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Abstract

Globally, hearing impairment affects over 466 million people, creating barriers to
accessing audiometric testing and timely diagnosis. Conventional methods often prove
challenging to access, especially for people with limited resources or any other disadvantages.
The proposed innovative "Sound Metric Proximity Hearing App" aims to revolutionize
auditory health through mobile technology. Utilizing advanced techniques such as frequency-
specific sound generation, individual ear sound production, and obstacle detection, the app
provides comprehensive hearing tests through a user-friendly platform. The application is
developed using React Native for the frontend and Django for the backend. It integrates
seamlessly with mobile devices and databases, ensuring efficient and reliable performance.
With simple result export and tools for early detection, the application enhances the
accessibility and efficiency in hearing assessments. It bridges gaps in traditional testing
methods, empowering users to proactively manage their auditory health. The "Sound Metric
Proximity Hearing App" addresses the essential need for accessible, efficient hearing tests,
making a positive impact on global auditory health. Through its innovative approach, the app
aims to reduce the stigma associated with hearing loss and promote early intervention. By
providing a convenient tool for educators, the app supports classroom management and
improves learning environments. With its potential to reach unprivileged people and enhance
awareness, the proposed sound metric application is devised to contribute significantly to

global auditory health.
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1. Introduction

Introducing the "Sound Metric Proximity Hearing App,” an innovative mobile
application at the forefront of transforming auditory health management. This app is designed
to enable users by providing a comprehensive set of features designed to assess and monitor

their hearing health conveniently and effectively.
1.1 Key Features and Scope

The "Sound Metric Proximity Hearing App" boasts an intuitive and user-friendly
interface, ensuring accessibility for users of all ages [1]. One of its key features is the ability
for users to conduct personalized hearing tests directly from their smartphones. This
functionality allows individuals to track changes in their hearing over time, with the app
providing detailed results and customized recommendations based on the test outcomes [2].

In addition to its assessment capabilities, the app serves as a valuable educational
resource hub on various aspects of hearing loss, including its causes and available management
options. Users can access a various articles, videos, and infographics to gain deeper insights
into maintaining optimal auditory health [3]. For those considering hearing aids, the app offers
a dedicated section where users can explore different hearing aid options, compare features,

and find local providers [4].

Recognizing the importance of telehealth in modern healthcare, the app seamlessly
integrates tele audiology services. This feature enables users to schedule virtual consultations
with audiologists for remote assessments and personalized recommendations, enhancing
accessibility to hearing care [5]. Moreover, the app provides customizable settings for both
hearing tests and user profiles, ensuring that users receive accurate and customized results

based on their specific hearing profiles and preferences [6].

1.2 Benefits

The "Sound Metric Proximity Hearing App™ brings a host of benefits to its users. It
improves access to auditory health assessments, particularly benefiting individuals in remote
areas or those with limited resource availability [7]. By enabling users to conveniently monitor

their hearing health and conduct tests from anywhere, the app promotes proactive management
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of auditory well-being. The inclusion of extensive educational resources further enhances users'

understanding of hearing loss and available treatment options [8].

