not have been long
enough to cause vocal trauma. Another possibility is that the gap between the coaching
session and the recording session (although it was never more than one hour) was

sufficient to allow recovery of the vocal function.

There was a noticeable difference between the levels of parameters measured in sustained
vowels and connected speech. Measuring jitter and shimmer in connected speech is
problematic due to the dynamic changes in the speech signal and consonantal perturbations
(Baken & Orlikoff, 2000). In this study, we followed the approach suggested in Maryn and
Weenink (2015) and took measurements from concatenated vowel segments. However, the
increased level of perturbation measures and decreased HNR in connected speech could
simply be an artefact of the concatenation procedure, and as a result it is not possible to
directly compare the measurements for sustained vowels and connected speech. The
overall tendencies in phonation shifts pre- and post-coaching were nevertheless similar in

sustained vowels and connected speech.

The research questions were (i) whether prolonged voice use in sports coaches has any
impact on the vocal quality and (ii) whether the available tools can register this impact.
The answer to the first question appears to be yes, although the impact is rather subtle

perceptually and in a rather unexpected direction: the phonation post-coaching session

appears to be more efficient. The available acoustic parameters (fo, jitter, shimmer, HNR
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and CPP) all reflected this shift in phonatory quality, but the differences were for the most

part not significant statistically.

The reliability and clinical relevance of popular measures, such as jitter and shimmer have
been questioned (Hillenbrand, 2011; Heman-Ackah et al., 2003; Kreiman & Gerratt, 2005).
Both jitter and HNR depend on the accurate estimation of individual glottal pulses, which
is problematic if the voice is even mildly dysphonic (Hillenbrand, 2011). A measure of
periodicity of the voice signal - Cepstral Peak Prominence has been increasingly used in
clinical voice research as a more robust and reliable measure of dysphonia (Hillenbrand,
Cleveland, & Erickson, 1994; Heman-Ackah et al., 2003; Jannetts & Lowit, 2014; Maryn
et al., 2009), however it did not show significant differences between the voice samples
analysed here. It is possible that the acoustic measures used here are not well suited to

register the relatively subtle difference in phonation.

Conclusions

This pilot study explored the immediate impact of prolonged voice use in sports coaches,
and it is one of the first studies to acoustically analyse the voices of sports coaches in
Ireland. Two professional sports coaches were recorded producing sustained vowels and
connected speech (a short text) within an hour before and after a coaching session, over

three sessions. The collected data was analysed using perceptual and acoustic measures.

The results suggest a mild shift towards tenser phonation post-coaching session, which
most likely reflects increased laryngeal muscle activity as an adaptation after a prolonged
voice use during one hour coaching session. Due to the complex design of the study (the
recordings were done of two types of speech, pre/post coaching sessions, over three

sessions), and the demands on the participants, only two participants were recruited for the
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study. The number of participants is admittedly small, and a larger sample is necessary
before any generalisations can be made. There are several ways in which this study can be
extended. For example, the small sample size in this study precludes any formal statistical
evaluation of the correlations between the perceptual and acoustic analyses. Future work
could explore this further with a larger sample size. The participants acted as their own
‘baseline’ as the data pre-and post-coaching session was compared. It would be
informative to include the data on self-evaluation of the participants’ voice, e.g., by using a
questionnaire both before and after a coaching session. Including the information on the
proportion of the coaching time spent vocalising as well as the data on the intensity and fo
used by the sports coaches during a coaching session would also be necessary to estimate
the actual vocal load. Different results for the [a] vowel and connected speech corroborate
the view that the sustained vowels are not sufficient to represent vocal function and that
connected speech (read or spontaneous) needs to be included in the analysis. The problem
of reliability and validity of perturbation and noise measures in connected speech still

remains.

Although the auditory and acoustic measures point at rather mild increase in the vocal
strain post-coaching session here, this mild strain has a tendency to build over time and
lead to more pronounced voice problems (e.g., Solomon, 2008). According to Verdolini
and Ramig (2001), individuals using their voice more frequently than others and at higher
demands are at higher risk of vocal injury. Monitoring and early detection of vocal strain in

professional voice users would be beneficial.

