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A sound wave 
enters the ear, 
travelling down 
the ear canal.

The wave vibrates the 
eardrum and bones, 
which then propagate 
the wave through the 
fluid in the cochlea.

In the cochlea, the 
wave is translated 
into nerve impulses, 
which are then sent 
to the brain, which 
interprets the 
sound. 

How Hearing Works
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Two input sound 
signals are sent into 
the ear via speakers.

Resulting distortion products 
from cochlea are received by 
the microphone

Silicone tips are...

...$0.21 per ear tip

...easy to clean

...durable

...more affordable

Foam tips are...

...$1.01 per ear tip

...easy to insert

...better at reducing       
  ambient noise

How OAE Works Probe tips and Ear tips
The probe tip houses the speakers and 
microphone, which are acoustically 
sensitive components. 

It also interfaces with the ear, so it must 
achieve a good seal, which is created 
by placing an eartip on the probe tip.

Probe-otyping

1 Receiving Signals 2 Finding Failure Points 3 Selecting Components

Our first prototype was a COTS 
microphone connected to a 3.5mm jack 
to verify that we could sample and 
analyze our inputs on a computer.

Above is the output graph we 
received when we played a tone on a 
phone for the microphone.

4 Software Focus
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5 Verification System

We are prototyping with Python 
for its ease of development and 
built-in libraries.

Our controller emits two tones 
through the speakers and 

records the response through 
the microphone.

We are working on automating 
testing with multiple tones.

We hope to implement digital 
filtering, possibly using 

cross-correlation

For the next prototype, Emma designed 
and created a basic microphone circuit to 
determine its failure points. 

She identified that we need a reliable, small 
microphone part, cannot use a breadboard, 
and that signal conditioning is crucial. 

Emma spec-ed small, high-quality 
microphone and speaker parts from Sonion. 

The microphone was chosen for its spout, 
which makes it easier to acoustically seal.

The speakers were chosen for their high 
impedence.

A sound level 
calibrator is used to 
verify that our probe 

microphone is 
calibrated to the 

correct frequencies.

An occluded-ear 
simulator is used to 

verify that our system 
outputs the correct 

frequencies from the 
probe speakers. 

Introduction
Worldwide, 34 million children have hearing loss [1]. With 
the proper screening equipment, 57% of these hearing 
losses are detectable at birth [1]. Interviews and 
technological research have shown otoacoustic emissions 
(OAE) screening to be favorable in low-resource contexts if 
the testing is accessible. Dr Patricia Castellanos, director of 
the only hearing screening program in Guatemala, put it 
this way: "Many countries do not have any technology for 
newborn hearing screening. OAE is a great starting 
technology for countries in Latin America, Africa, and 
Asia." 

By offering an affordable OAE device to trained healthcare 
workers, our team aims to support universal newborn 
hearing screening and toddler/preschool hearing 
screening worldwide so families can gain agency to make 
informed health decisions in order to improve their 
children’s life outcomes. 

Most OAE screening devices cost 3000-5000 USD. This can 
create a large barrier for majority world contexts, where 
resources are limited. We aim to produce an OAE screening 
device on the scale of hundreds of USD, which we have 
validated through cost analysis of current OAE devices.

User interviews, research and prototyping are key elements 
in our design of a smartphone-based OAE screening 
device. Our collaboration with hearing health professionals 
has been instrumental, as their insights highlight critical 
details and considerations. We also work with Solar Ear, a 
social business with expertise in hearing health devices and 
manufacturing and distribution strategies [2]. This device 
will be more accessible and more affordable than current 
screening solutions. 

Our Goal

Stakeholder Engagement

Opportunity for Stakeholder Co-Design of a Novel, Affordable 
OAE Device to Scale Early Hearing Loss Identification 

We are a team of engineering and 
business students from Babson 
College and Olin College’s Affordable 
Design and Entrepreneurship (ADE) 
program. ADE is an international and 
experiential social entrepreneurship 
and design course focusing on 
designing solutions with people. 

About The Team

Technical Progress
We dissected an OAE probe and found its 
components cost 1% of its sale price. We 
also identified over 20 expired patents 
regarding OAE signal processing 
algorithms we could use for the 
underlying device technology to make it 
effective and affordable.

We have been designing and prototyping 
the ear tip. We identified microphones and 
speakers suitable for the design of an 
affordable, smartphone-compatible OAE 
probe and started testing them by sending 
and receiving sound signals. 
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Seeking Collaborators in Co-Design
Our next step is to co-create a smartphone-based OAE device with people who provide screening in 
under-resourced environments. We seek co-design collaborators experienced in screening newborns and 
young children in under-resourced areas to provide early concept feedback to guide the design of the 
first fully functional device. We are especially interested in speaking with audiologists and lay people 
who have experiences with hearing screening.
During co-designing, designers provide models and representations for their ideas to the stakeholders. The 
stakeholders will play and experiment with the given ideas and share impressions and feedback to the designers. 
If you are interested, please scan the QR code. 

Engagement Strategies

Main Takeaways

Get 
Involved!

Project Partner

Future Product System Diagram

globalhealthADE
@gmail.com


