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Serving Hard-of-Hearing Students: Interpreting
Documentation, Understanding Functional Impact, and
Providing Appropriate Accommodations

Samuel R. Atcherso& Cheryl D. Davis

Abstract

Service providers face a number of challenges in evaluating the needs of hard of hearing

students who rely on auditory/oral and/or print means of communication. While

documentatio for some students clearly justifies specific accommodations, for others it

does not. Many service providers are faced with the difficult task of justifying to

administrators why the servicesearecessary. This sessimmovidel participants an

understanithg of the functional limitations created by hearing loss and the access options
available, arming them with knowledge and conf
needs. Participantsradthe opportunity to talk with an audiologist who is himself a

cocHear implant user to have their hearing loss and documentation questions answered.

Hearing assistance technologies al@savailable to explore.

2

The impetus for having this allay workshop was the awareness and concern that there was a poor
transferof information between service providers and audiologists for students with hearing loss in

the postsecondary education setting. When clear information is not adequately transferred, it may

be difficult to develop and justify reasonable and appropret@rmendations for students.

Whatever information is gathered significantly impacts documentation that can either benefit or
harm a studentdés educational access and process.
may be related to the assumptiafignowledge that both audiologists and service providers have

about each other. For example, audiologists may assume that services providers who work with

students with hearing loss know precisely what the student needs. Meanwhile, service providers
mayassume that audiologists will provide complete, detailed evaluations and recommendations

that will work with the school s available techn
of the student. Alternatively, it may be that both parties are analgout what questions need to be

answered, and what information to provide.

Our approach to resolving some of these concerns is to educate service providers about certain
audiologyrelated topics in order that they may be empowered to ask of audislsjstific

information or documentation they need to best serve their students. Additionally, having a solid
understanding of various issues involving assistive listening devices (ALDs) is considered of great
importance. Due to the constraints of spacewillehighlight some of the major points from our
presentation. More detailed information and relevant references can be obtained in other
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publications, both of which are free and accessiblénen(Davis, Atcherson, & Johnson, 2007,
Atcherson, Davis, &dhnson, 2007).

Overview of Anatomy and Physiology of Hearing

Basic understanding of the anatomy and physiology of the hearing is essential for understanding
how hearing loss leads to various functional difficulties (below), which will then help us develop
appropriate expectations of what hearing assistance technology can and cannot do for students.
Minimally, the peripheral auditory system involves the pinna, ear canal, ear drum, middle ear space
(and structures), cochlea, and the hearing nerve. The pupptse pinna and ear canal are to

naturally provide a boost of high frequency information, particularly those of speech sounds. The
middle ear begins with the ear drum whose physical movement via the ossicles (three tiny bones)
becomes pressure wavedtie fluidfilled cochlea. Within the cochlea, the pressure waves vibrate
resonating membranes that neurally activate the sensory hair cells within the cochlea. There are
two different types of hair cells that have fundamentally important roles. Outerelaiare

motile, whereby they contract to help amplify soft sounds entering the auditory system. However, it
is the inner hair cell that actually relays sound information to the brain. When sounds are
sufficiently loud, the inner hair cells are automdtjcactivated. However, the processing of sound
does not stop here. Sound processing enters the central nervous system where it is processed by the
brainstem and auditory cortex (bottam processing) and is mediated by higlesel factors such

as attentn, cognition, and previous experience with sound-@mpn processing). Thus, the

auditory brainstem and brain adrghly influenced by maturation, the environment, and any
alterations anywhere along the auditory pathway (from the hearing loss in theadochrain
injuries). Specifically, the auditory brain is
beneficial or harmful thus having important implications for people with hearing loss. A final
important consideration about the auditory sysitethat it is a binaural system and it works

optimally when there is a clear, unaltered signal in both ears!

Hearing Loss is More Than Just Loss of Audibility

Most people seem to appreciate thaigle with hearing loss needund to be louder. If damate

the cochlea is restricted to the outer hair cells or if something is blocking sounds from reaching the
cochlea, then most hearing aids are perfectly sufficient to restore loudness. However, hearing is
much more complex than we realize which can leadriamber of other functional difficulties.

