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Boothless Audiometry Part 1
• Engineering Perspectives and Learnings

Presentation Contents

Discussion of ANSI/ASA Standards that apply to Boothless Audiometry

Applying Standards to testing in non-ideal settings

Measuring the Acoustical Spectral Signature of the boothless testing area

Understanding and Dealing with unavoidable noise in the test area

Summary of key Boothless Audiometer requirements

Future directions in Audio, Therapeutic Audio, and Audiometric devices 
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ANSI S3.1-2008 MPANLs

Maximum Permissible Ambient Noise Levels
ANSI/ASA S3.1-2008

ANSI specifies the maximum amount of noise that is permitted in an 
auditory test booth for successful hearing threshold measurements.



Specification for Audiometric Devices
ANSI/ASA S3.6-2018

The ANSI Standard specifies:
• The labelling of Audiometric Medical Devices  (e.g. 1HFA)
• The functionality and performance requirements for Audiometric 

Medical Devices.

If the device is compliant with the Standard, FDA 510k not required but 
FDA GMP compliance by the manufacturer of the device is required in 
the USA.  Pre-Market Approval by the FDA is still required 
tympanometry and electrophysiology devices.



Passive Attenuation of Hearing Protection Devices
ANSI/ASA S12.42-2010

ANSI specifies the allowable methods to be used to measure the Passive 
Attenuation of hearing protection devices.
USAARL Report No. 2012-14, Robert Williams, (Use of Head and Torso 
Simulator)



Measuring Acoustical Spectral Signature

• NIOSH Sound Level Meter App
– Developed by CDC
– Meets Type 2 requirements of IEC 

61672:3 SLM standard when used w/ 
external microphone.

– MicW calibrated microphone

• Sound Meter Pro App for IOS
– Faberacoustical.com

Two Examples:



Acoustical Spectral Signatures 
Auditory Isolation Performance

Brungart, et. al. Using tablet-based technology to deliver time-efficient ototoxicity monitoring, 2017, 
International Journal of Audiology
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Headphone Maximum Permissible Ambient Noise Levels

  ANSI S3.1-2008 MPANLs

  Creare Wireless Screener

KUDUwave

  Sennheiser HDA 200 (RadioEar DD450)

  Sennheiser HDA 300

  JHU Ambient Noise, mean

  PVAMC Ambient Noise, mean



Calibration Considerations

MicW I series boundary mic, $100Sennheiser HD 280 Pro, $100



Listen for the tone?  Too Noisy to test!

Active Ambient Noise Monitoring prior to making the measurement
• Ambient and impulsive noise
• Broadband
• Narrowband (frequency selective)



Active Noise Suppression

Amar Bose PhD, The World is a Noisy Place, 2009
Wu, et al., Noise Cancelling Headphones, 2014

© INTERLINK MEDIA, 2016
Inner fidelity , Tyll Hertsens, 2016

Bose Quiet Comfort 35 Wired Active

Note: This is presented for example purposes only and 
does not represent an endorsement of any individual 
product by the NCRAR or the presenter.

Amar Bose, PhD, 1978, 1989, 2009

Publications of Interest:
Accuracy of Mobile-Based Audiometry in the 
Evaluation of Hearing Loss in Quiet and Noise, 
Saliba et. Al, 2016, Otolaryngology-Head and Neck 
Surgery



Boothless Testing Device Requirements
(Partial List)

• ANSI S3.6 Compliant  Device with HF capability
• 100 dB SPL output from 250 to 20,000 Hz (ototoxicity)
• Accurate threshold determination in environmental noise 

conditions up to 55 dB SPL
• Active wide and narrow band ambient noise monitoring
• Manual, Automatic, Local, and Remote testing capabilities 
• Auto Threshold and SRO screening test
• Middle Ear Testing
• Word and Speech intelligibility testing
• Test and Subject confidence rating system
• Secure Local Machine subject data storage
• Secure Cellular Modem and/or Network data transmission
• VA IT Network/Applications Evaluation Group approval (VA only)



Platform Evolutions: OtoID and others
2006 2011

2015 2017

2013

Beyond



The Promise of 
Portable 
Automated Rapid 
Testing (PART)

https://bgc.ucr.edu/games

https://bgc.ucr.edu/games


Apple Air Pods Pro

Bose HearPhones

Made for IPhone

Technology and Industry Convergence regarding Audibility

IQ Buds Boost Etymotic



Technology and Industry Convergence regarding Audibility and Functionality
One company’s opinion

** Personal Sound Amplification Products
† Prescription Only



Summary
• Automated testing outside of the booth has been 

occurring for over 20 years for NCRAR research.
• Boothless Audiometry has been in use for many 

years and is a common practice in the world 
community.

• The technologies that support tele-audiology 
and tele-medicine are rapidly evolving to shape 
the future of “Point of Care” diagnosis and 
therapeutics.



