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Learning Objectives

• Why verification services are needed

• How verification services can build practice success

• New tools supporting accurate & efficient verification 

• Verification workflow considerations
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Build Practice Success
Why verification services are needed
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Evolving Product and Service Delivery

Big Box

Large Manufacturer Owned Chains

Internet Sales

OTCs
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Evolving Product and Service Delivery

• Expected to…

• Provide improved access to “hearing aids”

• Offer lower cost alternatives than historically 
available

• Drive consumer focus towards product as the 
sole solution
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How to address ‘product focus’ , 
differentiate and build practice success?

Verification Services

“Real-ear 
measurement”
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REM associated with…

• Improved audibility 

• Improved listening outcomes 

• Improved patient satisfaction

• Improved patient loyalty

• Improved perceived quality of services

• Improved fitting efficiency (reduce fitting visits)

*See Valente et al. (2018); Amlani et al. (2016, 2017); Abrams et al. (2012); Aazh & Moore (2007), etc.
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“Prescribed gain (output) from a validated 
prescriptive method should be verified 

using a probe-microphone approach that is 
referenced to ear canal SPL.”

American Academy of Audiology Best Practice Guidelines (2006)



©2022 Audioscan©2022 Audioscan

Ethical Considerations
“Members shall use all resources to 
provide the best possible service.”

“Members shall evaluate services 
and products rendered to 
determine effectiveness”.

Principle 1: 
ADA Code of 

Ethics

“Members shall provide only those 
procedures, products and services 
that are in the best interests of the 

patient.” 

Principle 3: 
ADA Code of 

Ethics
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Are we conducting REM?

* Mueller (1999); Mueller (2003); Mueller (2005); Mueller & Picou (2010); Mueller (2014); Valente (2022) 



©2022 Audioscan©2022 Audioscan

Some Reasons for NOT using REMs…

• “The fitting software will set it right, shows me what I need.”

• “Patients don’t like it at target.”

• “Too time consuming”

• “Too difficult”

• “Doesn’t make a difference” [to my patients or my practice]



Many studies have shown quick-fit 
underamplifies, including…

• Swan and Gatehouse (1995)

• Hawkins and Cook (2003)

• Aarts and Caffee (2005)

• Aazh and Moore (2007)

• Aazh et al (2012)

• Abrams et al (2012)

• Boymans and Dreschler (2012)

• Leavitt and Flexer (2012)

• Munro et al (2015)

• Sanders et al (2015)

• Amlani et al (2017)

• Valente et al (2018)

• Folkeard et al (2018)

• Pumford and Mueller (2020)

• ....
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Sanders, J., Stoody, T., Weber, J., Mueller, H., “Manufacturers’ NAL-NL2 Fittings Fail Real Ear Verification” 
Hearing Review, March 2015; 21(3): 24-32

55dB

N  = 16

65dB 75dB

Fitting software showed match within 1 dB!

NAL-NL2 REAR Results Using 5 Different 
Manufacturers’ Programming Software
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NAL-NL2 Comparison to 5 Different 
Manufacturers’ Proprietary Fittings

N  = 16

55dB          65dB          75dB          

Sanders, J., Stoody, T., Weber, J., Mueller, H., “Manufacturers’ NAL-NL2 Fittings Fail Real Ear Verification” 
Hearing Review, March 2015; 21(3): 24-32
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Importance of ‘Verified’ Audibility

Leavitt R., & Flexer, C. (2012). The importance of audibility in successful amplification of hearing loss. H Review, 19(13), 20-23. 
From Mueller, H.G. (2014, January). 20Q: Real-ear probe-microphone measures - 30 years of progress? AudiologyOnline,

Manufacturer’s Fit

Fitted to NAL-R

SNR 
Loss 
(dB)

N  = 5
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Importance of Verified Audibility – Real world
• Valente et al. (2018) 

– Double-blind randomized cross-over design 

– N = 24 New users; Mild to Mod losses

– Fitted w/’Premium’ RICs 

• REM (NAL-NL2) or Quick-Fit to Proprietary (~4 wks)

– Verified NAL-NL2 fittings significantly better

• Lab (e.g., speech recognition in quiet) 

• Real-world (e.g., APHAB) 

• Preference (19 of 24; ~ 80% preferred verified NL2 fitting)

Valente, M et al. (2018). Differences in word and phoneme recognition in quiet, sentence recognition in noise, and subjective outcomes 
between manufacturer first-fit and hearing aids programmed to NAL-NL2 using real-ear measures. JAAA, 29(08), 706-721.
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Effect of Service Delivery
on Hearing Aid Outcomes