When the inner hair cells are damaged, in addition to outer hair cell damage, hearing difficulties

are compounded. When inner hair cells are damaged, the neural signals to the hearing nerve and to
the brain becom progressively distorted as the severity of hearing loss gets worse. Specifically,
people with inner hair cell damage experience a loss of clarity (or crispness) of speech sounds.
Behaviorally, they may complain that sounds are muffled. They may mids diffe#rences

between similar words, they may not hear consonants, they may be unable to separate speech from
background noise, they may unable to tell where a sound is coming, and so forth. These difficulties
are often related to poorer frequency disanetion, poorer temporal (time) discrimination, and the

loss of any binaural advantages (i.e., input to both ears). The most obvious benefits to hearing with
both ears is 1) two ears produces a perceptual
brain relies on input from both ears to localize sounds, and 3) hearing in noise is much better with
two ears due to spatial separation cues (since the speaker and background noise are often in
different locations). Secondary to hearing loss caused bgnagéal auditory system are the issues

of increased likelihood of listening fatigue, possible tinnitus (ringing in the ears), and balance

issues (another inner ear structure). These secondary issues may also need to be taken into account
when planning recomemdations for students with hearing loss.
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Understanding the Audiogram (and its Limitations)

Terms such as sensorineural hearing loss, conductive hearing loss, and mild and profound hearing

losses are often familiar to service providers who work withestisdwith hearing loss. Less

familiar to service providers are how to adequately interpret an audiogram and how to use

associated information such as speech recognition thresholds (SRT), word recognition (WR)

scores, tympanometry, and acoustic reflexes)(ARRormation that could be gleaned only from an

audiogram is explained here in this section, but other tests and their results will be discussed in
section AFamiliarization with Audiology Services

The audiogram is a graph used to plot the softesk té\ewunds across a range of pitches (Figure

1). The stimuli used are typically pure tones or modulating tones produced by an audiometer. From
the top of the graph to the bottom, intensity levels (loudness) increase from&bdBtHL to

about 110 dB HLFrom the left of the graph to the right, frequencies (or pitch) increases from 125
Hz to 8000 Hz, more or less representative of the range of sounds associated with speech. For
adults, normal hearing is defined as any threshold that is 25 dB HL oratodibtested

frequencies on the audiogram. Young adults with normal hearing are expected have on average a
threshold of 0 dB HL across frequencies. When thresholds exceed 25 dB HL (i.e., indication of
hearing loss), it is common practice to take thecairduction pure tone average (PTA) of the
thresholds at 500, 1000, and 2000 Hz to determine the degree (or severity) of hearing loss. The
ranges for different degrees of hearing loss are as follows: Mild for PTAs between 26 and 40 dB
HL; moderate betweenl4and 55 dB HL; moderatelsevere between 56 and 70 dB HL; severe
between 71 and 90 dB HL; and profound 91 dB HL and greater. Additionally, it is also helpful to
note the shape (or configuration) of the thresholds for more telling information. In paytycula

might see that hearing is better in the lower frequencies compared to the higher frequencies (a
common configuration of hearing loss).
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Figure 1. Threshold audiogram with speech sounds
(shaded area showing average conversational speech
range)
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Rightand leftearaic onducti on thresholds are plotted as AO
conduction testing occurs through the use of headphones or earphones. Right and-left bone
conduction threshol dissoaroa Ml dt taend PAHidactor fesp eartd \
testing occurs through a bone vibrator placed on the skull behind the ear, and the vibration

bypasses the ear canal and middle ear and directly stimulates the cochlea. In cases where there are
largeaircoduct i on threshold differences between ears,
to denote that a masking noise was put into the
this information, a sensorineural hearing loss (SNHL) is determithed both airand bone

conduction thresholds overlap each other on the audiogram; a conductive hearing loss (CHL) is

when airconduction thresholds are greater than 25 dB HL at any frequency while the

corresponding boreonduction threshold is at leastdB better (called an alvone gap) and

within the normal range; and finally, a mixed hearing loss is one when both a SNHL and CHL

occurs, the thresholds of which both are greater than 25 dB HL. The configuration of thresholds for

a right ear, highrequerty SNHL is shown in Figure 1.

