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• Recommendation 1. FDA should designate as a distinct category “basic” hearing aids—non-
surgical, air-conduction hearing aids intended to address normal, bilateral, gradual onset, 
mild-to-moderate age-related hearing loss—and adopt distinct rules for such devices. The 
FDA should approve this class of hearing aids for over-the-counter (OTC) sale, without the 
requirement for consultation with a credentialed dispenser, and should also approve for OTC 
sale (retail and online) tests appropriate to the self-fitting and adjustment of OTC devices by 
the end user. Such hearing treatments and tests meet the FDA requirements for OTC 
products, which are that consumers should be able to self-diagnose, self-treat, and self-
monitor the condition. 

• Recommendation 2. The FDA should withdraw its draft guidance document regarding 
Personal Sound Amplification Devices (PSAPs) and reference this new category as “devices for 
discretionary consumer use.” PSAP manufacturers should continue to be able to make 
truthful claims about their use in normal settings, and FDA should not require language in 
PSAP labeling or advertising that excludes their use by individuals with age-related hearing 
loss no worse than mild-to-moderate. 



 

• Recommendation 3. Analogously to its “Eyeglass Rule,” FTC should require audiologists and 
hearing-aid dispensers who perform standard diagnostic hearing tests and hearing aid fittings 
to provide the customer with a copy of their audiogram and the programmable audio profile 
for a hearing aid at no additional cost and in a form that can be used by other dispensers 
and/or hearing aid vendors. Additionally, the availability of a hearing test and fitting must not 
be conditioned on any agreement to purchase goods or additional services from the provider 
of the test. 

• Recommendation 4. The FTC should define a process analogous to contact lenses (ie, 
“Contact Lens Rule”) by which patients may authorize hearing aid vendors (in-state or out-of-
state) to obtain a copy of their hearing test results and programmable audio profile from any 
dispensing professional who performs such a test, and it should require that the testers 
furnish such results at no additional cost. 

 













How did we get to this point? 
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Amlani (2015, HHTM) 

Adoption Window for 
First-Time Users 

n = 851 



The Consumer Journey to Obtaining Traditional Amplification 

Self Admitted 
Hearing Loss 

Consult a  
Medical 

Practitioner 

Consult a HHCP Obtain Amplification 
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Nash et al 2013; Tremblay, et al 2015 

Profound or Residual: 
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12% of adults between the ages of 21-84 
have hearing difficulties and normal 

hearing test results  
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Economic Landscape: Demand-Side 



HA Price 

Hosford-Dunn & Amlani (2016) 

OTC Space 
< $700 



Valente & Amlani (2017)  

Price is a Barrier to Adoption 



Economic Landscape: Supply-
Side 



Traditional Hearing Aid Supply Chain Model 

Smriga, D. “Who are we really working for?” presentation at ADA 2014 



Evolving Hearing Aid Supply Chain Model 

Smriga, D. “Who are we really working for?” presentation at ADA 2014 



Evolving Product and Service Delivery 

•Expected to… 
•Provide improved access to hearing aids 
•Offer lower cost alternatives than historically available (next slide) 
•Shift focus towards the product as the solution 
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Hearables 



Hearables 
Customizable 
Mass Appeal 
Off-the-shelf 

Immediate Gratification 

 

 
 

Consumer  
Electronics 

Off-the-shelf 
Mass Appeal 

Lower Price Point 
Immediate Gratification 

 
 

 

 
 

Hearing Aids 
Customizable 
Stigmatizing 

Higher Price Point 
Several Appointments Needed 

 
 

 
 



Made for iPhone 

Personal Sound Amplification Products 
(PSAPs) 

Directed Audio Smartphone Apps Augmented 
Reality 



 
Hearables:  
Different Service Delivery, Not inferior  
Ear level consumer electronics device 

 

Commonalities 

•Wireless  

•Bluetooth 

•Monaural/binaural 

•Battery-challenged 

•Smartphone 
 

 

 

 

Differentiation 

• Looks 
•Functionality 
•Price 

•Distribution channels 
•Target market 
•Development 
•  Fulfillment 

 



