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Audiology Applications of Tele-Health:
The global challenge … so many ears and so few audiologists

OutcomeIdentification InterventionDiagnosis

• Screening
• History
• Self-Referral
• Professional 

referral

• Hearing aids
• Aural Rehab
• Counseling
• Cochlear 

implant (s)
• Vestibular 

rehab
• Drugs
• Surgery

• Effective 
communication

• Efficient 
communication

• Academic 
success

• Self-sufficiency
• Economic 

independence
• Quality of life

• Immittance
measures

• OAEs
• Pure tone 

audiometry
• Speech 

audiometry
• Special 

Tests 

Tele-Health Principles and Practices 
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qTele-Health = clinical and non-clinical services
• Medical education and training (e.g., video-conferencing)
• Administration
• Research

qTele-Medicine = provision of clinical medical service
• Real time service delivery (synchronous)
• Store-and-forward techniques (asynchronous)

qReal-time transmission of data for remote
• Clinical screening, assessment or management
• Analysis 
• Interpretation

qRemote monitoring (e.g., cardiac parameters, EEG)

Tele-Health Principles and Practices 
Applied in Audiology: Terminology and Concepts



qTele-radiology*
qTele-cardiology
qTele-dermatology*
qTele-obstetrics and tele-gynecology
qTele-neurology
qTele-pediatrics
qTele-pharmacy
qTele-psychiatry
qTele-dentistry
qTele-surgery (robotic surgery)
qTele-pathology*

* Common applications are asynchronous (store-and-forward)

Tele-Health Principles and Practices 
Applied in Audiology:

Tele-Health in Other Disciplines

q The global challenge … so many ears and so few 
audiologists

q Terminology
q Tele-audiology: Technologies and strategies
q Tele-audiology: Rationale, populations, and venues
q Tele-audiology is evidence based
q Future directions in tele-audiology
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q Tele-audiology is the audiology application of tele-health
q Two general categories of tele-audiology

lAsynchronous (store-and-forward) 
lSynchronous (real time or live) 

q Tele-consultation regarding challenging patients
q Tele-education 

lStudents in audiology training programs anywhere
lTechnicians 
lAudiologists 

üAdvanced training 
üContinuing education

Tele-Health Principles and Practices 
Applied in Audiology: Technologies and Strategies  

q Asynchronous (store-and-forward) tele-audiology
lMost commonly used
lAny type of test information, e.g., 

üAudiogram
üTympanogram
üABR recordings
üVideo-otoscopy image

lMay include findings from automated testing
lTransmitted via 

üEmail
üFax
üDirect storage (e.g, DropBox)

Tele-Health Principles and Practices 
Applied in Audiology: Technologies and Strategies  



q Synchronous (real time or live) tele-audiology: Model 1
lHigh quality interactive video (e.g., dedicated or laptop Web 

camera)
lAudiologist views and oversees facilitator provision of 

services
lAudiologist intervenes to assure quality of services
lAudiologist analyzes findings following data collection

q Synchronous tele-audiology: Model 2
lAudiologist remotely controls test equipment using

üApplication sharing software
üInternet connection

lTechnician test skills and training are not important

Tele-Health Principles and Practices 
Applied in Audiology: Technologies and Strategies  

Tele-Health Principles and Practices Applied in Audiology: 
General Synchronous Technology Set Up 

( Krumm M & Syms MJ. Teleaudiology. Otolaryngol Clinics North America, 44, 2011)
Author's personal copy

less favorable. Further clinical and financial validation is needed to increase the adop-
tion of teleaudiology.

HYBRID MODEL

While the sole use of asynchronous or synchronous technology appears to be reason-
able in some circumstances, clinicians should consider the most efficient system
to deliver telehealth services. In many cases, a combination of synchronous and asyn-
chronous technology will yield the best solution for hearing health care services. This

Fig. 1. A synchronous hearing test system.

Fig. 2. The clinician equipment configuration for an audiologist administering telehealth
services. Note only a computer (with remote computing software) and a video system (either
web cam or dedicated video) are required at the clinician site.
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q Equipment requirements for synchronous audiologist remote-
controlled tele-audiology diagnostic evaluation 
lAudiology test equipment at patient venue
lTwo laptops
lTwo video conferencing units
lAudiologist controls panning and zooming
lTwo internet connections
lDesktop sharing software
lConstant real-time images
lAdjustable audio 

Tele-Health Principles and Practices 
Applied in Audiology: Technologies and Strategies  

KUDUwave Automated Audiometer

Tele-Health Principles and Practices Applied in 
Audiology: Automated Audiometry with a Facilitator

q Swanepoel D, Maclennan-
Smith F & Hall JW III (2013). 
Diagnostic pure tone 
audimometry in schools: 
Mobile testing without a 
sound-treated environment. 
JAAA, 24,  992-1000 

q Matthysen C, Swanepoel D, 
Hall JW III (2014). 
Automated pure tone 
audiometry outside a 
sound-booth using 
earphone attenuation and 
integrated ambient noise 
monitoring. 



Facilitator Training: 
International Hearing Care Technician Certificate

(www.aicme.com)

Jackie Clark, Ph.D.                                         James W. Hall, III, Ph.D.                                        James Saunders, M.D., F.A.C.S.

Spanish Language Instructors

Alexandra Feliz, Au.D.                                         Abraham Garcia, Au.D.                                         

International Hearing Care Technician Certificate:
Curriculum

Core Curriculum: 
Designed to provide general knowledge and skills required by a hearing 
care technician who will work under the supervision and direction of a 
physician, otolaryngologist or audiologist. Successful completion of the 
core curriculum leads to a Hearing Care Technician Certificate. 

Each Course Features:
A 48-60 minute  instruction through a narrated PowerPoint presentation on 
a focused topic. Presentations include text, figures, and video 
demonstrations to enhance the learning experience. 

Selected readings and resources, including websites and other internet 
sources information, are recommended for each topic. 



International Hearing Care Technician Certificate:
Courses are Grouped Into One of Three Categories

Basic hearing courses cover general knowledge of sound, 
acoustics, auditory anatomy and physiology.  

Auditory disorders courses provide a brief overview of 
disorders and diseases commonly encountered in patient 
population. 

Assessment Techniques category provides information needed 
in preparation for conducting techniques commonly applied in 
hearing assessment, such as otoscopic inspection, pure tone 
hearing screening and threshold assessment, tympanometry, 
and measurement of otoacoustic emissions. 

International Hearing Care Technician Certificate:
Grouping 1 (Basic Hearing Courses)

q Auditory anatomy and physiology
q Sound and acoustics 
q Professional responsibilities and liabilities

ü Universal precautions
ü Infection control
ü Patient confidentiality
ü Privacy and security 

q History taking and record keeping
q Patient needs and counseling
q Medical and audiological terminology



International Hearing Care Technician Certificate:
Grouping 2 (Common Ear Disorders and Diseases)

q External ear 
q Middle ear
q Inner ear
q Retrocochlear

International Hearing Care Technician Certificate:
Grouping 3 (Assessment Techniques)

q Otoscopic inspection and ear examination
q Hearing Screening and identification of hearing loss
q Introduction to the audiometer
q Pure tone hearing test techniques: 

ü Air conduction 
ü Bone conduction

q Masking theory and techniques



q Audiogram patterns 
q Simple speech audiometry
q Tympanometry 
q Otoacoustic emissions
q Introduction to diagnostic hearing assessment
q Introduction to hearing aids and other management options

* Special course modules are in preparation, e.g., hearing aids

International Hearing Care Technician Certificate:
Grouping 3 (Assessment Techniques Continued)*

