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Abstract
Introduction

Hearing loss has severe effects on the individual. Most hearing-impaired adults delay obtaining treatment. Diagnostic
hearing testing at an appropriate facility is difficult and new methods for screening are needed to provide easy access for

patients and optimum outcomes on rehabilitation.

Aim

The purpose of this study was to examine the effectiveness of android application-based hearing screening by Hear WHO

app Vvis a vis pure tone audiometry.

Methodology

160 patients for hearing evaluation by pure tone audiometry where subjected to app-based hearing test Hear WHO. The test
was evaluated in terms of sensitivity and specificity when compared against gold standard such as Pure Tone Audiometry (PTA).

Results

The sensitivity of WHO hearing app Hear WHO was 82% and 95% specific as compared to pure tone audiometry. WHO
based hearing app was considered a feasible option for screening of hearing.

Conclusion

The application may be used as a screening tool for hearing loss
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Introduction

Hearing loss affects close to 1.3 billion people and is a growing
global health concern as the fourth leading contributor to years
lived with disability, [1] The global economic cost associated
with hearing loss is estimated at 750 billion United States dollars
(US$) annually [2].

There is a need to detect hearing loss early. The present meth-
ods of detecting hearing loss are free field hearing and puretone
audiometry which require trained medical manpower. There is
a need for an easily accessible self-test which can be done by
the individual himself. Development of smartphone apps have
harnessed technology to create self administered hearing tests.
Speech based applications assess users ability to recognise
speech in noise in different environments. WHO adopted this

approach and launched an app HEAR WHO in 2019 to assess
hearing.

Objectives of this study
To find whether android app based hearWHO app can be used as
a screening tool for early detection of hearing loss

Materials and methods

160 patients referred for hearing evaluation by Puretone audi-
ometry were subjected to smart phone app based hearing test
Hear WHO and the results were compared to pure tone audiom-
etry. The app was downloaded from google play store and was
free for use. The app Hear WHO is a self-explanatory diagnostic
hearing test. A normal insert headphone/earphone was used for
the test. The study was carried out after taking consent.
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All patients belonged to the age group between 18years to 65
years. The number of male patients was 106 and 54 were fe-
males. Sample size for comparing the sensitivity of a new test
with a gold standard test with5% level of significance and power
of study being 99%the sample size was 133, here we took 160
as sample size.

These patients were subjected to hearing assessment using 1.
Pure tone audiometry: A GSI 38 audiometer was used to con-
duct audiometry by a qualified audiologist. It was carried out in
a standard audiometry room fulfilling BS EN ISO standards. 2.
Hear WHO app test: It is a digit-in-noise test where recorded
digit triplets (for example, 4-2—7) in background speech-shaped
noise are present to determine the signal-to-noise ratio where a
person can identify 50% of triplets correctly. 23 responses of the
patient to varying sounds are taken. The equipment comprised
of a smart phone used in the department for carrying out audi-
ometry with standard insert earphones. The test was carried out
by the patient himself in the outpatient department room and
not in audiometry room so as to simulate environment where
audiometry facility is not available. The criterion for abnormal
hearing was predefined for the study as follows: 1. Pure tone au-
diometry: Average air conduction thresholds at S00Hz, 1000Hz,
2000Hz, 3000Hz ,4000 Hz more than 25 dB. 2. Android appli-
cation Hear WHO: Score less than 50

. Score above 75- good hearing.
. Score between 50 to 75 - check hearing regularly
. Score below 50 shows- hearing loss lower the score

more the loss

The observers were blinded to the results

The test environment (Audiology room) met all the specifica-
tions as per the guidelines laid by American National Standards
Institute, 1999).

The ambient noise did not exceed 35 dB as recommended by
BSA (2011).

Ambient noise level in OPD was 45dB

The data was analysed using MS Office (Excel) and IBM SPSS
Statistics-version 20. A typical cross tabulation analysis utiliz-
ing the 2x2 contingent table was computed to determine the
diagnostic accuracy indices like sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV).Institu-
tional ethical committee clearance was taken for the study.

