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Abstract

This paper presents the Vocalab software program, a voice analysis tool designed for use by speech
therapists in private practice. Vocalab has a user-friendly interface presented in the form of different
modules: patient information, assessment, therapy, and the media library. The assessment module
displays voice recordings as a spectrogram and produces a voice report with 5 main voice perturbation
measures: pitch instability, amplitude instability, noise/signal ratio, harmonic poverty and attack
perturbation. The therapy module offers exercises for working on specific aspects of voice production
with real-time visual feedback, presented in an attractive way in order to appeal to both adults and
children, and facilitate learning. Finally, the media library module offers access to a large database of
normal and pathological voices, often with relevant case history information and pre- and post-therapy
samples.

Introduction

Existing software for voice analysis in the English-speaking world has a number of limitations and
outside the Ear Nose and Throat (ENT) clinic, therapists generally have limited access to objective
measures of voice quality. Perceptual measures of voice are subject to significant inter- and intra-rater
reliability and alone are insufficient as outcome measures. Many voice therapists in the UK are reliant
on software and/or equipment not specifically designed for clinical use (e.g. acoustic speech analysis
programs), which require significant technical knowledge to interpret. More bespoke tools often
require bulky equipment and are inaccessible to National Health Service (NHS) teams with restricted
budgets.

Perceptual measures alone are insufficient to meet the demands of evidence based practice, and to
demonstrate the effectiveness of therapy. Whilst vocal fold stroboscopy can be used to obtain
objective measures of voice function, it is not always easily accessible. Regarding therapy, visual
biofeedback can enhance patients’ understanding and motivation by making the vocal target visible
and easy to understand. The VOCALAB Media Library also represents a invaluable source of Continuing



Professional Development (CPD) with an array of learning materials, including tutorials and a large
library of case studies to help familiarise practitioners with less common voice pathologies.

While PRAAT [Boersma 2021] is free and versatile thanks to a fully programmable environment, it has
been designed primarily for speech analysis and phonetics. It requires significant technical knowledge,
and does not provide real-time feedback, which significantly limits its use in voice therapy. VOCALAB
offers a more versatile and much more user-friendly tool at low cost. It has been designed with the
speech therapist in mind, with a large number of modules offering real-time feedback, each focused
on one particular aspect of the voice: timbre, range, resonance, noise, voicing, etc.

VOCALAB originated from the need for an accessible and reliable tool to meet the need of French
speech & language therapists (SLTs), the majority of whom are in independent practice. Development
began in 2000 and a research team was created to validate the prototype within the French National
Speech Therapy Research Lab LURCO [Lurco 2021]. The first edition was commercialised in 2005 by
GERIP [Gerip 2021]. A major new version came out in 2014 (version 4.0), followed by a further update
in 2019 (version 4.1).

Research phases

The first phase of the research project attempted to identify the most clinically useful measures of
voice, and a review was carried out of more than 50 articles discussing markers of pathological voice
[Sicard 2013]. There was a reasonable consensus regarding fundamental frequency, vocal range, noise
and maximum phonation time (MPT) [Kent 2000][Baken 2000]. However, the consensus was unclear
for Jitter (frequency perturbation) and Shimmer (amplitude perturbation) with a number of critics
raising doubts as to their relevance, specifically for altered and pathological voices [Maryn 2009, 2010].

In order to streamline the final voice report and make it accessible to clinicians and patients, as well as
to facilitate comparison between pre- and post therapy measures, 5 key measures were selected:
attack perturbation, pitch instability, amplitude instability, noise/signal ratio and harmonic poverty.
The attack perturbation measure is unique to VOCALAB, and focuses specifically on the initial portion
of a sustained /a:/ which contains valuable acoustic information and may help to identify abnormal
voices. The threshold of normal voice was set at 1.0 for all measures, simplifying comparison and
eliminating the need to refer to normal and abnormal values (for example: 3% for litter, -17 dB for
NHR), trend and order of magnitude (5% litter is worse than 3%, while -20 dB is better for HNR). In
VOCALAB, any value below 0.8 is considered as normal, values between 0.8 & 1.4 are considered
threshold, and values above 1.5 are highly likely to be pathological.

