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ABSTRACT

Directional microphones in hearing aids have been well-documented to improve speech recognition in noise in labo-
ratory conditions. The real-world perceived benefits of directionality have been less dramatic. The development of
directional technology during the past decade has focused on improving laboratory benefit by means of adaptive
behavior,and more recently, binaural beamforming made possible by ear-to-ear audio streaming. In contrast, ReSound
has pursued a strategy for applying directional technology that takes advantage of auditory processing by the brain,
with the goal of optimizing real-world benefit. In this study, ReSound Binaural Directionality Il is compared to two
commercially available binaural beamformers to explore the possible advantages and disadvantages of these very

different approaches to applying hearing aid directionality.

INTRODUCTION

Directional microphones amplify sound coming from a particu-
lar direction relatively more than sounds coming from other
directions. They are the only hearing aid technology proven to
improve speech understanding in noisy situations. However,
some conditions must be met in order to benefit from a direc-
tional microphone. For one thing, the signal of interest must be
spatially separated from the noise sources. In addition, the sig-
nal of interest must be located within the directional beam and
should be within two meters of the listener. Directional micro-
phones in hearing aids are designed to have a forward-facing
beam as worn on the head. This means that the hearing aid
wearer must face what they want to listen to. By constructing
a test environment that fulfills these conditions, the benefit of
directional microphones in hearing aids is easily demonstrated.
However, real-world environments bear little resemblance to
contrived laboratory test environments. Real listening environ-
ments are unpredictable in terms of the acoustics, the type and
location of the sounds of interest, and the type and location of
interfering noises. To complicate matters further, any of these
sounds may move, and the listener may want to shift attention
from one sound to another. A sound that is the signal of interest
one moment may be the interfering noise the next.

Ithas been observed that the benefit of directional microphones
is not perceived to the degree that laboratory tests of direc-
tional benefit would imply'. There are numerous acoustic and
personal intrinsic factors that play a role in this discrepancy. An
additional factor is simply that directional microphones can in-

terfere with audibility of the sound of interest when it does not
originate from the direction that the hearing aid wearer is fac-
ing. It is assumed that individuals wearing directional hearing
aids will orient their heads toward what they want to hear. How-
ever, in daily life it is not at all unusual to listen to sounds that
one is not facing. In fact, it has been shown that more than 30%
of adults’ active listening time is spent attending to sounds that
are not in front, where there are multiple target sounds, where
the sounds are moving, or any combination of these?.

ReSound has taken an unconventional approach to applying
directionality that considers both the advantages and disad-
vantages of this type of technology. Binaural Directionality
Il leverages the brain’s ability to compare and contrast the
separate inputs from each ear to form an auditory image of
the listening environment. By providing access to an improved
signal-to-noise ratio (SNR) for sounds in front while maintain-
ing audibility for sounds not in front, Binaural Directionality IlI
allows hearing aid wearers to focus on specific sounds, to stay
connected to their auditory environment, and to shift their at-
tention at will*#. The Binaural Directionality Ill strategy controls
the microphone mode of each hearing aid depending on the
presence of speech and noise in the environment, as well as
the direction-of-arrival of the speech. The possible configura-
tions that can result include bilateral Spatial Sense, bilateral
directionality, asymmetric directionality with directionality on
the right side, and asymmetric directionality with directionality
on the left side®. The rationale behind Binaural Directionality Il
contrasts sharply with the advanced directional technologies
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in other premium hearing aids. The focus of development of
those technologies has been to maximize SNR improvement
in laboratory environments. The most recent advancement in
this area is to use an array of all 4 microphones on two bilater-
ally worn dual microphone hearing aids to attain a greater de-
gree of directionality, commonly referred to as binaural beam-
forming. A binaural beamformer creates one monaural signal
which is delivered to both ears. While there may be additional
features that attempt to preserve some cues for localization,
the overall effect of this approach is to eliminate the contrasts
in the per ear acoustic signals that enable binaural hearing.
Speech-in-noise testing under laboratory conditions has shown
either modest or insignificant improvements in directional ben-
efit for speech in front compared to traditional directionality®’.
The lack of greater differences is perhaps related to the una-
vailability of binaural hearing cues that is a result of binaural
beamforming.

How big of a trade-off is being made for the additional benefit
provided by binaural beamformers? In other words, how does
the advantage of a modest improvement in speech recogni-
tion in noise for speech in front weigh against possible disad-
vantages of reduced audibility for speech coming from other
directions? To begin to answer this question, it is of interest to
explore how performance on speech recognition in noise under
laboratory conditions is affected when speech arises from vary-
ing directions. The investigation described in this paper com-
pared performance for participants fitted with ReSound hear-
ing aids with Binaural Directionality Il and two commercially
available premium hearing aids with binaural beamforming.