Results
On App - 118 had score above 50
42 had score below 50
On Audiometry:
45 patients had some degree of hearing loss (including 37 with
app score below 50)
5 pts with app score below 50 had normal audiometry

Table 1: Hearing loss on audiometry

Positive Negative
Hearing loss on app Positive True positive 37 | False positive5
Hearing loss on app Negative False negative 8 | True negativell0

Sensitivity 37/45= 82%
Specificity 110/115=95%
PPV 37/42=88%
NPV 110/118=93%

Discussion

Hearing loss has a substantial impact on psychosocial wellbeing
and economic independence [3]. If acquired in childhood, before
speech has developed, hearing loss can impede language devel-
opment and hence limit educational attainment [4]. Hearing loss
also has high societal costs, mainly due to losses in productiv-
ity*. If hearing impairment is identified early and treatment is
provided, many of these negative effects can be avoided [5, 6].
As hearing loss can be a gradual process, it is important to iden-
tify and provide options to enhance communication or identify if
another issue is at hand, such as a pathology or neurological is-
sue. People with hearing loss wait an average of seven years be-
fore seeking help. In case of sudden sensorineural hearing loss,
the treatment needs to be instituted immediately to treat hearing
loss lest may lead to permanent handicap.

To maintain health, regular hearing loss screening and treatment
is necessary. If identified, hearing aids or cochlear implants can
substantially help most people and early detection and treatment
may facilitate rehabilitation.

Substantial challenges exist in screening for hearing impairment

due to severe shortage of hearing health care professionals (ie,
audiologists, speech pathologists, and ear, nose, and ENT spe-
cialists). Due to these barriers, hearing impairment remains un-
detected and unmanaged for a substantial number of people in
the periphery.

It is imperative to detect hearing loss at early stage to take imme-
diate remedial measures. One of the current methods of screen-
ing of hearing is by Free Field Hearing which has numerous
shortcomings. It is a subjective test with poor predictive value,
lack of reproducibility, accuracy & standard technique. More-
over, it is known to have low sensitivity and specificity [7].

There is a huge demand for mobile devices that can assist people
to conveniently have their hearing health checked. The advan-
tages of the smartphone-based solution are portability, self-as-
sistance, low cost, and it being less time consuming compared to
the formal clinical facilities. Smartphone-based applications can
have high reliability, sensitivity, and specificity towards identi-
fying potential hearing loss [8].

Newly developed methods for screening such as telephone-based,
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Internet based, and smartphone-based screening [9] aim to pro-
vide easy access for patients and reliable outcomes. For this rea-
son, simple inexpensive testing is preferable to advanced test-
ing, at least for initial screening. Smartphone-based screening is
particularly attractive because of the widespread penetration of
mobile phones and cellular network reception globally [9].

Speech-based apps typically assess ability to recognize speech
in noise. Unlike pure tone audiometry, these tests do not require
calibration, allowing use across various devices and headphones
[10, 11]. Speech-in-noise tests directly evaluate what people
with hearing loss find most challenging, understanding speech in
acoustically challenging environments. These tests are thus con-
sidered more representative of impairment in functioning than
pure tone audiometry Digits-in-noise tests present recorded dig-
it triplets in background speech-shaped noise to determine the
signal-to-noise ratio where a person can identify 50% of triplets
correctly. Highly correlated with Puretone audiometry, digits-
in-noise tests’ sensitivity and specificity are up to 90% and can
be completed in three minutes [11].4=88% The World Health
Organization recently adopted this approach for the hearWHO
app (i0S and Android) released on World Hearing Day 2019.
This app was created by hearX group which was founded at the
University of Pretoria in 2015 by professor De Wet Swanepoel
and Dr Herman Myburgh.

This app has a new version of the digits-in-noise test and uses
antiphasic digit stimuli that make the app sensitive to a range
of hearing losses including sensorineural, conductive and asym-
metrical losses [12].. The new hear WHO app is designed to
draw attention to the importance of early detection of hearing
loss. According to the World Health Organization, the sponsor
of the app, hear WHO is based on a validated digits-in-noise
technology: users are asked to concentrate, listen, and enter into
their mobile device a series of three numbers when prompted.
These numbers have been recorded against varying levels of
background sound, simulating listening conditions in everyday
life. The app displays the user’s score and its meaning and stores
the outcome of the test so that the user can monitor hearing sta-
tus over time. Reminders to take the test regularly can be set by
users.

