
Good afternoon.  Welcome to Audiology 101, parts A and B.  

Intros…
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Here’s our disclaimer…
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And, the anticipated outcomes for the two parts of this 

workshop are that you will be able to….

Identify the parts of the auditory system

Describe how the ear works 

Describe the types and degrees of hearing loss

Describe how hearing loss is assessed and diagnosed 

Describe the types of treatment and intervention for hearing 

loss 
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As we begin our discussion about hearing and hearing loss, I’d 

like to take a moment to explain the roles that audiologists fulfill 

in working with people with hearing loss.  Audiologists are 

specialists in hearing and balance.  One key aspect of an 

audiologist’s work is the prevention of hearing loss.  The other 

primary areas for audiologists are the identification and 

assessment of hearing and balance problems, as well as the 

habilitation or rehabilitation of hearing and balance disorders.  

When working with young children, including newborns, the 

primary focus of audiology is on hearing.  
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We’ll now take a quick look at the ear and how it works.  In this 

slide, you see a cross-section of the ear, showing many of the 

important structures.  We’ll zero in on each part of the ear and 

how it contributes to hearing.
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There are four main parts of the auditory system:  the outer

ear, the middle ear, the inner ear and the central auditory 

nervous system.
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The fleshy part of the outer ear that we see is called the pinna

and doesn’t serve much purpose with regard to hearing.  The 

next part of the outer ear that we can see is the ear canal which 

is about one inch long and has a slight S-curve.  The ear canal 

serves to channel sound from the environment to the auditory 

system, as well as to produce earwax or cerumen.

The eardrum or tympanic membrane is the boundary between 

the outer ear and the middle ear.  The eardrum vibrates when 

sound hits it and sound energy is converted to mechanical 

energy.  It also increases the strength of sounds as it transmits 

the vibrations to the middle ear.   
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Here is a photograph of a healthy tympanic membrane or 

eardrum.  Notice that it is a pearly gray color and is somewhat 

transparent.  You can just begin to see one of the middle ear 

bones beginning at the center and progressing to the 1 o’clock 

position.  
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The next part of the ear as we move inward is the middle ear.  
The middle ear is essentially an air-filled cavity beyond the 
eardrum and contains three small bones.  These bones are 
connected by ligaments and also have some very small muscles 
attached to them.  While transmitting sound vibrations from 
the eardrum to the inner ear, the three bones also increase the 
strength of the vibrations.

The middle ear is connected to the back of the throat by the 
Eustachian tube that opens to ventilate the middle ear space 
and maintain the same air pressure as the environment.  If 
you’ve flown in an airplane, you’ve experienced the Eustachian 
tube opening (or not) when you’ve chewed gum or swallowed 
to try to “clear your ears” when the plane is gaining altitude or 
landing.
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In this photograph, you see how small the middle ear bones are 
in comparison to a dime.  From left to right, these bones are the 
malleus or hammer, the incus or anvil, and the stapes or 
stirrup.  The malleus attaches to eardrum, the incus connects 
the malleus to the stapes, which is the smallest bone in the 
body,  The footplate of the stapes inserts into the oval window 
of the cochlea, or inner ear, and causes vibrations of the fluid in 
the inner ear.
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The inner ear consists of both hearing and balance structures.  
The hearing part of the inner ear is called the cochlea and is the 
small snail-shaped structure that you see in this diagram.  There 
are three chambers of the inner ear that are filled with fluid.  
There is a structure called the Organ of Corti, and many 
thousands of tiny sensory organs called hair cells.  Through the 
action of the hair cells and other parts of the cochlea, the 
mechanical vibrations that have been transmitted by the outer 
and middle ears are changed to small electrical signals. 
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The Organ of Corti is the end organ of hearing.  The vibrations

that were transferred through the middle ear bones and that 

move the fluid in the inner ear cause the nerve endings, shown 

as the green structures in this diagram, to bend.  Through this 

bending, electrical or nerve impulses are generated and sent to 

the fourth part of the auditory system.
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The green structures in the previous slide are called hair cells.  

These cells respond to specific frequencies or pitches due to 

their placement in the cochlea.  There are many thousands of 

these hair cells, organized into three rows of outer hair cells 

and one row of inner hair cells.
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The last part of the auditory system consists of the auditory 

nerve and the central auditory system in the brain.  The 

electrical of nerve impulses that were produced in the cochlea 

by the hair cells are transmitted and processed along the 

auditory nerve which consists of 25,000 nerve fibers.  The 

signal continues through the brain stem to the auditory cortex 

of the brain.  Sounds are interpreted based on experience and 

association and meaning is assigned to that initial sound that 

travelled through the outer, middle and inner ears.  
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You may want to write this down:  Auditory Transduction by 

Brandon Pletsch is an excellent 7 minute animation on YouTube 

about the auditory system and how it works.  I encourage you 

to check it out on You Tube.  It’s Auditory Transduction by 

Brandon Pletsch P-L-E-T-S-C-H.

