
Bluetooth Coupling in Hearing Aids: Effect on
Audiovisual Speech Recognition and Quality
Rating of Compressed Speech in Older
Individuals with Sloping Hearing Loss
Hemanth Narayan Shetty1 Shubhaganga Dhrruva Kumar2 Srikar Vijayasarathy1

1Department of Audiology, JSS Institute of Speech and Hearing,
Mysuru, Karnataka, India

2Department of Speech and Hearing Manipal College of Health
Professions, Manipal Academy of Higher Education, Manipal

Int Arch Otorhinolaryngol 2023;27(2):e302–e308.

Address for correspondence Srikar Vijayasarathy, MSc, Department
of Audiology, JSS Institute of Speech and Hearing, Mysuru 570004,
Karnataka, India (e-mail: srkrv.y@gmail.com).

Introduction

Older adults tend to spend quite a bit of their leisure time
watching television, but subjective reports indicate poor
appreciation of the quality of speech.1 This is because

tracking the speech output from the television is different
from the usual speech perception. In the former, speech rate
is instantaneously and continuously altered, and these swift
alterations in speech rate are poorly captured by the aging
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Abstract Introduction Older individuals often report that they find it difficulty in enjoying
watching television since they find it hard to follow the rapid intensity variations, and
voice changes from scene to scene.
Objective The present study investigated the effect of coupling the hearing aid with
the television via Bluetooth on audiovisual speech recognition and quality rating of
compressed speech in older individuals with hearing loss.
Method Twenty participants in the age range of 60 to 75 years who had moderate to
moderately severe sloping sensorineural hearing loss were bilaterally fitted with digital
receiver in the canal hearing aids. The hearing aid was coupled with a television via
Bluetooth using a streamer. The video recorded stimuli were presented at 65 dB SPL at
normal rate, 35% compression and 45% compression conditions. Speech recognition
scores and quality ratings were obtained for each condition with and without the
Bluetooth streamer connected to the hearing aids.
Results Speech recognition scores were significantly better with Bluetooth coupling
compared with conventional hearing aid use at 40% compressed speech rate. The
quality was also rated higher in almost all parameters across speech rates when
Bluetooth was used.
Conclusions The improved clarity and nullification of room reverberation offered by
Bluetooth coupling can potentially compensate for the age-related temporal process-
ing deficit contributing to ease of listening.
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auditory systemwith a temporal processing deficit. Environ-
mental noise and room reverberations further reduce the
signal-to-noise ratio (SNR). The experience becomes worse
when there is an accompanying hearing loss.2–5

Hearing aids are one of the best rehabilitation options to
alleviate hearing loss in older adults.With recent advances in
technology, satisfaction ratings are quite high.6 However,
some nagging problems remain, and the most prominent
among them is the perception of speech in adverse listening
situations – both in terms of intelligibility and speech quali-
ty.6,7 With technological progress, there are increasingly
more and more features and accessories that aim to enhance
speech and reduce noise to deliver a more natural and clear
speech. Bluetooth coupling is one such technology that aims
to wirelessly transmit the signal via Bluetooth, with low
acoustic and electromagnetic interference, to any Bluetooth-
enabled device. The resulting signal has a high SNR, and since
the direct signal is received rather than a reflected one,
reverberation has little effect. The SNRs achieved through
Bluetooth are even better than those provided by directional
microphones8 and could help alleviate the disordered tem-
poral processing due to aging and hearing loss. Benefit has
already been reported for cell phone use and perception from
a loudspeaker in those with hearing loss on coupling the
hearing aid with a Bluetooth streamer,9 both in terms of
speech perception aswell as in quality rating.While there are
some data on the benefit of using Bluetooth to improve
perception,9,10 there is no clarity on how much it can help
alleviate deficient temporal processing. The current study is,
thus, focused on assessing Bluetooth benefit (objective and
subjective) in the audiovisual mode at faster speech rates to

investigate if age-induced poor temporal processing can be
counteracted by the better SNR and clarity offered by Blue-
tooth transmission in older individuals with hearing loss.

