Panelists challenge “conventional
wisdoms” on hearing aid design

Compiled and introduced by Jerry L. Yanz
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Conventional wisdom on any topic can be a belp or hindrance.
On the one hand, it can facilitate decision making, removing
complexities that may sometimes be paralyzing. On the other
hand, blind adherence to conventional wisdom may oversim-
plify one’s understanding, leading to decisions based on sub-
Jective, sometimes misdirected, impressions, rather than objective
data. And, over time, especially in a rapidly changing field like
ours, conventional wisdom runs the risk of becoming obsolete.

As hearing professionals, we adbere to certain conventional
wisdoms, not always because they
are wise—they may or may not
be—but because they belp us make
sense of complicated information
and make decisions based on that
information.

In this time of rapidly develop-
ing technology, the hearing aid
industry must commit to present-
ing a clear picture of our products’
benefits and their limitations. This
clarity should ensure win-win-win
outcomes. Your customers achieve
the best solution to their hearing
concerns. Your practice thrives. And
manufacturers see results that allow them to continue invest-
ing in new developments.

We are seeing a favorable trend. Data-based decisions are
supplanting supposition about the potential of some new tech-
nologies. However, advancing technology itself can hatch new
misconceptions, sometimes the result of imperfect teaching or
learning of new concepts. This article attempts to straighten a
few things out, to address a few conventional wisdoms that are
either ill conceived or obsolete.

YANZ: “This article
attempts to straighten a
few things out, to address
a few conventional
wisdoms that are either ill
conceived or obsolete.”

Well-known members from the scientific teams of five major
manufacturers agreed to share their knowledge and uncon-
ventional wisdom in this article: Laurel Christensen and
Andrew Dittberner, both of GN ReSound; Dave Fabry,
of Phonak; Tom Powers, of Siemens; Don Schum, of Oti-
con; and Tim Trine, of Starkey Labs. Each selected a topic
to address briefly, with the goal of dispelling what they see as
misconceptions. Each author was given an opportunity to com-
ment briefly on one other offering.

Ruth Bentler, professor of
audiology at the University of
lowa, agreed to serve as editor and
commentator. Ruth’s role in cri-
tiquing and editing this article
mirrors an important role she has
established as an objective evalu-
ator of hearing aid research and
design. I am grateful for her
involvement here and for the con-
tributions she has made to devel-
opments in this field.

In proposing this article, my
hope was that we would all gain
valuable insights from the ensuing
exchange. After reading the offerings from these experts, I am
confident that goal will be achieved.

Those of you attending Audiology NOW! 2006 in
Minneapolis can hear these same experts, plus Francis Kuk,
PhD, of Widex, expand on their comments on these pages
when they take part in an interactive panel on Evidence-
Based Hearing Instrument Design. It will be held Friday,
April 7 from 8 to 9:30 am, and once again, Dr. Bentler will
be at the helm as moderator.

Conventional Wisdom Challenge #1:

Do adaptive polar patterns improve speech
intelligibility in noise over fixed directional
systems?

TRINE: Directional processing has proven its unmatched
ability to improve speech recognition in noise (once audi-
bility has been maximized). However, the performance of
directional microphones in everyday lifel2 has not met
the high expectations created by their demonstrated labo-
ratory performance.34

This discrepancy can be explained in part by consider-
ing the acoustics of everyday life in conjunction with the
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speech-to-noise ratio (SNR) loss of individual patients>-
and should serve as a reminder that appropriate counsel-
ing regarding expectations for directional performance is
critical to the fitting process. It might also suggest, how-
ever, that the typical laboratory evaluation of a directional
system is not representative of real-world performance
because it does not accurately simulate the acoustics of
everyday life.

