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Basic Question
The other day | mentioned to an acquaintance that | was in the business of making hearing aid

analyzers. Hisresponse, “Y ou what?’ Then | explained that hearing aids involve three primary
operations. 1) they make the sound louder, 2) there is an upper limit to how loud they get, and 3)
they always add various types of distortions. The analyzer measures these three parameters. |
ended by stating the question that hearing aid analyzers try to answer, “Is this device functioning as
it should?’ Does it meet the factory floor specifications? (George Frye).

Generally, two types of hearing aid analyzers are used: 1) A factory/research analyzer, and 2), an
office analyzer (Figure 1). A number of different manufacturers of hearing aid analyzers have at
least one type available.
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Figure 1. Hearing aid analyzers. Factory/Research model 8000 on the |eft, and office model FP35
on the right. Both instruments are capable of real-ear measurements as well. (Images courtesy of
Frye Electronics).

Testing Hearing Aids is Not Easy Anymore...

Providing gain and power output are not all that their designers attempt to make hearing aids
perform. Fundamentally, their intent is to develop hearing aids that make speech easier and more
comfortable to hear and understand, and in all sorts of situations/environments.

Most Disruptive Problem Areas — Generally
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Acoustic Feedback

Because hearing aids are small and located in and around the ear, the amplified sound they produce
leaks around to their input microphone and tends to make them oscillate or whistle (Figure 2). This
isnot desirable. As aresult, different sorts of “tricks” have been devel oped so that the gain can be
made stronger before acoustic feedback becomes a problem.
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Figure 2. Thisillustrates the effects of sound transmission and leakage in atypical hearing aid. The
acoustic feedback path isin red arrows and leads from the vent pressure leakage (Pv), back to the
input microphone (M) where the feedback pressure (PF) is summed with the normal microphone
input pressure (Pi), then through the amplifier (A), to the receiver (R), down to the earmold,

through the vent — and then all over again. Thisillustrates an open feedback path®. Tsubscript
describes the time elements involved. Other identified sound pressure areas include: PT (pressure
at the tympanic membrane), PR (pressure from the receiver), and PO (pressure output of the
hearing aid.

Noisy Environments
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Figure 3. Hearing aid operationin a érowded, noisy restaurant creates problems for hearing aid
design where speech intelligibility is an issue. (Image: Ignite Hospitality Marketing).

Acceptable operation in noisy environments is another problem for hearing aids to overcome,
especialy in crowded places like restaurants where everyone istalking all at once (Figure 3).

Isit possible to improve hearing aid performance in such situations? The answer isYes, and can
occur in several ways. One method claimed by some manufacturersis that their products
continuously monitor sources of noise and tune it out asit is perceived to occur. Do these methods
actually work? Sometimes.

Also, being able to understand what is said in alarge auditorium with its multiple loudspeakers and
numerous echoes can also be areal problem.

Left out are a number of major amplification problems that hearing aid designers have attempted to
resolve. Regardless, when all the various acoustic tricks have been programmed into the hearing
aid that oneistrying to analyze electroacoustically, the measurement analyzer’ stest signal is
sometimes seen as a distraction, and the hearing aid tries everything possible to reduce its effects.

The Question
The guestion then becomes, “ Do we want to measure the effects of the special programs or do we

want to first test the underlying components that make up the hearing aid’ s acoustical
foundation?” It would seem that the latter isrequired to provide a baseline of performance. Or,
should we assume that the hearing aid’ s basic performance structure is sound? Manufacturers
provide specification sheets for their devices. Can it be assumed that the hearing aid actually
meets these basic specifications? If not, then what can be expected for any programming of that
hearing aid? That thisis an issue was reported in a recent study by Holder, Picou, Gruenwald,

and Ricketts’.

Of 73 hearing aids tested, their results showed that none were within the allowable tolerance for
every specification, with the exception of Max OSPL90. Most instruments were within
specifications for THD (total harmonic distortion), but not a single device was within specification
for EIN (equivalent input noise — the noise floor of the hearing aid). Their results seem to be
consistent with comments from Staab for ANSI measurements of hearing aids during comparison
evaluations3. Further, it isdifficult to even find how to program hearing aids from some companies
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to function as linear instruments for ANSI measurementsin their programming software. And,

some don’t even allow the software to set the instruments as linear aids for ANS|I measurements’.

