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Abstract 
This standard  specifies laboratory-based procedures for measuring,  analyzing,  and  reporting  the 
passive noise-reducing capabil i ties of hearing  protectors.  The procedures consist of psychophysical  
tests conducted  on  human subjects to determine the real-ear attenuation  measured  at hearing  threshold.  
Two fitting  procedures are provided:  Method A) trained-subject fit,  intended to describe the capabil ities 
of the devices fitted  by careful ly trained  users,  and  Method B) inexperienced-subject fi t,  uti l izes subjects 
with  l i ttle or no experience with  respect to the use of hearing  protection,  in  order to approximate the 
attenuation  that can be attained  by groups of users as reported in  real-world  occupational  studies.  
Regardless of test method,  the attenuation  data wil l  be val id  only to the extent that the users wear the 
devices in  the same manner as during the tests.  This standard  does not address issues pertaining  to 
computational  schemes or rating  systems for applying  hearing protector attenuation  values (see 
ANSI/ASA S1 2.68),  nor does it specify minimum performance values for hearing protectors,  or address 
comfort or wearabil i ty features.  Method A of this standard  corresponds to ISO 4869-1 :1 990,  Acoustics – 
Hearing protectors – Part 1: Subjective method for the measurement of sound attenuation,  and  Method  
B corresponds to ISO/TS 4869-5:2006,  Acoustics – Hearing protectors – Part 5: Method for estimation 
of noise reduction using fitting by inexperienced test subjects.   
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Foreword 

[This Foreword is for information only and is not a part of the American National Standard ANSI/ASA S12.6-2016 

American National Standard Methods for Measuring the Real-Ear Attenuation of Hearing Protectors  (revision  of 

ANSI/ASA S1 2.6-2008).  As such,  this Foreword may contain material that has not been subjected to public review 

or a consensus process.  In addition,  it does not contain requirements necessary for conformance to the standard. ]  

This standard comprises a part of a group of definitions,  standards,  and  specifications for use in  noise.  
I t was developed and  approved by Accredited  Standards Committee S1 2,  Noise,  under its approved 
operating  procedures.  Those procedures have been  accredited  by the American  National  Standards 
Institute (ANSI).  The Scope of Accredited  Standards Committee S1 2 is as fol lows:   

Standards,  specifications,  and terminology in the field of acoustical noise pertaining to methods of 

measurement,  evaluation,  and control,  including biological safety,  tolerance,  and comfort,  and physical 

acoustics as related to environmental and occupational noise.  

This standard  is a revision  of ANSI/ASA S1 2.6-2008.  The principal  changes in  this update pertain  to the 
definition  of the fi l ters used  in  signal  generation,  room ambient noise requirements and  various other 
i tems regarding the test site as described  in  Clause 4,  retention  of subjects during  Method-B testing,  a 
completely revised  annex on  the computation  of uncertainty in  close harmonization  with  the related  
specifications in  ISO 4869-1 ,  and  inclusion  of requirements on  laboratory procedures for purposes of 
accreditation  for laboratories choosing to become accredited.   

This standard is comparable to two existing  ISO standards.  Method  A corresponds to ISO 4869-1 :1 990,  
Acoustics – Hearing protectors – Part 1: Subjective method for the measurement of sound attenuation,  
with  the principal  d ifferences being in  the number of test subjects and replications,  the fitting  instructions,  
and  certain  details of the electroacoustic test specifications,  especial ly the room ambient noise.  Method 
B corresponds to ISO/TS 4869-5:2006,  Acoustics – Hearing protectors – Part 5: Method for estimation 
of noise reduction using fitting by inexperienced test subjects,  again  with  similar d ifferences as between 
Method A and  4869-1 .  

This standard  does not include performance requirements for hearing  protectors,  nor does it specify 
how to use the attenuation  values derived  from testing  via the methods of this standard  for the prediction 
of protected noise exposures;  computational  methods and  attenuation  ratings are described  in  
ANSI/ASA S1 2.68-2008 (R201 2).  This standard  also does not pertain  to physical  attenuation  
measurements using  acoustical  test fixtures or microphones mounted  in  human earcanals;  those 
procedures are covered in  ANSI/ASA S1 2.42-201 0.  And  final ly,  with  respect to attenuation  obtained  by 
individual  users,  a standard  is under development that wil l  provide specifications for field  attenuation  
estimation systems (FAES) intended to estimate the personal  attenuation  ratings of hearing  protection  
devices obtained  by individual  wearers in  actual  practice (BSR/ASA S1 2.71 -201 X).  