International Hearing Care Technician Certificate:
Student Performance...Measuring Outcomes

q Each course concludes with an assessment of learner 
outcome that includes questions within different domains of 
learning as defined by revised Bloom’s Taxonomy, 
specifically:
ü Remembering (formerly knowledge)
ü Understanding (formerly comprehension)
ü Applying, analyzing, evaluating, and creating 

q For each course, recommendations and guidelines are 
offered for acquisition of related clinical and technical skills 
by technicians enrolled in the core curriculum.
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q Rationale
lIncrease access to quality hearing care
lReduce wait time for hearing care
lDecrease patient travel distance
lEnhance productivity (More services with fewer audiologists) 
lMinimize hearing care cost

q Sample of populations
lHearing services in large states with too few audiologists
lPersons living in remote or underserved regions

üNative Americans in southwest USA
üAlaska 

lVeterans in rural areas distant from VA Medical Centers

Audiology Applications of Tele-Health:
Rationale, Populations, and Venues … USA Perspective



q Hofstetter et al (2010). Impact of telehealth on wait time for 
ENT specialty care. Telemedicine J E Health, 16, 551-556 
(Nome Alaska)
l16 year retrospective study
lEvaluated impact of store and forward technology
lPrior to use of tele-audiology, 47% of patients would wait 

5 months or longer for an ENT appointment
lWithin first 3 years of tele-audiology/tele-medicine, 8% of 

patients waited 5 months or longer
lAfter 6 years of tele-audiology/tele-medicine, only 3% of 

patients waited 5 months or longer

Audiology Applications of Tele-Health:
Alaska  Experience

Audiology Applications of Tele-Health:
Rationale, Populations, and Venues … Global Perspective



Audiology Applications of Tele-Health:
Global Burden of Hearing Loss

90% of World Population is Without Access to Hearing Care

• WHO estimated in 2005:
– 278 million people (>40 dB HL)

• 4.3 % of global population
– 647 million people (>25 dB HL)

• 9.9 % of global population

• In 2008:
– 288 million people (>40 dB HL)
– 664 million people (>25 dB HL)

(WHO, 2006) 

q Rationale
lIncrease access to quality hearing care anywhere
lDeliver hearing care at lowest possible cost
lLink general physicians and technicians with formally 

educated audiologists
lMaximize impact of limited audiology personnel

q Sample of populations
lInfants undergoing hearing screening or diagnosis in 

countries with large populations and few audiologists
lPersons without access to complex clinical services, e.g.,

üCochlear implants
lPersons in remote or underserved regions … most of the 

developing world!

Audiology Applications of Tele-Health:
Rationale, Populations, and Venues … Global Perspective



q The global challenge … so many ears and so few 
audiologists

q Terminology
q Tele-audiology: Technologies and strategies
q Tele-audiology: Rationale and venues
q Tele-audiology is evidence based
q Future directions in tele-audiology

Tele-Health Principles and Practices 
Applied in Audiology

2014 AAA Convention: Featured Session
Tele-Health Principles and Practices Applied in Audiology

q Introduction (J Hall)
q Historical Overview of Tele-Health (C Spankovich)
q AAA White Paper on Status of Tele-Audiology (D Swanepoel)
q California Tele-Audiology Program: Remote Comprehensive 

Hearing Evaluations for Infants  (A Simon)
q Tele-Audiology in Rural India (V Ramkumar)
q The VA Experience: Telehealth as a Transformational Initiative 

(K Dennis)
q The VA Experience: Current Practices and Lessons Learned in 

Tele-Audiology (C Gladden)
q Panel Discussion with Audience Participation



Tele-Health Principles and Practices 
Applied in Audiology

q Video-otoscopy
q Pure tone audiometry
q Infant hearing screening (OAE and ABR)
q ABR estimation of hearing loss
q Diagnostic auditory assessment
q Vestibular assessment
q Rehabilitation

lCounseling patients and families
lHearing aid fitting and programming
lCochlear implant programming
lAural rehabilitation
lTinnitus and hyperacusis management

Tele-Health Principles and Practices Applied in Audiology: 
Summary of Evidence-Based Applications  
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O R I G I N A L R E S E A R C H

A Systematic Review of Telehealth
Applications in Audiology

De Wet Swanepoel, Ph.D.,1,2 and James W. Hall, III, Ph.D.3,1

1Department of Communication Pathology, University of Pretoria,
Pretoria, South Africa.

2Callier Center for Communication Disorders, School for
Behavioral and Brain Sciences, University of Texas at
Dallas, Texas.

3Department of Communicative Disorders, University of Florida,
Gainesville, Florida.

Abstract
Hearing loss is a pervasive global healthcare concern with an esti-
mated 10% of the global population affected to a mild or greater
degree. In the absence of appropriate diagnosis and intervention it
can become a lifelong disability with serious consequences on the
quality of life and societal integration and participation of the af-
fected persons. Unfortunately, there is a major dearth of hearing
healthcare services globally, which highlights the possible role of
telehealth in penetrating the underserved communities. This study
systematically reviews peer-reviewed publications on audiology-
related telehealth services and patient=clinician perceptions
regarding their use. Several databases were sourced (Medline,
SCOPUS, and CHINAL) using different search strategies for optimal
coverage. Though the number of studies in this field are limited
available reports span audiological services such as screening, di-
agnosis, and intervention. Several screening applications for popu-
lations consisting of infants, children, and adults have demonstrated
the feasibility and reliability of telehealth using both synchronous
and asynchronous models. The diagnostic procedures reported, in-
cluding audiometry, video-otoscopy, oto-acoustic emissions, and
auditory brainstem response, confirm clinically equivalent results for
remote telehealth-enabled tests and conventional face-to-face ver-
sions. Intervention studies, including hearing aid verification,
counseling, and Internet-based treatment for tinnitus, demonstrate

reliability and effectiveness of telehealth applications compared to
conventional methods. The limited information on patient percep-
tions reveal mixed findings and require more specific investigations,
especially post facto surveys of patient experiences. Tele-audiology
holds significant promise in extending services to the underserved
communities but require considerable empirical research to inform
future implementation.

Introduction

T
he field of audiology encompasses prevention, assessment,
and rehabilitation of hearing, auditory function, balance,
and other related systems.1,2 With an estimated 642 million
people in the world affected to a mild or greater degree, and

278 million to a moderate and greater degree, hearing loss is clearly a
significant global healthcare concern3 with pervasive and far–
reaching consequences. If not identified and treated early, children
with hearing loss may suffer lifelong disability due to developmental
delays in language, literacy, academic achievement, and social well-
being.4,5 Hearing loss in adults tends to isolate and stigmatize them,
leading to poor social participation and severely restricting voca-
tional opportunities, as evidenced by significantly higher under- and
unemployment.6 Hearing loss is therefore reported as one of the most
significant contributors to the global burden of disease.7

Audiological diagnosis and intervention for children and adults
with hearing loss offer the possibility of excellent outcomes as op-
posed to the negative consequences of undetected and undiagnosed
hearing loss without intervention services.8,9 The problem in pro-
viding the necessary services, however, is the shortage of audiological
professionals and services in the majority of regions in the world.10,11

Even in developed countries like the United States and Australia, rural
and remote communities may not be able to access the necessary
hearing healthcare services. Telehealth applications in audiology may
offer some solutions to the mismatch in the apparent need for services
and the limited capacity to deliver services.12 Using information and
communication technology in healthcare, as implied in telehealth,
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Abstract
Permanent hearing loss is a leading global health care bur-
den, with 1 in 10 people affected to a mild or greater degree. 
A shortage of trained healthcare professionals and associated 
infrastructure and resource limitations mean that hearing 
health services are unavailable to the majority of the world 
population. Utilizing information and communication tech-
nology in hearing health care, or tele-audiology, combined 
with automation offer unique opportunities for improved 
clinical care, widespread access to services, and more cost-
effective and sustainable hearing health care. Tele-audiology 
demonstrates significant potential in areas such as education 
and training of hearing health care professionals, paraprofes-
sionals, parents, and adults with hearing disorders; screen-
ing for auditory disorders; diagnosis of hearing loss; and 
intervention services. Global connectivity is rapidly growing 
with increasingly widespread distribution into underserved 
communities where audiological services may be facilitated 
through telehealth models. Although many questions related 
to aspects such as quality control, licensure, jurisdictional 
responsibility, certification and reimbursement still need to 
be addressed; no alternative strategy can currently offer the 
same potential reach for impacting the global burden of hear-
ing loss in the near and foreseeable future.

