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Abstract

Advances in acoustic and aerodynamic instrumentation now afford clinicians and researchers a wide range of voice
analysis tools for diagnostics and quantitatively measuring treatment outcomes. Within clinical populations, singers are
a unique population requiring specialised diagnostic approaches. Their voice complaints are often highly nuanced and
context-specific, and in some cases, there are no readily observable structural or functional changes at the level of the
vocal folds. To date, few works have explicitly focused on clinically relevant diagnostic approaches for singers. In the
absence of laryngeal findings through visualisation, the singing voice should be dynamically assessed using a range of
techniques to shed light on ‘zones of interest’ in the client’s voice, related to their self-reported voice concern. Questions
remain, however, as to what readily available, cost-effective tools can be successfully used with singing-voice samples
in clinical settings. This narrative review discusses relevant acoustic and aerodynamic voice metrics that can be useful
for quantifying singing-voice function across a range of sung tasks. Principles of vocal efficiency and economy are
discussed, encouraging clinicians and medical professionals to consider the vocal toll of arbitrarily aiming to ameliorate
inferential voice metrics (for example, reducing perturbation or increasing sound pressure level). Preliminary recom-
mendations for singing-voice analysis are also offered, along with a protocol and PRAAT script to calculate a range of
relevant acoustic voice measures for quantitative and qualitative singing voice analysis.

Abstrakt

Fortschritte in der akustischen und aerodynamischen Instrumentierung bieten Klinikern und Forschern heute eine
breite Palette von Tools zur Stimmanalyse fir die Diagnostik und quantitative Messung von Behandlungsergebnissen.
Innerhalb der klinischen Populationen stellen Sanger eine einzigartige Gruppe dar, die spezielle diagnostische Ansatze
erfordert. lhre Stimmbeschwerden sind oft sehr nuanciert und kontextspezifisch, und in einigen Fallen sind keine
leicht erkennbaren strukturellen oder funktionellen Veranderungen auf der Ebene der Stimmlippen vorhanden. Bislang
gibt es nur wenige Arbeiten, die sich explizit mit klinisch relevanten diagnostischen Ansatzen fir Sanger befassen. In
Ermangelung visueller Befunde aus dem Kehlkopf sollte die Singstimme dynamisch mit einer Reihe von Techniken
beurteilt werden, um ,interessante Bereiche” in der Stimme des Patienten aufzudecken, die mit seinen selbst berichtet-
en Stimmproblemen in Zusammenhang stehen. Es bleibt jedoch die Frage, welche leicht verfigbaren, kostenglinstigen
Instrumente erfolgreich mit Singstimmproben in klinischen Umgebungen eingesetzt werden kénnen. Diese narrative
Ubersicht diskutiert relevante akustische und aerodynamische Stimmmetriken, die fur die Quantifizierung der Sing-
stimmfunktion bei einer Reihe von Gesangsaufgaben nitzlich sein kdnnen. Es werden Prinzipien der Stimmleistung
und -6konomie diskutiert, um Kliniker und Mediziner zu ermutigen, die stimmlichen Belastungen zu berlicksichtigen,
die mit dem willktrlichen Bestreben einhergehen, inferentielle Stimmmetriken zu verbessern (z. B. durch Verringerung
von Stérungen oder Erhohung des Schalldruckpegels). AuRerdem werden vorlaufige Empfehlungen fir die Analyse der
Singstimme gegeben, zusammen mit einem Protokoll und einem PRAAT-Skript zur Berechnung einer Reihe relevanter
akustischer Stimmparameter fur die quantitative und qualitative Analyse der Singstimme.
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INTRODUCTION

Singers are professional or vocational voice users
who are at high risk for vocal injury and develop-
ment of voice disorder (Childs et al., 2023; Mori
et al., 2017; Pestana et al., 2017, 2023; Phyland,
2017; Phyland & Miles, 2019; Prebil et al., 2020).
Compared with speech, sung phonation delivers
increased intensity, frequency, and duration of pho-
nation, which add to overall vocal demand (Calvache
Mora et al., 2023). In combination with social and
environmental factors associated with the perform-
ing arts — including poor air quality, vocalising in loud
settings (Lombard effect), alcohol and substance
use, and poor sleep hygiene — these demands fur-
ther increase the likelihood of vocal fatigue, injury,
or disorder (Calvache Mora et al., 2023; Hunter et
al., 2020; Pestana et al., 2017). Although it is well
known that singers face increased risk of voice dis-
order (Phyland, 2017; Phyland & Miles, 2019), rel-
atively little work has been carried out specifically
exploring clinical diagnostic techniques that are rel-
evant and appropriate for singers.

In all instances, visual examination of the vocal folds
is a recommended first step in clinical diagnosis of
voice complaints (Lechien et al., 2023; Patel et al.,
2018; Sataloff, 2017; Welham, 2009). Structural and,
to some extent, functional findings (Powell et al.,
2020) are often observable using a variety of imaging
techniques, including transnasal videolaryngostro-
boscopy and high-speed videoendoscopy. High-
speed video recording provides extremely detailed
view of vocal-fold vibration and offers, in combination
with videokymography, unique ways of observing
the true glottal cycle (Dippold et al., 2015; Herbst et
al., 2016; Patel et al., 2023; Yamauchi et al., 2016).
However, access to such equipment is extremely
limited, particularly within clinical and public health
sectors. Visualisation of the vocal folds alone is not
sufficient to obtain a well-rounded understanding of
voice attributes including function and quality. Thus,
when combined with other instrumental and percep-
tual measures such as those gathered using aero-
dynamic, acoustic, and self-report tools, a clearer
picture can be formed of the nature and impact that
a voice complaint has on a client’s vocal function.
The use of diagnostic tools from a variety of domains
strengthens medical decision-making by supporting
(or questioning) initial medical findings through vis-
ualisation, and provides useful quantitative metrics
with which to measure treatment outcomes.

When no visual findings are present, it can be chal-
lenging to ascertain the nature of the voice complaint
as well as its true effect on vocal function. Skilled
singers are finely attuned to their instrument, often

having developed heightened proprioception of
vocal sensations during phonation (Scotto Di Carlo,
1994). Thus, when they report changes in singing
sensations beyond the scope of normal day-to-day
fluctuation in the absence of clear aetiology, the
voice healthcare team has the task of determining
the nature of such dysfunction. Timely diagnosis
is crucial for the professional singer, as any delay
may further increase risk of acute vocal injury or the
development of maladaptive behaviours, and pre-
cipitate adverse effects on livelihood, mental health,
and standing within professional communities (Phy-
land, 2017; Phyland & Miles, 2019). It is also crucial
to note that vocal demand response (that is, the sing-
er's conscious or unconscious functional response
to a vocal demand) is affected by both the condition
of the vocal system (internal) as well as environmen-
tal (external) contexts (Calvache Mora et al., 2023;
Hunter et al., 2020; Shembel & Nanjundeswaran,
2022). Both need to be considered when attempting
to define the cause of a singer’s voice complaint.

The presence or absence of laryngeal findings in vis-
ualisation of the vocal folds does not, in itself, confirm
the presence or absence of dysfunction or deviance
from a client’s normal voice production (Sataloff et
al., 2012; Van Houtte et al., 2010). Rather, this may
reflect the limitations of current capabilities of visual-
isation techniques as well as practitioner experience
and knowledge surrounding optimal singing-voice
function (Sataloff, 1981). For singers presenting with
voice complaints that are not readily quantifiable via
traditional visualisation techniques (or in the absence
of laryngeal findings), the question remains: what
tools can clinicians use instrumentally to assess the
singing voice for the purpose of identifying biomark-
ers of singing-voice dysfunction? Greater under-
standing regarding the challenges that instrumental
singing-voice analysis presents and more inquiry
into specific tools that are suitable for clinical sing-
ing-voice assessment is required.

Methods

The present narrative review reports on currently
available methods, tools, and protocols for instru-
mental singing voice analysis in both clinical and
subclinical contexts. The purpose of the review is
to provide the reader with an overview of potential
instrumental voice metrics for use in clinical sing-
ing-voice analysis, and to identify gaps in knowl-
edge for further investigation.

Given the narrow scope of this work, no specific
dates were applied to the search. A particular focus
was placed on diagnostic tools in the acoustic, aer-
odynamic and perceptual domains that have been



designed specifically for or tested with singing-voice
samples. Priority was also given to those that can
be readily implemented in a clinical setting with rel-
atively minimal cost. Only English language literature
was reviewed. Scholarly peer-reviewed literature was
sourced using Google Scholar, Scopus, and PubMed.
Search keywords (and combinations of these) included
‘singer’, ‘singing’, ‘singing analysis’, ‘voice diagnos-
tics’, ‘acoustic diagnostics’, ‘aerodynamic diagnostics’,
‘acoustic voice analysis’, ‘aerodynamic voice analy-
sis’, ‘singing voice perception’, ‘vocal health’, and ‘per-
ceptual voice analysis’. Bibliographies and reference
lists of sourced literature were also used to find further
works that may not be well indexed online. Gathered
literature was screened for relevance to the central
research question, namely, whether they commented
on acoustic, aerodynamic, perceptual, or self-report
measures of the singing voice.

Works reporting on voice metrics useful for sing-
ing-voice analysis are discussed in narrative, along-
side considerations that should be made when
calculating their values and interpreting data. Where
necessary, supplementary theoretical background is
also offered to support the reader’s understanding of
the measures discussed. Based on the review find-
ings, several pragmatic and relatively easily employed
recommendations are offered for implementing
acoustic singing-voice diagnostics in clinical settings.

