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Complaints About Hearing
in Noise: A New Answer

ile spending the weekend
with my father, I had the
opportunity to see a friend of

my parents whom I hadn’t seen in 30
years. I remembered her from my child-
hood, and I really looked forward to see-
ing her again. Unfortunately, she missed
most of what I said. At one point in the
conversation, she mentioned that she
had tried a hearing aid 12 years ago, but
did not keep it because it worked so
poorly in background noise. I tried to tell
her about improvements in the field, but
she explained that her friends with new
hearing aids had the same complaints.

I felt sad knowing that a hearing aid
with a directional microphone or an
assistive listening device, such as an
array microphone or FM system, could
completely change her life. Un-
fortunately, she is part of the nearly 80%
of people who report hearing difficulty
but do not use hearing instruments.' She
seems likely to stay in that group,
despite my urging her to give hearing
aids another try.

Additionally, I received a call from my
sister-inlaw’s father. As he had done sev-
eral times in the past, he inquired about
the latest in hearing aid technology. (He
has worn programmable analog hearing
aids for the past 10 years.) At the time he
purchased these aids, they were consid-
ered state-of-the-art. Unfortunately, he has
never been truly satisfied with them, even
though he wears them most of the time.
His biggest complaint is his inability to
hear in noisy situations, and he avoids
noisy places and groups of people
because he cannot communicate in such
an environment.

These two experiences, related by
author, Laurel A. Christensen, PhD, share
one fact: both individuals complained
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about their inability to hear in noise, one
of the most common complaints of hear-
ing aid users.? Fortunately, in the past 5
years, solutions to this problem have been
developed. The better directional micro-
phone hearing aids can return many
users to normal ability to understand
speech in noise.’ Unfortunately, these
solutions are underutilized by dispensing
professionals. In fact, only an estimated
10% of hearing aids dispensed in the US
include directional microphones (esti-
mate from industry data).

Much has been written about the
benefits of directional microphone
hearing aids and how to fit these
devices. Then why are directional
microphones so seldom ordered? We
offer the following possibilities:

1) Until recently, hearing aids with
directional microphones were
only available in BTE and full-shell
ITE styles, and few dispensing
professionals realize that a 5 dB
signal-to-noise ratio (SNR)
improvement is now available in
mini-canal sizes;

2) Most dispensing professionals do
not know how to evaluate gy
a patient’s SNR loss (the
reduced ability to hear in
noise), even though ex-
cellent tests are available;*

3) Some hearing aids with
directional microphones
are not very directional.
We have measured 14
ITE hearing aids with
directional microphones.
Their directivity, or SNR
improvement, varied
from 2.2 to 5.1 dB;

4) The interaction between venting,
low frequency response, and direc-
tivity is not well understood. Some
hearing aids roll off the lows in the
directional mode. Without suffi-
cient low-frequency gain to over-
come the noise entering through
the vent, patients with low-frequen-
cy loss: a) become deprived of low-
frequency cues; and b) lose the
directional advantage at low fre-
quencies;’
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5) Until now there has been no prac-
tical head-worn device for the esti-
mated 35% of patients whose SNR
loss falls between 5 dB and the 15
dB that requires an FM system.

The Link-it" array microphone sys-
tem is designed to provide approximate-
ly twice the directivity of a well-designed
single-cartridge or dual-omni-directional
microphone hearing aid. The develop-
ment of the device began in 1986, as part
of co-author Wim Soede’s PhD thesis at
the Delft University of Technology, The
Netherlands.” This technology was then
developed into a practical wearable
device by Etymotic Research and
ARDEA during a collaboration that
began in 1995.

The Link-it is worn over the ear and
requires no external cables or hand-held
devices. It can be used with either ITE or
BTE hearing instruments, requiring only
that the hearing aids have built-in t-coils
(Figure 1). A vertical orientation of the t-
coil works best for an ITE hearing aid.
Using two Link-its will provide binaural
processing, which will typically provide
2-3 dB additional advantage over those
devices that feed the same mono signal
to both ears. The Link-it will also work
with a cochlear implant through direct
audio input (DAI), and can be used like a
CROS system.

Figure 1. Link-it array microphone devices can be used
with ITE (left) and BTE (right) hearing aids that have
built-in telecoils.

What is an Array
Microphone?