The increasing availability of apps provides an opportunity to
integrate their use into screening for ear and hearing conditions
in a cost effective and mobile way These techniques would in-
volve an offsite ENT, negating the need for such a specialist to be
present with the patient, to help deal with the substantial human
resource shortage. The portability, accessibility, self-administra-
tion, and low-cost nature of ear and hearing apps still offer an
exciting opportunity to overcome the key barriers to screening
for ear and hearing.

Advantages of mobile-based digital hearing test solutions in-
clude accessibility, affordability, advanced sensors and soft-
ware-based quality control, alongside integrated cloud-based
data management [13]. Some apps allow tracking hearing status
over time and can also be linked to decision-support resourc-
es that encourage users to act on hearing loss. One of the chief

advantages of the test was that it was free to download, and no
internet connection was required to carry out the test.

Limitations of app based hearing include need for a certain edu-
cation level to use an app, access to smart phone/wifi and cannot
be used in small children. App cannot quantify the hearing loss
or differentiate between type of hearing loss.There can be re-
sponder bias in responding to stimulus and app is only available
in englissh language.

Conclusion
App based hearing screening using WHO Hear app offer an a
promising alternative to conventional screening methods.

Recommendations
It is recommended that the android based hearing screening app
Hear WHO be incorporated to carry out hearing screening.

References

1. Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A,
et al.; GBD 2015 Disease and Injury Incidence and Prev-
alence Collaborators. Global, regional, and national inci-
dence, prevalence, and years lived with disability for 310
diseases and injuries, 1990-2015: a systematic analysis for
the 3Global Burden of Disease Study 2015. Lancet. 2016 10
8;388(10053):1545-602.

2. Resolution WHA70.13. Prevention of deafness and hear-
ing loss. In: Seventieth World Health Assembly, Geneva, 31
May 2017. Geneva: World Health Organization; 2017

3. Olusanya BO, Neumann KJ, Saunders JE. The global bur-
den of disabling hearing impairment: a call to action. Bull
WorldHealth Organ 2014 May 1;92(5):367-373

4. Mohr PE, Feldman JJ, Dunbar JL. The societal costs of se-
vere to profound hearing loss in the United States. Policy
AnalBrief H Ser 2000 Apr;2(1):1-4. [Medline: 11763878]

5. Moeller MP. Early intervention and language development
in children who are deaf and hard of hearing. Pediatrics
2000Sep;106(3):E43.

6. Arlinger S. Negative consequences of uncorrected hearing
loss—a review. Int J Audiol 2003 Jul;42 Suppl 2:2517-
2820.

7. Pirozzo S, Papinczak T, Glasziou P. Whispered voice test
for screening for hearing impairment in adults and children:
systematic review. BMJ. 2003;327(7421):967

8. Mobile industry impact report: sustainable development
goals. London: Groupe Spéciale Mobile Association; 2018

9. Yeung JC, Heley S, Beauregard Y, et al. Self-administered
hearing loss screening using an interactive, tablet play audi-
ometer with ear bud headphones. Int J Pediatr Otorhinolar-
yngol. 2015;79(8):1248-1252.

10. Smits C, Merkus P, Houtgast T. How we do it: The Dutch
functional hearing-screening tests by telephone and inter-
net. Clin Otolaryngol. 2006 Oct;31(5):436—40.

11. Potgieter JM, Swanepoel W, Myburgh HC, Hopper TC,
Smits C. Development and validation of a smartphone-based
digits-in-noise hearing test in South African English. Int J
Audiol. 2016 07;55(7):405-11.

12. De Sousa KC, Swanepoel W, Moore DR, Myburgh HC,

J ENT Surg Res, 2023

Volume 1 | Issue 1| 03



Smits C. Improving sensitivity of the digits-in-noise test us-
ing antiphasic stimuli. Ear Hear. 2019 Aug 13;1.

13. Yousuf Hussein S, Swanepoel W, Mahomed F, Biagio de
Jager L. Community-based hearing screening for young
children using an mHealth service-delivery model. Glob
Health Action. 2018;11(1):1467077.

Copyright: ©2023 Angshuman Dutta. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J ENT Surg Res, 2023 https://opastpublishers.com/ Volume 1 | Issue 1 | 04