Sumario
La pérdida auditiva permanente es una importante carga para 
los cuidados de la salud a nivel mundial, con 1 de cada 10 
personas afectadas en grado ligero o mayor. La escasez de 
profesionales entrenados en cuidados de la salud y de infrae-
structura asociada y la limitación de recursos determina que 
los servicios de salud auditiva no estén disponibles para la 
mayoría de la población mundial. La utilización de informa-
ción y tecnología de la comunicación para los cuidados de la 
salud auditiva o teleaudiología, combinada con la automatiza-
ción, ofrece oportunidades únicas para mejorar los cuidados 
clínicos, ampliar el acceso a los servicios y tener cuidados de 
salud auditiva costoefectivos y sustentables. La Teleaudiología 
ha demostrado un potencial significativo en áreas como las 
de educación y adiestramientio de profesionales de la salud 
auditiva, profesionales afines, padres y adultos con problemas 
auditivos; tamiz de problemas auditivos; diagnóstico de pér-
didas auditivas y servicios de intervención. La conectividad 
global está creciendo rápidamente y ha aumentado de man-
era generalizada su distribución en comunidades con pocos 
servicios, en donde los servicios audiológicos pueden facili-
tarse a través de modelos de telesalud. No obstante,  existen 
muchas dudas que deben resolverse y que están relacionadas 
con aspectos como control de calidad, regulación del ejerci-
cio profesional, responsabilidad jurisdiccional, certificación y 
reembolso de servicios, pero no existe como alternativa nin-
guna otra estrategia  que pueda ofrecer actualmente el mismo 
potencial, para impactar el peso global de las pérdidas auditi-
vas en el futuro cercano o previsible.
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Abstract
Permanent hearing loss is a leading global health care bur-
den, with 1 in 10 people affected to a mild or greater degree. 
A shortage of trained healthcare professionals and associated 
infrastructure and resource limitations mean that hearing 
health services are unavailable to the majority of the world 
population. Utilizing information and communication tech-
nology in hearing health care, or tele-audiology, combined 
with automation offer unique opportunities for improved 
clinical care, widespread access to services, and more cost-
effective and sustainable hearing health care. Tele-audiology 
demonstrates significant potential in areas such as education 
and training of hearing health care professionals, paraprofes-
sionals, parents, and adults with hearing disorders; screen-
ing for auditory disorders; diagnosis of hearing loss; and 
intervention services. Global connectivity is rapidly growing 
with increasingly widespread distribution into underserved 
communities where audiological services may be facilitated 
through telehealth models. Although many questions related 
to aspects such as quality control, licensure, jurisdictional 
responsibility, certification and reimbursement still need to 
be addressed; no alternative strategy can currently offer the 
same potential reach for impacting the global burden of hear-
ing loss in the near and foreseeable future.
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los cuidados de la salud a nivel mundial, con 1 de cada 10 
personas afectadas en grado ligero o mayor. La escasez de 
profesionales entrenados en cuidados de la salud y de infrae-
structura asociada y la limitación de recursos determina que 
los servicios de salud auditiva no estén disponibles para la 
mayoría de la población mundial. La utilización de informa-
ción y tecnología de la comunicación para los cuidados de la 
salud auditiva o teleaudiología, combinada con la automatiza-
ción, ofrece oportunidades únicas para mejorar los cuidados 
clínicos, ampliar el acceso a los servicios y tener cuidados de 
salud auditiva costoefectivos y sustentables. La Teleaudiología 
ha demostrado un potencial significativo en áreas como las 
de educación y adiestramientio de profesionales de la salud 
auditiva, profesionales afines, padres y adultos con problemas 
auditivos; tamiz de problemas auditivos; diagnóstico de pér-
didas auditivas y servicios de intervención. La conectividad 
global está creciendo rápidamente y ha aumentado de man-
era generalizada su distribución en comunidades con pocos 
servicios, en donde los servicios audiológicos pueden facili-
tarse a través de modelos de telesalud. No obstante,  existen 
muchas dudas que deben resolverse y que están relacionadas 
con aspectos como control de calidad, regulación del ejerci-
cio profesional, responsabilidad jurisdiccional, certificación y 
reembolso de servicios, pero no existe como alternativa nin-
guna otra estrategia  que pueda ofrecer actualmente el mismo 
potencial, para impactar el peso global de las pérdidas auditi-
vas en el futuro cercano o previsible.
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Technology for hearing loss – as We Know it, and as We Dream it

Jackie L. Clark1,2 and De Wet Swanepoel1,3

1Callier Center, University of Texas at Dallas, Dallas, TX, USA, 2Department of Speech Pathology & Audiology, University of the Witwatersrand,
Gauteng, South Africa, and 3Department of Speech-Language Pathology and Audiology, University of Pretoria, Hatfield, South Africa

Abstract

Purpose: Worldwide demand for accessible hearing health technology continues to increase
while the numbers of hearing healthcare specialists are grossly inadequate to meet this
demand. Proliferation of innovative technology and the advent of greater access to global
connectivity are providing an opportunity to identify and harness new resources that may
change current audiological service delivery methods to maximize access, efficiency and
impact. Methods: By searching through the most current literature and engaging in discussions
with industry experts, it is possible to identify avenues that could increase services to those
who have hearing loss with innovative healthcare technology. This article aims to review the
current state as well as future trends of hearing health technology by addressing: Technology
as We Know it; and Technology as We Dream it. Results: Some of the newer technologies
we have recently witnessed include: micro processors; personalized computing devices
(e.g. smartphones); web-based applications; an expanding clinical repertoire with integrated
test equipment; and globalization of telecommunications that opens the door to telehealth;
and self-fitting of hearing aids. Yet, innovation continues scaffolding on recent successes
with innovations for hearing healthcare expected to increase into the future. Conclusion: As
technology and connectivity continue to evolve so should the practice of audiology adapt
to the global needs by capitalizing on these advances to optimize service delivery access
and sustainability.

! Implications for Rehabilitation

! Capital investment in equipment will be dramatically reduced with smaller, lighter, less costly
and more portable equipment.

! Individuals who live in remote regions with little or no hearing healthcare access can undergo
valid assessments by a professional via telehealth.

! Web-based applications allow clinicians to expand their repertoire and reach of services.
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Introduction

If the current available primary care medical workers remained
the same in the United States, it would result in an alarming
shortage of 20 400 practitioners by 2020. In fact, as the population
in the United States grows, it has been calculated that physician
services will need to increase by 22% by 2020 to meet the
demands [1]. As an ever growing worldwide population chal-
lenges the current patient to general healthcare professional ratios,
so too has the specialty of hearing healthcare felt the pressure
to ensure accessible and relevant services. An estimated 5.3%

of the world population is challenged by permanent disabling
hearing loss [2]. The aging population accompanied by a growing
diverse population, will account for much of the increased
demand over the coming decade in hearing healthcare. Of the
estimated 315 million total residents in the US, the greatest
demands for hearing healthcare (specifically audiology) services
across all ages will increase in elderly adults [3]. It is well
accepted that 30% of adults age 65–84 years will acquire
significant hearing loss, and more than half of those adults 85
years of age and older will acquire significant hearing loss [2].
Much like the supply of primary care physicians, qualified
audiologists are precariously insufficient in developing as well as
developed countries [3–5].

