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Advantages of Automation

Optimize use of audiologists’ time
Standardization

Quantitative quality assessment
Decrease errors

Decrease cost

Increase Access

Telemedicine
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Hearing Evaluation: Obstacles to Access

Personnel

* Equipment Cost

« Calibration

« Patient Resistance

« Travel to Care Center

e Treatment Costs
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Audiograms - Capacity v. Need
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Margolis, R.H., Morgan, D.E.. Automated Pure-Tone Audiometry: An Analysis of Capacity, Need, and
Benefit. Amer J Audiology, 17, 109-113, 2008.
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Automating Pure Tone Audiometry
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Disadvantage of Automation

Loss of audiologist expertise

+
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AMTAS®

(U.S. Patents 6496585, 7704216, 8075494)

Features

« Single-interval forced choice

« Self-paced

« Contralateral masking always presented

« Adult and child versions

« Complete air and bone conduction audiogram without examiner intervention
* Remote Monitor

« Quantitative quality assessment
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AMTAS®
Audiometric Report
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QUALITY ASSESSMENT

Principles

Removing the audiologist from the test process eliminates the expertise required to
identify problems.

The information used by audiologists to identify problems can be tracked, quantified,
and used by computers.

Subject characteristics and behaviors (Quality Indicators) exist that are correlated with
test accuracy.

Quality Indicators can be used to quantitatively predict test accuracy.
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Qualind ®

(U.S. Patent 7,704,216)

A Method for Predicting the Accuracy of a Test Result
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Qualind

Quality Indicators

« Masker Alert Rate

« Time per Trial

» False Alarm Rate
 Test-retest Difference

« Quality Check Fail Rate
« Air-Bone Gap > 35 dB

« Air-Bone Gap<-10dB
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Quality Assessment N = 123 Adult Ss with

sensorineural hearing
Predicted AMTAS/Manual Differences loss
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Automating Pure Tone Audiometry

Technical Problems
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Transducers routinely used
for audiometry are poorly
designed for automated
testing.
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Audiometric Earphones

Design Objectives

Calibration
Ambient Noise Attenuation
Interaural Attenuation
Comfort
Occlusion Effect
Cost
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Audiometric Earphones

Options
Supra-aural Inserts

Telephonics TDH ER3A

Interacoustics DD45 ER5
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Audiometric Earphones
Options

Circumaural

Sennheiser HDA 200

Sennheiser HD 280Pro
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Bone Conduction
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Bone Conduction Vibrators

Radioear B71

Radioear B81 " prm——

000063 . 5eloe

UNIVERSITY OF MINNESOTA
Driven to Discover*

Audiology Incorporated



Beyond the Audiology Clinic:
Innovations and Possibilities of Connected Health

Bone Conduction Vibrator Location

Mastoid

Forehead

I an) P
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Air-Bone Gaps
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The 4 kHz Air-Bone Gap

UNIVERSITY OF MINNESOTA
Driven to Discover*

Audiology Incorporated



Beyond the Audiology Clinic:
Innovations and Possibilities of Connected Health

Air-Bone Gaps

AMTAS ® Audiometric Report

AUDIOGRAM
Fre

HORMAL HEARING
1

4 kHz Air-Bone Gaps
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Air-Bone Gaps
Air-Bone Gaps In Sensorineural Hearing LosS

AIR-BONE GAPS (dB) IN SNHL

FREQUENCY (kHz)

Margolis, R.H., Glasberg, B.R., Creeke, S., Moore, B.C.J. AMTAS® - Automated Method for
Testing Auditory Sensitivity: Validation Studies. Int J Audiology, 49, 185-194, 2010.
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Air-Bone Gaps
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Margolis R.H., Moore B.C.J. 2011. AMTAS — Automated method for testing auditory sensitivity:
I11. Sensorineural hearing loss and air-bone gaps. Int. J. Audiol. In press.
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International Journal of Audiology 2013; 52: 526-532 informa

healthcare

Original Article

False air-bone gaps at 4 kHz in listeners with normal hearing
and sensorineural hearing loss

Robert H. Margolis*!, Robert H. Eikelboom*®", Chad Johnson*, Samantha M. Ginter*,
De Wet Swanepoel®#" & Brian C. J. Moore®

*Department of Otolanmgology, University of Mirmssota, Minneapoliz, Mirmssota, US4, Yudiology Incorporated, Arden Hills, Minnasota, USA,
{Ear Science Institute, Subiaco, Australia, *Department of Communication Pathelogy, University of Pretoria, Pretoria, South Africa, “Ear Sciences
Centre. School of Surgory. The University of Wartern Australia, Nedlands, Ausztralia, and 1Department of Experimental Pryehology, University of
Camébridge, Cambridgs, UK
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Air-Bone Gaps

* How to eliminate the 4 kHz air-bone gap:

 Calibrate 4 kHz bone conduction to a Reference
Equivalent Force Level 14.1 dB lower than standard

 Mastoid -21.4dBre: 1uN

 Forehead - 29.4 dB re: 1uN
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Variability of Air-Bone Gaps
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Air-Bone Gaps

AUDIOGRAM AUDIOGRAM
Frequency (Hz)

500 1000 2000

NORMAL HERRING NORMAL HEARING

Hearing Level (dB HL)
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Air-Bone Gaps

INTERTEST VARIABILITY AND THE AIR-BONE GAP

Gerald A. Studebaker

University of Oklahoma Medical Center
Oklahoma City, Oklahoma

Studebaker (1967). Intertest variability and the air-bone gap. J. Speech Hear Dis 32, 82-86.

