
The sound processing features of today’s hearing aids are 
often designed to solve issues that occur in particular lis-
tening environments. For example, a noise reduction fea-
ture can make sound more comfortable in a very noisy 
environment such as traffic. However, the degree of noise 
reduction applied in traffic may not be preferred in a dif-
ferent environment. Sound processing technologies are 
beneficial, but the relative benefits and detriments of any 
feature can vary depending on the listening situation and 
the preferences and intentions of the hearing aid wearer. 
To help resolve this dilemma, today’s hearing aids use 
steering algorithms to control how they apply the sound 
processing in different acoustic environments so that the 
user can benefit from the technology without having to 
take any action or give it much thought. An example of 
why automatic steering of complicated hearing aid fea-
tures is a good idea comes from the recent MarkeTrak 10 
survey. While hearing aids with directional microphones 
were associated with higher user satisfaction, only 28% 
of hearing aid owners actually were certain whether or 
not their hearing aids even had directional microphones.1 
Hearing aid users are certain not to benefit from features 
that they don’t know they have and don’t know how to 
access. One hearing aid feature that all premium hearing 
aids steer based on the acoustic environment is the direc-
tional microphone system. 

Directional microphones are touted as our most effec-
tive built-in solution to helping hearing aid wearers hear 
better in noise, and most hearing aids today include not 
only directional microphone systems but also steering 
of the technology. A given digital hearing aid may offer 
levels of complexity in the processing carried out on the 
signal from the microphones, resulting in variations in the 
directional characteristics. Most often the appropriate 
level of complexity is selected by the hearing care profes-
sional (HCP), and automatic steering will control how the 
directional feature is applied in real life. In general, much 
attention is given to explaining how the directional signal 
processing works, but relatively little is paid to how the 
directionality is steered. This is akin to predicting the likely 
outcome of an automobile race by considering only the 
features of the car, but not the capabilities of the driver. 

ORGANIC HEARING  
INSPIRES DESIGN CHOICES  
IN DIRECTIONAL SYSTEM
The conventional way that directional microphones have 
been implemented in hearing aids focuses on improving 
signal-to-noise ratio for speech in front at ear level with 
no regard for higher level processing in the user’s brain or 
for the intent and preference of the person using the hear-
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ing aids. Since its beginnings, ReSound has been inspired 
by nature in developing hearing solutions, as embodied in 
our Organic Hearing philosophy. For more than a decade, 
ReSound has pursued a unique evidence-based, binaural 
strategy for applying directional microphone technology in 
hearing aids.2 The term “binaural” means that this strategy 
acknowledges that the sophisticated processing carried 
out by the brain based on the sound delivered by a per-
son’s two ears cannot be duplicated or replaced. Therefore, 
the ReSound strategy seeks to support and leverage the 
brain’s binaural hearing ability. 

As technology has advanced, so has the binaural strat-
egy. With ReSound ONE, a new version is introduced that 
stays true to the binaural nature of the strategy while 
incorporating advanced processing based on ear-to-ear 
binaural beamforming: All Access Directionality. In this 
paper, the rationale behind the ReSound binaural strat-
egy is presented along with how it is realized in All Access 
Directionality. 

BINAURAL BEAMFORMING  
BENEFITS AND ISSUES
ReSound ONE is built on a dramatically upgraded plat-
form that adds the ability to wirelessly stream sound from 
ear-to-ear. This makes it possible to create strong direc-
tionality via binaural beamforming. Binaural beamform-
ers are well-known in the hearing aid industry. They work 
by using the signal from all 4 microphones on a bilaterally 
worn pair of hearing aids to form one monaural, highly 
directional signal. This monaural signal is then delivered 
to both ears. With binaural beamforming, improvement 
in speech recognition in noise under simple laboratory 
conditions has been reported to be higher than what is 
typical with independently operating directional hear-
ing aids.3 However, testing in more complex conditions 
has shown the advantage to be more modest.4,5 This is 
thought to be due to the lack of binaural spatial cues 
with binaural beamformers. Binaural spatial cues help lis-
teners locate and separate competing sound streams in 
complex and realistic listening situations. Low frequency 
interaural time difference (ITD) cues appear to be critical 
to helping listeners in realistic conditions with competing 
talkers. For example, Best et al6 tested a high pass bin-
aural beamformer where the crossover frequency was 
varied so that low frequency spatial cues were preserved 
to some degree. When modulated noise was used as the 
masker, listeners with and without hearing loss showed 
a robust benefit regardless of crossover frequency. In 
more challenging conditions with speech maskers, overall 
benefit was less, and average benefit was only shown for 
crossover frequencies of 800 Hz and above. These results 
support that the ITD cues contained in the low frequen-
cies were useful for listeners in segregating and process-
ing speech in the more realistic condition.