The next phase of the research focused on the creation of a database of voices. 10 speech therapists
contributed to an initial data set of 250 case samples including sustained /a:/, glides and conversational
speech. Case history information was provided (age, gender, pathology, background.). Files were
anonymised and coded according to the voice disorder classification from [Verdolini 2006]. Open
access to this database is available on the LURCO website [Link to data base]. These cases were used
to validate the chosen voice measures over a large number of samples. Further studies focused on the
characteristics of children's voices [Sicard 2019] using a corpus of 50 normal cases, and the
characteristics of ageing voice [Barbera & Frenay 2016] using 100 normal voices from patients aged
between 65 and 90 years old.



Introducing Vocalab

Vocalab is a Windows-based program requiring a microphone along with the computer. A virtual
machine may emulate the Windows environment on Apple computers as well. Suggested microphone
references include unidirectional devices such as Thomann MB85 BETA or Shure SM58.

The four main modules on home page are the patient module, the assessment module in green, the
therapy module in orange and the media library in blue (Figure 1).

GERIP presents
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Therapy Media Library About

Figure 1: The four main modules on VOCALAB home page

Patient information

The patient module is very easy to use and it displays all the information, measurements and images
available for each patient. It allows the therapist to generate a report in Word format containing the
spectrogram, all voice measures and associated thresholds, saving the therapist valuable time.
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Figure 2: Patient information used to create a report in word format

Assessment Module

The assessment module consists of 4 sub-modules, including the spectrogram displayed in two
separate windows, allowing the therapist to give a model and the patient to attempt to copy it. The
Maximum Phonation Time module allows the clinician to record a sustained /a/,/s/ and /z/ and
calculate the A/Z and S/Z ratio. The patient’s score is displayed against the average for normal voice.
The Vocal Range module displays the histogram of the patient’s fundamental frequency in



conversational speech or on a glide, underneath the usual ranges for men, women and children. The
piano keyboard is also displayed, helping the patient to understand these abstract concepts. The
speech range profile (SRP) is accessible through the Phonetogram module (Figure 4). The phonetogram

displays the patient’s frequency range across a range of volumes, and can provide professional voice
users with a more in-depth analysis of their vocal profile.

Typo of voic

Powor (a5)
anne Homme, 34 ans
Call voice ADV: 561 dB.1/2t (80%)

Projacted

1

LB

Whisper

50
Frequency(Hz)

= - Heleeld o o R

Assessment - Spectrogram

o o

Endurance.

Assessment — Phonetogram (SRP)

Pathology index

e s RetoS/Z  RatioAZ
Phonation L A i e

2 2
0 0 o
S e
Aversge (0 L T2 s A a
el -
Oa s . CECEE
0s
os [ . . - o o1

o os
& ... [1es 15 | [ose | fors | fost
o J S TS = e )
[JOnly count when eneray is sianificant Energy = 239dB.
Normal

Except

|II||I|I|II||||IlIlIl|II -

. . . Assessment — Vocal Range
Assessment — Maximum Phonation Time

Figure 3: Assessment module with 4 distinct tools
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Figure 4: Voice perturbation measures calculated for a sustained /a:/ - patient ASO09 before therapy
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Figure 5: Voice perturbation measures calculated for a sustained /a:/ - patient ASO09 after therapy.

Within the assessment tools, the spectrogram module calculates 5 main voice perturbation measures
chosen to provide the clinician with the most pertinent information to inform future therapy (Figures
4 & 5). These are attack perturbation, pitch instability, amplitude instability, noise/signal ratio and
harmonic poverty. Thresholds for ‘normal’ voice have all been standardised based on a sample of 1000
normal and pathological voices using expert ratings and patient self-assessment.

Values below 0.8 are considered as normal (green), while values above 1.5 may indicate pathology
(red). In Figure 4, both the attack and the pitch are significantly altered, as well as the noise/harmonic
ratio. The phonation time is very short. Significant improvements can be observed after therapy (Figure
5), with four measures at around or below 1.0, whilst the attack remains unstable.