Method

Participants
The participantswere tested in ina tertiaryhealthcareset up in
an acoustically treated soundproof room. Twenty older adults
with hearing loss (11males, 9 females) in the age range of 60 to
75 years (mean¼68.6 years) participated in the study. The
hearing loss ranged from bilateral moderate to moderately
severe sloping sensorineural hearing loss (►Fig. 1). The par-
ticipants had speech recognition scores � 75% for monosyl-
lables, and normal middle ear status with type ‘A’
tympanogram and measurable reflex thresholds. All partici-
pants had postlingual hearing loss with adequate speech and
language skills and were native speakers of the Kannada, a
widely spoken language in southern India. None of the partic-
ipants had a history of neurological, otological, or cognitive
problems. Theprocedures involved inthestudywereexplained
to the participants, and a signed informed consent form was
obtained. The study followed the ethical guidelines for bio-
behavioral research involving human subjects11, and the insti-
tutional review board approved it (JSSISH-RC-2020–102).

Procedure

Selection of Compression Rate
The standard Kannada sentence lists, developed by Geetha
et al.,12 were used for the study. Each list consisted of 10

Fig. 1 Mean audiogram of the participants.
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sentences, and each sentence consistedof 4 keywords so that a
maximum score of 40 could be achieved. The sentences were
subjected to compression of 25 to 50% in steps of 5% using the
Adobe Audition software ,version 1.5 (Adobe Inc., San Jose, CA,
USA), and the method of constant stimuli was used to deter-
mine rates corresponding to a 60 to 70% score on the mean
psychometric function of 10 subjects with normal hearing
sensitivity (►Fig. 2). The detailed procedure of compressing
the sentence at each rate is explained elsewhere.13 The two
compression rates selected for the study were 35% and 40%.
The average rate of speech was 10 syllables/sec and 12
syllables/sec for 35% and 40% compression, respectively.

Stimulus Preparation
Lists from the Kannada sentence bank12 were used in this
part of the study too. The sentences were recorded in an
acoustically treated recording room by an adult female and
male speaker who were native speakers of Kannada. Each
speaker was first asked to speak naturally at a normal rate.
Another recording was made with the speakers being asked
to match the rate of sentences electronically time-com-
pressed at 35% and 40%. The video recorded with the camera
Nikon D500 (Nikon Corp., Minato City, Tokyo, Japan) and the
audio recorded in Adobe Audition were synched using the
Adobe Premiere Pro software (Adobe Inc.). The synched
audio-video recordings were sliced into individual sentences
and saved separately. The recorded speech was verified to
have the same rate as that of the compressed speech. The
prepared sentence materials consisted of both male and
female speakers (mixed randomly), and were either pre-
sented unmodified (0% compression), or presentedwith time
compression (35% and 45% compression).

Hearing Aid Fitting and Stimulus Presentation
The participants were bilaterally fittedwith the Starkey Livio
series receiver-in-canal support (Starkey Hearing Technolo-
gies, Eden Prairie, MN, USA) programmed using the NAL-NL2
fitting formula. It was ensured that the directional micro-
phone and noise reduction circuitry were activated. The
accompanying ‘TV streamer’ was connected to the TV and
paired with the fitted hearing aids. Each participant was
seated one meter away from the television set. A practice
session was first performed with a compression of 10% to
familiarize the subjects with the procedure. A total of six lists
of recorded video clippings were used for the test session.
Two lists each were presented at three conditions: normal,
35%, and 40% compression conditions. The sentences were
presented through the television set at 65dB SPL, and the
order of conditions was randomized to prevent the order
effect. The participants were asked to repeat back the
sentence heard in verbatim. The responses were scored
online (as and when the participant responded) but were
recorded for offline verification.

Subjective Quality Rating
Each participant was asked to rate the quality of speech on a
10-point scale in terms of clarity, pleasantness, ease of under-
standing, and overall impression14 to assess the quality of
speech with and without the streamer. The quality ratings
were obtained immediately after listening to each condition,
but the participants were blinded to the condition being
presented to avoid bias in ratings. The participants were
provided with the description of each dimension (►Table 1),
and adequate explanation on each dimension was provided
whenever theparticipants requiredclarificationsbefore rating.

