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Sound Quality and Hearing Aids
By DOUGLAS L. BECK, AuD, DANIELLE TRYANSKI, AuD, and BRIAN KAI LOONG MAN, MSc

A study using the MUSHRA protocol comparing Oticon More™ to two other
premium hearing aids, combined with a recent UBS Evidence Lab report,
suggests Oticon More offers top sound quality—a key element in customer

The Multiple Stimuli with Hidden
Reference and Anchor (MUSHRA)

satisfaction.

P

irsig1 wrote Zen and the Art of
Motorcycle Maintenance in 1974. The
book quickly became an international
best seller selling over 5 million copies globally. In many respects, the book is about
quality: quality of life, quality of relationships,
quality of understanding, and more. Pirsig
notes the early Greeks used the same word for
“quality” and “truth.” He states:
“If you can’t say what quality is…how do you
know…it even exists? Further, if no one knows what
it is, then for all practical purposes it doesn’t exist...
But for all practical purposes it really does exist.”1

Quality is inherently subjective and is
challenging to define as each of us has our
own likes, dislikes, perspectives, and values.
Regarding hearing aids, sound quality is of
paramount importance as one typically wears
their devices from the moment they wake-up
until they go to sleep. From private conversations to lively party chatter to the melody
and rhythm of music, most sounds a hearing
aid wearer experiences are processed by the
hearing aids. Carr2 reported MarkeTrak 10
underscored sound quality as a significant
contributor to overall satisfaction, and 92%
of hearing aid users are satisfied with their
hearing aids.

Measurement Options
Knowing and measuring which aspects
of sound are most representative of sound
quality is challenging. Narendran and
Humes3 reported eight dimensions of sound
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to hearing aid sound quality, the authors
reported Oticon More™ was rated highest.
Additionally, Oticon More (released January
2021) was seen as the most attractive product.
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quality—softness, brightness, clarity, fullness, nearness, loudness, spaciousness, and
total impression—as factors assessed in the
Judgments of Sound Quality Test. Kochkin4
reported sound quality is strongly related to
hearing aid satisfaction and is a pivotal factor
in acceptance or rejection of hearing aids.
Of the top-10 strongest factors which influence hearing aid user satisfaction, Kochkin
reported 5 are related to some aspect of sound
quality: sound clarity, naturalness, richness/
fidelity, loud-sound comfort, and own voice.
Sockalingham, Beilin and Beck5 reported
that professionals might measure speech or
musical quality from their own perspective.
For example, psychologists may focus on the
emotional aspects of sound, engineers and
physicists may focus on attributes such as
amplitude, phase, and spectral components,
musicians may focus on timbre and resonance, and hearing care professionals may
focus on audibility, most comfortable listening levels, listening effort, speech in noise
ability and more. However, for the end-user,
sound quality is based on their own experience, expectations, and personal preferences.
To address quality in hearing aids, questionnaires, interviews, and rating scales
are most-often used to reflect and better
understand the end-users’ listening experience. The UBS Evidence Lab recently issued
its new report on March 30, 2021.6 This
report is based on the responses of some 500
healthcare professionals (approximately 85%
audiologists, 15% dispensers) who each perform 20-25 fittings per month. With regard

In
2015,
the
International
Telecommunications
Union
(ITU)7
described the Multiple Stimuli with Hidden
Reference and Anchor (MUSHRA) protocol to evaluate and compare the quality of
an audio signal. In the MUSHRA protocol,
listeners are presented with multiple sound
stimuli, including a reference, a test stimuli,
and an anchor stimuli. The stimuli are presented randomly, and the listener does not
know if they are listening to the reference, the
test stimuli, or the anchor. The listener’s task
is to listen to each of the sound recordings
and rate each on a scale of 0 (poor) to 100
(excellent).
Glista et al8 examined sound quality ratings based on frequency lowering via adaptive non-linear frequency compression and
non-linear frequency compression. They
demonstrated that the MUSHRA protocol
offered high reliability when used with adults
and children with normal hearing and with
hearing impairment.

MUSHRA and Oticon More

The MUSHRA protocol was adapted to be
used on hearing aid wearers, taking inspiration from Sanchez-Lopez et al9 and Simonsen
and Legarth.10 This modified paradigm was
used to assess the perceived sound quality of Oticon More compared to two other
premium competitor hearing aids, referred
here as Competitor A and B. Test participants listened to high-quality recordings of
three different sound scenes (cafe, restaurant, and facemask speech) recorded via a
head-and-torso simulator (HATS)
mannequin fitted with the three difDouglas Beck, AuD, is Vice President of
Academic Sciences and Danielle Tryanferent test hearing aids. The cafe
ski, AuD, is Senior Marketing Manager
and restaurant scenes were captured
at Oticon Inc in Somerset, NJ. Brian Kai
using sophisticated recordings which
Loong Man, MSc, is a Clinical Research
involved a 29-loudspeaker array to
Audiologist at the Center for Applied
realistically reconstruct the acoustic
Audiology Research at Oticon A/S in Smoeenvironments. The facemask speech
rum, Denmark.
involved a single loudspeaker/talker
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Sound Scene
Café
Restaurant
Facemask Speech

