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

Part 1 will be a re-issue of 1ISO 389:1991.
Annexes A, B, C, D and E of this part of ISO 389 are for information only.
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Introduction

Each part of IS
of audiometric
and 1SO 389-2
mission of purs

For clinical diag

D 389 specifies a specific reference zero for the calibration
equipment. ISO 389:1991 (to be re-issued as ISO 389-1)
are applicable to audiometric equipment for the trans-
tones by air conduction.

nostic and other audiometric purposes, it is often necess-

ary to comparg¢ the measured hearing threshold levels of a person for

sound transmi
conduction pat
this purpose |
prominence or

The reference
conduction is {
ence equivalen
sound pressure
of specified ch
patterns, when
old of hearing
ISO 389 provig
terms of refers
bratory force le
coupler when

to the threshol
countries, the
countries, the f{
nence. Differen
annex C).

Ited to the inner ear by the air-conduction and bone-
hways, respectively. Bone-conducted sound is provided for
y an electromechanical vibrator applied to the mastoid
to the forehead of the person under test.

zero for the calibration of audiometric equipment for .air
efined in I1SO 389:1991 and ISO 389-2 in terms of refer-
E threshold sound pressure levels (RETSPLs), i.e. threshold
levels produced in a coupler, ear simulator or artificial ear
aracteristics by supra-aural or insert earphonesof various
excited electrically at a level corresponding.to the thresh-
pf young otologically normal persons. Similarly, this part of
es a reference zero for bone-condugtion audiometry in
nce equivalent threshold force levels(URETFLs), i.e. the vi-
vels produced by a bone vibrator éna specified mechanical
he vibrator is excited electrically, at a level corresponding
i of hearing of young otologieally normal persons. In some
preferred location is the\mastoid prominence; in other
orehead location is used\ir addition to the mastoid promi-
t RETFL values are yalid for each of the two positions (see

For bone-cond

ction measurements, it is necessary to specify the static

force of applicgtion of theqvibrator to the skull of the test subject and to
the mechanical coupler,cas‘well as certain geometrical features of the vi-
brator tip. In addition, it-is”"usually necessary to apply masking noise to the
ear not under fest; since excitation of the skull by the vibrator may be
heard by that eprinstead of (or in addition to) the ear intended for the test.
An appropriate Hieat : 1S€—S; ; f
as an adjunct to the reference equivalent threshold force levels, and such
a specification is given in this part of ISO 389. Due to the so-called “oc-
clusion 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 receiving the masking 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 from which 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 un-
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impaired 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 I1ISO 389:1991 or ISO 389-2, respectively. Al-
though exact equivalence of air-conduction and bone-conduction thresh-
olds for any individual in these classes cannot be expected, due to
biological variability of sound tansmission through the external and 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 fatoratories i three countries usmg methods of thrgshold testing
which, in the respects described, were essentially uniferm. Examination
of the data showed that the experimental results were\congistent. It has,
therefore, been possible to standardize a reference: zero| by means of
RETFL values which are to be used for all_bohe vibrators used in
audiometry having similar characteristics to thosg’used by the laboratories.
The systematic uncertainties introduced by ‘this deliberatq simplification
will be small in comparison to the usual step size of hearing level controls
in clinical audiometers (5 dB).
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of ISO 389 specifies the following data ap-
b the calibration of bone vibrators for pure-
b-conduction audiometry.

ence  equivalent threshold force ~levels
Ls), corresponding to the threshold of hear-
f young otologically normal persons by
conduction audiometry. RETELNIs the vibra-
prce level transmitted to.da_mechanical cou-
pf specified characteristics (see 5.3) by a
br when applied to,the’ mechanical coupler
stated conditions of test and when ener-
at the voltage level corresponding to the

normal threshold ©f-hearing for location on the

mastd

NOTE
ence §

id prominence.

1 Interim values for the differences in refer-
quivalent threshold force levels between location

on th

p forehead and mastoid are-included for infor-

ence equivalent threshold force levels for pure to

Guidancedon the practical application
ISO.389"in the calibration of audiomet
annex B.

NOTE 2 Recommended procedures fo
bone-conduction audiometry are specified if

2 Normative references

The following standards contain pro
through reference in this text, constit
of this part of ISO 389. At the time of g
editions indicated were valid. All standa
to revision, and parties to agreements
part of ISO 389 are encouraged to i
possibility of applying the most recent
standards indicated below. Members ¢
maintain registers of currently valid
Standards.
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bf this part of
Brs is given in

r carrying out
ISO 8253-1.

isions which,
ute provisions
ublication, the
ds are subject
based on this
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pditions of the
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International

mation in annex C.

Essential characteristics of the bone vibrator and

of its

method of coupling to a person under test

and to the mechanical coupler.

Essential characteristics and datum level of the

maski

ng noise applied to the ear not under test.

1) To be re-issued as ISO 389-1.

SO 3897T99T, Acoustics — Standard
for the calibration of pure-tone a
audiometers."

eference zero
ir conduction

ISO 389-2:1994, Acoustics — Reference zero for the
calibration of audiometric equipment — Part 2: Ref-

erence equivalent threshold sound pres
pure tones and insert earphones.

sure levels for

IEC 373:1990, Mechanical coupler for measurements

on bone vibrators.
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3 Definitions

For the purposes of this part of ISO 389, the defi-
nitions given in 1ISO 389:1991 and ISO 389-2 and the
following definitions apply.

3.1 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 in-

© |SO

threshold force level (or reference equivalent thresh-
old sound pressure level) for bone conduction or air
conduction, as applicable.

NOTE 4 By extension, this definition may be applied to
a narrow band of noise.