At the time this standard  was submitted  to Accredited Standards Committee S1 2,  Noise for approval,  
the membership was as fol lows:  

S.J.  Lind,  Chair 
D.F.  Winker,  Vice-Chair 

S.B.  Blaeser,  Secretary 
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Introduction 

This standard describes real-ear attenuation  at threshold  (REAT) methods for the measurement of the 
noise attenuation  of hearing  protection  devices (HPDs).  Variations of this approach have been in  wide 
use since the development of ASA Z24.22-1 957.  REAT data have general ly been recognized  as yielding  
the best measure of the noise attenuation  provided  by passive hearing  protection  devices and  include 
the effects of sound transmission  from flanking pathways,  such as those arising  from tissue and  bone 
conduction  (Berger,  1 986).  

Key factors influencing the measured  attenuation  values are the selection,  training,  and  fitting  of the 
hearing  protector test subjects.  For that reason this standard  includes two methods with  distinctly 
differing  approaches for dealing  with  these issues.   

Method A,  previously cal led  “experimenter-supervised  fit”  and  now designated  “trained-subject fit, ”  
describes something close to an  optimum fitting  scenario that can be accomplished by a motivated  and 
proficient user.  I t al lows ful l  training  and  intervention  by the experimenter prior to the attenuation 
measurement,  but for the actual  test the subject must don the hearing  protector on  his or her own without 
assistance.  The rationale is that al lowing intensive individual ized  training  immediately prior to a subject 
fitting  the device is a reasonable reflection  of the best that can be obtained  in  practice.  The reason to 
preclude the experimenter from actually fi tting  the device was the observation  that experimenters,  who 
vary in  the ways they interpret the standard  and  perform HPD fitting,  can increase interlaboratory 
variabil i ty (Murphy et al. ,  2009).  To some extent,  isolating  the experimenters from the actual  test reduces 
this problem.  Furthermore,  in  actual  use,  whether trained  or not,  workers and  others don hearing 
protectors without assistance.  

Method B,  previously cal led  “subject fi t”  and  currently designated  “inexperienced-subject fit”  to clearly 
indicate the key feature of the procedure,  intends to approximate “achievable” results for groups  of 
workers in  hearing  conservation  programs.  Because in  an  inexperienced-subject fit procedure the 
experimenter’s input is l imited,  much depends upon  the subjects’  ski l l  in  reading and  interpreting 
instructions,  which  in  turn  is substantial ly affected  by their prior experience with  HPDs and  any previous 
training  they may have received.  Under such conditions it is important to select subjects with  as l i ttle 
prior practice and  training  in  HPD usage as possible;  otherwise,  their performance on  the current tests 
wi l l  l ikely be influenced by their preconceptions and  acquired  level  of ski l l  (Berger,  1 992).  

Method  B was developed by the Working Group responsible for this standard  by evaluating various 
protocols via both  a pi lot and  an  initial  ful l-scale interlaboratory comparison study (Berger et al. ,  1 998;  
Murphy et al. ,  2004;  Royster et al. ,  1 996).  Subsequently,  an  additional  interlaboratory study evaluating  
six hearing  protectors in  six different laboratories was conducted,  and  the results led  to refinements in  
the methods incorporated  into the current standard  (Murphy et al.  2009).  

Sincerely interested  and/or highly motivated  individuals  may obtain  workplace attenuation  values 
significantly exceeding Method-B,  and even potential ly exceeding Method-A results,  but for most 
populations of occupational  users,  the inexperienced-subject-fit estimates wil l  provide better predictors 
of group average data than wil l  the Method-A results.  The val idity of the estimates has been assessed 
by comparing laboratory-measured values arrived  at using  procedures similar to the subject-fit protocol  
of this standard  to values for groups of users derived from more than 20 available real-world  studies 
(Berger et al. ,  1 998).  

Method A yields higher mean attenuation  values and  lower within-test standard  deviation  values than 
Method B,  with  the effect being substantial ly larger for earplugs than for earmuffs because of the greater 
difficulty in  fitting  insert devices.  See Annex A for information  on  estimating  the uncertainty of these 
procedures.  

Full document details: ANSI ASA S12.6-2016

http://www.avadocuments.com/doc/ansi-asa-s12-6-2016
http://www.avadocuments.com/doc/ansi-asa-s12-6-2016


AMERICAN NATIONAL STANDARD ANSI/ASA S1 2.6-201 6  

 

© 201 6 Acoustical  Society of America – Al l  rights reserved  1  

American National  Standard 

Methods for Measuring the Real-Ear Attenuation of 
Hearing Protectors 

1  Scope  

1 .1  Scope 

This standard  specifies laboratory-based  subjective-method for measuring,  analyzing,  and  reporting  the 
passive noise-reducing capacity of hearing  protection  devices.  The methods consist of psychophysical  
tests conducted  on  groups of human subjects to determine real-ear attenuation  at threshold.  