ACOUSTIC ANALYSIS

Acoustic voice analysis is widely used in clinical and
research settings to quantify the degree of a voice
signal’'s deviance from stable production, and to
track treatment outcomes. Acoustic analysis offers
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a flexible, cost-effective tool for instrumental voice
analysis, through which many quantitative meas-
ures related to vocal outputs and inferred vocal
function can be produced (Brockmann-Bauser,
2024; Gunjawate et al., 2018; Murray & Wood-
north, 2020; Schultz & Vogel, 2022; Ternstrém,
2005; Titze, 1995). However, consensus is yet to
be reached regarding the physiological correlates of
some metrics, and whether all are suitable for use
with singing-voice samples.

Perturbation and Periodicity

Voice perturbation measures are near-ubiquitously
integrated into standardised voice assessment pro-
tocols and indices (Barsties v Latoszek et al., 2017;
Lechien et al., 2023; Maryn et al., 2010; Maryn &
Weenink, 2015; Patel et al., 2018; Wuyts et al.,,
2000). Many previously reported data from both
healthy and disordered voices are available. Meas-
ures such as jitter and shimmer reflect frequency
and amplitude perturbation of the voice signal within
the time domain. Figure 1 illustrates the derivation
of these parameters from an acoustic signal.

Challenges in the calculation of time-domain
parameters arise when waveform properties are
highly variable within the analysis window (Titze,
1995). Time-domain-based measurements require
accurate fundamental frequency (f)) tracking (that
is, cycle-to-cycle delineation), and so are suscep-
tible to confounding effects of volitional changes
in f (Dejonckere et al., 2012; Titze et al., 1987;
Titze & Liang, 1993). Commonly used acous-
tic voice measures including jitter, shimmer, and
harmonics-to-noise ratio are also influenced by £
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Figure 1. lllustration of Common Time-Domain Parameters Calculated from an Acoustic Voice Signal
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and sound-pressure level (SPL), even within qua-
si-periodic normophonic voices (Brockmann et al.,
2008, 2011; Brockmann-Bauser et al., 2018). These
effects appear not only to be due to changes in
vocal function. A recent in-silico (computer-based)
study also demonstrated changes in these parame-
ters in controlled synthesised tones (Baker, Brock-
mann-Bauser, et al., 2023) suggesting that acoustic
resonance-harmonics interactions can also affect
acoustic perturbation and noise measures. Sing-
ing-specific features such as vibrato have also been
seen to systematically affect jitter, shimmer, and
related metrics including relative average pertur-
bation and amplitude perturbation quotient (Baker,
Brockmann-Bauser, et al., 2023; Baker et al., 2024).
Previous works have found similar deleterious
effects of vocal tremor on perturbation measures
to those of singing vibrato (Gillivan-Murphy et al.,
2019; Ramig & Shipp, 1987).

More recently, cepstrum-based measures such as
smoothed cepstral peak prominence (CPPS) have
been utilised in voice research. The cepstrum is an
inverse fast Fourier transform of the natural loga-
rithm frequency spectrum, converted back to the
time domain (for a thorough discussion on the cep-
strum and its interpretation, the reader is directed to
Fraile and Godino-Llorente [2014]). When a regres-
sion line is applied to the cepstrum, the decibel (dB)
difference between the regression line and the most
prominent peak in the cepstrum (usually represent-
ing £ in milliseconds) provides the cepstral peak
prominence (CPP). If this calculation is made after
applying a smoothing factor to the cepstrum, CPPS
can be calculated. CPPS has demonstrated statis-
tically significant associations with overall grade of
dysphonia, as well as roughness and breathiness
in both, sustained vowel and continuous speech
samples (Hassan et al., 2021; Heman-Ackah et al.,
2003; Hillenbrand et al., 1994; Hillenbrand & Houde,
1996; Murton et al., 2020).

CPP(S) shows promise for singing voice analysis as
it does not require accurate f, tracking. However, in
both healthy and disordered voices, CPPS is posi-
tively associated with £ and SPL (Brockmann-Bauser
et al., 2021; Sampaio et al., 2020, 2021). Baker et
al. (2024) used controlled synthesised tones to sys-
tematically and independently explore the effects
of f, source-spectrum tilt, and vibrato extent on
CPPS. A non-monotonic relationship between
CPPS and f was found, where CPPS increased
when the f approached approximately 175 Hz, and
then decreased again with higher f -values. Across
a range of -12 dB, source-spectrum tilt (-6 to -18
dB/octave) had a positive near-linear relationship
with CPPS (R? = .998). Vibrato extent (here meas-

ured in semitones, the extent of f deviation from
the mean f) also influenced CPPS, where larger
vibrato extents were associated with lower CPPS
values, albeit to a small degree (approximately -2
dB change from 0.0 to 1.0 semitone vibrato extent).
Given the highly systematic effects, the influence of
f and SPL could be successfully controlled for post
hoc statically or by using a correction factor.

To detect subtle changes in singing voice function,
the singing voice should be analysed, not solely
industry standard comfortable pitch and volume sus-
tained vowels or reading passages. Voice problems
in singers may pertain to a certain frequency range
or within specific musical or phonological contexts.
The habitual speaking voice may in fact present no
challenge for the singer and be perceptually normal
if not excellent. Furthermore, the singer should be
able to provide voice samples that are as ecolog-
ically valid as possible, that is, including all usual
features of their singing voice where the problem
may occur. These may include vibrato, formant tun-
ing, formant clustering, and stylistic elements such
as slides or changes in phonation type. Few works
have specifically accounted for such variables in
their analysis of the singing voice, leading to varied
results across studies. Furthermore, f, SPL, and
vibrato characteristics are not routinely reported,
hindering accurate data interpretation.

One particularly salient feature of the singing voice
is the presence of vibrato. Although not ubiquitous
across all styles, it is a feature of many and is gen-
erally considered a sign of a free, healthy voice
production (Bonjyotsna & Bhuyan, 2016; Mitchell
& Kenny, 2010; Nestorova et al., 2023; Nix et al.,
2016). Vibrato has been described as a quasi-peri-
odic oscillation of f at a certain rate (Hz) and extent
(frequency deviation from the mean or target f, often
measured in cents or semitones) and also includes
periodic changes in airflow rate and resonance-har-
monics interactions (Horii, 1989a, 1989b; Nanda-
mudi, 2017; Shipp et al., 1990; Sundberg, 1995).
Given the main driving component of vibrato is
related directly to voice source behaviours (cyclical
changes in vocal-fold longitudinal tension), assess-
ing its regularity is likely to offer useful information in
voice analysis and potentially as an early biomarker
for singing-voice dysfunction.

BioVoice (Morelli et al., 2021) is a MATLAB built
software designed to accurately analyse voice sig-
nals, including high frequency and quasi-stationary
singing samples. The algorithms developed for £,
detection (Sangiorgi et al., 2009) have shown high
reliability in noisy environments and appear to out-
perform other commonly used techniques (Man-
fredi et al., 2012; Orlandi et al., 2013; Rrugja et al.,



2014). Within BioVoice, singing-specific parameters
including vibrato rate and extent can be calculated,
as well as vibrato jitter (V) and vibrato shimmer
(Vghim)- Similar to their traditional counterparts, V
and Vg, quantify the amount of perturbation in the
rate and extent of the vibrato f, oscillation. Manfredi
et al. (2015) used these measures when comparing
differences between operatic and jazz singing styles
and found that operatic samples were character-
ised by a more regular vibrato (lower V, and V).
Baker (2023) and Baker et al. (2023a) found that
V,.and Vg were significantly and positively asso-
ciated with the vocal fatigue subscale of the Eval-
uation of Ability to Sing Easily (EASE, discussed
further below; Phyland et al., 2013, 2014). These
findings suggest the utility of vibrato-perturbation
based measures for singing voice analysis, and
points to the possible use of vibrato perturbation
as a biomarker of early singing-voice dysfunction.
Recent advancements have also been made in the
analysis of vocal tremor characteristics (Maryn et al.,
2019, 2025). Given the similarities between vocal
tremor and singing-voice vibrato (Gillivan-Murphy et
al., 2019; Ramig & Shipp, 1987; Titze et al., 2002),
it is possible that these tools could be extended and
applied to the singing voice in future work. Qualita-
tive inspection of vibrato characteristics is a simple
way to observe a voice-source related parameter
and can provide insights into singing-voice stability.

The Spectrum and Spectrography

The spectrum and spectrogram of an acoustic signal
provide a useful means of visualising the harmonic
and resonance components of the voice, offer-
ing unique yet complementary data to time-based
measures. Usually, fast Fourier transform is used to
deconvolve a complex time-domain waveform (for
example, an acoustic voice signal) into its individual
frequency components. These are windowed and
represented in a plot that provides frequency on
the abscissa and amplitude on the ordinate in the
case of a spectrum, and time and frequency on the
abscissa and ordinate, respectively, in the spectro-
gram. The spectrogram includes the third parameter
of relative intensity of the frequency components,
which are usually represented in vividness or shade
of colour. Figure 2 shows an example of a spectrum
(panel A) and a spectrogram (panel B) of a sus-
tained /a/ vowel in a male speaker.

Using the spectrum, relative dB differences between
harmonic components (and harmonic and noise com-
ponents) can be measured to provide data related to
phonation type (breathy to pressed, correlated with
glottal closure characteristics), vocal tract resonances,
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and harmonics-to-noise ratios (Childers & Lee, 1991;
Cleveland & Sundberg, 1988; Gramming & Sundberg,
1988; Hammarberg et al., 1980; Hejnd et al., 2019; L&
et al., 2023; Sundberg, 1974, 2001, 2022).

