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Thematic group A:          Gaming & esports

Gaming & esports

• Review WHO’s investigations on gaming, 
esports and hearing

• Complete a stakeholder analysis to 
identify gaps and opportunities 

• Conceptualize next steps: What does safe 
listening success in gaming and esports 
look like? 

• Next steps to be taken in order to ensure 
safe listening in gaming and esports 

Review the current state of 

evidence, consider possible 

interventions, related to 

gaming hardware and 

software, for promotion of 

safe listening.



1. Review WHO’s 

conclusions of the 

background study

• Literature review

• Gamer survey

• Stakeholder interviews



• Consistent association between gaming 

and hearing loss and/or tinnitus

• Sound exposure often exceeds (or 

nearly exceeds) permissible levels

• Published evidence is limited yet 

suggests that gaming is a common 

source of unsafe listening, particularly 

among young people. 

Conclusions

Highlights the need to 

prioritize hearing loss 

prevention through 

safe listening among 

gamers



• The findings can inform the development of guidelines or standards for safe 

listening in the context of video gaming and esports. 

• These guidelines could include recommendations for appropriate volume 

settings and listening durations, as well as strategies for taking breaks and 

minimizing exposure to potentially harmful sounds.

Overall implications



• Need for targeted education and intervention programs to promote safe listening 

habits among video gamers and esports viewers and players. 

• Focus on increasing awareness of the risks associated with loud sound exposure and 

providing practical strategies for reducing exposure to potentially harmful sound levels. 

• Healthcare professionals and governmental or international agencies should be 

utilized as trusted sources of information on this topic. 

• The gaming and esports industries are urged to play a role in promoting safe listening 

habits by incorporating sound dosage information and warnings into their products. 

Specific implications



Stakeholder conclusions
● Safe listening features are not widely included in video 

games or esports events

● Interviews have demonstrated we need to treat gaming 
and esports differently

● Existing safe listening standards (H.870 and live venues 
and events) provide a framework that could be used



Stakeholder conclusions
● Hardware solutions seem preferable

● There is a willingness from industry to adopt safe 
listening, however several barries exist that need to be 
considered

● Education and promotion is an important apect; 
influencers and esports professionals are a key part of 
the message



Peter??



Video-gaming



What does successful 
safe listening in 
gaming and esports 
look like?



What kind of hardware 
or software 
features/modifications 
in gaming are feasible?



What can change 
listening behaviour in 
gamers?



Stakeholder 
analysis List 

stakeholders

Prioritize: 
interest and 

influence

Propose 
approach



List
S.No. Name

Sony PlayStation division

Microsoft Xbox division

Windows division

Nintendo hardware division

Sony game publishing and development division

Microsoft game publishing and development division

Riot, Activision, Blizzard (Microsoft), Epic

Bungee, Valve

Tencent

Google Android gaming teams

Apple iOS gaming team

European game developers association (and similar)

GDC, IGDA, GamesCon, GameSoundCon, GANG,



List
S.No. Name

Game design educators and academia

University Southern California, Rochester, DigiPen

Gaming headphone manufacturers (below)

Razer, EPOS, Sony, SteelSeries, HyperX, Logitech, Alienware, AceZone

Games UX designers

Experts in communications

WHO Behavioural science team

Standardization Organizations (ITU, CENELEC, IEC)

Soundcards: Creative, Focusrite, HyperX

Gamers (of all levels)

Parents associations: COPE

Gaming federations & associations (e.g. GEF)

NACE national association collegiate esports



List
S.No. Name

Audiology, ENT, sports medicine and sports psychology

Esports league, team associations (ACE, UKPC)

Dolby Games, THX

Qualcomm,

Twitch.tv, YouTube (Google), OBS streaming software



Prioritize



What kind of safe 
listening 
features/modifications 
are feasible?



What can change 
listening behaviour in 
esports?



If I meet a potential 
stakeholder, what are 
the questions 
we should ask?



Stakeholder 
analysis List 

stakeholders

Prioritize: 
interest and 

influence

Propose 
approach





WHO vision
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Introduction
Discussion



Thematic group B Safe listening standard for venues 

& events: implementation

• Discuss and propose concrete 

steps for integrating safe listening 

concepts (aligned with the 

standard) within the curricula of 

music schools and audio-

engineering schools. 

• Increasing awareness of the 

standard through its inclusion in 

live venues, audio engineering 

schools, etc. 

• What are the opportunities for 
implementing safe listening in venues 
and events, in line with WHO’s standard 
(e.g., through schools of music, audio-
engineering and sound management 
courses, venues, govts, etc), in order of 
priority? 

• Which stakeholders need to be engaged 
in each of the above? 

• From these opportunities, what can be 
done, and what steps need to be taken? 



Group B – Adapting and implementing WHO global standard for safe listening venues and events (Salle V)

Morning Session:

Chair: Kris Chesky

10:30-11:00 Coffee break

11:00-12:30 Workshop purpose and objectives

Workshop member introductions

WHO vision

Implementing the standard: opportunities and stakeholders: guided discussion

12:30-13:30 Lunch break

Afternoon Session: (Salle V)

13:30-15:00 Adapting the standard: Examples, comments and discussion

• Implementation into an accreditation program for audio engineers (HELA)

• Implementation into school for musicians programs (Audio health for musicians)

• Implementation into ESSENCE core curriculum and teaching materials

• Implementation of standard at a government level: Considerations

Planning and discussion of other opportunities for amplification of the standard

Insights from:

Johannes Mulder 

Adam Hill

Kris Chesky

Jörn Nettingsmeier

15:00-15:30 Coffee break

Afternoon Session: (Salle V)

15:30-16:30 Next steps: What does success look like?