As mentioned above, this study used a set of tools and acoustic measures readily available
to a practising speech and language therapist. Selected acoustic measures and methodology

can be useful to capture the subtle voice changes resulting from an increased vocal load.
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However, they are not without limitations: their use requires a certain level of expertise in
acoustic analysis and if done manually can be rather time consuming. Furthermore, they
may not be well suited to the subtle type of differences we are dealing with here. As
discussed in Solomon (2008), vocal fatigue may be experienced by the speaker, but the
changes in phonation associated with it may not be audible or easily detected by
instrumental measures. It is therefore desirable that more sophisticated and robust and at
the same time intuitive and easy to use tools for voice assessment and monitoring be made

available to both the public (professional voice users) and practising SLT clinicians.
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Figure 1. Acoustic measures in sustained [a] vowels and read passage. Shown are mean parameter
values and SD (error bars) over three sessions. White bars = acoustic measurements of the data
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collected before a coaching session, grey bars = acoustic measurements of the data collected after a

coaching session. Black dashed lines indicate threshold of pathology (where available).
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Table 1. Results of the auditory analysis using GRBAS. G=grade [of hoarseness], R=roughness,
B=Dbreathiness, A=asthenia, S=strain; 0=normal, 1=slight degree, 2=medium degree, 3=high
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degree. ‘Pre’ = scores of the data collected before a coaching session; ‘post’ = scores of the data
collected after a coaching session.

Sustained [a] vowel

Speaker 1 Speaker 2
Session 1 Session 2 Session 3 Session 1 Session 2 Session 3
pre |post | pre |post | pre |post |pre |post | pre |Post |pre | post
G 1 1 1 1 1 2 0 1 0 0 0 1
R 0 0 0 0 0 0 0 0 0 0 0 0
B 1 0 1 0 1 1 0 0 0 0 0 0
A 0 0 1 0 0 0 0 1 0 0 0 1
S 0 1 0 1 0 1 0 0 0 0 0 0
Connected speech
Speaker 1 Speaker 2
Session 1 Session 2 Session 3 Session 1 Session 2 Session 3
pre |post | pre | post | pre |post |pre | post | pre |Post | pre | post
G 1 2 1 1 0 0 1 1 1 1 0 1
R 0 0 0 0 0 0 0 0 0 0 0 0
B 1 2 1 0 1 2 1 1 1 0 0 0
A 0 0 1 0 0 0 0 0 1 0 0 0
S 0 1 0 1 0 0 0 1 0 0 0 1

Table 2. Acoustic measurements taken before and after coaching sessions. Shown are the

values averaged across the three sessions and SD (in brackets).
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Acoustic Sustained [a] vowel Connected speech
parameter Speaker 1 Speaker 2 Speaker 1 Speaker 2
pre post pre post pre post pre post
fo (Hz) 108 110 109 112 108 111 119 125
1) (4) (4) (©) 9) 9) (14) |1 (15)
fo range 106- 107- 106- 110- 87-133 | 83-137 | 92-178 | 92-174
min-max (Hz) | 110 111 111 114
Jitter local (%) | 0.19 0.16 0.19 0.15 1.20 1.12 1.48 1.44
(0.04) |(0.02) |(0.04) |(0.01) |(0.19) |(0.19) | (0.36) | (0.25)
Shimmer local | 3.46 2.10 5.33 2.26 8.67 7.61 8.19 7.34
(%) (1.73) | (0.75) | (5.45) |(0.79) | (1.44) |(0.43) | (0.90) | (0.39)
HNR (dB) 23.4 24.9 23.1 24.4 12.4 13.1 154 15.8
(1.9) (0.7) (3.9) (1.6) (2.0) (1.0) (1.2) (0.9)
CPP (dB) 31.9 32.9 25.6 28.1 27.4 28.4 22.8 22.3
(2.1) (1.5) (1.1) (1.2) (0.5) (0.4) (0.5) (0.6)