2. Related Work

A thorough examination of existing literature provides valuable insights into the
landscape of auditory health assessment and management. Sharma et al. (2020) investigated
the prevalence and severity of hearing loss among the older old population, highlighting its
significant impact within this demographic [1]. Potgieter et al. (2015) focused on the
development and validation of a smartphone-based digits-in-noise hearing test in South African
English, showcasing advancements in mobile technology for hearing assessments [2]. Goman
and Lin (2016) discussed the prevalence of hearing loss in the United States, categorizing it by
severity and focusing on the scale of the issue [3]. The association between hearing loss and
cognitive decline in older adults was explored by Lin et al. (2013), emphasizing the need to
address auditory health for overall cognitive function [4]. Mohr et al. (2000) investigated the
societal costs of severe to profound hearing loss in the United States, revealing the economic
burden it poses [5]. Gates and Mills (2005) provided insights into presbycusis, the age-related
hearing loss affecting many older individuals [6]. Deal et al. (2017) conducted the Health ABC
Study, examining the link between hearing impairment and incident dementia and cognitive
decline in older adults, offering valuable longitudinal data [7]. Golub (2017) explored brain
changes associated with age-related hearing loss, focusing on the physiological aspects [8].
Gopinath et al. (2009) looked into depressive symptoms in older adults with hearing
impairments, pointing to the mental health implications [9]. Lee et al. (2010) investigated the
relationship between hearing impairment and depressive symptoms in an older Chinese
population, contributing to the understanding of cultural factors [10]. Mener et al. (2013)
highlighted the association between hearing loss and depression in older adults, emphasizing
the necessity for comprehensive care [11]. Golub et al. (2019) associated audiometric age-
related hearing loss with depressive symptoms among Hispanic individuals, further underlining
the mental health aspects [12]. In the field of hearing aids, Ferguson et al. (2017) conducted a
comprehensive review on hearing aids for mild to moderate hearing loss in adults, providing
insights into treatment options [13]. Chien and Lin (2012) studied the prevalence of hearing
aid use among older adults in the United States, indicating adoption rates [14]. Simpson et al.
(2019) conducted a longitudinal cohort study on the time from hearing aid candidacy to
adoption, revealing factors influencing adoption rates [15]. Patel and McKinnon (2018) offered
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an overview of hearing loss in the elderly, emphasizing the necessity for comprehensive care
[16]. Tao et al. (2018) focused on tele audiology services for rehabilitation with hearing aids
in adults, showcasing the potential of telehealth [17]. The role of human factors in telehealth
was discussed by Demiris et al. (2010), highlighting the importance of user-centred design
[18]. Heinz et al. (2013) explored perceptions of technology among older adults, providing
insights into user preferences [19]. Sarkar et al. (2016) assessed the usability of commercially
available mobile applications for diverse patients, emphasizing the importance of accessibility
[20]. Wildenbos et al. (2015) proposed a framework for evaluating mHealth tools for older
patients on usability, offering a structured approach [21]. Czaja et al. (2019) discussed
principles and creative human factors approaches for designing for older adults, emphasizing
customized design [22]. Mitzner et al. (2019) provided findings from the PRISM trial on
technology adoption by older adults, showcasing factors influencing adoption [23]. Czaja et al.
(2014) explored the use of a telehealth system by older adults with hypertension, indicating the
potential for remote healthcare management [24]. Portz et al. (2019) utilized the technology
acceptance model to explore user experience with a patient portal among older adults with
multiple chronic conditions, providing insights into user behaviour [25]. Through an
exhaustive review of existing literature, a comprehensive understanding of the challenges and
advancements in audiology was obtained. The "Sound Metric Proximity Hearing App"
represents the culmination of these insights, integrating advanced technologies, user-centric
design principles, and legal compliance. It aims to provide a comprehensive and accessible
platform for auditory health assessment and management, ultimately enhancing the quality of

life for individuals with hearing impairments.

3. Proposed Work
3.1 Overview

The "Sound Metric Proximity Hearing App" represents a cutting-edge approach to
auditory health assessment and care. Leveraging advanced technologies like React Native and
Django, the app delivers a seamless user experience. Its features include personalized
assessments, obstacle detection, and secure data handling, empowering educators and
healthcare professionals alike. By facilitating accurate evaluations and timely interventions,

the app seeks to significantly improve the quality of life for those with hearing impairments.
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3.2 Methodology

The evaluation methodology for the "Sound Metric Proximity Hearing App" adopts a

mixed-methods approach, combining qualitative interviews and quantitative surveys to collect

extensive data on auditory health assessment. The workflow begins with users logging in and

receiving unique test codes, which are automatically recorded for teachers' review. This aids

in identifying students with hearing impairments, who can then opt for retesting or professional

referral. The workflow emphasizes efficiency with automated recording and clear paths for

follow-up actions. Privacy is maintained through secure data handling, and teachers have

centralized monitoring capabilities. Collaboration with healthcare professionals ensures

holistic care, and clear instructions enables users to manage their auditory health. The process

begins with a noise check, prompting users to optimize their testing environment for accurate

results. Users then select ears for evaluation, detect sound frequencies, and record responses,

with a detailed assessment display. This streamlined process, combined with visual prompts,

enhances user engagement and accessibility, ensuring precise and reliable hearing assessments.
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Figure 1. (a), (b) Workflow

