) Audiologist

The Official Publication of the Canadian Academy of Audiology

Noise Management in Pediatric Hearing Aid Fitting
Published May 3rd, 2020

Susan Scollie, PhD
Marlene Bagatto, AuD, PhD

The provision of hearing aids for infants
and young children is just one of those
professional services for which audiologists

‘ ‘ feel ahigh level of accountability, so it
\‘ J recelves alot of effort and attention when
- " we devel op evidence-based practice

guidelines and protocols. Decision-making

for the devel opers of these protocolsis

usually made more complicated by the fact

that trials with hearing aid signal processing
are rarely done with young children, and rarely done with young infants. We are often
therefore in the position to make practice recommendations in the absence of direct
evidence, so instead, we integrate what we know about auditory development and
learning with what we know about signal processing and outcomes from studies that
use either electroacoustic measures or trials with older children or adults. It’s the best
we can do. In recent years, this has never been more true than with recommendations

for noise management for children who use hearing aids.

Hearing aid signal processing for noise management employs three main strategies:
(1) directional processing; (2) automatic noise reduction; and (3) multiple programsin
hearing aids, often with automated switching between these programs. Our current view
of each of these, through a pediatric lens, is summarized below. These general concepts

are included in the Ontario Infant Hearing Program Protocol for the Provision of
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Amplification," which we co-devel oped with colleaguesin the OIHP. A full copy of this
protocol is available for download (https://tinyurl.com/w7v44€2). Our core rationales
for the use of noise management for children include the frequent exposure of infants,
children, and teens to high levels of noise,’ the high perception of loudness that some
children experience for high-level sounds’” and the knowledge that excessive loudness
can sometimes limit the duration of hearing aid use**We know that full-time hearing

aid use is an important predictor of long-term benefit from hearing aids, so management

of louder environments may help to facilitate daily full-time use.®

Several technologies exist for providing noise management within hearing aids for

children of all ages.

Directionality: It's very common for hearing aids, especially behind-the-ear hearing
aids, to offer beamforming options that use multiple microphone arrays to focus the
sound pickup more in one direction, suppressing some sound from other directions.
This directional beam is often pointed to the front of the listener but may also be
adaptive or user-controlled to point in other directions. Directional systemsare
proven to support easier and mor e successful speech recognition in noisy
situations when there is some spatial separation between the target talker and the
surrounding noise.” Directional systems vary. They can be strong, pointing only in the
front and providing fixed and significant suppression of sounds from the sides and
back. They can also be mild, using awide or multimodal beam with less suppression of
sounds from the sides and back, and may adapt to find speech-laden sources around the
listener. Some use bilateral wireless linksto help the two hearing aids work as ateam,
supporting a different range of beamforming than is possible with one aid alone.
Finally, they can be pinna-matched, by applying a slight amount of directionality that is
designed to mimic that of an open external ear. Pediatric studies confirm that children
derive benefits for speech understanding in noise, and may prefer noise reduction from
directionality at least in lab conditions.**° For younger children, we consider how the
use of directionality might interact with sound awareness, overhearing, and localization
for young children. We know that over hearing is an important learning strategy for
young children and that children don’t orient their headsto thetalker of interest
most of the time, which can create a directional disadvantage for non-frontal sounds

(see AAA, 2013 for areview of thisissue)." We know that localization of sound
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emerges early but continues to devel op through childhood,” so from a pediatric
perspective it may be important to understand how a directional system impacts
localization. Horizontal localization is mainly driven by the low-frequency components
of sounds,” which may explain why children, like adults, localize better with open
fittings." Pinna-matched dir ectionality provides better localization in adult hearing
aid users compared to omnidirectional microphones in behind-the-ear hearing
aids.”**Binaurally-linked microphones have mixed results, but some studies indicate
that they may improve localization and/or speech recognition in noise over
omnidirectional processing, and that linked systems may preserve binaural cues and be
preferred in blind testing, at least for adults and school-aged children.*™ Putting all of
thistogether, it's not about whether to use "directional” for kids or not because the
reality is more refined than that — it's not an “ off versus on” discussion anymore.
Current practice guidelines recommend against full-time use of fixed/strong directional
hearing aid programs and encourage the facilitation of overhearing in younger

children."™

However, some directional systems may be acceptable for use especially
with children who can monitor their environments. For example, if ahearing aid is
fitted with significant venting, pinna-matched directionality, or other proven
technologies, it may support accurate localization of sound while maintaining speech in

noise benefits.