Close of workshop



Implementation/adoption: 
opportunities



HELA



Audio health for 
musicians



ESSENCE



Government 
implementation



Stakeholder 
analysis List 

stakeholders

Prioritize: 
interest and 

influence

Propose 
approach



Prioritize
List of Stakeholders 
Groups not currently 
engaged in Make Listening 
Safe
• Higher Education
• Music Educators
• General Educators
• Fitness Centers/Gyms
• Cinemas
• Olympic Park? 

Representatives
• Public Health 

(specifically to work 
with young folks out of 
school)

• Building Design
• Etc. 



Prioritize



Approach
Whom How

Ricky UNICEF INDIA; Grammy’s; Palm Export (Indian Version 

of NAMM); San Francisco Conservatory, Gothamburg

University; 

Amarilis Healthy Universities; Pan-American

Rob Tinnitus BTA; UK Audiology Organizations; UK Trade 

Associations; BAPAM

Kris US Audiology Organizations; Music Educator 

Associations; ICSOM; individual schools of music; PAMA

Aderinola African Trade Associations and Audiology Associations;

Karissa and 

Moses

Youth Ambassadors of Make Listening Safe

Terez Caricom Youth Program; PAHO Youth For Health Group

Adam Audio Engineering Society; IATSE

Jorn VDT; IGVW (concert promoters); LiveKomm; LiveDMA in 

Europe



List
S.No. Name



What does success 
look like?





Thematic group C WHO-ITU Global standard for safe 
listening devices and systems

o Half day workshop on standards 

for safe listening  

o Half day ITU(T) SG16/Q28 

rapporteur meeting 

• Discuss harmonization evolution of technical 
standards for personal audio devices and systems 
that focus on safe listening and hearing loss 
prevention.

• Consider the deprecation of the ‘single number 
volume level limiting’ methods in favour of a 
standardized dosimetry approach. 

• Increase an understanding of the development 
procedures and timelines across different 
standardization organisations ITU, IEC and 
CENELEC.

• Future inclusions to ITU H.870 Guidelines for safe 
audio devices/systems in the area of wireless 
headphones.

• How ITU can move forward in the area of 
conformance testing for applications. 



The need for harmonization



H.870 update and overview

ITU



ITU-T Study Group 16

● ICT standardization sector of International Telecommunication Union 
● Lead group for multimedia such as audio, video etc.

○ Well-known standards such as H.264 and H.265 (HEVC)
● E-health, digital health and telemedicine are important areas where 

multimedia and ICT can contribute (Question 28 is tasked with the work)
● Close collaboration with WHO

○ Focus Group on AI for Health
○ Joint work on “Make Listening Safe” Initiative

● As the oldest international organization, ITU provides a forum for 
discussion among private sectors, governments and UN agencies



A WHO-ITU standard 
● ITU: “Recommendation ITU-T H.870 (2018-08),

Guidelines for safe listening devices/systems”

● WHO publication: “Safe listening devices and systems”

– Free publication

• It has the same level as ISO and IEC de juris standards

https://apps.who.int/iris/bitstream/handle/10665/280085/9789241515276-eng.pdf
https://www.itu.int/rec/T-REC-H.870


WHO/ITU H.870: Scope
● describes the requirements on safe listening devices 

and systems, especially those for playing music, to 
protect people from hearing loss.

● Version 2 has expanded its scope to include wireless 
head-sets

● For the purposes of this Recommendation, the 
following types of devices are excluded:

● – two-way communication devices (such as walkie-
talkies, etc.);

● – rehabilitative and medical devices (e.g., hearing 
aids, FM systems and other assistive listening devices 
(ALD) approved as part of hearing aid and cochlear 
implant systems, etc.);

● – personal sound amplification devices;
● – professional audio equipment and devices.
● NOTE – There has been discussion on the exposure to 

sound from e-gaming



Personal Audio System

Personal Audio Device

Listening Device



Personal Audio System (H.870v2)



What’s in WHO / ITU H.870?

● Introducing “equal energy principle” and dosimetry
● A new unit of sound exposure Pa2h (pascal squared hour) 
● Recommending 2 modes of Safety levels
● Guidance on health communication on personal audio devices

– General information (how to listen safely, risk awareness, etc.)
– General usage reporting (average levels, how much listening in 

a day & week) 
– Types of warnings when user reaches 100% of weekly allowance

● Gives further guidance: ambient noise control (e.g. noise cancelling) 
& parental control



Equal Energy Principle and Dosimetry



Basics: Sound

● Sound is propagation of energy (pressure) through medium (e.g., 
air), received by ear.

● Sound energy and pressure are usually associated with “loudness”
● Excessive energy  (pressure), i.e., loud sound, received by ear can 

result in hearing damage
● Air pressure is commonly expressed in Pa (Pascal). 

– E.g., Hurricane Katrina in 2005 had 902 hPa (hectopascal) or 90,200 Pa
– 2,600 Pa is the pressure to make water boil at room temperature 

Sound pressure (energy)

Sound source

ear
Medium (ear)



Definitions of decibel

● Conventionally, sound energy is expressed in terms of decibels

● There are many definitions of (different types of) “decibel” (dB), which makes things 
a bit confusing

– dB - a relative logarithmic value used to express the ratio of one value of to 
another

– dB SPL (Sound Pressure Level): the ratio of given sound pressure and a reference 
pressure, 20μPa (minimal pressure that a human ear can detect at 1kHz).

Important to note that it is not a simple linear absolute value



Decibels and Pressure

● Human ear is extremely sensitive

● Sound pressure expressed in Pa (Pascal) makes it easier to 
appreciate this fact
– 0 dB (SPL) =  0.00002 (=20 x 10-6) Pa

– 20 dB (SPL) = 0.0002 Pa

– 40 dB (SPL) = 0.002 Pa

– 60 dB (SPL) = 0.02 Pa 

– 80 dB (SPL) = 0.2 Pa

– 94 dB (SPL) ≒ 1 Pa 

■ (Pressure exerted by a US dollar bill resting flat on a 
surface)

– 100 dB (SPL) = 2 Pa

– 140 dB (SPL) = 200 Pa = 107 (10 million) times the threshold of sound/hearing (10 
thousand times more pressure than ordinary conversation)



Equal Energy Principle

● The premise that equal amounts of sound energy will cause 
equal amounts of sound induced hearing loss regardless of 
the distribution of the energy across time.