Figure 1 (a) and (b). lllustrates the Workflow of Sound Metric Proximity Hearing App
The application integrates the cutting-edge algorithms and methodologies to perform noise
checks and accurately predict noise levels during audiometric testing. These advanced
techniques are essential for ensuring the reliability and accuracy of the testing process,
ultimately leading to improved quality of hearing healthcare services provided to users. The
proposed system utilizes adaptive filtering, the Fast Fourier Transform (FFT) for frequency
analysis, and a Hidden Markov Model (HMM) to detect patterns in background noise. A pop-
up notification advises users to move to a quieter location if noise levels exceed a set threshold.
For obstacle detection, the app employs a Convolutional Neural Network (CNN) along with
edge and contour detection, with alerts triggered by a rule-based system. The phone's
microphone captures the background noise. These methodologies significantly improve the

accuracy of audiometric testing and the overall quality of hearing healthcare services.
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3.3 Design Procedure
The mobile application is developed on Expo, an open-source platform that supports
user-friendly mobile app development and testing. The Figure.2 shows the flow of data from

the user interface to the backend and database.

User Interface ( React App Logic an Control Backend Server Database(PostgresQL)
Native) (React Native) (DJango)

eLogin/Registration - *Frequency Generation eUser Managment eUser Data

eHearing Test screen eResponse Recording - eTest Data Storage - eTest Results
eEducational Resources eTest Management eResult Analysis eEducational Content
eResults Display eData collection *API for data exchange eReferral Information

Figure 2. Data Flow Diagram

The user interface is designed to conduct the hearing tests and display the results of
testing.

Frontend: The react native libraries are utilized to generate and play back sounds at
different frequencies for basic hearing test. This is done by using pre-recorded sound files that
are obtained at different frequencies. These files are generated through the online tone
generators and placed in the React Native project assets folder. These audio files are played
and managed using the react_native_sound library. The routing and the navigation are
managed using the @react-navigation/native package.

Backend: The Django REST framework creates a RESTful API to manage the hearing
test, user data and handle all the requests received from the frontend.

4. Results and Discussion
The proposed mobile app developed for audiometry testing has six major modules.

First Module, is the user authentication module which includes two distinct interfaces
for users(students) and teachers enabling account creation, login, and access to audiometric
tests. It ensures a streamlined experience with user friendly design elements, enabling an easy
registration and a secure login by implementing a token-based authentication with JWTs
(JSON web tokens) ensuring a sensitive data is transmitted over HTTPs and stored securely.
Additionally strong passwords and robust access controls are employed on the backend to

prevent unauthorized access. The student’s login is permitted with a unique test code managed
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by the teachers. The teacher login, consists tools for patient profile management, test
customization and data analysis, to have the details of the students with hearing impairment.

The Figure 3 shows the user authentication pages of proposed audiometry testing app.
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Figure 3. User Authentication

In Figure 3, authentication page involves users entering their credentials (username,

password), which are then securely checked by the server for access.

The Second Module, is the class room management module. It enables the teachers to
create and manage the classrooms for the audiometric testing. The teachers log in, inputs the
details of the classroom, and generates unique code for the classroom for the students use. The
app allows teachers also to have self-tests. This enables the teachers to monitor the progress

and manage the testing environment effectively.
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Figure 4. Classroom Management
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Figure 4 illustrates the workflow of the classroom management module in the Sound
Metric Proximity Hearing App, showcasing how teachers create classrooms, generate room
codes for student access, and conduct self-tests for audiometric testing.

