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KYNETIC Pre-application 
Section 1. Project title and PI/Contact PI information: 

Project Title: 
 

NoYell-n-HearWell: better hearing testing, and cheaper hearing aids  
 

PI/Contact PI 
Last Name: Long PI/Contact PI 

First Name: Andrew 

PI/Contact PI 
Institution: Northern Kentucky University 

Section 2. Non-confidential abstract: Abstracts may be shared with industry representatives or investors, so 
please do not include any confidential or proprietary information in the abstract. Maximum of 250 words. 
 
Hearing tests should be ubiquitous and inexpensive; however even in the US many people don’t have access 
to testing (and the problem is worse globally). Our project aims to give patients access to a baseline picture 
(and sound!) of their hearing loss – a hearing loss profile (HLP) - easily and affordably, without requiring the 
intervention of an audiologist. This HLP is estimated using Arduino-based technology and an adaptive scheme 
which explores any individual problem frequencies (in contrast to standard audiograms, which focus on only a 
handful of frequencies).  
In addition, once the losses are determined the Arduino tester becomes a rudimentary hearing aid, 
programmed with the user’s HLP. Rather than simply increasing the volume of problem frequencies (i.e. 
“yelling”), our hearing aid shifts some frequencies into the range where they can be better heard by the user 
(imagine a young girl who sounds like Darth Vader).  
There is consequently a risk of aliasing, and “collisions” between sounds at a given frequency and other 
sounds assigned the same frequency. We seek to address this “crisis of aliasing” by the addition of additional 
sensory input (e.g. bone-conduction, or colored light); we believe that we can “retrain the brain” to use this 
sensory input to distinguish when frequencies are not what they seem, and should be interpreted appropriately. 
Our unit is worn like glasses, and will be rechargeable and re-programmable, as well as inexpensive (in 
contrast to today’s hearing aids). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 3. Project description (Maximum of 2 pages, including optional figures and/or tables): 
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1. Describe the product/idea you are proposing and how it would address an unmet clinical need. 
Hearing problems are ubiquitous in aging populations which are growing world-wide. The high costs of 
traditional hearing aids limit access for most people; consequently the potential impact of cheap hearing aids is 
monumental. “Nearly 16% of adults in the U.S. report hearing trouble.”[3]  and "...nearly half of people older 
than 60 years have hearing loss… The economic cost to society of age-related hearing loss is estimated to be 
$297,000 over the lifetime of every affected person."[1]  In the US about 1 in 7 individuals experience hearing 
loss in at least one ear: extrapolating globally, over a billion people experience hearing loss. There is also 
global public health concerns as untreated hearing loss is being linked to health issues including depression, 
decline in memory and focus and brain plasticity.[2] 

Hearing tests have changed little over the past 50 years: there is a strange subjective quality to them, 
as the patient plays a guessing game with the audiologist while tones are played. The result is an audiogram 
such as the one in the figure below[6]: “Audiogram entered into the Starkey Inspire programming software”]. 
We have developed software to remove the subjectivity by adaptively identifying and refining hearing 
thresholds for frequencies wherever the patient experiences relatively dramatic changes – resulting in 
a personal hearing loss profile (HLP). Our software creates a smooth function modeling the user’s hearing 
performance across the range of human hearing (usually taken to be from 20 to 20K Hertz).  

Our initial prototype is an Arduino-based device to perform improved hearing testing, with the goal of 
establishing an individual's Hearing Loss Profile (HLP), which is the threshold volumes at which frequencies 
become audible. While this is similar to the standard audiogram, it is actually based on more frequencies, and, 
in particular, on the frequencies where standard testing indicates that there may be particular problems. For 
example, in the figure, one notices a sudden drop at 1000 Hertz. Our software zeros in on that frequency, to 

explore (test) frequencies in the vicinity of 1000. Once these “problem 
frequencies” have been sufficiently studied, we create a “best-fitting” 
continuous model, the HLP, representing in some sense a picture of the 
cochlea’s response to sounds across the full spectrum (in this case, 
from 250 to 8000 Hertz).  