A closely related issue with binaural beamformers that 
can impede a listener’s ability to follow conversations in 
real-life situations is audibility of sounds that are not in 
the look direction of the listener. In many real-life situa-

tions in which hearing aid users desire to hear better, fol-
lowing a conversation involves following quick shifts in 
talkers and topics, as well as separating out the voices 
of overlapping talkers. Listeners must constantly re-ori-
ent to a new talker of interest in such conditions. In con-
trast, laboratory tests of hearing aid directionality are 
often carried out with an unvarying location of the target 
speech. This makes the task easier. Listeners do not need 
to expend effort in finding the target speech, because 
they know it will always be in the direction they are look-
ing. Multiple investigations where binaural beamformers 
were tested have shown how an unpredictable location 
of the target speech impedes speech recognition in noise 
performance.4,5 Some studies have used head tracking de-
vices to investigate how behavior in orienting to new loca-
tions of target sounds interact with directionality in hear-
ing aids. Stronger directionality interferes with the ability 
of listeners to keep up with target sounds when they shift 
position.7,8 It has been estimated that attenuation of off-
axis sounds of more than 12 dB would render directional 
microphones unusable in moving conversations, as is typi-
cal in group conversations.8

Another potential issue with most binaural beamformers 
is that they are adaptive. This is intended to be advanta-
geous, as it means they change their directional patterns 
to cancel the most dominant noise source in the rear 
hemifield. However, at poorer SNRs, adaptive directional 
microphone systems have been shown to interfere with 
localization.9 One theory is that this could be due to the 
directional system rapidly changing its characteristics as 
the background noise becomes more diffuse. This might 
distort interaural level differences (ILD) in unpredictable 
ways, thereby disrupting localization ability.

RESOUND BINAURAL  
BEAMFORMING WITH SPATIAL 
CUE PRESERVATION
The ReSound binaural beamformer used in All Access Di-
rectionality strikes a balance between maximizing SNR 
for speech in front of the listener, preserving access to 
off-axis sound, and preserving spatial hearing cues to al-
low re-orienting to new or moving target speech. A multi-
band system allows processing to be applied differentially 
to meet these goals. In addition, an adaptive weighting of 
the sound from the less noisy ear can further enhance the 
benefit of the binaural beamformer when the noise sur-
rounding the listener is unequal.

MULTI-BAND SYSTEM
Figures 1 and 2 conceptualize the multi-band binaural 
beamformer. Figure 1 illustrates how sound is separated 
into bands with the output of each dual microphone di-
rectional system streamed to the other side and added 
to its output. In the lower band, an omnidirectional re-
sponse is applied. This is consistent with the split-band 
approach to directionality that preserves low frequency 
ITD cues that ReSound has used for more than 10 years. 
This approach has been shown to be preferred over full 
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Figure 1. ReSound binaural beamformer design. The red arrows indicate that the sound from the dual microphone directional system of each hearing aid is 
streamed and added to the output of the other to form a stronger directional beam. This occurs only in the speech important frequency band, while process-
ing that preserves spatial hearing cues is applied in the other bands.

Figure 2. The ReSound binaural beamformer applies strong directionality in the mid-frequency range, while preserving spatial hearing cues in the low and high 
frequency bands.
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band directionality for sound quality10,11 and to allow bet-
ter overall localization compared to full band directional-
ity.12   Speech recognition in noise performance is equiva-
lent for this approach versus full bandwidth directionality 
for open fittings but increases with increased directional 
bandwidth for occluding fittings.13

The middle band covers the frequency range with high 
speech importance.14 Binaural beamforming is applied 
only in this band. Depending on the audiogram, the 
crossover frequency between the low and middle band 

is prescribed. People with more severe hearing losses are 
more likely to have an occluded hearing aid fitting and 
there is likely to be more benefit of directionality across a 
wider frequency range.11 Thus, they are prescribed a lower 
crossover frequency than people with mild or moderate 
hearing losses. Above 5000 Hz, monaural fixed direction-
ality is applied in order to approximate high frequency 
monaural spectral cues from the pinna as well as mini-
mize the potential impact of adaptive directional patterns 
on ILD. 