There are a number of possible avenues that may improve the
accessibility of audiological and hearing health services to those
in need. One solution would seemingly be to dramatically increase
the number of trained professionals. However, the solution is
unfeasible in the short term due to the expense and length in
initiating training programs in poorly resourced areas for 2–4
years of graduate level didactic and practical training typical of
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Tele-Health Principles and Practices 
Applied in Audiology: Video Otoscopy in Adults
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Asynchronous video-
otoscopy with a teleheatlh
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easily assessable. Otoscopic findings related to tympanic membrane
surface structure, thickness, color, and position, as well as the con-
cluding diagnosis, were documented. The aforementioned data col-
lection order wasmaintained during data collection for all participants.
One participant did not consent to acquisition of video-otoscopic
imaging of one ear by either the facilitator or the otolaryngologist
because of reported discomfort. Two other video-otoscopic images
were lost because of software error. The remaining 240 video-otoscopic
images (120 video-otoscopy images taken by a facilitator and 120
taken by the otolaryngologist) were randomly numbered from1 to 240.

Descriptive statistics were used to describe the mean image quality
rating for images taken by the otolaryngologist and by the telehealth
clinic facilitator and the frequency with which the tympanic mem-
brane surface structure, thickness, color, and position could be
evaluated.20 By classifying the diagnosis as normal or abnormal, the
sensitivity and specificity of video-otoscopic images acquired by the
facilitator and by the otolaryngologist were calculated with reference
to face-to-face otoscopic examination by the otolaryngologist as the
‘‘gold standard.’’

The chi-square statistic of independence could not be used to
compare conventional otoscopy with the video-otoscopic images as,
under the assumption that the null hypothesis is true, the cells dis-
played an expected frequency count of less than 5. The odds ratio, as
a statistic of independence for nonparametric data, was used to
compare conventional otoscopy with the video-otoscopic images. As
a measure of test performance, the odds ratio combines sensitivity
and specificity with accuracy as a single indicator.21

The kappa statistic (j) was used to quantify diagnostic concor-
dance between video-otoscopic images acquired by the facilitator
and by the otolaryngologist. The diagnostic concordance was based
upon the range in which j matches: ‘‘poor agreement’’ (j < 0.00),
‘‘slight agreement’’ (j = 0.01–0.20), ‘‘fair agreement’’ (j= 0.21–0.40),
‘‘moderate agreement’’ (j = 0.41–0.60), ‘‘substantial agreement’’
(j = 0.61–0.80), or ‘‘almost-perfect agreement’’ (j = 0.81–1.00).22

Diagnostic concordance between face-to-face otoscopy and oto-
scopic assessment of video-otoscopic images, acquired by the oto-
laryngologist and facilitator, was determined.

Results
The case history of the sample population included 29.5% with

previous history of earache, 4.9%with discharge, 42.6% with hearing
loss, 42.6%with tinnitus, and 18%with balance problems, and 14.8%
had other related complaints.

Examples of the video-otoscopic images are presented in Figures 1
and 2. According to the distribution of the asynchronous video-
otoscopic image grading (Table 1), a larger percentage of the images
acquired by the otolaryngologist (83.6%) were graded as acceptable
and excellent, compared with the images (75.4%) recorded by the
facilitator.

Table 2 indicates that the majority of ears assessed using otoscopy
and video-otoscopy were judged to be normal. A diagnosis could not
be made from 10.0% of images recorded by the facilitator compared
with 4.2% of images recorded by the otolaryngologist.

Table 3 indicates that the characteristics of the tympanic mem-
brane could, on average, be assessed asynchronously in 80.7% of
images acquired by the otolaryngologist and in 71.3% of images
acquired by the facilitator. The j value indicates a substantial
agreement on the asynchronous judgment of surface structure of the
tympanic membrane between the images acquired by the otolaryn-
gologist and facilitator (j = 0.693) and moderate agreement on
judgments of tympanic membrane texture, color, and position
(j= 0.574, 0.512, and 0.484, respectively). A moderate agreement
(j= 0.596) between diagnoses made from images acquired by the
otolaryngologist and the facilitator was found.

Comparable sensitivity and specificity scores for asynchronous
video-otoscopy using images acquired by the otolaryngologist and
facilitator were evident compared with conventional face-to-face
otoscopy (Table 4). The odds ratio indicate marginally better diag-
noses from video-otoscopic images taken by the facilitator compared
with images taken by the otolaryngologist with face-to-face oto-
scopy as the gold standard.

There was a high concordance between the diagnosis made from
face-to-face otoscopy and diagnosis made from asynchronous video-

Fig. 1. Video-otoscopic image of a normal tympanic membrane.

Fig. 2. Video-otoscopic image of a tympanic membrane with
inflammation over the pars flaccida and over the handle of the
malleus, indicating acute otitis media.
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Tele-Audiology: Video Otoscopy is Comparable to 
Face-to-Face Otoscopy and  When Performed by an 

Otolaryngologist versus a Facilitator

otoscopy using images acquired by the otolaryngologist and the
facilitator (Table 5). For ears identified as normal by face-to-face
otoscopy, a greater diagnostic concordance was measured between
otoscopy and video-otoscopic images taken by an otolaryngologist
(87.2% concordance) than between otoscopy and video-otoscopic
images acquired by a facilitator (76.6% concordance). The reverse
was true for ears judged by face-to-face otoscopy to be abnormal. A
higher diagnostic concordance for video-otoscopic images acquired
by the facilitator (82.1%) than for video-otoscopic images acquired
by the otolaryngologist (concordance = 75.0%) was calculated.

Discussion
In the present study, 83.6% of asynchronous video-otoscopic

images acquired by the otolaryngologist and 75.4% of video-
otoscopic images acquired by the facilitator were rated as acceptable

or excellent. This is comparable to previous studies that reported 75–
82% of video-otoscopic images were judged to be acceptable or
better in quality.8,11,13,16 Comparable quality ratings between pre-
vious studies and the video-otoscopic images taken by the facilitator
in the current study are particularly noteworthy because the afore-
mentioned studies reported on video-otoscopic images taken by an
otolaryngologist, a nurse, or a community health practitioner, all of
whom had formal tertiary education in healthcare, compared with the
clinic facilitator, with no formal health education. However, a greater
number of video-otoscopic images taken by the facilitator were
judged to be unacceptable in quality (23.4%) compared with the
images taken by the otolaryngologist (15.0%). A diagnosis could not
be made from 10.0% of video-otoscopic images acquired by the
facilitator compared with 4.2% taken by the otolaryngologist. Ex-
perience and additional training may reduce the amount of poor-
quality images and the amount of images that could not be used to
make a diagnosis, as was observed by Lundberg et al.,11 who reported
an improvement in image quality over time as a function of expe-
rience. Other studies suggested taking multiple video-otoscopic im-
ages of each ear, rather than relying on a single image.15 This
approach is likely to decrease the amount of referrals for repeat as-
sessment or for specialist evaluation due to poor video-otoscopic
image quality. Other strategies may include taking brief video clips
of the ear canal and tympanic membrane for asynchronous
interpretation.