Noise reduction processor s reduce gain and output in frequency regions that are
dominated by noise. They reduce the physical level of noise and noisy speech,
providing alower overall listening level to the hearing aid user.® Early concerns about
the developmental impact of noise reduction included the unknowns of how it might
affect access to speech sounds or awareness of environmental noises. Recent studies
show that noise reduction doesn’t degrade speech recognition for children who are
hearing aid users and may provide easier listening and loudness relief.***** Aswith
directional systems, noise reduction systemsvary in strength and maybe either fast-
acting or slow-acting, and it’s possible to test strength and speed with hearing aid
analyzers.® Some strong-acting systems may degrade sound quality. However, most
studies of noise reduction with children have examined mild to moderate systems. One
recent study found that many adults may prefer a stronger setting, but the preferred

strength for noise reduction by children remains unknown. Current pediatric protocols
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recommend routine use of noise reduction, aswell asroutine verification of the

tis

processor so that the clinician is aware of the strength level that has been applied.
also possible to combine noise reduction with reduced gain in a noise program, with the

overall effect of reducing loudness.”

Multiple programsin hearing aids allow control over the allocation of gain levels,
directionality, and noise reduction as well as how these will be applied in different
environments. Most hearing aids can automatically select programsin real-time.
Automatic activation of an age-appropriate noise management program is

recommended for most children.**

A targeted program for usein loud or noisy
places can use lower gain levels,*® activate noise reduction and may apply
directionality. Particularly when combined with datalogging, this strategy can provide
insights into how much noise isin achild's life, which programs are used the most, and
help with discussions on whether certain situations are still needing more support to
promote comfortable listening. In particular, if hearing aids are taken off because of
noise tolerance issues, that means that they then need to be put back on. One goal for
young children is to work towards 10 hours or more of daily hearing aid use, especially
once they no longer take naps.” To achieve this goal, we need to prevent disruptionsin
use, and disruptions due to loudness intolerance can sometimes be ameliorated with an

effective noise management strategy. M onitoring daily use to ask about noisy times

of day may provide insight into barriers and their solutions.

In summary, times and technology and knowledge have changed. Certainly,
recommendationsfor the use of noise management for children hasvaried across

protocols and time.”**

Some variability was linked to alack of evidence when early
generations of noise management technol ogies became available, particularly evidence
that could inform how we use these for children. However, this changes as evidence
evolves. Particularly for noise programs, some types of directionality, and medium-
strength noise reduction systems, we have direct evidence from older children to
indicate that the benefits include improved comfort, preferred usage, and improved
speech recognition in for signals from the front. Newer verification and usage logging
options allow us to test processors objectively, and to document the use and impact of

interventions we have provided. These objective indicators can, in turn, help usto

evaluate and change intervention strategies. Kids spend alot of timein noise. It's ok
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to harness today’ s technologies to help them out, and an ever-growing body of research

that can inform the decisions.

References

1. Ministry of Children, Community and Socia Services, Ontario Infant Hearing
Program. Protocol for the Provision of Amplification, version 2019.01. Editors: M.
Bagatto, S. Scollie. Contributors: S. Moodie, R. Seewald, M. Hyde, D. Glista, M.
Hawkins, V. Easwar, A. M. Tharpe, J. Crukley, C. Levy, S. Zimmo, K. S. Moodie, F.
Richert, V. Parsa. March 15, 2019.

2. Crukley J Scollie S. The Effects of digital signal processing features on children's
speech recognition and loudness perception. Am J Audiol 2014;23(1):99-115.

3. Ching TY, Dillon H, Byrne D.Children's amplification needs--same or different from
adults? Scand Audiol Suppl 2001;(53):54—60.

4. Crukley Jand Scollie S. Children’s Speech Recognition and Loudness Perception
with the Desired Sensation Level v5 Quiet and Noise Prescriptions. Am J Audiol
2012;21(2):149-62.

5. Scollie SD, Seewald R, CornelisseL, et al. The Desired Sensation Level Multistage
Input/Output Algorithm. Trends Amplificat 2005;9(4):159-97.

6. Scollie S, Levy C, Pourmand N, et al. Fitting noise management signal processing
applying the American Academy of Audiology Pediatric Amplification Guideline:
Verification protocols. JAm Acad Audiol 2016;27(3):237-51.

7. Humes LE, Wilson DL, Humes AC. Examination of differences between successful
and unsuccessful elderly hearing aid candidates matched for age, hearing loss and
gender. Int JAudiol 42:432-41. PMID 14582640

8. Walker E, McCreery R, Spratford M, et al. Trends and predictors of longitudinal
hearing aid use for children who are hard of hearing. Ear Hearing 2015;36(Suppl!.
1):38547S. [PMCID: PMC4704121]

9. McCreery R, Venediktov R, Coleman J, and Leech H. An evidence-based systematic
review of directional microphones and digital noise reduction hearing aids in school -
age children with hearing loss. Am JAudiol 2012;21:295-312.

