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S U M M A R Y

Children with hearing loss face diverse challenges and difficulties in 
everyday listening. They have additional difficulty in perceiving speech 
and learning words in noise compared to their normally hearing peers. 
Research has showed that compared to children with normal hearing, 
children with hearing loss have generally poorer language and 
educational outcome. Previous studies have also reported that with 
adequate hearing aid amplification, the negative impacts of hearing 
loss on learning and language development can be reduced. This 
indicates early intervention is important. 

This whitepaper discusses 1) the learning environments and 2) 
listening needs of children with hearing loss, and 3) how  
OpenSound Navigator™ differs from the conventional hearing aid 
technologies in providing optimal conditions for listening and learning. 
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Introduction 
Speech and language development is one of the most 
important developmental processes during childhood, 
and learning new words and their meanings, or vocabu-
lary development, is an essential aspect of this. Noise 
has negative effects on speech understanding and word 
learning. Children, however, very often listen and learn 
in educational settings where the noise level is high. 

Typical listening environments 
A study performed by Crukley et al. (2011) looked at the 
acoustic properties over the course of an entire day in 
three different listening environments: daycare, elemen-
tary school, and high school. The results showed that 
on average, children spent 80% of their total time in a 
mixture of speech in noise, with sound levels ranging 
from 40 to 90 dBA (see Figure 1). Children with normal 
hearing require a greater signal-to-noise ratio (SNR) to 
that of adults to perceive speech in noise (Werner, 2011). 
It is not until adolescence that the ability to understand 
speech in noise has matured (Soli and Sullivan, 1997). 
Learning typically takes place in environments, for 
example occupied classrooms, where noise level could 
be high and SNRs vary from +3 to +7 dB (Picard & Bradley, 
2001). When children do not receive the full auditory 
signal, which could be due to reduced hearing sensitivi-
ty and/or poor acoustics in classroom, language attain-
ment, reading ability and academic achievement can be 
negatively affected (Ross, 1990). 

 

Quiet

Speech alone

Speech in noise

Noise alone

Figure 1. Proportion of time spent in each sound  
environment. Data from Crukley et al. (2011)

Noise hampers word learning
People expand vocabulary and learn new words through 
reading and everyday oral communication. Children learn 
words in classroom with formal instructions, for instance 
when a teacher introduces a new word by showing the 
referent object at the same time to students. New words 
can also be acquired without formal instructions or in 
unstructured contexts. This is often referred to as inci-
dental learning. In oral communication, children typically 
and frequently learn new words and their meanings in 
adult-child interaction (Bates et al., 1988). Previous 
research has shown that young children of age 2.6 are 
capable to monitor third-party conversations and can 
take advantage of overheard speech to learn new words 
(Akhtar et al., 2001). 

As discussed above, typical listening environments are 
usually noisy. Learning new words in noise is challeng-
ing for children whether or not they have a hearing loss. 
For instance, Riley and McGregor (2012) investigated 
word learning in typically developing children aged 9 to 
10. The results suggested that words learned in noise 
were less accurate than words learned in quiet. That is, 
noise affected the quality of representation in lexicon 
of the newly learnt words. Background noise has a similar 
impact on word learning in toddlers aged 2 to 3 (McMillan 
& Saffran, 2016) and preschool children aged 4 to 5 
(Han et al., 2019).

Negative consequences of hearing loss on learning
Children’s vocabulary grows at a tremendous rate. 
Compared to children with normal hearing, children with 
hearing loss have poorer vocabulary knowledge (e.g. 
Tomblin et al., 2015). Along the same lines, it has been 
shown that word learning is less efficient in children 
with hearing loss than their peers with normal hearing 
(e.g. Pittman, 2008, 2011; Stelmachowicz et al., 2004). 
They often have a slower learning rate and would need 
more repetitions to achieve successful learning of new 
words. Having reduced hearing sensitivity causes de-
gradation of auditory input signal, and this may demand 
extra linguistic processing to form stable representa-
tions of the newly learnt words in the lexicon. 
Consequently, learning of new words would become 
less efficient for these children. 
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Learning new words is related to the quality of auditory 
signal. By providing amplification and clearer signal to 
children with hearing loss, it is reasonable to expect 
that successful word learning can be achieved with 
fewer repetitions. 