The research questions were:

e Isthereadifference in speech recognition in noise for speech
in front for Binaural Directionality Il versus binaural beam-
formers and, if so, how great?

e Isthereadifference in speech recognition in noise for speech
from the side or behind for Binaural Directionality Ill versus
binaural beamformers and, if so, how great?

TEST SETUP

Subjects

Ten hearing-impaired individuals (6 male and 4 female) with
moderate bilateral hearing loss participated in this test.

Hearing instruments and fitting

The hearing aids tested were ReSound BTEs with Binaural Di-
rectionality Ill, and premium BTE hearing aids from two other
manufacturers that use binaural beamforming (hereafter re-
ferred to as “Hearing Aid A” and “Hearing Aid B”).

The three test instruments were fit to the NAL-NL2 gain pre-
scription for each participant’s individual audiogram in order
to rule out gain prescription differences as a source of any
observed differences. The gains of the other manufacturers’
hearing instruments were fine-tuned to match the gains of
the ReSound hearing instruments. This was done in a testbox
using the ISTS signal at 65 dB SPL. When possible, the gains
were matched to within +/-2 dB of the ReSound hearing instru-

ments for all frequencies between 500 and 3000 Hz.

The hearing instruments were fitted with Binaural Directionali-
ty Ill for the ReSound hearing aids, and with the binaural beam-
forming active in the other hearing aids. All other settings were
left at the manufacturers’ defaults.

Test material and setup

The test participants completed a speech-intelligibility listen-
ing test based on the Danish open-set speech corpus for com-
peting-speech studies®. This test will hereafter be referred to
as the “DAT” test. It is an adaptive test that results in a SNR
at the speech reception threshold (SRT). In this test, both the
signal and the competing noise are individual talkers, which is
different than many other adaptive speech-in-noise tests that
use speech-shaped noise or speech babble noise as the masker.
A test with individual talkers as the competing signals is excep-
tionally challenging, as there is informational as well as ener-
getic masking taking place. Because the competing speech is
intelligible, the DAT test may be more representative of a real-
world situation than typical speech-in-noise tests. The speech
corpus contains three sets of 200 unique Danish sentences.
The sentences are composed of a fixed carrier sentence with
two interchangeable target words:

”[Name] thought about [noun] and [noun] yesterday”

”Name” represents the call sign, and each blank represents a
unigue noun. The nouns are in singular form and include the
Danish indefinite articles (“en” and “et”) before each noun.

Examples of sentences include (English/Danish):

e Dagmar thought about a rescue and a suitcase yesterday/
Dagmar taenkte pa en redning og en kuffertigar.

e Dagmar thought about a predator and a toe yesterday/Dag-
mar teenkte pa et rovdyr og en ta i gar.

Each of the three sets of 200 sentences is spoken by a different
female talker and starts with a specific name. The names are
Dagmar, Asta, and Tine. The name of this test, “DAT”, is a refer-
ence to the first initial of each of their names.

The task of the test participants in this study was to listen for
and repeat the target nouns of the sentences that start with
the name “Dagmar”. Target sentences were played consistently
at 65 dB SPL. The “Asta” and “Tine” sentences comprised the
maskers. Masker sentences were played simultaneously from
other loudspeakers while the “Dagmar” sentence was playing,
but the test participant was not asked any questions about the
masker sentences. On each trial, two masker sentences were
randomly selected from the two sets of 200 masker sentenc-
es. The masker sentences were also presented at 65 dB SPL
initially. When the test participants were able to repeat both of
the target nouns in a sentence successfully, the sound pressure
level of the maskers was raised by 2 dB. If one or none of the
target nouns was identified correctly, the sound pressure level
of the maskers was lowered by 2 dB. The test participants did
not receive any feedback concerning whether their responses
were correct or incorrect.

Because the duration of all of the recorded sentences is natu-
rally slightly different, time expansion or compression was ap-
plied to each of the masker sentences on each trial so that they
precisely matched the length of the target sentence. The time
expansion and compression was done using the speech analy-
sis program PRAAT?. Because the sentence lists are not all of
equal difficulty, an attempt was made to balance the difficulty
so that the influence of this across all test participants was
reduced.