The air-bone gap is a normally-distributed variable

The distribution of air-bone gaps is the distribution of differences between air-
conduction and bone-conduction thresholds

The standard deviation of the air-bone gap is 5 dB
Air-bone gap is zero 38% of the time

The probability that ABG = 0 for entire audiogram (5 frequencies) = 1/16,000
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Air-Bone Gaps

Audiology’s Dirty Little Secret

Bone Conduction Testing Is a Biased Experiment

In manual pure-tone audiometry
Air Conduction and Bone Conduction are NOT Independent
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THE MODEL

ASSUMPTIONS

 Air conduction thresholds and bone conduction thresholds are normally-distributed
variables.

* ABG is a normally-distributed variable with a variance that is the sum of the variances
of air-conduction and bone-conduction thresholds (Studebaker 1967).

e The standard deviation of air conduction thresholds for adult listeners is 3.34 dB
(Busselton Study).

e The standard deviation of bone conduction thresholds can be derived from the best fit
normal distribution of air-bone gaps.
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The Model
S, = 3.34 dB
Spe = 7.53dB

Shgg — 8.24 dB

Probability that
10 ABGs = 0:
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Composite Distribution of Air-Bone Gaps
Busselton Healthy Ageing Study
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How do you evaluate normality of a distribution?

Skewness Is a measure of asymmetry

S= 3 (Yi-Y)3
(n-1) s°

Kurtosis Is a measure of whether the data are peaked
(leptokurtic) or flat (platykurtic) relative to a normal
distribution

K= Z(Yi-Y)*
(n-1) s*

NIST/SEMATECH e-Handbook of Statistical Methods, http://www.itl.nist.qov/div898/handbook/, 2013.
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AMCLASS® Automated Classification of Audiograms

The Problem

Number of unique audiograms — Air and Bone Conduction

376 Billion
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AMCLASS — Automated Classification of Audiograms

[ Symmetrical Hearing Loss
Asymmetrical Hearing Loss

Normal Hearing

Mild

Flat Hearing Loss Moderate
Severe
Profound

Normal-Mild
Normal-Moderate
Normal-Severe
Mild-Moderate
Mild-Severe
Moderate-Severe
Severe-Profound
Profound

Sloping Hearing Loss

Mild-Normal
Moderate-Normal
Moderate-Mild
Severe-Nomal
Severe-Mild
Severe-Moderate
Profound-Severe
Profound

Mild
Severe
Mild
Severe
Mild
Severe

Rising Hearing Loss

Conductive
Sensorineural

Mixed

Sensorineural or Mixed

23 Rules for Configuration
45 Rules for Severity
56 Rules for Site of Lesion

37 Rules for Asymmetry
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AMCLASS

Interjudge Agreement
@ Configuration
@ Severity

OSite of Lesion AMCLASS v. Consensus Agreement
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AMCLASS - Symmetry
Interjudge Agreement

AMCLASS v. Consensus Agreement
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Margolis, R.H., Saly, G.L. Asymmetrical Hearing
Loss: Definition, Validation, Prevalence. Otology
and Neurotology, 29, 422-431, 2008.
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AMTAS®
Audiometric Report

AUDIOGR

1000 4000
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Bone Conduction Calibration
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Bone Conduction Calibration

Bruel & Kjaer Type 4930 Artificial Mastoid
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Bone Conduction Calibration

“Basic to the design of an artificial mastoid is the fact that the

bone vibrator must be placed on a material or device that will

simulate, accurately and reliably, the mechanical impedance of
the skin, flesh, and bone of the human mastoid” (p. 248).

Sanders JW, Olsen WO 1964. An evaluation of a new artificial mastoid as an instrument for
the calibration of audiometer bone-conduction systems. J Speech Hear. Dis. 29, 247-263.

The artificial mastoid “must present to the bone vibrator under
test the same mechanical impedance as average human mastoid
over the required frequency range ...

Whittle LS (1970). Problems of calibration in bone conduction. British J Audiol 4, 35-41.
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Bone Conduction Calibration

The calibration device must produce a reproducible measure of
the vibrator output that can be related to the normal threshold
of audibility when the device is placed on the head.
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AMBONE

Patent Pending
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AMBONE

Margolis, R.H., Stiepan, S.M. Acoustic Method for Calibration of Audiometric Bone Vibrators. J. Acoust. Soc.
Amer. 131, 1221-1225, 2012.
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Margolis, R.H., Stiepan, S.M. Acoustic Method for Calibration of Audiometric Bone Vibrators. J. Acoust. Soc.
Amer. 131, 1221-1225, 2012.
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AMWARE
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Fig.4.2. Sketch showing how the Calibration Set fits into its carry-
ing case

Bruel & Kjaer Type 4930 Instruction Manual
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INTELLIGENT HEARING

sEYEsETHEEVES

' AMBONE

Bone Calibratj
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HOME HEARING TEST
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Collaborators

AUDIOLOGY INCORPORATED

Robert H. Margolis
George S. Saly

Etymotic Research, Inc.
Mead Killion
Gail Gudmundsen
David Friesema
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Goal

Develop an affordable, accurate, automated hearing test
that can be self-administered at home

The test should have the following features:

e Calibration should meet standards for audiometers
» Instructions should be simple and clear
* Results should be accurate

« Quantitative measure of accuracy

Results should be communicated in clear understandable language
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Home Hearing Test®
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AMTAS ®©
Home Hearing Test
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