Mamo et al (2016)  



Literature Review – EAC 





PSAPs Hearing Aids 

Low-End Price Retailer Low-End Price Retailer 

EarMachine $1 Apple App Store 
MD Hearing Aid 

Pro 
$199 Mdhearingaid.com 

Woodland Whisper $8 CVS Etymotic Bean $299 Etymotic.com 

Cyberscience 
Amplifier 

$49 Amazon.com 
Hansaton Base 

m2 
$399 Lloydhearingaid.com 

High-End Price Retailer High-End Price Retailer 

Williams Sound 
Pocketalker Ultra 

$117 Amazon.com ReSound LiNX2 9 $3200 
Available only from authorized 

dispensing professionals 

Soundworld Solutions 
CS10 

$149 Soundworldsolutions.com 
Phonak Bolero 

V90-SP 
$3200 

Available only from authorized 
dispensing professionals 

Soundhawk $349 Store.soundhawk.com       



Part 1: EAA 

  Each device placed in Aurical HIT test box with 2 cc coupler  
 Multiple measurements performed on each device 

 Examining: 
 OSPL90 High Frequency Average vs. 500 Hz 

 Equivalent Input Noise Level 

 Total Harmonic Distortion 

 Directionality 



OSPL90 HFA vs. 500 Hz 
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Equivalent Input Noise 
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Total Harmonic Distortion 

6.87 

3.97 

0.53 

2.17 2.12 

1.04 0.74 0.88 
0.49 0.18 0 

1.6 

3.26 

1.855 

0.36 0.32 

0.79 
0.5 0.48 

0.52 

0.04 
0 

0.79 

1.7 

2.067 
1.04 

0.54 

0.25 
0.63 0.31 

0.27 

0.62 
0.2 0

1

2

3

4

5

6

7

8

9

10

MD HA Pro Pocketalker SWS CS10* Whisper LiNX2 9 Base M2 Bean Bolero V90-SP Soundhawk CyberScience EarMachine

Average Total Harmonic Distortion (%) 

500 Hz 800 Hz 1600 Hz



Directionality 
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Part 2: Real-Ear Measurements 

 

 

 

Flat & Moderately Sloping 

Configuration 250 500 750 1000 1500 2000 3000 4000 6000 

Very Mild 10 10 10 10 10 15 20 30 40 
Mild 20 20 22.5 25 30 35 40 45 50 

Moderate 35 35 35 40 45 50 55 60 65 

Moderate/Severe 55 55 55 55 60 65 70 75 80 

Severe I 65 70 72.5 75 80 80 80 80 80 
Severe II 75 80 82.5 85 90 90 95 100 100 
Profound 90 95 100 105 105 105 105 105 105 

Precipitously Sloping 
Configuration 250 500 750 1000 1500 2000 3000 4000 6000 

Very Mild 10 10 10 10 10 15 30 55 70 

Mild 20 20 22.5 25 35 55 75 95 95 
Moderate/Severe 30 35 47.5 60 70 75 80 80 85 



+ 10 dB of target 
88% cutoff 



Literature Review – Behavioral 



Kochkin (2014) 



Speech Understanding in Noise 
Reed et al (2011) 



Sound Quality Preference 
Xu, Johnson, Cox, & Breitbart (2015)…American Auditory Society 

9 Exp HA user 
All devices adjusted to NAL-NL2 

Stimuli presented as WAV files, monaurally 
Preferences based on round-robin paired comparisons 



Sound Quality 
Ronne & Rossing (2016)…Hearing Review 

n=10; music (classical, rock, jazz), speech (speech in quiet, 
dialogue in a cafeteria) 

n= 11 - music (classical, jazz), speech (speech in quiet, dialogue in 
traffic, dialogue in cafeteria) 

PC = Perfect Choice 
SWS = Sound World Solutions CS50+ 

Alta2 = Oticon 



Study Rationale 
OTC products, presumably, have poorer sound quality, as 
measured electroacoustically (Chan & McPherson, 2015; European Association of 
Hearing Aid Professionals/European Federation of Hard of Hearing People (2015)).  

