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Abstract 

The standard describes air-conduction hearing aid measurement methods that are particularly suitable 
for specification and tolerance purposes. Among the test methods described are output sound 
pressure level (SPL) with a 90-dB input SPL, full-on gain, frequency response, harmonic distortion, 
equivalent input noise, current drain, and induction-coil sensitivity. Specific configurations are given 
for measuring the input SPL to a hearing aid. Allowable tolerances in relation to values specified by 
the manufacturer are given for certain parameters. Annexes are provided to describe an equivalent 
substitution method, characteristics of battery simulators, static and dynamic characteristics of 
automatic gain control (AGC) hearing aids, and additional tests to characterize more completely the 
electroacoustic performance of hearing aids. 
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Foreword 

[This Foreword is for information only and is not an integral part of ANSI/ASA S3.22-2014 American National 
Standard Specification of Hearing Aid Characteristics. 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 
bioacoustics. It was developed and approved by Accredited Standards Committee S3, Bioacoustics, 
under its approved operating procedures. Those procedures have been accredited by the American 
National Standards Institute (ANSI}. The Scope of Accredited Standards Committee S3 is as follows: 

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. 

The following is a list of the major non-editorial revisions to this edition of the standard: 

• added an annex for an optional test of difference frequency distortion; 
• moved Annex C. 1 1  Induction Coil Performance With Loops into the main body of the standard; 
• deleted the vertical reference angle; 
• added a definition of a hearing aid; 
• added graphs of attack and release time measurements to annex for Dynamic AGC 

characteristics; 
• added to Annex C optional total harmonic distortion tests at more frequencies; 
• the HA-1 , HA-2, HA-3 and HA-4 coupler configurations previously defined in ANSI/ASA S3.7 

have been updated and included in clause 5.2.3.  New figures of these configurations have also 
been included. 

This standard is a revision of ANSI/ASA S3.22-2009, developed originally to establish measurement and 
specification methods for several definitive hearing aid characteristics and to provide tolerances for some 
of them. The original purpose of the standard was to provide a means of determining whether a 
production hearing aid as shipped was as stated by a manufacturer for a particular model, within the 
tolerances specified in the standard. In the 2009 revision of the standard, considerable effort was made to 
achieve harmonization with IEC 601 18-7. 

In the 1996 revision of the standard, the gain control was set to reference test position for automatic gain 
control (AGC) hearing aids as has been done for all other types of hearing aids. To reduce ambiguity in 
specifying this procedure, and to reflect common practices in the hearing aid industry at this time, in the 
2003 revision of the standard, AGC hearing aids are tested in AGC mode only for tests associated with 
AGC functions and are operated in non-AGC mode for all other tests. That is, for all hearing aids, for 
measurements to determine OSPL90, full-on gain, the Reference Test Setting of the gain control (RTS), 
total harmonic distortion, equivalent input noise, battery current drain, and induction coil sensitivity the 
hearing aid is set to operate in non-AGC mode. For AGC hearing aids, tests for input-output characteristic 
and attack and release times are made with the hearing aid operating in AGC mode. In the 2009 revision 
of the standard, the AGC tests were moved to Annex C and provision was made to use a stationary noise 
signal as well a sinusoidal signal for some tests. 

Although intended for the characterization of air-conduction hearing aids, the methods in this standard 
can be applied to other systems which have acoustic inputs and outputs, such as personal sound 
amplification products. 
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Although the purpose of this standard is quality measurements using the 2 cm3 coupler, the methods 
described herein may also be used for design, research, or product development using the 2 cm3 coupler, 
occluded ear simulator, or other specialized couplers or ear simulators. Additional advanced methods are 
found in the annexes. 

This standard contains several informative annexes which are not considered to be part of this standard. 

Since 1976, earlier versions of this standard have been incorporated into regulations of the United States 
Food and Drug Administration and have given guidance to manufacturers and consumers of hearing aids 
and to those who serve the hearing-impaired population. 

At the time this Standard was submitted to Accredited Standards Committee S3, Bioacoustics for 
approval, the membership was as follows: 

C.J. Struck, Chair 
P. Nelson, Vice-Chair 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. Nelson (Alt.) 
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Introduction 

This standard describes hearing aid measurements that are particularly suitable for specification and 
tolerance purposes. 

