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1. INTRODUCTION

1.1 History and Overview of Hearing Examinations in NHANES

Hearing is important. It is the sensory channel by which we are connected to other people,
warned of impending dangers, and entertained by music and laughter. Good hearing enables us to
perceive the laughter of friends, the cries of a baby, and the breeze rustling through the trees. Without it,
we feel isolated from the world around us, and frustrated by our inability to fully understand the flurry of

activity that surrounds us. Man is a social creature, and hearing is critical to his ability to function as such.

Hearing loss is a widespread problem. According to the National Institute on Deafness and
Other Communication Disorders (NIDCD), more than 28 million people in the United States have some
degree of hearing impairment. The prevalence of hearing loss increases with age. Two or three out of
every 1,000 children born in the U.S. are deaf or hard-of-hearing. Approximately 17 out of every 1,000
children under age 18 have a hearing loss. About one-third of Americans over age 65 and nearly half of
those over age 75 have significant hearing disorders. An estimated ten million Americans have hearing
loss caused by overexposure to noise, which is a completely preventable problem. Only about 20 percent

of individuals who could benefit from a hearing aid actually use one.

In addition, at least 12 million Americans have tinnitus (ringing in the ears), a condition
which can be as disabling as hearing loss. At least one million of these experience tinnitus so severely that

it interferes with their daily activities.

Hearing loss can be caused by a myriad of factors—age, noise exposure (occupational or
recreational), developmental syndromes, infectious disease, physical trauma, ototoxic drugs and
chemicals—all of which are further influenced by genetic susceptibility. Hearing loss is an “invisible”
impairment; that is, there are usually no obvious external signs of the damage that is done. In children, it
often goes undetected for some time while parents, educators, or health professionals mistake the signs of
hearing difficulty for behavior problems or learning disabilities. In older individuals, hearing loss usually
develops gradually and insidiously over time. Because of this, hearing loss is frequently misinterpreted by
the individual as “mumbling” by others or “getting used to” sounds. Others often misinterpret someone’s
hearing difficulty as inattentiveness or dementia. Often, extensive and irreparable damage has been done

to the auditory system before it is noticed.
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The National Center for Health Statistics (NCHS) has regularly included evaluations of the
auditory system in its health examination surveys. These evaluations have included one or more of the
following: a brief medical examination of the ear, interview questions regarding hearing ability and ear
diseases, tympanometry (a test of middle ear function), pure tone air conduction thresholds, pure tone
bone conduction thresholds, and/or speech discrimination testing. Sometimes these evaluations were done
on all NHANES examinees, and some surveys included hearing evaluations on only a subset of
examinees (such as children or adults). Table 1-1 summarizes the audiometric procedures included in

each of the health examination surveys since 1960:

Table 1-1. Review of NHANES audiometric procedures

Pure tone testing

c o 38888 8 g

Survey Years Age Tympanometry S22 IFTIRA Speech
NHES* 1960-1962  18-74 VNN N AN
NHES II 1963-1965 6-11 R N N N,
NHES 111 1966-1970  12-17 R N N N
NHANES I 1971-1974  25-74 v N \ \
Augmented 1974-1975  25-74 RN V \
NHANES 1I 1976-1980  4-19 v oW \
HHANES** 1982-1984  6-74 N v oA \
NHANESIII  1988-1994  6-19 N VoA A A A A
NHANES 99-04 1999-2004  20-69 N VNN AN A A
NHANES 05-06 2005-2006 12-19, 70+ v VN AN NN AN
NHANES 07-08 2007-2008  12-19 N VN NN N NN

* National Health Examination Survey.
**Hispanic Health and Nutrition Examination Survey.

As the table indicates, young adults had their hearing tested in the NHANES cycle that ran
from 1988-1994. Although these data are only 10 years old, hearing loss in this age range presents an
important public health problem. Analysis of the NHANES III data indicated that 13 percent of children
aged 12-19 years had some degree of high frequency hearing loss. Most of these hearing losses were
consistent with early noise-induced damage (Niskar et al., 1998; Niskar et al., 2001). Because of the
alarming rate of possible noise-induced hearing loss in this subpopulation, and because hearing loss from
this cause is completely preventable, it has been deemed important to monitor this group again so that the
effectiveness of current prevention activities can be evaluated and future efforts can be properly targeted.
Therefore, youth aged 12-19 years were tested again beginning with the NHANES 2005-2006 survey
cycle; and testing in this age range will continue through the 2007-2008 cycle.
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Although in the past, NHANES has been a periodic survey, it is currently authorized to run
continuously. This has made it possible to use NHANES to collect data to monitor progress toward health
objectives outlined in Healthy People 2010—the prevention agenda for the Nation (U.S. DHHS, 2000).
Healthy People is a national health promotion and disease prevention initiative from the Federal
Government that provides a framework for monitoring progress toward identifying and reducing
significant, preventable health problems, increasing the quality and years of healthy life, and eliminating
health disparities. The current Healthy People program includes eight hearing-related objectives, at least
four of which will rely on data collected through NHANES for baseline and/or monitoring data. These

objectives include:

L] Increase access by persons who have hearing impairments to hearing rehabilitation
services and adaptive devices, including hearing aids, cochlear implants, or tactile and
other assistive or augmentive devices (28.13);

L] Increase the proportion of persons who have had a hearing examination on schedule
(28.14);

] Increase the use of appropriate ear protection devices, equipment and practices
(28.16); and

L] Reduce noise-induced hearing loss in children and adolescents under age 17 years
(28.17).

The current protocol for the hearing examination component of the NHANES was developed
by NCHS in collaboration with the National Institute for Occupational Safety and Health (NIOSH) and
NIDCD in 1999. The examination includes several parts:

[ Questionnaire items — hearing-related questions included on both the household
questionnaire (self-reported hearing ability; use of hearing aids and hearing protective
devices; relevant medical history; noise exposure history) and in the mobile
examination center questionnaire (current conditions that could affect the results of
audiometric testing);

[ Otoscopy — a cursory physical examination of the outer ear;
] Acoustic immittance — an objective evaluation of middle ear function; and
[ Pure tone air conduction audiometry — a basic evaluation of hearing sensitivity.