Therapy Module

The therapy module offers exercises for working on specific aspects of voice production with real-time
visual feedback, through four distinct tools: breath control, pitch, articulation and timbre. These
aspects are presented in a visually attractive way in order to appeal to both adults and children, and
facilitate learning.
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Figure 6: Breath control with real-time focus on high-frequency energy (top screen).

The breath control module offers a choice of different animations to represent breath flow which are
particularly motivating for younger patients (Figure 6). Different colours show the amount of high-
frequency energy. The therapist can choose the target duration (shown here as 12s sustained /f/) and
the patient attempts to reach the desired target with significant constriction during the whole
recording. The articulation module displays the sound waveform in real time, with the therapist model
in red and the patient’s production in blue. The therapist triggers the animation if progress is observed
in the pronunciation of the desired target or if the patient achieves the target.
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Figure 7: Comparing the therapist’s model and the patient’s reproduction.

Figure 8: Real-time practice of the resonance on a sustained /a:/

The timbre module uses different coloured circles to represent the different formants and can be used
to work on singing as well as the spoken voice (Figure 8). This module offers a wide range of possibilites
for working on professional voice. When a sound is produced, circles appear for each harmonic. The



size and colour of the circles is linked to the harmonic energy. Two separate screens make it possible
to contrast the therapist’s model with the patient’s production. The patient can visualise his ability to
produce harmonics at high energy in real time instead of concentrating the energy at low frequency.
This is highly effective exercise for working on harmonics in the voice, restoring resonance and
improving speech efficiency. On the left-hand side of Figure 8, we can see the harmonics produced by
a sustained /a:/ where most of the energy is concentrated at low frequencies, which limits the power
of the voice and its ability to project. In contrast, the right-hand side shows the effects of efforts to
transfer energy to the higher frequencies, which will have an immediate positive impact on the
efficiency of the voice.
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Figure 9: Real-time practice of pitch following a predefined profile

The pitch module offers an exercise where the patient attempts to reproduce a pitch profile chosen
by the therapist or a predefined shape which can be adjusted in amplitude, duration and frequency
according to the patient’s ability. An example of a pitch profile with a square shape is shown in Figure
9. Note that the frequency has been adjusted to the male vocal range (here around 125 Hz). The patient
is experimenting with the change of pitch by moving up and down in the voice and trying to follow the
predefined pattern. There are a number of ready-made profiles with different shapes that can be used
with the patient.

Assessing progress

VOCALAB is also able to generate a pre and post-therapy report, based on 13 voice measures including
sustained /a:/, glides, maximum phonation time for /a/,/s/ and /z/, and the speech range profile. In
Figure 10 on the right, the green circle denotes normal voice, and blue lines show the changes before
and after therapy. [Sicard 2021] discusses 12 case studies with pre- and post-therapy reports assessing
progress as a result of therapy.
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Figure 10: Real-time practice of pitch following a predefined profile

Media Library

Finally, the media library module offers access to a large database of 350 normal and pathological
voices, often with relevant case history information and pre- and post-therapy samples. These are an
invaluable source for users wanting to deepen their knowledge of voice analysis as they can be opened
within the spectrogram module, meaning that the spectral features of each type of voice can be clearly
visualised and compared with the user’s own recordings. There are also around 40 videos of normal
and pathological voice with diagnostic information and suggestions for areas to target in therapy.
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Figure 11: The media library includes 350 voice samples (sustained /a:/, glides). Around 40 videostroboscopy clips are also
available

Conclusion

In this paper, we described the VOCALAB software which can help patients understand their voice, and
provide easy-to-understand voice measures at assessment and during speech therapy. The tool offers
a wide variety of personalised therapy exercises to make voice work more tangible for the patient. We
described the main modules and illustrated the key voice measures obtained from sustained vowels,
glides and conversational speech. We also demonstrated the use of real-time biofeedback and
therapist/patient comparisons to maximise client motivation throughout therapy. To date, the tool has
been used by more than 3000 speech therapists in France and internationally.
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