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1.0 Sensorineural hearing loss (SNHL) 
 
Complex hearing impairment affecting both the cochlea and auditory nerve fibres with 

elevated hearing thresholds and supra-threshold coding deficits.  Psychoacoustic effects are 
wide-ranging including reduced audibility, abnormal loudness growth and reduced dynamic 
range of hearing, poor frequency resolution, poor temporal resolution, increased susceptibility 

to the effects of upward spread of masking, temporal masking effects, and poor speech 
intelligibility in noise.  
 

By contrast, the normal cochlea is superbly sensitive with a huge dynamic range, one of the 
widest in human physiology requiring a logarithmic scale to express concisely. The normal 
cochlea is mapped with super sharp tuning to discrete frequencies. The impaired cochlea has 

a broad frequency tuning function with increased difference limens. Sounds half an octave 
apart in frequency will innervate the same map and reduced frequency resolution.  The 
normal cochlea is designed to be very sensitive to start and end events within the auditory 

environment (temporal resolution) with onset and offset afferent nerve fibres dedicated to this 
task.  

 
An impaired cochlea is less able to code timing changes in the auditory environment. A simple 
analogy is the importance of gaps between written words in running text. Impaired perception 

of these gaps will put higher cognitive demand and effort on the reader and use of existing 
knowledge of language to decipher the message. The auditory system can only detect and 
process the loudest sound within the signal. High frequency hearing is more affected by 

upward spread of masking than low and higher energy low frequency sound can temporarily 
elevate (mask) high frequency hearing thresholds.   
 

Ears with SNHL are much more vulnerable to the effects of upwards spread of masking than 
normal ears. This effect is thought to be responsible for vowel sounds masking the higher 
frequency lower intensity consonants in running speech and quieter second and third formants 

in vowel discrimination in listeners with SNHL (Dillon, 2012).  Consonants are essential for 
speech intelligibility (Flynn, Dowell and Clark, 1998) and the evolution of prescriptions of 
amplification across frequency (e.g. NAL-NL2, DSL v) where high frequency amplification is 

given higher weighting than low restore audibility while attempting to control the unwanted 
effects of upward spread of masking in listeners with SNHL.  In addition, masking effects can 

occur backwards and forwards in time. As a sensory system with a time interval between 
reception and cognition focused on the loudest auditory signal within the central nervous 
system at any one time, higher energy signals can mask quieter signals that occur slightly 

before or after.   
 
All these complex supra-threshold coding deficits within the impaired cochlea, and beyond, 

together with the effect of elevated hearing thresholds underlie the ubiquitous complaint by 
listeners with SNHL of poor speech intelligibility in noise (Plomp, 1986; Killion at al, 2004).  
Plomp, 1986 and Killion et al, 2004, quantified the supra-threshold deficits in listeners with 

SNHL using a measure called ‘Signal to Noise Ratio Loss’ (‘SNR loss’). Both researches 
demonstrated that listeners with SNHL need higher SNRs to achieve the same speech 
recognition in noise scores as normal hearing listeners with audibility controlled for. Their data 

also showed significant variability in SNR loss across different listeners with SNHL with similar 
Pure Tone Audiograms (PTA) in the range mild to moderate. Even within individuals there 
were some significant differences in SNR loss between right and left ears. The PTA is a 
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measure of hearing thresholds/audibility and SNR loss a measure of supra-threshold deficit 

and the amount of positive increase in SNR needed to overcome this deficit. Since the PTA is 
not an accurate predictor of supra-threshold coding deficit (large inter-subject variability) 
Killion et al, 2004, advocate measuring SNR loss through a speech in noise test such as the 

Quick Speech in Noise Test (Quick SIN) as a routine test to compliment the PTA. Although 
measuring SNR loss through a standardised speech in noise test may not be possible in young 
children, they can benefit even more than adults from an improved SNR since they require 

higher SNRs than adults with SNHL to achieve the same speech recognition scores in noise as 
their hearing peers (Dillon, 2012). 
 

2.0 Hearing aids  
 
Treatment for SNHL therefore needs to restore audibility and address supra-threshold coding 

deficits. Restoration of audibility is addressed through a prescription of amplification which is 
shaped across frequency as a function of the individual’s hearing threshold (www.dslio.com) 
and various signal processing strategies. Currently the most effective way to manage supra-

threshold coding deficits is by improving the SNR.  
 

