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Introduction

In the era of the fourth industrial revolution, advanced tech-
nology such as information and communication technology 
and ubiquitous connectivity would narrow down the gap be-
tween patients and health care providers. Inadvertently, the 
word ‘telehealth’ which means healthcare at a distance has been 
around us. The need for telehealth service has received attention 
due to Coronavirus disease, also known as COVID-19, caused 
by a newly discovered severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) since it is mainly transmitted 
through droplets generated when an infected person coughs, 
sneezes, or exhales [1]. 

For promoting access to medical care between the consum-
er and the healthcare professional via telecommunications 
technologies (also referred to as telemedicine, telehealth, and 
eHealth) in the USA, a non-profit organization American 
Telemedicine Association was established in 1993 [2]. In Ko-
rea, the policy for telemedicine has become unacceptable cur-
rently, but the necessity of creation for environment and the 
successful implementation of it was proposed for future prepa-
ration [3]. Although telemedicine is frequently used as a syn-
onym of telehealth, it can be defined as using telecommuni-
cations technologies to support the delivery of all kinds of 
medical, diagnostic, and treatment-related services by doctors. 
Whereas telehealth stands for a wider variety of remote 
healthcare services beyond the doctor-patient relationship in-
cluding services provided by nurses, pharmacists, social work-
ers, and other healthcare providers for patients and their care-
givers. Out of those services, the full scope of hearing care by 
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the healthcare professionals is called teleaudiology [4]. 
The term teleaudiology was first used by Dr. Gregg Givens 

in 1999 in reference to a system being developed at East Car-
olina University in North Carolina, USA. And the first inter-
net audiological test was accomplished in 2000 by Givens, 
Balch, and Keller [5]. The first transatlantic teleaudiology 
evaluation was performed in 2009 by Dr. James Hall who 
evaluated a patient in South Africa from Dallas, USA at the 
American Academy of Audiology conference. Since then, nu-
merous new works have appeared in areas of diagnosis, pedi-
atric audiology, rehabilitation, cochlear implants (CIs), neonatal 
hearing screening, and hearing aids (HAs) [6]. Teleaudiology, a 
way of providing valid service over considerable distance, al-
lowed patients to have easy access to a wider array of hearing 
health care services. However, such a level of service and 
knowledge has not been always available to the whole world. 
Therefore, this study was aimed to identify the state of the art 
information of teleaudiology regarding literature review, tele-
communications technology, and considerations for practicing 
in broad spectrum services. 

Literature Review

The field of teleaudiology grew after the publication of the 
systematic review for 26 articles from 1997 to 2009 with au-
diological screening, audiological diagnosis, audiological in-
tervention, and patient/clinician perceptions showing the scope 
of utilization. The screening procedures for infants, children, 
and adults confirmed the feasibility and reliability of teleau-
diology service. The diagnostic applications including audi-
ometry, video-otoscopy, otoacoustic emissions (OAEs), and 
auditory brainstem response (ABR) demonstrated the clini-
cal equivalency to the conventional face-to-face version. For 
intervention studies, HA verification, counseling, and inter-
net-based treatment for tinnitus indicated the reliability and 
effectiveness when compared to the conventional method. 
The authors concluded that teleaudiology held significant 
promise but required considerable empirical research to iden-
tify future implementation spans [4]. As teleaudiology had be-
come an accessible and valid paradigm in general and numer-
ous new works had appeared, a review of teleaudiology was 
performed again in 2016 [6]. Contemporary literature review 
of teleaudiology was performed on the basis of three subjects, 
screening and diagnostic audiometry, CIs and HAs, and aural 
rehabilitation briefly. Including recent researches, the articles 
were selected from the multiple electronic databases. 

Screening and diagnostic audiometry
After the idea of screening service in very young children 

using telehealth medium for supporting rural universal new-
born hearing screening (UNHS) program was first suggested 
in 2005 [7], preschool and school-aged children’s screening ser-
vices were explored in 2011 and 2016 [8,9]. For UNHS, objec-
tive hearing tests including distortion product OAEs (DPOAEs) 
and ABRs were performed using remote computing technol-
ogy or a mobile van equipped with satellite technology in In-
dia [10], Guam [11], and USA [12] reducing loss to follow-
up rate. For preschool children, otoscopy, pure-tone testing with 
play audiometry, tympanometry, and DPOAE were conducted 
using remote computing technology in 2011 [8]. For school-
aged children, remote hearing screening at a rural elementary 
school was first tried in 2008 and various innovative systems 
for effective school audiometric screening were utilized from 
2014 to 2015 [9,13,14]. Also, new audiology patient pathways 
through online hearing screening and assessment were provid-
ed by a free online digit-in-noise test [15]. For CI candidates, 
routine audiometry, word recognition testing, Arizona Bio-
logical test, and consonant-nucleus-consonant test were ex-
amined to adapt teleaudiological technology and accepted to 
audiologists and patients [16]. 

