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This is the first of two lectures on Occupational Audiometric Testing.  This lecture will be an introduction to the subject, and an overview of the equipment, the environment and the people involved. We will also cover the procedures necessary to ensure consistent and accurate results
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In this lesson on Audiometric Testing, we’re going to cover the purposes of the whole program and look at the equipment and environment necessary to carry out the test. We’ll also cover the basic procedures involved and the personnel and their qualifications. What we won’t go into are the precise details of how to do audiometric testing.  It’s really not practical to teach it in this way without having hands-on testing practice as well.  We’ll look at the problems that might come along and how those can be dealt with and the interpretation of results of audiometric testing.  

It should be emphasized here that these lectures are about testing for occupational purposes as part of a hearing conservation program that is designed to comply with OSHA requirements, not necessarily the way that an audiologist would go about doing the job.  It’s at the technician level, the sort of thing that’s routinely done by nurses and people without any medical training in industrial settings to be in compliance with OSHA regulations. 
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There are a number of purposes for the audiometric testing program.  First and foremost we’re trying to determine the worker’s hearing status; exactly how well he or she hears.  We’re trying to do this in an accurate and consistent way.  The reason for doing that is that we want to identify greater than normal hearing loss and by that we mean greater than what would be expected from the normal aging process.   We want to identify those workers who would be unusually sensitive to the affects of noise, and to identify those who, for whatever reason aren’t getting adequate protection from noise on the job. That is the number one purpose of the testing program: to identify those people who are losing hearing, so we can do something about it.  

The secondary purpose would be to educate and motivate the workers about their own hearing health in order to give them a better incentive to wear hearing protection and protect themselves against noise, both on and off the job.  And finally, we want to provide proof that the hearing conservation program is working.  Doing the hearing test doesn’t really protect anyone’s hearing, but it’s showing that everything else that we’re doing is working, so it’s a key component of the hearing conservation program
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Let’s start with an outline of the audiometric process.  The instrument that we use is called the audiometer.  What the audiometer measures is the lowest audible sound that the individual who’s being testing can hear.  This is called the threshold.  We test multiple frequencies from a minimum of 500 Hertz up to a maximum of 8,000 Hertz.  And we do this for each individual ear.  So we determine multiple thresholds at different frequencies and for the different ears.  The first test for each worker in the hearing conservation program is called the baseline test.  Subsequent tests are usually given annually, although they could be given more frequently if there was a problem. The subsequent tests are compared to the baseline to see how hearing is changing, or if it is changing.  Further action related to hearing conservation is based on those changes. 
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There are several different types of audiometers from quite simple to quite complex, but they all do the same thing in terms of determining threshold.  They have a control panel for the operator to manipulate, headphones that the subject wears, and some means of responding back and forth, usually these days with a push button to do it electrically, although it’s possible for the subject to raise his or her hand and the operator or the instrument makes an entry at that point.  We can divide these audiometers generally into two categories.  The first type is the manually operated instruments that are suitable for low volume usage.  They are inexpensive, but they are relatively labor intensive, in that a person has to physically operate the machine the entire time that it’s working.  This requires the most training, but it’s not extensive training. It is pretty simple to do and you can be very good at it, just as good as a computer in terms of getting the results and sometimes better because there’s the human element, the adjustment that the operator can make that a computer-operated machine might have trouble doing.

Many hearing conservation programs these days use automatic machines; either of the stand-alone type where it’s all built into one instrument or based on a computer so that there is some separate instrumentation, but the display and the keyboard are a part of the computer.  The computer-based instruments are the latest thing and they make it very handy for processing the audiometric data that is produced later on.  Of course these automatic machines are a bit more expensive or maybe a lot more expensive than the manual machines, but they are simple to operate.  They will do the test themselves, they never get tired, they never get distracted, and they never make mistakes.  But there are some people who are going to have a little trouble taking a test with an automatic machine because it may not have quite the patience and the flexibility and adaptability that a human operator will have.  The automatic machines are getting better about this flexibility and adaptability, however.  So there’s really no reason not to use one for a hearing conservation program that has lots of people in it where lots of testing needs to be done.  Good consistent results can be achieved at a minimum personnel cost, and the automatic machines usually have the capability to be used in the manual mode if needed. The manual machine is perfectly adequate, but probably more suitable for a low volume operation. 
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Here is the general procedure for the audiometric test: Pure tones are used, with the lowest frequency of 500 Hertz, then going up to 1000, 2000, 3000, 4000 and 6000 Hertz; according to the OSHA regulations, although many audiometers these days also include 8000 Hertz.

