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Abstract 
Objective: To investigate the improvement of speech recognition for phone 
call listening by using wireless audio streaming hearing aids in noisy envi-
ronments. Methods: 30 subjects who were diagnosed as symmetrical, senso-
rineural hearing loss (SNHL), no middle ear problem, good aided speech 
recognition and able to speak Mandarin were selected in this research. Speech 
recognition scores for the phone call between aided with wireless mode-on 
and aided with wireless mode-off in quiet and noisy environments were sta-
tistically analyzed. Results: For word recognition score, subjects with the wire-
less mode off and on in quiet condition were 85.7% ± 13.6% and 96.0% ± 
7.2% (P < 0.05), respectively. In noisy conditions, subjects with the wireless 
mode off and on condition were 27.3% ± 21.2% and 88.7% ± 18.5% (P < 
0.05). For sentence recognition score, subjects with the wireless mode off and 
on in quiet conditions were 84.7% ± 13.3% and 92.7% ± 10.1% (P < 0.05), re-
spectively. In noisy conditions, the sentence recognition score for subjects 
with the wireless mode off and on condition were 11.0% ± 13.5% and 89.0% ± 
11.8% (P < 0.05), respectively. Conclusions: In quiet environments, individu-
als with hearing loss who use non-wireless audio streaming hearing aids have 
achieved high speech recognition during phone calls. However, using wireless 
audio streaming hearing aids can further enhance this experience. In noisy 
environments, speech recognition during phone calls may decrease when us-
ing non-wireless audio streaming hearing aids. Wireless audio streaming 
hearing aids can still maintain a high level of speech recognition, effectively 
addressing the challenge of phone call accessibility for individuals with hear-
ing loss. Therefore, wireless audio streaming hearing aid technology can greatly 
improve speech recognition. 
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1. Introduction 

The usage of mobile phone calls has become increasingly prevalent across popu-
lations, leading to an increase in frequency and time spent on mobile communi-
cation. Studies have shown that individuals with hearing loss may still expe-
rience difficulties when using hearing aids with mobile phones, particularly in 
noisy environments. According to Bentler et al., hearing aids are capable of deli-
vering a clear and high-quality sound experience in quiet environments, they 
may compromise the quality and intelligibility of speech when background noise 
is present [1]. Research has indicated that speech recognition in noisy conditions 
is a primary issue contributing to decreased satisfaction with hearing aids. Some 
individuals with hearing loss express dissatisfaction with the sound quality and 
clarity of speech when using hearing aids to listen on mobile phones, especially 
in noisy environments [2]. Additionally, a significant number of patients (94%) 
have reported experiencing significant difficulties in phone conversations due to 
background noise [3]. Individuals with moderate to severe hearing loss may still 
struggle to hear clearly when using conventional hearing aids with mobile 
phones. This is primarily due to the transmission of sound to the hearing aid 
and subsequent amplification, which can introduce distortion. Furthermore, the 
presence of environmental noise can further diminish clarity. This perception 
has led some patients to purchase hearing aids but not use them due to concerns 
about their compatibility with mobile phones [4].  

The use of simple acoustic coupling between mobile phones and hearing aids 
can be challenging as it often leads to feedback when the phone receiver is in 
close proximity to the hearing aid. Despite advancements in feedback reduction 
algorithms, feedback continues to be a challenge, particularly for individuals 
who need substantial amplification [4]. Consequently, the current focus of hear-
ing aid technology development is on enhancing speech recognition in noisy lis-
tening conditions and optimizing the signal-to-noise ratio (SNR) in scenarios 
where distance, noise, and reverberation may pose challenges [2] [5]. Individuals 
with SNHL require a higher signal-to-noise ratio (SNR) compared to those with 
normal hearing in order to effectively communicate, even with sufficient ampli-
fication provided by hearing aids. Studies have demonstrated that when the SNR 
reaches or falls below 5 dB, the ability of individuals with SNHL to recognize 
speech in noisy environments significantly declines [6] [7]. Enhancing speech 
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audibility is an effective approach to assist individuals with sensorineural hear-
ing loss in challenging listening situations [6]. Research has indicated that a 1 dB 
increase in SNR can lead to a 6 to 12 percentage improvement in speech recog-
nition when background noise is present [8] [9]. 