Nowhere is this last hypothesis truer than in the char-
acterization of currently available adaptive directional hear-
ing aids. In fact, every publication to date that has shown
performance of an adaptive directional system to be bet-
ter than a fixed directional system has placed noise sources
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within the critical distance of the space,
typically in an anechoic or sound-treated
room.3:47:8

The importance of this experimental
detail cannot be overstated. By placing the
noise source within the critical distance of
the test space, these studies have virtually
eliminated the possibility of generalizing
the experimental conclusions to the real
world because in the real world, noise
sources are rarely within the critical dis-
tance of the spaces in which we live.* The
few studies that have taken real-world
room acoustics into account have shown
no improvement from an adaptive direc-
tional system over a well-designed fixed
directional system.?-10

Although these data might challenge
conventional wisdom, they are well sup-
ported by the acoustic realities of every-
day life.!! The bottom line is that we live
in a reverberant world, so most noise is
relatively diffuse. Consequently, the mag-
nitude of the real-world directional ben-
efit is not related to the speed, frequency
resolution, or accuracy of moving nulls in
the polar pattern. Rather, it depends sim-
ply upon the absolute directional perfor-
mance of the system, best characterized
by the 77 situ directivity (quantified by the
directivity index measured on KEMAR),
noise performance, and stability over time.

Killion recently showed that these per-
formance metrics can differ dramatically
across products and likely change over time
for dual omnidirectional-microphone sys-
tems.!2 This is particularly true for ITE
and ITC applications where the small port
separations require exquisite microphone
matching and a mismatch between micro-
phones of 0.15 dB can significantly
degrade directivity.6

One way to summarize this challenge
to conventional wisdom is that in the real
world, a well-designed adaptive directional
system will spend the vast majority of its
time in a relatively fixed directional pat-
tern. Thus an adaptive null becomes extra-
neous. Two valid perspectives then might
be: “Why not offer adaptive directional
systems?” or “Why bother?” In the inter-
est of evidenced-based product develop-
ment and stable, high-performance hearing
aid design, I choose the latter.

*The one exception to this assertion is when the subjects
are outside. Perhaps this is why many adaptive directional
demonstrations show a listener standing in an open field
with a noise source driving around him or her.
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Figure 1. Vent parameters for different parallel vent diameters (1-mm, 2-mm, 3-mm)
and for an open ‘tube” fitting without canal occlusion. Based on Lybarger.\7

BENTLER: Here’s a twist, me challeng-
ing industry’s cautiousness! Few researchers
will argue your point about critical dis-
tance effects. Few would also argue your
comment about many environments being
diffuse-like, at least 7ndoors. But what about
the proportion of time hearing aid wear-
ers spend outside office rooms, classrooms,
living rooms, etc.? Are there any data to
suggest adaptive mics might provide ben-
efit there (i.e., when the noise is outside
some critical distance)?

TRINE: The short answer to this ques-
tion is no, I don’t know of any data to
suggest benefit in realistic outdoor envi-
ronments. But, for an adaptive polar pat-
tern system to have an advantage over a
non-adaptive system, all of the following
conditions must be true:

1. The listener is outside...

2. ... attempting to hear a signal (e.g.,
carry on a conversation) in front of
him or her.

3. The signal is relatively close to the
listener.

4. There is a single dominant noise
source moving behind or to the sides
of the listener.

5. The microphone pair in the hearing
aids maintains exquisite sensitivity and
phase matching.

Using conventional wisdom, how often
are all of these conditions met?

FABRY: [ agree that the benefits of direc-
tional microphones diminish with
increased talker-listener distance and rever-
beration. However, a few studies have
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shown directional-microphone benefits
for test conditions with increased talker-
listener distance and reverberation times
that reflect many real-world situations.!3
It is true that additional research with adap-
tive directional-microphone systems is
needed to support laboratory research dat-
ing back to the previous millennium that
found that:
Adaptive directional-microphone sys-
tems provide improved benefits when
one or two noise sources exist in a lis-
tening environment and are outside
of the polar pattern “null” for the fixed
or automatic system. 14
Adaptive directional-microphone
systems provide improved SNR ben-
efits for a single noise source that is
moving.15

Conventional Wisdom Challenge #2:

(Note: There are two commentaries on
this topic.)

FABRY: Patients with precipitous high-
frequency sensorineural hearing loss pro-
vide significant challenges for hearing
healthcare practitioners. These patients do
not usually meet candidacy requirements
for cochlear implants, and yet they are
often dissatisfied with hearing aid perfor-
mance.

