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We are al familiar with challenging patients who have difficulty adjusting to amplification.
Patients with relatively mild hearing loss may be particularly susceptible to these difficulties,
because they are better able to hear the subtle distortions that are byproducts of hearing aid
amplification. One possible source of distortion isthe mixing of amplified and unamplified signals
in the ear canal via leakage through open domes or large vents, resulting in a comb-filter effect
(Stiefenhofer, 2022). Phase locking is disrupted when hearing aid processing delays the amplified
sound by up to several milliseconds and mixes with the unamplified sounds that enter the ear canal
directly. The perceptual sensation from the comb-filter effect has been described as diffused,
unnatural, or metallic (Stone et a., 2008). Previous behavioral tests have shown that most listeners
judge hearing aids with shorter processing delays (2 ms) to have higher sound quality than those
with longer processing delays (4 or 10 ms) (Balling et al., 2020; Groth & Sendergaard, 2004).
Therefore, hearing aid delay time may be an important factor in sound quality and the patient’s
successful adjustment to amplification.

The audiologist relies on patient feedback to resolve problems with sound quality, but many
patients are unable to articulate the reasons for their dissatisfaction, due to their lack of
sophisticated language to describe sound quality and a general lack of knowledge of acoustics. For
this reason, objective measures of speech processing may be useful in determining the patient’s
source of dissatisfaction. The envelope following response (EFR) is one objective measure that can
be used to evaluate the effects of hearing aid algorithms on neural speech processing. The EFR is
an evoked potential that arises from midbrain and cortical sources. The frequency and timing
components of the signal are closely mirrored by the EFR, and it can therefore be used to quantity
neural fidelity or phase locking.

A recent study used the EFR to investigate hearing aid processing delays on neural phase locking
(Zhou et al., 2023). Twenty-two participants with mild-to-moderate sensorineural hearing loss
were recruited. They were fitted with three sets of bilateral hearing aids that varied in processing
delaysof 0.5, 5, and 7 ms. Real-ear measurement was performed, and the hearing aids were
programmed based on NAL-N2 prescriptive targets (Keidser et al., 2011) for soft, average and
loud inputs (55, 65, and 75 dB SPL).

The participants heard a 50-ms /da/ syllable presented through a speaker placed one meter directly
in front of them. While the /da/ syllable was playing they wore the three sets of hearing aidsin
randomized order and watched a muted movie of their choice with subtitles. During thistime a
five-electrode montage recorded their responses to 8000 sweeps of the /da/ syllable. Phase locking
factor (PLF) was calculated for the 100-Hz fundamental frequency in responses to each of the
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hearing aids. Figure 1 displays the group average PLF for the three hearing aid delays. Phase
locking was stronger for the hearing aid with a 0.5-ms delay than for the hearing aids with 5- or 7-
ms delays (p < 0.001). This effect was more apparent in some participants than in others,
particularly in those with milder degrees of hearing loss. A significant delay time x pure-tone
average (500 — 4000 Hz) interaction was observed (p =0.003), confirming that delay time effects
were strongest for participants with milder degrees of hearing loss and less noticeable for
participants with moderate hearing loss.
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Figure 1. Group average phase-locking factor (PLF) is displayed for hearing aids with 0.5-ms, 5-ms,
and 7-ms processing delays. The hearing aid with the 0.5-ms delay had higher PLF valuesin the
frequency region corresponding to the 100-Hz fundamental frequency of the /da/ stimulus than the
hearing aids with longer delays (p < 0.001). Used with permission from Zhou et al. Ear and Hearing
2023.

One might wonder how phase locking relates to real-life listening. Several previous studies have
demonstrated a relationship between phase locking and speech-in-noise performance (Anderson et
a., 2013; Hao et al., 2018; McClaskey et a., 2019). Therefore, one might expect a hearing aid user
to experience better performance when wearing aids that produce a stronger neural representation
of the speech signal. Although the benefits of shorter delay times were mostly seen in individuals
with mild hearing loss, these are the people who are often unsuccessful when trying to adjust to
hearing aids and measures to improve perceived sound quality should be beneficial.