Wireless audio streaming technology has emerged as a valuable solution in the 
hearing aid industry, addressing challenges related to phone communication 
with reduced interference [10]. From traditional telecoil solutions to the latest 
2.4 GHz technology, wireless audio streaming has become an integral part of 
hearing aid usage, offering numerous benefits in everyday situations such as 
answering phone calls, online classes, and streaming audio from televisions or 
mobile devices [11]. Wireless technology converts the sound collected by mi-
crophones into radio waves and transmits them through a transmitter. The re-
ceiver, built into the hearing aid, then receives these radio waves at the same 
frequency and converts them back into audio signals, allowing the hearing aid 
user to hear the sound [2]. Hearing aids now incorporate built-in wireless re-
ceivers, significantly improving their cosmetic appearance and convenience. 
Wireless audio streaming technology has emerged as a valuable solution in the 
hearing aid industry, addressing challenges related to phone communication 
with reduced interference [7]. Through the utilization of wireless technology, the 
audio signal is transmitted via radio waves, effectively mitigating the adverse 
impacts of background noise, reverberation, and other factors on sound trans-
mission. This technology has the potential to enhance the speech recognition 
capabilities of hearing aids in noisy environments, allowing users to perceive 
phone conversations with greater clarity. This wireless technology provides the 
capability for hands-free communication on mobile phones by allowing sound 
to stream directly into hearing aids. It has the ability to automatically reduce en-
vironmental noise, enabling users to focus more on phone conversations, as 
mentioned in reference [12]. Furthermore, the wireless audio streaming tech-
nology can stream the phone signal to both hearing aids simultaneously. This 
leads to improved speech recognition performance and enhanced listening 
comfort and ease through binaural streaming, compared to monaural listening 
with hearing aids that lack with wireless technology, as discussed in reference 
[13].  

Previous studies have demonstrated that the wireless connectivity between 
telephones and hearing aids can greatly enhance the speech intelligibility of in-
dividuals with hearing loss [13]-[17]. Multiple studies have indicated that wire-
less hearing aids can enhance the speech recognition abilities of individuals with 
hearing loss who speak English or Korean in noisy environments [1] [5]. Addi-
tional research has indicated that Bluetooth accessories, remote microphone 
HATs, and streamers can also improve speech recognition performance in diffi-
cult listening environments [4] [6] [18]. However, there are limited studies 
comparing the advantages of hearing aids with and without wireless audio 
streaming for mobile phone calls among individuals with hearing loss who 
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communicate in Mandarin Chinese. It motivates us to investigate the extent of 
improvement in speech recognition that can be achieved through the use of 
wireless hearing aids. By examining this, we aim to determine the potential ben-
efits that wireless technology can bring to individuals with hearing loss. 

2. Methods 
2.1. Participants 

We enrolled 30 SNHL patients (8 female and 22 male) from Hui’er flagship 
hearing clinic. All individuals in this study were native Chinese. Patients who 
were with symmetrical hearing loss, no middle ear problem, aided speech recog-
nition score above 60% in quiet environment and able to speak and understand 
Mandarin were selected in this research. The age of subjects ranged from 29 to 
86 years old. The mean age was observed to be 64.03 ± 16.73 years old. Accord-
ing to the World Health Organization (WHO) 2021 hearing loss classification cri-
teria, among the 30 subjects, 1 had moderate hearing loss, 14 had moderate severe 
hearing loss, 13 had severe hearing loss and 2 had profound hearing loss, as shown 
in Table 1 [19]. Figure 1 showed the average pure-tone hearing thresholds 
 
Table 1. Degree of hearing loss in the study. 

Severity Number of patients 

Mild (20 - 34 dB HL) 0 

Moderate (35 - 49 dB HL) 1 

Moderately severe (50 - 64 dB HL) 14 

Severe (65 - 79 dB HL) 13 

Profound (80 - 94 dB HL) 2 

Deaf (≥95 dB HL) 0 

Total 30 

 

 
Figure 1. Average pure-tone hearing thresholds of all participants. 
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of all participants. The mean of pure tone average (PTA) threshold at frequen-
cies of 500, 1000, 2000 and 4000 Hz of left and right ears were 63.73 and 63.62 
dB HL respectively. 