Information obtained through the audiometric examinations conducted in the NHANES will
provide data for which there has long been a need. Researchers throughout the United States will utilize

these data as a reference population for studies of hearing ability in particular subpopulations. The data
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will also provide a baseline from which to measure future progress in preventing hearing loss from noise,
ototoxic exposures, medical conditions, and the like. Specifically, the goals of the current NHANES

hearing component are to:

1. Establish technically valid and statistically representative threshold data describing the
hearing sensitivity of the U.S. adolescent population aged 12-19 years stratified by
gender, race, socioeconomic status, geographic region, and other variables;

2. Define the prevalence of hearing impairment among U.S. adolescents to identify risk
factors for hearing loss in this age group;

3. Monitor the prevalence of early hearing losses consistent with overexposure to noise
among U.S. youth aged 12-19 years, evaluate progress toward prevention during the
last decade, and identify particular subpopulations at risk for targeted prevention
programs; and

4. Monitor progress toward Healthy People 2010 hearing-related goals.

You, as a health technologist for the NHANES, play a crucial role in collecting these
important data. You will be responsible for conducting the examinations, monitoring the equipment
calibration and test environment, maintaining the equipment and troubleshooting difficulties, and keeping
relevant records. You will not be expected to interpret the test results or provide feedback to the survey
participants (SPs). You will receive extensive training to ensure that you understand and are able to carry
out these protocols. Nationally-representative surveys such as NHANES are expensive and require
significant planning and oversight to ensure technically accurate information. Please always follow the
standardized procedures that have been developed for the hearing component, which are outlined in this
manual. While some of the procedures may appear to be simple, it is critical that you follow them exactly,
so that data on each examinee are obtained in a uniform manner. If you are ever uncertain about any

procedure or examinee, always ask your supervisor.
Before discussing the specific protocol for the NHANES hearing component, it is important

to cover some basic information about sound and audition. A rudimentary knowledge of the physiology

of hearing is essential to understanding how to test hearing.
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1.2 Basic Principles of Sound

Sound can be defined in the physical sense as a series of pressure waves caused by a
vibrating object and propagated through an elastic medium (see Figure 1-1). In other words, sound is
initiated when an object begins to vibrate. As the object moves back and forth, it “bumps into” molecules
in the surrounding area, forcing them to move also. These displaced molecules in turn put pressure on
other molecules and thus the sound wave is propagated. Because the molecules return to their original

resting position following displacement, sound is said to occur in an “elastic” medium.

PRESSURE~#=" " =,

DISTANCE —p=

Figure 1-1. Schematic representation of sound propagation. The small dots in the top
of the diagram represent air molecules moving back and forth from their resting
position, creating pressure “waves.” The lower part of the diagram depicts the
pressure wave graphically. (From Suter A.H. Hearing Conservation Manual, 3rd Edition.
Council for Accreditation in Occupational Hearing Conservation, Milwaukee, 1993.)

In the physiological sense, sound can be defined as the sensation evoked in the auditory

system by these pressure changes. This will be discussed further in Section 1.3.

Sound may be characterized along three main parameters: frequency, intensity, and
complexity. Frequency is the rate of the sound pressure waves, or how often the molecules are displaced
in a given period of time. Frequency is measured in Hertz (Hz), or cycles per second, and is perceived as
pitch. Lower-pitched sounds (such as the rumble of traffic or a man’s speaking voice) are lower in

frequency; higher-pitched sounds (such as a whistle or a baby’s cry) have higher frequencies.

Intensity refers to the amplitude of the pressure waves, or how far the molecules are
displaced from their original position. Amplitude is measured in decibels and is perceived as volume, or
loudness. Low amplitude sounds (in which the molecules are displaced only a little bit) are perceived as

“quiet” and high amplitude sounds (in which the displacements are larger) are perceived as “loud.”
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Complexity refers to the interaction of the various frequencies and intensities that make up a
sound. For example, a pure tone is a sound that is made up of only one frequency and one intensity. Most
sounds are made up of many frequencies at different intensities combined to make a very complex signal.
Complexity is perceived as sound quality, or timbre. If a flute and violin are playing the same note at the
same volume, complexity is the parameter of sound that allows us to distinguish between the two

instruments.

Within the context of NHANES, we will be concerned primarily with the frequency and
intensity of signals. The human ear is responsive to frequencies from about 20 to 20,000 Hz, but not
equally so. It is most sensitive from about 1000 to 3000 Hz; and the frequencies most necessary for the
understanding of speech are 500 to 4000 Hz. Audiometry conducted as part of the current NHANES will
include test frequencies from 500 to 8000 Hz.

Test frequencies in audiometry are derived from the musical scale, and are generally octave
intervals. An octave is a tone with a frequency that is exactly twice that of a reference tone. Therefore, the
basic audiometric test frequencies are 500, 1000, 2000, 4000, and 8000 Hz. In addition, testing is often
done at 3000 and 6000 Hz (sometimes called the inter-octave frequencies) because these frequencies are

useful in identifying hearing losses due to noise exposure.

Intensity is a little more complicated. Remember that intensity refers to amplitude, or how
far the molecules are displaced from their resting position by the vibrating object that is creating the
sound. The farther the molecules are displaced, the greater pressure they place on neighboring molecules.

Thus, intensity is measured in units of pressure; the higher the pressure, the louder the sound.

However, the difficulty is that the human ear is responsive to a very wide range of pressures.
The pressure of a sound that is just barely audible to a young, normal-hearing listener is approximately
20 pPa (the pPa—micropascal—is a unit for measuring pressure). The pressure of a sound that is
painfully loud could be about 200,000,000 uPa. Because it is a bit cumbersome to use such a large range
to quantify intensity, we convert the pressure measurements to decibels. In decibels, the human ear is
responsive to intensities from 0 dB to 140 dB—a much more manageable range. Figure 1-2 illustrates the
sound levels of some common activities and shows the relationship between sound pressure in

micropascals and sound level in decibels.
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Figure 1-2. Sound levels of various activities. The intensity of the sound is
shown in micropascals on the left and decibels on the right. (From Suter A.H. Hearing
Conservation Manual, 3" Edition. Council for Accreditation in Occupational Hearing

Conservation, Milwaukee, 1993).

The decibel scale is logarithmic rather than linear; this means that the difference in actual
sound pressure from one decibel to the next increases as the decibel level increases. For example, the
increase in pressure from 20 to 40 dB is not the same as the increase in pressure from 40 to 60 dB. As you
can see from the scale in Figure 1-2, pressure increases by 1800 uPa from 20 to 40 dB, but pressure
increases by 18,000 pPa from 40 to 60 dB. Because of the logarithmic nature of the scale, decibels cannot
be added and subtracted in the usual way. Two independent sound sources that each have an intensity of

90 dB produce a sound level of about 93 dB when they are put together, not 180 dB.

There are several different decibel scales used in measuring sound and hearing. When
measuring sound levels at different frequencies in the environment (for example, when you measure the
background noise levels in the test room as described in Section 2.3.3.2), the sound pressure level scale

is used; results are recorded in dB SPL. When measuring an individual’s hearing thresholds (for example,
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when doing pure tone audiometry as described in Section 3.5.3), the hearing level scale is used; results

are recorded in dB HL. A measurement of 30 dB SPL is not the same as a measurement of 30 dB HL.