When interpreting the results of an audiogram, it is often helpful to visualize what parts of speech
or everyday sounds are too soft or inaudible (see Figure 1 for example). When using audiograms,
the reader should be awarfead least three things: 1) speech sounds actually vary quite widely in
intensity and have energy at more than just the one frequency depicted; 2) audiograms do not
indicate which hearing functions are likely to be affected; and 3) audiograms should loalyse

as one aspect in the interpretation of what a student with hearing loss may need. It is at this
juncture that we alert the reader that there is more to be gathered than just the audiogram alone!

Hearing Instruments: Not Just Hearing Aids

Analog and Digital Hearing Aids

There has been a boom of hearing instrument technology in just the last decade. Not only are we

dealing with hearing aids and cochlear implants, but there are also lesser known technologies that

remain on the market for specific typef hearing loss. One of the biggest changes in hearing

instrument technology has been the shift from analog hearing aids witbctess for changing

the gain and tone to highly sophisticated digital hearing aids that are programmed by computer

withvai ous Al i steningd programs that are mathemati c
computer chip. Some diiefeatures worth mentioning in digital hearing aids include directional

microphones, noise reduction, and feedback management. Directienagphones involve the use

of two microphones (one in the front and the oth
bet ween the two is cancelled out (though never e
amplified. This may be especially helpfuhen listening to an instructor at the front of a room in a

noisy classroom. Noise reduction is a strategy of the hearing aid to reduce background noise

(which tends to be lower in frequency) while amplifying speech sounds (particularly higher

frequency sonds). Although research does not show an improvement in speech understanding with

noise reduction, it does improve listening comfort. Finally, feedback management involves
suppressing any fAsquealingd or Aheathempmagt, ai d f eed
when a hearing aid was squealing, we would turn the volume control down. However, this reduces

the audibility of sounds and makes it more difficult to understand. With digital feedback

management, the hearing aid suppresses the feedbacloam itghile minimally adjusting the

volume. Another big change is that older hearing aids (analog or digitalrammable analog)

had manual switches (Off, Microphone, or Telephone) and now we may see hearing aids with

buttons to change between listenimggramsincluding the use of a telephone. Despite all of these

innovative developments, no hearing aid is perfect because of some technological constraints, and
because the digitaHgmplified and manipulated signal still has to travel through a damaged

cochlea (recalls outer and inner hair cells).
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Frequency Transposition and Bone-Conduction Hearing Aids

Two less common, but beneficial hearing aids worth discussing are frequency transposition hearing

aidsand boneconduction hearing aids. Frequency trarsspon hearing aids were designed for

people with residual low frequency hearing and unaidable mid to high frequency hearing (due to

dead hair cell regions). Thesd olpag aargion @ rl dipg es itped
due to their steep aumtiram configurations. Functionally, these people may be unable to detect

high frequency sounds even with regular hearing aids (see FigurA 2#&quency transposition

hearing aid not only amplifesounds, but it al so fAtroalbweposeso hi g
frequency region where the better hearing is. The result is that any high frequency sound that is

transposed will have the quality that it is lower in frequency, but is now detected! One participant

used a terrific anarlpognyow ys asuanyd sn glAlth&ligR tdida vnednsd sc hc a-
transposed sound will be, in some cases, unnatural, wearers of this technology remark at how they

can now hear high frequency speech sounds and birds chirping; however, research does not

currently indicate that provides significant speech understanding improvement.-Bonduction

hearirg aids, as the name suggests fargpeople who have chronic, medicallpresolved

conductive hearing losses. Either of these two ldgsewn hearing aids can be used va#sistive

listening devices as would be expected for most other hearing aids.

