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Foreword

ISO (the Intgrnafional Organizaiion for Standardization) 1S a worldwide
federation of jnational standards bodies (ISO member bodies). The work of
preparing Infernational Standards is normally carried out through 1SO
technical compmittees. 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-
governmenta), in liaison with 1SO, also take part in the work. 1SO
collaborates |closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with ISO/IEC Directives,
Part 3.

Draft International Standards adopted by the technical committees \are
circulated to the member bodies for voting. Publication as an Interpational
Standard requires approval by at least 75 % of the member bodiges casting
a vote.

International [Standard ISO 389-1 was prepared by Technical Committee
ISO/TC 43, Acoustics.

This first editjon cancels and replaces ISO 389;4991. It is a minor revision
in order to make it part of the ISO 389 series.

ISO 389 congists of the following parts, under the general title Acoustics —
Reference zqgro for the calibration of alidiometric equipment.

— Part 1: Reference equivalent-threshold sound pressure levels for pure
tones and supra-aural earphones

— Part 2: Reference equivalent threshold sound pressure levels for pure
tones and insert earphones

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

— Part 4: Reference levels for narrow-band masking noise
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— Part 5: Reference equivalent threshold sound pressure levels for pure
tones in the frequency range 8 kHz to 16 kHz

— Part 6: Reference equivalent threshold sound pressure levels for
acoustic test signals of short duration

— Part 7: Reference threshold of hearing under free-field and diffuse-field
listening conditions

Annex A of this part of ISO 389 is for information only.
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Introduction

Each part of
of audiometr

SO 389 Specifies a speciiic reference zero for the calibration
c equipment. The present part 1 is applicable to audiometric

equipment for the transmission of pure tones by air conduction and

supra-aural §
for the transn
ISO 389-3
ISO 389-4 s
ISO 389-7 sf
sound fields.

The first edif
scale of hed
audiometers

arphones. ISO 389-2 is applicable to audiometric equipment
hission of pure tones by air conduction and insert earphones.
5 applicable to pure-tone bone-conduction audiometers,
ecifies reference levels for narrow-band masking noise, and
ecifies reference levels for presentation in free and diffuse

ion of 1SO 389 specified a standard reference zero for the
ring threshold level applicable to pure-tone air conduction
in terms of the response of certain models of earphene

measured o

an artificial ear or coupler of stated type. Five of¢these

earphone-colipler combinations corresponded with those used at that'time
in standardizing laboratories in France, Germany, the United Kingdom, the

USA and t
reference eq
audiometric g
National Burs
was later spe

Most of the e
ISO 389 are
countries prin
artificial ears
second editi
earphone m
Telephonics

Beyer type D
with IEC 303

The two rern
differences b

USSR. In a second set of values, the cerresponding
ivalent threshold sound pressure levels (RETSPL) for eleven
arphones were given, referred to a single type of coupler, the
pau of Standards, Washington, USA type:9A coupler, which
cified in IEC 303:1970 (now IEC 60303):

prphone-coupler combinations mentioned in the first edition of

now no longer in use. ThenNJSO member bodies of the
nharily concerned with thosetypes of standard earphones and
agreed to eliminate obsolete data. This was done in the
pbn of 1SO 389. It contained only RETSPL values for two
pdels still widely in~uose for audiometric purposes, namely
ype TDH 39 with-cushion type MX 41/AR (or model 51) and
T 48, both in eanjunction with an acoustic coupler complying
1970.

haining<sets of data differ mainly as a consequence of
ptween the acoustical properties of the coupler and those of
Uman ear.

the average

For the same reason, the RETSPL for an earphone of a model not covered
by ISO 389 could not be inferred from the data given in that International
Standard. Until then it had been necessary to obtain the appropriate values
by subjective comparison with one of the specified models of earphone.

In principle, RETSPL values would be rendered independent of earphone
model if they were referred to an artificial ear having acoustical properties
exactly simulating those of the average human ear. A device designed with
this aim in view was standardized in 1970 in IEC 318:1970 (nhow
IEC 60318).
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Addendum 1 to I1SO 389:1985 was therefore prepared, based on an
assessment of technical data provided by laboratories listed in annex A on
RETSPL values relative to the IEC artificial ear, covering a variety of
earphone models.

These data were analysed to produce a set of RETSPL values which,
within an acceptable tolerance, provide a standard audiometric reference
zero for earphones of any model within a broadly defined class. A note on
the derivation of the standard values and the origin of the data input is
given in annex A for information.