2.1 Restoring audibility 
 
Digital hearing aids utilise digital amplifiers with analogue to digital convertors to digitise the 

electronic representation of the acoustic signal. The resulting signal is represented in a 
numeric format which can be processed and manipulated at greater speed and in a more 
complex manner than an analogue signal with less internal noise, more precise shaping of 

amplification across frequency, smarter control of acoustic feedback and noise control. This 
digital revolution is ongoing and Moore’s 1965 prediction that the number of transistors in an 
integrated digital processor would double every year has more or less come to pass with the 

availability of smaller transistors with less power consumption. This has resulted in increased 
circuit density and complexity of processing and has come to be known as Moore’s Law.   
Research has not found evidence to separate hearing aids across different manufacturers into 

a hierarchy of performance (Cox, 2016). However, there is evidence that certain core 
technologies are integral to advanced digital hearing aids and key to optimisation of the 
hearing aid fitting: 

 
2.1.1       Wide Dynamic Range Compression (WDRC): 

 
WDRC applies different amounts of amplification dependent on the input. Soft speech will 
receive more amplification and loud less. The outcome is increased audibility for quiet speech 

and improved comfort for loud and greater audibility across a wider range of inputs (wider 
dynamic range).  There is consensus this is a positive core technology for paediatric and adult 
use (Jenstad et al., 1999; AAA, 2013; MCHAS 2005). There are currently multiple channel 

digital WDRC hearing aids and evidence to show these multiple channel instruments are 
superior to single channel compression for speech recognition (Aahz and Moore, 2007). 
 

2.1.2       Multiple band and fidelity of response 
 
There are many guidelines advocating accurate and well fitted hearing aids to internationally 

recognised prescriptions of amplification shaped across frequency to restore audibility of 
speech (BSA, 2018, AAA, 2013; MCHAS, 2005). In practice, realisation depends on availability 
of hearing instruments with multiple bands of adjustable gain controls to shape the 

http://www.dslio.com/
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amplification to the prescription targets across frequency.  While the minimum seven bands 

may suffice (AAA, 2013), experience shows better and smoother fit to targets through the 
availability of further bands for some patients. Smoothness of hearing aid response on 
verification tests is associated with a higher fidelity signal and peaks in the hearing aid 

response are to be avoided (Killion and Johnson, 2014). Some models of hearing aids have an 
inherently smoother response observable on real ear verification.  
 

2.1.3 Acoustic feedback cancellation 
 

Acoustic feedback cycle occurs when amplified sound is fed back into the hearing aid 

microphone for amplification a second time causing the hearing aid to go into saturation and a 
howling sound. The feedback path is usually through a gap in the seal between ear mould and 
ear. It is undesirable, limiting the amount of useable amplification and worse can have a 

negative effect on parental or user involvement in the habilitation process (Sjoblad et al., 
2001). Small ears requiring high levels of amplification where the microphone and receiver are 
in close proximity are especially vulnerable to feedback. Acoustic feedback cancellation is a 

very useful, though not infallible, feature to increase the available gain and improve hearing 
aid stability. Feedback cancellation uses sophisticated technology to model the feedback path, 

analyse the frequency content of the feedback loop, and create a like signal with inverted 
phase which can be added to the microphone feedback signal to cancel the feedback while 
preserving the gain in the rest of the signal. Used together with optimally fitted ear moulds 

and sophisticated silicone ear mould material, it can reduce, but not entirely eliminate, the 
challenge of acoustic feedback, in a more sophisticated manner than ever before. 
 

2.1.4 Frequency lowering (FL) 
 

High frequency plosive and fricative consonants are important to speech intelligibility and 

language learning (Flynn, Dowell and Clark, 1998).Where the prescription of amplification 
cannot be met in the high frequencies due to limitations of hearing aids or residual high 
frequency hearing, technology to make high frequency sound audible by compressing the high 

frequency signal to a lower frequency where there is intact residual hearing is accepted as a 
beneficial strategy. Optimum use of FL is considered to be moving /s/ into a region of 
audibility while maintaining a spectral distinction with /∫/ using the minimal amount of FL 

compression to maintain fidelity of the original signal (BSA, 2018). The use of this technology 
is considered preferable to high frequency sounds not being audible.   

