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Innovations and Clinical Tools
with Al from the National
Acoustic Laboratories

Matt Croteau, MS; Vicky Zhang, PhD; Jessica Monaghan, PhD



Matt Croteau, MDesSc, MClinAud

Matt Croteau is a research audiologist with a science and
technical background who has worked in the areas of hearing
assessment, diagnosis, and rehabilitation for adult, paediatric,
and complex clients. Much of the research he undertakes at NAL
IS In understanding individual impacts of hearing loss and the
evaluation and development of new solutions and technologies.



Vicky Zhang, PhD

Dr. Zhang is a Senior Researcher with over 20 years of
experience in the area of hearing assessment and rehabilitation
for children with hearing loss. Her main research has focused on
investigating the efficacy of early intervention for populations of
children with bilateral hearing loss or unilateral hearing loss, and
evaluation of sound detection and discrimination in children with
hearing loss. Additionally, she is passionate about exploring the
applications of telehealth and Al technology in the field of
audiology.



Jessica Monaghan, PhD

Dr Jessica Monaghan is a Senior Research Scientist at the
National Acoustic Laboratories in Sydney, specializing in the
application of machine learning to hearing healthcare. Her
experience encompasses work on automatic speech recognition,
cochlear implant algorithms, and noise-reduction techniques. Her
current research focuses on leveraging the power of machine
learning to develop new approaches for identifying hearing loss,
as well as improving the performance and personalization of
hearing devices.
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Learning Outcomes

After this course, participants will be able to:

 Describe the barriers to widespread hearing screening of children
between the newborn period and starting school and identify

potential differences in the speech of children with and without
hearing loss.

 Describe traditional methods for assessing speech intelligibility
performance and assess the reliability and validity of Al-based
method compared to results obtained from human listeners and
discuss the potential implication for early intervention.

* Discuss how to locate, share, and use the NALguide as a resource
or counselling tool.



An Introduction to NALguide:
Hearing Aid Features
Explained

Matt Croteau MDesSc, MCIlinAud
Research Audiologist



Course Overview

* What is NALguide?
* Why did we create this?

- How did we go about it?

* Using the Guide:
* Where to find it.
« Overview of the interactive online version.
« Overview of the pdf version.
* Printable booklet.
- Examples of use.

 What's next?



What is NALguide?

* NALguide: Hearing Aid Features
Explained

* An easy-to-understand guide that
helps simplify and explain hearing
aid technologies and features.

- Based on a comprehensive
scoping review of current hearing
devices.

* Starting with high-level over-
arching categories down to finer
detail and descriptions.



Why have a guide at all?

* It all comes down to making information accessible.
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Inaccessible Information: Too much, too
little, or incomprehensible.
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Where do patients get their information”?
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Let’'s demystify and make this easy...

* NAL recognised an
opportunity to begin a
scoping review of current
hearing aid technology and
identify a number of potential
outputs and uses for this
review.



Let’'s demystify and make this easy...

» Clarify the current landscape of
hearing aid technology in a
condensed form as a reference
for stakeholders.

 Create a rolling inventory of
features and technology that is
both future-proof and easily
updated.

» Identify and track emerging and
niche fechnologies.

* Provide an easy-to-understand
guide for individuals to learn
about, consider, and discuss
hearing aids.
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Overview of the process:
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*Develop accessible
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* Adapted lexicon following
feedback from hearing aid
manufacturers & distributor
association

*Consumer & community input




Overview of the process:

- Key takeaways of how we did it:

» A team of engineers, audiologists, and researchers extracted
over 350 individual hearing aid features entirely from publicly
available sources (data sheets, marketing materials, white
papers, etc).

* These features were grouped into several feature families
(groups of similar technology or technologies with a similar
intended effect)

* These feature families were then assigned an overall benefit-
based intended purpose.



Overview of the process:

- Key takeaways of how we did it:

* After the scoping and mapping processes were completed, care
was taken to consult with important stakeholders — including
manufacturer associations and advocacy groups (namely
HAMADAA and Deafness Forum Australia) to ensure fair
categorisation of features and general accessibility in terms of
clear language and avoiding technical jargon.



The Guide

* The end result is a
comprehensive guide of
hearing aid features
with:

 Clear descriptions.

 Broadly categorised with
Intended purpose.

» Manufacturer agnostic.
» Easy to understand.

- Easy to follow and
engage with.