● I.e., the total effect of sound is proportional to the total 
amount of sound energy received by the ear, irrespective of 
the distribution of that energy in time

● “Less energy for longer period of time” “More energy for 
shorter period of time”  Can have the same effect on ear



Dosimetry

● Based on the Equal Energy  Principle, a 'dose' of sound energy is defined as the squared A-
weighted sound pressure, 𝑝𝐴, integrated over the exposure time 𝑇=𝑡2−𝑡1.

●

● Simply put, “dose” is (the energy of) Sound Pressure Level integrated over the duration of the 
exposure:

● Unit is Pa2h (pascal squared hour) 

– Use LEQ and dB (SPL)A for reference 

● This is line with other sound dose management standards:

IEC 62368-1:2018 and EN 50332-3:2017



Relationship between dB(A) and Dosage



Acceptable levels of risk for Safe-listening
● It is recommended that PAS  includes a system (dosimeter) that 

tracks the user's exposure time and estimates sound level and the 
percentage that has been used up of a reference exposure limit 
(sound allowance). 

● References are as follows:
○ Mode 1: (WHO) standard level for adults: this will apply 1.6 Pa2h per 

7 days as the reference exposure.
■ Suited for general public

○ – Mode 2: (WHO) standard level for sensitive users (e.g., children): 
this will apply 0.51 Pa2h per 7 days as the reference exposure.
■ Suited for children and other sensitive individuals



Other features of H.870

● Guidance on how to communicate with users of personal audio devices

○ Keep record of usage information and provide personalized 
recommendations & cues

○ General information (how to listen safely, risk awareness, etc.)

○ General usage reporting (average levels, how much listening in a day & 
week) 

○ Types of warnings when user reaches 100% of weekly allowance

● Gives further guidance: ambient noise control (e.g. noise cancelling) & 
parental control



Importance of Health Communication
● How to convey the message to the user
● What message to be conveyed:

– Risk information, i.e. information about 
behaviours (and sounds) that put users at risk 
of hearing loss 

– Usage information, i.e. a personal listening 
profile and risk information (for example, 
through a dosimeter to check their decibel 
levels and sound-dose details) 

– Concrete recommendations, i.e. instructions on 
how to practice safe listening (for example, in 
the form of cues for action) 



Adoption of H.870

● Available in 5 languages
● Already implemented by some manufacturers worldwide

○ Dosimeters are implemented by several organizations
● Referenced by other standards and specifications globally

○ Other specifications for e.g., PSAPs (personal sound amplifying 
products) are referencing H.870 and adopt some of its 
recommendations

● Strongly promoted by World Hearing Forum (WHF)
○ Involving the music industry and device manufactures to 

promote the standard as well as “Make Listening Safe” initiative



Some topics for future study in 
H.870

• Gaming devices

• VR/AR/MR/XR

• Sensitivity range and frequency response of 
headphones

• Profiles for different categories of PAS

• Uncertainties in dose estimation

• …



• HSTP.Conf-H870 “Conformance Specification for 
H.870” is drafted to provide a set of conformance 
testing requirements of H.870

• A “check-list” for implementation

• It accompanies H.870 to comprise a 
“Conformance Test Tool” 

• Call for “testing labs” is under way

Conformance Testing Specification for WHO-ITU 
Standard H.870



Further Related Work



Personal sound amplification products
● Wearable electronic products or application on a wearable smart device (e.g. a mobile phone) 

that is not intended to compensate for impaired hearing, but rather is intended for non-
hearing impaired consumers to amplify sounds in the environment for a number of reasons, 
e.g. 

○ Recreational activities

○ Selective hearing in noisy environments
● PSAPs are off-the-shelf, non-regulated devices with a varying range of features
● Currently there are no international standards on the safety of PSAPs

○ Levels, exposure
● ITU-T’s Recommendation F.781 “Safety requirements for personal sound amplifiers” is the first 

technical standard to address this issue, approved in July 2019

○ Project leaders: European Federation of the Hard of Hearing (EFHOH), European 
Association of Hearing Aid Professionals (AEA).

● Based on the same principle as ITU / WHO H.870
● Conformance testing specification under development

https://www.itu.int/itu-t/workprog/wp_item.aspx?isn=14436


• Personal Sound Amplifier is a wearable electronic product 
(PSAP) or application on a wearable smart device (PSAA) 
that is not intended to compensate for impaired hearing, 
but rather is intended for non-hearing impaired 
consumers to amplify sounds in the environment for a 
number of reasons, such as for recreational activities.

• Currently there is no International standard on the safety 
(volume, etc.) of PSAs

• ITU-T’s new draft Recommendation is to address this issue
• Proposed and drafted by European Federation of the Hard 

of Hearing (EFHOH) and the European Association of 
Hearing Aid Professionals (AEA).

• Based on the same principle as H.870 

Standard on Personal Sound Amplifier



Personal Sound Amplifier

• PSA looks like a hearing aid, a 
medical device 

• PSAs are not intended to be 
used for persons with hearing 
problems

• PSAs are readily available in 
the market, priced from 
around $10 USD up to $400 
USD.

• Some people, indifferent to 
the difference, sometimes led 
to using PSAs in place of 
hearing aids to compensate 
their hearing 

• This is a very dangerous 
situation 



• Recently more and 
more audio enhancing 
apps are available in 
the market.