10. Pittman A and Hiipakka M. Hearing impaired children's preference for, and
performance with, four combinations of directional microphone and digital noise

reduction technology. J Am Acad Audiol 2014;24(9):832—44.

Canadian Audiologist -5/7- Printed 10.03.2026


https://www.ncbi.nlm.nih.gov/pubmed/11409778
https://www.ncbi.nlm.nih.gov/pubmed/11409778
http://www.ncbi.nlm.nih.gov/pubmed/14582640

11. American Academy of Audiology. American Academy of Audiology Clinical
Practice Guidelines on Pediatric Amplification. 2013. Available at:
http://www.audiol ogy.org/resources/documentlibrary/Documents/PediatricAmplificat
ionGuidelines.pdf

12. Kuhnle S, Ludwig AA, Meuret S, et al. Development of auditory localization
accuracy and auditory spatial discrimination in children and adolescents. Audiol
Neurootol 2012;20;18(1):48-62.

13. Macpherson E, and Middlebrooks J. Listener weighting of cues for lateral angle: The
duplex theory of sound localization revisited. J Acoust Soc Am 2002;111:2219-36.
https://doi.org/10.1121/1.1471898

14. Johnstone P, Y eager K, Pomeroy M, Hawk N. Open-fit domes and children with
bilateral high-frequency sensorineural hearing loss: benefits and outcomes. JAm Aca
Audiol 2018;29(4):348-56 DOI: https://doi.org/10.3766/jaaa. 17008

15. Keidser G, O'Brien A, Hain JU, McLelland M, Yeend |. The effect of frequency-
dependent microphone directionality on horizontal localization performancein
hearing-aid users. Int J Audiol 2009;48(11):789-803.

16. Korhonen P, Lau C, Kuk F, et al. Effects of coordinated compression and pinna
compensation features on horizontal localization performance in hearing aid users. J
Am Acad Audiol 2015;26(1):80-92. https://doi.org/10.3766/jaaa.26.1.9

17. Picou EM and Ricketts T. How directional microphones affect speech recognition,
listening effort and localisation for listeners with moderate-to-severe hearing loss. Int
JAudiol 2017;56(12):909-18. https://doi.org/10.1080/14992027.2017.1355074

18. Picou EM and Ricketts TA. An evaluation of hearing aid beamforming microphone
arraysin anoisy laboratory setting. JAm Acad Audiol 2019;30(2):131-44.
https://doi.org/10.3766/jaaa.17090

19. Wolfe J, Duke M, Schafer E, et al. Evaluation of adaptive noise management
technologies for school-age children with hearing loss. JAm Aca Audiol
2017;28(5):415-35. https://doi.org/10.3766/jaaa.16015

20. Pittman A. Age-related benefits of digital noise reduction for short-term word
learning in children with hearing loss. J Speech Lang Hear Res 2011;54:1448-63.

21. Pittman A. Children's performance in complex listening conditions: Effects of
hearing loss and digital noise reduction. J Speech Lang Hear Res
2011;54(4):1224-39.

22. Bagatto MP, Scollie SD, Hyde ML, and Seewald RC. Protocol for the provision of

Canadian Audiologist -6/7- Printed 10.03.2026


http://www.audiology.org/resources/documentlibrary/Documents/PediatricAmplificationGuidelines.pdf
http://www.audiology.org/resources/documentlibrary/Documents/PediatricAmplificationGuidelines.pdf
https://doi.org/10.1121/1.1471898
https://doi.org/10.3766/jaaa.17008
https://doi.org/10.3766/jaaa.26.1.9
https://doi.org/10.1080/14992027.2017.1355074
https://doi.org/10.3766/jaaa.17090
https://doi.org/10.3766/jaaa.16015

amplification within the Ontario Infant Hearing Program. Int J Audiol
2010;49:S70-79.

23. Bagatto MP, Moodie ST, Brown CL, et al. Prescribing and verifying hearing aids
applying the American Academy of Audiology Pediatric Amplification Guideline:
Protocols and outcomes from the Ontario Infant Hearing Program. JAm Acad
Audiol 2016;27(3):188-203.

24. King AM. The national protocol for paediatric amplification in Australia. Int J
Audiol 2010;49(S1):64-69.

Canadian Audiologist -7/7- Printed 10.03.2026



	Canadian Audiologist
	Noise Management in Pediatric Hearing Aid Fitting


