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Abstract 
 
This Standard provides definitions for terms used in  the measurement of real-ear performance 
characteristics of hearing  aids,  provides procedural  and reporting  guidel ines,  and identifies essential  
characteristics to be reported by the manufacturer of equipment used for this purpose.   Acceptable 
tolerances for the control  and measurement of sound pressure levels are indicated.   Where possible,  
sources of error have been identified  and suggestions provided for their management.  
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Foreword 

[This Foreword is for information only and is not a part of the American National Standard ANSI/ASA S3.46-2013 

American National Standard Methods of Measurement of Real-Ear Performance Characteristics of Hearing Aids.] 

This Standard was developed under the jurisdiction  of Accredited Standards Committee S3,  Bioacoustics,  
which  has the fol lowing  scope:  

Standards,  specifications,  methods of measurement and test,  and terminology in the fields of 
psychological and physiological acoustics,  including aspects of general acoustics which pertain to 
biological safety,  tolerance and comfort.  
 

This standard is a revision  of ANSI  S3.46-1 997,  which has been technical ly revised.   Changes in  this 
edition  include an  expansion  of the scope to include measurement of certain  acoustic properties of the 
ear which  are related to hearing  aid  fi tting.   

Major non-editorial  changes in  this edition  include:  

  Scope.  This standard covers the terminology,  procedures and essential  equipment characteristics 
for the measurement of the acoustic output and acoustic gain  of hearing  aids,  coupled to human 
ears,  in  a variety of acoustic environments and for the measurement of certain  acoustic properties 
of the ear related to the application  of hearing  aids.  

  3. 1 .4 coupled sound source.  An  earphone or hearing  aid  receiver and any tubing  used to couple 
i ts acoustic output,  without leakage,  to the ear canal  or the cavity in  a coupler.  

  3.3.6 long-term average speech spectrum.  The sound pressure level  in  contiguous 1 /3 octave 
bands measured over the duration  of a speech sample.  Abbreviation,  LTASS.  

  3.4.6 real-ear aided response.  The fol lowing  note was added to the definition:  

“NOTE The term Real-Ear Saturation  Response (RESR)  has sometimes been used for the REAR with  a 

stimulus SPL of 85 or 90 dB.  The use of this term is deprecated in  favor of REAR85 or REAR90.”  

  3.4.1 0 real-ear to coupler difference.  Difference in  decibels,  as a function  of frequency,  between  
the SPL produced near the tympanic membrane in  an  occluded ear canal  by a coupled sound 
source having  a h igh  acoustic impedance and that produced in  the HA-1  configuration  of the 
2 cm

3 
earphone coupler by the same coupled sound source.  Abbreviation,  RECD.  

  3.4.1 1  real-ear to dial  di fference.  Difference in  decibels,  as a function  of frequency,  between the 
SPL produced near the tympanic membrane by an  audiometric sound source and the hearing  
level  indicated by the audiometer driving  the sound source.  Abbreviation,  REDD.  

  4.3.2 For a speech-l ike stimulus,  report the SPL and the bandwidth  over which  i t is determined,  
the LTASS and,  i f digitized,  the sampling  rate and number of bits.  I f standardized or commercial ly 
avai lable,  report the source and identifying  information.  I f the speech has been modified by other 
than l inear fi l tering,  provide a description of the processing  or a reference where i t can  be found.  

  6.1 0 Real-ear to coupler difference method 

  6.1 1  Real-ear to dial  di fference method 
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  Annex A:  Descriptions added for Tone burst and Speech-l ike stimuli .  International  Speech Test 
Signal  recommended as speech-l ike test stimulus.  

  Annex C Issues in  RECD measurement and appl ication  added.  

This standard was editorial ly corrected and republished in  September 201 4 after discovery of a 
typographical  error in  the explanation  fol lowing  Equation  (C.1 )  in  Clause C.2  The definitions for Zsc  and 
Zse  had been  inadvertently transposed and are corrected in  this edition.  

The 1 997 edition  of ANSI  S3.46 was the basis for IEC standard 61 669-2001 :  Equipment for the 
measurement of real-ear acoustical characteristics of hearing aids and ISO 1 21 24-2001 :  Procedures for 
the measurement of real-ear acoustical characteristics of hearing aids.  Taken together,  these standards 
are comparable to ANSI/ASA S3.46.  These standards are currently being  combined and revised and are 
expected to remain  comparable to th is revision  of ANSI/ASA S3.46.  

At the time this standard was submitted to Accredited Standards Committee S3,  Bioacoustics,  for 
approval,  the membership was as fol lows:  

C.J.  Struck,  Chair 
G.J.  Frye,  Vice-Chair 
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Introduction 

The performance characteristics of hearing  aids in  real  ears can differ significantly from those determined 
in  accordance with  standards such as ANSI/ASA S3.22-2009 and ANSI/ASA S3.35-201 0 because of 
differing  acoustic input and loading  conditions presented by individual  real  ears.   Measuring  methods that 
take into account the acoustic coupl ing  and the influence of the individual  wearer on  the acoustic signal  
and the performance of hearing  aids are therefore important in  the fi tting  of these devices.  Such 
measurement methods have come to be known as "real-ear measurements" and are sometimes 
performed cl inical ly in  less-than-ideal  acoustic environments.  The accuracy and repeatabil i ty of 
measurements made under such conditions are complex functions of sound-field uniformity,  the nature of 
the stimulus and background noise,  the hearing  aid  under evaluation,  the method of stimulus control,  the 
location  of the sound source,  the nature of the data acquisition,  analysis and presentation,  and the degree 
of subject movement permitted.  This standard addresses these issues by providing  terminology for 
procedures and equipment,  by recommending  measurement methods and reporting  requirements,  and by 
identifying  key equipment parameters and acceptable tolerances.  