A. B.
Frequency (Hz) Frequency (Hz)
125 250 500 1000 2000 4000 125 250 500 1000 2000 4000
0 0
10 10
20 20
. ( [ | — - 30 (‘., =
= 40 - [ N «o 40 =
g O \ /W S N )
£ 50 \\\(\/ = \//\
z 60 \ ; 60 f————
‘n 70 2 70
= N — £ N
T 90 e 90 —
D) 100 N
100 \a> \

110 E’) 110 gf )

Figure 2. A. Precipitous hearing loss showing the amplified (arrows) conversational

speech range (compare to Figure 1). Notice that high frequency sounds are completely
missed even when speech is amplified. B. The conversational speech range is not only
amplified (arrow), but also transposed (arro

Implantable Hearing Devices

Cochlear implants have clearly penetrated mainstream culture and it has been said that there are
over 100,000 people worldwide with this amazing technology. Fundamentally, cochlear implants
are used when people with hearing loss hatte tiv no residual hearing remaining, and both

speech understanding and/or environmental awareness is not satisfied with even the most powerful
hearing aids. In contrast to hearing aids, cochlear implants do not amplify sounds, but rather
provide direct adctrical stimulation to the hearing nerve. Although cochlear implants have the
ability to improve thresholds for many users, the functional outcomes between users varies
significantly, which are due to history of hearing loss, age at onset, prior heidrimgeaprior
communication abilities, and status of entire auditory system, to name a few. Therefore, we should
avoid the assumption that all cochlear implant users will have the same benefit. While cochlear
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implants have been around for several decdless are some recent trends that have been
developinghat areworth discussing. More and more we are seeing people with two cochlear
implants and several research studies have shown benefit of two over one. Hybrid cochlear
implant® part cochlear implarfor high frequencies and part hearing aid for low frequefcas

also being studied. Finally, there seems to be some benefit for cochlear implant users who take a
bimodal approach by continuing to use their hearing aid in theimplant ear. The bimoda

approach may not be acceptable if the extent of the damage in tiraglant ear is so severe that
there is simply too much distortion.

Sound and Setting

The above information helps to clarify how the hearing mechanism functions with or without

technobgy, but it does not explain human behavior. There is a great deal of variability in how

individuals respond to hearing loss. They may be able to communicate well in some situations but
experience a great deal of difficulty in others. Lacking other infoomaservice providers may

hold a number of misconceptions or beliefs: (1)
does not have a serious impairment, (2) people who can hear well enough to make a phone call

would not qualify for an accommotian, (3) a classroom accommodation would not be necessary

if one is not needed in the intake or application interview, (4) clear speech indicates that the person

does not have a severe hearing loss, (5) people who speechread do not need additiomzg assista

and 6) hearing aids provide satisfactory access.
involved in successful communication.

First, what type of communication is taking place? Doas/olve an informal conversation with a

known individual, group participation, or lecture? In an intake interview, for example, the

counselor is usually using his or her best listening skills and maintaining eye contact. This gives the

l' i stener full access to the Ilanguagelgreathdfacilitdtea c e . Faci
understanding. In a lecture in school or a training or meeting at work, there is usually much less

give and take in the conversatidrhere is limited eye contact anmdnimal oppotunity for

response or feedbadkjs less lilely to occur in a optimal listening environmenrdnd at the same

time, the listener is held completely responsible for the information presented.

A major listening challenge for individuals with hearing loss, though, is group discussion. It is
importantto appraise the variety of information a person with normal hearing picks up auditorially
to understand why this is a challenge. In a large group of people, we are able to locate the direction
a sound is coming from, whether the speaker is male or feamedentify whether the speaker is

a child or adult. We might even recognize the voice so we know who we are looking for. These
differentiations will be blurred for the individual with a hearing loss. With normal hearing, we also
glean other informatiorhat may help us socially. The person may have an accent that we could
comment on, may speak passionately about the topic, or may come across as insecure or even
condescending. We also hear grammatical information and cues about when to interrupt or ask a
guestion. Without these cues we can easily make a social misstep which others might misattribute
as rude or socially inept behavior.

With few exceptions, there is little argument that in academic, employment, and social settings,
hearing and understandispgeech is vital to our functioning. So how much speech does one need to
hear in order to have access to the entire message or to succeed? Hearing 75 or 80% sounds like a
|l ot ébut is it enough?