All of the hearing aids tested have adaptive features that rely
onidentification of speech and noise in the environment. There-
fore, an attempt was made to ensure that adaptive features
would engage. In addition to the DAT corpus, speech-shaped
noise from the Dantale Il test’ was played at a level of 45 dB
SPL. The speech-shaped noise was played from loudspeakers
directly to the left, directly behind, and directly to the right of
the test subject. Furthermore, the ISTS signal was played at 65
dB SPL from the front loudspeaker throughout the duration
of the test with only brief pauses while the target and masker
sentences were played. For each test condition, the ISTS signal
and the Dantale Il test noise were started thirty seconds before
the first trial in order to activate any adaptive settings in the
hearing aids.

For each set of hearing instruments, three conditions were
completed in which the target sentences came from three dif-
ferent loudspeakers. One condition was with the target sen-
tences coming from the loudspeaker directly in front of the test
participant, a second condition was with the target sentences
coming from the left and slightly behind the test participant,
and the third condition was with the target sentences coming
from behind and slightly to the right of the test participant. The
sequence of these conditions was counterbalanced among test
participants. The maskers were played from the remaining two
loudspeakers. The three test setups are illustrated in Figure 1.
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Figure 1. Test setup with target speaker coming from the front, from the side and
from behind.

The test participants completed all three conditions in a row
for each hearing aids. For example, three sentence lists with the
ReSound hearing aids, three sentence lists with Hearing Aid A,
and three sentence lists with Hearing Aid B. The sequence of
the tested hearing aids was randomized for the test partici-
pants.

Each test participant completed three training lists prior to be-
ginning data collection. The training was done while the test
participant wore the first hearing aids to be used in the actual
data collection for that test participant.

RESULTS

For each of the three target-talker positions, statistical com-
parisons were performed between pairs of devices. The Tukey
Honest Significant Difference statistical criterion was used for
the comparisons.

There was no significant difference between the SRTs ob-
tained with the two hearing aids with binaural beamform-
ing when the target talker was positioned in front of the test
participant (p=0.23) as can be seen in Figure 2. Hearing Aid A
performed significantly better than the ReSound hearing aid
(p<0.01) when the target talker was in front of the test par-
ticipant. There was no significant difference found between the
ReSound hearing aid and Hearing Aid B.
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Figure 2. Mean SRTs for 3 pairs of test instruments with target talker in front.
Lower values are better.

In the test setup with the target talker positioned to the
left of the test participant there was no significant difference
between the SRTs obtained with Hearing Aid A and Hearing
Aid B (p=0.41). The SRTs obtained with the ReSound hearing
aid were found to be significantly better than with Hearing
Aid A (p<0.001) and Hearing Aid B (p<0.001) as can be seenin
Figure 3.
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Figure 3. Mean SRTs for the 3 pairs of test instruments with target talker to the
left. Lower values are better.

There was no significant difference between the SRTs obtained
with Hearing Aid A and Hearing Aid B (p=0.44) when the tar-
get talker was positioned behind the test participant. Speech
reception thresholds measured with the ReSound hearing aid
were found to be significantly better than the other two for this
condition. When the target talker was behind the test partici-
pant, performance in the ReSound hearing aid condition was
highly significantly better than for Hearing Aid B (p<0.001) and
Hearing Aid A (p<0.01) as shown in Figure 4.
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Figure 4. Mean SRTs for the 3 pairs of test instruments with target talker from the
behind. Lower values are better.

DISCUSSION

Although the current test was done under laboratory condi-
tions, it serves to illustrate how real-world functioning with di-
rectional hearing aids can be impacted. Test participants were
required to monitor the sound around them, identify the target
speech, and shift their attention to it. The target and the mask-
ers were all single talkers, and the direction of the target talker
continuously changed. In real-world listening environments,
the ability to monitor the environment, become aware of and
identify a sound of interest, and attend to that sound is often
required to communicate well. Furthermore, speech is often
both the sound of interest as well as the competing noise. A
simple, everyday example is a family gathering. Family mem-
bers engaging in lively conversation will quickly change turns
talking and even talk over each other. There may be multiple
conversations going on at once, and the topics of conversation
shift rapidly. To be limited to hearing in one direction necessar-
ily limits the ability to participate in such an environment.

In this study, we observed that, as expected, all three hearing
aids provided directional benefit for speech presented from in
front. Compared to the hearing aids using binaural beamform-
ing, performance with the ReSound hearing aid with Binaural
Directionality Ill was 4 dB worse than Hearing Aid A, while there
was no significant difference compared to Hearing Aid B. For
this limited listening condition, these results support an advan-
tage of binaural beamforming that may be dependent on the
specific technology. However, when the target speech was pre-
sented from the side or back, performance with the ReSound
hearing aids was 10 to 19 dB better than either of the hearing
aids with binaural beamforming. Thus the disadvantage of lack
of audibility for target sound that was not in front with the bin-
aural beamformers was many orders of magnitude larger than
the SNR advantage of binaural beamforming compared to Bin-
aural Directionality Ill. In other words, a lot of potential damage
is done for a modest potential advantage when all everyday
listening situations are considered.