2.2. Hearing Aid Fitting 

All subjects were fitted with Hui’er ITC Charm K830-W bilaterally based on 
their latest pure tone audiogram; their hearing aids are fine-tuned according to 
the best fitting of the tuning program. All subjects were wearing In-the-Canal 
(ITC) customized hearing aids according to each individual’s ear canal size. 
Feedback cancellation was activated to avoid feedback that will affect the sound 
quality when answering phone calls. 

2.3. Test Equipment and Materials 

Speech recognition tests included two test contents: “word” and “sentence” and 
two acoustical environments: “quiet” and “noise”. We were using two Hui’er 
ITC Charm K830-W hearing aids, Apple iPad 9th generation to play the test 
files, and Grason-Stadler AudioStar ProTM-audiometer to play the wide-band 
white noise. The word recognition test material utilized Mandarin Speech Test 
Materials (MSTMs)-bisyllabic Mandarin words. The material consists of 10 lists, 
each containing 20 words in each word list. The standardized sentence was de-
rived from the Mandarin version of the ones from The University of Western 
Australia supported by Widex for speech audiometry. The bisyllabic Mandarin 
words and sentences were imported to the iPad. 

2.4. Test Environment 

According to Figure 2, speech recognition tests in quiet and in noise were carried  
 

 
Figure 2. Two speakers (N1, N2) were used for playing noise and located at 0˚ and 180˚ 
azimuth to patient’s ear level. The speech was presented by iPad 0.5 meter in front of the 
patient. The noise placed in the two corners (N1, N2) of the soundproof room. 
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out in a 2 m × 2 m × 2 m soundproof chamber in Hui’er Clinic, with back-
ground noise <35 dB A. The subject was seated at P. Two speakers (N1, N2) 
were used for playing the noise. The two speakers were set at ear level and lo-
cated at 0˚ and 180˚ azimuth of the subject, respectively. Wide-band white noise 
was utilized simultaneously at a calibrated noise level at 65 dB A played by Gra-
son-Stadler AudioStar ProTM-audiometer. The examiner presenting speech 
signals (S) by using iPad were located 0.5 m directly in front of the subject. By 
setting the distance to 0.5 meters, we can simulate the typical distance between 
the speaker and the hearing aid microphone during a phone call or while listen-
ing to audio content. This distance setting helps replicate the acoustics and 
sound quality that individuals with hearing aids experience in real-life situations. 
It takes into account factors such as sound propagation, attenuation, and back-
ground noise, which can significantly impact the user’s ability to hear and un-
derstand the speech. This approach aims to provide a more inclusive and ac-
cessible experience for users who rely on hearing aids, allowing them to engage 
in phone conversations and enjoy various audio contents with enhanced clarity 
and understanding. 

2.4.1. Test Procedure for Speech Recognition in Quiet 
Subjects were fitted with Hui’er ITC Charm K830-W on both ears. Instruction 
had been addressed to them before the test. They were instructed to repeat the 
words they heard. The examiner was standing 0.5 meter directly in front of the 
subjects, and presented the Mandarin Speech Test Materials (MSTMs)-bisyllabic 
Mandarin words through iPad. In the wireless audio streaming mode-off condi-
tion, examiner adjusted the volume of the iPad (recorded as V1) until the most 
comfortable loudness to provide good clarity of speech [20]. Examiner increased 
or lowered down the volume according to the subject’s correct or incorrect re-
sponse of the test [6]. The word recognition score results were recorded by per-
centage. After with the wireless audio streaming mode off condition, we turned 
the wireless audio streaming mode on by connecting the hearing aid with iPad 
through the setting-accessibility-hearing devices. Examiner had to adjust the 
volume again (recorded as V2) so they could hear the word at the most com-
fortable level. The word recognition score was recorded again. Another sentence 
recognition test was performed to imitate someone answering phone call in daily 
life. We would still test the subject in both wireless mode off and wireless mode 
on condition by using same iPad volume respectively. They were instructed to 
answer the questions they heard. The sentence recognition score was recorded. 