The Third Module, is the preliminary checks module, within the Sound Metric
Proximity Hearing App. This serves as an essential preparatory step to ensure optimal
conditions for accurate audiometric testing. It guides users to wear headphones, turn off
notifications, and remain silent during testing to minimize distractions and enhance test
validity. This step ensures quiet environments with minimal distractions to enhance the
validity of audiometric results. The app uses the react-native-microphone-stream to access the
phone’s microphone, capturing background noise. The Fast Fourier Transform (FFT) is
implemented using fft.js in conjunction with Python libraries like numpy and scipy for
frequency analysis. Abnormalities or excessive noise are detected using a Hidden Markov
Model (hmmlearn library), while adaptive filtering enhances signal quality, categorizing
ambient noise from moderate to severe. The module also performs obstacle detection using
OpenCV and TensorFlow for image processing with a CNN model, edge, and contour
detection. A rule-based system triggers pop-up alerts when obstacles, such as earrings, are
detected.
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Figure 5. Preliminary Checks
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Figure 5 illustrates the preliminary Checks module in the audiometry app ensures
accurate testing conditions by confirming a quiet environment, headphone use, no speaking,

and assessing noise levels.

The fourth module, is the user interface, within the Sound Metric Proximity Hearing App.
It is a pivotal component that facilitates user interaction and navigation through various
functionalities. Upon accessing this module, users are presented with the "Echo Rhythms”
page, which serves as the central hub for accessing different subtopics and features. One
prominent feature is the "Start Full Test" option, which initiates comprehensive audiometric
testing for users seeking to assess their hearing capabilities thoroughly. Additionally, the
module provides clear instructions for new users, ensuring they understand how to navigate the
app and perform audiometric tests effectively. Legal compliance information is also accessible,
providing users with important regulatory and privacy disclosures to ensure transparency and
adherence to relevant laws. Another valuable feature is the "Doctors Near Me" function, which
leverages location services to identify nearby Ear, Nose, and Throat (ENT) doctors, facilitating
easy access to healthcare professionals for consultation or treatment this is facilitated by giving
the longitude and the latitude co-ordinates of the doctors nearby. This feature is still in the
development stage. Currently, it is designed to focus on doctors available in specific areas.
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Figure 6. Test Progress

Figure 6 illustrates the test progress module systematically assesses users' hearing with
clear instructions and Bluetooth-enabled sound detection across five threshold levels for

comprehensive evaluation.
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The final module, is the Test Result module, it is an important stage in the Sound Metric
Proximity Hearing App, here the data collected from the previous modules is analysed to
provide users with comprehensive hearing assessment outcomes. Upon completion of the
audiometric tests in the fifth module, the average hearing threshold for each ear is calculated.
This average is then compared against predefined ranges to determine the severity of the user's
hearing impairment. The module categorizes hearing loss into six levels: normal, mild,
moderate, moderately severe, severe, and profound, each with distinct threshold ranges
representing varying degrees of impairment. After the calculations for both the left and right
ears are completed, the module displays the results, indicating the respective level from the six
categories for each ear. Additionally, the module generates audiogram graphs, visually
representing the user's hearing thresholds across different frequencies. These graphs provide a
clear visualization of the user's hearing profile, aiding in understanding and interpretation of
the results. Furthermore, the module offers functionality to export the results into a PDF format,
facilitating easy sharing through messaging apps like WhatsApp or other social media
platforms. This enables users to conveniently share their audiometric test results with
healthcare professionals, family members, or other relevant parties for further consultation or
treatment planning. By providing detailed and visually informative results, the Test Result
module empowers users to make decisions regarding their hearing health and facilitates
seamless communication with healthcare providers, ultimately contributing to improved

accessibility and quality of care in the field of hearing healthcare.

Your Results -

Figure 7. Test Results
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Figure 7 illustrates the test result module categorizes hearing loss, generates audiogram
graphs, and facilitates result sharing for enhanced user understanding and communication with
healthcare providers.

The app is deployed on Google Cloud Platform (GCP), to ensure seamless access for

users while maintaining high levels of performance and availability.

5. Conclusion and Future Work

The "Sound Metric Proximity Hearing App" is a significant advancement in auditory
health assessment, addressing challenges in traditional audiometric testing. Developed using
React Native for the frontend and Django for the backend, the app offers a user-friendly
experience through innovative features, like frequency-specific sound generation. By
integrating advanced algorithms, the app enhances accuracy and provides valuable auditory
health insights. Future collaborations with educational institutions and healthcare facilities,
along with efforts to support multiple languages and improve accessibility, will drive
widespread adoption. The app's potential to improve lives, particularly for those with hearing
impairments, will be realized through continuous development and strategic partnerships of

education institutions and healthcare providers.
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