 
It is conjectured, then, that OTCs—which have lower retail 
prices—will demonstrate poorer sound quality, and reduced 
perceived value, compared to premium hearing aids 
  
 
 



Relationship between 
OTC Electroacoustic 
Performance and Price  

Amlani (2017) 



HFA-FOG = Data obtained at 1600 Hz, 2500 Hz, 4000 Hz 
SPA-FOG = Data obtained at 1000 Hz, 1600 Hz, 2500 Hz 

Calloway & Punch (2008) 



Speech Understanding in Noise 
Reed et al (2011) 



Methods 

• Recruited 18 participants with bilateral, 
symmetrical, mild-to-moderate hearing 
sensitivity 
• Aged between 58 and 81 years 

• Mean = 64.8 years; SD = 4.9 years 

• 11 Females; 7 Males 
 

• Criteria 
• HA use bilateral for at least 10 hours/daily; >1 year 

experience with current device  

• No Hx of Middle- or Inner-Ear Pathology 

• Pass cognitive screening task 

 



Methods – Traditional Devices 
• Own HA (Retail price > $2400 per unit) 

• Premium Level 
• > 16-channel WDRC 

• Noise reduction, Fixed directionality, Adaptive feedback suppression 

• EarVenture faVor (Retail price < $500 per unit) 
• 4-channel WRDC 

• 12 bands of gain adjustment 

• Noise reduction, Fixed directionality, Adaptive feedback suppression 



Methods – OTC Devices 
• Perfect Choice HD Ultra (Retail price < $200 per unit) 

• WDRC 

• Noise reduction, Feedback suppression 

• iPod = EarMachine app (Retail price < $200 iPod; free app) 
• 9-channel wide-dynamic range compressor/limiter  

• 12-band equalizer  

• User interface allows the listener two controllers:  
• (1) frequency response  

• (2) loudness, which changes gain, compression, and limiting parameters in all 9-compression channels 
simultaneously 

• Hardwired with in-ear headphones having inline microphone (Klipsch Si4), fit with open domes 



FaVor 

Traditional Hearing Aid OTC – Mail Order 



Methods 
• Own hearing aid served as baseline 

• All devices tested electroacoustically 

• Gain for all other devices was matched to the participant’s hearing aid 
• Participants hearing aids were within + 5 dB of NAL-NL2 targets, as determined via real-ear 

measures (includes frequency-response changes preferred by listener) 
• Gain for all devices (save the OTC) within + 3 dB of participant’s hearing aid 

• i.e., +8 dB of NAL-NL2 targets  

• Gain for OTC + 8 dB of participant’s hearing aid (i.e., + 5-dB of OTCs) 
• i.e., +13 dB of NAL-NL2 targets  
• Frequency bandwidth was narrower than other devices (F1 = 420 Hz; F2 = 4400 Hz) 

 

• All devices professionally fit (no self-fit) 

• Subjects apprised of retail price at outset of study 



Methods 

• Listeners were asked to wear devices in three real-world environments over a six-
week period 
• Quiet (home, one-on-one conversations with no background noise) 

• Noisy (coffee shop, restaurant, group setting with multiple talkers) 

• Reverberant (house of prayer, theater) 
 

• Devices worn for at least 15 minutes in each environment 

• Device use was counterbalanced across listeners 
 

• Two sets of sound quality ratings per environment, separated by two weeks 
• Modified version of Gabrielsson et al (1979) 



Methods 

• Listeners also heard speech in a laboratory setting for these same 
three environments  
• Simulated using digital editor (Goldwave) 

• Target speech were the passages from the Connected Speech Test 
• Noise was multi-talker babble from CST 
• RT was applied for a medium room having RT = 1.17 sec 

• Based on sound measurement at local coffee shop 

• Scheduled 4-6 weeks after real-world trial period was completed 
 

• Four ratings were made per simulated environment 
• Same scale used for real-world data collection 

• Device use was counterbalanced across listeners 
 

 

 



Clarity Ratings – Real World 

How clear is the primary talker’s speech after listening for a minimum of 15 minutes? 