An array microphone is a highly
directional device that uses a spatial dis-
tribution of three or more microphones
to achieve directivity. The greater the
spacing, the better the directivity.
Figure 2 shows three directional micro-
phones spaced approximately 25 mm
apart from each other, a distance that is
much greater than normally used in
hearing aids, but short enough to make
a head-worn array practical.



tion of 7 dB over an ITE omni-direc-
tional microphone, and 8-10 dB
over a BTE omni-directional micro-
phone. More precisely, when mea-
sured on the KEMAR, the Link-it
gives an average Al-DI of 7 dB. BTE

Figure 2. The array board showing the wider-than-
usual (25 mm) microphone spacing of the three

directional microphones.

Directivity is achieved using the three
directional microphones. Figure 3a shows
that a sound wave arriving from the front
will have different arrival times at the
three microphones. In the Link-it, each
microphone’s output signal is delayed rel-
ative to the next one by approximately 75
microseconds, the amount of time it takes
sound arriving from the front to travel
between microphones with the spacing
shown. As a result, all three waveforms
will be in phase when added together.
The resulting signal is three times as
large as the original signal.

In contrast, in Figure 3b, a sound wave
is shown arriving from the side. For this
sound, the wave arrives simultaneously at
each microphone, but each microphone
still applies a delay to the signal. This
results in the output signal from the three
microphones being out of phase so they
partially cancel each other out. This delay-
and-sum method—applied to three micro-
phone elements that are already direction-
al—can provide an effective noise reduc-

omni-directional microphones typi-
cally measure -1 dB to -3 dB. The
directivity vs frequency of the sys-
tem can be seen in Figure 4.

Candidacy for Array Mic

The first step in determining candidacy
for a Link-it is to evaluate the patient’s abil-
ity to hear in noise, or to determine a
patient’s SNR loss. This can be done using
the Quick SIN test or the HINT test.*®

A measure of SNR loss is a simple pro-

cedure and should be a standard part of
every hearing evaluation. Figure 5 shows
previously published data of hearing loss
as a function of the ability to hear in noise
(signal-to-noise ratio for 50% correct iden-
tification of words-in-sentences). This
data demonstrates:

1) SNR loss is not well predicted by
hearing loss (ie, audiogram),
because patients with mild hear-
ing loss may have severe SNR loss
and vice versa;

2) Each 1 dB of SNR loss creates a 5%
10% loss of intelligibility, depending
on SNR loss and listening conditions.

As seen in Figure 5, SNR for 50% cor-

rect generally increases as hearing loss
increases; however, it cannot
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be predicted entirely from
hearing loss. Looking at the
point on the graph for a pure-
tone average of 60 dB HL
(marked by second arrow), the
SNR testing for four patients

low output

can be seen. Results for these patients are
4.5 dB, 9 dB, 12 dB, and 15 dB. All have
the same average hearing loss, but very
different abilities to hear in noise. A nor-
mal hearing listener will score 2 dB on this
test. Thus, the SNR loss for these four
patients is 2.5 dB, 7 dB, 10 dB, and 13 dB,
respectively.

The solutions for hearing in noise are
well represented in Figure 5. The patient
with an SNR loss of 2.5 dB can be
brought back to normal (possibly better
than normal) hearing in noise with a
directional microphone hearing aid. The
two patients with SNR losses of 7 dB and
10 dB will probably also appreciate a
hearing aid with directional microphones,
but will still have trouble hearing in noise
with the hearing aid alone. These two
patients would be ideal candidates for an
array microphone, to be used situational-
ly when their directional microphone
hearing aid is not enough. The patient
with a 13 dB SNR loss would also appreci-
ate an array microphone, but would bene-
fit most from an FM system.

Operation of Device

The Link-it operates on a size 10 bat-
tery, which gives 1 month of battery life
when used 4 hours per day. In use, the
device is placed over the ear, switched
on, and the hearing aid is switched to the
t-coil position. The volume control on the
hearing aid can be used to adjust the vol-
ume on the Link-t, and there is a screw-
driver-set gain control on the device.

The array microphone system was
designed with a high magnetic field out-
put to overcome electromagnetic interfer-
ence from fluorescent lights and comput-
er monitor screens. The 1000-2000 mA/m

Figure 3. The delay-and-sum principle of array microphone
technology. When sound arrives from the front (3a), the input is 30
received in phase and is summed by the three directional
microphones, yielding a higher output. When sound arrives from the
side (3b), the input is received out of phase, creating a lower output.
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Figure 4. 3D directivity versus frequency of the device.
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Figure 5. SIN test data collected from several test sites. Data points depict the average
hearing loss for each individual subject vs SNR for 50% correct. Normal hearing
listeners required 2 dB to obtain 50% correct. Reprinted with permission from Killion™,
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minimum field strength of the Link-it is
more than 30 times the typical 30 mA/m
field strength of hearing-aid-compatible

telephones—enough to overcome most mA/m) of field strength.

