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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-g

overnmental, in_liaison with ISO, also take part in the work. 1ISO collaborates clos

Intern
Intern
The

adop

Intern

Atten
rights

ISO 3

ISO 3

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives,
ain task of technical committees is to prepare International Standards. Draft’\Internatior
ed by the technical committees are circulated to the member bodies for,voting. Publ
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

ion is drawn to the possibility that some of the elements of this doéument may be the sub
L ISO shall not be held responsible for identifying any or all such patent rights.

89-9 was prepared by Technical Committee ISO/TC 43, Acoustics.

89 consists of the following parts, under the general title;Acoustics — Reference zero for {

of aufliometric equipment:

— F

— F

Part 1: Reference equivalent threshold sound pressure levels for pure tones and supra-aura
Part 2: Reference equivalent threshold sound pressure levels for pure tones and insert earph
Part 3: Reference equivalent threshold-force levels for pure tones and bone vibrators

Part 4: Reference levels for nartew-band masking noise

Part 5: Reference equivalént threshold sound pressure levels for pure tones in the frequency
D 16 kHz

Part 6: Reference thireshold of hearing for test signals of short duration
Part 7: Refefence threshold of hearing under free-field and diffuse-field listening conditions

Part 8:-Reference equivalent threshold sound pressure levels for pure tones and circumaura

Part 2.

earphones

ones

earphones

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

ISO/TC 43, Acoustics, is responsible for the production of International Standards specifying human hearing
thresholds for use in the calibration of audiometric equipment. The Committee bases its work on data from
independent laboratories throughout the world. Unfortunately, problems have existed in the past in trying to
relate the data from experiments carried out by different laboratories in different parts of the world, all of which
have had the same objective, but which lacked a common set of criteria for subject selection, methods of test

and reporting

of data, etc.

ISO/TC 43 has developed this part of ISO 389 in order to collate the data that is being, or will be{produg¢ed in
d to encourage other laboratories to participate in these activities. The test conditions are gimed
at providing guidance to researchers to ensure that the collation of future work is made easier, which ip turn

the future, ari

ought to lead

to a more rapid production of relevant standards.
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INTERNATIONAL STANDARD ISO 389-9:2009(E)

Acoustics — Reference zero for the calibration of audiometric

equipment —

Part 9:

Preferred test conditions for the determination of reference

hedring threshold levels

This part of ISO 389 specifies test conditions for determining the hearing” thresholds of subjects for the

purpdse of establishing standardized values for reference hearing threshgld levels.

ormative references
The following referenced documents are indispensable-for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including amendments) applies.

ISO 389-1:1998, Acoustics — Reference zer0) for the calibration of audiometric equipme
Reference equivalent threshold sound pressture levels for pure tones and supra-aural earphones

ISO 389-2, Acoustics — Reference zero for the calibration of audiometric equipment — Part

ISO 389-6, Acoustics &, Reference zero for the calibration of audiometric equipment — Part
threshold of hearingfon test signals of short duration

ISO 389-7, Acoustics — Reference zero for the calibration of audiometric equipment — Part
threshold of hearing under free-field and diffuse-field listening conditions

ISO 389-8, Acoustics — Reference zero for the calibration of audiometric equipment — Part

t. For dated
e referenced

nt — Part 1:

[

2: Reference

3: Reference

6. Reference

7: Reference

8: Reference

equi

ISO 8253-1:—2), Acoustics — Audiometric test methods — Part 1: Basic pure-tone air and bone conduction

threshold audiometry

ISO 8253-2:—3), Acoustics — Audiometric test methods — Part 2: Sound field audiometry with pure tone and

narrow-band test signals

1) Under revision.
2) To be published. (Revision of ISO 8253-1:1989)
3) To be published. (Revision of ISO 8253-2:1992)
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ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 60318-1, Electroacoustics — Simulators of human head and ear — Part 1: Ear simulator for the

calibration of

supra-aural and circumaural earphones 4)

IEC 60318-3, Electroacoustics — Simulators of human head and ear — Part 3: Acoustic coupler for the

calibration of

supra-aural earphones used in audiometry

IEC 60318-4, Electroacoustics — Simulators of human head and ear — Part 4: Occluded-ear simulator for the
measurement of earphones coupled to the ear by ear inserts 5)

IEC 60318-5
measuremen

IEC 60318-6
measuremen

IEC 60645-1
IEC 60645-3

IEC 60645-4

3 Terms

For the purpd

4 Test conditions

41

411 At le
numbers.
41.2 Thes
41.3 The
symptoms of
to noise, exp

given in Anng

Test subjects

Electroacoustics — Simulators of human head and ear — Part 5: 2 cm3 coupler-1q
{ of hearing aids and earphones coupled to the ear by means of ear inserts