The subject indicates by pushing the button or raising his hand when he hears the tone.  The sound level starts out at a comfortably audible level, or at least that’s the intent.  Then it’s decreased in steps to an inaudible level, and then increased back to where it’s audible again.  This is repeated several times until the lowest audible tone at each frequency can be consistently noted.  That is what’s recorded as the threshold.  So the threshold of hearing at 500 Hertz for the right ear is recorded and then at 1000 Hertz, 2000 Hertz and so on.  That threshold is the lowest sound level that can be consistently identified by the subject by pressing the button or raising his hand.  

Audiometers used for occupational purposes only have five decibel steps.  So let’s say that a person’s actual threshold of hearing at a particular frequency is nine decibels.  It would probably be recorded as ten decibels.  We don’t have the capability of measuring down to a one decibel step like an audiologist might have, but the five decibel steps work very well for occupational hearing conservation purposes.
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It’s important to have the proper environment to do the hearing test.  In particular there has to be sufficiently low noise to avoid elevation of the threshold.   Obviously, if there is a lot of noise and you’re trying to hear a soft sound you won’t be able to hear it.  The test sound will have to be considerably louder before you can hear it, which is what we mean by threshold elevation.  A lot of noise is also distracting to the person trying to take the test.  Normally hearing tests are done with the subject inside a booth that has double walls, thickened insulation, a tight sealing door, and a low noise fan, all necessary to make sure the environment is adequate to ensure that a good test can be given without threshold elevation.  
That’s a simple way to do it, but under some circumstances it may be necessary to test outside of a booth.  One example would be for a claustrophobic subject.  Some people just won’t allow you to close that door on them, so you will either have to leave the door open or test them outside of a booth.  Looking out of a window helps some people, but for the truly claustrophobic subject, testing outside of the booth will have to be done.  That’s all right as long as the noise level is low enough to meet the standard that we’ll be discussing. 

You can also do occasional regular testing outside of a booth.  If you just have a few people to test and you have a portable audiometer, you could do the testing without the booth as long as you were in a very quiet room that met the standards.  Anytime you’re testing outside of a booth, you have to be particularly careful to avoid any clicks, squeaks, or any kind of noise from your audiometer that gives the clue that “a tone is coming right now”.  Actually, that’s true whether a person is testing inside or outside of a booth.  You want to be sure that the person doing the test isn’t giving signals inadvertently.  For example, let’s say that a manual test is being given and the person administering the test looks up every time the tone is presented.  If the test subject can see the technician, that’s not good because you’re giving non-auditory clues.  You want to make this test as pure as possible.  This means having the test in the right environment and having the surroundings as quiet as possible. 
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To be sure that background noise levels in an audiometric test environment are extremely low they need to be measured.  The instrument that we use for this is the octave-band analyzer.  This is the device that measures the noise levels in different frequency bands or regions.  It’s not enough to measure the overall sound level or the A-weighted sound level, because the threshold elevation in a particular frequency depends on the noise in that frequency.  Therefore, we have to measure in a particular frequency band.  The chart on the right shows the frequency bands that we test for background noise, which are 500, 1000, 2000, 4000 and 8000 Hertz.  This covers the full range of frequencies that we are going to be using in our audiometric test.  In the center column you see the maximum levels permitted under the OSHA regulations, ranging from 40 decibels at 500 Hertz up to as high as 62 decibels at 8,000 Hertz.

These OSHA limits were recognized at the beginning as being only marginally acceptable, and OSHA had the intention when they put these limits into affect to lower them, after giving employers time to meet lower standards.  This has never happened.  In fact, the OSHA limits are reasonably acceptable.  They are not as good as they could be, and you won’t be able to measure the lowest thresholds of hearing that you should be able to measure, but for industrial testing purposes, they work reasonably well.  