Studies were conducted to investigate the effect of 
hearing aid technology on word learning in children. 
Pittman (2011) reported that a digital noise reduction 
algorithm improved incidental learning in noise (steady-
state noise) for children aged 11 to 12, such that word 
learning in noise with noise reduction was as good as 
that in quiet. Pittman et al. (2017) also showed that 
auditory signal of better quality (extended bandwidth) 
improves word learning speed. Ching (2015) pointed 
out that untreated hearing loss can negatively influence 
speech and language acquisition and development, 
which consequently contribute to negative long-term 
results in terms of educational and social outcomes. 
Another research study by Tomblin et al. (2015) sug-
gested that children with hearing loss are at risks for 
language delay. However, these risks are moderated by 
the intervention of well-fitted hearing aids and optimal 
amplification, which can have positive impact on lan-
guage development (see Figure 2).

Paediatric amplification: Goals and challenges
The goal of amplification is to provide to an infant or 
child with impaired hearing the opportunity to have 
access to as much of the auditory environment, and in 
particular speech, as feasible (American Academy of 

Audiology, 2013). Giving these children appropriate 
amplified auditory input maximizes the opportunities 
to develop age-appropriate receptive and expressive 
oral communication, language development, literacy 
skills, and psychosocial skills. 

The recommendations for using noise management 
systems in paediatric amplification are mixed. For 
instance, the protocol for paediatric amplification in 
Australia (King, 2010) recommends the use of directional 
microphones for children of all ages, while the American 
Academy of Audiology Clinical Practice Guidelines on 
Paediatric Amplification (2013) states that full-time 
usage of directionality is not recommended. Directional 
microphone technology provides better speech under-
standing in noise by focusing on speech coming from a 
relatively narrow angle in front of the hearing aid user. 
The drawback of this technology is that it reduces audi-
bility of talkers outside the directionality beam, which 
may consequently reduce audibility of off-axis talkers 
(see Figure 3). Children do not always look or turn in the 
direction of the target speech when they listen, such 
as during note-taking, which consequently limits the 
benefit from directional microphones (Ricketts & Galster, 
2008). This technology also limits the opportunities to 
overhear people talking from different directions. To 
be able to overhear is particularly important for children, 
because they learn new words and gain knowledge inci-
dentally. Directional microphone technology also 
reduces the awareness to the environmental sounds, 
which also raises a safety concern. 

Noise impairs speech  
understanding and word 
learning

(Riley & McGregor, 2012)

Well-fitted hearing aids have a  
positive influence on language 
development

(e.g. Pittman 2017; Tomblin et al., 2015)

Learning is negatively 
affected by noise and hearing 
loss – a double disadvantage

Figure 2. Illustration of the impact of listening environments and hearing loss (left), and the implication  
for amplification (right).
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Omni-directional technology is commonly prescribed in 
paediatric amplification. This technology allows access 
to all sounds in the environment. However, it does not 
attenuate noise and therefore does not provide good 
speech understanding in noise (see Figure 3). A previ-
ous study by Gustafson et al (2014) has shown that 
using the omni-directional technology resulted in higher 
listening effort (quantified by reaction time) than a digi-
tal noise reduction algorithm in a speech recognition 
task for children with normal hearing.

In summary, noise impedes speech understanding and 
slows down word learning, and the negative effects of 
noise are exacerbated by reduced hearing sensitivity. 
Neither of the conventional technologies, i.e. omni-
directional and directional technologies, can fully sup-
port the unique listening needs of children with hearing 
loss. These children need auditory signal of good quality 
for better speech understanding and learning in noise 
without the need of pointing their heads towards the 
talker. They need a technology which also allows them 
to overhear so that they can learn and acquire new words 
and knowledge incidentally. 

Using OpenSound Navigator in paediatric 
amplification
In our previous work, we demonstrated that OpenSound 
Navigator in Oticon Opn™ hearing aids improves speech 
understanding in noise and reduces listening effort for 
adults with hearing loss (Oticon whitepapers Juul Jensen, 
2018; Le Goff et al., 2016a; Le Goff & Beck, 2017). This 
technology is designed to meet the unique listening 
needs of children by attenuating unwanted noise while 
preserving speech in the environments (see Le Goff et 
al., 2016b for technical details). Two independent stud-
ies were performed to document the benefits of 
OpenSound Navigator for children, and these benefits 
are compliant with the existing guidelines and goals for 
paediatric amplification.