2.4.2. Test Procedure for Speech Recognition in Noisy 
We tested the subjects in the noisy condition after compared with the test in 
quiet condition. As we mentioned above, the wide-band white noise was pre-
sented at 65 dB A at both sides of the subject by using Grason-Stadler AudioStar 
ProTM-audiometer. Different word lists and sentences were presented by the 
speaker of the iPad (wireless mode off) or directly audio streaming to the hear-
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ing aid (wireless mode on). We would like to remain the same volume of the 
iPad to V1 and V2 for both wireless mode off and on conditions, respectively, 
the same as that in the quiet condition. The speech recognition score was rec-
orded. 

2.5. Statistical Analysis 

The data was inputted into Excel and statistical analysis was conducted using 
IBM Statistics Package for Social Science (SPSS) Statistics 25. Percentages of 
word recognition score and sentence recognition score in each condition of 
wireless mode off and mode on were evaluated using paired Wilcoxon signed-rank 
tests. When the data within groups do not follow a normal distribution, a paired 
Wilcoxon signed-rank test can be used to compare two samples between groups. 
The statistical level of significance was defined as a P value of less than 0.05.  

3. Results 
3.1. Improvement in Speech Recognition Performance 
3.1.1. Word Recognition Test 
Improvement in word recognition performance was observed in both quiet and 
noisy environments with wireless mode on and off, as indicated in Figure 3. 
According to Figure 4, in quiet environment, the average word recognition 
score for participants with the wireless mode off and wireless mode on condition 
were 85.7% ± 13.6% and 96.0% ± 7.2% (P < 0.05), respectively. In noisy envi-
ronment, the average word recognition score for participants with the wireless 
mode off and wireless mode on condition were 27.3% ± 21.2% and 88.7% ± 
18.5% (P < 0.05), respectively. The word recognition score for participants with 
the wireless mode on was approximately 60% higher compared to wireless mode 
off condition. Wireless mode on demonstrated outstanding performance in 
word recognition and the results were statistically significant (P < 0.05). 

3.1.2. Sentence Recognition Test  
According to Figure 5, there was a noticeable enhancement in sentence recogni-
tion performance in the wireless mode on compared to the wireless 
 

 
Figure 3. The word recognition score of 30 subjects with wireless hearing aid mode off 
and mode on in both quiet and noisy environment. (a). Quiet environment; (b). Noisy 
environment. 
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Figure 4. The average of word recognition score with wireless hearing 
aid mode off and mode on in both quiet and noisy environment. 

 

 
Figure 5. The sentence recognition score of 30 subjects with wireless hearing aid mode 
off and mode on in both quiet and noisy environment. (a). Quiet environment; (b). Noisy 
environment. 
 
mode off in both quiet and noisy conditions. Figure 6 illustrates the average 
sentence recognition score for subjects with the wireless mode off and wireless 
mode on condition were 84.7% ± 13.3% and 92.7% ± 10.1% (P < 0.05), respec-
tively in quiet environment. In noisy environment, the average sentence recog-
nition score for participants with the wireless mode off and wireless mode on 
condition were 11.0% ± 13.5% and 89.0% ± 11.8% (P < 0.05), respectively. The 
sentence recognition score for subjects with the wireless mode on was approx-
imately 70% higher compared to wireless mode off condition. The wireless mode 
demonstrated superior performance in sentence recognition and the results were 
statistically significant in noisy environment (P < 0.05). 

4. Discussions 

Answering mobile phone calls can pose greater challenges for individuals with 
hearing aids compared to face-to-face conversations. The process of transmitting 
speech through mobile phones involves various transformations, often leading 
to interference [15] [20]. Mobile phones can sometimes cause interference or 
feedback with hearing aids, resulting in buzzing or whistling sounds. This inter-
ference can make it difficult for hearing aid users to hear the conversation clearly. 
In everyday communication, individuals with hearing loss rely heavily on cues  
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Figure 6. The average of sentence recognition score with wireless hearing aid 
mode off and mode on in both quiet and noisy environment. 

 
such as lip reading, facial expressions, and body language to comprehend speech 
effectively [21]. When an individual is unable to visually perceive the speaker, 
they miss out on crucial information conveyed through facial expressions, lip 
reading, and body language, leading to added complexity in phone conversations 
[16]. It is worth noting that the clarity of speech during mobile phone calls is 
typically poorer compared to face-to-face conversations. 