The column on the right is from the American National Standards Institute which gives the scientifically acceptable background noise level for really good hearing testing.  That should be our goal, and you can see that it’s quite a bit less that the OSHA limits.  Actually, the problem in most cases is only present at 500 or 1000 Hertz, the lower frequency sounds.  At 2000, 4000 and 8000 Hertz even marginal rooms will meet both the ANSI standard as well as the OSHA standard.  The low frequencies are where the differences come in, so we sometimes won’t be able to measure low frequency 500 and 1000 Hertz thresholds as accurately as would be desirable. From OSHA’s point of view, this doesn’t make much difference because we’re concentrating on the affects in the higher frequencies [2000, 3000 and 4000 Hertz] to identify early hearing loss. Just keep in mind though, you do have to measure the background noise and if it’s close to the OSHA limit, it needs to be measured rather frequently to make sure that you’re not going over.  Services using mobile test vans which move around from one location to another will usually test every time they set up again just to make sure the background noise level is acceptable. 
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There are two key people in the audiometric testing program: the technician who actually administers the test and his or her supervisor.  To be a technician usually means completing a certified course, one given or approved by CAOHC (the Council for Accreditation in Occupational Hearing Conservation).  CAOHC [pronounced kay' ock] is a national organization that certifies local courses to train people to be audiometric testing technicians.  The CAOHC courses are 20 hours in length and cover all aspects of hearing conservation, not just how to administer the hearing test, but all the other aspects as well, i.e. hearing protection, record keeping, training, noise monitoring, etc.  Once a person is certified by CAOHC, the certification is good for five years, and then the person has to be recertified with an eight hour course every five years.  Even though OSHA recommends CAOHC certification, it’s not absolutely necessary.  As a matter of fact, they make a special exemption for people operating microprocessor audiometers.  

This exemption is probably a bad idea because the person administering the test, no matter how automated the machine, needs to have a good understanding of the whole hearing conservation program.  However, OSHA leaves it up to the professional supervisor to decide who is qualified and who is not.  If the supervisor has trained a person and the person is capable of doing as they are instructed, then that’s satisfactory to OSHA.  The key point to remember here is that the technician must be locally supervised.  A technician who has passed a 20-hour course does not have sufficient training to make all the decisions that are needed in a hearing conservation program.  They have to be supplemented by the professional supervisor.  

This supervisor can be an audiologist, a physician who specialized in otolaryngology (ear, nose, and throat), an occupational physician, or any physician.  OSHA has taken the position that a physician who does not know what he or she needs to know about hearing conservation won’t take on the job of being the supervisor of the hearing conservation program.  This may or may not be true, and it may be best to have an audiologist or a specialist physician who is more knowledgeable about this complicated field to be the supervisor for the hearing conservation program. 
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So far we’ve discussed the general process of occupational audiometry. In the rest of this lecture we’re going to look at quality control for the process, with all the steps necessary to be sure that the results are accurate and consistent. Quality control includes many factors. Instrument calibration is important, as is procedural consistency, and there are many factors related to the subjects as well. All of these have to be taken into account for good results. Each of these will be discussed on the slides to come, but the overall goals of accuracy and consistency must be stressed. Both are important, but consistency is paramount, since we are looking at year-to-year comparisons which can be made less useful by small and seemingly unimportant changes in procedures and techniques.
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We can start with instrument calibration. Each day that the audiometer is used, two different steps must be taken. The first is a daily listening check done by the audiometric technician, in which each level at each frequency is heard by the technician, for each ear. The objective is to make sure that there is no static, distortion or other unwanted or unusual sound. Anything other than the normal, pure tones produced by the audiometer would mean the need for attention before any hearing tests are carried out. 

The other daily test is a sound level check, to be sure that the level of the sound produced is what it should be as indicated by the instrument setting. This can be done either by testing a person with known, stable hearing thresholds or alternatively by using a electro-mechanical device like the one shown on this slide, which mimics the response of a person with a set hearing level. Either way is acceptable, so long as the test is repeated each day and that the results indicate a variance of no more than 5 decibels. If there should be more than 5 dB of variance from the normal level at any frequency, further calibration would be needed.