• This situation is 
becoming more like 
that PAS (though the 
user base is much 
smaller)

PSA on a smartphone



New work Item on Guidance for safe listening 
venues

● WHO created a global standard for recreational sound 
in entertainment venues 

○ Different components are identified  (e.g. type of 
venues, sound limits, quiet spaces, hearing 
protection, warning messages and monitoring)

○ WHO will explore on identification of information 
needs, collection of existing evidence and 
collaboration with experts towards development of 
guidelines for sound exposure in recreational 
venues

● ITU has decided to create a Technical Paper based on 
the new WHO standard

Sound levels and 
acoustics

Rest zones

Earplugs

Information and 
announcements



Future Work

● Discussion on H.870-V3
● Conformance Testing Spec. H.870-V2
● Conformance Testing Spec. H.871
● Work Item on E-gaming
● Technical Paper on new devices
● Other environments for safe-listening.
● …



● Thank you!!



Monitor and 

display

- Volume levels (in 

dB) 

- Time spent 

listening

- Use of sound 

allowance

- Regarding 

personal sound 

use

- Give 

personalized 

warnings, 

messages and 

cues for action

Offer volume 

limiting options

- Automatic 

volume 

reduction

- Password-

protected 

volume control

Inform

WHO-ITU global standard for safe 
listening devices, 2019

https://www.itu.int/rec/T-REC-H.870-201808-I/en

https://www.who.int/publications/i/item/safe-listening-devices-and-systems-a-who-itu-standard

https://www.itu.int/rec/T-REC-H.870-201808-I/en
https://www.who.int/publications/i/item/safe-listening-devices-and-systems-a-who-itu-standard
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Content
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• Standards concerned

• Different phases
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• Summary & conclusions



Introduction
• 2008: SCENIHR report

Scientific Committee on Emerging and Newly Identified Health Risks

Potential health risks of exposure to noise from personal music players and 

mobile phones including a music playing function

SCENIHR report on PMPs

• EU workshop on the subject in January 2009
At that time, CLC/TC 108X had already started working on the subject in a 

newly established WG 03

• Scope of TC 108
Standardization in the field of safety for audio/video and similar technology, 

information technology and communication technology equipment

http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_017.pdf


Standards concerned

• IEC/EN 60065
Title: Audio, video and similar electronic apparatus - Safety requirements

• IEC/EN 60950-1
Title: Information technology equipment - Safety -- Part 1: General 

requirements

• IEC/EN 62368-1
Title: Audio/video, information and communication technology equipment –

Part 1: Safety requirements

• EN 50332-1 and EN 50332-2
Maximum sound pressure level measurement methodology



Phases

CLC/TC 108X/WG 03 decided to work in different phases:

Phase 1
Develop requirements

based on dBA levels

Phase 2
Investigate alleged 

problems with the 

measuring method

Phase 3
Develop dose 

measurement

requirements

All these phases have been finished.



Phase 1 status

Updates to both EN 60065 and EN 60950-1
• Both updates were published in January 2011

• In both standards published as A12

• Short DOW 2 years => January 2013



Comparison of Phases 1 and 3
Maximum exposure

85 dB(A)

100 dB(A)

RS1 level

Safe level

No requirements

RS2 level

Safe under conditions

Warnings are required

User must accept the risk

RS3 level

Hazardous level

Not allowed

80 dB(A)

89 dB(A) 800 % CSD

100 % CSD

Dose measurement



Situation in IEC and CLC
• IEC had decided not to update IEC 60065 and IEC 60950-1 

on this subject. IEC 62368-1 has replaced both standards 

in mean time.

• IEC 62368-1:2014 (edition 2) has the requirements of 

phase 1 and 2 implemented, see clause 10.6

• IEC 62368-1:2018 (edition 3) has the requirements of 

phase 3 (dose measurement) implemented as an 

alternative.

• No change in IEC 62368-1:2023 (edition 4). In respective 

EN 62368-1, dose based is preferred



Summary and conclusions

• Both IEC and CENELEC have mandatory requirements 

in place for PMPs

• No need for other competing standards for PMP´s

• Additional requirements outside TC 108 scope are 

welcomed.

• Further work is being done in CLC/TC 108/WG 03 (see 

presentation Thomas Lund, chair of WG 03)





















Why move from Maximum 
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ISO 1999:2013 (confirmed in 2018)



ISO 1999:2013 (confirmed in 2018)
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ISO 1999:2013 (confirmed in 2018)
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The dynamic range loudness war

https://www.soundonsound.com/sound-advice/dynamic-range-loudness-war

ExposureExposure

If the signal is compressed, you can 
stay under the unsafe output level … 
but you increase sound exposure to 

unsafe dosage

https://www.soundonsound.com/sound-advice/dynamic-range-loudness-war


Requirements
1. For the purpose of Article 4(1)(a) of Directive 2001/95/EC, the safety  

requirement for personal music players shall be the following:

Personal music players shall be designed and manufactured in a  
manner that ensures that, under reasonably foreseeable conditions of  
use, they are inherently safe and do not cause hearing damage.



Requirements ….

2. The requirement set out in paragraph 1 shall include in particular the following:
1.Exposure to sound levels shall be time limited to avoid hearing damage. At 80 dB(A)  
exposure time shall be limited to 40 hours/week, whereas at 89 dB(A) exposure time shall  
be limited to 5 hours/week. For other exposure levels a linear intra- and extrapolation  
applies. Account shall
be taken of the dynamic range of sound and the reasonably foreseeable use of the  
products.
2.Personal music players shall provide adequate warnings on the risks involved in using  
the device and to the ways of avoiding them and information to users in cases where  
exposure poses a risk of hearing damage.

Exposure / Dose



H.870 and future wireless 
headphone inclusions

Richard Glover



Make Listening Safe

https://commons.wikimedia.org/wiki/File:Human_Ear.jpg

Richard Glover - Musings





Wireless Listening Devices

Still a mere listening device?

Sophisticated signal re-mapping

Autonomous operations

Multiple source / device options

Acoustic input - PSAP



Dose Monitoring Options

Assume maximum sensitivity?

Communicate sensitivity?

Monitor post-processed dose?

Monitor acoustic dose?