15



Now that we’ve had a quick overview of the ear and how it works, 
let’s spend a few minutes talking in a bit more detail about what 
happens when there are problems with one or more parts of the 
auditory system.  For the next few minutes we’ll talk about the 
different types of hearing loss.

The first way to describe hearing loss is by identifying the number 
of ears involved.

CLICK

If a hearing loss is present in only one ear, it is call a unilateral 
hearing loss.

CLICK

But if both ears are involved, the loss is called a bilateral hearing 
loss.

Audiologists will also identify the types of hearing loss based on 
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what part of the auditory system is involved in creating the hearing 
loss.

CLICK

If a loss occurs in the outer and/or middle ear, it is called a
conductive hearing loss.

CLICK

If the hearing loss is the result of problems in the inner ear, it is 
called a sensory or sensorineural hearing loss

CLICK

And a mixed loss results from a problem in the outer and/or middle 
ear and the inner ear.  A mixed loss has both a conductive and a 
sensorineural component.

CLICK

Hearing problems that occur beyond the cochlea fall into the neural 
or central categories.  Terms that you might see for hearing 
problems beyond the cochlea are auditory neuropathy spectrum 
disorder, auditory neuropathy/dyssynchrony, and central auditory 
processing disorders. Problems in this part of the auditory system 
may require additional testing beyond the basic audiologic testing 
to identify.  

We’ll spend a bit more time looking at each of these types of 
hearing loss.
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Each year the Center for Disease Control and Prevention 
surveys the EHDI programs for statistics about their state and 
territories’ 1-3-6 results.  For 2011, the most recent year that 
results are available, it was reported that 39% of the permanent 
congenital hearing losses identified in babies were unilateral 
losses.  

A unilateral hearing loss does have a significant impact on 
development, even though one ear has normal hearing.  When 
there’s noise on the side with the good ear, the child with a 
unilateral loss won’t be able to access speech or sounds that 
are nearer the ear with the hearing loss.  So this child might 
miss instructions or other important information.  Although the 
developmental impact of a unilateral hearing loss may not be 
as apparent initially, research has shown that during the 
elementary years, children with a unilateral loss are typically 
functioning at about the 10th to 40th percentile in math, 
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language and social skills.
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A hearing loss in both ears is, of course, going to have a greater 

impact on a child’s development during the early years if there 

is no intervention because spoken language development 

depends on access to sound.  Bilateral hearing losses are more 

common than unilateral hearing losses in early childhood.  As 

you can see from the statistics from the CDC EHDI survey, 59%

of the babies identified with a permanent congenital hearing 

loss had a bilateral loss.  
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With the CDC statistics, it is unknown which ear or ears have a 

hearing loss for 2% of the babies identified with a permanent 

congenital hearing loss. 
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A conductive hearing loss that results from problems in the outer and/or 
middle ear not being able to “conduct” sound can be either temporary 
or permanent.  Medical treatment of the underlying cause of the 
conductive hearing loss often results in the hearing returning to normal 
or near normal.  For example, if the ear canal is plugged with earwax or 
a foreign object, some hearing loss will occur until the blockage is 
removed.  The amount of hearing loss would be similar to having an 
earplug in your ear canal.

Many young children experience one or more middle ear infections 
during early childhood.  These ear infections, often referred to as otitis 
media, can be painful and, if the middle ear space fills with fluid, a 
temporary hearing loss can occur until the infection is resolved.  But 
sometimes untreated middle ear infections can cause some other 
middle ear problems which result in a permanent loss.

But if a child is born with malformations of the outer and middle ear, 
surgical treatment may not happen for several years and the child’s 
hearing ability may improve.

As you can see at the top of this slide, only a small percentage -17% - of 
the babies born with a permanent hearing loss and reported in the 
annual CDC survey in 2011 had a conductive loss.
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A sensorineural hearing loss from problems in the cochlea, or 

inner ear, is almost always permanent.  There are many 

different causes of a sensorineural hearing loss.  Some of the 

causes can be genetic or syndromic, the result of some 

medications, infections, or high fevers, or because of head 

trauma.  Sensorineural hearing losses can be categorized in 

several different ways.  When the hearing loss is present at 

birth, it’s call a congenital hearing loss.  But sensorineural 

hearing loss can, and does, occur at any time and can be called 

later-onset or acquired.  If the hearing loss continues to get 

worse, it is called a progressive hearing loss.

