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ABSTRACT Hearing loss is a condition where the normal hearing process is impaired in one or both ears. Based on the
hearing threshold, hearing loss can be classified as mild, moderate, severe, or very severe. To diagnose hearing loss, an
audiometry examination is commonly used to assess hearing function and determine the degree of hearing impairment.
However, differences in measurement accuracy between manual methods and conventional audiometry devices may exist and
need to be evaluated. This study aims to identify hearing loss by applying hearing thresholds using pure-tone audiometry and
to compare the results of a custom audiometry module with conventional audiometry equipment. Hearing loss was assessed
using a pure-tone audiometry module in both manual and automatic modes. The results were compared with a standard
audiometry device. The comparison focused on the hearing threshold values obtained for both the left and right ears. The study
revealed differences in average hearing threshold values between the module and the conventional audiometry in the left ear
was between 1.00 dB to 5.00 dB (1.00% to 20.00%) and the right ear was between 1.25 dB to 3.75 dB (4.2% to 30 %).The
custom audiometry module produced hearing threshold results consistent with the classification of hearing loss degrees
obtained from the conventional audiometry device. This indicates that the module is a dependable tool for identifying hearing
loss, maintaining consistency in hearing loss classification despite minor numerical differences in threshold values.

INDEX TERMS Hearing Loss, Degree of Deafness, Hearing Threshold, Pure-Tone Audiometry.

I. INTRODUCTION
Hearing loss is a condition of interference with the normal
hearing process in one or both ears [1]. If there is hearing
loss, there will be problems during the process of receiving
information and communication[2] . Sounds cannot be heard
clearly or even people with hearing loss cannot hear at all,
which is called hearing loss. The ear is an organ that works
as a receiver and conductor of sound and sound. Which is
where the ear has the anatomy of the outer ear, middle ear,
and inner ear [3]. Hearing loss conditions based on hearing
thresholds are hearing loss with mild, moderate, severe and
very severe degrees [4]. Apart from the degree, hearing loss
is also divided into three types including conductive hearing
loss, sensorineural hearing loss, and mixed hearing loss [5].
Hearing loss is influenced by several factors, including
age[6], having a disease (diabetes mellitus, hypertension,

include not being surprised when hearing loud sounds and
not responding when called or not looking for the source of
the sound. In infants, it will have an impact on the child's
growth and development. Because it will be difficult to
pronounce words and impact the child will experience
speech delay or speech delay [10][11]. So to avoid this, early
examination can be done. To check the presence or absence
of hearing loss in newborn babies, it can be done using an
OAE (Oto Acoustic Emission) tool which can function to
check for abnormalities in the clokea [12][13]. There are
several examinations that can be done to get a diagnosis of
hearing loss, including using the tuning fork test, tests using
audiometry  (pure tone audiometry and speech
audiometry)[14][15], using tympanometry [16]. However, to
determine the frequency range and intensity of sounds that
can be heard, namely with audiometric tests. Audiometry is

heart) [7], genetic factors in newborns[8], exposure to noisy
machine sounds[9]. Hearing loss not only occurs in adults
but also in infants and children. Symptoms of hearing loss in
adults in general are experiencing a decrease in sound during
the hearing process, such as sounds that are heard sounding
smaller, ringing in the ears or what is called tinnitus.
However, symptoms of hearing loss in infants and children

a tool that serves to determine the hearing function and the
degree of deafness experienced by the patient [17].
Audiometry has two examination techniques, namely speech
audiometry and pure tone audiometry[18][19]. Speech
audiometry functions for the ability to understand audible
speech . While pure tone audiometry is the ability to hear
sounds or tones given by the operator [20]. This audiometry
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examination is carried out by means of the patient being
paired with earphones in the ear and will be given a voice by
the operator and the patient will respond if he hears the sound
and the examination continues until the patient does not hear
or does not respond [21].