Another relevant feature of the spectrum is formant
clusters. Specifically, the so-called singer’s formant
cluster (SFC) is a gathering of the third, fourth, and
fifth vocal tract resonances within approximately
2-4 kHz (Sundberg, 1974, 1987, 2001; Sundberg
et al., 1993, 2013). The SFC is perceptually rele-
vant, lending ‘brightness’ and ‘ring’ to the sound,
and allows unaccompanied singers to be heard over
acoustic instruments and orchestras (McCoy, 2012;
R. Miller, 1996). La et al. (2023) used the Formant
Cluster Prominence (FCP) to quantify differences
in the singer’s formant cluster in Fado singers. The
FCP is calculated by first adding a linear trendline
in the 1-5 kHz region of the spectrum to account
for the effect of SPL on spectral tilt (Nordenberg &
Sundberg, 2004; Sundberg & Nordenberg, 2006).
The dB difference between the spectrum peak in
the 2-4 kHz region and the trendline at the same
frequency is then measured, providing the FCP. As
SPL is somewhat accounted for, the measure can
be compared between subjects and measurement
points. The FCP may be a useful quantitative metric
for measuring resonance-related characteristics of
the singing voice. It should be noted, however, that
the SFC is not always present when phonating at
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of a Spoken Sustained /a/ Vowel
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higher frequencies, as is the case in higher voice
types such as sopranos (Weiss et al., 2001). Thus,
voice type and sample f should be considered
when interpreting FCP data. The FCP can be easily
calculated in the spectrum module of the freeware
Sopran (Grangvist, 2025c).

The spectrogram offers a slightly more intuitive view
of the acoustic signal which provides opportunity for
observation and qualitative analysis of a sung voiced
sample. As the voice is reflected over time, tasks
such as glides throughout the singer’s range offers
insights into areas of instability, for example when
crossing a register transition (Behlau et al., 2023;
Kob et al., 2011). The spectrogram also provides a
simple way to visualise a singer’s vibrato, which can
provide useful information related to singing-voice
stability and regularity. As visualised in the spectro-
gram, a stable vibrato should be represented by a
quasi-sinusoidal oscillation in £ which can be easily
observed in upper harmonics. The spectrogram can
also provide a simple but effective tool for visualising
bifurcation or subharmonics in a voice signal, indi-
cating deviation from stable and periodic vibration of
solely the true vocal folds (Omori et al., 1997; Titze,
2000). These techniques have also been incorpo-
rated into pedagogical practice for decades and are
currently used as biofeedback tools for voice train-
ing and speech-language therapy (Baken & Orlikoff,
2000; Bozeman, 2013; La & Fiuza, 2022). Echter-
nach and colleagues (2017) used spectrography
alongside high-speed video endoscopy and electro-
glottography to evaluate pre-post treatment effects
in singers across the passaggio (register transition
region). In their work, the effects of vocal fold mass
lesions on participants’ vocal stability across the pas-
saggio region could be clearly seen in spectrograms.

Figure 3 shows spectrograms of a singer perform-
ing an ascending and descending pitch glide (panel
A) and a softly sung /a/ vowel (panel B). Note the
clear registral ‘breaks’ (A) and the somewhat unsta-
ble vibrato and the presence of occasional subhar-
monics in the region of 2.5 to 4 seconds (B). Behlau
et al. (2023) proposed dynamic voice analysis using
spectrography to inspect vocal function across a
variety of voiced tasks, each of which has clear
causal physiological links (for example, cricothyroid
contraction, vocal fold lengthening, adductory qual-
ity, and vibratory stability). A similar protocol for the
singing voice is discussed later in this work.

Voice Range Profiles

One elegant solution to the aforementioned covar-
iances between £, SPL, and acoustic voice meas-
ures is to map the voice across f and SPL. The
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Figure 3. Spectrograms of a Singer Performing a Pitch Glide with
Registral Breaks (A), and Unstable Vibrato and Sub-Harmonics
on a Sustained C4 (B)

resulting voice range profile (VRP) provides a
picture of a client’s functional frequency and SPL
range. Gaps in the voice can be observed, as well
as areas where f or SPL are compromised. Pre-
and post-treatment comparisons of VRPs can pro-
vide useful insights into treatment outcomes. If a
singer has a baseline VRP of healthy phonation, this
can also be used to detect changes in the voice that
may be difficult to perceptually assess in real-time.
Normative data regarding VRP characteristics for
singers is currently sparse and comprised of com-
paratively small samples (Lycke & Siupsinskiene,
2016; Pabon et al., 2014).

Lamarche et al. (2009) proposed the collection of
traditional VRP data with the addition of participants’
perception of vocal instability. When performing the
VRP protocol, participants pressed a trigger which
recorded binary pulses synchronised to the acous-
tic voice data. When plotted against the VRP the
result showed areas where participants felt the loss
of vocal control or stability. As expected, there were
more perceptual responses at the extremes of the
VRP, that is, when singing at lowest and highest
f's and SPLs. When exploring differences between
healthy and disordered singers, Lamarche, Mor-
somme, et al. (2009) observed group differences
in the locations of reported vocal instability: healthy
singers tended to report instability only at vocal



extremes, whereas disordered singers reported
instability in a narrower f and SPL range.

The inclusion of singer perception is highly relevant
to the clinical assessment of singing voice com-
plaints, particularly in the absence of clear diagno-
sis based on visualisation. As previously discussed,
professional singers are attuned their instrument
and able to recognise deviation of function from
their baseline norms. By simultaneously incorporat-
ing self-report with instrumental voice measures into
a clinical routine, areas of instability in a singer’s f_
and SPL range may be better illuminated for the cli-
nician and thus help guide treatment decisions.

Works by Pabon, Ternstrom, Lamarche and col-
leagues have advanced the ftraditional VRP (or
phonetogram) to so-called voice mapping to include
additional voice metrics such as electroglottograph-
ically (EGG)-derived contact quotients, and acous-
tic perturbation, periodicity, and spectrum-based
measures (Lamarche et al., 2010; Pabon, 1991;
Pabon et al., 2011, 2014; Pabon & Ternstrém, 2020;
Ternstrom & Pabon, 2022). The VRP and voice
mapping have been successfully used to describe
salient singing voice parameters such as f and
SPL range, voice-source characteristics across the
range, and training effects (Lamarche et al., 2010;
Pabon et al., 2014).

Challengesinimplementing VRPs and voice mapping
in clinical contexts include the time required to elicit
quality data, potential vocal fatigue and reduction in
voice quality due to inherent voice demands (phona-
tion at vocal extremes), as well as limited access to
user-friendly software for clinical use. Nonetheless,
the inclusion of additional voice metrics makes VRPs
and voice mapping a useful addition to the toolkit for
singing-voice diagnostics. One easy-to-install VRP/
voice mapping programme is RecVox (Granqvist,
2025b). The stand-alone freeware provides a rel-
atively simple-to-use interface that can record and
display a VRP in real time, as well as calculate a
third parameter, including accumulative time (sec-
onds); L,-L, (dB); harmonics-to-noise ratio (HNR,
dB); the spectral power centroid (Hz); crest factor
(dB); maximum partial number; and f, standard devi-
ation (cents). A more detailed discussion of these
parameters and the software’s technical details can
be found in Granqvist (2025a). Of particular interest
is L,-L, measure (the dB difference between the first
and second harmonics, also termed H,-H,), which
correlates with the glottal flow pulse amplitude and
relates to phonation type from breathy to pressed
(Gauffin & Sundberg, 1989; Sundberg, 2022). The
L,-L, measure offers some easily attainable, physio-
logically-linked data on voice production in the sing-
ing voice. Although spectral measures are generally
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affected by SPL and f (Nordenberg & Sundberg,
2004; Sundberg & Nordenberg, 2006), these are
somewhat automatically accounted for by the nature
of the data mapping f and SPL, showing these
associations clearly. Another freeware available for
VRP and voice mapping is FonaDyn (Ternstrém et
al., 2018). This software incorporates many of the
above-mentioned acoustic measures, as well as
having the additional functionality of including CPP
and electroglottographically derived measures. For
a thorough review of the VRP, phonetogram, and
voice mapping, the reader is directed to Ternstréom
and Pabon (2022). Future research should explore
the diagnostic utility of VRPs and voice mapping
for use with singers and their association with other
perceptual measures (discussed below).

Acoustic Indices

Although there is a plethora of acoustic voice met-
rics available for use with relative ease, no single
value can holistically capture the nuances of voice
production. Diagnostic power and associations with
perceptual voice evaluation increase when individ-
ual voice metrics are combined into an index (Barst-
ies v. Latoszek et al.,, 2025). Examples of these
for speech include the Dysphonia Severity Index
(Wuyts et al., 2000), the Acoustic Voice Quality
Index (Maryn et al., 2010, 2013; Maryn & Weenink,
2015), and the Acoustic Breathiness Index (Barsties
v Latoszek et al., 2017).