As an example, hearing loss in the higher frequencies isdbeanmmon type of loss. In looking

at a mapping of common speech sounds by frequency or pitch and decibel (dB) or loudness, it can
be seen that even a mild high frequency loss means the individual loses the sounds s, f, t, h, p, k, th,
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sh, ch. These arxteemely common sounds and provide pluralization and tense information. When
these key sounds are missing, the message becomes ambiguous.

Inlooinga ama ing of ommon ee ound by requen yor i and de ibel (dB) or loudne
,i anbe en a evenamild ig requen ylo mean eindividuallo e e ound

The above sentence is the second sentence in the previous paragraph. Only the high frequency
sounds listed above have been removed. Even thtbegieader is reading and not listening, it is

easy to see that the individual is not missing a word here or there, but missing sounds in many
words. Not counting the list of sounds at the end, 74% of the letters of the original sentence could
be heard, bt only 37% of the words are left intact. Being able to hear 75% of a message may seem
adequate, but functionally it is devastating, especially in a classroom environment.

The final piece to understanding the bigger picture of the challenge of heatiagdsue of

background noise. Both hearing aids and cochlear implants use a microphone to collect sound, and
neither discriminates perfectly between speech and background noise. In research conducted by
Blair (1990), students with normal hearing undeavdtolearly as long as the speech was 6 dB

louder than the background noise. Students with hearing loss, though, required speeck?® be 15

dB louder than the background noise. This concept is known as thetsignuéde ratio.

In addition to a strongghatto-n oi se rati o, two other properties
ability to receive sourdl distance and reverberation. Distance from the sound source also has a
dramatic impact on the ability to hear. Consider that the average speech is about H5eH At

about 4 feet (for example, the first row in a classroom), the intensity drops to about 53dB, and at 16
feet (about the fourth row), the intensity is only 41dB. With or without a hearing aid, it would be
beneficial to sit closer to the sound B!
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Figure 3. Visual representation of reverberation.

Reverberation is the third characteristic of sound that hearing aids and cochlear implants cannot
overcome. Reverberation is the time required for the intensity of a sound to drop 60 dB osce it ha
stopped being produced. The longer the time, the more of an echo, and the muddier sound becomes
(see Figure 3). Assistive listening technology can help overcome these problems.

Assistive Listening Devices
Assistive listening devices (ALDs) consist ofrécrophone, a transmitter and receiver system, and
a coupling device, such as headphones. The speaker talks into the microphone. The microphone is
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attached to a transmitter, which sends the si
onysounds being transmitted are those coming t
up the signal and sends it to the coupling device, such as headphones. There is a volume control on
the receiver, so that the user can turn it up or down as needed.
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Figure 4. Assistive listening devices transmit sound without losing intensity.

The beauty of ALDs is that they improve the sigiahoise ratio and eliminate or minimize the
effects of distance and reverberation (see Figures 4 and 5).
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There are three major transmission systems related to ALDs: FM, infrared, and induction. The
personal FM transmitter is about the size of a pager, and hasadhswvitch and a jack for a
microphone. The instructor plugs in the microphone and clips it close to his or her mouth, turns the
transmitter on, and begins speaking. The FM receiver looks very similar and, like other receivers,
includes an owff, volume contol, and a jack for headphones or another coupling device. The user
wears the receiver to intercept the signals and plugs in headphones or another coupling device to
relay the sound from the receiver to the ear (see Figure 6). FM uses radio waves totinansmi

signal across the distance, like tuning into a radio station.
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Figure 6. Comtek AT-216 Personal FM System.

Infrared (IR) systems use infrared light to transmit the signals, similar to remote controls for
televisions. IR transmittersaust be plugged into a power source. Most of them collect sound from
an existing public announcement system, although there are home versions that are used with
television sets.

Figure 7. Directear 810 Infrared TV System with stethoscope type receiver.

The electromagnetic induction |l oop is the only s
system consists of a loop of wire that is powered by an amplifier and a microphone (see Figure 8).

The amplifier must be plugged into a power source. Tine kvop transmits electromagnetic waves

that carry the signal. An area as small as a table or as large as a room can be looped.

Figure 8. Oval Window Microloop.
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