DRAFT INTERNATIONAL STANDARD
ISO/DIS 389-3

ISO/TC 43 Secretariat: DS
Voting begins on: Voting terminates on:
2014-10-09 2015-03-09

Acoustics — Reference zero for the calibration of
audiometric equipment —

Part 3:
Reference equivalent threshold force levels for pure tones
and bone vibrators

Acoustique — Zéro de référence pour l'étalonnage d’équipements audiométriques —

Partie 3: Niveaux de référence équivalents de force liminaire pour les vibrateurs a sons purs et les
ossivibrateurs

ICS: 13.140

ISO/CEN PARALLEL PROCESSING

This draft has been developed within the International Organization for
Standardization (ISO), and processed under the ISO lead mode of collaboration
as defined in the Vienna Agreement.

This draft is hereby submitted to the ISO member bodies and to the CEN member
bodies for a parallel five month enquiry.

Should this draft be accepted, a final draft, established on the basis of comments

received, will be submitted to a parallel two-month approval vote in ISO and
THIS DOCUMENT IS A DRAFT CIRCULATED formal vote in CEN.

FOR COMMENT AND APPROVAL. IT IS
THEREFORE SUBJECT TO CHANGE AND MAY
NOT BE REFERRED TO AS AN INTERNATIONAL

STANDARD UNTIL PUBLISHED AS SUCH. To expedite distribution, this document is circulated as received from the
IN ADDITION TO THEIR EVALUATION AS committee secretariat. ISO Central Secretariat work of editing and text

BEING ~ ACCEPTABLE _FOR  INDUSTRIAL, composition will be undertaken at publication stage.
TECHNOLOGICAL, ~ COMMERCIAL  AND

USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
BE CONSIDERED IN THE LIGHT OF THEIR
POTENTIAL TO BECOME STANDARDS TO

WHICH REFERENCE MAY BE MADE IN Reference number
NATIONAL REGULATIONS. /@\ 1SO/DIS 389-3:2014(E)
RECIPIENTS OF THIS DRAFT ARE INVITED 2 =

TO SUBMIT, WITH THEIR COMMENTS, = B

NOTIFICATION OF ANY RELEVANT PATENT

RIGHTS OF WHICH THEY ARE AWARE AND TO _W_

PROVIDE SUPPORTING DOCUMENTATION. = © IS0 2014


�h������]���|�E�5�q�����q��O1#�̈́qc4������Y���}[.�z8&�L����6��C�mꁽô&�{m�8�/>�V������]+����������

ISO/DIS 389-3:2014(E)

Copyright notice

This ISO document is a Draft International Standard and is copyright-protected by ISO. Except as
permitted under the applicable laws of the user’s country, neither this ISO draft nor any extract
from it may be reproduced, stored in a retrieval system or transmitted in any form or by any means,
electronic, photocopying, recording or otherwise, without prior written permission being secured.

Requests for permission to reproduce should be addressed to either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.org

Web www.iso.org

Reproduction may be subject to royalty payments or a licensing agreement.

Violators may be prosecuted.

© ISO 2014 - All rights reserved



�E@�2ǆ�y9�T���,p��x�3$�a�w�gƝ#�U����N���j����k;1�An)����X�t`-�^����tM��/
�.��0�a�o���HC5��A�Ԕ�o

ISO/DIS 389-3:2014(E)

Contents Page
FOT@WOTM ... oottt iv
|00 0 Yo L) ot 5 () ¢ OSSOSO \'4
1 SCOPI ...t 1
2 INOTTNATIVE FEECT@IICES ........ooooooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oottt 1
3 B IR N0 (o B <Y 000 ) 4 00000 1
4 Reference equivalent threshold vibratory force levels (RETVFLs)
5 Test conditions and FEQUITEIMIENIES ....................oooiiiroiicnieis i