Once the HLP is determined (modeled as a smooth 
interpolation/estimation of the user’s hearing threshold data), the device 
is re-purposed as a hearing aid, implementing corrective strategies 
based on the user’s HLP. The “standard” industry-wide correction is 
simply to increase the volume at those frequencies where one struggles 
to hear, by an amount determined by the audiogram. Current devices 
essentially yell at the few remaining hairs responsible for a given 
frequency range, running the risk of overtaxing the already limited 
functioning parts of the ear. Our system shifts those frequencies of the 
signal, via frequency transposition, transposing those problem 

frequencies of the signal by octaves and thus moving them onto parts of the audio spectrum where one hears 
well with little (or no) “yelling”.  Each of the “Big Six” hearing aid manufacturers have added frequency lowering 
features to some of their hearing devices [4][6]. By 2020 it was reported that “elderly individuals using hearing 
aids had low speech discrimination scores. The frequency-shifting feature recently used in hearing aids 
significantly increased the scores, making a significant contribution to the solution of speech reception and 
communication problems in cases of high-frequency hearing loss….” [5] Frequency loss typically occurs at 
higher frequencies as we age, but, interestingly enough, women “...may have more difficulty hearing at lower 
frequencies than do men”[3]. We handle frequencies at both ends of the spectrum: we allow shifts from higher 
frequencies to lower frequencies, or from lower to higher, depending on the individual’s HLP.  
2. Describe the market for this product and include an analysis of competitors/competitor products 

(both currently and those in development).  
The market potential for hearing testing and hearing aids is perhaps as high as 1 billion people world-wide (the 
World Health Organization estimated it at about 360 million in 2013[7]). Here in the US, "during 2001–2008, an 
estimated 30 million Americans older than 12 years had hearing loss in both ears. An estimated 48 million had 
hearing loss in at least one ear."[1] The major problem is almost always cost; however, accessibility of medical 
testing is also problematic (due to lack of insurance, trained audiologists, or other impediments). We seek to 
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reduce costs to the point at which meaningful improvement in hearing can occur due to this special device, 
which discovers and adapts to the patient’s unique needs.   

Our hope is to license this product to a non-profit (such as Partners in Health – https://www.pih.org/), 
which will facilitate providing the device globally (especially in underserved populations and Third World 
countries), at (or below) cost. An affordable and simple hearing test and correction device, cheaper than 
prescription glasses, has the potential to dramatically improve public health globally. 

A Consumer Reports (CR) on-line resource explores competing products (both hearing aids and Personal 
Sound Amplification Products – PSAPs) available as of 2021[2]. While CR doesn’t explore frequency shifting, 
they do find that “[w]ith the right fit and adjustment, … the higher-end models [of PSAPs -- approx $200-350] 
can help those with mild to moderate hearing loss, especially when watching TV. The cheaper options didn't 
measure up.  Our target to price to beat is the higher end $200 PSAP, and we believe that goal is within reach, 
and within a relatively short time frame. We do not plan to compete head-to-head with the $6000 hearing aids, 
with their multitudes of features (e.g. Blue Tooth, multi-scenario noise correction, etc.), but rather to focus on a 
version of the 90/10 rule – 90% of the important auditory features at 10% of the price.  Furthermore, with a 
recent ruling from the FDA for over-the-counter hearing aids, we can now bring our products directly to 
consumers in the US, allowing them to avoid the costly medical exams or fittings.[8] 
3. How is your product unique? Is it patentable or is there potential for other intellectual property 

protection? 
Our testing algorithm is based on adaptive routines relatively common in mathematics, but we suspect that 
they may not be used in the hearing aid world. Our audiograms feature more test frequencies, chosen based 
on the results using the standard frequencies, as well as a more appropriate model for the HLP than the linear 
spline featured in the figure above. The device is re-programmable “on the fly”: a user may want to enhance or 
correct their HLP as their hearing changes. The device is transferable so the device does not become useless 
if the former owner is finished with it. Our device will include speech discrimination tests at the end, which will 
allow one to hear the improvements (or lack thereof) in important sounds, as well as produce before and after 
comparison sound files, so that others may hear and appreciate the types of corrections that one needs and/or 
experiences. The testing and frequency shifting strategy is able to capture and correct more nuanced points 
(continuous vs discrete) than many (which tend to focus only on high frequencies). In short, our strategy is 
adapted to one’s hearing loss, tapping into the concept of personalized medicine, not out of the box solutions 
that have to be “good enough” for a user at a higher price point. Our strategies for anti-aliasing are genuinely 
unique, and the algorithms will likely be protected intellectual property and has been disclosed to KCV. With a 
combination of potentially patentable algorithms, copyright, trademark, and trade secrets, we think we will have 
the opportunity for protection that will help our device find a niche in the market. 
4. Broadly, how do you intend to use the funds in this cycle? How they will help to advance the 

product/technology? What critical milestone(s) will be completed to accelerate commercialization? 
About half of the funds would be used for PI salaries and remaining funds would be used to hire two student 
researchers including the graduating senior Biplov Ale.  Hardware for the development of the device itself will 
also be funded by this grant (e.g. 3D-printing of the harness for the device, the ear buds or glasses, the battery 
system, etc.). Critical milestones on the path to full commercialization (within two years) include:  