Use of the standard reference zero specified in Addendum 1 obviated the

uniformity in the expression of hearing threshold levels”th
world, without inhibiting the development of improved- mod
aural earphone.

The data of Addendum 1 were incorporated in'ISO 389:1991.

In both 1ISO 389 and ISO 389/Add. 1, the-.RETSPL values w
for pure tones in octave steps from\125Hz to 8 000 Hz
intermediate audiometric frequencies 1 500 Hz, 3 000 Hz a
However, in addition, 750 Hz.{s) 'sometimes used as an
audiometric frequency, and “Addendum 2 to SO 389:19
specified RETSPL values for.that frequency.

Moreover, it had been-considered desirable to harmonize
frequencies used in\pure-tone audiometry with the preferred f
acoustics as specified in 1SO 266. Addendum 2 theref

frequency range from 125 Hz to 8 000 Hz. Details of the de
RETSPL values are given in annex A for further information
Addendum 2 were also incorporated in ISO 389:1991.

The* RETSPL value specified at 750 Hz is intended for

audiometers providing pure tones of a fixed frequency of 750
RETSPL values specified are primarily intended for calibratio
audiometers having a continuously variable frequency, but t
be used in other applications, for example for establishing ref
for masking noise. The frequencies given in 1SO 3§
Addendum 2 are consistent with the frequencies used in ISO

—Emmmmmmmmmw

eet the broad requirements specified, and thus promoted-agreement and

r
RETSPL values\at all preferred frequencies in one—third—octav}

hones which

roughout the
els of supra-

ere specified
and for the
nd 6 000 Hz.
intermediate
B85 therefore

intermediate
Fequencies in
e specified
steps in the
ivation of the

The data of

Calibration of
Hz. The other
of pure-tone
ey may also
erence levels
9:1985 and
389-3 for the

specification of the standard reference zero for the calibra
conduction audiometers. Three sets of RETSPL values w
Two of these concern the same earphone models as in ISO

tion of bone
re specified.
9:1985. The

third set of RETSPL values were specified for supra-aural eatfphones other
than those covered by ISO 389:1985 but which fulfil the [requirements
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Acoustics — Reference zero for the calibration of audiometric
equipment —

Part 1:
Refere
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The follow
this part of
not apply.
possibility

references

nce equivalent threshold sound pressure levels for pure t
pra-aural earphones

174

f ISO 389 specifies a standard reference zero for the scalé.of hearing threshold level appli
bnduction audiometers, in order to promote agreement’and uniformity in the expressig
bvel measurements throughout the world.

e information in a form suitable for direct application to the calibration of audiometers, that
se of two different standard models of earphone-measured on a coupler complying with IEC
ther supra-aural earphones of models specified in 4.3 measured on an artificial ear cq

on an assessment of the information,available from the various standardizing laboratories r¢
C standards and from scientific publications.

s on the derivation and application of the recommended reference levels are given in annex

ative references

ng normative ‘documents contain provisions which, through reference in this text, constitute
ISO 389¢For dated references, subsequent amendments to, or revisions of, any of these p
However,” parties to agreements based on this part of ISO 389 are encouraged to in
of .applying the most recent editions of the normative documents indicated below.
. the “latest edition of the normative document referred to applies. Members of 1SO and

pNeS

able to pure-
n of hearing

s, in terms of
60303 and in
mplying with

bsponsible for

A.

provisions of
Iblications do
vestigate the
For undated
IEC maintain

registers o

IEC 60303

currently vatidHnternationat-Standards:

, IEC provisional reference coupler for the calibration of earphones used in audiometry.1)

IEC 60318, An IEC artificial ear, of the wide band type, for the calibration of earphones used in audiometry.?)

1) Now revised as IEC 60318-3.
2) Now revised as IEC 60318-1.
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3 Terms and definitions

For the purposes of this part of ISO 389, the following terms and definitions apply.