Participants in this study were instructed to look forward dur-
ing the test. That is, once the target speech in a particular
trial was identified, they were not allowed to turn their heads
toward it. One might argue that this represents an unnatural
listening situation, and that in the real world people would, via

head movements, orient to their listening environments and
turn their heads toward what they want to hear. This is certainly
true. Better performance for the target speech from the side
and back would be expected if the participants had turned to-
ward it. However, it is difficult to turn toward something that
one cannot detect. The enormous SNR advantage of Binaural
Directionality Ill over the binaural beamformers implies much
greater awareness of off-axis sounds as well as better speech
recognition. In other words, better performance with Binau-
ral Directionality Il would also be expected even if the par-
ticipants had been allowed to turn their heads simply because
they would have been able to detect and orient themselves to
the target speech more easily and quickly.

The notion that directionality can interfere with natural orient-
ing behavior when listening is supported by Brimijoin et al'.
They asked participants to locate a particular talker in a back-
ground of speech babble and tracked their head movements.
Participants were fit with directional microphones that provid-
ed either high or low in situ directionality. Their results showed
that, not only did it take longer for listeners wearing highly
directional microphones to locate the speaker of interest, but
that they also exhibited larger head movements and even
moved their heads away from the speaker of interest before
locating the target. This longer, more complex search behavior
could result in more of a new target signal being lost in situ-
ations such as a multitalker conversation in noisy restaurant.

Best et al'? added further support that a high degree of direc-
tionality can decrease a listener’s ability to find and attend to
speech in the environment. They presented target speech at
azimuths of 0°, +/- 22°, and +/-67.5°, and instructed listeners
to locate and turn their heads toward the target speech. They
compared performance with the participants using conven-
tional directional processing and 2 different binaural beam-
formers. They found a small increase in performance of less
than 5% speech understanding with the binaural beamform-
ers versus conventional directionality as long as the speech
was in front or at the 22° azimuths. When the target speech
was presented at a wider angle, performance dropped for both
conventional directionality and the binaural beamformers, but
more dramatically for the latter. A decrement of approximately
15% was observed for the binaural beamformers relative to
conventional directionality. This decrement probably reflects
both the more effortful search behavior necessary to locate
the speech as well as inability to properly orient the narrow di-
rectional beam when not looking to the front. The helpfulness
of binaural beamformers in improving speech understanding
in noisy situations is complicated by the unpredictability and
complexity of real-life listening demands, and may in fact be
detrimental depending on the user and the specific situation.

Even though testing was done under laboratory conditions, the
results of the current study illustrate some of the trade-offs as-
sociated with the traditional school of thought regarding direc-
tionality and the way it is applied. A system that seeks only to
maximize SNR improvement for sounds coming from in front
may offer a slight advantage in the specific case for which it

is designed, but provide very poor performance in other cases.
For optimum benefit in the real world, the advantage for one
particular use case should not cause even greater disadvantag-
es for others. The ReSound approach to directionality seeks to
strike the best balance between directional benefit and audibil-
ity of environmental sounds. In this way, hearing aid wearers
can listen with the ear that has the best representation of what
they would like to hear, yet the information is available for them
to shift their attention if they would like. Binaural Directionality
Il provides access to an improved SNR, but without limiting the
wearer’s ability to keep in touch with what is going on around
them in the acoustic environment. Binaural hearing advantag-
es arise from the brain’s ability to compare and contrast the dif-
ferent sounds being delivered from the right and left ears, and
Binaural Directionality Il supplies the brain with differentiated
sound streams that allow for binaural hearing.

CONCLUSIONS

e The directionality in all three hearing aids tested provided
directional benefit compared to omnidirectional for speech
originating from in front of the listener in this laboratory
test.

e The binaural beamformer in Hearing Aid B did not provide
significantly more benefit than Binaural Directionality IlI
when the target speech was in front of the listener, while the
binaural beamformer in Hearing Aid A did.

e When the target speech was not in front of the listener,
positive SNRs were necessary for 50% speech recognition in
noise for all three hearing aids tested.

e When the target speech was not in front of the listener, Bin-
aural Directionality Ill provided an enormous advantage ex-
ceeding 10 dB compared to the hearing aids with binaural
beamforming.
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