The procedures of this standard employ a reference test setting of the gain control (see 6.6) to which the 
hearing aid is adjusted for certain measurements such as frequency response, harmonic distortion, and 
equivalent input noise level. The rationale underlying the use of the reference test setting is that the gain 
control setting for certain tests should be related to the saturation output capability of the hearing aid. 
Among the advantages of the gain control setting specified herein are (1) the gain control is set fairly 
close to a typical "use" setting, and (2) harmonic distortion measurements are made with a setting 
appropriately related to the maximum output capability of the hearing aid. 

NOTE The concept of using a gain control setting related to the output capability of a hearing aid was originally 
put into practice by the National Bureau of Standards in their work for the Veterans Administration. This standard 
uses similar principles. 

An important feature of the procedures described in this standard is the method of determining the input 
SPL at the microphone opening(s) of the hearing aid (see 3 .2 .2 and 4.2). 
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AMERICAN NATIONAL STANDARD ANSI/ASA S3.22-2014 

American National Standard 

Specification of Hearing Aid Characteristics 
1 Scope, applications and purpose 

1.1 Scope 

This standard describes certain hearing aid measurements and parameters that are deemed useful in 
determining the electroacoustic performance of an air-conduction hearing aid. Some of these lend 
themselves to setting of tolerances for the purpose of maintaining product uniformity and for 
compliance with the performance specified for a model. 

It is not the intent of this document to restrict the variety of hearing aid performance available nor to 
inhibit in any way advances in the state of the art. 

This standard is limited to the specification of certain electroacoustic characteristics based on 
sinusoidal and other steady-state test signals. Measurements described in this standard are not 
intended to reflect in situ performance of hearing aids, directional performance of directional hearing 
aids, or certain performance properties of digital hearing aids, such as processing delay. 

Notes in the standard are not considered to be part of the standard. 

1.2 Appl ications 

Tolerances are given relative to specified characteristics supplied by a manufacturer. In the case of 
"custom" or "made-to-order" hearing aids, individual test data are to be supplied. The tolerances 
specified in the standard will apply to the individual test data supplied. 

1.3 Purpose 

This standard is intended to meet the need for specifications of air-conduction hearing aid 
performance parameters and their tolerances. The quantities suggested for specifications and 
tolerances are considered to be useful for comparing performance characteristics of different hearing 
aids or for comparing performance characteristics of a hearing aid with published specifications. 

2 Normative references 

The following referenced documents are indispensable for the application 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. 

[1 ] ANSI/ASA S1 . 1  American National Standard Acoustical Terminology 

[2] ANSI/ASA S1 .6 American National Standard Preferred Frequencies, Frequency Levels, and Band 
Numbers for Acoustical Measurements 

[3] ANSI/ASA S3.42-1 992/Part 1 (R 2012) American National Standard Testing Hearing Aids with a 
Broad-Band Noise Signal 
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[4] ANSI/ASA S3.55-201 4/Part 5 I IEC 60318-5:2006 MOD Electroacoustics - Simulators of human 
head and ear- Part 5: 2 cm3 coupler for the measurement of hearing aids and earphones coupled to 
the ear by means of ear inserts (a modified nationally adopted international standard) 

3 Definitions 

For the purposes of this document, the terms and definitions given in ANSI/ASA S1 .1 and the following 
apply. The definitions are given in four clauses: terms relating to hearing aids, terms relating to test 
equipment and test conditions, terms relating to measurements with acoustic inputs, and terms 
relating to measurements with inductive inputs. Within each clause the terms defined are in 
alphabetical order. 

3.1 Terms relating to hearing aids 

3.1 .1 automatic gain control (AGC). Means (other than peak clipping) by which the gain is 
automatically controlled as a function of the level of the signal being amplified. The abbreviation for 
this term is AGC. 

3.1 .2 automatic gain control hearing aid. Hearing aid incorporating automatic gain control (AGC). 

3.1 .3 compression. A type of AGC in which an incremental change in the input SPL produces a 
smaller incremental change in the output SPL. 

3.1 .4 compression ratio (CR). For compression, the ratio of incremental change in input sound 
pressure level to the resulting incremental change in output sound pressure level when this ratio is 
greater than 1 ,  e.g. ,  3:1 . The abbreviation for this term is CR. 

NOTE A ratio of 1 :1 is linear. 

3.1 .5 d i rectional hearing aid. A hearing aid for which the acoustic gain is dependent on the direction 
of sound incidence when measured under free-field conditions. 

3.1 .6 expansion. A type of AGC in which an incremental change in the input sound pressure level 
produces a larger incremental change in the output sound pressure level. 

3.1 .7 expansion ratio (ER). For expansion, the ratio of incremental change in input sound pressure 
level to the resulting incremental change in output sound pressure level when this ratio is less than 1 ,  
e.g., 1 :2 . The abbreviation for this term is ER. 