Own HA 



Clarity Ratings – Real World vs. Laboratory 

How clear is the primary talker’s speech after listening for a minimum of 15 minutes? Own HA 
Lab > RW 



Comfort Ratings – Real World 

How comfortable, based on loudness, is the primary talker’s speech after listening for a minimum of 15 minutes? 

iPod, save RT 



Comfort Ratings – Real World vs Laboratory 

How comfortable, based on loudness, is the primary talker’s speech after listening for a minimum of 15 minutes? iPod, save RT 
Lab > RW 



Intelligibility Ratings – Real World 

How intelligible, or understandable, is the primary talker’s speech after listening for a minimum of 15 minutes? 

iPod and Own HA 



Intelligibility Ratings – Real World vs. Laboratory 

How intelligible, or understandable, is the primary talker’s speech after listening for a minimum of 15 minutes? iPod and own HA, save RT 
Lab > RW 



Distortion Ratings – Real World 

How distorted, or harsh sounding, is the primary talker’s speech after listening for a minimum of 15 minutes? 

 

How distorted, or harsh sounding, is the primary talker’s speech after listening for a minimum of 15 minutes? 

Closer to 0% is better; closer to 100% is worse 

Own HA 



Distortion Ratings – Real World vs Laboratory 

How distorted, or harsh sounding, is the primary talker’s speech after listening for a minimum of 15 minutes? 

Response closer to 0% is better; closer to 100% is worse 

Own HA 

OTC is poorest 
Lab > RW 



Noise Interference Ratings – Real World 

How much did background noise interfere with your ability to understand the primary talker’s message after listening for a minimum 15 minutes? 
Response closer to 0% is better; closer to 100% is worse 

Own HA 



Noise Interference Ratings – Real World vs Laboratory 

How much did background noise interfere with your ability to understand the primary talker’s message after listening for a minimum 15 minutes? 
Response closer to 0% is better; closer to 100% is worse 

Own HA 



Purchasing Trends – Post –Study (Lab portion) 

• “If you were a first-time buyer again, and based on sound quality, which device 
would you select?” 
• faVor 

• 33% (6 out of 18) 

• iPod 
• 33% (6 out of 18) 

• Own HA 
• 22% (4 out of 18) 

• OTC 
• 11% (2 out of 18) 



Purchasing Trends – Post –Study (RW portion) 

• “If you were a first-time buyer again, and based on sound quality, which device 
would you select?” 
• iPod 

• 28% (5 out of 18) 

• Own HA 
• 28% (5 out of 18) 

• faVor 
• 28% (5 out of 18) 

• OTC 
• 17% (3 out of 18) 



Purchasing trends based on  
perceived value, NOT price 

http://hearinghealthmatters.org/waynesworld/2017/otc-hearing-aids-psaps/ 



Satisfaction 

Group Uptake 
 

Undecided  
(i.e., Benefit) 

AB 81% 1.9% 

CD 56% 17.6% 

P 36% 38% 



Summary 

• Patients in US have options regarding amplification devices 

• Sound quality ratings were higher (over-estimated) in the laboratory setting 
compared to the real-world setting 
• In-house patient counseling required to temper real-world expectations 

• Sound quality dimensions yield differing ratings across products and 
environments 

• Small perceptual differences in sound quality among most PSAP devices 
compared to traditional hearing aids 
• These differences could lend to increases /decreases perceived value 



Are PSAPs a threat to traditional amplification? 

• Under experimental conditions (i.e., clinician-fit), there is little difference between 
the electroacoustic properties among most devices 
• Most are adjustable to a prescriptive target 
• Economic standpoint = opportunity for patients and providers 

 

• Unknown – PSAP outcomes from patient self-fitted devices 

 

 

 

 

 

 

 
• Humes et al (2017) study – Used traditional hearing aids with 3 pre-programmed frequency responses 

Convery et al (2016) – Self-Fitting Hearing aids 
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