Two methods are provided,  d iffering in  their subject selection,  training,  hearing  protector fitting 
procedures,  and  experimenter involvement,  but corresponding in  al l  electroacoustic and  psychophysical  
aspects.  One method,  designated  trained-subject fit,  is intended  to describe the upper l imits of hearing 
protector performance for devices fitted  by groups of careful ly trained  users.  The second  method,  
designated  inexperienced-subject fit,  is conducted  with  persons with  l i ttle or no experience with  respect 
to the use of hearing  protection.  I t approximates the attenuation  that has been achieved by groups of 
users as reported  in  real-world  occupational  studies (Berger et al. ,  1 998).  

1 .2 Applications 

The selection  of test method,  trained-subject fi t or inexperienced-subject fi t,  is based upon the intended 
application.  

Method-A trained-subject fi t values are useful  to estimate performance for individually trained  and  
well-motivated  users,  as well  as in  the design of hearing  protectors,  to provide a theoretical  
understanding of their performance l imitations,  and  for routine testing  for qual ity assurance purposes.  

Method-B inexperienced-subject fit is intended to provide an  approximation  of the upper l imits to the 
attenuation  that can be expected  on  average for groups  of occupational  users.  Properly trained  and  
motivated  individuals  can  potential ly attain  larger amounts of protection,  in  closer agreement with  the 
trained-subject fi t data,  especial ly for earplugs,  than the inexperienced-subject fi t values found  using 
this standard.  However,  inexperienced-subject fit values provide a closer correspondence to real-world  
performance for groups of users than do the trained-subject fit data.  

Regardless of the test method that is selected,  trained-subject fit or inexperienced-subject fit,  the 
attenuation  values wil l  be applicable only to the extent that:   

(a) the hearing  protectors are worn in  practice in  the same manner as during  the laboratory test;  

(b) the hearing  protectors are properly maintained;  and 

(c) the anatomical  characteristics of the population  of actual  wearers are a reasonable match to the 
laboratory test subjects.  

The methods of this standard  apply to passive hearing protectors,  as well  as to active hearing  protection 
devices when the electronics are turned off.  For evaluation  of active hearing  protection  devices with  
their electronics turned on,  see ANSI/ASA S1 2.42.  Hearing  protectors can also take the form of 
communications headsets and  earplugs,  helmets,  pressure suits,  and  other systems with  sound-
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attenuating  features.  Devices can  be used  in  combination  with  one another,  such as earplugs worn in  
conjunction  with  earmuffs or helmets.  

The methods of this standard  yield  data that are collected  at low sound  pressure levels (close to the 
threshold  of hearing) but which  are also representative of the attenuation  values of hearing  protectors 
at higher levels.  One exception  occurs in  the case of passive amplitude-sensitive hearing  protectors for 
sound pressure levels above the point at which  their level-dependent characteristics become effective.  
At those levels the methods specified  in  this standard  are inapplicable;  they wi l l  usually underestimate 
sound attenuation  (Berger,  1 986).  Another exception  exists with  respect to predicting  the noise 
attenuation  of high-level  impulsive sounds such as from weapons fire,  over 1 40 dB peak sound pressure 
level,  because of possible level-dependent behavior of hearing  protectors when exposed to such  
sounds.  To evaluate performance at peak SPLs greater than 1 40 dB guidance may be found  in  
ANSI/ASA S1 2.42.  

The low-frequency (below 500 Hz) real-ear attenuation  at threshold  data resulting  from this standard 
may be spuriously high  by a few decibels,  with  the error increasing as frequency decreases.  This results 
from masking of the occluded-ear thresholds caused  by physiological  noise during  testing  (Berger and 
Kerivan,  1 983;  Schroeter and  Poesselt,  1 986).  The errors are largest for semi-insert and  supra-aural  
hearing  protectors,  for small-volume earmuffs,  and for shallowly inserted  earplugs.  The errors are 
smallest for large-volume earmuffs and  more deeply inserted  earplugs.  

This standard does not address issues pertaining  to computation  of protected  noise exposures or rating 
systems for applying  hearing  protector attenuation  values (see ANSI/ASA S1 2.68),  nor does it specify 
minimum performance values for hearing protectors,  or address comfort or wearabil ity features.  