Nearly 2/3 of the permanent congenital hearing losses reported 

to CDC were sensorineural, by far the most common type.  
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A mixed hearing loss has both a conductive component and a 

sensorineural component.  So the conductive component is the 

results of a problem in the outer and/or middle ear while the 

sensorineural component results from a problem in the inner 

ear.

Permanent mixed hearing losses at birth are somewhat 

rare…only 6% those reported to CDC>
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Auditory neuropathy spectrum disorder involves a disordered 

transmission of the electrical, or nerve, signal along the 

acoustic nerve. .Auditory neuropathy spectrum disorder, also 

known as auditory neuropathy/dyssynchrony, is also relatively 

rare in the newborn population…also only 6% of those reported 

to CDC

Central auditory processing refers to how well the central 

nervous system uses auditory information.  Disorders of central 

auditory processing can include problems with determining 

where a sound is coming from and excessive difficulty 

understanding speech and auditory signals in poor listening 

conditions such as noisy settings.  These disorders may co-exist 

with other disorders, such as ADHD, language impairment, and 

learning disorders but is not the result of those disorders.
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We know that about 1/3 of children will have repeated middle ear infections by 3 
years of age which is usually accompanied by a temporary conductive hearing loss.  
But how many young children have a permanent hearing loss?  Nearly all babies 
born in the United States have their hearing screened within the first few days of life.  
As I mentioned earlier, every year each state and territory reports the results of the 
state’s newborn hearing screening and hearing loss identification efforts to CDC.

CLICK
These results show a prevalence of 1.5 per thousand babies born have a permanent 
congenital hearing loss.  It’s the most common birth condition!  And these are only 
the numbers that are confirmed.

CLICK
Nationally, about 35% of the newborns who don’t pass the newborn hearing 
screening aren’t getting the necessary follow-up evaluations so there are most likely 
quite a few more congenital hearing losses than we know about.

CLICK
Hearing loss can, and does, occur at any time in a person’s life.  The ECHO Initiative 
has collected hearing screening results on over 25,000 children in the last decade.  
The preliminary results have found that at least 1 of every 1000 Early Head Start 
children screened using otoacoustic emissions screening have been found to have a 
previously unidentified hearing loss.

And the rate of permanent hearing loss continues to climb as children get older.  It is
estimated that by the time children enter school, 6 out of every 1000 of them will 
have a permanent hearing loss.
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Audiologists record a person’s hearing ability on a chart called the audiogram, which is 
shown here.  Although an audiogram is not used to record a very young child’s hearing 
evaluation results, it is useful to understand the audiogram because parent’s will soon begin 
to see audiograms.  

During a hearing test, the softest level that a particular sound can be heard is recorded for 
each ear on the audiogram.  This level is called a threshold.

CLICK

During a hearing evaluation, the thresholds for different frequencies, or pitches, are 
measured.  Frequency is measured in Hertz or Hz.  The frequencies range from 125 Hertz 
(Hz) to 8000Hz.  You can think of the frequency portion of the audiogram like a piano 
keyboard.  Sounds on the left portion of the audiogram are low pitched, bass quality sounds; 
with the lowest pitch on the audiogram being 125Hz.  As you move to the right, toward 
8000Hz, sounds get higher in pitch.  

Intensity or loudness is shown along left side of the audiogram.  It is measured in decibels, 
or dBs

CLICK 

The further you move down the audiogram, the louder sound becomes.  For example, a 
10dB sound is as soft as a whisper, while a 110dB sound is as loud as an airplane.

Familiar sounds are plotted on this audiogram for demonstration purposes, revealing  at 
what frequency and loudness level these sounds occur.  For example, a lawn mower is a 
very loud, low pitched sound, while the  ““““s”””” sound is a very soft, high pitched sound.



In this variation of the audiogram, the shaded area represents 

where the sounds of speech at a soft conversational level take 

place.  If you look closely at this area, sometimes called the 

“speech banana,” you will notice that the sounds of speech 

occur in the loudness range from approximately 15-50dB and 

the pitch or frequency range from approximately 250 to 

8000Hz.  Vowels tend to be lower pitched and louder than 

consonants. 
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As you know, hearing loss is not “all or nothing” but has various 
degrees of loss, just as vision does.  We’re now going to take a look 
at the various degrees of hearing loss and how those are shown on 
the audiogram.  

Remember the intensity or loudness level that a sound can just 
barely be heard is the “threshold.”   The the audiogram is set up so 
that if the threshold, or detection level, of a sound is at a very soft 
level, it’s marked at the top of the audiogram.  But if the sound has 
to be made very loud to just barely be detected, the threshold is 
marked near the bottom of the audiogram. 