In addition to the factors mentioned earlier, background noise is a significant 
interference that can cause difficulties for individuals when listening to someone 
in a conversation. Research has indicated that speech recognition in noisy envi-
ronments is a major challenge that can lead to decreased consumer satisfaction 
with hearing aids [2] [22]. Numerous studies have demonstrated that while 
hearing aids can provide clear and high-quality sound experiences, they can 
struggle to maintain speech signal quality and intelligibility in the presence of 
background noise. According to research, approximately 71% of hearing aid us-
ers reported dissatisfaction with their hearing aid performance in noisy envi-
ronments [17]. 

Wireless audio streaming technology is extensively utilized in various real-life 
scenarios, facilitating wireless communication between electronic devices. Wire-
less technology converts the sound collected by microphones into radio waves 
and transmits them through a transmitter. The receiver, built into the hearing 
aid, then receives these radio waves at the same frequency and converts them 
back into audio signals, allowing the wearer of the hearing aid to hear the sound 
[2]. Through the utilization of wireless technology, the audio signal is transmit-
ted via radio waves, effectively mitigating the adverse impacts of background 
noise, reverberation, and other factors on sound transmission. This technology 
has the potential to enhance the speech recognition capabilities of hearing aids 
in noisy environments, allowing users to perceive phone conversations with 
greater clarity. 

In the context of this study, the implementation of wireless audio streaming in 
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hearing aids has shown potential benefits for enhancing speech recognition. The 
results indicate that utilizing wireless audio streaming hearing aids can lead to 
an approximate improvement of 60% and 70% in word recognition test and 
sentence recognition test, respectively. When faced with a noisy environment, 
directly answering phone calls using a mobile phone may not be an optimal so-
lution. However, leveraging wireless technology can provide significant assis-
tance in such situations. 

Numerous studies have investigated the positive impact of wireless audio 
streaming technology for mobile phones and hearing aids on speech intelligibil-
ity and speech recognition. Wireless hearing aids are designed to separate speech 
signals from background noise and transmit only the speech signal for amplifi-
cation [20]. This technology can automatically reduce environmental noise, al-
lowing users to focus more on phone conversations [12]. By activating the wire-
less mode, the hearing aid microphone is suppressed, resulting in reduced am-
bient noise levels and an enhancement in the signal-to-noise ratio (SNR) [18] 
[20]. Research has demonstrated that enabling the wireless mode can result in an 
approximate 5dB enhancement in SNR, leading to better speech recognition 
performance [18]. 

In this research, binaural fitting was utilized. Binaural hearing is one of the 
advantages of wireless streaming technology. Hearing aids equipped with wire-
less audio streaming technology can directly stream phone signals to both hear-
ing aids simultaneously. Wireless hearing aids eliminate the need for transmit-
ting sound from the speaker of a mobile phone to the microphone of the hearing 
aids. This bypasses potential distortion and interference, allowing for the direct 
streaming of natural audio input to the hearing aid amplifier. This results in en-
hanced speech recognition performance and improved listening comfort and 
ease through binaural streaming, as opposed to monaural listening with a single 
hearing aid [13]. Users no longer have to struggle to hear conversations through 
their mobile phones. 

Wireless audio streaming hearing aids offer several benefits, including im-
proved clarity in phone conversations and enhanced sound quality. With these 
hearing aids, users no longer need to place their mobile phones close to their 
hearing aids when answering calls. Speech signals can be directly transmitted to 
the hearing aids, eliminating acoustic feedback and reducing speech distortion 
without compromising the intensity of the signal [23]. This allows users to focus 
on and clearly listen to speech. 

5. Conclusion 

In quiet environments, individuals with hearing loss who use non-wireless audio 
streaming hearing aids have achieved high speech recognition during phone 
calls. However, using wireless audio streaming hearing aids can further enhance 
this experience. In noisy environments, speech recognition during phone calls 
may decrease when using non-wireless audio streaming hearing aids. On the 
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other hand, wireless audio streaming hearing aids can still maintain a high level 
of speech recognition, effectively addressing the challenge of phone call accessi-
bility for individuals with hearing loss. Therefore, wireless audio streaming hear-
ing aid technology can greatly improve speech recognition.  