Overview of NALguide

 Three main versions:
* Interactive Online Version
 Downloadable and Printable PDF Version

» Downloadable Booklet (for professional printing
services)

Available at:

https://www.nal.gov.au/nal products/nalguide-hearing-aid-features-explained/

Note that a simplified version is also available on the Australian
Hearing Services Program Website

Q3, Q5


https://www.nal.gov.au/nal_products/nalguide-hearing-aid-features-explained/

Interactive Online Version

» Contains the greatest level of detail.
- Category
* Feature Family with descriptions
* Individual Features with definitions

» Navigable drop-down menus .

Q4



Interactive Online Version



Interactive Online Version



Interactive Online Version
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Downloadable and Printable PDF Version

» Contains Higher-Level Essential Detall
- Category
* Feature Family with descriptions

NALguide (online and downloadable version) available here:

https://www.nal.qgov.au/nal products/nalguide-hearing-aid-
features-explained/



https://www.nal.gov.au/nal_products/nalguide-hearing-aid-features-explained/

Downloadable and
Printable PDF Version



Downloadable and
Printable PDF Version



Downloadable Booklet (coming soon)

» Contains Higher-Level Essential Detall
* Introductory and Background Information
- Category
* Feature Family with descriptions

» Formatted for easy professional printing and binding.



Downloadable Booklet (coming soon)



Downloadable Booklet (coming soon)



Use Case

Margaret L., Age 71

- Margaret has been concerned about her hearing for about the last 5
years and was prompted to investigate her hearing by family
members (husband and son who has young children).

* She has spoken to friends who have hearing aids and is not
confident in some of the advice, as it is not consistent.

* She attended a hearing screening event and was recommended to
see an audiologist as she may have a hearing loss.

* At this event Margaret took a copy of NALguide



Use Case

Margaret L., Age 71

* Although she knows little about the specifics of her hearing
difficulty, she knows she has been struggling in key areas:
» Hearing the TV at a comfortable volume for the rest of the family.
* Following the conversation with friends at her book club.
» Understanding her grandchildren speak.



Use Case



Use Case



Use Case



Use Case



Also Note:

* Many Assistive Listening Devices (ALDs) and Personal Sound
Amplification Products (PSAPs) were included in the review,
and the feature descriptions and definitions are relevant to
ALDs and PSAPs.




What's Next?

Feedback on NALguide has been enthusiastic and encouraging
so far.

- Some key points that we have noticed:

* A desire to have printed booklets readily available for medical
practices, hearing clinics, pharmacies, eftc.

» Clinicians have been expressing an interest in a companion
feature guide designed for them, with deeper technical detail
and kept up to date with new, emerging, a niche trends.



Thanks to...

Paola Incerti Padraig Kitterick  Jorge Mejia Taegan Young

Jason Gavrillis

Megan Gilliver Xiaoyin Shang Sanna Hou Katja Turnbull

Australian Department of Health & Aged Care
- Deafness Forum Australia

Hearing Aid Manufacturers and Distributors Association of Australia
(HAMADAA)
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Al-powered Speech
Intelligibility Assessment for
Children

Vicky Zhang, PhD
Senior Researcher, NAL



Project Overview —
Background: Speech Intelligibility

« Speech Intelligibility (SI) reflects how well a child’s speech is understood by other
listeners. It is crucial to ensure children’s overall speech and language development.

 Children with hearing loss (HL) typically have lower Sl scores than children with normal
hearing (NH), which may lead to poorer communication outcomes, and potentially have a
negative impact on their academic achievements and social integration.

NH HL_1 HL_HL2




Project Overview —
Background: Speech Intelligibility

» Early childhood is a critical period for
language and speech development.
ldentifying Sl issues at a young age
allows for appropriate clinical
management and support.

* Advancements in assessment tools
and techniques will enable more
accurate and efficient evaluations of
S|, hence facilitating timely decisions
on intervention strategies.



Project Overview —
Background: Methods for Measuring Speech Intelligibility

» The optimal methods for assessing Sl, including the choice of speech material (honsense
words, words, continuous speech), evaluation techniques (translation or scale-based
ratings), and listener expertise, are still under debated.

Q2

» There are currently two main methods: transcription and scale-based ratings:

Measurement Material Description Issues/Comments
Method example
Transcription | Beginner's 3 inexperienced listeners who The process is time-consuming;
Intelligibility | listen, transcribe, and score It is relatively more accurate than the scale method,
Test (BIT) speech samples but subject to evaluator variability.
Scale 7-point SI Raters (parents, teachers, Faster but provide less information than the transcription
Rating (SIR) | unfamiliar individuals, and/or method;

professionals) evaluate how
well they understand the child's
speech in casual
conversations.

It is also subject to evaluator variability, e.g. parents and
professionals often provides higher Sl ratings, which may
not accurately represent how well the speech can be
understood by naive listeners.