Despite the lower quality grading of the video-otoscopic images
acquired by the facilitator compared with the otolaryngologist,
agreement of characteristics of the tympanic membrane between
images acquired by the otolaryngologist and by the facilitator of the
same ear ranged frommoderate to substantial (j = 0.484–0.693). This
agreement is, in fact, similar to previously reported overall inter-
personal agreement between two otolaryngologists for the same
asynchronous video-otoscopic images (j = 0.49–0.66).11 The lowest
concordance was measured with respect to the position of the tym-
panic membrane as judged from images taken by the otolaryngolo-
gist and by the facilitator of the same ear (j= 0.484). For both the
images acquired by the otolaryngologist and by the facilitator, the
characteristic of the tympanic membrane that could be assessed with
the lowest frequency was the position of the tympanic membrane.
This suggests that noticing mild retraction of the tympanic mem-
brane may be more difficult from a still image compared with a face-
to-face otoscopic examination, which may be related to apparent
lack of depth perception afforded by two-dimensional video-oto-
scopic images. A negative middle ear pressure is characterized by
retraction of the tympanic membrane, prominence of the lateral
process of the malleus, a more horizontal orientation of the manu-
brium of the malleus, and increased mobility of the tympanic
membrane when the insufflation creates negative pressure in the
external ear canal.23,24 Although prominence of the lateral process of
the malleus and orientation of the malleus can be observed using
video-otoscopic images, the assessment of mobility of the tympanic
membrane requires either pneumatic otoscopy or tympanometry to
elicit the required response. A retracted tympanic membrane is

Table 1. Video-Otoscopic Image Grading for Images
Acquired by an Otolaryngologist and a Clinic Facilitator
(n =120 Ears)

IMAGE
GRADING

OTOLARYNGOLOGIST
IMAGES (%)

FACILITATOR
IMAGES (%)

0 (unacceptable) 15.0 23.4

1 (acceptable) 24.2 29.2

2 (excellent) 60.8 47.4

Table 2. Otologic Diagnoses Made Using Face-to-Face
Otoscopy and Asynchronous Otoscopy Using Video-
Otoscopic Images Acquired by an Otolaryngologist
and a Clinic Facilitator (n =120 Ears)

OTOSCOPY
(%)

OTOLARYNGOLOGIST
IMAGES (%)

FACILITATOR
IMAGES (%)

Normal 76.2 72.5 62.5

Wax in canal 12.3 10.8 15.0

Chronic suppurative
otitis media

5.7 5.0 4.2

Otitis media with
effusion

3.3 4.2 5.8

Exostosis 0.8 1.7 0.8

Foreign body
in canal

0.8 0.8 0.8

Otomycosis 0.8 0.8 0.8

Image not reliable
to make diagnosis

NA 4.2 10.0

NA, not applicable.
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typically apparent through use of interactive binocular microscope
examination12 or pneumatic otoscopy. Typically, in field face-to-
face otologic assessment, medical, demographic, and social history,
in conjunction with techniques such as tympanometry and pure tone
audiometry, would be used in addition to video-otoscopy or con-
ventional otoscopy. The use of an otoscope alone, even by experi-
enced physicians, may demonstrate unsatisfactory sensitivity and
specificity for identifying a retracted tympanic membrane.25 There-
fore the use of two-dimensional video-otoscopic images alone,
without additional measurements or demographic, social, or medical
history, may exhibit poor diagnostic concordance compared with
face-to-face otoscopy.

The lack of depth perception afforded by video-otoscopic images
was mentioned by previous studies.12,16 The use of video-pneumatic
otoscopy may address the difficulty in identifying a retracted tym-
panic membrane while being appropriate for use within a hearing
telehealth clinic.26,27 Using video-pneumatic otoscopy and quanti-
tative analysis of the degree of movement of the umbo of the malleus,
Cho et al.27 reported correlation between tympanograms and, among
other middle ear pathologies, negative middle ear pressure. Although
otitis media with effusion may occur spontaneously because of

negative middle ear pressure,28 the identifi-
cation of a retracted tympanic membrane may
not be highly significant within a primary
healthcare environment in a rural or under-
served area.

In the present study the j value indicated
moderate concordance between asynchronous
diagnosis made from video-otoscopic images
acquired by the otolaryngologist and by the
facilitator (j = 0.596). Higher diagnostic con-
cordance between face-to-face otoscopy and
video-otoscopic images acquired by either an
otolaryngologist or a community healthcare
practitioner and between two otolaryngolo-
gists evaluating video-otoscopic images was
reported in previous studies (j= 0.64–
0.76).12,16 The difference in diagnostic con-
cordance may be attributable to the fact that

an otolaryngologist acquired the video-otoscopy images in the study
by Patricoski et al.12 (j = 0.67–0.76). Additionally, both Kokesh
et al.16 and Patricoski et al.12 reported on a closed set of diagnostic
possibilities as all participants were evaluated after tympanostomy
tube placement. In the current study, participants were randomly
selected from the patients who attended the primary healthcare
clinic. The population sampled in the present study can be expected
to increase diagnostic possibilities and, consequently, decrease di-
agnostic concordance. In addition to the heterogeneous population,
the otolaryngologist in the present study was requested to make an
asynchronous diagnosis using video-otoscopic images without the
benefit of demographic, social, or medical information. Previous
studies provided the diagnosing otolaryngologist with relevant
medical history in support of the video-otoscopic images.12,16

Against this background, the moderate diagnostic concordance
demonstrated in the current study between asynchronous diagnosis
using only video-otoscopic images taken by an otolaryngologist and
a facilitator is encouraging.

Percentage diagnostic concordance has been reported in previ-
ous studies using microscopy and video-otoscopy. In post-
tympanostomy tube placement examinations diagnostic concordance

Table 3. Comparison of Asynchronous Assessment of Video-Otoscopic Images
Acquired by an Otolaryngologist and a Clinic Facilitator (n = 120 Ears)

FREQUENCY THAT TM
FEATURES COULD BE

ASSESSED IN IMAGES BY

CONCORDANCE BETWEEN
ASYNCHRONOUS

VIDEO-OTOSCOPY IMAGESa

OTOLARYNGOLOGIST FACILITATOR j VALUE ASYMPTOTIC SE

TM surface structure 81.1 71.3 0.693 0.068

TM translucent/opaque 81.1 72.1 0.574 0.076

TM color 82.8 73.0 0.512 0.071

TM position 77.9 68.9 0.484 0.067

Diagnosis — — 0.596 0.070

aConcordance between asynchronous assessment of images acquired by the otolaryngologist and facilitator.

SE, standard error; TM, tympanic membrane.

Table 5. Concordance (Percentage) of Face-to-Face
Otoscopy and Asynchronous Video-Otoscopy Using
Images Acquired by an Otolaryngologist and a Clinic
Facilitator (n = 120 Ears)

ASYNCHRONOUS VIDEO-OTOSCOPY
CONCORDANCE

FACE-TO-FACE
OTOSCOPY DIAGNOSIS

OTOLARYNGOLOGIST
IMAGES

FACILITATOR
IMAGES

Normal 87.2 76.6

Abnormal 75.0 82.1

Table 4. Sensitivity, Specificity, and Diagnostic Odds Ratios
for Asynchronous Video-Otoscopy Using Images Acquired
by an Otolaryngologist and a Clinic Facilitator (n=120 Ears)

SENSITIVITY SPECIFICITY
DIAGNOSTIC
ODDS RATIO

FACE-
TO-FACE
OTOSCOPY MEAN 95% CI MEAN 95% CI MEAN 95% CI

Otolaryngologist
images

0.80 0.61–0.91 0.91 0.83–0.95 41.00 12.11–138.82

Facilitator
images

0.85 0.68–0.94 0.89 0.80–0.94 46.00 12.95–163.46

CI, confidence interval.
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facilitator (j = 0.596). Higher diagnostic con-
cordance between face-to-face otoscopy and
video-otoscopic images acquired by either an
otolaryngologist or a community healthcare
practitioner and between two otolaryngolo-
gists evaluating video-otoscopic images was
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0.76).12,16 The difference in diagnostic con-
cordance may be attributable to the fact that
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the otolaryngologist in the present study was requested to make an
asynchronous diagnosis using video-otoscopic images without the
benefit of demographic, social, or medical information. Previous
studies provided the diagnosing otolaryngologist with relevant
medical history in support of the video-otoscopic images.12,16

Against this background, the moderate diagnostic concordance
demonstrated in the current study between asynchronous diagnosis
using only video-otoscopic images taken by an otolaryngologist and
a facilitator is encouraging.