 
2.1.5 Noise reduction 

 

Noise reduction systems within hearing aids are able to distinguish speech sounds from noise 
signals.  The algorithm recognises randomly fluctuating temporal signals as speech and non-
fluctuating signals as potential noise within the environment.  Examples of non-fluctuating 

noise signals are the hum from an office photocopy machine, a heating fan, fluorescent light 
or computer. There is widespread evidence and agreement of little or no improvement in 
speech recognition in real life listening situations using various digital NR algorithms. However, 

there is equal consensus that NR is beneficial and can be recommended to virtually all hearing 
aids users due to significant improvement in listening comfort in noise, loudness tolerance in 
noisy environments, and higher listener rating in background noise with no trade-off reduction 

in speech recognition in noise (Bentler and Chiou, 2006). 
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2.1.6 Data logging 

 
The best fit hearing aid is only as good as the time it is used, the integrity of the battery and 
function. The stakes are high particularly for childhood deafness. The ability to record hearing 

aid use is an excellent counselling tool. Sophisticated data logging can learn from past events 
in independent hearing aid users (older children and adults) and create preferred settings for 
particular listening environments.  

 
2.2 Improving SNR 

 

2.2.1      Directional Microphone (DM) 
 
DM technology prioritises the signal at the front of the listener and attenuate signals from the 

rear. In general, this is achieved by using a time delay circuit such that noise from the rear 
arrives at the rear and front mic port at the same time with minimal displacement of the mic 
diaphragm and an attenuation effect. Adjusting the time delay yields a sound field directional 

pattern along a continuum from cosine to cardioid. It is well documented - DMs improve 
speech recognition in noise (Bentler, 2005).  Early studies demonstrated dramatic 

improvements in SNR of around 8 dB through the use of a DM. However, these studies did not 
replicate real world listening environments. They were conducted in anechoic booths devoid of 
reverberation and there was large spatial separation between signal and noise, typically 180 

degrees with the signal at the front and the noise at the back. In real world listening 
environments, where the signal and noise are subject to reverberation and there is less spatial 
separation, the improvements in SNR are in the order of 2-3 dB (Rickets and Hornsby, 2003). 

An improvement of 2-3 dB SNR is still significant and is typically associated with a 20-30% 
increase in speech recognition in noise.  For maximum effective use of a DM program, the 
listener should face the signal within the critical distance of the direct sound field, and 

certainly no more than 3m and closer if possible, and orientate the noise to the rear.  There is 
debate whether DM technology should be used with children. Those in favour present video 
data to show listeners as young as 11 months orientate towards the speaker of interest and 

therefore stand to benefit from the higher SNR. They also cite WDRC and automatic switching 
between DM and omnidirectional (OD) mode preserves the benefits of omnidirectional 
listening (Dillon, 2012). A more cautious approach recommends OD mode in neonates and 

infants to facilitate ‘overhearing’ and sound association learning. The use of automatic 
switching between OD and DM is reserved for older school age children, 6-7 years onwards, 

who are fully able to orientate to the speaker of interest. Finally, there is a low frequency roll-
off with the use of a DM and this reduced audibility in the low frequencies needs to be 
considered for some individuals.  

 
2.2.2       Remote Microphones (RMs) 
 

Many listeners with SNHL need SNRs much higher than those afforded by hearing aids alone 
even with DMs. These listeners may need SNRs of 8 or more dB and simply will not ‘hear’ in 
real world listening situations of -3 to +3 dB SNR or worse.  RM technology is very powerful, 

improving audibility, overcoming poor acoustics and distance, and delivering the highest 
quality clean signal to an impaired auditory system that would struggle to detect and code 
anything less.  Teachers of the Deaf have long been cognisant of this advantage and the 

technology involved. There is a refreshing shift in hearing instrument manufacturers from 
over-emphasis of internal signal processing within their hearing instruments to the 
acknowledgment that without complementary assistive listening devices some listeners with 
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SNHL will not be able to benefit from amplification in demanding listening situations when 

they need it most. Effective technology to overcome real life listening demands may help to 
tackle the poor take-up of treatment for the most common sensory impairment.  Add to this 
the availability of wireless multimedia connectivity and the alignment of smartphone and 

hearing instrument manufacturers, people with SNHL can benefit more than ever before from 
signposting and demonstrations of technology even if some of the accessory listening devices 
are not available under the NHS and require a private purchase. 