NOTE A ratio of 1 :1 is linear. 

3.1 .8 gain control .  A manually or electronically operated control for the adjustment of overall gain. 

3.1 .9 hearing aid. Any wearable sound amplification device designed for, offered for the purpose of, 
or represented as aiding persons with hearing loss. For the purposes of this standard, this definition 
applies to air-conduction hearing aids. 

NOTE In general, hearing aids have internal microphones, amplifiers, and output transducers that are 
housed in the same physical unit. However, in some instances, the microphones and/or output transducers may 
be housed externally. Hearing aids are fit using audiometric and prescriptive methods. 

3.1 .1 0 nondirectional hearing aid. A hearing aid for which the acoustic gain is independent of the 
direction of sound incidence when measured under free-field conditions. 
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3.1 .1 1 special purpose hearing aid. A hearing aid whose full-on gain at any frequency exceeds its 
full-on gain at 1000 Hz, or at 1 600 Hz, or at 2500 Hz by more than 1 5  dB. 

3.2 Terms relating to test equipment and test conditions 

3.2.1 coupler. The 2 cm3 coupler referred to in Clause 4.7. 

3.2.2 input SPL. For hearing aids with a single microphone opening, the SPL at the microphone 
opening of the hearing aid. For hearing aids having multiple microphone openings, the SPL at the 
midpoint of the microphone openings. 

3.2.3 reference test setting of the gain control (RTS). For a 60 dB input SPL, the setting of the gain 
control required to produce an HFA gain within ± 1 .5 dB of the HFA-OSPL90 minus 77 dB. The 
abbreviation for this term is RTS. 

If the full-on HFA gain for a 60 dB input SPL is less than the HFA-OSPL90 minus 77 dB, the RTS is 
the full-on position of the gain control. 

NOTE For linear hearing aids, setting the gain control to RTS as described in this clause should ensure that, 
for an overall level of 65 dB SPL, the peaks of speech will not exceed the OSPL90. 

3.2.4 supply voltage. The voltage at the battery terminals of the hearing aid with the hearing aid 
switched on. 

3.2.5 telephone magnetic field simulator (TMFS). A device shown in Figure 6 for producing a 
magnetic field of consistent level and geometric shape when driven by the specified current. The 
abbreviation for this term is TMFS. 

NOTE An actual telephone receiver is not an appropriate magnetic field source. 

3.2.6 test space. A space into which the hearing aid is placed for testing. 

3.3 Terms relating to measurements with acoustic inputs 

3.3.1 acoustic gain. At each test frequency or analysis band, the result obtained by subtracting the 
input SPL (or band SPL) from the coupler SPL (or band SPL) . 

3.3.2 high-frequency average (HFA). The average of gain or SPL in decibels at 1000, 1600, and 
2500 Hz. The abbreviation for this term is HFA. 

3.3.3 HFA-G50. The HFA acoustic gain of the hearing aid with an input of 50 dB SPL and with the 
gain control set at RTS according to Clause 3.2 .3 .  

3.3.4 high-frequency average fu l l-on gain (HFA-FOG). The HFA gain for a 50 dB input SPL when 
the gain control of the hearing aid is at its full-on position. The abbreviation for this term is HF A-FOG. 

3.3.5 high-frequency average OSPL90 (HFA-OSPL90). The high-frequency average of the OSPL90 
levels. The abbreviation for this term is HFA-OSPL90. 

3.3.6 input-output characteristic. Single frequency plot of coupler SPL on the ordinate as a function 
of input SPL on the abscissa with equal decibel scale divisions on each axis. 

3.3.7 output SPL for 90-dB input SPL (OSPL90). SPL developed in the coupler when the input SPL 
is 90 dB with the gain control of the hearing aid full-on. The abbreviation for this term is OSPL90. 
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NOTE It is recognized that the maximum output level may occur with more, or occasionally with less, input 
SPL than 90 dB. However, the differences are usually small over the frequency range of interest and the single 
input SPL of 90 dB makes automatic recording of the OSPL90 curve very convenient. 

3.3.8 reference test gain (RTG). The HFA gain for an input SPL of 60 dB with the gain control at 
RTS (refer to Clause 3.2 .3). The abbreviation for this term is RTG. 

3.3.9 special purpose average (SPA). The average of gain or SPL in decibels at the three one-third 
octave-band frequencies (ANSI/ASA S1 .6-1 984 [R2011 ] ), each separated by two-thirds octave, 
selected and stated by the manufacturer. The abbreviation for this term is SPA. Throughout this 
standard, wherever the term high-frequency average or HFA appears, special-purpose average or 
SPA may be substituted for a special purpose hearing aid. 