An interesting development of a self-diagnostic system of 
a high-frequency audiometer for monitoring the ototoxicity 
was first described in 2012 and was updated for monitoring 
cisplatin management of veterans undergoing cancer treatment 
in 2015 [17]. The use of a self-screening paradigm was used 
by over 38,000 individuals with a minimal fee of US $5 and 
found that 81% of screened individuals had hearing loss [18]. 
Although many researchers described the convenience of self 
pure-tone hearing test systems using home computers, the 
validation issues relating to the calibration became question-
able [19]. However, smartphones demonstrated little variabil-
ity of testing output levels and could be calibrated by model 
for reproducible intensity levels for tonal stimuli [20]. When 
a tablet-based automated hearing screening was performed to 
244 school children, the highest diagnostic values were ob-
tained and proved to be an improved hearing screening pro-
tocol [21]. 

CI and HAs
Since the first report of remote computing CI mapping in 

2006 [22], a few studies have described the feasibility of CI 
mapping. For example, the typical CI mapping and tuning 
services were performed to 70 individuals with remote com-
puting software and interactive video systems and reported 
that there was no difference between face-to-face and remote 
methods except lipreading in Germany [23]. Another project 
including 41 technology supporting staff and 94 CI users was 
investigated through the National Network of Teleaudiology 
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at 20 communities in Poland and 1 community in Ukraine. 
This investigation was further developed to 316 patients with 
a more than 95% satisfaction rate and opened up new possi-
bilities for CI patients [24,25]. For CI programming, two 
steps of teleconsultation were provided. The first step includ-
ed pre-assessment, psychoacoustic, medical, audiological, 
and speech-language evaluations. The second step was the re-
mote CI programming. Afterward, a questionnaire about rating 
the service, interaction with providers, and savings of time and 
cost was answered by each participant and found the high 
acceptance and efficiency of remote CI programming. The 
effectiveness of CI programming and aural rehabilitation was 
further validated by the retrospective study of 20 patients 
from 2015 to 2018. Through this study, the similar and accept-
able results between conventional and teleaudiologic methods 
were obtained with the high satisfaction rate [26]. In Korea, 
Korea Telecom (KT) and Yonsei University Health System 
established a ‘KT telemedicine clinic’ in Friongdong Hospital 
of Cambodia and carried out a remote CI mapping using a ded-
icated KT line [27].

For tuning a HA remotely, two telephone lines were uti-
lized, one for tuning HA and the other for communicating 
between the client and clinician in 2003 [28]. When com-
pared the control and experimental groups for validating this 
practice, outcomes were almost equal on nearly all measures 
for both groups except the slightly longer programming time 
for the experimental group indicating active involvement of 
the HA wearers. However, the teleconsultation services for 
HA fitting was found to be valid and effective [29,30]. A 
self-fitting HA system that could be implemented to teleaudi-
ology was also examined and noticed the need for question-
naires and/or real-ear measurements for validation by several 
researchers [31]. 

Aural rehabilitation
After the pioneering work of internet-based self-help treat-

ment of tinnitus in 2004, the hybrid solutions for providing 
needed aural rehabilitation and tinnitus therapy were further 
developed. That was an internet cognitive behavioral therapy 
program for tinnitus management and stress reduction in-
cluding modules on understanding tinnitus, relaxation, posi-
tive imagery, and re-interpreting tinnitus with sound enrich-
ment, sleep guidelines, and concentration [32,33]. The latter 
article provided an excellent blueprint for how tinnitus, aural 
rehabilitation, and balance therapy could be applied online. 
Inspired by these works, aural rehabilitation, tinnitus, psycho-
logical counseling, client adjustment to amplification, and audi-
tory training have been investigated by many researchers with 
asynchronous paradigms. For example, a client received an 

email concerning aural rehabilitation and cognitive behavioral 
therapy then initiated interplay over the internet. Although over-
all internet-based audiological intervention showed benefits 
in terms of outcome and accessibility, uncertainties of cost-ef-
fectiveness, optimal level of support, and improving interven-
tion compliance were observed as barriers [34] and a need 
for further studies of many aspects for teleaudiology services 
for rehabilitation had arisen. Also, competent and sustainable 
models were desired while the current electronic health ser-
vices in audiology had focused on technical feasibility [35]. 