Target Level

Noise level

Primary Talker Direction

74 dB SPL
74 dB SPL
75 dB SPL

71 dB SPL
71 dB SPL
0 dB SPL

+15 degrees
+25 degrees
0 degrees

Table 1. Properties of the sound scenes used in testing.

in the front (0° azimuth), with speech filtered by a surgical mask. A
brief description of the properties of each sound scene is presented
in Table 1.
As noted above, three test hearing aids were evaluated per the
guidelines of ITU-1534-1 (2015).7 However, as there is no “golden”
reference or “ideal” condition when it comes to hearing loss and hearing aids, and in accordance with Sanchez-Lopez et al9 and Simonsen
and Legarth,10 the reference condition was discarded and the hidden
anchor was maintained. The hidden anchor is critical to the MUSHRA
paradigm, as it serves as the “worst sound quality” condition. By
occupying the “worst spot,” it forces listeners to use the whole scale
when rating the hearing devices of interest. In this particular case, the
anchor was created by applying a distortion algorithm to the recording
and subsequently filtering with a low-pass filter set to 7 kHz. Of note,
the listeners/subjects were blinded to the presence of an anchor, and
therefore believed there were 4 hearing aids in the test.
Hearing aids were
inputted with the
standard audiograms
from Bisgaard et al.11
Additionally, intermediate audiometric configurations (defined as
the mid-point between
two standard adjacent
audiograms) were created to allow more
flexibility to better
Figure 1. Range of audiograms used in study testing.
compensate for audibility. The range of audiograms used are shown in Figure 1.
Each of the three test hearing aids were programmed to “first-fit,”
and each was set to 100% adaptation level to best simulate the listening experience a user would have from a typical clinic fitting. Closed
fittings (sealed ear canals) were used to assure the listeners evaluated
the quality of the sound produced from the hearing aids.
A total of 22 presbycusic subjects were recruited to take part in the
study. Listeners were instructed to listen to the recordings through
high-fidelity headphones and rate each of the audio systems (hearing
aids) on a scale of 0 (worst) to 100 (best) for each sound scene; the
protocol was repeated 3 times. The listeners used a computer mouse
to click into each test hearing aid sound sample and rate the overall
sound quality for each sound scene (cafe, restaurant, face mask).
Subjects were allowed to switch/compare hearing aids as frequently
as desired. The order of the experimental conditions was randomized,
resulting in a double-blinded test.

Results
Data analysis was achieved in two ways: the first was to determine
which model of hearing aid was rated significantly better; the second
was to determine how often this hearing aid model was preferred.
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Figure 2. Each bar plot displays the average ratings and standard deviations of a given hearing aid in each
sound scene. All comparisons demonstrate a significant difference. Oticon More was rated significantly
better than the other two competitors. The only non-significant difference was between Competitors A
and B for the facemask scene.

Scene
Cafe
Restaurant
Facemask

Participants rating Oticon More highest
(22 participants total)
16
17
17

% Preference
73%
77%
77%

Table 2. Participants’ preferences for Oticon More in the three sound scenes tested.

Oticon More was rated significantly better than competitors.
General linear mixed effects models were fitted to the data of each
individual scene to determine what effect the specific hearing aid had
on the ratings. The model revealed a significant effect of hearing aids
(p<0.05). A post-hoc Tukey’s honest significant differences test12 was
completed to evaluate the pairwise differences across hearing aids
with a significance level of 0.05 (p<0.05). The pairwise comparisons
are displayed in Figure 2. Each bar plot displays the average ratings
and standard deviations of a given hearing aid in each sound scene.
All comparisons demonstrate a significant difference. Oticon More
was rated significantly better than the other two competitors. The only
non-significant difference was between Competitors A and B for the
facemask scene.
Listeners rated Oticon More to be significantly better than the two
tested premium competitors across all the sound scenes. The percentage preference for Oticon More over its competitors is calculated in
Table 2. This was carried out by extracting the number of participants
(n = 22) that rated Oticon More as the highest in sound quality. On
average—about 8 out of 10 participants—preferred Oticon More.

Discussion
Sound quality is a difficult concept to measure. In the final analysis,
sound quality is a subjective measure of a difficult-to-define perception. Nonetheless, many reports define sound quality by engaging
multiple concepts, factors, and dimensions, such as softness, brightness, clarity, fullness, nearness, loudness, spaciousness and total
impression, naturalness, richness/fidelity, loud-sound comfort, and
own voice. With specific regard to hearing aids, the perceived sound
quality is pivotal to hearing aid satisfaction and a successful hearing
aid experience. Although measurements of sound quality are difficult
to quantify, assessment techniques (ie, MUSHRA) and large surveys
(UBS Labs) suggest that Oticon More has been evaluated as having
exceptionally high—if not the highest—sound quality, which very
likely leads to more satisfied hearing aid wearers. ◗
REFERENCES can be found in the online version of this
article at HearingReview.com.
CORRESPONDENCE to Dr Beck at: dbec@oticon.com
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