To date, the so-called Aeroacoustic Singing Fatigue
Index (ASFI; Baker, 2023; Baker, Purdy, et al.,
2023a) represents the only proposed multidimen-
sional index constructed specifically with clinical
singing voice analysis in mind. The ASFI utilises
both acoustic and aerodynamic voice metrics includ-
ing CPPS, V., V... and an efficiency ratio (the ratio
between SPL and subglottal pressure [P, ]). These
are calculated from a softly sung /a/ vowel on C4 or
C5, and a softly sung consonant-vowel train /papa-
papapa/ on a C4 or C5 for lower or higher voices,
respectively. In a cohort of 18 healthy classical sing-
ers, the index showed significant association with the
Evaluation of Ability to Sing Easily (EASE, Phyland
et al., 2013, 2014) vocal fatigue subscale (p <.001),
and was able to explain 62.4% variance in the com-
posite score of three vocal fatigue subscale ques-
tions: ‘My voice is husky’, ‘My voice is dry/scratchy’,
and ‘My top notes are breathy’. Although somewhat
cumbersome to calculate, the concept shows prom-
ise. As a singer’s perception of their own vocal effort
and condition is likely related to several different
sensation-based parameters (for example, pressure,
tension, and vibration), the ASFI includes measures
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related to both, the vocal output as well as the input,
that is, aerodynamic effort. Breathiness in the sing-
ing voice (when not an artistic choice) can reflect
glottal incompetence and reduces CPPS. A singer’s
vibrato regularity and ease are readily perceived and
are related to V, and V. . The input necessary to
generate a softly sustained C4 or C5 may also give
a singer clues as to the condition of their voice. This
is reflected in the efficiency ratio, where higher pres-
sures relate to reduced ease of phonation.

Much more testing and refinement of the ASFI
is needed. It would be useful to incorporate data
collection within one software programme, and to
explore the index’s performance in more diverse
cohorts of both healthy and disordered singers. The
use of a simple intra-oral pressure metre and omni-
directional headset condenser microphone may suf-
fice if recorded in synchrony and properly calibrated.
The inclusion of a pressure-based metric and its sig-
nificant association with singers’ perception of their
vocal condition, specifically related to vocal fatigue,
is highly relevant. While acoustic measurement of
the voice provides useful information related to the
vocal output, pressure values provide information
on vocal input.

AERODYNAMIC ANALYSES

While most clinical voice measures are derived from
the vocal output (that is, the radiated acoustic sig-
nal), there are relatively few that consider vocal input,
that is, pressure and flow. This is no doubt related
to the lack of access to instrumentation that reliably
measures aerodynamic voice properties in a clinical
setting and at a feasible cost for public health. The
Phonatory Aerodynamic System (PAS, KayPentax,
n.d.) is a handheld transducer system connected to
a facemask that collects measurements of airflow
(L/s), volume (L), and intra-oral pressure (cm H,O)
during phonation. These can be used to infer glottal
behaviour during a wide range of phonatory tasks.

Breath managementis afundamental principle within
voice pedagogy, and efficiency of breath use is often
discussed and promoted (Baker et al., 2025; Herbst,
2017). In a clinical setting the ability to measure air-
flow during sung phonation provides clinicians with
invaluable insights into glottal valving behaviours.
Higher airflow rates may suggest reduced glottal
completeness, relative to f and SPL (Allen, 2019;
Bouhuys et al., 1968; lwata et al., 1972). Flow rates
may be measured pre- and post-treatment during
controlled sung tasks to assess changes in glottal
completeness. Adevice similar to the PAS is the Aer-
oview System by Glottal Enterprises (Syracuse, NY,
USA), which, unlike the PAS, provides an acoustic

signal that is also suitable for acoustic analysis and
inverse filtering (Rothenberg, 1973). The Aeroview
System was designed for research use and has not
yet been validated for clinical applications.

The cost of commercial devices for aerodynamic
voice measurement may be generally prohibitive in
public healthcare sectors. However, mean flow rate
can be calculated using a simple differential equation
(Equation 1) by dividing the expired air volume (which
could be collected using a relatively less expensive
handheld spirometer) by the phonation time. Thus,
even in contexts where sophisticated aerodynamic
analysis is not possible, some insight can be gained
into averaged flow rates. These can be compared
pre-/post-treatment, as well as between healthy
baseline and disordered measurements, provided
the task instructions remain the same.

Expiratory Volume (L)

Mean flow (L/ s) ~
Phonation Times (s) (1)

Intra-oral pressure measured during a ‘p’ occlusion
within a /papapapapa.../ task provides an inferential
measure of Py, (Hertegard et al., 1995; Smitheran
& Hixon, 1981). Baker et al. (2023a) found a sig-
nificant correlation between singers’ self-perceived
voice condition and the ratio between SPL and P, .
Measurement of pressure events in the context of
sung phonation may provide invaluable insights into
the amount of effort singers use to generate voiced
sound, and may be related to their perception of
vocal fatigue or discomfort. Pressures before and
during phonation may also provide insights into
hypo- or hyper-functional voice behaviours (Herbst
et al., 2015; Toles et al., 2022). Figure 4 illustrates
the relationship between pressure and flow in neu-
tral and pressed phonation.

Another pressure-based measurement likely related
to the perception of vocal effort is the phonation thresh-
old pressure (PTP), that is, the pressure required to
initiate vocal fold vibration for phonation (Plexico et
al., 2011; Titze, 1992). Enflo et al. (2013) point out that
phonation may occur without vocal fold collision (for
example, in some very breathy phonation) and sug-
gest that collision threshold pressure may be more
appropriate (the pressure required to initiate vocal
fold collision during phonation). Whether the vocal
folds contact during a vibratory glottal cycle is also
related to adductory forces and requires confirmation
of vocal fold contact for its calculation (for example,
through visualisation or electroglottography).

Vocal load increases PTP (Chang & Karnell, 2004;
Enflo et al., 2013). Titze et al. (1995) found a link
between fluid viscosity and PTP, where higher vis-
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Figure 4. Relationship Between Pressure and Flow in Neutral (Left) and Pressed (Right) Type Phonation

cosity in modelled vocal fold epithelium required
higher pressures to induce oscillation. Those with
vocal fold oedema, structural alterations such as
sulci or space-occupying mass, or hyperfunctional
behaviours (whether primary or secondary) may
demonstrate increased PTPs (Hillman et al., 2020;
Plexico et al., 2011).

In singers, voice condition can be self-monitored
via the perception of the ease of production. Within
the context of a singer’s healthy baseline, increased
effort of phonation may be an early biomarker of
voice dysfunction that is otherwise challenging to
visualise or measure in the vocal output. Conversely,
measuring the amount of input effort required fo ini-
tiate phonation (that is, the PTP) may provide quan-
titative corroboration for self-reported increases
in vocal effort. Naturally, PTP is also related to 7
— relatively greater longitudinal tensions in the
vocal folds require higher P, to initiate oscillation
of the vocal fold cover. Thus, any f effect should
be accounted for and reported alongside the data.
Aerodynamic measurements provide invaluable
insights into voice production input, its association
with perceived effort and discomfort during sing-
ing, and as a biomarker of early voice dysfunction.
Used in concert with acoustic and self-report meas-
ures, a clinician can obtain a range of data related
to perceptual, acoustic (output), and physiological
aspects of singing voice production.

AUDITORY-PERCEPTUAL AND SELF-RE-
PORTING TOOLS

The auditory-perceptual element of the singing voice
is a crucial component to consider when working

with singers in a clinical context and should be taken
into account along-side self-reports and instrumen-
tal measures of vocal function. While a wide range
of auditory-perceptual and self-report instruments
are available for voice assessment, few have been
designed specifically for singers.

Oates et al. (2006) developed an auditory-per-
ceptual scale for the assessment of the classical
singing voice. The items included overall vocal per-
formance; appropriate vibrato; resonance balance;
ring; pitch accuracy; breath management; evenness
throughout the range; and strain. These offer a wide
range of perceptual metrics with which to assess the
singing voice. The scale was specifically designed
for assessment of the classical singing voice, and
as such may be less applicable to some contem-
porary styles where characteristics such as vibrato,
ring, and evenness are not necessarily prioritised
(Acosta Martinez & Daffern, 2023; Barlow & LoVe-
tri, 2010; Butte et al., 2009; Sundberg et al., 1993;
Thalen & Sundberg, 2001).

To measure the severity of voice disorder specifi-
cally in singers, the Singing-Voice Handicap Index
(SVHI; Cohen et al., 2007) and the later SVHI-
10 (Cohen et al., 2009) were created. The SVHI-
10 provides a list of statements related to voice
complaints experienced by singers and these are
rated by the client on a scale from 0 (Never) to 4
(Always). The SVHI(-10) has shown ability to dis-
criminate between healthy and disordered singing
voices, providing a useful screening tool for singing
voice disorder (in connection with vocal fold visual-
isation), and for tracking treatment outcomes. Perrin
et al. (2025) found that the SVHI-10 had reasona-
ble diagnostic accuracy (AUC = .700, p = .003) and
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reported a minimal clinically important difference of
> 9.5. The SHVI(-10) assumes a level of disorder or
medical condition that may not be present in profes-
sional singers with more subtle voice complaints. As
such, it may be less sensitive to preclinical changes
in singing voice function.

To address this constraint, Phyland and colleagues
(Phyland, 2014; Phyland et al., 2013, 2014) pro-
posed the Evaluation of Ability to Sing Easily (EASE).
This 22-question tool is made up of three subscales:
Vocal Fatigue (VF), Pathological Risk Indicators
(PRI), and Voice Concerns (VC). The VF and PRI
subscales relate to sensation and perception-based
elements of voice production (for example, effort,
dryness, quality). The VC subscale predominantly
reflects a psychometric measure of the degree of
concern or worry about a singer’s own voice. Each
subscale should be scored separately and pro-
vides complementary but unique data on a singer’s
self-perception of their vocal health status, function,
and voice complaint. The EASE was not constructed
assuming the presence of voice injury or disorder, so
it is particularly germane in the assessment of other-
wise perceptually healthy singers. The EASE can be
used regularly by the singer client to track their own
voice condition during periods of high vocal demand
(for example, long rehearsal or show periods), as
well as to measure treatment outcomes.