Standards - Together

H.870 v2(3)

Compliance

Use Cases

(EN) IEC 62368-1 edn 4 (5)

Scope



https://commons.wikimedia.org/wiki/File:Human_Ear.jpg



What does conformance 
testing entail

Chuck Kardous



Chucri (Chuck) A Kardous

(Ret. CDC/NIOSH)

The findings and conclusions in this presentation are those of the authors and do not necessarily represent the official 

position of the National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control and Prevention 

(CDC). Mention of any company or product does not constitute endorsement by NIOSH or CDC. In addition, citations to 

websites external to NIOSH do not constitute NIOSH endorsement of the sponsoring organizations or their programs or 

products. 



 Conformance testing is testing to see if an implementation meets the 

requirements of a standard or specification

 ISO/IEC DIS 10641 defined conformance testing as "test to evaluate the 

adherence or nonadherence of a candidate implementation to a standard." 

 ISO/IEC TR 13233 defined conformance and conformity as "fulfillment by a 

product, process or service of all relevant specified conformance 

requirements."

Source: National Institute of Standards and Technology



Conformity assessment program requires:

• Standard or specification

• Test method standard or conformance clause

• Test suite or test tools

• Procedures for testing

• Qualified body to do testing

Source: National Institute of Standards and Technology



IEEE Standard 2003-1997 defines three types of testing:

Exhaustive Testing
“Seeks to verify the behavior of every aspect of an element, including all permutations”

Thorough Testing
“Seeks to verify the behavior of every aspect of an element, but does not include all permutations.”

 Identification Testing
“Seeks to verify some distinguishing characteristic of the element in question. It consists of a cursory examination 

of the element.”

Source: National Institute of Standards and Technology



NIOSH research on sound listening devices

Equipment 

Software

Applicable Standards

Findings



 Occupations where headphones/headsets are widely used (Call 

Center Ops, Audio Engs, Sports, Broadcasters, etc.) 

 Use of personal listening devices in occupational settings

 Cumulative (occupational+recreational) exposure

 Effect of noise-cancelling technology and ambient background 

noise 



 Collaboration between NIOSH and Hofstra University and 

Cardno on the effects of personal listening devices on hearing 

and tinnitus in young adults

 Examination of popular headsets and earphones w/ Apple and 

Android devices

 Sample files of several genres of music





 GRAS 45 CA Acoustic Test Fixture (IEC 711) w/ GRAS 40 AG 1/2” 
microphone

 GRAS 12 AA Power Supply

 GRAS 42 AP Piston Phone (for calibration)

 National Instruments NI-OXI1037 Chassis (NI4461 data boards, 24-bit, 
204.8 KS/s)

 ViaAcoustics Software: Trident v.8.9.4, SigPro v1.5.1, Wavefrom
Analyzer v3.1







 Pink Noise used as test signal

 9 Songs from billboard (3 from each genre: Pop, HipHop, Rock)

 3 repetitions to ensure reliability of response

 Streamed vs. Downloaded music – No diff

 Pink noise and music downloaded to phone and switched to 
airplane mode to reduce interference

 Broadband noise used for ambient background



 ITU-T H.870 (03/2022) - Guidelines for safe listening devices/systems

 EN 50332: 1-3 (2013-2017) – Sound System Equipment…

 IEC 61672: 1-3 (2013) – Electroacoustics: Sound Level Meters…

 IEC 60318: 1-8 (2009-2022) – Electroacoustics: Simulators of human head 
and ear…

 ISO/IEC 17025 (2017) – General requirements for the competence and 
testing and calibration laboratories → in U.S., NVLAP  

 ISO/IEC 17043 (2010) – Conformity assessment: General requirements 
for proficiency testing



Bose Yoke Level (dBA) Left (dBA) Right (dBA) Level (dBC) Left (dBC) Right (dBC) Noise Reduction (dBA) Noise Reduction (dBC)

Pink Noise 73 60 61 77 59 61 12.5 17

125 Hz 57 37 37 74 45 51 20 26

250 Hz 67 38 38 74 45 51 29 26

500 Hz 74 54 54 77 57 57 20 20

1000 Hz 78 63 67 78 63 67 13 13

2000 Hz 78 65 68 77 64 67 11.5 11.5

4000 Hz 77 72 75 76 71 73 3.5 4

8000 Hz 75 66 60 73 64 59 12 11.5

Pink Noise 83 70 72 87 69 71 12 17

125 Hz 68 39 40 85 52 56 28.5 31

250 Hz 77 39 45 85 52 56 35 31

500 Hz 84 63 63 87 66 67 21 20.5

1000 Hz 88 73 77 88 73 77 13 13

2000 Hz 90 76 79 89 75 78 12.5 12.5

4000 Hz 89 84 87 87 82 85 3.5 3.5

8000 Hz 87 78 72 85 76 70 12 12

Noise reduction from noise cancellation ~10 dB(A) or 17 dB(C) 