Compared to legacy ReSound directional technology, 
the binaural beamformer has the potential to improve 
articulation index-weighted directivity index (AI-DI)15 by 
approximately 2 dB. Figure 3 compares the improvement 
in AI-DI compared to omnidirectionality for four crossover 
frequency settings for the new binaural beamformer and 
the previous ReSound split-band directional technology.

An additional feature of the binaural beamformer can 
add to the benefit in some real-life situations where noise 
is not evenly distributed. For example, when seated in a 
moderately noisy restaurant, there might be a table lo-
cated to one side of the listener that is noisier than other 
tables. In this type of situation, the binaural beamformer 
is designed to exploit the head shadow effect by adaptive-
ly weighting the signal from the less noisy side in creating 
the strong directional beam, effectively removing part of 
the noise. The greater the difference there is in noise level 
between the two hearing aids, the more weight will be ap-
plied to the signal from the less noisy side. This has the po-
tential to improve the SNR in asymmetric noise environ-
ments compared to beamforming with an equal blending 
of the signals from the hearing aids on both sides.

The effect of this weighting was tested with 10 listeners 
with hearing thresholds within normal limits. They par-
ticipated in a speech in noise recognition task16 in four 
conditions with cafeteria noise as the masker. Noise was 
primarily presented either from the right or left, as illus-
trated in Figure 4. For each noise configuration, testing 
was completed with and without the weighting of the less 
noisy side in the binaural beamforming. Performance was 
slightly, but not significantly, better for both weighted and 
unweighted beamforming with the noise on the left than 
with noise on the right as shown in Figure 5. On average, 
performance improved by just over 2 dB when weighting 
was applied to the less noisy side.
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Figure 3. AI-DI improvement compared to omnidirectional for ReSound 
split-band directionality and the new ReSound binaural beamformer. Bene-
fit is greater for the binaural beamformer regardless of crossover frequency.
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Figure 5. Speech recognition in noise scores improved by just over 2 dB with 
the adaptive weighting of the binaural beamformer when noise was primarily 
located on the left or on the right.

Figure 4. Setup for testing the weighting of the binaural beamformer. Cafeteria noise was presented mostly from the right or from the left, with speech presented 
from in front.
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A BINAURAL STRATEGY FOR  
APPLYING DIRECTIONALIT Y IN 
REAL-LIFE
In everyday life, people naturally and unconsciously use 
different listening strategies depending on the character-
istics of the environment and what their intentions and 
goals are in the given situation. For example, if you are 
out for a walk on a quiet street or in a park, the way you 
listen is different than if you are talking to someone at 
a party with the buzz of many people talking and music 
playing in the background. On the quiet street, you main-
tain awareness of what is going on around you. You might 
hear a jogger approaching from behind and you know 
just when to step a little to the side to give them room 
to pass. A neighbor might call out a greeting and you will 
intuitively know where to look to wave hello. You may be 
enjoying the sound of birdsong or leaves rustling, and the 
naturalness and authenticity of those sounds is there-
fore important. In contrast, when conversing at the noisy 
gathering, you look at the person you are talking with to 
make use of visual information. You may move closer to 
the person or turn your head slightly to hear their voice 
as well as possible. The audibility and clarity of that per-
son’s voice is the most important. Because the way you 
listen is different depending on the situation and your lis-
tening goals, hearing aid technology should be designed 
to support different ways of listening rather than impos-
ing rigid schemes. All Access Directionality uses analysis 
of the acoustic environment to steer bilaterally fitted of 
ReSound ONE hearing aids. It selects from three differ-
ent listening modes that apply the optimum settings to 
support the listening strategies that people naturally use.
We call these modes Spatial Cue Preservation, Binaural 
Listening, and Speech Intelligibility.