Acknowledgements 

I am truly grateful for the invaluable guidance and mentorship provided by my 
supervisor, Professor Wang. His selfless dedication has greatly influenced my 
path in audiology, nurturing my research skills and overall personal growth. I 
would also like to extend my appreciation to the supporting staff, including Dr. 
Tu Lei, Dr. Jin Dong Dong, Director Zhang Chi Li, Director Shi Wendi, and all 
my teachers who have supported my academic journey. The International 
Hearing and Speech Rehabilitation Center deserves my sincere thanks for pro-
viding me with opportunities to enhance my audiological skills and patient 
management abilities. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 
[1] Bentler, R., Mueller, H.G. and Ricketts, T.A. (2016) Modern Hearing Aids. Thieme, 

New York, 171-236. 

[2] Hu, X.Y., Ni, D.F., Zhang, H., Wang, M.Z. and Dong, Y.H. (2019) The Improve-
ment of Speech Recognition in Noise with Wireless Technology to the Hearing Im-
paired. Journal of Audiology and Speech Pathology, 27, 490-494. 

[3] Kepler, L.J., Terry, M. and Sweetman, R.H. (1992) Telephone Usage in the Hear-
ing-Impaired Population. Ear and Hearing, 13, 311-319.  
https://doi.org/10.1097/00003446-199210000-00009 

[4] Kochkin, S. (2000) MarkeTrak V: “Why My Hearing Aids Are in the Drawer”: The 
Consumers’ Perspective. The Hearing Journal, 53, 39-41.  
https://doi.org/10.1097/00025572-200002000-00004 

[5] Cho, Y.K., Kang, S.J., Lim, J.H., Kang, S.H., Seo, J.W., Moon, I.J. and Hong, S.H. 
(2020) Effectiveness of Wireless Streaming on Telephone Conversation in Users of 
Hearing Aids. Korean Journal of Otorhinolaryngology-Head and Neck Surgery, 63, 
101-107. https://doi.org/10.3342/kjorl-hns.2019.00528 

[6] Chen, J., Wang, Z., Dong, R., Fu, X., Wang, Y. and Wang, S. (2021) Effects of Wire-
less Remote Microphone on Speech Recognition in Noise for Hearing Aid Users in 
China. Frontiers in Neuroscience, 15, Article 643205.  
https://doi.org/10.3389/fnins.2021.643205 

[7] Dong, R.J., Wang, S. and Liu, D.X. (2015) Speech Perception in Noise in Adults 
with Auditory Neuropathy Spectrum Disorders. Chinese Journal of Otology, 13, 
604-607.  

[8] Alfakir, R., Holmes, A.E., Kricos, P.B., Gaeta, L. and Martin, S. (2015) Evaluation of 
Speech Perception via the Use of Hearing Loops and Telecoils. Gerontology and 
Geriatric Medicine, 1. https://doi.org/10.1177/2333721415591935 

[9] Christensen, L.A. (2000) Signal-to-Noise Ratio Loss and Directional-Microphone 

https://doi.org/10.4236/oalib.1111343
https://doi.org/10.1097/00003446-199210000-00009
https://doi.org/10.1097/00025572-200002000-00004
https://doi.org/10.3342/kjorl-hns.2019.00528
https://doi.org/10.3389/fnins.2021.643205
https://doi.org/10.1177/2333721415591935


C. Y. Tan et al. 
 

 

DOI: 10.4236/oalib.1111343 12 Open Access Library Journal 
 

Hearing Aids. Seminars in Hearing, 21, 179-200. 

[10] Clark, J.L., Pustejovsky, C. and Vanneste, S. (2017) Objective and Perceptual Com-
parisons of Two Bluetooth Hearing Aid Assistive Devices. Disability and Rehabilita-
tion: Assistive Technology, 12, 614-617.  
https://doi.org/10.1080/17483107.2016.1201153 

[11] Ramsgaard, J., Korhonen, P. and Brown, T.K. (2017) Wireless Streaming: Sound 
Quality Comparison among MFi Hearing Aids. Hearing Review, 23, 36. 