Sound_Type Device Ear Model Volume_Level Level dBA Level dBC

Pink Noise iPhone 12 Airpod Pro 1 44.9 49

Pink Noise iPhone 12 Airpod Pro 2 48 50.9

Pink Noise iPhone 12 Airpod Pro 3 52.6 54.8

Pink Noise iPhone 12 Airpod Pro 4 57.7 58.5

Pink Noise iPhone 12 Airpod Pro 5 62.6 63.2

Pink Noise iPhone 12 Airpod Pro 6 67 67.7

Pink Noise iPhone 12 Airpod Pro 7 71.5 72.2

Pink Noise iPhone 12 Airpod Pro 8 75.5 76.1

Pink Noise iPhone 12 Airpod Pro 9 79.5 80.1

Pink Noise iPhone 12 Airpod Pro 10 83.5 84.1

Pink Noise iPhone 12 Airpod Pro 11 87.5 88.1

Pink Noise iPhone 12 Airpod Pro 12 91 91.6

Pink Noise iPhone 12 Airpod Pro 13 94.5 95.1

Pink Noise iPhone 12 Airpod Pro 14 98 98.6

Pink Noise iPhone 12 Airpod Pro 15 101.5 102.2

Pink Noise iPhone 12 Airpod Pro 16 104.5 105.2



Sound_Type Device Ear Model Volume_Level Level dBA Level dBC

Pink Noise Samsung S20 Galaxy Buds Pro 1 49 52.7

Pink Noise Samsung S20 Galaxy Buds Pro 2 53.8 56.1

Pink Noise Samsung S20 Galaxy Buds Pro 3 59.5 59.3

Pink Noise Samsung S20 Galaxy Buds Pro 4 65.5 64.3

Pink Noise Samsung S20 Galaxy Buds Pro 5 71.4 69.9

Pink Noise Samsung S20 Galaxy Buds Pro 6 76.4 74.9

Pink Noise Samsung S20 Galaxy Buds Pro 7 79.3 77.7

Pink Noise Samsung S20 Galaxy Buds Pro 8 82.3 80.7

Pink Noise Samsung S20 Galaxy Buds Pro 9 85.3 83.7

Pink Noise Samsung S20 Galaxy Buds Pro 10 88.3 86.7

Pink Noise Samsung S20 Galaxy Buds Pro 11 91.2 89.6

Pink Noise Samsung S20 Galaxy Buds Pro 12 94.2 92.6

Pink Noise Samsung S20 Galaxy Buds Pro 13 97.2 95.6

Pink Noise Samsung S20 Galaxy Buds Pro 14 100.3 98.7

Pink Noise Samsung S20 Galaxy Buds Pro 15 103.5 101.8



Pink Noise Sony WH1000XM4 1 45.8 52.4 45.3 53.8

Pink Noise Sony WH1000XM4 2 53.1 55.5 52.4 55.5

Pink Noise Sony WH1000XM4 3 56.8 58 58.9 60.2

Pink Noise Sony WH1000XM4 4 62.6 62.9 64.8 65.2

Pink Noise Sony WH1000XM4 5 68.6 68.7 70.8 70.9

Pink Noise Sony WH1000XM4 6 74.5 74.7 75.8 75.8

Pink Noise Sony WH1000XM4 7 78.5 78.6 79.8 79.7

Pink Noise Sony WH1000XM4 8 82.5 82.6 83.8 83.8

Pink Noise Sony WH1000XM4 9 86.5 86.7 87.8 87.7

Pink Noise Sony WH1000XM4 10 90.5 90.6 91.8 91.8

Pink Noise Sony WH1000XM4 11 93.5 93.6 93.8 93.8

Pink Noise Sony WH1000XM4 12 94.5 94.6 95.8 95.8

Pink Noise Sony WH1000XM4 13 96.5 96.6 97.8 97.7

Pink Noise Sony WH1000XM4 14 98.5 98.6 98.8 99.7

Pink Noise Sony WH1000XM4 15 100.5 100.6 101.8 101.7

Pink Noise Sony WH1000XM4 16 102.5 103.3

Sound_Type Ear Model Volume_Level iPhone 12 Samsung S20

Level dBA Level dBC Level dBA Level dBC
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 To ensure success, conformity Assessment must be:

• Repeatable: Different testers, following the same procedures and test 

methodology, should be able to get the same results on the same platform.

• Efficient: Minimize costs burden on participants. Test tools must be 

optimized to maximize automation and minimize human intervention.

• Effective: Must test the critical areas required by the specification or 

standard and provide the desired level of assurance for its customer base.



Chuck Kardous

Kardous Acoustical, LLC

ckardous@gmail.com

NIOSHNoiseResearch@cdc.gov

https://www.cdc.gov/niosh/topics/noise/

mailto:ckardous@gmail.com
mailto:NIOSHNoiseResearch@cdc.gov
https://www.cdc.gov/niosh/topics/noise/


Implementing a conformance 
testing programme

Dennis Andreev



ITU C&I Programme

ITU Product Conformity & Testing Laboratories Databases

June 2023



ITU-T C&I Portal – https://itu.int/go/citest

The ITU C&I Programme was initiated at the request of ITU’s membership to:

• enhance the conformity and interoperability of ICT products implementing 
ITU Recommendations or part thereof

• improve the quality of ITU Recommendations

• reduce the digital divide and the Standardization Gap by assisting developing 
countries with human resource and infrastructure capacity building

GENERAL OVERVIEW

https://itu.int/go/citest


ITU Conformance and Interoperability programme (C&I), http://itu.int/go/citest

Key pillars:

Pillar 1: Conformity assessment

Pillar 2: Interoperability events

Pillar 3: Capacity building

Pillar 4: Establishment of test centres and a C&I programme 

in developing countries

Core ITU Resolutions:

• Resolution 177 (PP-22)

• Resolution 76 (WTSA-20)

• Resolution 47 (WTDC-22)

• Resolution 62-2 (RA-19)

Implementation of C&I programme:

• ITU-T SG11: lead group on testing (http://itu.int/go/tsg11 )

• All other ITU-T SGs are developing test specifications in areas of 

their responsibilities

• ITU-D SG2 (Q4/2): assistance to developing countries on 

implementing C&I programme

• Conformity Assessment Steering Committee (CASC): Testing 

Laboratories Recognition procedure

• ITU test events

• ITU training events on C&I

Outcomes:

• Product Conformity Database (launched in 2014)

Note: around 500 entries

• Testing Laboratories database (launched in 2022)

Note: 11 TLs are registered

• List of ITU-T Technical experts (10 experts)

Note: they might be involved in the TL assessment

• Testing specifications for different ICT technologies

• Number of test events (23 events)