Finally, it is important to note that a measurement of 0 dB does not mean that there is no
sound at all—just like a temperature of 0°F does not mean that there is no heat at all. There are sounds
that are quieter than 0 dB, and these sounds are measured in negative decibels in the same way that

temperatures colder than 0° are measured in negative degrees.

1.3 Basic Principles of Audition

When you think of the ear, you probably think primarily of the two most visible portions of
the auditory system that are located on either side of the head. However, the ear is much more than this.
The ear actually has four main parts: the outer ear, the middle ear, the inner ear, and the auditory neural

system (see Figure 1-3).

The outer ear consists of the auricle (sometimes called the pinna) and the ear canal (also
called the external auditory meatus). The outer ear functions primarily to funnel sound into the ear, and to
modify, to some extent, the acoustic signal. The shape and size of the ear canal cause it to amplify signals
with frequencies of approximately 2000-3000 Hz; this is the main reason that human hearing is most

sensitive in this frequency range.

The middle ear consists of the eardrum (or the tympanic membrane); three tiny bones (or
ossicles) called the malleus, the incus, and the stapes; and two small muscles. The primary function of the
middle ear is to transform the acoustic signal into mechanical vibration. The middle ear muscles form part
of a reflex arc (known as the acoustic reflex), which provides some small amount of protection against
loud sounds. The middle ear also houses an opening to the eustachian tube, which connects this part of the
ear to the back of the throat. The eustachian tube permits ventilation of the middle ear space, which
maintains a balance in air pressure on either side of the eardrum; this balance is necessary in order for the

eardrum to respond to sound most efficiently.
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Figure 1-3. Schematic diagram of the ear. (From Suter A.H. Hearing Conservation Manual, 3" Edition.
Council for Accreditation in Occupational Hearing Conservation, Milwaukee, 1993).

The inner ear consists of the cochlea, which is contained within a spiral opening in the
temporal bone of the skull. The cochlea is divided into three parallel, fluid-filled ducts. The upper and
lower ducts are connected at one end; and a wave is set up in them as the ossicles vibrate in response to
sound. The middle duct contains rows of tiny hair cells. These hair cells are bent as the wave comes to a
peak; the bending of the hair cells stimulates the auditory nerve. The inner ear therefore serves to

transform the mechanical vibrations from the middle ear into neural impulses.

The auditory neural system consists of the auditory nerve and the auditory areas of the

cortex. This system carries the neural impulses to the brain and interprets them.

The auditory system is complete and possesses normal adult sensory function approximately

half-way through prenatal development. The ability of the auditory neural system to process signals,
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however, continues to develop for several years. Newborns are able to discriminate sounds on the basis of
frequency, intensity, and type of stimulus. (They prefer human speech!) Over the first few months, infants
learn to localize, associate hearing with their own vocal productions, and gradually to better and better
imitate the vocal sounds of others. By 1 year of age, they are able to process the meaning of

approximately 50 words. By age 4, children can process and understand just about everything they hear.

Auditory sensitivity reaches its peak at adolescence and then begins a very gradual decline.
Barring any insult that would accelerate the decline (such as noise or disease), the reduction in sensitivity
is not generally clinically measurable until at least the third decade of life. After about age 60, hearing
sensitivity decreases by an average of about 10 dB per decade. The decrease in hearing sensitivity begins
at the highest frequencies and gradually progresses to include the middle and low frequencies. Hearing

loss due to age-related changes is called presbycusis.

14 Basic Principles of Hearing Loss

Dysfunctions anywhere along the auditory pathway can cause hearing loss. Hearing losses
may be divided into several categories based on where in the ear the impairment is located (the type of
hearing loss), how severely the impairment affects a person’s hearing sensitivity (the degree of hearing

loss), and which ears are affected (the laterality of the hearing loss).

Hearing losses that are caused by a problem in the external or middle ear are called
conductive hearing losses, because the difficulty lies in the conduction of sound to the cochlea. For
example, excessive wax in the ear canal, fluid in the middle ear brought on by an infection, or a
discontinuity between the ossicles would prevent sounds from reaching the inner ear efficiently. These

types of hearing losses are often medically or surgically correctable.

Hearing losses that are caused by a problem in the inner ear or along the auditory nerve are
called sensorineural hearing losses, because the difficulty lies in the ability of the cochlea to sense the
sound or the ability of the nerve to carry the signal to the brain. Damage to the cochlear hair cells due to
age-related deterioration, repeated noise exposure, or a tumor on the auditory nerve are examples of
etiologies that would lead to sensorineural hearing impairment. These types of hearing losses are not

usually medically correctable. Often, sensorineural hearing loss can be remediated to a certain extent with



hearing aids. However, while hearing aid technology has improved immensely over the past few years,

hearing aids do not restore normal hearing in the same sense that eyeglasses restore normal vision.

Classifying degree of hearing loss is much more complex. The severity of the handicap due
to abnormal hearing thresholds depends on a number of interrelated factors, such as the age of the
individual, the age at which the impairment was first sustained, the point of damage within the auditory
system, the individual’s communicative environment and needs, the presence or absence of other illnesses
or sensory deficits, etc. For example, a person who has had significant hearing loss since birth is affected
differently than someone who acquires a similar hearing loss after reaching adulthood. A person with a
conductive hearing loss (which causes simply a reduction in the audibility of sounds) is affected
differently than someone with a sensorineural hearing loss (which often causes a reduction in the
intelligibility as well as the audibility of sounds), even if their thresholds are the same. And a person
whose only sensory impairment is hearing loss is affected differently than someone with the same hearing

thresholds but who also has significant visual or mobility impairments.

Nevertheless, some basic scheme for classifying severity of hearing loss is necessary.
Although there is no one universally accepted method of defining degree of hearing loss, the following

system is generally representative of the various schemes currently in use:

] 0-25 dB Hearing within normal limits;

26-40 dB  Mild hearing loss;

] 41-55dB  Moderate hearing loss;

] 56-70 B Moderately severe hearing loss;
L] 71-90 dB  Severe hearing loss; and

] 91+ dB Profound hearing loss.

