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Introduction

• New technologies offer opportunities to 
improve/expand our ability to provide 
audiometric testing services to workers.

• Traditional approaches are equipment and 
labor intensive.

• How can we bring audiometric                         
monitoring for hearing conservation                                    
programs into the 21st century?



Headset Development

• Identified key features that could increase access to 
audiometric testing services: 
1. Attenuation, 
2. Validation against audiometry standards,
3. Portability,
4. Usability

• Tested prototypes 
– Bench top tests, sound chamber with acoustic test fixtures, 

and human subject testing (fit, attenuation, RetSPLs)

• Refined design for manufacturability

• Actively conducting human studies



Greater Attenuation Means Testing in 
More Locations
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Integrated Microphones Measure 
Noise at the Ear

1. Deep earcup

2. Foam

3. Electronics

4. Speaker plate

5. Speaker and microphone

6. Grill

7. Fabric cover

8. Earseal and spacer 



Designed for mobile platforms 
to enable portability

Easily administer hearing 
exams on a tablet

Gather data from 
multiple sites

Track in database or use 
printouts



• Attenuation (ANSI S12.6-2008 Method A)

• Ref. Equivalent Sound Pressure Levels (ISO 389)
– Performed by collaborators at House Clinic 

Preliminary Studies



Study Aims

• To assess the test/retest variability of the device when 
testing industrial workers at a worksite as compared to 
automated hearing thresholds obtained in a mobile 
van test setting.

• To subjectively assess the usability of the Creare
headset automated hearing testing device by adults 
who do not routinely deliver hearing tests in the course 
of their work (EH&S, HR, Management personnel) 



Study Design
• Participants: 20 pairs of listeners (workers) and untrained 

testers (EH&S/Administrative staff) recruited from a large local 
craft brewery.

• Test/Retest of Creare Headset: 2 sequential tests with headset 
removed and replaced between each hearing test.

– 500 Hz

– 1000 Hz

– 2000 Hz

– 3000 Hz

– 4000 Hz

– 6000 Hz

– 8000 Hz



Study Design

• Benchmark Test: Mobile trailer audiometry conducted 
with Benson CCA-200m audiometer (TDH 39 
earphones) with in-line sound level meter monitoring 
for OSHA compliance. Single-walled test booth.



Study Design
• Test Operators: No experience in hearing testing. 

Testers only followed on-screen instructions from 
iPad. Listener was allowed to adjust headset without 
removing (no instructions given). 



Test Environments

• Rooms at Plant: 6 rooms were utilized at the brewery 
site for the Creare headset testing. The rooms were 
selected by the EH&S staff with regard to available 
plant space that could be used for hearing tests if on-
site testing were feasible. 

• Ambient Noise Levels: octave-band sound pressure 
levels were measured during each hearing test with 
Quest 2900 SLM with OB-300 filter set.



BLUE Room



GREEN Room



BAMBOO Room



CONCRETE Room



BROWN Room
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Ambient Noise Measurements



Room Noise Levels



Subject Population

N = 20



Comparison Between Systems



Repeatability



Repeatability: 2-4 kHz

σ= 2.2 dB
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Operator placed headset easily

Fit well, sealed outside noise

No discomfort felt

Headset was stable, stayed in place

Headset was no problem to wear

Was easy to respond to tones

Computer made hearing test fun

Room test as accurate as booth test
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Operator Survey
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The wireless hearing test device is
simple to operate

The headset was easy to place on the
listener

The wireless hearing test software
(app) was intuitive

The headset visually appeared to seal
the ear adequately

I would use this wireless hearing test
system if available to me
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Conclusions

• This innovative noise attenuating wireless headset is reliable, 
and results are comparable to other audiometric earphones 
or headphones used for audiometric monitoring in the 
occupational setting.

• The noise attenuating wireless headset enables valid hearing 
threshold measurement outside of a sound booth in an 
industrial work environment.

• The noise attenuating wireless headset is easily operated and 
well received by both untrained testers and hearing test 
takers.
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Ambient noise data used to estimate required attenuation to achieve MPANLs

– Five different locations within Johns Hopkins Hospital

Busch-Vishniac IJ, West JE, Barnhill C, Hunter T, Orellana D, Chivukula R. Noise Levels in Johns 
Hopkins Hospital. The Journal of the Acoustical Society of America. 2005;118:3629

– Nine schools in the Northern Colorado area

Adkisson MH. Ambient Noise Levels Present During School Hearing Screenings. University of 
Northern Colorado; 2012

– Ten nursing homes in northern Illinois

Lankford JE, Hopkins CM. Ambient Noise Levels in Nursing Homes: Implications for Audiometric 
Assessment. American Journal of Audiology. 2000;9(1):30

Attenuation 

– HDA 200 Headphones

Sennheiser Electronic Corporation. HDA 200 Audiometric Headphone. Instruction Manual. 
www.sennheiserusa.com/media/productDownloads/instructionManuals/HDA200_Instructionsforuse.pdf

– ER3A Insert Earphones

Berger, E. H., and Mead C. Killion. "Comparison of the noise attenuation of three audiometric 
earphones, with additional data on masking near threshold." The Journal of the Acoustical Society 
of America 86, no. 4 (1989): 1392-1403.
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