Electroacoustics — Simulators of human head and ear — Part 6: Mechanical-coupler f
{ of bone vibrators

2001, Electroacoustics — Audiological equipment — Part 1: Pure-tone alidiometers
2007, Electroacoustics — Audiometric equipment — Part 3: Test signals of short duration

Audiometers — Part 4: Equipment for extended high-frequency/audiometry

and definitions

ses of this document, the terms and definitions.given in ISO 8253-1 and ISO 389-6 apply.

ast 25 subjects shall participate, both males and females, preferably represented in

subjects shall be in'the’age range 18 years to 25 years inclusive.

subjects shall’be“otologically normal, i.e. be in a normal state of health, be free from all sig
ear disease and from obstructing wax in the ear canals, and have no history of undue exp
bsure topotentially ototoxic drugs or familial hearing loss. Minimum information to be colleg
X A.

414 Tympanemetry shall be performed at the beginning of each test session. Hearing thre

r the

br the

equal

ns or
osure
ted is

shold

measurements shall be performed only if a middle ear pressure in the range + 50 daPa has been obtained.

4.2 Maximum ambient noise levels

4.21

The acoustic environment in which the test subjects are located during testing shall fulfil the

requirements given in 1ISO 8253-1:—, 11.1 and 11.2 for measurement of hearing levels down to —10 dB with a
maximum uncertainty of +2 dB due to ambient noise. The requirements for 8 kHz shall also be applied to the
one-third-octave bands from 10 kHz to 16 kHz.

4) To be published. (Revision of IEC 60318-1:1998 and IEC 60318-2:1998)
5) To be published. (Revision of IEC 60711:1981)
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4.2.2
given

4.23

424

4.3

ISO 389-9:2009(E)

For typical current supra-aural earphones with sound attenuation as given in ISO 8253-1:—, Table 3,
conformance with the requirement of 4.2.1 means that noise levels shall be at least 10 dB below the levels

in ISO 8253-1:—, Table 2.

If the sound attenuation provided by the actual earphone differs from the values given in
ISO 8253-1:—, Table 3, the maximum permissible level of noise shall be modified accordingly.

For sound field audiometry, the acoustic environment shall fulfii the requirement given in
ISO 8253-2:—, Clause 6.

Test procedure

Mon
thres
be us|

5

5.1

The &
the tg
tone

exten

%yural pure-tone hearing threshold levels shall be determined according to ISO 8253-1Bin

old levels shall be determined according to ISO 8253-2. Either the bracketing or ascending
ed. Each subject shall have at least one training session with two or three selected\test sign

Audiometric equipment

General

udiometric equipment, which is used for control of stimulus gating and stimulus level and fo
st procedure, shall fulfill the relevant requirements of IEC 60645-1 (for air- and bone-con
signals and masking), IEC 60645-3 (only for signals .of\'short duration) and IEC 6064
ded high-frequency signals). Special care shall be taken to avoid detection by the test su

sounds coinciding with the tone and attenuator switching;

Calib
speci
calibr,

5.2

5.21

ation of test equipment shall be performed .atregular intervals to ensure that levels are
ied in the prevailing data. 1SO 8253-1:—;\Clause 12 specifies three stages of main
ation procedures, and a stage B periodic objective test is required at regular intervals.

Transducers

General

The

pural hearing
method shall
als.

- execution of
duction pure-
5-4 (only for
bjects of any

within those
tenance and

any different transducers’used in hearing threshold measurements will require special attention. Air-

condiiction and bone-conduetion transducers as well as loudspeakers for sound field meas
involyed. For air-conduetior transducers, supra-aural, circumaural and insert earphones are used
two df these will require” special attention related to headband force. The use of a correct ea

micr

hone will alse-"have to be controlled. Relevant International Standards are available

(see $.2.2).

5.2.2| Classes of transducers

Irements are
, and the first
simulator or
for this field

Theseinctude:

a)
b)
c)
d)

e)

©1S0

circumaural earphones, which shall meet the specifications given in ISO 389-8;
insert earphones, which shall meet the specifications given in ISO 389-2;
bone vibrators, which shall meet the specifications given in ISO 389-3;

loudspeakers for sound field measurements according to ISO 389-7.

2009 — All rights reserved

supra-aural earphones, which shall meet the specifications given in ISO 389-1:1998, 4.2 or 4.3;
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5.2.3 Calibration

Calibration of supra-aural earphones shall be performed on an ear simulator according to IEC 60318-1 or on

an acoustic ¢

oupler according to IEC 60318-3.

Calibration of circumaural earphones shall be performed on an ear simulator according to IEC 60318-1.

If other adapters are used for circumaural earphones, data should be provided to demonstrate their

equivalency.