3.1

air conduction

transmission

3.2

of sound through the external and middle ear to the inner ear

acoustic coupler
cavity of specified shape and volume which is used for the calibration of a supra-aural earphone in conjunction with
a calibrated microphone to measure the sound pressure developed within the cavity

©1SO

NOTE Anac

3.3

artificial ear
device for thqg
impedance p

NOTE 1
NOTE 2 An

Itis

34

threshold of h
level of a sd
repeated trial

35

otologically n
personinan
the ear canal
hearing loss

3.6
equivalent th

pustic coupler is specified in IEC 60303.

esented by the average human ear

equipped with a calibrated microphone for the measurement of the sound pressure developed by the

rtificial ear is specified in IEC 60318.

earing
und at which, under specified conditions, a person gives 50 % of correct detection res
5

brmal person
brmal state of health who is free from all signsior symptoms of ear disease and from obstrug
and who has no history of undue exposure’to noise, exposure to potentially oxotoxic drugs

eshold sound pressure level (monaural earphone listening)

for a given ear, at a specified frequency;for a specified model of earphone and for a stated force of ap|

the earphone
artificial ear v
would corres

3.7

to the human ear, the sgund pressure level set up by the earphone in a specified acoustic
vhen the earphone is actuated by that voltage which, with the earphone applied to the ear
bond to the threshold-of hearing

reference equiivalent threshold sound pressure level (RETSPL)

at a specified
number of ed
the threshold

frequency, ‘the modal value of the equivalent threshold sound pressure levels of a suffic
rs of otelegically normal persons, of both sexes, aged between 18 and 30 years inclusive,
of heafing in a specified acoustic coupler or artificial ear for a specified type of earphone

b calibration of an earphone which presents to the earphone an acoustic impedance equivalent to the

earphone.

ponses on

ting wax in
or familial

plication of
coupler or
concerned,

ently large
pxpressing

NOTE Ther
3.8
hearing level

latignchin hatwaan haarina thrachald lavale far oy candustian aond ana 1c cnacifiad 1n 1CM) 7020
oo HSHHP- P e e e H e g tHH e SHOE Y eSO EBRauCHo oG e1SSpeemeaH1o o

(of a pure tone)

at a specified frequency, for a specified model of earphone and for a specified manner of application, the sound
pressure level of this pure tone produced by the earphone in a specified acoustic coupler or artificial ear minus the
appropriate reference equivalent threshold sound pressure level

3.9
hearing thres

hold level (of a given ear)

at a specified frequency and for a specified model of transducer, the threshold of hearing expressed as hearing

level

NOTE For appropriate test conditions see, for example, ISO 6189 and ISO 8253-1.


https://standardsiso.com/api/?name=c547d26036088154430b096ada94add0

©1SO

4 Specifications
4.1 General
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The reference equivalent threshold sound pressure levels (RETSPLs) depend on the model of earphone and on the

model of acoustic coupler used to calibrate it.

4.2 Beyer DT 48 and Telephonics TDH 39 earphones

The recommended standard values for two different earphones in a coupler complying with IEC 60303 are given in

Table 1.

The Beyer
replaced

model 51) cushion both on the human ear and on the coupler.

The earphpne shall be applied to the coupler without acoustic leakage with a nominal static force of

an adapter3) when placed on the coupler. The TDH 39 earphone shall be used withdn

shion shall be
MX 41/AR (or

L5N+05N,

not including the weight of the earphone itself.
Table 1 — Recommended reference equivalent threshold sound
pressure levels in a coupler complying with IEC 60303
Frequency RETSPL
(Reference: 20uPa)
Hz dB
125 47,5 45
160 40,5 37,5
200 34 31,5
250 28,5 25,5
315 23 20
400 18,5 15
500 14,5 115
630 115 8,5
750 9,5 7,5
800 9 7
1000 8 7
1250 7,5 6,5
1500 7,5 6,5
12600 7,5 7
2000 8 9
2500 7 9,5
3000 6 10
3150 6 10
4 000 55 9,5
5000 7 13
6 000 8 15,5
6 300 9 15
8 000 14,5 13
Model of earphone Beyer DT 48 with flat Telephonics TDH 392 with
cushion MX41/AR (or model 51)
cushion
& |n 1963 the filter cloth in the Telephonics TDH 39 earphone was changed, but matched to
produce the same earphone response on the 9A coupler. During the change, about
1 000 units were produced with an unmatched cloth. The data given in this part of ISO 389
are averages of data from several earphones manufactured both before and after 1963.
NOTE Values are rounded to the nearest half decibel.

3) The adapter is specified in reference [1] (see Bibliography).
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4.3 Other supra-aural earphones

©1SO

The recommended RETSPL values for supra-aural earphones in an artificial ear complying with IEC 60318 are
given in Table 2.