Fig. 2 Mean sentence recognition scores across different rates of compression. Footnote: Error bars represent one standard deviation.

International Archives of Otorhinolaryngology Vol. 27 No. 2/2023 © 2023. Fundação Otorrinolaringologia. All rights reserved.

Audiovisual Speech Recognition with Bluetooth in Older Adults Shetty et al.304



Statistical Analysis
The data was subjected to statistical analysis using the SPSS
Statistics forWindows, Version 17.0 software (). The Shapiro-
Wilk analysis indicated a Gaussian distribution of all varia-
bles (p>0.05). Inferential analysis was done using repeated
measures analysis of variance (R-ANOVA) and posthoc t-tests
with correction for multiple comparisons.

Results

Speech Recognition
Speech recognition was quantified as the number of key-
words correctly repeated back rather than the typical per-
centage conversion to retain the natural distribution of data.
Two-way repeated measures ANOVA was used (►Fig. 3) to

Table 1 Description of measures for quality rating

Terms Description

Clarity How clear, understandable, bright, and distinct the sound is.

Pleasantness How agreeable, comfortable, and pleasant the sound is.

Ease of understanding How easily they can understand speech

Overall impression Considering everything they have heard, what do they think about the speech delivered to
their ears?

Fig. 3 Mean and standard deviation of speech recognition scores for different rates of speech with and without Bluetooth. Footnote: ���:
p< 0.001.
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analyze the main effect of rate, Bluetooth use, and their
interaction. There was a significant main effect of rate (F(2,
18)¼76.469, p<0.01), with the scores being better at normal
rate (vs 35% compression: t(1,39)¼13.9, p<0.01; vs 40%
compression: t(1,39)¼12.1, p<0.01), and better performance
at 35% compared with 40% compression (t(1,39)¼4.3,
p<0.01). Although the recognition score was better on
average with Bluetooth, it failed to reach significance (F(1,
19)¼3.112, p¼0.094). The interaction between the rate and
condition, however, was statistically significant (F(2,
18)¼11.449, p<0.001), and a dependent t-test was per-
formed to analyze the differences across all conditions.
Bluetooth coupling did not significantly improve speech
recognition at normal rate (t(1, 19)¼– 0.518, p¼0.611) and
at 35% compression conditions (t(1,19)¼0.137, p¼0.892).
However, in the 40% compression condition, speech recog-
nitionwith the streamer was superior to that of just conven-
tional hearing aid (t(1,19)¼3.942, p¼0.001). A trend of
increased benefit could be noted as the rate became faster
(►Fig. 4).

Quality Rating
It was observed that the rating was higher for Bluetooth use
at all rates, more so at higher compression conditions
(►Fig. 5). Dependent t-tests were performed to investigate
differences in quality perception at each rate with and
without the streamer (►Table 2). Except for the ‘clarity

Fig. 4 Benefit obtained with the streamer at different rates of speech.

Fig. 5 Mean and standard deviation of quality rating across speech
rates with and without the Bluetooth.
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and pleasantness’ parameter at the 35% compression rate,
the quality was rated significantly higher when the streamer
was used.

Discussion

The present study aimed to investigate if the better SNR and
clarity offered by Bluetooth coupling of the hearing aid and
the television can improve audiovisual speech recognition
and quality by offsetting the decreased temporal processing
abilities in older adults with sloping hearing loss. We used
speech at normal rate, 35% compression, and 40% compres-
sion conditions and measured audiovisual speech recogni-
tion and subjective quality rating with and without the
streamer coupled with the hearing aid.