Quite often, an individual has different degrees of hearing loss at different frequencies. For
example, normal hearing in the low frequencies and gradually worsening hearing sensitivity in the high
frequencies is typical of age-related and noise-related impairments. In cases such as these, the
classification scheme may be applied to each test frequency individually (for example, “normal hearing
sensitivity through 1000 Hz, gradually sloping to a moderately-severe hearing loss at the highest test
frequencies”); or thresholds at various frequencies may be averaged and an overall hearing loss rating

may be assigned. Here again, however, there is little agreement as to which frequencies ought to be



averaged. The American Speech-Language Hearing Association (1981) and NIOSH (1996) classify
hearing impairment according to the average hearing threshold at 1000, 2000, 3000, and 4000 Hz. Other
recommendations include average thresholds at 500, 1000, and 2000 Hz or an average of 1000, 2000, and
3000 Hz. Some schemes even involve weighting the various frequencies included in the average.
Audiometric results obtained in NHANES will be reviewed by an audiologist who will determine the

scheme to be used in classifying degree of hearing loss.

Finally, hearing losses may be classified as either unilateral (affecting only one ear) or
bilateral (affecting both ears). Bilateral hearing losses may be symmetric (approximately the same in each
ear) or asymmetric (worse in one ear than the other). Hearing losses from environmental causes (such as
noise, ototoxic chemicals, and aging) are generally bilateral and symmetric. Hearing losses from medical
causes (such as ear infections, mumps, and acoustic tumors) are often unilateral or asymmetric. A
substantial difference in hearing sensitivity between ears can therefore be indicative of a medically

significant condition.
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2. EQUIPMENT

2.1 Description of Exam Room in MEC

Hearing testing is conducted in the audiometry room, located in trailer #4 of the mobile
examination center (MEC). A special sound booth (manufactured by Acoustic Systems, model Delta 143)
has been built into this room. This triangular-shaped booth is designed to ensure that the sound levels
inside are sufficiently quiet to permit accurate hearing threshold measurements. In addition to the sound
booth, the exam room has several other features designed to further reduce the sound levels in the room.
These include sound dampening materials on the interior walls of the exam room and a rubber seal on the
hallway door.

The area outside the sound booth includes two separate work areas for the technologist. One
of the work areas is located in front of the audiometric booth just under the window and consists of a
small custom-built triangular table with the audiometer on top and the computer tower beneath. The
placement of the table allows the technologist to observe the examinee during air conduction testing, yet
helps ensure that the examinee is unable to observe the technologist in order to prevent any inadvertent
cueing that would compromise the test results. The second work area is located to the side of the booth
and includes a desk area and upper and lower storage cabinets for supplies and spare equipment. There is
an additional work area inside the sound booth that holds the remaining audiometric equipment as well as
supplies needed during the examination. The computer display and keyboard are also located in this work
area to facilitate data entry during the exam.

The entire audiometric exam is conducted with the SP seated inside the booth. Examinees
must step over a raised threshold to enter the sound booth. The threshold is approximately 4 inches high.
A portable metal wheelchair ramp is available to facilitate the movement in and out of the booth of
examinees in wheelchairs or with other mobility problems. The ramp can be lifted out of the way and
stored by the work area to the side of the booth when not in use.

2-1



2.2 Description of Equipment and Supplies

The following equipment has been supplied for the hearing component of NHANES:

L] Welch-Allyn Model 25020 otoscope with rechargeable handle and disposable specula
in two sizes (2.5mm and 4mm ear tips)

- e

Rechargeable Handle

Disposable Specula

] Micro Audiometrics Earscan acoustic impedance tympanometer with probe cuffs in
three sizes and 2cc black plastic calibration cavity
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Interacoustics Model AD226 audiometer with power supply and response switch,
standard TDH-39P headphones with Phone Guard disposable hygienic covers, and
E«A*Rtone 3A insert earphones with disposable foam tips in three sizes and spare

plastic connectors
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Disposable Covers

Dispasable Foam Tips
(3 sizes)

._MLM W’

Spare
Connectors
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Quest Model BA-201-25 bioacoustic simulator and octave band monitor with insert
earphone adapters

® (Do

-
w— B A e, g

Bt

hen
—
e - o
-
-

- 1 -
- -

Quest Model 1800 precision integrating sound level meter and Model OB-300 1/3—
1/1 octave filter set

Sound Level Meter

Octave Filter Set
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Quest Model QE 4170 one-inch pressure microphone and microphone adapter ring

Microphone
Adapter Ring

Quest preamp with A-63B preamp adapter and 59-733 preamp cable

rn |
Preamp with
A-63B Adapter

Preamp Cable
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(] Quest Model QC-20 calibrator with adapter for %-inch microphone

Half-Inch Adapter

n Quest Model AS-1550 audiometric calibration stand and 500g weight

Audiometric 500g Weight
Calibration Stand
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Quest Model EC-9A 6cc earphone coupler and Bruel & Kjaer Model DB 0138 2cc
earphone coupler

Standard Earphone Insert Earphone
Coupler Coupler

Headphone selector box and audiometer patch cords

Standard photographic tripod

Large and small flathead screwdrivers; small Philips screwdriver
Hex wrench

Hex key set

Petroleum jelly

Pipe cleaners

Alcohol (bottle or prep pads)

Cotton-tipped swabs
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221 Otoscope

The Welch-Allyn 25020 otoscope is a small, hand-held instrument with a light that is
directed through a funnel-like tip to illuminate the ear canal for examination. The funnel-like tip is called
a “speculum.” The specula are disposable and come in two sizes (2.5mm for very small ear canals and
4mm for average adult ear canals). The otoscope is powered by a rechargeable battery in the handle; the
handle detaches and can be plugged into a standard wall outlet for recharging. There is a spare otoscope
on each MEC.

2.2.2 Tympanometer

The Micro Audiometrics Earscan Acoustic Impedance tympanometer is a device used to
evaluate the functional health of the middle ear system. During tympanometry, a probe with a soft rubber
cuff is used to seal off the entrance to the ear canal, and the air pressure within the ear canal is gently
changed to verify that the eardrum has proper mobility. Additionally, while the probe is still in place, two
brief, loud signals are presented to screen for the presence of acoustic reflexes (see Section 3.4). The
Earscan unit comes with a supply of reusable rubber probe cuffs in different sizes and a small black
plastic cavity that is used for calibration. Two tympanometers on each MEC are rotated between stands
and provide a backup unit in the event one malfunctions during a stand.

2.2.3 Audiometer

The Interacoustics Model AD226 audiometer is used to obtain air conduction thresholds on
all examinees. The AD226 is capable of performing the audiometric threshold test automatically (which
will be the general protocol) or allowing you to perform the test manually (which will be the protocol
under special circumstances as described in Section 3.5.3.3). The audiometer is supplied with both
standard audiometric headphones and insert earphones, which are used in cases where ear canal collapse
is suspected or when there is a large difference in hearing thresholds between ears (see Sections 3.3.4 and
3.5.5). The standard headphones should be covered with disposable Phone Guard fabric earphone covers
(which are acoustically transparent) for hygienic purposes; the insert earphones come with disposable tips
in three sizes to prevent contamination between examinees. There are two audiometers on each MEC that
are rotated between stands and provide a backup in case one malfunctions during a stand.