To date, the EASE scale represents a unique tool
that is not easily compared to other self-report instru-
ments. A few recent studies found moderate correla-
tions between the EASE and other validated scales,
for example the Vocal Fatigue Index and translations
of the SVHI-10 (Devin, 2023; D’haeseleer et al., 2025;
Ogulmus Uysal et al., 2024). Although further work to
establish concurrent validity of the EASE and its sub-
scales to related tools such as the Vocal Fatigue Index
is of interest, they likely measure different aspects of
fatigue at different sensitivities — trained singers may
be more sensitive to symptoms of fatigue or experi-
ence these differently from untrained speakers. When
using the EASE together with auditory perceptual
ratings and the SVHI-10 for vocal health screening,
the clinician is able to achieve a well-rounded view
of (self)perception related to a singer’s voice condi-
tion and function. Consideration must also be given to
potential discrepancies between instrumental metrics
and self-reported vocal effort.

EFFICIENCY VS ECONOMY - CONSIDERING
THE TOLL OF THE OUTPUT

The term efficiency is widely used within voice peda-
gogy and therapy as an ideal characteristic of voice

production. Simply (albeit somewhat reductionisti-
cally), efficiency can be described as the absence of
losses within a system when converting one type of
energy into another. Within the voice system, this is
the conversion of aerodynamic energy into acoustic
sound energy, where the vocal folds act as a trans-
former. Intuitively, high efficiency is a good thing.
Losses within the energy conversion process result
in the dispersion of such energy which can contrib-
ute to the degradation of the system (for example,
through heat accumulation within the vocal folds,
friction, collision forces, as well as the addition of
noise components into the radiated signal). Thus,
it may be simple to state that efficiency should be
a main priority when working with a singer with a
voice complaint. Challenges to this assumption
arise, however, when accounting for the potential
physiological cost of arbitrarily measured efficiency.

Consider the example of increased SPL. A primary
physiological correlate of SPL is P, — higher P
values are generally associated with higher SPLs
(Baker et al., 2025; Ladefoged & McKinney, 1963).
Increases in vocal fold closing-phase speed and
contact phase duration are also associated with
increased SPL (Alku et al., 2002; DeJonckere &
Lebacq, 2022; Ladefoged & McKinney, 1963; Ste-
vens, 2000; Sundberg et al., 1999, 2005; Titze &
Sundberg, 1992). This increase in acoustic output
may reflect an increase in efficiency of the system
— less wastage of aerodynamic energy in the con-
version process. Indeed, as previously discussed,
several widely-applied voice measures including
jitter, shimmer, HNR, and CPPS all improve with
increased SPL (Baker, Brockmann-Bauser, et al.,
2023; Brockmann et al., 2008; Brockmann-Bauser
et al., 2018, 2021; Orlikoff & Kahane, 1991; Pabon,
1991; Sampaio et al., 2021). We may reason that
the system is always healthier when it is more effi-
cient due to reduced losses.

Economy in a system can be described as the min-
imum expenditure for the maximum gain. In the
voice system, this may be translated to the mini-
mum aerodynamic and muscular input expenditure
for the maximal acoustic output. Simply, how much
pressure and muscular force is needed to phonate
at a desired f, SPL, and quality. While this value
will change depending on the target output, the
principle of economy asks for only the minimum
effort to achieve the desired output. This would not
preclude concurrent efficiency in most cases, as a
clear, healthy sounding voice at an adequate SPL
and without excessive breathiness (that is adequate
glottal completeness) is an output goal for most sing-
ers (even if only in a baseline, neutral [not stylised]
type phonation). The opposite is not necessarily the



case — the most efficient sound, that is the setup
where losses are low at the level of the vocal folds,
will not necessarily also be the most economical
sound. Pressed phonation, for example, is usually
characterised by high P ,, low flow, and increased
SPL (acoustic output; recall Figure 4).

When working with singers, clinicians must consider
not only the output of the sound, but also the input
required for such and its potential toll on the sys-
tem. Voice measures that suggest improved vocal
function simply by virtue of increased phonatory effi-
ciency (here described as reduced losses), should
be interpreted with caution. Increased CPPS or
HNR may result from a louder sound, but this may
not reflect economy within the system and may lead
to greater risk of vocal fatigue or injury. In fact, a
highly pressed sound, if it is also free of subharmon-
ics, may produce high CPPS and HNR values.

When considering the phonatory characteristics of
a singer and how these are related to instrumen-
tal voice measures, several questions should be
considered. How can we assess subjective vocal
effort in singers? How much effort is being exerted
for the sake of ‘improved’ vocal metrics? Does the
quantitatively measured output match the singer’s
perception of effort or vocal comfort? What does
the singer’s vocal output and input reveal about
the function of the system as a whole? More focus
should be placed on the sensations of singing, vocal
effort, and singer perception to lead the diagnostic
inquiry, data interpretation, and treatment decision
making.

SUMMARY, MAIN CRITIQUES, AND FUTURE
DIRECTIONS

Voice clinicians and researchers are fortunate to
have many instrumental tools to choose from when
considering speaking voice assessment and diag-
nostics. Where the singing voice is concerned, the
scope of appropriate measurement techniques
is somewhat smaller. Within the acoustic domain,
measures such as jitter and shimmer are widely
applied but are influenced by large f, SPL, and
signal-quality effects when not controlled properly.
Recording environment, microphone type, micro-
phone-to-mouth distance, and signal-to-noise ratio
should also be considered when using time-domain
perturbation measures. Cepstrum based measures
are more robust to these effects, but are also influ-
enced by SPL, f, and vibrato characteristics. As
these effects are largely linear, their influence can
be accounted for post hoc if needed. Spectrum and
spectrography-based measures can non-invasively
offer inferences on both, voice source behaviours
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as well as resonance characteristics during a sung
task. Perturbation in a singer’s vibrato can be quan-
tified using a programme such as BioVoice, and
qualitatively assessed in a spectrogram. Multipar-
ametric acoustic indices may be useful additions
to the diagnostic toolkit, but more work is needed
to establish singing-specific tools. A VRP or voice
map provides a baseline overview of the singing
voice and vocal function that can be compared pre-/
post-treatment.

In the aerodynamic domain, flow and pressure
measurement offers invaluable insights into the
effort used during habitual singing, as well as in pre-
scribed tasks. The PTP reveals how much pressure
is required to initiate phonation and, when inflated,
suggests reduced vocal fold motility. Soft phonation
tasks in general are likely to reveal vocal challenges
more readily than habitual or loud phonation where
vocal instability may be masked. Variability in airflow
during sustained phonation may also indicate vocal
fold vibratory irregularity and compromised laryn-
geal valving action.

Auditory perceptual and self-report tools designed
with the singing voice in mind can provide clinicians
with invaluable insights into a singer’s perception of
their voice condition. Considering the singer’s per-
ception of their own voice, as the expert, should be a
standard part of any singing-voice assessment pro-
tocol. In particular, the SVHI-10 may be useful for
tracking pre-/post-treatment in a disordered voice,
and the EASE to track changes in voice perception
related to vocal demand.

Across all measures, recording, reporting, and
accounting for f and SPL is crucial. Without such
information, it cannot be determined whether
changes in any one metric is a treatment effect or
an artefact. Clinicians should also take care to prop-
erly calibrate acoustic and aerodynamic recording
equipment to ensure comparability between meas-
urement points. Much more work is needed to 1)
determine which voice metrics can be reliably used
with singing voice samples, 2) understand which
tasks elicit the behaviours that reveal true voice con-
dition in singers, and 3) construct a corpora of nor-
mative data that can guide clinicians in determining
when a change in any one metric may be an indica-
tor of singing-voice dysfunction. Furthermore, spe-
cial consideration must be given to the challenges
in understanding the difference between disordered
singing and artistic choices. While free and regular
vocal fold vibration should be a priority in any sing-
er's baseline phonation, there is much scope for
variation from the ‘norm’. These must be carefully
weighed up in view of vocal health, efficiency, and
economy whilst ensuring that the professional sing-

33



34

IJVS - INTERNATIONAL JOURNAL OF VOICE SCIENCES
Communication « DOI: 10.2478/ijvs-2025-0003 IJVS « 1(1) « 2025 + 23-51

ers’ vocal identity is not undermined. Future studies
considering the relationships between self-reported
voice condition and instrumental voice metrics may
contribute to identifying biomarkers of early sing-
ing-voice dysfunction that are crucial for timely and
accurate preventative voice care.

PRELIMINARY RECOMMENDATIONS FOR
CLINICAL SINGING VOICE DIAGNOSTICS

Foremost, the absence of clear laryngeal findings
does not automatically indicate hypochondriasis.
As singers are highly attuned to their vocal system
and small deviations from its baseline, their opin-
ions and comments should be carefully considered
when assessing the singing voice and used to guide
investigations. Thus, self-report measures such as
the SVHI-10 or EASE should be used at each clin-
ical visit, so as to track the singer’s own perception
of their voice, vocal function, and phonatory effort.
Considering the individual questions as well as the
scales as a whole will provide clues to the cause of
the problem.

When deciding which tools should be used in a
battery for instrumental voice diagnostics, a clini-
cian should first determine the physiological pro-
cess they are seeking to find insights into. If there
is suspected instability of the voice, the use of
spectrography, perturbation measures on selected
frequencies, and airflow variability measures may
be useful to determine the scope and locus of
such instability. If local hyperfunction is suspected,
assessing PTP, mean pressures using a /papapa.../
task, and spectrum-based measures such as L-L,
may be useful to determine the severity of the con-
dition on vocal function and track treatment effects.
A VRP or voice mapping programme may be used
to assess changes in a singer’s voice compared to
a healthy baseline or identify specific problem areas
across the f and SPL range.