Telecommunications Technology

There are two types of telecommunications technology. 
One is the store-and-forward (asynchronous/hybrid) method, 
which performs audiological work to a patient and transfers 
the results via emailing or internet to a professional who will 
look at the results. The other is a real-time (synchronous) meth-
od, which performs audiological work to a patient in real-time 
as if a patient is sitting in front of a professional. For example, 
audiologists are used to testing patients remotely just like a 
patient in a sound booth while an audiologist sits outside the 
booth. This is virtually the same as testing a patient over the 
internet. The window is not a real glass window but a telecon-
ference window. The only difference is that physical distance 
changed.

In the United States, one applied (2004/0073136A1), and 
nine registered patents were recorded from 2004 to 2020 for 
the invention of teleaudiology (Table 1). After patient appli-
cation regarding multiple diagnostic hearing tests with ambi-
ent noise measurement, registered patents could be catego-
rized into four categories as follows. Using a computer 
network to allow interaction between a test administration site 
and one or plurality of remote patient sites, the systems, five 
types of methods and associated devices performing diagnos-
tic hearing tests were registered in 2005 (US 6,916,291 B2), 
2009 (US 7,530,957 B2), 2010 (US 7,854,704 B2), 2012 (US 
8,287,462 B2), and 2015 (US 8,777,869 B2). For monitoring 
and testing the hearing of inner ear function regarding ototox-
icity with mathematical prediction algorithms, one patent was 
registered in 2016 (US 9,480,418 B2). For patient communi-
cations in remote hearing diagnostics, one invention got a pat-
ent regarding electrical circuitry for conditioning audio input 
and output signals as well as a means of switching paths for the 
audio data between equipment sources and personnel involved 
in a remote hearing testing session in 2018 (US 10,117,605 
B2). This patient was held by the company, RemotEar, con-
cerning remote diagnostics and hearing instrument program-
ming in teleaudiology. The system provided the adapter that 
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could be easily inserted into a standard diagnostic equipment 
configuration. It enabled either permanent or temporary re-
mote operation for testing and interactive counseling by a 
hearing care professional in an office setting. This technolo-
gy platform enabled hearing care professionals to remotely 
administer diagnostic patient testing and HA adjustments re-
cently, while a patient was located in a normal living envi-
ronment. The real-time system that could access and adjust a 
HA remotely with cloud computing were registered in 2019 
(US 10,348,891 B2) and 2020 (US 10,623,564 B2). 

Several technologies were suggested through the courses 
of teleaudiology for educating the use of electronic informa-
tion and telecommunications to support and promote long-
distance clinical health, patient and professional health-related 
education, public health, and health administration in several 
universities. Those technologies included videoconferencing, 
internet, store-and-forward, streaming media, terrestrial and 
wireless communications. For example, the University of Tex-
as educated the system of a clinic on a cart and the University 
of Alabama’s program, ‘Hear Here Alabama!’ managed a ru-
ral hearing health study in the truck which was introduced ex-
oterically at the website (https://www.audiologyonline.com/
articles/teleaudiology-101-19711). A mobile clinic in a large 
truck that took the clinic to the patient delivering synchro-
nous services of teleaudiology was designed to house a mobile 
audiology clinic containing two audiology suites, one large 
booth, and another smaller booth. The truck functioned as a reg-
ular audiology clinic only on a much smaller scale. The larger 
booth had a typical audiology setup with video-otoscopy, au-
diometer, tympanometer, probe microphone, and hearing in-