These values are applicable to earphones meeting the following requirements (but models of earphone specified in
4.2 are excluded in order to avoid uncertainties which might otherwise arise):

the earphone and its cushion, if any, shall be axially symmetrical,

the construction and material shall be suitable for providing a good acoustical seal between the earphone (or its

and the human ear;

a headband shall be provided to hold the earphone on the human pinna with a static force of 4,5 N +

a)
b)
cushion)
c) when plg
diameter
d) no part g
shall be
e) the contg
specified
NOTE 1
a diametq
f) the matd
earphon
to 10 N,
g) the cont
contact i
NOTE 2
h)
The RETSPL
a) theearp
b) without g
c) with nom

comparable with the sagittal dimensions of the human pinna;

f the earphone (or its cushion) shall protrude beyond the plane of contact given in.c), and
hpproximately in the form of a truncated cone;

ur of the earphone, or its cushion if provided, shall be such that contact with an artificial ear
in IEC 60318 is effective only at a diameter of 25 mm;

This requirement means that the angle at the vertex of any cone which is‘tangential to the earphong
r exceeding 25 mm will be greater than 116°.

rial of the cushion, if provided, shall not be so soft asite cause significant deformation
b is applied to an artificial ear as determined by the following test: when a static force of 5 N
he apparent sensitivity level at 1 kHz shall not changeby more than 0,2 dB;

pur of the earphone, or its cushion if provided,~shall be such that, when placed on the |
5 made with the pinna and not with the cranial\tiSsue posterior to the pinna;

This requirement excludes earphones of the ¢ircumaural type.

values apply when the earphene is coupled to the artificial ear under the following condition
hone and artificial ear are'‘ceaxial and the axis is vertical;
coustic leakage;

inal static force.of 4,5 N = 0,5 N, not including the weight of the earphone itself.

ced in contact with a plane surface, the circle of contact of the earphone (or its cushion) sI|1aII be of a

the recess

of the type

contour on

when the
s changed

uman ear,

0,5 N.

uvJ)
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Table 2 — Reference equivalent threshold sound pressure
levels in an artificial ear complying with IEC 60318

RETSPL
Frequency (Reference: 20 puPa)
Hz dB
125 45
160 38,5
200 32,5
250 27
315 22
400 17
500 13,5
630 10,5
750 9
800 8,5
1000 7,5
1250 7,5
1500 7,5
1600 8
2 000 9
2500 10;5
3000 115
3150 115
4 000 12
5000 11
6 000 16
6 300 21
8 000 15,5
NOTE Values are rounded to the nearest half decibel.
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Annex A
(informative)

Notes on the derivation and application of the recommended

reference levels

A.1 Derivation

A.1.1 General

It is very imp
from existing
differences b

A.1.2 Octayve frequencies and additional audiometric frequencies 1 500 Hz, 3. 000 Hz and

6 000 Hz

The RETSPL

published, or|
1950 to 1961
standardizing
Centre N
Physikal
National
National

V.N.LLILM

The RETSPL

loudness balancing methods. For details, see references [2] to [5] in the Bibliography.

The RETSPL
examples of
compared th
(see IEC 603

The participa

Audiolog

©1SO

pbrtant to note that the RETSPLs given in Table 1 and Table 2 refer, as closely as can bg_s
data, to the same hearing threshold levels. The differences between the values afeyma|
btween the acoustical properties of the acoustic coupler and those of the artificial ear.

s given in Table 1 for the Beyer DT 48 earphone correspond to,an average of 15 detg
otherwise communicated to the International Organization of Standardization, during the g
. The values have been determined by a cooperative investigation carried out by the fo
laboratories:

ational d’Etudes des Télécommunications, Palaiseau, France;

sch-Technische Bundesanstalt, Braunschweig, Germany;

Physical Laboratory, Teddington, United Kingdom;

Bureau of Standards, Washington DC,"\USA;

. Laboratory, Leningrad, USSR.

s given in Table 1 for the Felephonics TDH 39 earphone were derived at a later date by

values given in Tahle;2'were obtained by averaging the results of transfer measurements

b sound pressure)level developed in the acoustic coupler (see IEC 60303) and the IEC 4
18) for equal ‘electrical excitation of the earphones.

ing laberatories were

ske Institutt, Rikshospitalet, Oslo, Norway;

scertained
nly due to

rminations
eriod from
owing five

subjective

on several

six models of earphone. These measurements, carried out by the laboratories mentiofped below,

rtificial ear

Karolinska Institutet, Stockholm, Sweden;

National
National

Physikali

Bureau of Standards, Washington DC, USA;
Physical Laboratory, Teddington, United Kingdom;

sch-Technische Bundesanstalt, Braunschweig, Germany.

For details, see reference [6].
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