NOTE Throughout this standard,  the term "real  ear" is used to emphasize the fact that these measurements are 
made in  the ear canal  of a human subject.  
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American National  Standard 

Methods of Measurement of Real-Ear Performance 
Characteristics of Hearing  Aids  

1  Scope,  purpose,  and applications 

1 .1  Scope 

This standard covers the terminology,  procedures and essential  equipment characteristics for the 
measurement of the acoustic output and acoustic gain  of hearing  aids,  coupled to human ears,  in  a 
variety of acoustic environments and for the measurement of certain  acoustic properties of the ear 
related to the appl ication of hearing  aids.  These measurements can be divided into two classes:  
a)  direct measures of sound pressure level  (SPL),  and b)  insertion  measurements.  Direct measures 
(previously cal led in situ measurements)  report SPL developed in  an  ear canal,  with  or without a hearing  
aid  in  place and are expressed as dB gain  relative to the SPL at a field  reference point.  Insertion 
measurements report ear canal  SPL with  a hearing  aid in  place relative to the ear canal  SPL without the 
hearing  aid.  Behavioral  measures of real-ear hearing  aid  performance,  such as functional  gain,  are 
excluded from this standard.  

1 .2 Purpose 

The purpose of this standard is to assist those making  or interpreting  the results of real-ear performance 
measurements of hearing  aids by promoting  consistency in  terminology,  procedures and equipment 
specification.  

1 .3 Applications 

Applications of this standard include the selection,  ordering  and fi tting  of hearing  aids;  the col lection  and  
reporting  of research  data;  and the selection  of equipment used for the measurement of real-ear 
performance characteristics of hearing  aids.  Unless otherwise stated,  the measurements and 
requirements in  this standard apply to a minimum frequency range of 200 to 6000 Hz.  

2 Normative references 

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

ANSI  S1 .1  American National Standard Acoustical Terminology.  

ANSI/ASA S3.5-1 997 (R201 2)  American National Standard Methods for Calculation of the Speech 
Intelligibility Index.  

ANSI/ASA S3.7-1 995 (R2008)  American National Standard Methods for Coupler Calibration of 
Earphones.  

ANSI/ASA S3.20-1 995 (R2008)  American National Standard Bioacoustical Terminology.  

ANSI/ASA S3.22-2009 American  National Standard Specification of Hearing Aid Characteristics.  
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ANSI/ASA S3.42-1 992/Part 1  (R201 2)  American National Standard Testing Hearing Aids with a Broad-
band Noise Signal.  

ANSI/ASA S3.42-201 2/Part 2 / IEC 601 1 8-1 5:201 1  American National Standard Methods for 
characterizing signal processing in hearing aids with a speech-like signal (a nationally adopted 
international  standard)  

3 Definition of terms 

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

3.1  Definition of terms relating  to the sound field  

3.1 .1  axis of sound source.  Line through the center of the surface from which  sound exits the sound 
source and in  the direction  of maximum acoustic radiation.  

3.1 .2 azimuth angle of sound incidence.  Angle between the projection  of the axis of the sound source 
on  the horizontal  plane through the test point and the plane of symmetry of the subject when the subject 
is located in  the test position.  When the subject directly faces the sound source,  the azimuth  angle is 
zero degrees.  When the speaker revolves toward the right ear,  the azimuth  angle increases toward 90 
degrees right.  When the speaker revolves toward the left ear,  the azimuth  angle increases toward 90 
degrees left.  Refer to Figure 1 .  

NOTE The same term is defined in  ANSI/ASA S3.35 with  essential ly the same meaning.  The difference l ies in  
the use of the axis of rotation  of the manikin  as a reference for a plane.  This is not readily adaptable to a human 
subject in  a seated position  where the sound source is frequently rotated about the subject.  

3.1 .3 concurrent equalization.  Equal ization  performed concurrently with  the measurement.  Previously 
cal led real-time equalization.  

3.1 .4 coupled sound source.  An earphone or hearing  aid receiver and any tubing  used to couple i ts  
acoustic output,  without leakage,  to the ear canal  or the cavity in  a coupler.  

3.1 .5 elevation angle of sound incidence.  Angle between the horizontal  plane through the test point 
and the projection  of the axis of the sound source on  the plane of symmetry of the subject when the 
subject is located in  the test position.  When the sound source is above this horizontal  plane,  the 
elevation  angle is positive.  Refer to Figure 1 .  

NOTE The same term is defined in  ANSI/ASA S3.35 with  essential ly the same meaning.  The difference l ies in  
the use of the axis of rotation  of the manikin  as a reference for a plane.  This is not readily adaptable to a human 
subject in  a seated position  where the sound source is frequently rotated about the subject.  

3.1 .6 equalization.  Process of control l ing  the SPL (or band sound pressure level)  of the stimulus,  as a 
function  of frequency,  at the field  reference point.  

3.1 .7 field  reference point.  Point at which  the sound inlet of the reference microphone is located during  
equal ization  or measurement.  

3.1 .8 modified pressure method of equalization.  Equalization  method with  the field reference point 
near the surface of the head,  outside the acoustic influence of both  the external  ear and the hearing  aid.  
This method can  be either concurrent or stored.  
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