Spatial  Cue Preser vation
The Spatial Cue Preservation mode of All Access Direc-
tionality emphasizes naturalness and overall sound qual-
ity. Although directional microphones help hearing in 
noise, they come with sound quality disadvantages that 
may disturb what is most important to users in certain 
situations. It has been found that users preferred sound 
quality with omnidirectional over directional processing 
in quiet and low complexity listening environments.17,18,19 
Since users on average wear their hearing aids more in 
these types of environments than others20 it is as impor-
tant to improve the listening experience in simple envi-
ronments as much as in noisy ones. Furthermore, surveys 
such as MarkeTrak and EuroTrak consistently show that 
users are highly satisfied with hearing benefit in these 
type of environments; thus there is no need for any ag-
gressive strategies to improve SNR or reduce noise that 
might distort the signal and degrade overall quality of 
sound.21 A way to enhance sound quality is to preserve 
spatial hearing cues as much as possible so that users can 
segregate sounds in the environment as well as tell where 
sound sources are both in terms of direction and distance. 
Spatial Sense helps to maintain spatial hearing cues that 
a listener’s auditory system uses to construct an auditory 
representation of the environment.

Spatial Sense accounts for three hearing aid-related is-
sues that can interfere with spatial cues. First, placement 
of the microphones above the pinna in Behind-The-Ear 
(BTE) and Receiver-In-Ear (RIE) styles removes spectral 
pinna cues.22,23 Second, placement of the microphones 
above the pinna distorts ILD.24 And finally, independently 
functioning Wide Dynamic Range Compression in two 
bilaterally fit hearing instruments can distort ILD.25 For 
standard RIE receivers, Spatial Sense provides a pinna 
compensation algorithm based on average ear charac-
teristics, which improves front-back localization relative 
to omnidirectionality26 and reduces errors in ILD estima-
tion.27 Spatial Sense also incorporates a binaural com-
pression algorithm that is designed to preserve natural 
ILDs. The new M&RIE receiver available with ReSound 
ONE for mild-to-moderate hearing loss places the micro-
phone in the user’s ear canal, thus completely preserving 
the spectral filtering of each individual’s own ear and pro-
viding preferred sound quality compared to both omnidi-
rectionality and pinna compensation.28

Binaural  Listening
Many real-world listening environments are moderately 
complex and dynamic. There may be multiple talkers as 
well as other noise sources and the relative locations of 
these change. A person with typical hearing would easily 
be able to pick out and focus on the sounds they want. 
They would also be able to shift their attention among the 
different background sounds, tuning in and out of what 
is of interest to them or following conversations among 
multiple talkers. In contrast, most hearing aids that steer 
directional microphone settings assume that the signal of 
interest is either speech in front of the user or the loud-
est detectable speech, essentially locking the hearing aid 
wearer into one listening mode in any situation with back-
ground noise. Clearly, these assumptions about the signal 
of interest will sometimes be at odds with an individual’s 
listening goals. For example, Cord et al29 found that the 
sound of interest when actively listening in everyday en-
vironments is either moving or the user is not looking at 
it approximately 1/3 of the time. Hearing aids that steer 
both hearing aids to directional microphone settings in 
those situations may not be helpful to users. 

The Binaural Listening mode is based on the observation 
that listeners can take advantage of the location of the 
ears on each side of the head to either enhance or sup-
press sounds in the environments at will. When the en-
vironment is moderately complex, listeners shift away 
from relying primarily on spatial cues, relying instead on 
the ear that has the best representation of the desired 
sound. In other words, the “better ear” for the sound. The 
directivity patterns of both ears contribute to this ability 
to focus and the SNR at the better ear predominates.30 
This idea has been extended to hearing aid directional 
microphones and found to hold true. When fit with a di-
rectional microphone on one side and an omnidirectional 
microphone on the other, listeners perform equally well 
as when fit with directional microphones on both ears in 
the conventional speech-in-noise test setup.31,32 The ear 



receiving the directional benefit dictates the perceptual 
benefit. For a hearing aid user, the interaction between 
listening intent and acoustic environment mean that the 
best ear is not necessarily fit with a directional micro-
phone, because the directional response may interfere 
with access to the desired sound. 