PROJECT OVERVIEW



Project Objectives

* To improve the efficiency of Sl assessment for young children
by developing an Al-based method,;

 To validate whether the Al-based method can provide
comparable accuracy results as na¥e listeners;

* To investigate whether the Al-based method can distinguish
between Sl performance in children with HL and those with NH.



Project Overview

« SI MEASURE
» Beginner's Intelligibility Test (BIT)
* 4 lists of 10 simple sentences; each sentence includes 2 to 6
words
« Each child was randomly allocated a list of 10 sentences
« SPEECH SAMPLES FROM CHILDREN AGED 5 YEARS
OLD
« All children have cleaned BIT audio recordings:
* NH group: N=85 children (850 sentences)
« HL group: N=214 children (2140 sentences)
» Total N= 299 children (2990 sentences)
* No reported additional disabilities
 All children are native English speakers

» HL group: all children received their 1st hearing aids (HAs,
n=162) or 1st cochlear implants (Cls, n=52) before 3 years of
age.




The total number of children whose speech recordings were
transcribed by 3+ na%e listeners and whose SIR ratings were

P rOJ eCt Ove rVI eW assessed by 3+ na%e listeners and research speech

pathologists:
- LISTENER JUDGES - NH group: n=24 children (240 sentences)
- 69 Adult list : - HL group: n=34 children (25 HA; 10 CI) (340 sentences)
uitisteners. - Total: n= 58 (580 sentences)

* Aged between 18-40 years old

- Native Australian English speakers

» Passed hearing screening

* No previous exposure to children with HL

- TRANSCRIPTION AND SIR RATING

- Each BIT sentence was assessed by 3+ adult listeners
using the SIR rating scale and transcription method.

« Each listener transcribed and scored at least 3 children’s
speech recordings.

- Some children’s speech were evaluated using the SIR
scale and by research speech pathologists.



RESULTS



Review of
Al Transcription Models

Transcription examples Transcription example 1 Transcription example 2
(Q687) (Q671)

Reference list The boy walked to the table She is brushing her hair
by Al model 1 The boy walked to the table She is brushing her (hair)
models

model 2 The boy walked to the table She is brushing her hair

model 3 The boy wooked id the table on She is brushing her

model 4 The mo work a the table She is blushing

model 5 The bo dti hab She is blushing

model 6 The boy wodidde ta bo He was burshingh

model 7 The boy wodidde ta b He was burshingh
by Naxve nave listener 1 The boy walked to the table She is brushing her hair
listeners

nave listener 2 The boy walked in a table She is brushing her hair

nave listener 3 The boy walked at a table She is washing her hair

nave listener 4 The boy walked to the table She is brushing her hair



Transcription Performance Compared to the

Reference Lists

For speech samples of NH children:
« The overall percentage of correct words

achieved by the selected optimal Al model:

82.1%

 Averaged overall percentage of correct
words by 3 different na%e listeners: 92%

For speech samples of HI children:
« The overall percentage of correct words

achieved by the selected optimal Al model:

1%
 Averaged overall percentage of correct
words by 3 different na¥e listeners: 79%

Overall percentage of correct words

achieved by Al models (NH group)

Al Models Overall %
correct

model 1 82.1
model 2 71
model 3 59
model 4 o7
model 5 55
model 6 54
model 7 47
model 8 43
model 9 41

Al Models Overall %
(cont.) correct
model 10 40
model 11 39
model 12 36
model 13 34
model 14 31
model 15 31
model 16 31
model 17 29
model 18 23




WORD-LEVEL TRANSCRIPTION AGREEMENT USING BLAND-

ALTMAN PLOTS: Al VS. NANVE LISTENERS

« Speech samples of
NH children (N=240
sentences)

* The Al transcription
for NH samples at
the word level fell
within the 95%
confidence interval

range as recorded 5.8% (n=14) sentences outside the 95% Cl range
by na?e listeners. 5% (n=12) sentences outside the 95% Cl range

* Significant
correlation in the
number of correct
words between the
Al method and the
averaged results
from 3 na%e
listeners (r=-0.86,
p<0.001)

4.2% (n=10) sentences outside the 95% Cl range 4.6% (n=11) sentences outside the 95% Cl range



WORD-LEVEL TRANSCRIPTION AGREEMENT USING BLAND-ALTMAN
PLOTS: Al VS. NAVE LISTENERS

» Speech samples of HI
children (N=340
sentences)

* The Al transcription for
HIl samples at the word
level fell within the 95%
confidence interval range

as recorded by na,"/e 8.5% (n=29) sentences outside the 95% Cl range
listeners. 7.6% (n=26) sentences outside the 95% Cl range