[12] Cui, T. (2013) Advantages and Disadvantages of Using Induction Loops.  
https://www.audiologyonline.com/ask-the-experts/what-advantages-and-disadvanta
ges-using-11957  

[13] Picou, E.M. and Ricketts, T.A. (2013) Efficacy of Hearing-Aid Based Telephone 
Strategies for Listeners with Moderate-to-Severe Hearing Loss. Journal of the Ameri-
can Academy of Audiology, 24, 59-70. https://doi.org/10.3766/jaaa.24.1.7 

[14] Qian, H., Loizou, P.C. and Dorman, M.F. (2003) A Phone-Assistive Device Based 
on Bluetooth Technology for Cochlear Implant Users. IEEE Transactions on Neural 
Systems and Rehabilitation Engineering, 11, 282-287.  
https://doi.org/10.1109/TNSRE.2003.816871 

[15] Wolfe, J., Morais, M. and Schafer, E. (2016) Speech Recognition of Bimodal Coch-
lear Implant Recipients Using a Wireless Audio Streaming Accessory for the Tele-
phone. Otology & Neurotology, 37, e20-e25.  
https://doi.org/10.1097/MAO.0000000000000903 

[16] Tait, M., Nikolopoulos, T.P., Archbold, S. and O’Donoghue, G.M. (2001) Use of the 
Telephone in Prelingually Deaf Children with a Multichannel Cochlear Implant. 
Otology & Neurotology, 22, 47-52.  
https://doi.org/10.1097/00129492-200101000-00009 

[17] Martínez Basterra, Z., Fernández de Pinedo, M., Rey, J.A., Palicio, I., Soriano-Reixach, 
M.M., Urreta, I. and Altuna Mariezcurena, X. (2021) Phone Speech Recognition 
Improvement in Noisy Environment: Use of a Bluetooth Accessory. Ear, Nose, & 
Throat Journal, 100, 490-496. https://doi.org/10.1177/0145561319880384 

[18] Xia, J.Y., Wang, Y.H. and Lin, X. (2011) The Effects of Streamer for the Severe Sen-
sorineural Hearing Impaired When Using Mobile Phone. Journal of Audiology and 
Speech Pathology, 19, 555-557.  

[19] World Health Organization (2021) World Report on Hearing. Geneva, Licence, CC 
BY-NC-SA 3.0 IGO. 

[20] Kim, M.B., Chung, W.H., Choi, J., Hong, S.H., Cho, Y.S., Park, G. and Lee, S. (2014) 
Effect of a Bluetooth-Implemented Hearing Aid on Speech Recognition Perfor-
mance: Subjective and Objective Measurement. The Annals of Otology, Rhinology, 
and Laryngology, 123, 395-401. https://doi.org/10.1177/0003489414526847 

[21] Chodosh, J., Weinstein, B.E. and Blustein, J. (2020) Face Masks Can Be Devastating 
for People with Hearing Loss. BMJ, 370, m2683. https://doi.org/10.1136/bmj.m2683 

[22] Kochkin, S. (2002) Consumers Rate Improvements Sought in Hearing Instruments. 
Hearing Review, 9, 18-20, 22. 

[23] Yanz, J.L., Roberts, R. and Sanguino, J.A. (2005) A Wearable Bluetooth Device for 
Hard-of-Hearing People. The Hearing Review, 12, 38-41. 

https://doi.org/10.4236/oalib.1111343
https://doi.org/10.1080/17483107.2016.1201153
https://www.audiologyonline.com/ask-the-experts/what-advantages-and-disadvantages-using-11957
https://www.audiologyonline.com/ask-the-experts/what-advantages-and-disadvantages-using-11957
https://doi.org/10.3766/jaaa.24.1.7
https://doi.org/10.1109/TNSRE.2003.816871
https://doi.org/10.1097/MAO.0000000000000903
https://doi.org/10.1097/00129492-200101000-00009
https://doi.org/10.1177/0145561319880384
https://doi.org/10.1177/0003489414526847
https://doi.org/10.1136/bmj.m2683

	Improving Speech Recognition during Phone Calls in Noisy Environment through the Use of Wireless Audio Streaming in Hearing Aids
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Hearing Aid Fitting
	2.3. Test Equipment and Materials
	2.4. Test Environment
	2.4.1. Test Procedure for Speech Recognition in Quiet
	2.4.2. Test Procedure for Speech Recognition in Noisy

	2.5. Statistical Analysis

	3. Results
	3.1. Improvement in Speech Recognition Performance
	3.1.1. Word Recognition Test
	3.1.2. Sentence Recognition Test 


	4. Discussions
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