Although modern audiometers are very stable and seldom malfunction, additional yearly calibration is still required. There are two kinds of calibration permitted by OSHA (acoustic and exhaustive, on alternate years), but common practice is actually to do the more thorough exhaustive calibration each year. One aspect of calibration to keep in mind for best consistency is that as long as the instrument meets the manufacturer’s and ANSI tolerances, the calibration should not be adjusted. Tweaking the levels a few dB up or down each year doesn’t aid the accuracy and can be detrimental to consistency.
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In addition to having the instrument work properly, we have to be sure that our procedures are correct. First and foremost, this includes the instructions given to the hearing test subject. Headphone placement is also important for consistency, particularly at the highest frequencies. The technician should place the headphones on the subject, and adjust the diaphragm of the earpiece so that it is directly over the ear canal opening, and then the subject should not be allowed or encouraged to make any adjustments. The technician should remove the headphones as well, to avoid the possibility of damage. One final procedural element is to immediately check the results against those of the previous year. If there is some discrepancy, there may well be a simple reason such as a right-left headphone switch (an easy mistake to make) or some other instrument malfunction. A quick check to see if the results are reasonable before the subject leaves the booth means that an investigation can be done if needed, and the test can be repeated if some simple problem is located.  
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The instructions, as mentioned earlier, are a critical element in the process. The tester should start by telling why the test is being given. He or she might say something like “this test will tell us if there’s been any change in your hearing and we want to find out what is the softest sound that you can hear.” This might seem obvious to the technician, but some subjects will wait until they are really certain that they can hear the test signal before pressing the button, and by so doing will have thresholds measured that are artificially elevated. Emphasizing the goal of the test will help avoid this problem. The tester may even want to say “press the button if you hear the sound, or if you think you hear the sound.”  The tester should describe what the subject will hear, “a soft beep-beep-beep sound” [if the tone is pulsed, as is most often done] “first louder, then getting softer”.  Then tell the subject, “when you hear the beeps, press and quickly release the button” or “raise and then lower your hand.” The instructions should be as simple as possible, but it’s important to get the crucial concepts across for good results. 
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I would like to emphasize the importance of being consistent with the instructions. One way to help with this is to write down the instructions. The technician won’t read the instructions to the subject normally, but if there is a change in technicians or for review purposes, written instructions will be useful. The technician should get in the habit of giving the instructions the same way for each subject, no matter how many times the subject may have had a hearing test. Don’t just say to an experienced subject, “Oh, you know what to do.” Giving the instructions properly only takes a minute and will pay off in improved consistency. Of course, it’s important that the instructions be in a language that is well understood by the subject. Some of the newer computer-based audiometers have built in instructions in multiple languages, but if that’s not available, there are other options so that the technician doesn’t have to be fluent in another language. Written or recorded instructions in the language or a translator are possibilities. Hand signals and hoping for the best is really not a good alternative when trying to convey the idea of pushing the button when a very soft sound is heard. 