« Significant correlation in
the number of correct
words between the Al
method and the
averaged results from 3
na¥e listeners (r=-0.82,
p<0.001)

7.3% (n=25) sentences outside the 95% Cl range 5.6% (n=19) sentences outside the 95% Cl range



Consistency Analysis Among Al Model and

Na¥e Listeners

WORD-LEVEL INTRACLASS CORRELATION COEFFICIENT (ICC)
RESULTS

ICC ICC ICC ICC
(NH group) (HI group) (ClI group only) | (HA group only)

Within na%e listeners only 0.952 0.915 0.957 0.895
Selected Al model vs individual 0.955 0.927 0.955 0.914
na¥e listener’ results

Selected Al model vs averaged 0.921 0.896 0.904 0.888

na?¥e listeners’ results

« Treat the Al model as one of the raters.
» High consistency results are observed between the Al model and na%e listeners within each group of children.

« |CC scores are slightly higher for the NH group than for the other groups, with the HA group exhibiting the lowest
ICC scores.



Distinguishing S| Performance In Different Device
Groups: Al Transcription vs. Na%e Listener Ratings

» Averaged SIR scores rated by different na%e
listeners: Significant differences are observed
between children with NH and children fitted with HA.

 Using the overall % correct scores by the Al model:

_  Children with HA show significantly poorer S| performance
* SIR rated by research speech pathologists: compared to their NH peers, or children with Cls.

No significant difference observed among 3 - There is no significant difference between NH and CI groups.
groups of children (p = 0.081) - F(2,55)= 9.5, p<0.001.



Summary

* This study identified an optimal Al language model for
automated transcription of children's speech recordings.

» The Al method demonstrates high accuracy and internal

consistency with transcriptions recorded by na%e listeners for
both NH and HL groups of children.

 Overall, the validated Al-based method has the potential to
revolutionize the assessment of speech intelligibility by using a
more efficient and objective approach.



Jessica Monaghan Jorge Mejia Viji Easwar



Using Al to detect hearing loss
from children's speech

Jessica Monaghan, PhD
Senior Research Scientist



The Problem

» Untreated hearing loss in children
can have serious and life-long
consequences but is often not picked
up until children start school.

* Australian children are screened at
birth for hearing loss but prevalence
of permanent childhood hearing loss
developing subsequently is just as
great as that detected at birth

« Currently rely on parents suspecting
their child has hearing loss.

400

2 ¥ ¥ 8

Murmber first fitted in 2015
g

g 2

=)

Age of children first fitted with hearing aids in 2019

=1 1 2 3 4 & L] T & Lt 10

Age in yvears at fitting



The Problem

* Only 30% of children with moderate
hearing loss and only 50% of children
with severe/profound hearing loss are
identified by parents

» Screening pre-school children requires
expertise and specialist equipment, not
feasible at scale

* A new screening approach is needed to
identify hearing loss before children start

school

Q1



Speech and Hearing Loss

« Speech development is impacted by hearing loss.

 Acquisition of all phonemes is delayed in children
with hearing loss.

« Shorter delay for vowels (longer duration and
greater energy) than consonants

* Longest delay for fricatives (high frequency
consonants)

» Two-year olds with hearing loss three-times as
likely to miss final consonants in their speech

» Can Al be trained to detect the ‘signature’ of
hearing loss in children’s speech?

Q2



ldentifying Health Conditions through Speech

» Biomarkers speech have been used to identify health conditions
with a high degree of accuracy such as:
» Chronic pulmonary disease
» Parkinson’s
* Alzheimer’s

* Depression
- COVID-19

* There are even some commercially available mobile apps using
this kind of technology



Proof of Concept — Speech Data

» Speech recordings from LOCHI study

» 3 year-old children are prompted with pictures to
say 50 words — ‘Elephant’, ‘girl’, ‘lighthouse’

» Sessions were recorded and provide material for
audio analysis

» Recordings from 39 children with normal hearing
(NH) and 110 children with hearing loss (HL)

» Speech manually isolated



Proof of Concept — Phoneme Production

* |nitial analysis
looking at transcripts
from speech
pathologists

- Compared accuracy
of phonemes
produced for
children with HL/NH

 Fricatives f, v, s, z
show greatest
differences



Proof of Concept — Machine Learning

* We wanted to directly
analyse the acoustics
of the speech

« Convert speech
recordings into
feature \éef?tors’ which
capture different
information about the » »
speech, e.g., pitch,
formants, shape of
the spectrum



Q3

Proof of Concept — Machine Learning

* A machine learning model Input LSTM  LSTM Softmax
is trained with many Layer Layer 1 Layer2 Layer

examples of the feature N

vectors corresponding to \\\\ //&\\ ///.
speech from children with ~\\§\'\"l7’/§.*"\'!/"‘
A\ h\‘