Standards and Testing
The American National Standards Institute (ANSI), through working group $48 of the Acoustical

Society of America, has the responsibility of keeping the hearing aid Standard up to date. The

|atest version of ANSI S3.22-2009" is the Standard used in the United States for testing hearing
aids.

The latest Standard states that when running a standardized test, the device first must be
programmed to act in alinear mode. In other words, all the fancy tricks mentioned previously to
manage noise, provide directionality, adaptive compression, etc. must be turned off; the hearing aid
hasto act as asimple, linear amplifier. That way, the following questions can be answered: Isthe
input microphone system working correctly? How about the controlling circuit? Is the sound
output device, whatever it isor wherever it islocated, producing clean sound with low distortion?
Is the battery drain at a reasonable level ? Does the magnetic pickup coil work?

The hearing aid factory assembly line tests the hearing device before it leaves the factory to make
sure that its main parts are functioning properly. And if so, its proper operation is assumed when
special features are activated with a program change.

The Digital Approach to Amplification

In the past, an assembly of individual analog parts had to be assembled correctly for the amplifier
to do itsjob. This assembly consisted of numerous small parts like resistors, transistors and
capacitors to perform its function.

This assembly of multiple individual componentsis no longer a problem with today’ s digital
hearing aids. Instead, a super complex and amazing digital circuit that contains probably over a
million devices is handed the job of amplification. A program stored in the device determines what
it does. It isliterally a hearing computer. But, even for digital hearing aids Standards testing, the
aid’ s program isfirst set to make the hearing computer act as a straightforward linear amplifier.
Fortunately, because the operation of digital devicesisvery uniform, tests of proper environmental
function made on a clean predicate test device, should behave in a proper manner and transfer to
other same models as well. The assumption is made that shipped products will perform as
programmed.

(Think of the digital hearing aid as turning the incoming sound into a series of numbers through a
process of analog-to-digital conversion. The processor then only has to multiply these numbers by
a fixed quantity to make them larger —amplified. And, the final step isto pass the “ amplified”
numbersto a D-to-A (digital-to-analog) converter and use the resulting analog signal to drive the
output transducer. Digital amplification can be a straightforward process.)

The Factory/Research Hearing Aid Analyzer

In order to meet the test Standard’ s requirements, analyzers used on assembly lines or for research
purposes have to be a step above those used in the field. These analyzers use precision
measurement microphones with flat frequency response, low noise levels, and capable of
accurately measuring sounds of up to 150 dB SPL from the most powerful hearing aids. The
microphone measures its sound through a special coupler with a cavity volume that somewhat
approximates the human ear, but is used for the intercomparison of hearing aids because it has a
standard capacity (2cc). Sound from the hearing device is routed to the coupler through much the
same type of plastic tubing or other connections used by the manufacturer for the hearing aid as
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worn (Figure 4).

Coupler Measurements

A coupler is used to simulate the human ear canal

Sound Bore
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Figure 4. Measurement coupler configurations for hearing aids.

These tests are typically run in a sealed sound chamber with controlled reverberation properties.
The noise level inside the chamber has to be kept low for accurate measurement of the distortion
and internal noise generated by the hearing aid itself. A special magnetic test device can be used to
check the magnetic telephone sensitivity, or alternately, a coil system to generate an equivalent to a
magnetically looped auditorium may be used, instead.

Office Hearing Aid Analyzers

Usually, less expensive versions of thistype of analyzer are used in the offices of hearing
professionals for quality control checks when new devices are received or when problems occur
(Figure 1).? To the best of our knowledge we are unaware of any analyzersintended for use in
clinics or hearing aid offices that meet the requirements of ANS| Standards. However, some of the
better clinics do use afactory/research analyzer, which does.

Summarizing

The hearing professional has to remember that the hearing aid is a complicated hardware device.
Many things could and do happen to affect the way that it operates. Sometimes, only by running
an objective test is adefect found in what otherwise seems to be a perfect hearing aid. Hearing
aids work just as they should, given the circumstances of their construction, programming, and the
environment. When they start behaving otherwise, magic is involved.
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