3.4 Terms relating to measurements with inductive inputs 

3.4.1 h igh frequency average SPL for an inductive telephone simulator (HFA-SPLITS). The high­
frequency average of the SPLITS levels (see Clause 3.4 .5). The abbreviation for this term is HFA­
SPLITS. 

3.4.2 h igh frequency average SPL in a vertical magnetic field (HFA-SPLIV). The high-frequency 
average of the SPLIV levels (see Clause 3.4.6). The abbreviation for this term is HFA-SPLIV. 

3.4.3 relative simulated equivalent telephone sensitivity (RSETS). Difference in decibels obtained 
by subtracting the RTG + 60 dB SPL from the HFA-SPLITS. The abbreviation for this term is RSETS. 

3.4.4 relative test loop sensitivity (RTLS). Difference in decibels obtained by subtracting the RTG + 
60 dB SPL from the HFA-SPLIV. The abbreviation for this term is RTLS. 

3.4.5 sound pressure level for an inductive telephone simulator (SPLITS). Sound pressure level 
developed in the coupler by a hearing aid with the gain control at the RTS when the input is the 
magnetic field generated by a Telephone Magnetic Field Simulator (refer to Clause 3.2 .5). The 
abbreviation for this term is SPLITS. 

3.4.6 sound pressure level in  a vertical magnetic field (SPLIV). Sound pressure level developed 
in the coupler by a hearing aid with the gain control at the RTS when the input is a 31.6 mA/m 
sinusoidal alternating magnetic field parallel to the vertical reference and the input selector of the 
hearing aid set to T-position. The abbreviation for this term is SPLIV. 

4 Test equipment 

4.1 Test space 

The test signal shall exceed the ambient noise at every analysis frequency (or in every analysis band) 
by at least 10 dB. Unwanted stimuli in the test space, such as ambient noise or stray electrical or 
magnetic fields, shall be sufficiently low so as not to affect the test results by more than 0.5 dB. 
Equipment meeting the conditions of 4.4 and 4.6 shall be used. 

NOTE An anechoic test space or a suitable equivalent is required for valid measurement of directional 
hearing aids. A test space having a high degree of sound absorption is preferred and generally used for 
measurement of other hearing aids (refer to Annex A) . 
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4.2 Measurement configuration for nondirectional hearing aids 

To control or measure the input SPL for a nondirectional hearing aid, place the control microphone 
adjacent to the sound inlet port of the hearing aid, as shown in Figure 1 .  The center of the sound inlet 
port of the hearing aid shall be within 5 ± 3 mm of the center of the control microphone grid, but the 
orientation need not be as shown in Figure 1 .  The diameter of the control microphone shall be 1 5  mm 
or smaller. If a greater distance is made necessary by the physical structure of the hearing aid, the 
control microphone should be placed as close to the hearing aid microphone entrance opening as 
possible and the distance stated. The distance and orientation relative to the sound source is not 
critical. 

Other measurement methods may be used if they give equivalent results (refer to Annex A). 

ABSORBENT 
TEST SPACE 

-at·-
SOUND 

SOURCE 

CONTROL 
MICROPHONE 

5±3 mm 

Figure 1 - Measurement configuration for nondirectional hearing aids 

4.3 Measurement configuration for directional hearing aids 

The measurement of directional hearing aids requires a special measurement configuration. The 
sound source should approximate a plane progressive wave. Performance tolerances as given in 
Clause 6 shall apply for directional hearing aids when measured using the reference configuration 
shown in Figure 2. The diameter of the control microphone shall be 15 mm or smaller. The axis of the 
control microphone shall be orthogonal to the speaker axis and shall intersect it at the midpoint of the 
hearing aid sound inlet port or port array (Figure 2). A line through the front and rear sound inlet ports 
of the hearing aid shall coincide with the speaker axis. In the case of multiple front or rear entry ports, 
the line is passed through the midpoint of the port array. Other measurement systems may be used if 
they consistently ensure that a hearing aid will meet the specified performance tolerances when 
measured with the reference configuration (refer to Annex A). 

© 2014 Acoustical Society of America - All rights reserved 5 

Full document details: ANSI ASA S3.22-2014

http://www.avadocuments.com/doc/ansi-asa-s3-22-2014
http://www.avadocuments.com/doc/ansi-asa-s3-22-2014