In 2013, Anton Ratrianto and colleagues conducted a
study focused on designing and developing a
microcontroller-based digital audiometer using the ATmega
8535. Their research covered the tool's design, fabrication,
and functional testing, demonstrating its capability to
generate diverse frequencies and sound intensities that
comply with audiometric standards. The measurement
outcomes were presented visually through an audiogram. In
2017, Jessica Van Tonder and colleagues conducted a study
aimed at evaluating the validity of a sound threshold test
using a smartphone application, hearTest, by comparing its
performance with traditional audiometry methods. The
research also explored the time efficiency of conducting
examinations with the application compared to conventional
audiometric techniques [22]. In 2019, Fei Chen and
colleagues investigated a smartphone-based hearing self-
assessment system that utilizes audiometry to detect hearing
loss across a range of frequencies in both ears. Their system
demonstrated the ability to deliver fast and accurate
examination results[23]. Seung Yeol Lee, et al evaluating the
Precision and Consistency of Audiometry through Mobile
Applications for Hearing Assessment [24]. The study
contains testing of smartphone-based applications for
hearing evaluation by making comparisons with
conventional pure audiometry tests. Hearing threshold tests
are measured using smartphone application-based
audiometry tests and the results are compared with
conventional pure audiometry tests.

In 2023, Aris I. Giotakis and colleagues conducted a
study to assess the advantages of air-conduction pure-tone
audiometry as a screening method for hearing loss compared
to the visual analog score (VAS)[25]. This study aims to
evaluate the benefits of air-conduction ear audiometry as a
screening method for hearing loss over the visual analog
score. Examination using Modified Pure-Tone Audiometry
(mPTA) is better than the VAS score for screening hearing
loss in primary health care because it is more sensitive and
fast. Based on the weaknesses and strengths of previous
research, the author wants to develop a tool to identify
hearing disorders using Pure-Tone Audiometry to make it
easier for doctors to and audiologists to identify hearing loss
faster and more accurately.

. MATERIALS AND METHODS

Hearing involves the senses within the ear, which is an
important organ for auditory function and balance
mechanisms. Audiometry examination is a test conducted to

measure hearing ability. Audiometry has two examination
techniques including: Pure-Tone Audiometry: The pure tone
examination uses frequencies of 250 Hz, 500 Hz, 1,000 Hz,
2,000 Hz, 4,000 Hz, 8,000 Hz. Patients can respond by
pressing the button on the device if they hear the sound on the
headphones. In determining the degree of deafness or degree
of hearing loss can be seen in the audiogram. Speech
Audiometry: The examination of speech tone is to determine
the ability to hear and understand speech given through
headphones. In this examination the patient responds by
imitating the words that are listened to [9]. This examination
aims to determine hearing loss in conductive and sensorineural
organs. One of the examinations used to detect the type of
hearing loss and determine the degree of hearing loss is
audiometric examination [26]. ESP 32: The ESP32
microcontroller is a microcontroller equipped with a very
complete chip with a processor, memory and GPIO access.
ESP32 is connected by Wi-Fi and ESP32 has 30 GPI1O and 36
GPIO with the same function. However, the 30 GPIO version
is more widely chosen because it has 2 GND pins. The ESP32
board has a USB to UART interface so it is easy to program
with application development programs such as Arduino IDE
[27]. TFT LCD: TFT (Thin Film Transistor) LCDs are widely
used to display high-quality visuals on various devices. This
technology is widely found in cell phones, laptops, and
everyday electronic devices. In addition, TFT LCDs are often
used in automotive systems, medical devices, and industrial
applications to provide clear and accurate data displays. Its
advantages include sharp colors, fast response time, and
adaptability to various needs.

A. Data Collection

Data collection was carried out by testing the audiometry
module tool to respondents. There were 8 respondents with
different ages ranging from 29 years old to 58 years old.
Testing was carried out using pure tones with varying
frequencies, namely between 125Hz-8000Hz. Respondents
will respond to the intensity of the sound given starting from
60 dB to the intensity of the sound that can be heard by the
respondent. Recording the results on the module will be
recorded in the form of an audiogram showing the
respondent’s hearing threshold at each frequency. Descriptive
analysis in this case is to calculate the average value of the
hearing threshold or called the Pure Tone Average (PTA)
which is used to determine the degree of hearing loss. The
calculation of the average hearing threshold refers to or uses
the ISO 8253-1: 2010 standard on audiometric testing methods
using air conductance and bone conductance including the
provisions of Pure Tone Audiometry testing. Average hearing
threshold measurements use frequencies of 500Hz, 1000Hz,
2000Hz, and 4000Hz. The hearing threshold value (in dB HL)
is obtained from the audiometry results recorded on the
audiogram at each frequency. Then the hearing loss was
identified (normal, mild, moderate, severe, and very severe).