• 154 Older Adults; Mild-to-Mod SNHL
• Mini-BTE HI’s (6 wk trial)

– Best practice (BP) (REM, HAO)
– OTC (no REM, no HAO) 
– Placebo (REUG, HAO)

• BP and OTC provided benefit
– PHAB, CST, HHIE

• However, 
– BP higher satisfaction than OTC
– BP more likely to purchase (81%) than OTC (55%)
– Placebo purchased by 36%

Humes et al. (2017). Effects of service delivery model and purchase price on 
hearing aid outcomes in older adults…. American Journal of Audiology.
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OTC: ‘Self-fit’ vs ‘Validated NAL-NL2’

Best for subject based on NAL-NL2

Device / 
Setting

X Y Z

Se
le

ct
ed

 b
y 

su
b

je
ct X 12 41 10

Y 1 13 11

Z 2 8 4

Adapted from Mueller (2017). 20Q: Hearing aid verification – can you afford not to? AudiologyOnline, Article 21716.

15

63
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“The average cost to provide services for a hearing aid fitting is $250 per hour. Assuming 
no reimbursement assistance of any kind, how much would you be willing-to-pay for the 
services you were provided?”

Willingness-to-Pay
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“What is the likelihood that you would expand your purchase of additional
services offered by this provider?”

Loyalty
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Loyalty
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“What is the likelihood that you would recommend this provider to family and friends?”

Negative

Positive
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Best Practice and Patient Loyalty
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Bentler, Mueller and Ricketts (2016). Modern Hearing Aids. Adapted from Kochkin (2011).  

N = 787
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Best Practice and Patient Visits

Kochkin, S., “MarkeTrak VIII: Reducing Patient Visits Through Verification & Validation” Hearing Review, June, 2011

1.2 fewer visits! 

N = 787
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Build Practice Success
Verification has never been easier, more accurate or more efficient



Leverage Verification Efficiency Options

Software-assisted Probe Tube Placement

Automated Verification to Target (AutoREMfits)

Pre-fitting devices via simulated REM (Test-Box)

Simultaneous bilateral measurements

Typical REM fitting < 10 mins
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Probe Tube Placement

• Location near TM required for accuracy (~5mm)

• Minimizes contamination of ‘standing waves’

• Challenging 

– Too deep = patient discomfort

– Too shallow = measurement error



Impact of probe tube 
location

• Green Curve = within 5mm of TM

• Purple Curve = extracted ~ 5mm

• Blue Curve = extracted ~ 10 mm

• Orange Curve = fully plugged 

29



ProbeGUIDE

• Software-assisted probe tube 
placement system

• Analyzes sound waves in ear 
canal to determine probe tube 
location & guide placement

• Real-time measures compared 
to acoustic model to indicate 
when probe tube ~ 5mm of TM
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How well does it work?

Key Takeaways

• PG equivalent to experienced 
clinician using typical visual method

– Acoustic Measures

– Marked Depth

– Visual Inspection

– Lack of Eardrum Contact

Folkeard P, Pumford J, Pietrobon J, Scollie S. Evaluation of Probe Guide: Software-assisted 
probe tube placement in hearing aid fittings. Hearing Review. 2019;26(11).
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autoREMfits

• Automatically measure and adjust hearing aid to targets

• Fitting software and REM system exchange data

• Clinician conducts some initial background programming

• Actual programming of device to target done automatically
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Some reasons to consider 
autoREMfits:

• Faster fit to target than manual

• Potential for improved target match 

–Unfamiliar products / software

–Inexperienced verifiers 
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How well does it work?
Key Takeaways

• Better target match than quick fit

• Equivalent target match as 
experienced clinician using 
manual methods

• Less time to verify to target (~50% 
less)

Folkeard P, Pumford J, Abbasalipour P, Willis N, Scollie S. A comparison of automated 
real-ear and traditional hearing aid fitting methods. Hearing Review. 2018;25(11):28-32.
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Key Takeaways
• Better target match than quick fit

• Good fit to target accuracy (RMSE 
~2dB) for 2 different audiograms / 
couplings (open and closed)

• Excellent test-retest reliability (<=1 dB)

Pumford J, Mueller HG. Using autoREMfit for hearing aid fitting and verification: 
Evidence of accuracy and reliability. Hearing Review. 2020;27(8):24-27.