2-9



2.2.4 Bioacoustic Simulator

The Quest Model BA-201-25 performs two functions. First, as a bioacoustic simulator, it is a
kind of “dummy” ear that is used to check the calibration of the audiometer on a daily basis. The
simulator is programmed with 60 dB HL thresholds at each test frequency and its “hearing” should be
tested every day to verify that the calibration of the audiometer has not shifted. Special adapters are
provided to allow the simulator to be used with insert earphones as well as with standard headphones.
Second, as an octave band monitor, it continuously measures the background noise levels in the
audiometric test room. Whenever the noise levels in the test room exceed the standards, which have been
programmed into the unit, a light comes on to alert the tester to the problem. Audiometric testing cannot
be accomplished when the monitor indicates that background noise levels are too high (see Section 2.5.1).

There is only one simulator on each MEC. However, there is one additional spare simulator
that is kept in storage at the Westat home office and can be shipped to a MEC if required.

2.2.5 Sound Level Meter and Accessories

The Quest Model 1800 sound level meter and its accessories are used to measure the
intensity, or loudness, of sounds. These instruments will be used throughout the NHANES to measure the
background noise levels in the exam room and to periodically verify the calibration of the audiometer.

The sound level meter uses a 1-inch microphone attached to a preamp, sometimes via the
preamp cable. The Quest Model OB-300 octave filter set is attached to the sound level meter to limit the
instrument to measuring sound levels in a certain frequency range, rather than the overall sound level. The
calibration stand and earphone couplers are used when checking the calibration levels of the audiometer.
The sound level meter is mounted on the photographic tripod when measuring the background noise

levels in the audiometric test room.
Before the sound level meter is used to make any measurement, it must be calibrated with a

known signal to verify that the meter is reading accurately; the Quest Model QC-20 calibrator provides

this known signal.
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There is only one sound level meter kit on each MEC. An additional sound level meter kit is
kept in storage at the Westat home office and will be shipped out on request.

2.2.6 Inventory Procedures

An inventory of the audiometric equipment and supplies will be conducted at the beginning
and the end of each stand, using the form illustrated on pages A-1 and A-2. Please note the following
when conducting the inventory:

L] Supply counts refer to unused (i.e., spare) items only. Supplies currently in use (for
example, batteries currently in equipment, light bulbs currently in the otoscope,
headbands currently attached to headphones) are not to be counted on the inventory
sheet.

] The “Quick Release Platform” refers to the wheel chair ramp stored along the right
side of the sound booth.

Supplies will be sent to a MEC prior to its next stand opening. Malfunctioning or missing equipment
should be reported to the MEC manager and chief health technologist.

2.3 Start of Stand Procedures

231 Room Setup

Unpack the Quest BA-201-25 bioacoustic simulator and insert a 9-volt battery into the
battery compartment (see Section 2.8.2.1). Mount the simulator on the test room wall, making sure it is
secure on both screws. Insert the microphone cable into the miC jack at the bottom of the unit. Run the
microphone cable up the wall and across the ceiling through the magnetic hooks and suspend it above the
subject chair. Use a twist-tie to secure the extra cord length; the microphone should be as close to the
ceiling as possible. Insert the black connecting cable for the audiometer into the RESPONSE jack.

Unpack the otoscope and rechargeable handle and plug the handle into a wall outlet. The
handle should be charged for 8 hours before examinations begin at each stand.
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Check the Serial Number Register and unpack the Earscan tympanometer that was NOT
used at the previous stand. Place it on the table inside the sound booth. Plug the power cord into the back
of the unit and into the outlet inside the booth, next to the door. Insert the computer cable into the round
jack next to the power cord on the back of the Earscan (connections to the computer itself will have been
completed by the data manager). Insert the silver plug of the probe assembly into the black jack on the
right side of the Earscan labeled PROBE; then insert the white tip of the air line that extends from the silver
plug into the white jack labeled PROBE.

Check the Serial Number Register and unpack the Interacoustics AD226 audiometer that
was NOT used at the previous stand. Place it on the table outside the sound booth. Insert the gray cable
from the power supply into the POWER jack on the back of the audiometer; then plug the power cord into
the power supply and into the wall outlet under the table on the wall of the booth. Connect the computer
cable to the RS232 jack on the back of the audiometer (connections to the computer itself will have been
completed by the data manager). Unpack the headphone selector box and affix it to the Velcro strips near
the jack panel outside the sound booth. Plug the red and blue cables labeled “AUDIOMETER” into the jacks
labeled “RIGHT” and “LEFT,” respectively, on the back of the audiometer (these jacks are also color coded
red and blue). Plug the blue cable from the headphone selector box labeled “STANDARDS” into jack 5 and
the red cable into jack 6 on the sound booth jack panel. Plug the blue cable from the headphone selector
box labeled “INSERTS” into jack 9 and the red cable into jack 10 on the sound booth jack panel. Unpack
the standard headphones and plug the cable with the blue tip into jack 5 and the cable with the red tip into
jack 6 on the jack panel inside the sound booth. Unpack the insert earphones and plug the blue-tipped
cable into jack 9 and the red-tipped cable into jack 10 on the panel inside the booth. Plug the patient
response switch into jack 3 inside the sound booth; plug one end of the black patch cord into jack 3
outside the sound booth and the other end into the “PAT. RESP.” jack on the back of the audiometer.
Cover the unused audio input jacks both inside and outside the sound booth with the protective blue
covers.

NOTE: Actual jack numbers have been assigned arbitrarily. If a jack is broken or if the
equipment will fit more conveniently into a different jack, it is acceptable to use jacks other than those
indicated here. However, each component MUST be plugged into the same numbered jack both
inside and outside the booth. For example, if you decide to use jack 1 for the left standard headphone
cable outside the booth, be sure to plug the left standard headphone cable into jack 1 inside the booth.
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Mount the specula dispenser on the wall and fill it as needed. Unpack the tympanometer
probe cuffs and insert earphone tips and place them in containers on the table inside the sound booth. Fill
the headphone cover dispenser with Phone Guard covers.

2.3.2 Start of Stand Calibrations

Conduct calibration checks of the following equipment in the order indicated (directions for
calibration checks are in Section 2.4, which follows):

n Bioacoustic simulator;

n Audiometer (acoustic check, simulator check, listening check); and

n Tympanometer.