Soft phonation tasks (with lower P, and adduc-
tory force) can reveal vocal instabilities and early
signs of disorder to a further extent that louder
utterances (Baker, Purdy, et al., 2023b; D. G. Miller
et al., 2001). Bastian et al. (1990) found that audi-
tory-perceptual ratings of quietly sung staccato
vocalises and ‘Happy Birthday’ in head voice were
significantly associated with severity of voice condi-
tion, and in particular vocal fold swelling. The use of
glides or glissandi may also be beneficial to observe
vocal behaviours across a range of frequencies in
one vocal gesture. When displayed spectrograph-
ically, irregularities in vibration at specific points in
the singer’s range can be located and further inves-
tigated. Pre- and post-treatment changes may also

be more readily observed in this manner (Echter-
nach et al., 2017).

Robust normative data for singers is currently
lacking, particularly for aerodynamic voice meas-
urement such as MPT, PTP, and voicing efficiency
ratios. Nonetheless, comparison with a singer’s
healthy-baseline data (the collection of which
should be promoted among clinicians who work
with singers) should provide some indication of the
significance of any change in repeated measures,
particularly when viewed in combination with self-re-
port data.

Although many more tools that could be used for
non-invasive clinical assessment of the singing
voice have been discussed above, several simple
tasks and derived metrics can provide a useful base-
line assessment of the singing voice and its function.
These are listed below in Table 1, along with their
elicitation instructions and theoretical links to vocal
function. While many of the tasks can be performed
on a comfortable pitch and volume (as is tradition-
ally the case), they should also be performed on a
prescribed pitch to mitigate possible £, effects. Doing
so will improve repeated-measure and intersubject
comparability and will also engage the singer in sing-
ing rather than speech-like behaviours. The choice
of C4 and C5 for lower and higher voices, respec-
tively, is somewhat arbitrary. However, these pitches
have been used in previous works and, based on
practitioner’s personal experience, are not unduly
challenging for singers of any voice type or genre. In
fact, an inability to perform tasks at these frequen-
cies may itself add to their diagnostic utility. The pre-
scribed frequency may change from client to client,
depending on their vocal demands or voice type
(Fach), however this must be noted and reported,
and kept consistent between measurement points to
ensure comparability.

A PRAAT script has been provided in the supple-
mentary material of this work that can be run to
extract the acoustic parameters described in Table
1. Although not addressed in the present work, the
reader is encouraged to review the following refer-
enced works to guidance in recording setup and
SPL calibration (Svec & Granqvist, 2010; Svec &
Granqvist, 2018; Winholtz & Titze, 1997). This script
is intended to aid clinicians in establishing a base-
line of simple measures for singing-voice diagnos-
tics, but these are by no means exhaustive. Other
assessments may be useful or needed to determine
the nature and extent of a voice complaint and its
physiological aetiology. The script provides an initial
form into which self-report, aerodynamic, and any
other relevant data may be manually added and
included in the generated report.



Domain

Self-Reported
Subjective Symp-
toms

Acoustic

Acoustic/
aerodynamic

Aerodynamic

Measure

Evaluation of Abil-
ity to Sing Easily
(EASE)

f. range (Semi-
tones)

Glide through regis-
tral transition zone

SPL range (dB)

CPPS soft pho-
nation

L,-L, soft phonation
(C4/C5)

Softly sung song

(e.g., Happy
Birthday)

Maximum phona-
tion time (C4/C5)

Habitual singing
pressures (C4/C5)

Phonation thresh-
old pressure (C4/
C5)

Instruction

As per Phyland et al.
(2014), reported in Baker
et al. (2023).

‘Glide down on an /a/
vowel to your lowest
pitch without vocal fry

or whispering’; ‘Glide up
on an /a/ vowel to your
highest pitch (head voice
included).’

‘Sing a glide/glissando
through your registral
‘break’ from chest-voice
to head-voice and back
down again.’

‘Sing /a/ as softly as you
can without whispering
on a C4/C5’, ‘Sing /al as
loudly as you can without
shouting on a C4/C5.’

Taken from ‘soft’ phona-
tion task above.

Taken from ‘soft’ phona-
tion task above.

‘Sing Happy Birthday as
quietly as possible on
the given staring pitch
without whispering.’

‘Inhale maximally and
then sing /a/ for as long
as you can on a C4/

C5 [depending on voice
type] until you completely
run out of air.’

‘Sing /papapapapa.../ on
a C4/C5.

‘Sing /papapapapa.../ on
a C4/C5 as quietly as you
can without whispering.’

1JVS - INTERNATIONAL JOURNAL OF VOICE SCIENCES
Communication « DOI: 10.2478/ijvs-2025-0003 IJVS « 1(1) « 2025 + 23-51

Interpretation and Notes

Changes in Vocal Fatigue, Pathological Risk Indicators, and Voice Con-
cerns subscales may be used to assess singer’s perception of their own
voice condition, as well as treatment effects. Investigating the responses
to specific questions within the scale may provide further insights into the
nature of the problem.

Changes in physiological voice range (i.e., the extent to which the singer
can adjust the longitudinal tension of the vocal folds) may be affected

by structural change, nerve damage, age-related change, or muscular
tensions that inhibit vocal fold lengthening. Singers should be reassured
that this measure is not related to their musicianship or voice quality — they
should attempt to reach the true minimum and maximum possible frequen-
cies rather than their ‘performance’ range or ‘beautiful’ singing.

Observing the spectrographic data from this task may reveal bifurcation,
subharmonics, moments of aphonia, or phonation gaps. While a small
‘break’ when transitioning from chest to head voice can be common in
healthy singers, large breaks with clear timbral changes and instability may
suggest a functional or structural voice issues related to the vocal folds’
ability to lengthen and thin when moving into head-voice, or conversely, an
inability to achieve fuller adduction and greater mass in chest-voice (Be-
hlau et al., 2023; Echternach et al., 2017). The singer’s own artistic goals
may also inform data interpretation. Performing this task quietly is likely to
reveal instabilities to a greater degree than loudly, but the clinician should
consider what is appropriate for the singer’s style and genre.

Changes in intensity range may indicate reduction in ability to regulate
P> adductory forces, or resonance strategies. Reduced SPL range may
result from neurological, structural, or functional voice disorder. In singers,
vocal fold oedema from overuse/abuse or substance inhalation may limit
SPL range. The task should be sung, that is, not speech-quality phonation,
and with vibrato if stylistically relevant. The chosen vowel should be kept
consistent, as other acoustic measures (described below) can be affected
by resonance-harmonics effects, that is, differences in vowel choice. Here
an /al is suggested, but whatever vowel is chosen should be kept consist-
ent between measurement points.

Soft phonation may reveal vocal instabilities or inefficiencies to a greater
extent than louder phonation. Although CPPS values are affected by SPL
and £, by controlling for the £ using a prescribed pitch (C4 of C5 for lower
or higher voices) and the SPL by obtaining the softest sung tone (without
whispering), these effects can be somewhat mitigated. As the SPL of

this sample is also given in the report, any significant SPL effects can be
taken into account post hoc when required. The prescription of a specific
frequency will also ensure comparability across repeated measures as well
as between patients.

The level difference between the first two harmonics may provide insights
into glottal configuration as well as voicing efficiency related to glottal
closure. A more prominent first harmonic (f ) has been associated with
more breathy type phonation, whilst a large negative difference (stronger
L,) suggests phonation toward pressed (Sundberg, 2022; Sundberg et al.,
2004).

Evaluation of the spectrogram and long-term average spectrum of a
quietly-sung sample will offer insights into vocal stability and condition of
the vocal fold mucosa and changes over a short time frame, such as the
presence of oedema or pathological vocal fatigue (Bastian et al., 1990).

Maximum phonation time is widely used and can be a useful gauge of a
singer’s ability to regulate vocal fold adduction and valving. Naturally MPT
is affected by the inspired volume, so care should be taken to ensure the
singer inspires as close to 100% vital capacity before performing each
attempt and expires as much of the volume as possible. In this way, a
volume effect may be somewhat mitigated between attempts and meas-
urement points. The task should be performed in triplicate and the best
performance recorded.

Assessing the habitual pressures used when singing will help clinicians
determine if excessive pressure is contributing to voice complaints.
Higher than necessary pressures may cause maladaptive behaviours that
increase glottal resistance and recruit inappropriate laryngeal musculature
to sustain phonation.

Assessing the minimum pressure required for phonation provides useful
data on the condition of the vocal folds, where higher PTP values suggest
reduced vocal fold motility, increased mucosal viscosity, and increased
vocal fold stiffness, common in oedema. Clients may need multiple trials to
achieve true minimum.

Table 1. Possible Voice Measures for Baseline Clinical Singing-Voice Assessment
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CONCLUSIONS

Singers are a unique cohort of professional voice
users who require a versatile and comprehensive
approach to voice analysis. When a singing client
presents with a voice complaint, vocal fold visual-
isation should be the first step. In the absence of
laryngeal findings, the use of acoustic and aerody-
namic voice analysis can be invaluable for providing
additional data on voice production across a range
of relevant tasks. These can assist the clinician or
voice-rehabilitation specialistin determining problem
areas. Although there are a great number of voice
analysis techniques available to voice clinicians and
researchers, few of these have been systematically
tested for use with singing voice samples. Several
widely-applied acoustic measures have demon-
strated f, SPL, and resonance-harmonics inter-
action effects that can skew data interpretation, if
not accounted for. Furthermore, many tasks used
in voice clinics to elicit voice recordings for analy-
sis are aimed at speech-type phonation and do not
consider the unique demands for singers.