Percentage diagnostic concordance has been reported in previ-
ous studies using microscopy and video-otoscopy. In post-
tympanostomy tube placement examinations diagnostic concordance
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VIDEO-OTOSCOPY IMAGESa
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TM translucent/opaque 81.1 72.1 0.574 0.076

TM color 82.8 73.0 0.512 0.071

TM position 77.9 68.9 0.484 0.067

Diagnosis — — 0.596 0.070
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SE, standard error; TM, tympanic membrane.
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and case history were uploaded to a server, using a file
transfer service (Dropbox). Recordings were assigned
random numbers by an independent investigator prior
to the first evaluation (review 1) and again prior to the
second evaluation (review 2). Four and eight weeks after
data collection, an otologist (the same otologist who per-
formed the otomicroscopy) and a GP, who were blinded
to the randomised numbering of recordings, accessed the
server. Each rater made an independent grading of the
video-otoscopy recordings, and made observations
regarding ear canal obstruction, presence of secretion,
tympanic membrane patency, translucency and position,
and diagnosis from each video recording. The overall
image quality was graded (0 to 2) with reference to
image focus, light, cerumen and composition.5 A grading
of 0 indicated that the image quality was not acceptable,
and it was not possible to assess the entire tympanic mem-
brane and to make a diagnosis. A grading of 1 indicated
an acceptable image quality, enabling evaluation of the
status of the tympanic membrane. A grading of 2 indi-
cated high image quality, with tympanic membrane
easily assessable. The diagnosis was made using the
same classification as was used during the original
otomicroscopy.

The assessments were recorded on a spreadsheet and
uploaded to the server once completed. The delay in asyn-
chronous assessment was included to reduce the possibil-
ity of a memory effect for onsite diagnoses made
previously. The second assessment four weeks after the
first allowed assessment of intra-rater agreement.

Analyses

Descriptive statistics were used to summarise the record-
ing quality rating for video-otoscopy recordings and the
frequency with which ear canal obstruction and presence
of secretion was identified, as well as the tympanic

membrane patency, translucency and position.13 The fre-
quency of diagnosis of the different types of otitis media
was also measured. For analysis of ears where an asyn-
chronous diagnosis could not be made (labelled as not
possible to diagnose or NPD), participants were divided
into a younger and an older age group. The two groups
represented preschool children (2–5 years of age) and chil-
dren in formal education (6–16 years). Comparisons
between the number of undiagnosed ears and the age
group were made using Pearson’s chi-squared test.
Pearson’s chi-squared test was also used for comparing
the quality grading of video-otoscopy recordings acquired
during the first and second week of data collection.

The kappa statistic (k) was used to quantify the diag-
nostic agreement between onsite otomicroscopic examin-
ation and video-otoscopy recordings. The same statistics
were used for inter- and intra-rater agreement on diagno-
sis from video-otoscopy recordings. For calculations of
diagnostic concordance between onsite examination and
video-otoscopy recordings, the ears where a diagnosis
could not be made by either assessment method were
excluded from the calculations. For inter- and intra-
rater concordance, the ears where a diagnosis could not
be made during asynchronous assessment were excluded.

By classifying the diagnosis as normal or abnormal, the
sensitivity, specificity, positive and negative predictive
value of diagnosis from video-otoscopy recordings was
calculated using the otomicroscopic examination as the
gold standard.

Results

A total of 140 children agreed to participate (mean age
6.4 years, SD 3.5; 44% female). Otomicroscopy was com-
pleted for 136 participants (272 ears); four participants did
not cooperate. One of the 136 participants did not cooper-
ate for video-otoscopy in either ear, while another

Figure 1. Hearing telehealth clinic facilitator completing video-otoscopy recording for a child.
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Tester in Dallas Texas, USA 
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Equipment:
KUDUwave Automated 

Audiometer

Tele-Health Principles and Practices Applied in Audiology: 
Trans-Atlantic Pure Tone Audiometry (AAA, 2009)

the results of face-to-face diagnostic assessments using pure-
tone audiometry were similar to those done via tele-audiology.

He anticipates that two programs will be set up in South
Africa early this year, if funding is approved. In addition, there
are plans to roll out similar models in Hong Kong, China, and
Cambodia. The South African audiologist notes that TAN is
partnering with other groups in Kenya, Nigeria, and Botswana
so those countries can begin exploring the use of tele-audiology
in their health clinics. 

The two future South African locations already have health
clinics. The connectivity needed to reach distant practitioners
will be provided via cellular networks, which are more wide-
spread in Africa and often more reliable, says Swanepoel.

“We need to set up a couple of clinics first to provide evi-
dence that tele-audiology can be done well” before it can be
implemented in many locations, he explains. “Our initial tri-
als have been limited and short. We need to show that this
can be sustainable within existing public health structures.”

Once funding is in place, TAN plans to hire paraprofes-
sionals onsite to assist in the technical requirements of diag-
nostic testing and data transmission. In addition, the organization
will purchase equipment and train technicians to do main-
tenance onsite.

Swanepoel cautions that a major concern at this stage is
achieving quality control at the remote sites so that test
results for hearing impairment are reliable. To solve poten-
tial problems, TAN is testing a product that incorporates a
microphone in the audiometer to monitor environmental
noise.

“If there’s too much background noise, test results will be
less reliable,” he explains. “By employing a technique to mon-
itor the environmental noise in real time, you can know if
you’re testing compliantly or not.”

Most of the testing for hearing loss initially will be done asyn-
chronously. A patient at the clinic will be tested automatically

by a technician, who will record the results digitally using the
equipment onsite. The patient file will then be e-mailed to a
database, where an audiologist volunteer will analyze the data
and send back recommendations. If hearing aids are recom-
mended, the patient will be referred to the nearest hospital that
dispenses them.

“Once we are satisfied that the diagnostic component is
reliable, we’ll set up remote hearing aid fittings too,” Swanepoel
says. 

So far, about 40 audiologists from around the globe, but
mostly American, have agreed to provide pro bono services
at these clinics, which can be located anywhere. Volunteers
can sign up online at www.teleaudiology.org and select when
they are available to participate.

Swanepoel has high hopes for the new organization. “There
are millions of people throughout Africa who are hearing-
impaired and never get care,” he says. He adds, “The educa-
tional outcomes are very poor for these kids and it exacerbates
the vicious cycle of poverty. Tele-audiology is a way to get to
underserved areas all over Africa and provide maximal care
with the limited resources we have.”