The incidence of this hearing loss
configuration (normal low-frequency
hearing thresholds combined with >30-
dB/octave slope in high frequencies),
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used is totally (or almost totally) non-
occluding. This directly addresses the con-
ventional wisdom previously mentioned:
Is it possible to provide appropriate gain
with this type of fitting without feedback?

To investigate the relationships among
modern feedback technology, audibility,
and feedback control we measured the real-
ear maximum gain with the adaptive feed-
back system on and off. Fourteen subjects
were fitted monaurally with an open-fit
BTE (Acuris Life) and the hearing aids
were fitted to NAL-NLLI targets for a mild-
to-moderate high-frequency hearing loss.
With the adaptive feedback cancellation
turned off; the gain of the instrument was
increased until feedback became audible
(to the examiner or the patient) or was
observed on the display of the probe-micro-
phone system. The real-ear gain was then
recorded for key test frequencies.

The adaptive feedback system was
turned on and the measurements were
repeated (see Figure 4).

Observe that, on average, it is possi-
ble to achieve 8-12 dB of additional gain
in the critical speech frequencies when the
adaptive feedback algorithm is imple-
mented. Note also that mean feedback-
free gain in the range of 25-30 dB was
available through 6000 Hz.

In summary; considerable improvements
have been made in adaptive feedback reduc-
tion in recent years. The “conventional wis-
dom” held by some, that these systems can

reduce audibility, is clearly no longer wise.
In fact, as shown by our data, audibility for
frequencies critical for speech understand-
ing can be increased when these systems
are employed.

BENTLER: Do all manufacturers agree
that the current feedback managers use a
fast-acting algorithm that “introduces a
counter-phase signal to reduce the feed-
back signal”? I suspect some of them might
take issue with the term “feedback man-
ager.”

SCHUM: I prefer to see a differentiation
between the terms “feedback cancellation”
and “feedback management.” Cancella-
tion refers to phase cancellation without
any loss of audibility, as Tom described.
Feedback management, in my opinion,
refers to systems that do limit gain as a
way to minimize feedback. Although typ-
ical of systems that were in place before
cancellation algorithms became wide-
spread, they still have a place in some
circumstances. As Tom points out, can-
cellation algorithms can increase usable
gain in a device, but there will still be a
point where feedback will occur.

In cases where a patient with severe or
profound loss has high gain requirements,
feedback management that would impose
channel-specific gain limits may still be
needed in addition to the effect of the can-
cellation system. Of course, the first step

Figure 4. Mean maximum real-ear gain before feedback with adaptive feedback system

off and on.
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is to determine if the cancellation system
itself will provide enough usable gain with-
out feedback. However, in some cases, lim-
its may need to be set.

CHRISTENSEN: I agree with Tom that
most high-end devices today use some
method of phase cancellation to control
feedback. What I dont completely agree
with him about is that audibility doesnt
ultimately get sacrificed due to the can-
cellation system. The sound quality of
these systems varies greatly and some intro-
duce so much distortion and artifact when
activated that listeners will ultimately turn
down their hearing aids to improve the

quality of sound.

Conventional Wisdom Challenge #4:

SCHUM: Poor performance in noise is
the most important unresolved problem
for hearing aid users. The layperson, there-
fore, is primed to interpret what we call
“noise reduction” as a system that can
amplify only speech and eliminate or
reduce noise. These systems simply do not
perform that way.

Do these signal processing approaches
help out in noisy situations in a manner
that is apparent to the user? Yes, in many
cases. However, the nature of this benefit
is not a direct improvement in the signal-
to-noise ratio. Without a direct improve-
ment in SNR, it is highly unusual for there
to be a measurable improvement in speech
understanding in noise. It is a matter of
professional responsibility for the audiol-
ogist to make sure the patient understands
what noise reduction can and cannot do.

The origin of the misconceptions about
noise-reduction systems relates to the dif-
ference between Analysis and Response to
the environment. Noise-reduction systems
are excellent at analyzing the nature of the
sounds coming into the hearing aid.
Whether the system uses modulation
analysis, synchrony analysis, or a combi-
nation of the two, modern systems can
effectively determine if it is speech, noise,
or both that is entering the hearing aid.

However, just because a system can
classify the components of a mixed-speech-
plus-noise signal doesn’t mean the system
can disentangle the two types of signals.
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