The use of soft phonation tasks, also in combina-
tion with glides may show up vocal faults that can
be disguised with higher SPLs and firmer vocal fold
adduction. Singing-specific parameters such as
registral transitions and vibrato can offer invalua-
ble insights into vocal condition during singing and
may help guide the clinician in their decision-making
when considering treatment approaches. Although
not a feature of all singing styles and genres, when
vibrato is present, it is generally considered desir-
able to have a regular and even rate and extent.
Deviation from this should be an artistic choice for
stylistic or communicative effect rather than a func-
tional default. Noting baseline vibrato characteris-
tics may also help to determine when deviation from
such is clinically relevant.

Crucially, the singer’s own perception of their vocal
function and condition must be seriously considered
and should be used to guide analysis, as well as
when planning treatment goals. Knowledge of ter-
minology common in singing voice pedagogy will
be useful to interpret singer clients’ descriptions of

their voice concerns. Consideration should also be
given to the role of vocal economy within voice pro-
duction and when considering treatment options.
This should be balanced with indicators of efficiency
(derived predominantly from the vocal output), and
in collaboration with singer reports of perceived
effort (for example, if the task was more or less diffi-
cult than normal). Specifically, the cost of efficiency
should be weighed up in light of the whole system
including vocal input parameters (for example, P,
adduction, and collision) and should not be based
solely on quantitative acoustic metrics.

More work is needed to establish clinical protocols
and normative data that can help identify early bio-
markers of at-risk singing voice function or subclin-
ical disorder. In the meantime, existing methods
(when properly controlled) such as cepstral, spec-
tral, and spectrographic analysis, as well as ‘bigger
picture’ tools like the VRP or voice mapping should
be part of a clinician’s regular assessment when
analysing a singer’s voice. Voice clinicians and
medical practitioners should be aware of the unique
diagnostic and treatment needs of singers, familiar
with the industry-related demands of voice produc-
tion, and understand the strengths and weaknesses
of potential voice analysis approaches. In this way,
the functional aetiology of a voice complaint is
more likely to be revealed, improving diagnostic
accuracy, medical decision-making, and treatment
outcomes.
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Data collection and extraction for acoustic singing-voice assessment script

Acoustic voice samples should be recorded in a quiet room or booth, ideally with an omnidirectional headset
condenser microphone to avoid changes in mic-to-mouth distance. A calibration task should be performed
first, where the client sustains and /a/ vowel at a comfortable pitch and volume as steadily as possible, while
the clinician records the SPL at 30cm in front of the participant. The level difference between the PRAAT
measured intensity (Get intensity...) and the SPL value can then be used as a calibration factor, entered
into the initial script form. All SPL values provided in the final report will then reflect SPL @ 30cm. If no
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SPL C4/CS Min: 76.39 dB
SPL C4/C5 Max: 94.64 dB
SPL C4/C5 Range: 18.25 dB

Minimum fo: 82.12 Hz

Soft C4/C5 CPPS: 14.94 dB

Max fo: 550.56 Hz
Frequancy Range: 33 Semitones

L1-L2 C4/C5: 5 dB
MPT C4/C5: 24.89 Seconds

woand Spectrogram Soft CAICS (.03s)

Narro
Note vibrato regularity, formant clusters, bifurcations, and subharmonics.

LTAS Soft CAICS (50Hz)
Note harmonic strength and high-requency nolse.
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Figure 5. Sample Report Output

calibration is performed, a value of 0 should be entered into the calibration factor box; note that uncalibrated
SPL data cannot be compared between measurement points or with other participants. For a thorough
discussion on microphone selection for voice analysis and calibration procedures, see Svec and Granqvist
(2010; 2018). Sample recordings for testing the script provided below can be downloaded from https://doi.

org/10.17608/k6.auckland.29994499

Extraction of individual samples (tasks as per Table 1) should be made at zero crossings, and named as
follows (without capitalisation or spaces):

minfo — portion of lowest £ (do not include vocal fry or silences)
maxfo — portion of highest £, (do not include silences, and ensure pitch settings are high enough to

accommodate highest pitch (for example, 1500Hz in high-voiced singers)

sition

Script

form Acoustic Assessment of the Singi

ng Voice

glide — full sample or relevant portion of a glide from low to high and back, through a registral tran-

soft — most stable inner portion of softest sung phonation on C4/C5, avoid onset and offset artefacts
loud — most stable inner portion of loudest sung phonation on C4/C5, avoid onset and offset artefacts
song — entire sample of a softly-sung song

mpt — entire maximum phonation time sample from phonation onset to phonation offset

comment This is a script to calculate acoustic measures for clinical assessment

comment of the singing voice (Baker, 2025). Tasks include minimum and maximum pitch,

comment glide through registral transition, minimum and maximum intensity (C4/C5),
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comment maximum phonation time (C4/C5), and a singing sample.
comment

comment See Baker (2025; DOI: 10.2478/ijvs-2025-0003) for task elicitation details. Individual file names

comment should be: calibration, minfo, maxfo, glide, soft, loud, mpt, and song,
comment all without spaces or capitalisation.
comment
comment The dB level difference between the PRAAT measured intensity of a calibration
comment tone and the SPL-meter measurement should be entered into the ‘Calibration factor’
comment field. If no calibration was made, leave as 0. For more information on SPL
comment calibration, see Svec and Granqvist (2018; DOI: 10.1044/2017_JSLHR-S-17-0095)
comment

comment Please enter the following information

sentence Assessment_date dd/mm/yyyy

sentence Name

sentence Identifier iD

sentence Sex_if relevant NA

sentence Date_of Birth dd/mm/yyyy

real SVHI_100

real EASE_vocal_fatigue score 1

real EASE_pathological_risk_indicators_score 1

real EASE_voice_concerns_score 1

real Calibration_factor 0

text Include_perceptual_features_or_data_from_other_measures_below endform

easevf = eASE_vocal_fatigue score

easepri = eASE_pathological_risk_indicators_score
easevc = eASE_voice concerns_score

calfac = calibration_factor

calfacFix$ = fixed$ (calfac, 3)

calfacFix = number (calfacFix$)

svhi10 = sVHI_10

Erase all

Select inner viewport: 0.5, 7.5, 0.5, 4.5

Axes: 0,1,0, 1

Colour: “{0,0,0}"

Text special: 0.5, “centre”, 0.6, “half’, “Palatino”, 12, “0”, “The data are being calculated. Please wait.”

#Analyses

#Multiply to reflect SPL@30cm
selectObject: “Sound minfo”
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Copy: “minfoc”
Multiply... 10*(calfacFix/20)

select Sound maxfo
Copy: “maxfoc”
Multiply... 10”(calfacFix/20)

select Sound soft
Copy: “softc”
Multiply... 10*(calfacFix/20)

select Sound loud
Copy: “loudc”
Multiply... 10”(calfacFix/20)

select Sound glide
Copy: “glidec”
Multiply... 10*(calfacFix/20)

select Sound song
Copy: “songc”
Multiply... 10~ (calfacFix/20)

select Sound mpt
Copy: “mptc”
Multiply... 10”(calfacFix/20)

#fo Range

select Sound minfo

To Pitch (raw cc)... 0 50 300 15 yes 0.03 0.45 0.01 0.35 0.14
select Pitch minfo

minfo = Get minimum... 0 0 Hertz parabolic

minfoFix$ = fixed$ (minfo, 2)

minfoFix = number (minfoFix$)

select Sound maxfo

To Pitch (raw cc)... 0 75 1600 15 yes 0.03 0.45 0.01 0.350.14
select Pitch maxfo

maxfo = Get maximum... 0 0 Hertz parabolic

maxfoFix$ = fixed$ (maxfo, 2)

maxfoFix = number (maxfoFix$)

45
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forange = 12*log10(maxfo/minfo)/log10(2)
forangeFix$ = fixed$ (forange, 0)
forangeFix = number (forangeFix$)

#Intensity Range
select Sound softc
softdB = Get intensity (dB)
softdBFix$ = fixed$ (softdB, 2)
softdBFix = number (softdBFix$)
select Sound loudc
louddB = Get intensity (dB)
louddBFix$ = fixed$ (louddB, 2)
louddBFix = number (louddBFix$)
irange = louddBFix-softdBFix
irangeFix$ = fixed$ (irange, 2)
irangeFix = number (irangeFix$)

#Glide Spectrogram

select Sound glide
To Spectrogram: 0.03, 5000, 0.002, 20, “Gaussian”

#Song spectrogram

select Sound song
To Spectrogram: 0.03, 5000, 0.002, 20, “Gaussian”

#Soft Spectrogram

select Sound soft
To Spectrogram: 0.03, 5000, 0.002, 20, “Gaussian”

#Soft fo
select Sound soft
To Pitch (cc)... 0 75 15 yes 0.03 0.8 0.01 0.35 0.14 1300

meansoftfo = Get mean... 0 0 Hertz

#Soft Intensity
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select Sound softc

softdB = Get intensity (dB)
softdBFix$ = fixed$ (softdB, 2)
softdBFix = number (softdBFix$)

#Soft CPPS

select Sound softc

To PowerCepstrogram... 60.0 0.002 5000.0 50.0

softcpps = Get CPPS: “no”, 0.01, 0.001, 60, 1000, 0.05, “Parabolic”, 0.001, 0, “Straight”, “Robust”
softcppsFix$ = fixed$ (softcpps, 2)

softcppsFix = number (softcppsFix$)