ACTIVITIES IN BRAZIL
Since the 1990s, audiologists in Brazil have offered tele-health
education to professionals throughout the country as a way of
improving the standards of the profession and reaching

Photo taken at the Featured Session on Tele-Audiology at
AudiologyNOW! 2009 shows Hall at a computer performing
pure-tone audiometry on a woman in rural South Africa, who
can be seen on the screen, along with the test results. At the
podium is Dirk Koekemoer, MD, a South African physician
and self-described “social entrepreneur.”  
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( Krumm M & Syms MJ. Teleaudiology. Otolaryngol Clinics North America, 44, 2011)
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conducted by telehealth. Also, technicians must be trained to adjust malfunctioning or
improperly fitting screening probes, electrodes, or earphones during hearing screen-
ings. So, further investigation examining the use of a trained assistant is necessary in
future teleaudiology studies.
Much of the emphasis of recent publications has been dedicated discussing pure

tone audiometry systems newly developed for telehealth purposes. The results of
these and other publications generally describe only a single audiology service. While
the outcomes of these studies are quite encouraging, telehealth researchers need to
consider developing protocols employing a routine battery of diagnostic services.
Also, most of the teleaudiology research has been administered to individuals with
normal hearing. Clearly, validation must occur with significant numbers of individuals
with hearing loss for teleaudiology to be useful. Finally, much of the research has been
conducted under tightly controlled conditions rather than in the field with real
consumers. Field-based research is needed to determine how well consumers are
served with long-term teleaudiology services.
In addition to synchronous applications, employing asynchronous and hybrid tele-

health models should also be for services and intervention services in underserved
communities. Remote computing might prove valuable as a means to provide ongoing
instruction to hearing screening assistants established in rural areas, particularly with
EDHI services. Specifically, clinicians can mentor andmonitor assistants using remote
computing applications while viewing newborn hearing screenings in real time. These
services would be dispensed with the goal of enhancing personnel expertise for
newborn hearing screenings.
For clinicians contemplating telehealth applications, a few issues need to be

reviewed. First of all, additional licensure or other certification may be needed to

Fig. 5. Screen capture of a remote computing session in which DPOAEs are being measured
in a young child.
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Tele-Health Principles and Practices Applied in 
Audiology: Breaking News About Technology

  Hearing loss is a signifi cant global health-care burden because of 
its widespread prevalence and long-term consequences for affected 
individuals, communities and society. Recent estimates by the World 
Health Organization indicate that 360 million persons, comprising 
5.3% of the global population, suffer from permanent disabling 
hearing loss ( WHO, 2013a ). More than 32 million of these are 
children, of whom the vast majority will not have access to early 
detection services for their hearing loss ( WHO, 2010 ,  2013a ). 

 Children with hearing loss are at risk for delayed speech, language, 
and cognitive skills, which translates to reduced literacy, academic 
and socio-emotional development, and higher risks of failure and 
fall-out in schools ( WHO, 2013a ). Unidentifi ed childhood hearing 
loss has historically been shown to dramatically deteriorate educa-
tional achievement and ultimately vocational outcomes ( AAA, 2011 ; 

 Holden-Pitt  &  Diaz, 1998 ). Even minimal and unilateral permanent 
hearing losses may result in poorer educational test performance, 
higher incidence of failed grades, and greater dysfunction in areas 
such as behavior, energy, stress, social support, self-esteem, and 
socio-emotional aspects ( Tharpe  &  Bess, 1991 ;  Bess et   al, 1998 ; 
 McKay et   al, 2008 ). 

 Early detection of childhood hearing loss provides the opportunity 
to forestall these negative consequences. Unfortunately in under-
served regions such as sub-Saharan Africa, where an estimated 6.8 
million children ( !    15 years of age) suffer from disabling hearing 
loss, access to ear and hearing related services such as hospital- or 
school-based screening is severely limited ( Fagan  &  Jacobs, 2009 ; 
 Goulios  &  Patuzzi, 2008 ;  WHO, 2013b ). This is primarily due 
to the shortage of hearing health-care professionals, with regions 
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                 Abstract 
  Objective:  To determine if a smartphone application could be used as a calibrated screening audiometer with real-time noise monitoring 
for school screening using automated test sequences.  Design:  The investigation comprised three studies. Study 1 evaluated calibra-
tion accuracy across four Samsung S5301 smartphones (Android v4.0.4) using commercial Sennheiser HD202 headphones. Study 2 
involved referencing smartphone microphone sensitivity to narrowband noise intensity as measured in octave bands by a sound-level 
meter between 30 and 75 dB SPL (5 dB increments). Study 3 compared screening outcomes of smartphone based and conventional 
hearing screening.  Study sample:  Study 2: 15 normal-hearing subjects (age range, 18 – 22 years; all female). Study 3: 162 children (324 
ears) aged 5 to 7 years.  Results:  Smartphone calibration at 20, 30, and 40 dB was within 1 dB of recommended reference equivalent 
thresholds levels. Microphone calibration for noise monitoring had maximum variability across phones of 0.9, 0.6, and 2.9 dB at 1, 2, 
and 4 kHz, respectively, from reference intensities (30 to 75 dB SPL). Screening outcomes demonstrated no signifi cant difference 
between smartphone and conventional audiometry with an overall referral rate of 4.3% and 3.7%, respectively.  Conclusions:  The newly 
developed smartphone application can be accurately calibrated for audiometry with valid real-time noise monitoring, and clinical results 
are comparable to conventional screening.  

  Key Words: Ambient noise  ;   audiometry  ;   calibration  ;   childhood hearing loss  ;   hearing screening  ;   
pure-tone audiometry  ;   school screening   
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Tele-Health Principles and Practices 
Applied in Audiology: Calibration of SmartPhone

 Smartphone hearing screening   3

an investigation has been initiated to establish RETSPLs for this 
headphone according to  ISO 389-9 (2009) . 

 The headphone was connected using a 3.5   mm stereo plug to a 
Samsung (Daegu, South Korea) Galaxy Pocket Plus S5301 smart-
phone (US$80 list price) running the hearScreen TM  application on 
Android OS version 4.0.4 (Google, Mountain View, USA). The 
application generates pure-tone signals with a calibration function 
to approximate the required RETSPL specifi ed for standard supra-
aural audiometric headphones (TDH39). For this study pure tone 
signals were evaluated at 1, 2 and 4 kHz and at intensities of 20, 30 
and 40 dB HL as currently recommended frequency and intensity 
ranges for childhood hearing screening. ( ASHA, 1997 ;  AAA, 2011 ; 
 Skarzynski  &  Piotrowska, 2012 ). 

 The output of the Sennheiser HD202 headphone in this study was 
measured with a standard artifi cial ear Br ü el  &  Kj æ r Type 4152 coupler 
(Br ü el  &  Kj æ r, N æ rum, Denmark). The headphone was connected to 
the coupler with a force of 3 ( !    0.5) Newton, which was the typical 
force of the headband when headphones were 145   mm apart while the 
midpoint of the headband was 129   mm above an imaginary line between 
the two headphones as specifi ed ( IEC 60645-1, 2012 ;  ISO 389-9, 2009 ). 
The coupler was connected to a Rion NA-28, Integrating Sound Level 
Meter and 1/3 Octave Band Analyser (Rion, Tokyo, Japan), which mea-
sured the output of the headphones. All measurements were made in a 
double-walled sound booth certifi ed for free-fi eld testing. 

 The right and left outputs were measured separately. At each 
frequency tested, the signal amplitude on the phone was adjusted 
according to the readings from the sound level meter (SLM) to 
ensure that all of the pre-specifi ed output levels (20, 30, and 40 
dB HL) measured in dB SPL were equivalent to the dB HL val-
ues set in the system, with the conversion from the artifi cial ear to 
TDH39 headphones (Telephonics, Farmingdale, USA) according to 
current standards ( ISO 389-1, 1998 ) applied. This was repeated with 
four mobile devices with the same headphone to determine if the 
phone and headphone combinations could be calibrated to within 
the required range of the target RETSPL levels. In addition to this, 
the output of two phones were verifi ed with three batteries inserted 
each with power levels of  "    10%, 50%, and  #    90% to assess if this 
had any infl uence on the sound output.   