Creative thinking resulted in a way to apply directional 
technology such that it uses the brain’s own ability to 
shift focus and avoids the main downside of directional 
technology, which is to limit audibility for sounds that 
aren’t within the directional beam. The Binaural Listen-
ing mode optimizes spatial directivity patterns on the two 
ears to ensure there is always a “better ear” for whatever 
the hearing aid wearer wants to hear regardless of where 
that sound is in the environment. The advantages of this 
listening mode for identification and understanding of off-
axis speech compared to sophisticated hearing aids with 
strong directionality were demonstrated by Jespersen et 
al.5 These results showed nearly equivalent performance 
when the target speech was in front, but vast superiority 
of the binaural listening mode when speech came from 
the side or in back. As reviewed previously, other investi-
gators have also demonstrated disadvantages of strong 
directionality in locating and following target speech. 

All Access Directionality adds strong directionality with 
binaural beamforming technology to the binaural listen-
ing mode to improve directional benefit when the sound 
of interest is in front. At first glance, that might seem to 
conflict with the purpose of the Binaural Listening mode 
but in fact it does not. This is because the strong direc-
tionality is formed using the signal from both ears but 
delivered only to one with an optimized omnidirectional 
response maintained on the other ear to ensure access 
to sounds not in front of the wearer. The combination of 
these directivity patterns provides greater contrast in the 
inputs to the two ears, giving the user improved opportu-
nities to rely on better ear listening.

Speech Intell igibil ity
Some listening environments consist of diffuse noise 
where individual talkers blend into the mix. In that type 
of environment, it is likely that a listener would employ 
a listening strategy where they face a conversation part-
ner to maximize visual cues as well as the audibility of 
the person’s voice. It has also been shown that a bilateral 
directional response can improve speech recognition for 
speech in front relative to an asymmetric response when 
the noise background is diffuse.33,34 To support this listen-
ing strategy as well as possible, the Speech Intelligibil-
ity mode steers both hearing aids to a strong directional 
response using the binaural beamforming technology. 
As described previously, this technology is unique in the 
way it enhances SNR in the speech important frequencies 
while preserving binaural hearing cues.

ULTRA FOCUS
There are some situations where a hearing aid user might 
want only to focus on speech in a one-to-one conversa-
tion with someone they are facing. Ultra Focus is a user 
selectable program offered for the first time in ReSound 
ONE hearing aids. It allows users to override automatic 
settings in these special circumstances. For example, air-
ports are notoriously noisy places where it can be chal-
lenging to hear the ticket agent. With speech also occur-
ring nearby from other locations, All Access Directionality 
might steer to the mode which supports binaural listen-
ing. But because the user’s intention is to hear one person 
in a challenging environment, they might be best helped 
by manually changing to Ultra Focus, a special listening 
program designed to maximize SNR and speech clarity 
for one-to-one conversation. 

The settings for Ultra Focus include activation of the 
binaural beamformer at the lowest crossover frequency 
of 550 Hz, which can improve SNR by up to 2 dB, or ap-
proximately a 30% improvement in speech recognition. In 
addition, signal clarity is prioritized in Ultra Focus. A slow 
time constant scheme is used to maintain the temporal 
envelope of speech as well as short-term changes in the 
spectral pattern of sounds which convey information 
in speech.35,36 This also helps preserve short-term level 
changes, such that cues for localization based on ILD are 
not markedly disrupted. Acoustic environments where us-
ers might want to activate Ultra Focus are likely to be re-
verberant as well as noisy. NoiseTracker II noise reduction 
is therefore set to a moderate level for minimum signal 
distortion21 and based on recent findings indicating that 
use of strong noise reduction in reverberation adversely 
affects SNR, speech recognition, and listening effort with-
out significantly adding to listening comfort.37

SUMMARY
Directional microphone systems can be beneficial to us-
ers and are associated with higher user satisfaction with 
hearing aids. However, many hearing aid users are una-
ware of the advanced features in their hearing aids, and 
the effects of features such as directional microphones 
are context dependent. Thus, the control mechanism for 
directionality is as important as the sound processing 
technology. Driven by the Organic Hearing philosophy, 
ReSound ONE stays true to the evidence-based binaural 
hearing strategy for steering directional microphone sys-
tems with All Access Directionality. At the same time, All 
Access Directionality adds advanced ear-to-ear binaural 
beamforming that improves speech recognition in noise 
without eliminating important spatial cues for a natural 
hearing experience.
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