At the start of a stand, one audiometer and one tympanometer should undergo complete
calibration checks. Should one of the units not pass calibration checks, take out the backup unit and
complete the calibration checks on it. Notify the MEC manager of the nonfunctioning unit, so that

arrangements can be made for its repair.

Measure the environmental noise in the audiometric test booth according to the directions in
Section 2.5.2 on page 2-39.

Record the results of start of stand calibrations in the Start of Stand tab in the Integrated
Survey Information System (ISIS) QC application, as explained in the individual calibration instructions
in Section 2.4. The 10 subtabs correspond to the following results:

QC1:  Equipment Serial Numbers

QC 2:  Bioacoustic Simulator Calibration Check

QC 3:  Audiometer Acoustic Calibration Check (Standard Headphones)

QC4:  Audiometer Acoustic Calibration Check (Insert Headphones)

QC5:  Audiometer Bioacoustic Reference Values (Standard Headphones)

QC6:  Audiometer Bioacoustic Reference Values (Insert Headphones)
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QC7:  Audiometer Listening Check (Standard Headphones)
QC8:  Audiometer Listening Check (Insert Headphones)
QC9:  Environmental Noise Survey

QC 10: Tympanometer Calibration Check

2.3.3 Recording Serial Numbers

Serial numbers of the equipment used at each stand must be recorded on the Serial Number
Register (a hard-copy log) and in ISIS. The Serial Number Register should be kept in the audio room in
the MEC. If there is no hard copy available, it can be obtained from the data manager.

To enter the serial numbers in ISIS, open the QC application on the computer in the
audiometry room and go to the Start of Stand tab. Click on the QC1 tab and enter the serial number for
each piece of equipment in the “Results” column. Click on the “Done” box next to each piece of
equipment as you enter each serial number.

% » Audiometry Subsystem: Stand:605 Session:605411 07/26/2000 01:30 pm - 05:30 pm

File  ‘iew Utlites RBeportz ‘window Help

Hmmalmamlnl@lml
¥+ Audiometry Quality Control Checks

Start of Stand | Daily | Weeklyl End of Stand | Equip Swap |

ac |Q02|Q03|Q04|Q05|QCB|QC?lQCBlQCQlacml

Equipment Serial Numbers

QC Check Result | Comment

Bioacoustic simulator Serial Number

Earscan Tympanometer Serial Mumber

Audiometer Serial Number

Right standard headphones Serial Number

o

’TI Cancel |
| Quality Contral |MEC Layer: 01/03/2001 | Application: Yer 812.218 | Mot connected to Coordinator | 01:33 PM
e | Slalll I@Audiometw Subsyste. . ® 133
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Use the scroll bars to move up and down the screen and enter numbers for all the equipment
listed.

NOTE: Be sure to enter the manufacturer’s serial number for each piece of equipment. Do
NOT enter the DHHS/PHS barcode number or the NHANES equipment identification number. You will
know you are recording the correct number if it has exactly the same number of characters as there are
spaces for that item number of the hard-copy serial number log.

Be certain to enter the serial numbers in the “Results” field and NOT the “Comments” field.

2.4 Calibration Checks

In order for audiometric test results to have any validity, it is necessary to know that all the
equipment associated with the tests was properly calibrated. Calibration checks will therefore be
conducted as the audiometric equipment is set up at the start of each stand, periodically throughout the
stand, and again at the end of each stand to ensure that the accuracy has not shifted.

24.1 Bioacoustic Simulator Calibration Check

Before the Quest BA-201-25 bioacoustic simulator can be used to verify the calibration of
the audiometer, its own accuracy must be verified. This is done by testing the same headphone on both
the right and left “ears” of the simulator. Because the test circuits on each side are identical, testing each
of them with the same headphone should result in the same threshold values. The calibration of the
bioacoustic simulator is checked at the beginning and end of each stand. It must be checked before it is
used to check the calibration of the audiometer.

Conduct the calibration check of the bioacoustic simulator in the following way:

] Turn on the audiometer and allow it to warm up for at least 3 minutes.

L] Press the oN button on the Quest BA-201-25 bioacoustic simulator and check the
power indicator to verify that the light is flashing (if the light is flashing dimly or does
not flash at all, replace the battery as described in Section 2.8.2.1). Unplug the
response switch for the audiometer from jack 3 inside the sound booth, and plug the
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Verify that the audiometer is set as follows:

- MAN REV button set to REV

- 15DB button setto 5

- RIGHT ear selected

- Standard HEADSET selected (on the audiometer and the headphone switchbox)

NOTE: Pulsing should be off (i.e., both lights off on the PULSE button) during this
calibration.

Set the frequency to 500 Hz and the intensity level to 30 dB.
Close the doors to the sound booth and the audiometric test room.

Slowly turn the left DB HL knob on the audiometer to increase the intensity in 5 dB
steps. Pause a few seconds at each new intensity level and check to see if the right
light on the simulator becomes illuminated (the response light on the audiometer
should light up at the same time). Once the right light is lit, stop increasing the
intensity and press STORE to record this level in the audiometer.

The audiometer will automatically advance to the next frequency (1,000 Hz). Reduce
the intensity to 30 dB and repeat the slow increase in level until the right light on the
simulator becomes lit again. Press STORE to record this value. The audiometer will
again advance to the next frequency. Continue this procedure (slowly increasing
intensity from 30 dB until the right light on the simulator becomes lit) for the
remaining test frequencies in the right ear only, storing the values in the audiometer.

When all frequencies have been tested in the right earphone, capture the data in ISIS.
Go to the QC2 tab (under Start of Stand QC) and click on the “Capture R/R” button to
capture the QC data for the right coupler.

NOTE: If you would like to display the data on the audiometer, press SHIFT/EXT
range to display threshold results. The display should appear as shown below:

PH_R *kx *kk 65 *kx 65
il 65 65 65 65 65
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(] Reverse the headphones on the simulator, such that the left earphone is over the
simulator coupler marked right and the right earphone is on the simulator coupler
marked left. Press SHIFT/DEL on the audiometer and hold the buttons down until the
display reads that “All thresholds are del.” Verify that the other audiometer settings
are still as noted above, and repeat the procedure. The audiometer should still be set to
test the right ear; however, this time you will be observing the left light on the
simulator. When all frequencies have again been tested and stored in the audiometer,
click on the “Capture R/L” button to capture the QC data for the left coupler.