It was observed that speech recognition scores decreased
with an increase in the speech rate. This reduction with time
compression in older individuals has been attributed to a
reduction in processing efficiency with age.15–18 At least two
major sources of distortions may be responsible for this; the
first is due to the compression of speech rate that leads to the
reduction of the interphonemic gap of both consonants and
vowels, and a decrease in the pause length between words,
though the spectral properties of the stimulus are spared by
and large.17 Next is the compression amplification in the
hearing aid amplifier.19–23Non-linear compression is particu-
larly deleterious especially at faster attack and release times
and leads to an output that has low modulation depth and is
spectrally distorted.19,21 The two forms of distortions interact
with the third distortion – the deficit in temporal processing
with age.

Reduced temporal processing abilities in older adults is
well established as seen through measures of gap detection
in tones and noise, duration discrimination, co-modulation
masking release, etc.24–26 Wingfield et al.15 reported that
increments in speech rate decreased speech recognition in
older subjects with normal hearing sensitivity, but not in
younger subjects. Similarly, older individuals with hearing
loss perform poorer compared with younger subjects with a
similar degree of losswith time-compressed speech.27,28 The
interactive effects of age and hearing loss render the auditory
system unable to keep up with the compression of the
already brief and rapid fluctuations in consonants.16,18,29,30

We found that Bluetooth transmission resulted in signifi-
cant improvement of the audiovisual speech recognition

scores compared with conventional hearing aid alone at
faster rates. The use of Bluetooth as the transmission mode
can reduce distortion by improving the SNR of speech at the
hearing aid output due to the exclusion of environmental
noise and room reverberation. Sherbecoe and Studebaker31

measured the audibility index for the Connected Speech test,
a measure of perception of everyday speech and found that
75.5% of the speech recognition came from 315 to 3,150Hz,
and that 37.2% of this informationwas concentrated between
1,600 and 3,150Hz. It is precisely in the low and mid-
frequency regions that the Bluetooth transmission improves
the SNR, thus resulting inbetter performance.9Theadvantages
that we found with Bluetooth use in the quiet condition are
pertinent. Nullification of distance-induced sound quality
distortion and room reverberation effects were thus appreci-
ated by older individuals with hearing loss, though more in
terms of the improvement in quality rather than in speech
intelligibility. Larger effects are bound to be there in a noisier
environment, and future studies must focus on this direction.
The fact that speech recognition scores significantly improved
at the highest compression condition also indicates that Blue-
tooth transmission may help address the effects of poor
temporal processing due to aging and hearing loss.

The quality of speech was rated higher in almost all
domains across conditionswith Bluetooth coupling compared
with justconventionalhearingaiduse. Thisfinding issimilar to
sizeable improvements in quality previously reported.9,10

Smith and Davis10 reported that listeners described that
they could follow the emotion and the speaker’s mood much
better with Bluetooth andwere amazed that they could hear a
film well. Electromagnetic transmission (versus acoustic)
ensures that reflections from room surfaces do not distort
the direct signal from the source. Thus, along with SNR
enhancement, reverberation effects are nullified, contributing
to increasedclarity.32,33Finally,Bluetoothhas lowinterference
transmission and generates low strength electromagnetic
fields that are not adequate to create audible interference.34

Conclusion

Bluetooth coupling between the hearing aid and television
leads to enhancement in audiovisual speech recognition,
particularly at faster speech rates in older listeners with
hearing loss. Improvement in signal quality is also well
appreciated by the listeners, even in the quiet condition. It

Table 2 Paired sample t-test results for the subjective quality rating across rates of speech with and without using Bluetooth
coupling

Parameter (Bluetooth Vs acoustic) Normal 35% compression 40% compression

t-value p-value t-value p-value t-value p-value

Clarity 5.9 < 0.01� 0.27 0.79 15.63 < 0.01�

Pleasantness 4.7 < 0.01� 1.2 0.25 6.04 < 0.01�

Ease of understanding 5.7 < 0.01� 3.2 0.01� 9.05 < 0.01�

Overall impression 4.6 < 0.01� 2.68 0.01� 15.37 < 0.01�

p< 0.05.
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is recommended that older individuals, especially thosewho
enjoy watching television use this assistive technology reg-
ularly to have a fluid and less effortful experience.
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