1. down-scaling and fine-tuning the device, so that it becomes cheaper and more portable (e.g. moving 
from the Arduino Uno to Nano); 

2. decisions surrounding the anti-aliasing features (e.g. color schemes for indication of octave shifts, etc.); 
3. cost-benefit analysis for various rechargeable battery systems, and final choice; 
4. creation of the wearable device (e.g. can we hang everything off of a pair of glasses of the user’s 

choice?  
5. demonstrating statistical improvement in test subjects’ hearing, following IRB approval. 

5. Briefly, how will the PI and/or team’s expertise and experience benefit the project? 
Both PIs (Drs. Andrew Long and Steven Wilkinson, of the Department of Mathematics and Statistics at NKU) 
are applied mathematicians and experienced programmers. We are programming an Arduino to actually 
perform the testing and correction. The students in NKU’s Engineering Technology Programs are essential 
developers of the Arduino-based hardware. NKU senior Biplov Ale is developing the initial prototype during his 
current summer research fellowship.  

https://www.pih.org/
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Section 5. Response to previous reviews (if applicable): Complete this section if you or another member of 
your team have previously submitted a KYNETIC application for this project (or a closely related project). 
Please describe briefly how any concerns raised in previous KYNETIC reviews have been addressed since 
your last application. Maximum of 300 words. If figures and/or tables are included with the written 
response, this section may not exceed 1 page in total.  
 
NA 
 
Section 6. Other support: Please list any current, past, or pending funding/support that is specifically 
relevant to the proposed product/technology. If none, check the box for “none” in each section. For each 
instance of funding/support, include the information listed below. No page limit.  

• Source or name of sponsor: 
• Grant/award number: 
• Grant/award PI name: 
• Grant/award title: 
• Start date – End date: 
• Funding/award amount: 
• Your role and % effort (if applicable):  
• Brief description of the major goal(s) or specific aims: 
• Brief description of any overlap with the work proposed in your KYNETIC preapplication: 

https://www.cdc.gov/nceh/hearing_loss/public_health_scientific_info.html
https://www.consumerreports.org/cro/hearing-aids/buying-guide/
https://www.consumerreports.org/cro/hearing-aids/buying-guide/
https://www.healthyhearing.com/report/52814-Hearing-loss-statistics-at-a-glance
https://www.healthyhearing.com/report/52814-Hearing-loss-statistics-at-a-glance
https://www.audiologyonline.com/articles/20q-frequency-lowering-ten-years-18040
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Current/Active Support (RELEVANT to this product/technology): 
If none, check here:  ☐ 
• Source or name of sponsor: Northern Kentucky University 
• Grant/award number: NA 
• Grant/award PI name: Biplov Ale (supervised by Long and Wilkinson) 
• Grant/award title: Cheap and Effective Hearing Tests and Hearing Aids 
• Start date – End date: June 1, 2022 – August 31, 2022 
• Funding/award amount: $3500 
• Your role and % effort (if applicable): I am directing the research (approximately 15 hours per week) 
• Brief description of the major goal(s) or specific aims: development of the hearing testing scheme, 

and creation of a prototype of the hearing aid. 
• Brief description of any overlap with the work proposed in your KYNETIC preapplication: This is 

essentially phase-one of the work proposed in the KYNETIC preapplication. Biplov Ale is a senior 
NKU student who received an NKU Summer Fellowship for Research  and Creative Activity in the 
summer of 2022, under the supervision of Long and Wilkinson. He has begun the work of creating 
the Arduino-based tester and hearing aid. This is in progress (through the end of August). He will 
then transition the project to his Capstone project in Engineering Technology Programs of Northern 
Kentucky University.  

  
Pending Support (RELEVANT to this product/technology): 

If none, check here:  x 
  
  
Previous Support (RELEVANT to this product/technology): 

If none, check here:  x 
 
 