5.1 LTS3 0 =) o= OSSOSO

5.2 Bone vibrator............

5.3 Fitting of the bone vibrator

54 MEChANICAL COUPLET ..ot

5.5  Testsignal.......

5.6  Masking noise....

5.7 Masking transducer ...

5.8 Fitting of masking transducer......

5.9 Baseline masKing IeVE] ... g e
Annex A (informative) Note on the derivation Of RETVFL values.”. .55 ..o 7
Annex B (informative) Guidance on the application of the reference zero to the calibration of

[ T0) T 00) o o L Tuta 10) 0 TR 00 Lo D00 00 L] 1<) G T S = 8
Annex C (informative) Differences inTeferénce equivalent threshold vibratory force levels

between forehead and mastoid locationof ViDIator ... 10
Annex D (informative) Bone-conduction threshold. of hearing for frequencies below 250 Hz............ 12
BIDIIOGIAPIY ... 0 s e e 13

© 1S0O 2014 - All rights reserved iii


�:�0�\��Ws��#��.CX�z�F�1׳$nǫW��p^q���/^��
�����CHA��y�:���������N=T}\�"���H� ��1ȠcO�i�@�mG���|�1

ISO/DIS 389-3:2014(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
casting a vote.

ISO 389-3 was prepared by Technical Committee ISO/TC 43, Acoustics.

This second edition cancels and replaces the first edition 1S0.389-3:1994 which has been technically
revised.

ISO 389 consists of the following parts, under the general title Acoustics.— Reference zero for the
calibration of audiometric equipment:

— Part 1: Reference equivalent threshold sound pressurelevels for purestones and supra-aural earphones
— Part 2: Reference equivalent threshold souid pressure levels:for.pure tones and insert earphones

— Part 3: Reference equivalent thresholdvibratory force levels for pure tones and bone vibrators

— Part 4: Reference levels for narrow-band masking noise

— Part 5: Reference equivalent threshold sound pressiire levels for pure tones in the frequency range 8 kHz
to 16 kHz

— Part 6: Reference threshold of hearing for test signals of short duration
— Part 7: Reference threshold of hearing under free-field and diffuse-field listening conditions
— Part 8: Reference equivalent threshold sound pressure levels for pure tones and circumaural earphones

— Part 9: Preferred test conditions for the determination of reference hearing threshold levels

iv © ISO 2014 - All rights reserved
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Introduction

Each part of ISO 389 specifies a specific reference zero for the calibration of audiometric equipment.
[SO 389-1, ISO 389-2 and ISO 389-8 are applicable to audiometric equipment for the transmission of
pure tones by air conduction.

For clinical diagnostic and other audiometric purposes, it is often necessary to compare the measured
hearing threshold levels of a person for sound transmitted to the inner ear by the air-conduction and
bone-conduction pathways, respectively. Bone-conducted sound is provided for this purpose by an
electromechanical vibrator applied to the mastoid prominence or to the forehead of the person under
test.

The reference zero for the calibration of audiometric equipment for air conduction is defined in ISO 389-1,
ISO 389-2 and ISO 389-8 in terms of reference equivalent threshold sound pressure levels (RETSPLSs),
i.e. threshold sound pressure levels produced in an ear simulator or acoustic coupler of specified
characteristics by supra-aural or insert earphones of various patterns, when excited electrically at a
level corresponding to the threshold of hearing of young otologically normal persons. Similarly, this part
of ISO 389 provides a reference zero for bone-conduction audiometry in terms of reference equivalent
threshold vibratory force levels (RETVFLs), i.e. the vibratory force levels produced by a bone vibrator
on a specified mechanical coupler when the vibrator is-excited electrically at a level corresponding to
the threshold of hearing of young otologically normal persons. In some countries, the preferred location
is the mastoid prominence; in other countries, thé:forehead location is used in addition to the mastoid
prominence. Different RETVFL values are validifor each of the twio positions (see Annex C).