This particular study did not test the effects of delay time on behavioral performance. Often,
significant differences cannot be demonstrated between hearing aid technol ogies because the
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listener can compensate for differences in sound quality with increased listener effort for the
duration of testing. Thislevel of effort cannot, however, be sustained throughout the day,
especialy in challenging listening situations. A previous study showed that the benefits of noise
reduction algorithms may not be apparent in behavioral performance but can be seen using an
objective measure of listening effort (e.g., pupillometry, Wendt et a., 2017). For this reason,
hearing aid manufacturers have begun to incorporate pupillometry and electrophysiology to
evaluate the performance of their agorithms. These measures may be useful in verifying that
algorithms designed to reduce hearing aid distortion effects, such as shorter hearing aid delay
times, are beneficial to the listener. Perhaps in the future, audiologists will begin to adopt new
measures to verify hearing aid performance to improve the outcomes of their hearing aid fittings.

References

1. Anderson, S., White-Schwoch, T., Parbery-Clark, A., & Kraus, N. (2013). A dynamic auditory-
cognitive system supports speech-in-noise perception in older adults. Hearing Research, 300,
18-32. https://doi.org/https://doi.org/10.1016/j.heares.2013.03.006

2. Bdling, L. W., Townend, O., Stiefenhofer, G., & Switalski, W. (2020). Reducing hearing aid
delay for optimal sound quality: A new paradigm in processing. Hearing Review, 27(4), 20-26.

3. Groth, J., & Sendergaard, M. B. (2004). Disturbance caused by varying propagation delay in
non-occluding hearing aid fittings. International Journal of Audiology, 43(10), 594-599.
https://doi.org/10.1080/14992020400050076

4. Hao, W., Wang, Q., Li, L., Qiao, Y., Gao, Z., Ni, D., & Shang, Y. (2018). Effects of phase-
locking deficits on speech recognition in older adults with presbycusis. Frontiersin Aging
Neuroscience, 10, 397. https://doi.org/https://doi.org/10.3389/fnagi.2018.00397

5. Keidser, G,, Dillon, H., Flax, M., Ching, T., & Brewer, S. (2011). The NAL-NL2 prescription
procedure. Audiology Research, 1(1), €24.

6. McClaskey, C. M., Dias, J. W., & Harris, K. C. (2019). Sustained envelope periodicity
representations are associated with speech-in-noise performance in difficult listening conditions
for younger and older adults. Journal of Neurophysiology.
https://doi.org/https://doi.org/10.1152/jn.00845.2018

7. Stiefenhofer, G. (2022). Hearing aid delay in open-fit devices — coloration-pitch discrimination in
normal-hearing and hearing-impaired. International Journal of Audiology, 1-9.
https://doi.org/10.1080/14992027.2022.2049380

8. Stone, M. A., Moore, B. C., Meisenbacher, K., & Derleth, R. P. (2008). Tolerable hearing aid
delays. V. Estimation of limits for open canal fittings. Ear and Hearing, 29(4), 601-617.
https://doi.org/10.1097/AUD.0b013e3181734¢f2

9. Wendt, D., Hietkamp, R. K., & Lunner, T. (2017). Impact of noise and noise reduction on
processing effort: A pupillometry study. Ear and Hearing, 38(6), 690-700.
https://doi.org/https://doi .org/10.1097/aud.0000000000000454

10. Zhou, M., Soleimanpour, R., Mahgjan, A., & Anderson, S. (2023). Hearing aid delay effects on

Canadian Audiologist -3/4- Printed 25.11.2025


https://doi.org/https:/doi.org/10.1016/j.heares.2013.03.006
https://doi.org/10.1080/14992020400050076
https://doi.org/https:/doi.org/10.3389/fnagi.2018.00397
https://doi.org/https:/doi.org/10.1152/jn.00845.2018
https://doi.org/10.1080/14992027.2022.2049380
https://doi.org/10.1097/AUD.0b013e3181734ef2
https://doi.org/https:/doi.org/10.1097/aud.0000000000000454

neural phase locking. Ear and Hearing. https://doi.org/10.1097/aud.0000000000001408

Canadian Audiologist -4/4- Printed 25.11.2025


https://doi.org/10.1097/aud.0000000000001408

	Canadian Audiologist
	Mysteries of the Hearing Brain: Hearing aid processing delays affect neural fidelity