Important solutions that you will 
learn about today!

Note: This is presented for example purposes only and 
does not represent an endorsement of any individual 
product by the VA, NCRAR, or the presenters.
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VA Telehealth Definitions

▪Telehealth: 

▪ The use of electronic information or telecommunications technologies to 
support clinical health care, patient and professional health-related 
education, public health, and health administration at a distance.

▪Telehealth Modalities:

▪ Clinical Video Telehealth (CVT)
▪ Real-time videoconferencing between VA medical centers and CBOCs that replicates face-

to-face care between patient and provider

▪ CVT to Home (CVTHm) - Real-time videoconferencing between VA providers into the 
patient’s home to replicate face-to-face care between patient and provider

▪ Store-and-Forward Telehealth (SFT)
▪ Acquisition, storage, and forwarding of clinical images to experts for review

▪ Home Telehealth (Remote Monitoring) 
▪ Monitors patients and manages diseases through video into the home and use of mobile 

devices for acute and chronic management and health promotion/disease prevention 



Anywhere to Anywhere



1. Anywhere to Anywhere Telehealth Legislation signed into law as part of the VA 
MISSION Act on June 6, 2018. The June 6 law and the June 11 regulation/rule (see 2. 
below) will eventually merge.

2. Anywhere to Anywhere Telehealth Regulation published as final in the Federal 
Register with effective date of Monday June 11, 2018.

Legal Authority

https://www.federalregister.gov/documents/2018/05/11/2018-10114/authority-of-health-care-providers-to-

practice-telehealth
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Summary

KUDUwav
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AC Diagnostic

AC Screening

BC Screening

BC Diagnostic

Speech SRT

Speech WRS

Masking 

Automated

Manual

HC 
technician/provider

Audiologist

Tympanometry
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• Clinical Video Telehealth (CVT)

– Remote diagnostics, fittings, and follow ups

– Audiologic Rehab and Tinnitus Education 

– Remote Cochlear Implant Programming

• Clinical Video Telehealth to Home (CVTHm)

– Remote fine-tuning for hearing aids

• Store and Forward Telehealth (SFT)

– Asynchronous hearing testing with images

Teleaudiology Portfolio



Clinical Video Telehealth 

(CVT)



Clinical Video Telehealth

8



TeleAudiology Outcomes-IOI-HA

VA has collected 16,903 Tele-Audiology outcomes.
Use Ben ActLim Sat PartRest ImpOth QOL

All Veterans  4.47 4.10 3.87 4.43 3.87 3.93 4.07

Telehealth 4.53 4.18 3.97 4.51 4.03 4.04 4.12
Scoring: 1=poorest outcome, 5=best outcome

Tele-Audiology outcomes are as good
as, or better than,
traditional face-to-face encounters.
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Cochlear Implants
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Enterprise Remote Tuning of Hearing 

Instruments (ERTHI) 
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Enterprise Remote Tuning of Hearing Instruments 

CVTHm
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IMPORTANCE OF VIDEO
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AUDIOLOGY SFT-AUTOMATED AUDIOMETRY
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• AC/BC (including all interoctaves)

• Brief Instructions

AUTOMATED AUDIOMETRY
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Transducer Placement

16



VIDEO OTOSCOPY
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EXTERNAL EAR IMAGES
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Measurement in mm converted to RIC sizes

EXTERNAL EAR IMAGES
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AUDIOGRAM-QUALITY INDICATORS 
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VISN Clinical Resource Hubs



Clinical Resource Hub-VISN 19



• Otoscopy

– Personal otoscopes that hook to a tablet or 
smartphone

• In situ audiometry

• Fitting verification methods

• Portable, reusable diagnostics units to 
ship to the home

What are we trying to add to our Virtual toolbox? 



• Purpose/Mission:  The DoD and VA Boothless Audiometry Networking Group (BANG) collaborates, 

shares, and gathers information from Audiology leaders, clinicians, and researchers to increase 

awareness, understanding, and capabilities, and to leverage boothless audiometry to provide timely (or 

on time) access to hearing health services. 

• Goals:

• Develop a centralized list of current DoD and VA boothless audiometry projects and studies to 

ensure greater awareness and visibility of all studies and avoid duplication of effort. 

• Gather information about how boothless audiometry is currently being used, or has been used 

previously, in various settings: clinical audiology, deployed, remote, and other medical settings, 

e.g., waiting areas, diabetes clinics, outpatient clinics).

• Evaluate Boothless Audiometry Technology State of the Science from published research, industry, 

and stakeholders to gain knowledge of the use and capabilities of boothless audiometry products 

and smart phone hearing test Apps.   

• Review FDA-approved boothless audiometry products and maintain a current, accessible 

database, including detailed technical and operational capabilities of each product.  

• Determine and develop a boothless audiometry best practice guideline and toolkit for DoD and VA 

hearing health professionals.  
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