Array Microphone Field Studies

Field Study 1

Subjects: Sixteen hearing-aid wearers were tested with the Link-it and nine digital
hearing aids, where possible, with their digital noise reduction on and off. In addition, two
of these digital aids were tested with their directional microphones on and off. One condi-
tion was KEMAR's open ear, using linear amplification as a reference condition. Figure 6
shows the average and extremes of the audiograms of the better ears of the 16 subjects.

Method & Results: Recordings were made in R-Space® of IEEE sentences recorded by a
woman talker. Using eight loudspeakers in a surround-sound mode,’ this signal, along with
previously-recorded background noise from approximately 40 people in a busy restaurant,
was presented from in front of the KEMAR. A total of 14 sentence lists were recorded. Each
list contained six sentences recorded with

1; — signal-to-noise progressing from a nominal

e T e R +25 dB to 0 dB in 5 dB increments. All 14

o e e lists were recorded in each test condition.
il g :;g | TS R The hearing aids were coupled to
gy S LA KEMAR's ear simulator; the Link-it output
facc‘ bed S i was recorded directly. All hearing aids

bl )4 g
! 1g° B ‘ PRl were programmed to the manufacturer’s
110 : : default setting for a flat 40 dB hearing loss.

Each of the 16 subjects listened under ER-
4 earphones at a comfortable listening
level to all lists, one list per hearing aid, in
a counterbalanced fashion. The results of Dirks’ and van Buuren et al'® would suggest that
additional frequency shaping for the average audiogram in Figure 6 would result in little dif-
ference in outcome given the presentation level.

Figure 7 shows the SNR for 50% correct words in sentences, averaged across subjects,
for the test conditions. None of the digital hearing aids provided any assistance in under-
standing speech in restaurant noise—with or without noise reduction circuits—compared to
the amplified open ear condition. Because of the 78 dB SPL(A) (ie, roughly 63 dB HL) levels
in the restaurant, little amplification was required for the open-ear recordings. Digital aids #8
and #9, provided better scores than the amplified open ear when tested in the directional
mode. The Link-it under these conditions provided more than twice the improvement of the
directional-microphone hearing aids.

Figure 6. Average audiogram and range of the
better ear of the 16 listeners with hearing impairment.
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Field Study 2: User Ratings

Subjects & Method: Five hearing-
impaired subjects tried the Link-it for |
week. They filled out a questionnaire
] that included a modified Glasgow
B [ Hearing Aid Benefit Profile."! The ques-
e - : tionnaire focused on 6 listening situa-
- tions: 1) listening to television; 2) listen-
ing in quiet; 3) listening at a meeting; 4)
listening to group conversation; 5) having
a conversation at a restaurant, and 6)
having a conversation in an automobile.
It asked, “How much difficulty do you
have in this situation with your hearing
aid?,” and “How satisfied are you with
your hearing aid in this situation?”” The same questions were asked for the Link-it condition.

Results: The questionnaire results suggest that the device provides an excellent solution
for understanding speech in noisy restaurants. All 5 subjects reported difficulty using hearing
aids only and were dissatisfied with them in a restaurant. With the Link-it, the same patients
had only slight difficulty communicating in a noisy restaurant, and were very satisfied. D

AIDED SNR RE AMPLIFIED OPEN EAR

HEARING AID

Figure 7. Aided SNR for 50% correct re: amplified open
ear for nine digital hearing aid conditions and the Link-
it. Hearing aids 1, 2, and 3 were tested with noise
reduction reduction off (1, 2, and 3) and on (INR, 2NR,
and 3NR). Hearing aids 8 and 9 were tested in omni (8
and 9) and directional (8D and 9D) modes.
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interference. If interference does become
a problem, the user can temporarily
switch in an additional 8 dB (2500-5000

Conclusion

A head-worn array microphone can

provide dramatic benefit with relatively
easy operation for those patients
whose SNR loss exceeds the reach of
high performance directional micro-
phone hearing aids. SNR losses
between 5 dB and 15 dB may be well
served by array microphones. The
important first step is to determine
SNR loss in order to properly advise
patients about their options. D
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