strument test box performing HA verification via real ear mea-
surement system. In the smaller booth, they had a typical setup 
for a HA lab strictly used for testing adults (https:// www.ua.edu/
news/2015/08/uas-mobile-hearing-center-unveiled). Depart-
ment of Veterans Affairs (VA) of the United States developed 
a unique cart for hearing care services for veterans called ‘the 
clinic on the cart.’ On this particular cart, an audiometer, a 
prefit system for fitting HA, a hearing instrument test box, 
and a tympanometer were attached. This system had two mon-
itors. One was for communication between the patient and the 
audiologist visually and the other was for operating the soft-
ware. Using the freefit collar, ambient noise assessor which 
monitored the background noise where the patient sat con-
trolled the background noise by comparing room noise collect-
ed with room microphone to an American National Standards 
Institute (ANSI) standard. The frequency and transducer with 
the specific visual display indicating green as good and red as 
bad determined whether the room was quiet enough to meet 
ANSI standard at that moment. It also stored the status of that 
background noise for every stored threshold. The ambient noise 
assessor was originally developed for the VA but now is avail-
able for anyone who’s looking to implement a teleaudiology 
program. And the whole figure was introduced exoterically at 
the website (https://www.audiologyonline.com/articles/teleau-
diology-101- 19711).

As an alternative to the traditional fitting and follow-up 
session, the teleaudiology tools by many HA companies are 
available and those are summarized by the types of service and 
specific functions (Table 2). For example, after initial fitting, a 
HA user can request assistance from his/her hearing care 

Table 1. The summary of the patents of the United States including title, number, inventor, and brief contents

Title Patent number Inventor Contents
Multiple diagnostic hearing 

test with ambient noise 
measurement

US 2004/
0073136 A1 

A. Thronton 
& J. Harrison

System and methods for real time hearing test with 
ambient noise measurement

Diagnostic hearing assessments 
distributed via the use of a 
computer network

US 6,916,291 B2 
US 7,530,957 B2 
US 7,854,704 B2 
US 8,287,462 B2 
US 8,777,869 B2 

G. Givens, 
& D. Balch, et al.

Using a computer network to allow interaction 
between a test administration site and one or 
plurality of remote patient sites, the systems, five 
methods and associated devices performing 
diagnostic hearing tests

System and methods for the 
screening and monitoring of 
inner ear function

US 9,480,418 B2 S. Fausti, 
& R. Ellingson,  
et al.

Monitoring and testing the hearing of a user using 
a portable unit

System, method and apparatus 
for patient communications in 
remote hearing diagnostics

US 10,117,605 B2 D. Davis, 
& B. Lisiewski

Patient communications system in remote hearing 
diagnostics about input/output signal and audio 
data of system

Real time, remote access to and 
adjustment of patient hearing 
aid

US 10,348,891 B2 
US 10,623,564 B2 

D. Manchester Real-time, remote access to an adjustment of the 
hearing aid of a patient while in a normal living 
environment

https://www.audiologyonline.com/ articles/teleaudiology-101-19711
https://www.audiologyonline.com/ articles/teleaudiology-101-19711
https:// www.ua.edu/news/2015/08/uas-mobile-hearing-center-unveiled/
https:// www.ua.edu/news/2015/08/uas-mobile-hearing-center-unveiled/
https://www.audiologyonline.com/articles/teleaudiology-101-19711
https://www.audiologyonline.com/articles/teleaudiology-101-19711
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professional via the app on his/her smart device. The hear-
ing care professional responds with a message and makes 
adjustments to the fitting and sends the adjustments back to 
the user as an update. Then the user can transfer this update 
to his/her HA via the wireless connection between the smart 
device and the HA. This application requires relatively little 
investment for the hearing care professional and user in 
terms of equipment and infrastructure. It offers a high degree 
of flexibility for a practice to implement and does not require 
a live interaction. The efficiency of this service was proved 
with a comparable quality of the service performed in person 
[36]. 