The technician can offer to discuss the results after the test is complete, which may be useful as a way of motivating the subject to give a good effort, but any medical interpretation should be avoided. The technician should also remember to offer to answer questions and be prepared to refer to the physician or audiologist supervisor as needed if there are questions that are beyond the technician’s expertise. Once the hearing test starts, if the subject seems confused or is giving inconsistent results, then the technician should pause the test and reinstruct to be sure that the subject understands the process. 
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In addition to having calibrated equipment and good procedures, there are also a number of subject factors that have to be taken into account to get good audiograms. One of these is to make sure that the subjects aren’t suffering from temporary hearing loss. Normally you are trying to record only their permanent hearing status, and temporary hearing loss should not be included. People are going to have temporary hearing loss whenever they are exposed to loud noise for any appreciable time, and it takes a while for that hearing loss to go away. The length of time needed for recovery depends on the amount of temporary loss which in turn depends on a number of factors such as the noise level, the length of exposure and the individual’s susceptibility. However, a good rule of thumb is that about 14 hours away from loud noise will minimize or eliminate temporary loss. That’s why the OSHA regulation says the baseline audiogram must be taken after the worker has at least 14 hours away from workplace noise. Annual audiograms are normally done in the same way, though the need is not as critical. Fortunately for scheduling purposes, good hearing protection can meet the “away from noise” criterion, but only if the hearing conservation program administrator can be ensured that the subject is actually wearing proper-fitting hearing protectors. If there is any question about the fit (and often there is for earplugs), then earmuffs should be used prior to the hearing test. It’s not usually practical or even desirable to test everyone at the beginning of their shift, so later in the day is satisfactory, so long as proper hearing protection is used.
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Another factor that can give rise to falsely elevated thresholds is ear blockage of some sort. If a person has a cold, allergies, sinus problems or a similar condition, thresholds may be affected, particularly at the lower frequencies. You can go ahead and test in this situation, but keep in mind the possibility of false results, so if a hearing loss is observed, it may not be a true and permanent hearing loss. Another potential problem for some individuals is a collapsing ear canal caused by the pressure when the headphones are put on. There are special techniques and equipment to deal with this, but the technician just needs to keep in mind that it is a possibility. Another problem is impacted ear wax which blocks the ear canal. In many hearing conservation programs, prior to giving the hearing test, the technician looks into the ear canal with an otoscope, a device which allows visual proof that the ear canal is clear and the eardrum is not perforated. This isn’t an OSHA requirement, and many programs don’t do it, but if earwax is blocking more that about 75 percent of the ear canal, false results can be present. Again, it’s reasonable to go ahead and test even in that situation, so long as it’s kept in mind that the results may be unfavorably affected.
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Also, there are very often instruction compliance problems. There are people who don’t understand or are unable to comply with the instructions. One reason would be language barriers, perhaps because the person didn’t fully understand the instructions, even if he or she understands basic English. Also, sometimes people just don’t grasp the purpose of the test and respond in some inappropriate way that invalidates the test results. Fatigue and sleepiness can be a significant problem too. Many jobs are physically or mentally taxing, and if a person is tested at a point in their workday when their energy is at a low ebb, they may well fall asleep, or come near it. Clearly, that’s not a situation where good test results will be achieved.  And then there is a small percentage of subjects who will deliberately fail to comply with the instructions. They may be faking a hearing loss for any of a variety of reasons, and it may be very difficult for the technician to detect this deliberate non-cooperation. This is a situation where the audiologist would be needed, with greater experience and techniques to deal with difficult subjects.
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A final difficulty that sometimes occurs is the situation in which a subject has a large difference in hearing ability between the two ears. If there is approximately a 40 decibel difference between the threshold of hearing in the two ears, then something called cross hearing may occur. Cross hearing means that the better ear is detecting the sound intended to test the poorer ear. Imagine that the left ear is perfect and the right ear has no hearing at all. At some point when testing the right ear, the sound will be so loud that it will be heard by the left ear, and the subject will respond. That response, however, will be inaccurate since the wrong ear is the one that heard the sound. The threshold for the right ear is actually lower than indicated. The problem of cross hearing can be dealt with by applying a “masking” sound in the better ear while the poorer ear is being tested. This masking sound prevents the better ear from hearing the sound intended for the other ear. This technique, however, is not taught to industrial audiometric technicians and the audiometers used normally don’t have the capability of producing the masking sound, so this is another situation where the audiologist would need to be involved. In some programs, if there are only one or two frequencies with cross hearing identified no corrective action is taken. However, the decision about how to handle the cross hearing situation is one that should be made by the professional supervisor, not the audiometric technician.
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Now let’s summarize what has been covered so far. We’ve discussed the use of the audiometer to determine a person’s hearing thresholds, the softest sound a person can hear at each frequency over a wide range of frequencies. The test is done in a quiet location, normally a special booth, to ensure that background noise doesn’t interfere with hearing the test signals. The person administering the hearing test can be a technician with a relatively brief training (normally 20 hours), but a professional specialist, either an audiologist or physician is required to supervise the program. We also discussed in detail the quality control aspects of the audiometric testing program, from equipment to procedures, with a specific emphasis on good instructions to get the best response from the subjects. Other subject matters that require attention such as fatigue, and temporary hearing loss were also covered.
Part two of this lecture will cover such matters as interpretation of the audiometric testing results, when the technician needs to refer a subject for professional evaluation, and the recordkeeping that is recommended and required.