2 Normative references 

The fol lowing referenced documents are indispensable for the application  of this standard.  For dated 
references,  only the edition  cited  appl ies.  For undated  references,  the latest edition  of the referenced 
document (including any amendments) applies.  

ANSI/ASA S1 .1 ,  American National Standard Acoustical Terminology 

ANSI/ASA S1 .4-201 4/Part 1 /IEC 61 672-1 :201 3,  American National Standard Electroacoustics – Sound 
Level Meters – Part 1: Specifications  

ANSI/ASA S1 .1 1 -201 4/Part 1 /IEC 61 260-1 :201 4,  American National Standard Electroacoustics – 
Octave-band and Fractional-octave-band Filters – Part 1: Specifications  

ANSI/ASA S3.1 -1 999 (R201 3),  American National Standard Maximum Permissible Ambient Noise 
Levels for Audiometric Test Rooms 

ANSI/ASA S3.6,  American National Standard Specification for Audiometers  

ANSI/ASA S3.20,  American National Standard Bioacoustical Terminology 

ANSI/ASA S3.36-201 2,  American National Standard Specification for a Manikin for Simulated in-situ 
Airborne Acoustic Measurements 

ANSI/ASA S1 2.68-2007 (R201 2),  American National Standard Methods of Estimating Effective A-
Weighted Sound Pressure Levels When Hearing Protectors are Worn 

NOTE “R” stands for reaffirmed.   
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3 Terms and definitions 

For the purposes of this standard,  the terms and  definitions given in  ANSI/ASA S1 .1 ,  ANSI/ASA S3.20,  
and  the fol lowing apply:  

3.1  active hearing protection device.  A hearing  protection  device that contains electronic 
components including transducers (i .e. ,  speakers and microphones) to affect the transmission  of sound 
into the earcanal.  
 
3.2 amplitude-sensitive hearing protection device.  A hearing  protector,  also referred  to as a level-
dependent hearing  protector,  which  is designed to exhibit a change in  attenuation  as a function  of sound  
level.  
 
3.3 earmuff.  A hearing  protector usual ly comprised  of a headband  and  earcups with  a soft cushion  
to seal  against the head,  intended  to fit against the pinna (supra-aural) or the sides of the head  around 
the pinna (circumaural).  The earcups may also be held  in  position  by attachment arms mounted  on  a 
hard  hat or hard  cap.  
 
3.4 earplug.  A hearing  protector that is inserted  into the earcanal.  
 
3.5  hearing protection device (HPD).  A personal  device,  also referred  to as a hearing  protector,  
worn  as a barrier to reduce the sound level  entering  the earcanal  in  order to diminish  the harmful  auditory 
and/or annoying subjective effects of sound.  
 
3.6  helmet.  A device,  sometimes functioning as a hearing  protector,  which  usual ly covers a 
substantial  portion  of the head,  that may include internally mounted  earcups and/or earplugs.  
 
3.7  occluded threshold of hearing.  At a specific frequency,  the minimum effective sound pressure 
level  of the signal  that is capable of evoking an  auditory sensation  in  a specified  fraction  of the trials 
when the hearing  protector under test is worn.  
 
3.8  open threshold of hearing.  At a specific frequency,  the minimum effective sound pressure level  
of the signal  that is capable of evoking an  auditory sensation  in  a specified  fraction  of the trials when a 
hearing  protector is not worn  (i .e. ,  ears unoccluded).  
 
3.9  passive hearing protection device.  A hearing  protector that rel ies solely on  its mechanical  
elements to block or otherwise control  the transmission  of sound to the auditory system.   
 
3.1 0 pink noise.  Noise for which  the spectrum density varies as the inverse of frequency.  
 
3.1 1  random incidence.  Incidence of sound waves from al l  d irections with  equal  probabil ity.  
 
3.1 2  real-ear attenuation at threshold (REAT).  At a specific frequency,  the mean value (in  decibels) 
of the occluded threshold  of hearing  minus the open threshold  of hearing  on  al l  trials under otherwise 
identical  test conditions,  either for a single l istener or averaged  across a group of l isteners.  
 
3.1 3  reference point.  A fixed  spatial  location  within  the test chamber to which  al l  of the objective 
measurements of the sound field  characteristics are referenced and  which coincides with  the midpoint 
of a l ine connecting  the test subjects’  earcanal  openings when the subject is seated  for measurements.  
 
3.1 4 requester.  The party submitting  a hearing  protection  product and  fitting  instructions for testing.   
 
NOTE When the investigator is evaluating  hearing  protectors other than for an entity external  to the laboratory,  
the requester is considered  to be the investigator conducting  the research.   
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