• Number of training events and Workshops

Contact: conformity@itu.int

http://itu.int/go/citest
https://www.itu.int/dms_ties/itu-s/md/22/pp/c/S22-PP-C-0202%21%21PDF-E.pdf
https://www.itu.int/pub/T-RES-T.76-2022
https://www.itu.int/dms_pub/itu-d/md/18/wtdc21/c/D18-WTDC21-C-0103%21R1%21PDF-E.pdf
https://www.itu.int/pub/R-RES-R.62-2-2019
https://www.itu.int/go/tsg11
http://itu.int/go/tsg11
https://www.itu.int/net4/ITU-D/CDS/sg/index.asp?lg=1&sp=2018
https://www.itu.int/en/ITU-T/studygroups/com11/casc/Pages/default.aspx
https://www.itu.int/en/ITU-T/C-I/interop/Pages/default.aspx
https://www.itu.int/en/ITU-D/Technology/Pages/ConformanceandInteroperability_untilNovember2021.aspx
mailto:conformity@itu.int


Rev. Resolution 76 (WTSA-20)
“Studies related to conformance and interoperability testing, assistance to developing 
countries, and a possible future ITU Mark programme”

Instructs the TSB Director

…

6 to facilitate the development and 

implementation of an ITU-T C&I test 

laboratory recognition procedure; 

resolves

…

4 to continue working with accreditation bodies to 

recognize testing laboratories with competence to 

test in accordance with ITU-T Recommendations;

instructs the study groups

…

4 to submit to CASC a list of ITU-T 

Recommendations which could be candidates for the 

certification scheme, taking into account market 

needs,

instructs the ITU-T CASC

…

to study and define an ITU procedure to recognize 

testing laboratories that are competent to test according 

to ITU-T Recommendations, in collaboration with existing 

accreditation bodies,



Rev. Resolution 177 (PP-22)
“Conformance and interoperability”

…

7 to develop the criteria for assessing the maturity of 

Pillar 1 of the Action Plan for the C&I Programme 

mentioned in recognizing further j) above and report to 

the Council;

8 to define the ITU Mark concept and its implications for 

ITU and its membership,

…



SG11 agreed a Guideline on “Testing Laboratories 
recognition procedure”.
It describes the process on how ITU may recognize 
Testing Laboratories which competence covers ITU-T 
standards.

The Guideline was revised in July 2022.

2015

SG11 established ITU-T Conformity Assessment Steering 
Committee ITU-T CASC, http://itu.int/go/casc
Main objective is elaborate the TL recognition procedure in close 
collaboration with existing accreditation entities (e.g., IEC, ILAC, 
IAF, etc.).

https://www.itu.int/en/ITU-T/studygroups/2017-2020/11/Documents/Guideline_CASC_TL_RP.pdf
https://www.itu.int/en/ITU-T/studygroups/2017-2020/11/Documents/Guideline_CASC_TL_RP.pdf
http://itu.int/go/casc


SG11 appointed several ITU technical experts
on different ITU-T Recommendations.

2017-2019

SG11 agreed a Guideline “ITU-T CASC procedure to appoint 
ITU-T technical experts”.
Those experts could be included in the assessment team of IEC 
or ILAC in order to evaluate TL which have competence on 
particular ITU-T Recommendations.

https://www.itu.int/en/ITU-T/studygroups/2017-2020/11/Documents/List-ITU-technical%20experts-CASC-Oct19.pdf
https://www.itu.int/en/ITU-T/studygroups/2017-2020/11/Documents/Guideline_CASC_EXP_RP-10-2019.pdf
https://www.itu.int/en/ITU-T/studygroups/2017-2020/11/Documents/Guideline_CASC_EXP_RP-10-2019.pdf


2020

ILAC presented outcomes of ILAC survey to identify Testing Laboratories accredited to perform testing 
in accordance with ITU-T Recommendations (see SG11-TD1370/GEN).

The results indicated that:
• 12 Accreditation Bodies (ABs) out of the 57 who replied to the survey, are accrediting laboratories 

for ITU Recommendations.
• Out of the 12 ABs 10 had fewer than 5 accredited labs while 2 members indicated they have 

accredited 23 and 37 laboratories respectively for ITU-T Recommendations.

Collaboration with ILAC

https://www.itu.int/md/T17-SG11-200722-TD-GEN-1370/en


SG11 decided that ITU recognizes the Testing Laboratories (TLs) which 
are accredited by an AB that is a signatory to the ILAC MRA for testing, 
which scope of accreditation contains ITU-T Recommendation(s).

There are no financial implications for ITU for implementing such 
procedures. Financial implications for TLs are to be covered by the cost 
structures of the ABs.

2021

Ref.: SG11 Report, March 2021, SG11-R42

https://www.itu.int/md/T17-SG11-R-0042/en


Key achievements: CASC

• Aligned its ToR with Resolutions of WTSA-20

• Established collaboration with International 
Laboratory Accreditation Cooperation (ILAC) on 
Testing Laboratory recognition procedure

• Approved the ITU Guidelines on TL recognition 
procedure and appointment of ITU technical experts

• Appointed 10 ITU-T Technical experts on ITU-T 
Recommendations H., K., M. and X.series.

• Recognized 11 TLs which are accredited by an 
Accreditation Body (AB) that is a signatory to the ILAC 
Mutual Recognition Arrangement (MRA) for testing, which 
scope of accreditation contains ITU-T 
Recommendation(s).

• ITU Operational Bulletins
(OB.1253, OB.1256, OB.1263, OB.1266)

• Newslog

TSB Circular 368

2022

https://ilac.org/ilac-mra-and-signatories/
https://ilac.org/ilac-mra-and-signatories/
https://www.itu.int/pub/T-SP-OB
https://www.itu.int/pub/T-SP-OB.1253-2022
https://www.itu.int/pub/T-SP-OB.1256-2022
https://www.itu.int/pub/T-SP/publications.aspx?parent=T-SP-OB.1263-2023
https://www.itu.int/pub/T-SP-OB.1266-2023
https://www.itu.int/hub/2022/10/labs-gain-official-recognition-for-testing-conformance-with-itu-standards/
https://www.itu.int/md/meetingdoc.asp?lang=en&parent=T17-TSB-CIR-0368


MoU between ITU-T, International Accreditation Forum (IAF) and 
International Laboratory Accreditation Cooperation (ILAC)

https://www.itu.int/en/ITU-T/extcoop/Documents/mou/MoU-ITU-T-IAF-ILAC-
20220824.pdf

24 August 2022: The MoU between ITU-T, IAF and ILAC provides 
critical support to ITU's Conformance and Interoperability (C&I) 
programme. Conformance with international standards is one of the 
core principles underlying the global interoperability of ICT networks 
and devices.