#Soft L1-L2

selectObject: “Sound softc”

To Ltas: 50

[1 = Get maximum: (meansoftfo-50), (meansoftfo+50), “none”

12 = Get maximum: ((meansoftfo*2)-50), ((meansoftfo*2)+50), “none”
112 = 11-12

[112Fix$ = fixed$ (1112, 2)

[112Fix = number (I1I12Fix$)

#MPT

select Sound mpt

mpts = Get total duration
mptsFix$ = fixed$ (mpts, 2)
mptsFix = number (mptsFix$)

#Report Printing

Erase all

Select inner viewport: 0, 9.5, 0, 5.5

Axes: 0,1,0, 1

Solid line

Line width: 1

Black

Helvetica

Font size: 15

Select outer viewport: 0.5, 9, 0.5, 0.55

Viewport text: “Left”, “Top”, 0, “##Baseline Singing Voice Diagnostic Metrics#”
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Erase all

Font size: 7

Select outer viewport: 0.5, 9, 0.5, 0.55

Viewport text: “Left”, “Bottom”, 0, “Baker, 2025”

Font size: 12

Select inner viewport: 0.5, 9, 0.5, 0.8

Text: 0.0, “Left”, 0.5, “Half”, “Baseline Acoustic Assessment for the Singing Voice”

Font size: 9

Select inner viewport: 0.5, 9, 0.8, 1

Axes: 0,1,0,1

Paint rectangle: “{1,1,1}", 0, 1, 0, 1

Draw inner box

Colour: “{0,0,0¥

Line width: 2

Draw line: 0.25, 0, 0.25, 1

Draw line: 0.45, 0, 0.45, 1

Draw line: 0.65, 0, 0.65, 1

Draw line: 0.8, 0, 0.8, 1

Colour: “{0,0,0}"
Text: 0.01, “Left”, 0.5, “Half’, “Name: ‘name$”
Text: 0.26, “Left”, 0.5, “Half”, “Identifier: ‘identifier$”
Text: 0.46, “Left”, 0.5, “Half’, “Assessment: ‘assessment_date$
Text: 0.66, “Left”, 0.5, “Half”, “DoB: ‘date_of Birth$"”
Text: 0.81, “Left”, 0.5, “Half”, “Sex: ‘sex_if relevant$™

endif

”

selectObject: “Spectrogram soft”

Select inner viewport: 0.5, 6, 3.5, 5.5

Axes: 0,1, 0,1

Paint rectangle: “{1,1,1}", 0, 1, 0, 1

Paint: 0, 0, 0, 5000, 100, “yes”, 50, 6, 0, “no”
Draw inner box

One mark left: 0, “no”, “yes”, “no”, “0”

One mark left: 5000, “no”, “yes”, “no”, “5000”
Text left: “no”, “Frequency (Hz)”

Text bottom: “no”, “Time (s)”

Marks bottom: 2, “yes”, “no”, “no”

Select inner viewport: 0.5, 6, 3.35, 3.5

Text top: “no”, “Narrowband Spectrogram Soft C4/C5 (.03s)”
Select inner viewport: 0.5, 6, 3.5, 5.5

Text top: “no”, “##Note vibrato regularity, formant clusters, bifurcations, and subharmonics.#’
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selectObject: “Ltas softc”

Select inner viewport: 6.5, 9, 3.5, 5.5
Axes: 0, 1,0, 1

Paint rectangle: “{1,1,1}", 0, 1, 0, 1
Draw: 0, 6000, -20, 70, “no”, “curve”
Draw inner box

One mark left: -20, “no”, “yes”, “no”, “-20”
One mark left: 70, “no”, “yes”, “no”, “70”
Text left: “no”, “SPL (dB/Hz)”

Text bottom: “no”, “Frequency (Hz)”
Marks bottom: 2, “yes”, “no”, “no”

Select inner viewport: 6.5, 9, 3.35, 3.5
Text top: “no”, “LTAS Soft C4/C5 (50Hz)”
Select inner viewport: 6.5, 9, 3.5, 5.5

Text top: “no”, “##Note harmonic strength and high-frequency noise.#”

selectObject: “Spectrogram glide”

Select inner viewport: 0.5, 9, 6.25, 8.25

Axes: 0,1,0,1

Paint rectangle: “{1,1,1}", 0,1, 0, 1

Paint: 0, 0, 0, 5000, 100, “yes”, 50, 6, 0, “no”

Draw inner box

One mark left: 0, “no”, “yes”, “no”, “0”

One mark left: 5000, “no”, “yes”, “no”, “6000”

Text left: “no”, “Frequency (Hz)”

Text bottom: “no”, “Time (s)”

Marks bottom: 2, “yes”, “no”, “no”

Select inner viewport: 0.5, 9, 6.1, 8

Text top: “no”, “Narrowband Spectrogram Glide (.03s)”
Select inner viewport: 0.5, 9, 6.25, 8.25

Text top: “no”, “##Note registral transitions and phonation gaps.#”

selectObject: “Spectrogram song”

Select inner viewport: 0.5, 9, 9, 11

Axes: 0,1,0, 1

Paint rectangle: “{1,1,1}", 0,1, 0, 1

Paint: 0, 0, 0, 5000, 100, “yes”, 50, 6, 0, “no”
Draw inner box

One mark left: 0, “no”, “yes”, “no”, “0”

One mark left: 5000, “no”, “yes”, “no”, “5000”
Text left: “no”, “Frequency (Hz)”

Text bottom: “no”, “Time (s)”

Marks bottom: 2, “yes”, “no”, “no
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Select inner viewport: 0.5, 9, 8.85, 10.75

Text top: “no”, “Narrowband Spectrogram Song (.03s)”

Select inner viewport: 0.5, 9, 9, 11

Text top: “no”, “##Note harmonicity, presence of noise or subharmonics, and onset/offset quality.#”

Font size: 10

Select inner viewport: 0.5, 4, 1, 1.25

Axes: 0,1,0,1

Text: 0.01, “Left’, 0.5, “Half”, “SVHI-10: ##'svhi10'#"
Select inner viewport: 0.5, 4, 1.25, 1.5

Text: 0.01, “Left”, 0.5, “Half’, “EASE VF: ##easevf'/40#”
Line width: 2

Draw line: 0, 1, 1, 1

Line width: 1

Draw line: 0,0, 1,0

Select inner viewport: 0.5, 4, 1.5, 1.75

Text: 0.01, “Left’, 0.5, “Half”, “EASE PRI: ##easepri’/40#”
Line width: 1

Draw line: 0,0, 1,0

Select inner viewport: 0.5, 4, 1.75, 2

Text: 0.01, “Left”, 0.5, “Half’, “EASE VC: ##'easevc’/8#”
Line width: 2

Draw line: 0,0, 1,0

Select inner viewport: 0.5, 4, 2, 2.25

Text: 0.01, “Left”, 0.5, “Half’, “Minimum fo: ##' minfoFix’ Hz#”
Line width: 2

Draw line: 0,0, 1,0

Select inner viewport: 0.5, 4, 2.25, 2.5

Text: 0.01, “Left”, 0.5, “Half”, “Max fo: ## maxfoFix’ Hz#”
Line width: 1

Draw line: 0,0, 1,0

Select inner viewport: 0.5, 4, 2.5, 2.75

Text: 0.01, “Left”, 0.5, “Half’, “Frequency Range: ##forangeFix’ Semitones##’
Line width: 2

Draw line: 0,0, 1,0

Select inner viewport: 5.5, 9, 1, 1.25

Text: 0.01, “Left”, 0.5, “Half’, “Calibration Factor: ## calfacFix’ dB#”
Select inner viewport: 5.5, 9, 1.25, 1.5

Text: 0.01, “Left’, 0.5, “Half”, “SPL C4/C5 Soft: ##softdBFix’ dB#”
Line width: 2

Draw line: 0, 1, 1, 1

Line width: 1
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Draw line: 0,0, 1,0

Select inner viewport: 5.5, 9, 1.5, 1.75

Text: 0.01, “Left’, 0.5, “Half”, “SPL C4/C5 Loud: ##louddBFix’ dB#’
Line width: 1

Draw line: 0,0, 1,0

Select inner viewport: 5.5, 9, 1.75, 2

Text: 0.01, “Left”, 0.5, “Half”, “SPL C4/C5 Range: ##irangeFix’ dB#’
Line width: 2

Draw line: 0,0, 1,0

Line width: 2

Select inner viewport: 5.5, 9, 2, 2.25

Text: 0.01, “Left”, 0.5, “Half’, “Soft C4/C5 CPPS: ##softcppsFix’ dB#”
Draw line: 0,0, 1,0

Select inner viewport: 5.5, 9, 2.25, 2.5

Text: 0.01, “Left’, 0.5, “Half”, “L1-L2 C4/C5 : ##1112Fix’ dB#’

Draw line: 0,0, 1,0

Select inner viewport: 5.5, 9, 2.5, 2.75

Text: 0.01, “Left”, 0.5, “Half’, “MPT C4/C5: ## mptsFix’ Seconds##”
Draw line: 0,0, 1,0

# Copy Praat picture

Select inner viewport: 0.5, 9, 11.5, 11.75

Text: 0, “Left’, 0, “Half’, “##Comments:# ‘Include_perceptual_features_or _data_from_other _measures_
below$™”

Select inner viewport: 0.5, 9, 0.5, 12
Copy to clipboard

select all

minus Sound minfo
minus Sound maxfo
minus Sound glide
minus Sound soft
minus Sound loud
minus Sound mpt
minus Sound song
Remove
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