Calibration of insert earphones shall be performed on an ear simulator according to IEC 60318-4 or an

nlerase.

oordin

acoustic couy

Calibration of

5.2.4 Forcq of application, height of headband

Different type
mastoid and
faces of the
vibrator and

applied to th¢ ear simulator with the nominal static force of the same valueynot including the weight
transducer itgelf.

For supra-apiral earphones, specification for the height of the» headband is found in 13.8
IEC 60645-112001.

5.2.5 Fitting

Experimente
adjustment H
experimenter
area of the ti
as near as p
the masking
transducers ¢

5.3 Test signals

5.3.1 Gene
5.3.1.1 T
5.3.1.2 i

meet the requiirements of IEC 60645-1:2001, 8.6.

5.3.2 Requ

5.3.21

mnatoal=C 60219 &5
ICTaCCorGmgto o OU9TO~O°

bone vibrators shall be performed on a mechanical coupler according to IEC 60318-6.

to the ear simulator. The values refer to the force exerted by the headband when the opp
ar cushions are separated by 145 mm. This same separation is also required between the
he opposite end of its headband for mastoid application. The earphone or bone vibrator sh

-supervised fitting of supra- and circumaural earphones shall be undertaken followsg
y the test subject to maximum loudness of an 8 kHz test tone. For insert earphones
fitting shall be undertaken. The bene’vibrator shall be positioned so that the largest po
D is in contact with the skull. If placed on the mastoid, the vibrator shall be positioned behin
pssible to the pinna, without touching it. After positioning the bone vibrator on the subject,
earphone on the ear not-lUnder test. Care shall be taken that the headbands of th
o not interfere with one anather.

ral requirements for pure-tone signals

he maximum permissible deviation from the nominal frequency shall be 0,1 %.

Fachitone shall be presented monaurally with a duration of 1 s to 2 s and the tone switching

s of earphones and bone vibrators require different values of force of application to the ¢ar or

osing
bone
all be
bf the

1 of

d by

only
5sible
d and
place
b two

shall

irements for frequency range 125 Hz to 8 kHz

Pure tones of the following audiometric frequencies shall be used:

125 Hz, 250 Hz, 500 Hz, 750 Hz, 1 000 Hz, 1 500 Hz, 2 000 Hz, 3 000 Hz, 4 000 Hz, 6 000 Hz, 8 000 Hz.

The order of test frequencies should preferably start with 1 kHz, continuing upwards, then repeating 1 kHz and

finally measu

The order of t

ring from 750 Hz downwards.

est frequencies may be randomized.

© 1SO 2009 — All rights reserved
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ISO 38

Optional additional one-third-octave frequencies according to ISO 266 may be used.

5.3.2.

2

expected average equivalent threshold sound pressure level.

5.3.3

5.3.3.

Requirements for frequency range 8 kHz to 16 kHz

1

8 kHz, 9 kHz, 10 kHz, 11,2 kHz, 12,5 kHz, 14 kHz, 16 kHz.

9-9:2009(E)

At any frequency, the dynamic range of test tone levels shall be at least + 30 dB, relative to the

Pure tones of the following preferred frequencies according to IEC 60645-4 shall be used:

The d
Optio

5.3.3
relati
range

5.3.4

5.34
test s

5.3.4

5.34
the n
the te

5.3.5

5.3.5
repet
speci

5.3.5
wave
the d
acous

NOTE
micro

Other

rder of test frequencies may be randomized.
hal additional frequencies above 16 kHz may be used.
2 At any frequency up to 14 kHz, the dynamic range of test tone levelscshall be at
e to the expected average equivalent threshold sound pressure level. At*16 kHz the g
should be at least + 40 dB.

Requirements for sound field audiometry
1 Specifications for sound field audiometry are found in SO 8253-2 and imply binaur|
gnals presented as sound pressure levels from loudspeakers:
2 Test signals shall consist of pure tones, narrowbands of noise or frequency-modulate
3 The acoustical characteristics of the sound field are determined by the choice of t
imber and acoustical properties of the loudspeakers used, as well as by the acoustical cha

st room.

Requirements for signals of short duration

1 Clicks as well as tone bursts shall be used as single stimuli and as groups of
tion rate of 20/s. Each group‘shall have a duration of 1s to 2's and envelope rise and
ied in IEC 60645-1:2001, 8.6y 'Stimulation shall be monaural.

2 Clicks should preferably have an electric waveform according to IEC 60645-3:2(
orm consists of a réference pulse (single monophasic square wave) having the following s
hration shall be 100 us + 10 ps; rise and fall times shall be less than 25 ps. The click polar
tically shall be,specified.