For bone-conduction measurements, it is‘necessary to spécify the static force of application of the
vibrator to the skull of the test subject:and to-the mechanical coupler, as well as certain geometrical
features of the vibrator tip. In addition;it is usually nécessaryto apply masking noise to the ear not under
test, since excitation of the skull byithe vibratorsmay betheard by that ear instead of (or in addition to)
the ear intended for the test. An appropriate specification of the masking noise is, therefore, required as
an adjunct to the reference equivalentthresholdvibratory force levels, and such a specification is given
in this part of ISO 389. Due to the so-called.£occlusion effect” whereby the wearing of the transducer
needed to provide the (air-conducted) ;masking noise causes a lowering of the bone-conduction
threshold of hearing of the ear receivingtheimasking signal, it is necessary for the level of masking noise
to be raised to cancel out the occlusion effect and provide adequate masking of the ear not under test.
The specification of masking noise.given in this part of ISO 389 is based on the procedures used in the
experimental investigations fronrwhich the reference zero of this part of ISO 389 is derived.

Use of this reference zero to calibrate audiometers will ensure that measured bone-conduction hearing
threshold levels of persons with unimpaired hearing or with hearing losses of purely sensorineural
type (i.e. having unimpaired outer and middle ear function) will be compatible with the air-conduction
hearing threshold levels of the same persons when using the reference zero of ISO 389-1, ISO 389-2 or
ISO 389-8, respectively. Although exact equivalence of air-conduction and bone-conduction thresholds
for any individual in these classes cannot be expected, due to biological variability of sound transmission
through the externaland middle ear and through the skull, this part of ISO 389 will ensure that systematic
deviations averaged over groups of such persons are reduced to a practical minimum.

This part of ISO 389 is based on an assessment of technical data provided by Laboratories in three
countries using methods of threshold testing which, in the respects described, were essentially uniform.
Examination of the data showed that the experimental results were consistent. It has, therefore, been
possible to standardize a reference zero by means of RETVFL values which are to be used for all bone
vibrators used in audiometry having similar characteristics to those used by the laboratories. The
systematic uncertainties introduced by this deliberate simplification will be small in comparison to the
usual step size of hearing level controls in clinical audiometers (5 dB).

© IS0 2014 - All rights reserved v


$V��0ܞT�����8�{�fe�4&���MqL�+���{��đ��]��7��
�Jti��^����GW�����m�C�!'�/M�}����� ��	<Q�B7q�����



Ԋ�1��V?�u��$��gjeJK�����V?:�3i�
Ɋ�P�v}�I	�+)�J�w�����Q���#ʫ���-Xc�L��n��e�D�	K�o)��,��
�ŏ�g���|q

DRAFT INTERNATIONAL STANDARD ISO/DIS 389-3:2014(E)

Acoustics — Reference zero for the calibration of
audiometric equipment —

Part 3:
Reference equivalent threshold force levels for pure tones
and bone vibrators

1 Scope

This part of ISO 389 specifies the following data applicable to the calibration of bone vibrators for pure-
tone bone-conduction audiometry. Guidance on the practical application of this part of ISO 389 in the
calibration of audiometers is given in Annex B.

a) Reference equivalent threshold vibratory force levels (RETVFLs), corresponding to the threshold
of hearing of young otologically normal personssby bone-conduction audiometry. RETVFL is the
vibratory force level transmitted to a mechanical coupler of specified characteristics (see 5.4) by a
vibrator when applied to the mechanical coupler ander stated coniditions of test and when energized
at the voltage level corresponding to the normidl threshold of -hearing for location on the mastoid
prominence.

NOTE1 Values for the differences in neference equivalent threshold vibratory force levels between
location on the forehead and mastoid are included foriinformation in Annex C.

b) Essential characteristics of the bene vibrator-and the method of coupling to the test subject, and to
the mechanical coupler.

c) Essential characteristics and the baseline®masking noise level applied to the ear not under test.