 
Wireless technology can be categorised into Telecoil, FM, Bluetooth with gateway interface 
device worn around the neck of the listener, digital signals that use the 2.4 GHz highway (e.g. 

Roger), proprietary hearing aid technology using the 2.4 GHz highway and proprietary hearing 
aids using a 900 MHz signal.  Wireless hearing aids can pick up Bluetooth signals using a 
gateway device worn around the neck of the listener which is able to receive Bluetooth signals 

from multiple devices and transform the signal into a near field magnetic induction signal 
(NFMI – similar to a traditional Telecoil using a data transmission range typically between 3 
and 15 MHz) and stream this signal wirelessly to compatible hearing aids. This device can 

receive a signal from a RM, smartphone, tablet, other Bluetooth device or TV streamer.  
 

The advent of hearing aids using proprietary 2.4 GHz communication has been very exciting. 
This frequency band has many advantages including sharing the same transmission highway 
as Bluetooth which is accepted and used worldwide, and at this frequency antennae are small 

enough to mount within the hearing aid and negate the need for a gateway transforming 
device worn by the user! As a result, the newest generation of hearing aids can receive signals 
from a RM directly to the hearing aid.  

 
In addition, it is possible to receive signals from all Apple devices (iPod, iPhone and iPad) 
directly to the hearing aids. This can have a positive role in paediatrics where many infants 

and young children watch television, YouTube and engage in interactive games using the 
tablet and smartphone. The ability to hear their favourite programmes and games binaurally 
and wirelessly in their hearing aids can help establish a positive listening experience and help 

establish hearing aid use. This is particularly useful in children with comorbid communication 
disorders who are tactile defensive and intolerant of hearing aids. These children often show 
rigid attention to certain television programmes and games and an affinity to technology and 

this can be used to help establish a positive connection to the hearing aids without the need 
to put any further receivers or gateway devices on the child. Older listeners can use their 

smart phone as a RM, a Sat-Nav direct to their HAs, and some companies (e.g. Cochlear) are 
offering smart apps with various functions including remote control, battery life indicator and 
GPS defining location specific program memories e.g. office, school etc. that switch 

automatically on entering or leaving those environments. More recently Phonak has devised a 
hearing aid range (Audeo Marvel) that can communicate directly with Android technology too. 
This is a first and no doubt will be shared across the industry. Hitherto, Android technology 

needed an interface to communicate wirelessly with 2.4 GHz wireless hearing aids. It is not 
clear why it has taken so long for Android technology to communicate wirelessly with 
compatible HAs and some suggest it is down to the operating system used by Android. 

   
The benefit of RM technology is illustrated by Galster and Rodemerk, 2016. They compared 
unaided, aided and RM conditions in four different hearing aids paired with a RM using 

different communication technologies.  The left hand graph is listening in noise at different 
SNRs at 2m distance from the speaker and the right graph is 4m. There are a few key 
observations from their data: 
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1. There is little difference in the aided vs unaided speech recognition score in noise 
therefore hearing aids alone are not a solution in challenging listening environments.  

2. There is a significant improvement in speech recognition in noise between the hearing 

aid only and RM plus HA mic condition. Listeners with RM technology can hear in very 
challenging listening conditions down to -15 dB SNR.  

3. This significant improvement is common across all four hearing aid RM communication 

technologies though it is poorest with the 2.4 GHz direct pairing technology. However, 
looking at the data in the study the 2.4 GHz direct pairing technology is equivalent in 
performance to the other three until the environmental mic is enabled. This suggests 

the weakness lies in the HA mic and not the 2.4 GHz communication technology.  
4. It is noticeable that improvement listening in noise is maintained over both 2 and 4 m. 

However, in all cases, the signal was 15 cm from the RM and keeping a short distance 

between signal and mic is likely an important factor in the impressive results. RMs are 
effective at improving SNR. The type of connectivity used will depend on the 
application/environment. 

 
Figure: HINT SNR-50 scores for unaided, hearing aid only, remote microphone plus hearing 
aid microphone across all four wireless protocols at 2m (left panel) and 4m away from the 

talker (right panel).  
 
Box plot whiskers show the 5th and 95th percentiles, the shaded box shows the 25th and 75th 

percentiles. Mean (n = 16) SNR-50 is represented by the dotted line inside the box and the 
median performance is represented by the solid black line inside the box. (From Galster, and 

Rodemerk, 2016). 
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