For ¢his' verification to be reliable, the polarity of the measurement system has to be known,

east + 30 dB
orresponding

bl listening to

d tones.

bst signal, by
racteristics of

stimuli with a
fall times as

07, 5.2. The
pecifications:
ty as verified

as commercial

5.3.5.

hones,preamplifiers and measuring amplifiers can give rise to phase shifts.
wayeforms, if stated, may also be used.
3 Reference tone bursts should preferably have an electric waveform according

to

IEC 60645-3:2007, 5.3. This has linear rise and fall times of 1,6 periods of the modulated frequency and a
duration of three periods. The total number of periods in the reference tone burst is five. Each tone shall start

in the

same phase from a zero crossing. The modulated frequencies used shall be stated.

Other waveforms, if stated, may also be used.

At frequencies where measurements are made for tone bursts, measurements shall also be made with longer
tones (1 s to 2 s), using the same equipment (earphone, ear simulator, etc.) and the same test procedure.

5.3.5.

4 Stimuli should preferably be presented by means of any of the types of transducers |

Other types of earphones may be used if reproducible calibration can be obtained.

©1S0

2009 — All rights reserved
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6 Reporting of data

6.1

For pure-tone signals as specified in 5.3.1 to 5.3.3, the results shall be given as equivalent threshold

sound pressure levels for a stated and standardized ear simulator or as equivalent threshold vibratory force
levels for a mechanical coupler.

6.2
levels.

6.3

For sound field audiometry according to 5.3.4, results shall be given as threshold sound pressure

For signals of short duration according to 5.3.5, results shall be given as peak-to-peak equivalent signal

levels representlng elther the equrvalent threshold sound pressure Ievels for supra aural crrcumaural and

insert earpho
vibratory forc
coupler or sp
shall be give

6.4 Datas

a) monaurg
and
b) other re
tympano)

6.5 Inadd
measuremen
subgroups su
to 25 years.

6.6 Transd
type, version
simulator, inc

6.7 A frequ
for loudspea
measured in

6.8 Any ot
size and test

Ievels for bone vrbrators All results shall be referenced to a speC|f|ed ear slmulator meeh
cific instrumentation for sound field measurements. For longer tones according to 53¢, r
in accordance with 6.1 or 6.2.

nall be reported for each individual subject, including

| hearing threshold results for the actual test stimuli, or binaural in the-case of free field te

metry.

t uncertainty for a coverage probability of 95 % in accordance with ISO/IEC Guide 98-3, a
ch as male and female subjects or different age ranges, e.g. 18 years to 21 years and 22

ucers and the relevant calibration procedure~shall be described in detail, including manufag
and cushion. Details shall be given of the fitting of the transducer on test subjects and to th
luding the applied force.

ency response curve of the transducers as measured on the stated ear simulator, or in fre

ers, shall be provided. For signals of short duration the acoustic waveforms shall be giv
he actual calibration system.

procedure.

ner relevant informatian‘shall be reported, such as audiometric equipment used, attenuatof

ashold
bnical
bsults

sting,

evant information obtained, such as age and gender of the{subject and the results ¢f the

tion, median values of the results shall be given for the total group, together with the expanded

nd for
years

turer,
e ear

b field
BN as

step
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Annex A
(normative)

Questionnaire for hearing tests

Name: | Date of birth: Gender:
2. |Have you ever had trouble with your hearing (for example, infections, ear noises, drainage, etc.?)

Yes | No | If yes, please detail:

3. |Have you ever had an operation in your ear?

Yes | No | If yes, please detail:

4. |Have you ever taken drugs, tablets or been given injections that affected)your hearing?
Yes | No |

5. |Have you worked for several years in a place that was very noisy, i.e. where it was difficult to
communicate?

Y es | No | If yes, please detaik

6. [Pid you wear any hearing protector at that time?
Y es | No |
7. |Do you attend pop/rock concerts or discotheques?

Never |Once a year |More than once a year

8. | Do you play any musical instrument?

Yes | No | If yes, please specify:

9. |Po you listen to personal wearable players?

Never Less_than 2 hours [ More than 2 hours per week
perweek

10. | Have you been exposed to any loud sounds from, e.g. motorbikes, chain-saws, gunfire, fire-
crackers or explosions?

Yes | No | If yes, what kind and how often:

11. | Poes/did anyone in your immediate family have a hearing disorder?

Yes | No | If yes, please specify:

12. |Have you ever had a hearing test before?

Yes | No | If yes, when and where:

| agree to the storage of my data and their use in connection with the threshold measurements

Date: | Signature:

An answer YES to the following questions should be further explored and might lead to an exclusion from
further testing, or results should be deleted from the material: 2, 3, 4, 5, 7 (more than once a year), 8 (rock
band, symphony orchestra), 9 (more than 2 hours per week), 10, 11.
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