How well does it work?
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Pre-Fitting in the Test Box
Simulated Real-Ear Measurements (S-REM)
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Benefit of Speechmap Test Box 
(Simulated REM)

• Program devices to target without the patient
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Same Speechmap, just in the box
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Instrument type-specific MLE 
added to input signal

Patient-specific RECD 
added to coupler 
measurement
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Venting Corrections in S-REM
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How well does it work?
Key Takeaways

• Vent correction significantly 
improved accuracy of S-REM 
prediction of REM

• Particularly in LF’s, average 
error reduced by ~ 10-15 dB 
for semi-open, open and 
vented earmold styles

Scollie, Folkeard, Pumford, Abbasalipour, Pietrobon (2022). Venting corrections 
improve the accuracy of coupler-based simulated real-ear verification for use 
with adult hearing aid fittings. JAAA. doi: 10.1055/a-1808-1275.
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Build Practice Success
Verification workflow considerations with direct-to-consumer hearing devices
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FDA OTC Final Rule and Verification

ANSI/CTA -
2051

• “PSAP Performance Criteria”

• Specifies Device 
Performance (Pass / Fail)

ANSI  s3.22-
2014

• “Specification of Hearing Aid 
Characteristics”

• Specifies Test Methods and 
Tolerances
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FDA OTC Final Rule – Technical Requirements

Measure Requirement

Maximum output (OSPL90) Not greater than 111 dB SPL peak (General)
Not greater than 117 dB SPL peak (IC active)

Full-on gain (FOG50) No limit

Total Harmonic Distortion (THD) Not greater than 5%

Self-generated (internal) noise Not greater than 32 dBA

Bandwidth <=250 Hz up to 5000 Hz or greater

Latency Not greater than 15 msec

Smoothness (Frequency response) No peak in 1/3rd octave > 12 dB above average levels 
of adjacent 1/3rd octaves…

• Information must appear in user documentation
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Now: ANSI Test 
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But what about audibility?
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Procedure:
• Evaluated a range of Hearing Aids and 

PSAPs re: target match capability
• Devices adjusted for best NAL-NL2 

REAR target match
– Soft (50) & Average (65) speech

• Determined % of total targets within 
+/- 5 dB from 250 – 6000 Hz

Concluded:
• Hearing Aids able to meet targets 

(suitable) for a range of hearing losses
• Most PSAPs able to meet targets 

(suitable) for only slight to mild 
hearing losses

• These OTC-like devices would not 
meet stated criteria that are suitable 
for mild to moderate losses

% of NAL-NL2 Targets Met

Adapted from oaktreeproducts.com/psap-probe-mic-performance
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What to consider…

• Establish objective vetting procedure for OTCs to identify 
possible devices for adults w/mild to moderate HL

• Establish off-the-shelf OTC purchase procedure 
distinguishable from traditional hearing aid dispensing 
models

• Establish an OTC servicing plan for current and new 
patients (i.e., OTC purchased elsewhere) with clear fee 
schedule for services

Bankaitis (2017). Our role in this disruptive environment – clinical and business 
practice issues. AudiologyOnline. Course #30085.
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Mock example for including OTCs

Choosing device

Programming –
many features

Verification

Pre-fit subjective 
outcome measure

Orientation, 
expectations, trial 

period, care/use

Cost = device + 
orientation + 
verification + 
programming

e.g., ($1300x2) + 
$1500 = $4100

High

Choosing device

Programming –
several features

Verification

Pre-fit subjective 
outcome measure

Orientation, 
expectation, trial 
period, care/use

Cost = device + 
orientation + 
verification + 
programming

e.g., ($850x2) + 
$1500 = $3200

Mid

Choosing device

Programming –
minimal features

Verification

Pre-fit subjective 
outcome measure

Orientation, 
expectation, trial 
period, care/use

Cost = device + 
orientation + 
verification + 
programming

e.g., ($450x2) + 
$1500 = $2400

Low

Choosing device

Expectation / uses

[Basic Verification 
(ANSI)]

Orientation –
insertion, removal, 

battery, cleaning

~ 20 minute fitting

Audiology Assistant

Cost = device + 
orientation

e.g., ($400x2) + 50 = 
$650

OTC

Adapted from Palmer, C. (2018, January). Signia Expert Series: Over-the-counter 
hearing aids - opportunity or disaster? AudiologyOnline, Article 21066
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Going Forward…

• The future impact of OTCs on the 
existing professional care 
environment is unclear

• Verification is a valuable clinical 
service we can use today to 
engage with prescription hearing 
aids and OTC devices 
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Summary

• Research and professional guidelines support the value of 
verification for patients and providers

• New verification tools can make the process easier and more 
efficient

• Verification services can be included in your workflow with 
traditional and OTC devices 

• Verification services highlight clinician value in addressing 
hearing healthcare needs and support practice success
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Thank You
jhpu@audioscan.com