B. Data Processing
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The resulting data set will form a graph Where this
measurement requires ESP32 as a microcontroller with C
language programming. The ESP32 board has a USB to
UART interface so it is easily programmed with application
development programs such as Arduino IDE. From ESP32,
it enters the signal generator circuit which functions as a sine
signal generator whose frequency can be adjusted through
the program. Then enter the digital attenuator/potentiator
circuit used to adjust the sound intensity level (dB) and enter
the amplifier to be amplified so that the sound can be heard
in the right headphone and left headphone. Then the
audiogram results can be displayed on the TFT LCD and can
be printed with a portable printer Based on FIGURE 1.
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FIGURE 1 Block diagram of Identification of Hearing Loss Based on
Hearing Thresholds Using Pure-Tone Audiometry.

The calculation of the average value to determine the
inspection result based on EQUATION 1:

value at 500Hz+value at 1000Hz+value at 2000Hz+value at 4000Hz (1)
4

Avarage:

After the PTA value is calculated, compare the result with
the hearing loss degree classification TABLE 1:

TABLE 1 Classification of Hearing Loss Degree

No Soun(z({]r;t)ensny Category
1 0-25dB Normal
2 26-40 dB Mild
3 41-55dB Moderate
4 56-70 dB Moderate to Extreme
5 71-90 dB Extreme

TABLE 1 Isa classification of hearing loss based on sound
intensity thresholds measured in decibels (dB). The table
classifies hearing loss based on sound intensity in decibels
(dB), ranging from normal (0—25 dB) to extreme (71-90 dB),
with increasing severity as follows: mild (2640 dB),
moderate (41-55 dB), and moderate to extreme (56-70 dB),
indicating the level of impairment and guiding appropriate
interventions.

M. RESULT

A. Hearing Threshold Measurement

The study involved eight respondents to compare hearing
threshold measurements between the custom module and
standard audiometry. Measurements were conducted across
frequencies ranging from 125Hz to 8000Hz, starting at 60 dB
to a sound intensity that can be heard by the respondent.
Recording of results on the module will be recorded in the
form of an audiogram and the average hearing threshold
value used to determine the degree of hearing loss.

B. Accuracy

TABLE 2 Presents the average hearing threshold results for
the left and right ears, along with the differences between the
module and audiometry, expressed in decibels (dB) and
percentages. The module demonstrated high accuracy, with
most average hearing threshold differences being below 5 dB
and percentage differences below 30%. Across all grades of
hearing loss, the module consistently identified levels of
hearing loss, ranging from normal to extreme, with results
consistent with standard audiometric measurements. This
demonstrates that the module is not only accurate in its
measurement of average hearing thresholds, but also reliable
in detecting levels of hearing loss across a range of clinical
categories.

TABLE 2 Results of Measurements using the Module and Audiometry.
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1
R 17.5 15.0 2.50 143 Normal
L 17.5 15.0 2.50 143 Normal
) .
R 17.5 15.0 2.50 143 Normal
L 27.5 26.5 1.00 36 Mild
3 .
R 30.0 26.5 3.50 11.7 Mild
L 15.0 12.5 2.50 16.7 Normal
4 .
R 12.5 8.75 3.75 30.0 Normal
L 25.0 20.0 5.00 20 Normal
5
R 15.0 13.75 1.25 23 Normal
L 17.5 15.0 2.50 143 Normal
6 .
R 25.0 22.5 2.50 10 Normal
L 100 98.75 1.25 13 Extreme
7 .
R 30.0 28.75 1.25 40 Mild
L 52.5 48.75 3.75 71 Moderate
3 .
R 52.5 48.75 3.75 71 Moderate
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FIGURE 2. Graphic of the average hearing threshold result between the
module and audiometry for the left ear.
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FIGURE 3. Graphic of the average hearing threshold result between the
module and audiometry for the right ear.

FIGURE 2. and FIGURE 3. Show graphic results of the
average hearing threshold measurements using the module
and audiometry for the left and right ears. In general, both
methods produce similar values, with an average difference
of less than 5 dB, which is within the limits of clinical
tolerance. In the left ear, the module recorded a slightly
higher hearing threshold than audiometry, while in the right
ear, the variation was more diverse but remained clinically
consistent.