 Results and Discussion 
 The maximum difference across the calibrated intensity levels for 
the four phones compared to the required calibration intensity ( ISO 

389-1, 1998 ) was less than 1 dB across all intensity and frequency 
levels ( Table 1 ). According to audiometric calibration standards ( ISO 
389-1, 1998 ) air conduction pure-tone signals (1, 2, and 4 kHz) 
are considered to meet RETSPLs if they are within  !    3 dB. This 
means all pure-tone signals generated by the application across 
four smartphones for the left and right headphone could be acousti-
cally calibrated. Calibration was performed independently at each 
intensity level for each frequency. The application stores the cor-
responding smartphone intensity setting to correspond to the spe-
cifi c dB HL intensity referenced to the RETSPL. In this way every 
frequency and intensity setting can be calibrated according to the 
prescribed RETSPL ’ s. Different battery power levels ( "    10%, 50%, 
and  #    90%) did not have any infl uence on pure-tone signal output 
on the smartphones.  

 As in previous reports on smartphone-based audiometry ( Handzel 
et   al, 2013 ;  Khoza-Shangase  &  Kassner, 2013 ;  Szudek et   al, 2012 ; 
 Foulad et   al, 2013 ;  Kam et   al, 2012 ) the headphones utilized in this 
study were non-audiometric headphones. As opposed to the intra-
conchal (iOS device) headsets of previous studies the headphones 
in the current study were, however, supra-aural headphones with 
closer correspondence to the typical audiometric TDH39 supra-
aural headphones. As a result the RETSPLs specifi ed for the TDH39 
supra-aural audiometric headphone was used for calibration whilst 
taking into consideration the coupling force difference between the 
headbands (3 compared to 4.5 Newton for the Sennheiser HD202 
and TDH39 headphones) as specifi ed when determining RETSPLs 
for non-audiometric headphones ( ANSI/ASA S3.6-2010 ;  ISO 
389-9, 2009 ). Ideally, headphone specifi c RETSPLs should be 
established for non-standard audiometric headphones according to 
prescribed methods to take into account the acoustic impedance 
difference between headphones, other than the headband force which 
was accounted for in this study ( ISO 389-9, 2009 ). A follow-up study 
is underway to standardize the Sennheiser HD202 supra-aural head-
phones for audiometric screening purposes by determining RETSPL 
values according to  ISO 389-9 (2009) . 

 Study 1 demonstrates that accurate acoustical calibration can be 
attained using the hearScreen TM  application on a low-cost smart-
phone (Android OS). Furthermore it provides the fi rst evidence 
of smartphone-based audiometry on devices other than iOS prod-
ucts and is the only application to date that allows for unique 
calibration of phone and headphone pairs according to prescribed 
standards ( ANSI/ASA S3.6-2010 ;  ISO 389-1, 1998 ). This opens up 
opportunities for low-cost hearing screening solutions whereby 

  Table 1. Smartphone acoustic calibration correspondence to reference equivalent threshold sound 
pressure levels (RETSPLs) at different intensities (20, 30, and 40 dB HL) using Sennheiser HD202 supra-
aural headphones. Four smartphones (Samsung Galaxy Pocket Plus S5301) were calibrated at three intensity 
levels (20, 30, and 40 dB HL) using the same headphones according to RETSPLs for TDH39 supra-aural 
headphones (ISO 389-1:1998; ANSI/ASA S3.6:2010). Eight measurements (four in the left and four in the 
right) were made to approximate the RETSPL levels at every intensity for each smartphone.  

 Calibration levels 

 20 dB HL  30 dB HL  40 dB HL 

 1 kHz  2 kHz  4 kHz  1 kHz  2 kHz  4 kHz  1 kHz  2 kHz  4 kHz 

Average difference * 0.9 0.5  $    0.6  $    0.7  $    0.7  $    0.4  $    0.5  $    0.6  $    0.1
SD 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3
Maximum difference (abs) 1.0 0.8 0.8 1 0.9 0.7 0.8 0.8 0.4

    * Average difference between smartphone calibration intensity and specifi ed RETSPL for TDH39 supra-aural 
headphones (n    %    8).   
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Tele-Health Principles and Practices Applied in 
Audiology: Hearing Screening with SmartPhone
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manual screening referred the ear, and in 1.2% of cases manual 
screening passed an ear whilst the mobile phone screening referred 
the ear ( Table 3 ). There was no statistically signifi cant difference 
between the test results for conventional and smartphone-based hear-
ing screening (p    !    0.05). In terms of referred children (based on 
a referral in either ear) smartphone based audiometry had a 4.3% 
referral rate (7/162 children) compared to 3.7% for conventional 
audiometry (6/162 children). Four of the seven children referred on 
smartphone screening also referred on conventional screening. Diag-
nostic follow-up results were not available during this preliminary 
data collection phase, which meant true sensitivity and specifi city 
rates could not be determined against a diagnostic gold standard.  

 Referral rates of a tablet-based screening system recently reported 
by  Wu et   al (2014)  were 6.5% and 4% for 5 and 6 year old children 
respectively using a screening intensity 5 dB higher than the current 
study (30 dB HL). The hearScreen TM  smartphone referral rate was 
similar (4.3%) for children aged 5 to 7, but employed a screening 
intensity of 25 dB HL. If screening was conducted at 30 dB HL the 
referral rate is expected to be lower. 

 Average smartphone screening duration was 60.9 seconds (38.6 
SD; range 19 – 325) compared to 67.1 seconds (47.1 SD; range 
21 – 350) for conventional screening audiometry. Although smart-
phone screening was shorter in duration by an average of 6.2 seconds 

(57.5 SD), compared to conventional screening this difference was 
not signifi cant (p    !    0.05). The average test time reported by  Wu et   al 
(2014)  was 2.49 minutes compared to 1 minute (60.9 seconds) for 
the hearScreen TM  smartphone test. 

 Average noise levels, as recorded with the smartphones, during 
testing was 39.0 (4.8 SD), 38.7 (4.8 SD), and 38.2 (5.1 SD) dB SPL 
for octave bands 1, 2, and 4 kHz respectively, with maximum noise 
levels at 50, 55, and 53 dB SPL for 1, 2, and 4 kHz respectively. The 
MPANL ’ s per octave band for screening at 25 dB considering the 
slight attenuation difference between the Sennheiser HD 202 head-
phones used in this study and those specifi ed for the TDH39 supra-
aural headphones ( ANSI/ASA S3.1-1999(R2013) ) was 49, 57, and 61 
dB SPL for 1, 2, and 4 kHz respectively. Only one screening at 1 kHz 
was presented during noise (50 dB SPL) that exceeded the MPANL 
(by 1 dB). In this case however the child still responded to the signal. 
The software is programmed to provide a pop-up noise warning fol-
lowed by a retest at that frequency when noise exceeds the MPANL, 
and no response was elicited from the child in that instance. 

 Clinical screening outcomes using hearScreen TM  smartphone and 
conventional audiometry demonstrate comparable referral rates and 
average test times with smartphone advantages in terms of being 
lightweight, portable, monitoring environmental noise, and offering 
data capturing, sharing and management functions.   

 Limitations 
 Limitations to the study include the fact that audiology students as 
opposed to typical hearing screening personnel like school health 
nurses (although this may differ across countries) conducted the 
screening. The hearScreen TM  interface is however designed with 
preprogrammed protocols aimed at minimizing outcome variability 
between different testers. Another limitation of the current study 
is that only pilot clinical fi eld trial results are reported without 

      

 Figure 5.    Clinical hearing screening test on school child using 
smartphone with hearScreen TM  application and HD202 headphones. 
Phone is held upside-down to ensure the microphone faces towards 
the test subject for environmental noise monitoring.  

   

 Figure 6.    Illustration of hearing screening data sharing from the school site using mobile phone connectivity.  

  Table 3. Cross tabulation of screening outcomes for ears using 
conventional and mobile phone based hearing screening (n    "    324 
ears).  

 Conventional screening 

 Pass  Refer  Total 

Mobile phone screening Pass 96.3% (312) 0.9% (3)  97.2% (315) 
Refer 1.2% (4) 1.5% (5)  2.7% (9) 
Total  97.5% (316)  2.4% (8) 
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