Evidence  
The two research studies focused on speech under-
standing in noise as well as listening effort. The first 
study with children aged 6 to 15 (see Browning et al., 
2019 and Oticon whitepaper Ng, 2017 for details) dem-
onstrated that, relative to omni-directional setting, 
OpenSound Navigator improved speech recognition 
performance by an average of 4 dB SNR both when the 
children faced the target speech and when they faced 
away from the target speech. This result showed that 
OpenSound Navigator gives equal benefit to children 
even when target speech source is off-axis. The same 
study also demonstrated that OpenSound Navigator 
preserves interfering speech coming from different 
directions. This suggests that OpenSound Navigator 
allows access to other talkers in the environment, which 
provides opportunities for incidental learning for 
children. 

Figure 3. Conceptual photos visualizing the possible limitations of two conventional technologies: omni-directional pro-
cessing strategy in noise (left) and directional frontal focus in noise (right).
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The second study (see Oticon whitepaper Ng et al., 2019 
for details) investigated the effect of OpenSound 
Navigator on speech understanding and listening effort 
for children aged 12 to 16. Results showed that, com-
pared to omni-directional setting, OpenSound Navigator 
improved speech recognition in both simple and complex 
listening conditions by up to 5 dB SNR, which is highly 
similar to the finding of the first study. Subjectively, 
these children perceived significantly less effort while 
listening to speech in noise when OpenSound Navigator 
was activated. The importance of using less effort in a 
listening task is that this would allow the children to 
allocate more mental resources on other simultaneous 
tasks such as learning. 

In summary, our evidence has shown that OpenSound 
Navigator consistently improves speech understanding 
in noise and supports different challenges and needs 
in everyday listening, namely to be able to overhear and 
to benefit from the technology even when not looking 
at the target speech source. Furthermore, OpenSound 
Navigator reduces perceived effort during a listening 
task. This benefit is of great importance for children 
because hearing loss often imposes increased fatigue 
and effort (e.g. Hornsby et al., 2017).

Enabling OpenSound Navigator for younger children 
and infants
The above two studies concerning OpenSound Navigator 
tested school-age children. OpenSound Navigator is 
also available for infants and young children between 
0 and 3 years with a default setting (Low balancing pro-
file in Open Sound Transition with minimal Noise 
Reduction in Complex environment, see Figure 4) to 
ensure audibility of speech and comfort in these very 
difficult listening environments, and access to all sounds 
in other environments. The full effect of this setting is 
available for levels above about 85 dB SPL in the lowest 
frequency channels and about 55 dB SPL in the highest 
frequency channels.  For children of age 4 and above, 
the Medium balancing profile is set as default. The full 
effect of this setting is  available for levels above about 
80 dB SPL in the lowest frequency channels and about 
50 dB SPL in the highest frequency channels. The pre-
scription of any noise management features should 
always be based on an individual assessment of the 
child’s listening needs. The settings can be customized 
to accommodate local clinical practice guidelines.

 
Figure 4. Default setting for young children and infants 
between 0 and 3 years. Screenshot from Oticon  
Genie 2 / 2019.1.

Conclusion 
Children with hearing loss face diverse challenges and 
difficulties in everyday listening. Early intervention is 
crucial because it can minimize the negative impacts of 
hearing loss on learning and language development. 
The American Academy of Audiology Clinical Practice 
Guidelines on Paediatric Amplification (2013) states 
that the ultimate goal of paediatric amplification is to 
give children as much of the auditory environment as 
possible, in particular speech, in order to provide the 
best opportunities for learning and language develop-
ment. Evidence shows that OpenSound Navigator pro-
vides benefits including improved speech understanding 
and reduced listening effort for children by optimizing 
SNR across varying listening environments. Besides 
hearing aid amplification, wireless assistive listening 
systems such as FM and remote microphones should 
also be used in educational or other settings where det-
rimental effects of distance and reverberation are 
involved. 

The essence of Oticon’s BrainHearing Philosophy is to 
deliver optimal input to the auditory system so that 
speech processing is facilitated and hence it is easier 
to make sense of sound. Along with well-fit hearing aids 
verified based on best practice guidelines, Oticon Opn 
Play™ featuring OpenSound Navigator provides children 
with hearing loss the optimal conditions to listen and 
learn.
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