NOTE2  Recommended procedures fot'carrying out bone-conduction audiometry are specified in ISO 8253-1.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 389-1, Acoustics - Reference zero for the calibration of audiometric equipment - Part 1: Reference
equivalent threshold sound pressure levels for pure tones and supra-aural earphones

ISO 389-2, Acoustics - Reference zero for the calibration of audiometric equipment - Part 2: Reference
equivalent threshold sound pressure levels for pure tones and insert earphones

ISO 389-4, Acoustics - Reference zero for the calibration of audiometric equipment - Part 4: Reference levels
for narrow band masking noise

IEC 60318-6, Electroacoustics - Simulators of human head and ear - Part 6: Mechanical coupler for the
measurement of bone vibrators

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© ISO 2014 - All rights reserved 1
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31
bone conduction
transmission of sound to the inner ear primarily by means of mechanical vibration of the cranial bones

3.2

bone vibrator

electromechanical transducer intended to produce the sensation of hearing by vibrating the cranial
bones

3.3

vibratory force

level ten times the logarithm to base ten of the ratio of the mean square vibratory force by the square of
the reference force, 1 uN

Note 1 to entry: The vibratory force level is expressed in decibels (dB)

34

mechanical coupler

device for calibrating bone vibrators, designed to present a specified mechanical impedance to a bone
vibrator applied with a specified static force, and equipped with an electromechanical transducer to
enable the vibratory force level at the surface contact between-a‘bone vibrator and mechanical coupler
to be determined

Note 1 to entry: A mechanical coupler is specified in IEC 60318-6.

3.5

equivalent threshold vibratory force level (monaural listening)

for a given ear, at a specified frequency, for a_specified configuration of bone vibrator and for a stated
force of application of the bone vibrator to-the huntan mastoid hene; the vibratory force level set up by
the bone vibrator on a specified mechanical coupler wlenthe‘bone vibrator is actuated by that voltage
which, with the bone vibrator applied tofthe niastoidboneconcerned, would correspond to the threshold
of hearing

3.6

reference equivalent threshold vibratory force level (RETVFL)

ataspecified frequency, the mean value of the’equivalent threshold vibratory force levels of a sufficiently
large number of ears of otologically normal-persons, of both sexes, aged between 18 years and 25
years inclusive, expressing the threshold of hearing in a specified mechanical coupler for a specified
configuration of bone vibrator

Note 1 to entry: The term was formerly referred to by the acronym RETFL.

3.7

hearing level (HL)

ataspecified frequency, for a specified model of transducer and for a specified manner of application, the
vibratory force level (or the sound pressure level) produced by the transducer in a specified mechanical
coupler (or ear simulator or acoustic coupler) minus the appropriate reference equivalent threshold
vibratory force level (or reference equivalent threshold sound pressure level) for bone conduction or air
conduction, as applicable

Note 1 to entry: By extension, this definition may be applied to a narrow band of noise.

3.8

occlusion effect

increase in level of a bone-conducted signal reaching the inner ear when an earphone or earplug is
placed over, or at the entrance to the ear canal, thereby forming an enclosed air volume in the external
ear

Note 1 to entry: The effect depends on the type of earphone or earplug used and is greatest at low frequencies.

2 © ISO 2014 - All rights reserved
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39

masking

1) process by which the threshold of hearing of a sound is raised by the presence of another (masking)
sound

2) amount by which the hearing threshold level is so raised, expressed in decibels

3.10

baseline masking level

level, expressed as hearing level of a band of noise (see note to 3.7) delivered by air conduction for the
purpose of masking, in the presence of which a pure tone at the centre frequency of the noise band and at
a hearinglevel of 35 dB is just audible, on the basis of 50 % detection in repeated trials by an otologically
normal person, having zero hearing threshold level by air conduction for that pure tone

Note 1 to entry: The value of 35 dB for the pure tone test stimulus has been adopted arbitrarily as lying within the
range used in experimental studies on which this part of ISO 389 is based. It does not imply a recommendation to
adopt this level of masking noise in clinical practice.

