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Background

The topic of Over-the-Counter (OTC) hearing aids has received significant attention since the

passing of the OTC Hearing Act of 2017." The OTC hearing aids, along with the Personal Sound
Amplification Products (PSAPs), fall under the umbrella of direct-to-consumer hearing devices

(DCHDs).? There currently is no regulatory guidance on the specification of OTC hearing aids,
while the PSAPs are unregulated and are intended to provide moderate amplification in certain
environmental conditions for listeners with no hearing impairment. Nonethel ess, some PSAPs are
marketed as “FDA approved” hearing amplifiers and are available for purchase by consumers
regardless of their hearing status.

A few research studies have assessed the el ectroacoustic and behavioural outcomes associated with

PSAPs. Recent literature reviews* on this topic®* appear to support the following: (a) best-practice
hearing aid fitting and verification approaches lead to better fit to prescriptive targets, which in turn
leads to better audibility and better speech recognition; (b) some, but not all, PSAPs result in
equivalent performance as hearing aids, even when self-fitted by the hearing aid wearer; and ()

not all PSAPs limit their output sound pressure levelsto safe values. It is therefore imperative that
the performance characteristics of PSAPs (and OTC hearing aids) are properly specified and
verified before they are used by the listener.

*The interested reader is also referred to articles by Humes et al. (2017), Reed et al. (2017), and
Brody, Wu, and Stangl (2018). The first two studies are reviewed in the surveys by Jilla, Johnson,
& Danhauer (2018) and Tran & Manchiah (2018), while the Brody et al. (2018) study was
published very recently.

A recently proposed ANSI/CTA standard5 outlines the performance criteriafor PSAPs, which
presumably can be extended to the OTC hearing aids. Some of the electroacoustic parameters
assessed through this standard include bandwidth, distortion, self-generated noise levels, degree of
noise reduction, and maximum acoustic output. While these measures are important in quality
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control of PSAPs and OTC hearing aids (similar to ANSI S3.22 standard for hearing aids), it is
also important to profile their performance in ecologically relevant acoustic scenes using validated

metrics that correlate with perceived intelligibility and quality.®’

At the Nationa Centre for Audiology (NCA), we have expanded our electroacoustic and
behavioural assessment studies of assistive hearing devices and their features, to include DCHDs.
In a current ongoing project, we are assessing the performance of low- and mid-price range PSAPs,
and contrasting it with the performance of basic and premier hearing aids. Figure 1 displays a
selection of PSAPs that are amongst the “most popular” category for “hearing aids’ (1) at
Amazon.ca, and are currently under evaluation at our centre.

Figu:r'e 1. Sample PSAPs from the “most popular” list on Amazon.ca, currently undergoing o
evaluation at the NCA laboratories.

Case Example
Consider PSAP #1, which isranked at the top of “most popular” list for “hearing aids’ at

amazon.caand is priced at $119.99. Sample electroacoustic measurements of this PSAP
performance as specified in the ANSI/CTA standard are displayed in Table 1. It can be noted that
the device generates greater internal noise and higher distortion levels for some conditions than
those specified in the ANSI/CTA standard. In addition, even though the PSAP was marketed as
possessing a separate noise reduction program, the magnitude of noise reduction in both programs
of the PSAP was found to be negligible.
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Parameter  Value/Comment

Frequency response bandwidth 5800 Hz
Frequency response smoothness Meets specification

Total Harmonic Distortion + Noise 70 dB output SPL 1.16%

HD+
@ ), 100 dB output SPL  5.55%

95 dB input SPL  8.42%
Processing delay 0.6 msec
Self-generated noise level 45 dBA

Noise reduction amount 0.3 dB

Table 1. Electroacoustic Measures of a Sample PSAP, Computed According to the ANSI/CTA
2017 Standard

Figure 2 displays the Speechmap for this PSAP, where the PSAP volume setting was selected to
provide the least root-mean-square error (RM SE) with the DSL 5.0 targets for the N2 audiogram
(which exemplifies mild hearing l0ss).8 The same figure displays the Maximum Power Output
(MPO), which can be seen to exceed the 120 dB SPL limit specified by ANSI/CTA standard at
multiple frequencies.
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Figure 2: Speechmap for the sample PSAP aong with the DSL 5.0 targets and thresholds for the
N2 Audiogram. The PSAP MPO at the maximum volume control setting is also shown (in orange).

Finally, Figure 3 displays the Hearing Aid Speech Perception Index (HASPI) — a perceptual
correlate of speech intelligibility7 — for the PSAP in its quiet and noise programs. Figure 3 also
depicts the corresponding HASPI values for abasic and a premier hearing aid. The HASPI values
shown in this figure were calculated from the device outputs when the input was clean speech
mixed with stationary speech-shaped noise at a signal-to-noise ratio (SNR) of 0 dB and presented
at an overall level of 78 dB SPL. No discernable change in the HASPI value can be seen between
the two PSAP programs, while both basic and premier HAs reported an increase in the HASPI
value with the activation of the noise reduction program.
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Figure 3. Hearing Aid Speech Perception Index (HASPI) values for the outputs of the sample
PSAP, abasic hearing aid (HA), and a premier HA, in quiet and noise programs for each device.
See text for more details.

Conclusions
The assistive hearing device landscape is changing with the availability of direct-to-consumer

PSAPs, OTC hearing aids, hearables etc. Proper labeling and verification are important as these
devices vary widely in their electroacoustic characteristics and performance. It is aso important to
raise consumer awareness on what entails in wearing such devices, and to emphasize the role of
hearing health care professionals in ensuring benefit from amplification even from direct-to-
consumer models.
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