3 v Audiometry Subsystem: Stand:605 Session:605411 07/26/2000 01:30 pm - 05:20 pm

File  View Utilities Reports “Window Help

[ R T
¥+ Audiometry Quality Control Checks

Start of Stand |Daily | weekly | End of Stand | Equip Swap |

ac 902|Qc3|oc4|acs|@c5|om|acs|ac9|ac1n|

BIDACOUSTIC SIMULATOR CALIERATION CHECK

Audiometer Serial #:

Simulator Serial #: Right Headphone Serial H:

500 1000 2000 3000 4000 600D  20DOD

Hight Headphone / Right Coupler I__I_I I:I I:I I:I l:l I:I I:I Capture R,.‘F%l
Right Headphone # Left Coupler I:I l:l I:I I:I l:l I:I I:I Capture FULl

OF. I Cancsl |
|Quality Cortral |MEC Layer: 01/03/2001 | Application: Ver 8.12.21B | Not connected to Coordinator | 01:34 PM
= ] Slalll I@Audinmelw Subszyste @ 1335

ISIS will automatically compare both sets of threshold values (i.e., obtained from the same
earphone over the right versus the left couplers on the simulator). The thresholds must agree within 5
dB. If the thresholds at any frequency differ by more than 5 dB, ISIS will display an error message.
Notify the MEC manager and chief technologist before continuing with any further calibration checks.
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24.2 Audiometer Calibration Checks

There are three levels of checks on the audiometer calibration. An acoustic calibration check
involves using a sound level meter to measure the test signals produced by the audiometer and verifying
that these signals meet standard specifications. A bioacoustic check involves using a bioacoustic
simulator to monitor the output of the audiometric headphones in order to verify that the output remains
stable over time. A functional check involves listening to the output through the headphones to ensure
that the signals are being routed properly and that there are no extraneous sounds. In addition to these
calibration checks, all audiometers will be sent to a laboratory for an exhaustive calibration once a year,
or whenever unresolvable problems are discovered during the calibration checks.

2421 Acoustic Calibration Check

There are two components to an acoustic calibration check—uverifying output (which
involves measuring each test frequency at one intensity level) and verifying linearity (which involves
measuring multiple intensity levels at one frequency). To check the output, the audiometer is set to
produce a 70 dB tone at each frequency, and the sound level meter is used to make sure the output is
actually 70 dB. To check the linearity, the hearing level dial is adjusted in 10 dB steps, and the sound
level meter is used to verify that the output actually changes by 10 dB. The right and left earphones of
both the standard and insert headphones must be checked individually. This must be accomplished at the
beginning and end of each stand.

An acoustic calibration check is a very exact procedure and must be done thoroughly and
carefully to ensure valid results. Conduct the calibration check in the following way:

] Turn on the audiometer and let it warm up for at least 3 minutes.

] Set up the sound level meter and octave band filter.

- Insert batteries (if necessary) into the sound level meter and the octave filter set,
as described in Section 2.8.1.2.
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- Connect one end of the preamp cable to the top of the sound level meter and
tighten the silver screw. The meter should appear as shown below:

L] Assemble the audiometer calibration system. Refer to the diagram below and step-by-

step instructions and photographs that follow.

"
y

A-638 PREAMP @
ADAPTER
STAND
2 7 BLATE

R PREAMP

LOCKING SCREW
s PREAMP CABLE
PAD
' ADAPTER RING

- Connect the stand tower to the stand plate with the locking screw.
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Verify that the other end of the preamp cable is attached to the adapter ring.
The assembly should appear as shown below. (Because it is difficult to insert
the preamp cable through the adapter ring, these two items generally remain
connected. If they are not, it may be necessary to lubricate the cable and/or ring
with a small amount of petroleum jelly in order to connect the two
components.)

Connect the preamp to the preamp cable just above the adapter ring. Gently
screw the one-inch microphone onto the top of the preamp and A-63B adapter.
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- Firmly press the adapter ring into the stand tower, allowing the preamp cable to
exit one of the tower slots. The calibration system should now appear as shown

below:
- T -
: f-inch Mi;M

A-63B Preamp Adapter

Preamp

Stand Tower

Preamp Cable

Slide the POWER switch in the lower right of the meter to on.

Press the battery button on the sound level meter to check the batteries. Good batteries
are indicated by a bar extending to the right well beyond the bat arrow (5 on the
numeric scale). If the bar falls near or below the indicating arrow, both batteries must
be replaced before proceeding (see Section 2.8.1.2).

Calibrate the sound level meter:

- Set the sound level meter controls as follows:

RESPONSE: SLOW
WEIGHTING: LIN
MODE: SPL
RANGE: 60-120

NOTE: Be sure that the POWER switch on the OB-300 filter set is off.

- Set the calibrator to 1 KHz and 94 dB. Slide the calibrator over the microphone
so that it fits snugly. Turn on the calibrator.
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- Check the meter display. It should read 94.0 dB. If it does not, use the small
flathead screwdriver to adjust the small control on the left side of the meter
until the proper value is displayed (see photograph below).

NOTE: Turn the screwdriver up (i.e., away from you) to adjust the meter down; turn
the screwdriver down (i.e., toward you) to adjust the meter higher.

- Remove the calibrator and turn it off. Replace the ¥%-inch adapter.
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L] Attach the appropriate coupler to the calibration assembly.

Microphone
Adapter
Ring

For standard headphones: Pull the black microphone adapter ring over the
microphone until it is fully seated. DO NOT PUSH THE ADAPTER ONTO THE
MICROPHONE WITH THE PALM OF YOUR HAND BECAUSE THE PRESSURE
BUILDUP WILL DAMAGE THE MICROPHONE. Slide the EC-9A coupler over the
adapter. See pictures below for reference.

EC-9A
Earphone
Coupler
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- For insert earphones: Carefully unscrew the metal grille on top of the
microphone and remove it. Very carefully slide the DB 0138 (HA-2) 2cc
coupler over the bare microphone and screw it in place. Be very careful not to
touch the top (i.e., the diaphragm) of the microphone! Refer to the
photographs below for guidance:

_ : DB 0138
Microphone Diaphragm 2ce

Coupler

Protective
Grille
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Mount the earphone to be tested onto the coupler:

For standard headphones: Remove the earphones from the headband (use a
large flathead screwdriver to gently lift the silver clip off each earphone). Place
the earphone squarely over the top of the coupler. Place the W-440 weight on
top of the earphone to hold it in place. Both the weight and the earphone should
be centered as accurately as possible on the coupler. In addition, the two sides
of the weight should be in direct contact with the sides of the coupler. See
illustration below:
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For insert earphones: Slide the white plastic tip at the end of the sound tube
into the black plastic tubing on the tip of the coupler (a foam eartip is not used
during this calibration check). Make certain that the tip is inserted all the way to
the nub. Hang the earphones in such a way that there are no kinks in the sound
tubing (e.g., upside down from the headphone hook in the sound booth).