The red line indicates the loudness of a typical conversation.

Normal hearing for children is in the range below 15 dB.  That 
corresponds to the pink band on this audiogram.  In other words, 
for a person with normal hearing, the tone can be detected at very 
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soft levels.  

A person with normal hearing would be able to easily hear all of the 
louder sounds, such all of the speech sounds represented in the 
“speech banana” and the other noises we saw on a previous slide, 
such as the lawn mower.
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Here we see the range of thresholds for a minimal hearing loss.  

As you can see, some of the speech sounds on the “speech 

banana” such as the “f” and “th” are no longer detectable.  So 

a child with a minimal loss wouldn’t be able to hear the 

difference between “fin” and “thin” based on an auditory 

signal alone, even in the best of listening environments.  And 

all of the other speech sounds are being heard at a softer level.  
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A mild hearing loss occurs when the sound thresholds are 

between 25-40 dB.  We may think that “mild”  is, well, 

mild…but look how many speech sounds are not being heard.  

And the rest are coming through more like a whisper.  So “mild” 

does have some significant impact on understanding what’s 

being said, especially for a very young child who has not yet 

acquired language and can’t “fill in the blanks” like those of us 

with a long history of auditory access can do.  
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And here we see the range of hearing thresholds for a 

moderate hearing loss.  Notice how the speech sounds for soft 

conversational speech are nearly all inaccessible and that 

normal conversational levels would be perceived almost as a 

whisper.  Moderate?  Think about the impact that this degree 

of hearing loss would have on a baby’s access to day-to-day 

speech.
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The orange bar on this audiogram shows the threshold levels 

for a moderate-to-severe hearing loss…55 dB to 70 dB.  Most, if 

not all, of typical conversational speech could not be detected 

with this degree of hearing loss.

However, many hearing losses are not flat, with the thresholds 

of all of the different frequencies or pitches in approximately 

the same dB range.  

CLICK  (to next slide)
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Here is an example of a common configuration of hearing loss, 

with different degrees of hearing loss at different frequencies.  

This is an example of a mild-to-moderately severe sloping 

hearing loss.  Some speech sounds are available to this person 

but many are not so there’s a lack of clarity with many sounds.  

We’ll hear some examples of this type of hearing loss in a few 

minutes.

Once again, those of us who have a long history of accessing 

speech and language can fill in some of the gaps but very 

young children don’t have the advantage of that experience.
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OK, back to looking at the degree of hearing loss, without 

taking into account different configurations.  Here the blue area 

indicates a severe hearing loss with thresholds in the 70 dB – 90 

dB range.  With this degree of hearing loss, typical 

conversation. as well as many environmental sounds, would be 

inaudible.
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And this shows thresholds in the profound hearing loss range.  
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Once again, there are many different and unique 

configurations of hearing loss.  Each one makes some sounds in 

everyday conversations more difficult to access and therefore 

makes understanding more challenging.  

In a few minutes, Terry will explain how hearing is tested and 

the different types of intervention options that are available.

But first, let’s listen to some examples of different degrees of 

hearing loss.
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The House Ear Institute modified this Flintstones cartoon to 

simulate different degrees of hearing loss.  As you watch and 

listen, watch for the small audiogram in the bottom right 

corner with a red line showing the hearing loss that’s being 

simulated, beginning with normal hearing when Barney begins 

speaking and progressing to a severe loss when Wilma and 

Betty finish the cartoon segment.  You’ll also see the “speech 

banana” superimposed on the audiogram to show how the 

different degrees of hearing loss are reducing access to speech 

sounds.

PLAY VIDEO

We’ll play this again so you can listen more closely and watch 

the audiogram and “speech banana.”  You may be able to pick 
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up more of the conversation this time because of the repetition 

and being able to focus on the contextual cues the second time 

around.  

PLAY VIDEO

Think about how difficult it was to understand what was being 

said at the end.  And we know the English language!  A young 

child who has not yet acquired language finds it much more 

difficult to make sense of the reduced and distorted sounds in 

his or her environment.
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Here are two excellent online resources.  The first is the You 

Tube animation of how the ear works and the second one 

successforkidswithhearingloss.com has links to a variety of 

hearing loss simulations.
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In conclusion, here are the three take home messages from the 

first part of Audiology 101:

Hearing loss is described by the parts of the ear affected and 

can be temporary or permanent 

An audiogram is how we graph hearing sensitivity and it is very 

important to develop an understanding of what it means

Even mild and moderate hearing loss significantly affects ability 

to hear speech which affects speech and language development
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