NH and HL SIS Mo N A ) | NH
* 96% accuracy for HL, 97% \,g//,,:\@< W"‘*'
accuracy for NH 211%()\\\\ A@{é. pas Ons JHL
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7, “%\\ av;

* 97% accuracy overall




Proof of Concept Summary

* Proof of concept results very promising with relatively small dataset
» Accuracy higher than most traditional screening approaches

* Indicates that it may be possible to use speech to screen hearing in
pre-school children & potentially older age groups

* Opportunity for unobtrusive and convenient screening approach —
phone app, smart speaker, website



Discovery: Do parents want this solution?

» We informally interviewed parents
of children in the target age range
about:

» whether they ever had concerns
about speech and hearing

* their experience with the current
hearing screening pathway (if any)

» whether they would use the
proposed solution



Discovery: Do parents want this solution?

» Problems with hearing and speech very common — most parents had concerns

« Parents often perceived hearing problems as speech problems and did not seek referral
for hearing test

« GPs not identifying hearing and speech problems and not referring for hearing test if
referring to speech pathologist

 For children who were tested, there was often many months delay before hearing test
takes place

« Parents want hearing check before starting school — several compared to vision check of
4 year-olds

* Like the idea of not having to go to GP to check
- Would want app to test speech as well as hearing

« Would want GPs/day-care/early childhood nurses/ Raising Children webpage to
recommend an app

* Reputable source important



Discovery: Do parents want this solution?

Quotes about the solutions and whether parents would want the app:
- “Amazing! | can’t imagine anyone saying they didn’t want that.”

* “Amazing. That would be excellent. | think it would be really popular
with parents.”
* “OMG 100%”

- “It would save me a GP visit. Parents are busy, working and looking
after kids so it's a time thing.”

* “| think it's essential there is a hearing screening like the eye test
before they start school. Make sure no one slips through the gaps.”



Next Stage —
Collecting a Larger Speech Database

* Received grant funding from the Australia National Health and
Medical Research council to develop solution

» Larger and more diverse speech database needed to ensure
accuracy is high for all demographics and backgrounds

- We are developing app to collect speech samples from 272 - 3%
year old children in their homes

* Goal: collect speech samples from up to 1000 children with and
without hearing loss across Australia

* This will enable us to train an Al-powered app to deliver immediate,
accurate hearing-screening results, and recommendations



OME

* As well as permanent hearing loss children can
also experience hearing loss as a result of otitis
media with effusion (OME), or ‘glue ear’,

« OME is very common in young children, affecting
80% of Australian children by the age of three
Particularly prevalent and often chronic in
Aboriginal and Torres Strait Islander children

« We will collect also speech data from children
with OME to determine whether it can be
detected from speech

 Potential to be a valuable tool for ongoing
screening and monitoring



App Piloting

* Parents and children run through the app in front of
researchers

* Questions for refinements:

 Are the app instructions clear enough to guide the parent
through the app without guidance from researcher?

* Are the words familiar to the child?

* Do the pictures clearly convey the target word to the
child?

* Are the pictures and rewards sufficiently stimulating to
sustain the child’s attention?

 Are the parent and child happy with the test duration?

* The app is refined in between piloting sessions based on
user feedback and researcher observations



App Piloting



App Piloting



Piloting Summary

* App was piloted with children with NH and HL and a range of SES

 Overall, the words chosen were familiar and the target word was
elicited after prompting

* Some pictures were replaced to improve target
* Video instructions were preferred and easier for parents to follow

« Some parents felt that 60 words was too long so will be reduced to
45-50 with opportunity to pause the test and return later

 Children generally found the app fun and enjoyed the reward images



Summary and Next Steps

* Proof of concept work demonstrates it is possible to identify hearing
loss in young children from a sample of their speech using Al

* Potential to be used as a convenient and inexpensive screening tool

* Collecting a large and diverse speech dataset will increase
robustness of tool and reduce bias

 Potential to detect OME as well as permanent hearing loss will be
tested

» Speech collection app to be released early next year



This research is funded by the Australian Government through the Department of
T h a n kS to Health and Aged Care and through an NHMRC Ideas Grant

Arun Sebastian Vicky Zhang Padraig Kitterick Angela Wong

Viji Easwar Nicky Chong-White Jorge Mejia Emi Vella



Thank you!
Questions?

Matt Croteau MDesSc, MCIlinAud, Research Audiologist
Vicky Zhang, PhD, Senior Researcher, NAL
Jessica Monaghan, PhD, Senior Research Scientist
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