The ITU Conformity and Interoperability (C&I) programme was initiated 
at the request of ITU’s membership to enhance the conformity and 
interoperability of ICT products implementing ITU Recommendations 
or part thereof.

The purpose of this MoU is to establish effective collaborative linkages 
between the ITU-T, IAF and ILAC in the area of conformity and 
interoperability of ICT products, to facilitate achieving the desired level 
of connectivity and ‘usability’ of services to the end-users.​

https://www.itu.int/en/ITU-T/extcoop/Documents/mou/MoU-ITU-T-IAF-ILAC-20220824.pdf
https://www.itu.int/en/ITU-T/extcoop/Documents/mou/MoU-ITU-T-IAF-ILAC-20220824.pdf


ILAC-ITU Partnership

https://ilac.org/about-ilac/partnerships/international-partners/itu/

https://ilac.org/about-ilac/partnerships/international-partners/itu/


ITU Testing Laboratories Database (TLDB)

In order to be recognized by the ITU, Testing Laboratories (TL) 
shall be:

• accredited by an Accreditation Body that is a signatory to the 
ILAC MRA for Testing (using ISO/IEC 17025)
Note: the list of ABs is available at:
https://ilac.org/signatory-search/.

• have ITU-T Recommendations in the TL’s scope of 
accreditation

Ref: revised ITU-T Guideline, July 2022

The request needs to be sent via online form.
It is available on ITU C&I Portal: 
http://itu.int/go/citestAny TL including non-ITU members are encouraged to apply

According to ITU Guideline: “Based on received applications, if they 
are in line with the criteria defined in cl.9, TSB Director is asked to 
register the Testing Laboratory in the ITU Testing Laboratory 
Database accordingly.”

http://itu.int/go/tldb

TSB Circular 368

https://ilac.org/signatory-search/
https://www.itu.int/en/ITU-T/studygroups/com11/casc/Documents/TL-RP_pub_2022-07-15.pdf
https://www.itu.int/net/itu-t/cdb/secured/reg-tldb.aspx
http://itu.int/go/citest
http://itu.int/go/tldb
https://www.itu.int/md/meetingdoc.asp?lang=en&parent=T17-TSB-CIR-0368


ITU Product Conformity Database (PCDB)
http://itu.int/go/tcdb

The PCDB can be populated by testing laboratories, 

conformity assessment bodies (CABs), vendors and 

others, including non-members of ITU, provided that 

the product is either (see here):

• tested by a testing laboratory which has an 

accreditation with ISO/IEC 17025 and at least 

one ITU-T Recommendation; or,

• certified to be in conformance with at least one 

ITU-T Recommendation by a CAB with ISO/IEC 

17065 accreditation

• tested by testing laboratory recognized by ITU 

(accredited by ILAC MRA signatories AB which 

have ITU Recommendations in its scope of 

accreditation), see ITU-T Guideline​.

At this early stage of the database’s implementation, the entry of products is possible through two other channels:

• if these products were tested in an ITU test event

• as part of an ITU conformity testing pilot project

Online application form

Product is to be tested to applicable ITU-T Recommendations using ITU-T test specifications or procedures adopted by 

an SDO or forum qualified in accordance with Recommendation ITU-T A.5.

http://itu.int/go/tcdb
https://www.itu.int/en/ITU-T/C-I/conformity/Pages/cdb.aspx
https://www.itu.int/en/ITU-T/studygroups/com11/casc/Documents/TL-RP_pub_2022-07-15.pdf
https://www.itu.int/en/ITU-T/C-I/interop/Pages/default.aspx
https://www.itu.int/en/ITU-T/C-I/Pages/CI-projects-table.aspx
https://www.itu.int/net/itu-t/cdb/secured/Register16.aspx


Potential approach on safe listening project

• Appoint ITU-T technical experts on ITU-T H.870-series who 
might be involved by Accreditation Bodies of ILAC MRA to 
assess Testing Laboratories

• Register Testing Laboratories (TLs), which fulfill the criteria 
of ITU TL recognition procedure, in ITU TL Database

• Register ICT products tested by recognized TLs in ITU 
Product Conformity Database



Contacts

Denis ANDREEV (Advisor of ITU-T SG11)
denis.andreev@itu.int

mailto:denis.andreev@itu.int


Next steps

ITU



ITU Study Group 16, Question 
28 Rapporteur’s meeting

Masahito Kawamori ITU



ITU Study Group 16, Question 28 
Rapporteur’s meeting
• Coordination with other SDOs, such as IEC, CENELEC, etc.

• H.870.V2 related documents

• F.780.2 (accessible telehealth) conformance testing specification

• Any other business

• New work items





Chair: Adrian Fuente

Start time: 9:00 am
Room: W1

Adrian Fuente 

Katya Feder

Adriana Lacerda

Colleen Le Prell

Richard Neitzel

Lauren Smith

Kelly Tremblay



Purpose

• Outline field testing 

methodology and propose sites 

for field testing of the research 

protocol, and discuss other 

areas of research interest 



Objectives

• Discuss and finalize the draft research 

protocol 

• Discuss and develop ideas of how the 

research protocol will be field tested 

• Review the findings from the Apple 

Hearing Health study and discuss 

possible public health use of the data 

(TBC) 

• Discuss other areas of potential research 

interest 
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