Note 2 to entry: The relationship between the levels of a masking noise and a pure tone just masked by the
presence of this noise is specified in ISO 389-4.

Note 3 to entry: The term was formerly called “datum level of masking noise” in earlier editions of this part of
SO 389.

3.11

critical bandwidth for masking

frequency band of sound, being a portion ofa continuous nois¢’spectrum of wider bandwidth, which
effectively masks a tone coinciding with(the centre frequency-of the band

3.12

vibrotactile threshold level

the vibratory force level at which a“person givesca predetermined percentage of correct detection
responses on repeated trials'due to the sensation.of vibration on the skin

Note 1 to entry: A 50 % correct detection rateis often used.

3.13
white noise
noise, having a power spectraldensity that is essentially independent of frequency

4 Reference equivalent threshold vibratory force levels (RETVFLSs)

Reference equivalent threshold vibratory force levels for location of the bone vibrator on the mastoid
bone are given in Table 1. They are derived from determinations of the threshold of hearing by bone
conduction of otologically normal persons as measured on the mastoid bone, under the conditions
described in Clause 5 (see Annex A).

NOTE1 Itis emphasized that the data given in Table 1 are derived from results obtained with different types
of bone vibrators having different electromechanical properties, applied to the head in the specified manner. The
procedures used to compensate for differences in the masking Levels used in the three studies may also have
contributed to differences among studies.

NOTE 2  Values for frequencies below 250 Hz are not specified in this part of ISO 389. Results from one
laboratory are given for information in Annex D.

© ISO 2014 - All rights reserved 3


���Ò-�ˎj�#�*�;�L�-zPI��k`�^73cH�1���������%�~���˰�)����l�⎋r+��jc��#g�;{Ѽ]x�l��zr���G�#���b��

ISO/DIS 389-3:2014(E)

5 Test conditions and requirements

5.1 General

The reference equivalent threshold vibratory force levels apply when the conditions and requirements
specified in this clause are met.

5.2 Bone vibrator

The vibrator shall have a plane, circular tip, of nominal area 175 mm2. Any airborne sound which it
radiates when in contact with the head of a test subject having unimpaired external and middle ear
function shall be low enough in level to provide a margin of 10 dB or more between the true bone-
conduction hearing threshold level and a false air-conduction hearing threshold level evoked by the
bone vibrator. A method to show conformity with this requirement is given in Annex B.

If this condition is not met directly at all frequencies, the unwanted sound radiation is excluded by
inserting an earplug into the external canal of the ear under test at the frequencies which are affected.
Due to the occlusion effect, use of the earplug is confined to frequencies above 2 000 Hz.

5.3 Fitting of the bone vibrator

A headband shall be used to hold the vibrator on the mastoid bone with amominal static force of 5,4 N.
The vibrator shall be placed on the mastoid prominente, nofitouching the pinna, and adjusted so as to
remain in a stable position.

Table 1 — Reference equivalent threshold.vibratory forcelevels (RETVFLs) for location of the
vibrator-on the mastoid bone

Frequency RETVFL D
Hz (reference: 1 uN)
dB
250 67,0
3152) 64,0
400 2) 61,0
500 58,0
630 2) 52,5
750 3) 48,5
800 2) 47,0
1000 42,5
12502) 39,0
15003) 36,5
16002 35,5
2000 31,0
25002) 29,5
3000 30,0
31502) 31,0
4000 35,5
50003) 40,0
1) Values rounded to the nearest 0,5 dB.
2)  Values for these frequencies are derived by interpolation.
3)  Values for these frequencies are derived from the results from one laboratory only.

4 © ISO 2014 - All rights reserved


�}�p����h}گ�5g���/CS�뤤A���0b
�������&����d�4���kq#m�V���BA-���@�3�UJ.�j��p��X)���R���TL�RĖ��-�C	