Diagnostic Result
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FIGURE 4. Distribution of Hearing Loss Levels Based on Audiometry
Module Diagnosis

FIGURE 4. Show the majority of respondents diagnosed
with mild to extreme hearing loss have an average threshold
difference value in the range of 1.0-3.75 dB, which is still
within the accuracy limits of the device. With this accuracy,
the audiometry module can be used as an efficient alternative
for early detection of hearing loss, providing results
consistent with conventional audiometry devices. Although
the module demonstrated high accuracy, some differences
were observed during comparison with standard audiometric
results, such as in the right ear of Respondent 4, where the
percentage difference reached 30%. These errors may be
caused by factors such as differences in calibration between
the module and standard audiometric devices, environmental
conditions such as background noise, or respondent-specific
factors such as fatigue during long testing sessions. Although
these differences remain within clinically acceptable limits,
these results highlight the need for improvement in several
aspects, including more accurate calibration, better
algorithm design, and tighter environmental controls. With
improvements in these areas and expansion of the study to a
larger sample population, the module's reliability and
accuracy could be further improved, strengthening its
potential as a clinical tool for the diagnosis of hearing loss.

IV. DISCUSSION

This study demonstrates that the developed module delivers
accurate and reliable hearing threshold measurements,
closely matching the results obtained from standard
audiometry methods. On average, the differences in
threshold values between the module and conventional
audiometry were less than 5 dB, with percentage differences
below 20%. These findings confirm that the module provides
precision comparable to established audiometric devices,
highlighting its potential as an effective tool for hearing
assessment. The module's accuracy and resolution suggest it
could serve as a cost-effective and accessible option for
hearing assessments, especially in resource-constrained
environments. The minimal discrepancies in threshold
measurements validate its ability to assess hearing loss
across various levels of severity. Furthermore, the module's
effectiveness in classifying hearing conditions, from normal
to very severe loss, underscores its clinical utility. These
results are consistent with earlier studies on portable
audiometric devices, such as the work by Karavaev and
Pavlov (2024) [28] which introduced a similar device for
hearing assessment. Their research demonstrated precise
threshold measurements and portability for diagnostic
purposes. While both devices focus on accuracy and
mobility, the module in this study uses 10 dB increments for
sound intensity adjustments, a resolution slightly lower than
Karavaev and Pavlov's system, which supports finer
adjustments. The device developed by Karavaev and Pavlov
incorporates advanced electronic features for precise
measurement of pure-tone audiometry thresholds and
additional functionalities like pitch differentiation. While
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their system focuses on specialized technology for high-
precision assessments, the module in this study emphasizes
affordability and ease of use, making it particularly well-
suited for widespread implementation in diverse and
resource-limited settings. While the pitch measurement and
electronic data storage features in Karavaev and Pavlov's
system highlight opportunities for further enhancement, the
current module offers a strong foundation and demonstrates
significant potential as an accessible and effective hearing
assessment tool.
To address these challenges, future improvements
should focus on:
1. Enhancing Precision: Enable finer sound intensity
adjustments for greater accuracy.
2. Adding Digital Features: Include options to store
audiograms and input patient information.
3. Improving Compatibility: Integrate with electronic
medical record systems.
4. Expanding Validation: Conduct larger studies with
diverse populations to ensure reliability.
The module’s portability and affordability make it ideal for
remote or underserved areas. By improving its precision and
incorporating digital tools, the module could play a key role
in reducing untreated hearing loss. By building on prior
research and addressing its limitations, this study
underscores the importance of affordable, reliable, and
accessible audiometric devices. The findings provide a
foundation for further innovation in tackling global hearing
health challenges..

V. CONCLUSION

This study aims to identify hearing loss by applying hearing
thresholds using pure-tone audiometry and to compare the
results of a custom audiometry module with conventional
audiometry devices. The study also evaluate the module’s
effectiveness as a portable and cost-efficient alternative for
hearing assessment. With an average threshold error of £2.5
dB, the module maintains consistent classification of hearing
loss levels, ensuring reliability in diagnosing various degrees
of hearing impairment. Its features, including frequency and
intensity adjustments, Bluetooth-enabled printing, and visual
audiogram display, enhance usability and practicality for
field applications. These findings highlight the potential of
the module to improve accessibility to hearing assessments,
particularly in resource-limited or remote areas. Future
developments should focus on enhancing measurement
precision, integrating advanced features, and conducting
broader field trials to further validate its clinical utility and
expand its applications in audiological diagnostics.
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