Check the pure tone output levels of the audiometer at each frequency through the
earphone under test:

- Set the DB RANGE on the sound level meter to 40-100.

- Set the POWER switch on the OB-300 octave filter set to MANUAL and set the
MODE switch to 1/1.
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Set the audiometer controls as follows:

MAN REV button set to REV

15DB button setto 5

RIGHT or LEFT ear selected, as appropriate

Appropriate HEADSET selected (on the audiometer and switchbox)
Left attenuator (i.e., the left DB HL knob) adjusted to 70 dB HL

NOTE: Pulsing should be off (i.e., both lights off on the PULSE button) during the

acoust

ic calibration check.

Set the test frequency on the audiometer to 500 Hz (using the FREQUENCY DECR
button) and use the V button on the octave filter to select 500.

Press the RESET button, then the RUN button on the sound level meter. Allow
the meter to measure for about 5 seconds (the reading should become very
stable), then record the measurement on the calibration log sheet in the section
labeled “Output Check.” This measure will be copied into ISIS from the
calibration log sheet.

Set the test frequency on the audiometer to 1,000 Hz (using the FREQUENCY
INCR button) and press the A button on the octave filter to set it to 1k. Press
RESET (do NOT press RUN), repeat the measurement process, and record the
result on the calibration log.

Continue measuring the audiometer output at all test frequencies. Refer to the
table below for appropriate frequency settings on the audiometer (AD226) and
the octave filter (Oct Fil). Remember to press RESET before making the
measurement at a new frequency! Record the calibration values on the log
sheet. Calibration values measured on the sound level meter should match the
reference values in the table, within the tolerances shown:

REFERENCE CALIBRATION LEVELS FOR PURE TONES

Frequency Setting Standard Headphones Insert Earphones

AD226 Oct Fil Reference Level Tolerance Reference Level Tolerance
500 500 81.5 78.5 84.5 75.5 72.5 78.5
1000 1k 77.0 74.0 80.0 70.0 67.0 73.0
2000 2k 79.0 76.0 82.0 73.0 70.0 76.0
3000 4k 79.3 76.3 82.3 72.8 69.8 75.8
4000 4k 79.5 76.5 82.5 75.5 725 78.5
6000 8k 84.8 79.8 89.8 71.3 66.3 76.3
8000 8k 83.0 78.0 88.0 70.0 65.0 75.0
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L] Check the linearity of the pure tone attenuator (i.e., the left DB HL knob) through the
earphone under test:

- With the earphone still in place, reset the test frequency on the audiometer to
1,000 Hz and reset the octave filter to 1k.

- Adjust the left attenuator on the audiometer to 70 dB HL.

- Press RESET and verify that the sound level meter display still reads “RUN.”
Allow the sound level meter to measure for a few seconds (the reading should
become very stable). Enter the measurement onto the calibration log in the
section labeled “Linearity Check.”

- Reduce the attenuator to 60 dB HL. Press RESET and allow the meter to
measure as before. Record the value on the calibration log.

- Repeat again with the attenuator set to 50 dB HL.

- Set the DB RANGE selector on the sound level meter to 20-80. Continue making
measurements in 10 dB decrements through 10 dB HL (or until the sound level
meter no longer responds) and record the values on the calibration log.
Remember to press RESET before making the measurement at a new
intensity! Calibration values measured on the sound level meter should shift
between 9 and 11 dB with each 10-dB reduction in intensity.

NOTE: It may not be possible to obtain an accurate sound level at 10 dB HL due to
the noise floor of the equipment and surrounding environment. Do not be concerned if
the sound level meter reading at 10 dB HL is not within calibration limits.

- Press MAN REV on the audiometer to turn off the pure tone signal.

n Repeat the output and linearity checks for each ear of each headphone.

Enter the results of the acoustic calibration check into ISIS. To enter the standard headphone
data, go to the QC3 tab under the Start of Stand tab (the insert headphone data will be entered under the
QC4 tab). Type the data from the log sheet for the output checks into the corresponding frequency boxes.
Do the same for the linearity check data, and enter the numbers into the corresponding intensity boxes. Be
sure to use the correct ISIS tab for each headphone (standard or insert).

2-28



% » Audiometry Subsystem: Stand:605 Session:605411 0772672000 01:30 pm - 05:30 pm

File “iew Utlitiezs Reports ‘Window Help

[ | | eg | @ e
¥'» Audiometry Quality Control Checks

Start of Stand | Daily | Weeklyl End of Stand | Equip Swap |

ac1|acz QC3|QC4|QCS'QCE'QC?'QCB'QCQ'QC1DI

AUDIOMETER ACOUSTIC CALIBRATION CHECK [Standard Phones)

Sound Level Meter Serial #: Audiometer Serial #:
Octave Filter Set Serial #: FRiight Headphone Serial #:
Microphone Serial #: Left Headphone Senal #:
Calibrator Serial #:
Dutput Check Linearity Check
Audiometer Intensity 70 70 70 70 70 70 70 70 E0 50 40 30 20 10
Audiometer Frequency 500 1000 2000 3000 4000 6000 8000 1000 1000 1000 EEEE 1000 10000 1000

Octave Filter Frequency 5000 1k

Kok BB ootk ok Mk ko
montHeadphone | | | | | | | | | | Wl | |
tetheadhone | | | 1 1 I 1 I | | EHl | |

Minimumn Acceptable 785 740 760 B3 VB5 798 VA0 740¢ B40¢ 540 EEEEE 3400 2400 140¢

Maximum Acceptable 845 800 820 823 825 838 880 800+ F0.0¢ GO0 SO 400¢ 006 200¢
FRaset AR vange
1o 2040

*In addition ta falling within the range of minimum/marnimum values, the shift between each successive level must be between 9 and 11 dB.

’TI Cancel |
| Quiality Cortral |MEC Layer: 01/03/2001 | Application: Yer 8.12.21B | Mot connected to Coordinator | 01:36 PM
iamalll I@Audiomelw Subsyste ® 1397

If any results are out of range, ISIS will display a notification message. Repeat the
measurements. If results remain out of range, notify the MEC manager and chief health technologist
before proceeding with further calibration checks.

NOTE: Audiometers and headphones are calibrated as a unit. If a set of headphones is
replaced at any point during the stand, the acoustic calibration must be repeated and new bioacoustic
simulator reference values must be obtained.

2422 Audiometer Bioacoustic Check

The bioacoustic check serves to confirm that the audiometer is remaining within the limits of
calibration. This is done by testing someone (or something) 