Considerations for Practicing

As changing perceptions of audiology and recognizing 
the importance of better hearing, early intervention and 
overall attention to the hearing-impaired population have 
increased. Consequently, greater demand has soared global-
ly. While successful HA fittings depended on skilled hear-
ing care professionals and their expertise, there was a short-
age of hearing care providers in the United States to meet 
the future needs [37]. From prior experience in hosting the 
teleaudiology program in the United States, the checklist 
was culminated for getting started and implementing a 
structure to the existing facility. Ten items to consider for 
planning teleaudiology practice were suggested as follows: 
1) Assess and confirm your readiness to start a teleaudiolo-
gy program. This can be achieved by aligning itself with 
strength, weakness, opportunities, and threats analysis of 
the clinic or the organization to help justify the need for a te-
leaudiology component. This should be activated to identify 
the appropriate equipment and people to start the program 
and determine the types and levels of services to deliver. 2) 
Perform a market analysis and write a business plan. A busi-
ness plan would help identify resources, allocation of funds, 
and approval from the related personnel. The plan should in-
clude detailed information on timelines, milestones, technical 
requirements, and potential challenges. 3) Build a team 
trained to forge ahead. All staff should be technically savvy 
and knowledgeable about the program. An application of the 
new technology and working together to create a seamless, 
comfortable, and reassuring clinical atmosphere for the pa-
tients is important. The provision of effective ongoing training 
and personnel development is necessary for increasing in 
scope and scale as the teleaudiology program expands. 4) 
Purchase the right equipment. Video equipment, communi-
cation systems with a high-speed internet connection, test 
equipment, and software programs/applications are critical Ta
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components. Be mindful of the technology advance and bud-
get. 5) Create an effective and professional environment that 
could emulate a traditional face-to-face encounter. The envi-
ronment should be designed for effective videoconferencing 
considering room space, location, size, equipment, furniture 
placement, lighting, acoustics, patient privacy, and wall color 
for video background. The desirable atmosphere is user-friend-
ly, well-equipped with reliable and appropriate technology, 
and comfortable for patients and staff. 6) Plan for the seamless 
integration of teleaudiology between sites. Alongside face-to-
face clinical activities, the new program should be designed to 
complement standard practices and working methods should 
not complicate or interrupt them. 7) Plan for information tech-
nology support at all participating locations. The expertise of 
equipment and network is essential and trained technical staff 
must be on hand to troubleshoot and make technical adjust-
ments as necessary. 8) Establish protocols, policies, procedures, 
and short- and long-term performance goals. Written clinical 
and service protocols following standard recognizable proto-
cols that lead to consistent clinical results should be available 
to all personnel involved in the teleaudiology program. 9) De-
velop an evaluation, monitoring, and quality improvement 
plan. It is recommended to implement an evaluation process 
to review the program and monitor its performance regularly. 
10) Understand the legal and regulatory issues of teleaudiolo-
gy. The legal and regulatory issues and requirements that must 
be understood and complied with can change periodically and 
must be implemented as required.

Conclusion

The benefits of teleaudiology are numerous. It has been 
identified at least four fundamental benefits: improved access, 
cost-effectiveness, improved quality, and patient demand. 
Given the provider shortages throughout the world in both ru-
ral and urban areas, teleaudiology has a unique capability to 
increase service to millions of patients who otherwise might 
not receive qualified hearing care. Teleaudiology has been 
shown to reduce the cost of hearing care and increase efficien-
cy through better management of patients, shared clinic staff, 
reduced travel times/expenses, and high satisfaction rate. It can 
improve hearing care for many patients. Although we have not 
achieved the status of accommodating all the requirements, 
the new program could reduce travel time and related stress for 
patients, especially for those who have mobility issues. While 
there were personal security issues and legal regulation prob-
lems, the general attitude toward using teleaudiology was pos-
itive. In fact, one research reported a positive attitude among 
audiologists, when the acceptance towards the application of te-

leaudiology was asked [38]. Therefore, we can conclude that 
the systematic review supports the use of teleaudiology for 
hearing care professionals and clients with hearing loss. How-
ever careful consideration of teleaudiology as a platform to 
deliver services is required due to the need for scaling up the 
management of hearing care professionals.

Finally, as the COVID-19 pandemic has resulted in physi-
cal distancing, teleaudiology as a derived area from telehealth 
is in the limelight [39]. The public opinion about telehealth can 
be identified by the recent media reports such as a ‘Forbes’ jour-
nal on the 5th of May 2020, “Telehealth. It's no longer just a 
nice-to-have, but instead a must-have for patients and health-
care professionals alike during these uncertain times the CO-
VID-19 pandemic has brought about. While we all wish that it 
hadn't taken a pandemic to propel telehealth forward, for 
better or for worse, it has. The spotlight is now on telehealth 
in a big way, and for good reason.” (https://www.forbes.com/
sites/joeharpaz/2020/05/04/5-reasons-why-telehealth-here-
to-stay-covid19/?sh=6b43193853fb) and a ‘Foxbusiness’ 
news report on 28th of May 2020, “Telehealth services, 
which are offered online, via phone and on mobile apps, allow 
health care professionals to conduct virtual visits with patients so 
they do not have to drive to an office. Many patients have been 
avoiding in-person visits during the coronavirus pandemic to 
reduce the spread of COVID-19.” (https://www.foxbusiness.
com/technology/how-does-telemedicine-work).
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