3.8 occlusion effect: Lowering of the hearing
threshold level of a given ear, stimulated by bone
conduction, when an earphone or earplug is placed
over or in the entrance to the ear canal, thereby

tended to prod
ing the cranial

3.3 alternatin
bration): Force
common logari
the force trans
value, 1 uN.

Lice the sensation of hearing by vibrat-
hones.

g force level (force level) (of a vi-
evel, in decibels, which is 20 times the
hm of the ratio of the r.m.s. value of
Mitting the vibration to the reference

3.4 mechanidal coupler: Device designed to pre-

sent a specifie
brator applied
equipped with

i mechanical impedance to a bone vi-
with a specified static force and
a mechano-electric transducer to de-

termine the alfernating force level at the surface of

contact betwegd

NOTE3 A me

3.5 equivalen
tening): For a g

n a vibrator and mechanical coupler.

Chanical coupler is specified in IEC 373.

t threshold force level (monaural lis-
iven ear, at a specified frequency, for

a specified configuration of bone vibrator and for a

stated force of
human mastoiq
up by the bon
coupler when

voltage which,
mastoid bone

threshold of he

application of the bone vibrater te the

bone, the alternating force level set
e vibrator on a specified ;mechanical
the bone vibrator is actuated by that
with the bone vibrator applied to the
concerned, would"correspond to the
aring.

3.6 referenc

equivalent threshold force level

(RETFL): At a 4pecified frequency, the mean value of
the equivalent fthréshold force levels of a sufficiently
large number i

of both sexes, aged between 18 and 30 years inclus-
ive, expressing the threshold of hearing in a specified
mechanical coupler for a specified configuration of
bone vibrator.

3.7 hearing level (of a pure tone): At a specified
frequency, for a specific type of transducer and for a
specified manner of application, the alternating force
level (or the sound pressure level) of this pure tone,
produced by the transducer in a specified mechanical
coupler (or acoustic coupler, ear simulator or artificial
ear) minus the appropriate reference equivalent

£ M Il =l + 1 H 4l 4
TUTTTI Y atT CTTeTuSTU dail vUTar e Tt TS TALT lnal ear.

The effect is greatest at low frequencies;

3.9 masking:

(1) Process by which the threshold of heafing of a
sound is raised by the presence of another (masking)
sound.

(2)  Amount by which)the hearing thresholq level is
so raised, expressed in decibels.

3.10 datum:'level of masking noise: Lgvel, ex-
pressed as"hearing level (see note to 3.7) gf a one-
third-g€tave band of noise delivered by air copduction
in the presence of which a pure tone at thg centre
frequency of the noise band and at a hearind level 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.

NOTES

5 The value of 35 dB 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 recommen-
dation to adopt this level of masking noise in clinjical prac-
tice.

6 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.

] critical bandwidth: idest frequency band
within which the loudness of a band of continuously
distributed random noise of constant band sound
pressure level is independent of its bandwidth.

3.12 vibrotactile threshold level: Level of an alter-
nating force at which a person gives 50 % of correct
detection responses on repeated trials due to the
sensation of vibration on the skin.

3.13 white noise: A noise the power spectral den-
sity of which is essentially independent of frequency.
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4 Reference equivalent threshold force
levels (RETFLs)

Reference equivalent threshold force levels for lo-
cation of the vibrator on the mastoid bone are given
in table 1. They are derived from determinations of the
threshold of hearing by bone conduction of oto-
logically normal persons as measured on the mastoid
bone, under the conditions described in clause 5 (see
annex A).

ISO 389-3:1994(E)

Table 1 — Reference equivalent threshold force
levels (RETFLs) for location of the vibrator on the
mastoid bone

NOTES

7 ltis emhphasized 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
compensdte for differences in the masking levels used in
the three|studies may also have contributed to differences
among stfidies.

8 Valueg for frequencies below 250 Hz are not specified
in this part of ISO 389. Results from one laboratory are
given for [nformation in annex D.

5 Test conditions and requirements

The refefence equivalent threshold force levels apply
when the conditions and requirements specified in
this clauge are met.

5.1 Bdne vibrator

The vibrdtor shall have a plane, circulartip, of nominal
area 175 mm?. Any airborne sound. which it radiates
when in pontact with the head of a-test subject having
unimpaired external and middle_ear function shall be
low enodigh in level to previdé a margin of 10 dB or
more bgtween the trde~bone-conduction hearing
threshold level and <a~false air-conduction hearing
threshold level eveked by the bone vibrator.

If this cdndition-is not met directly at all frequencies,
the unwanted.sound radiation is excluded by inserting

Frequenc RETFLY
a y (reference: 1 uN)
Hz dB
250 67,0
3152 64,0
400 2 61,0
500 58,0
630 2 $2,5
750 3 48,5
800 2 47,0
1 000 42,5
12502 39,0
15003 36,5
16002 5,5
2 000 81,0
2 5002 29,5
3,000 0,0
311502 1,0
4 000 5,5
50003 40,0
6 0003 40,0
6 3003 40,0
8 0003 40,0
1) Values rounded to the nearest 0,5 dB|
2) Values for these frequencies are derfjved by interp-
olation.
3) Values for these frequencies are defived from the
results from one laboratory only.

5.3 Mechanical coupler

The mechanical coupler shall comply Wwith the speci-
fication in IEC 373 (see annex B, in pafticular B.3).

NOTE 9 The mechanical coupler specified in the first
edition (1971) of IEC 373 differs in materia| respects and is

an earpllg-irto the external canal of the ear under test
at the frequencies which are affected. Due to the oc-
clusion effect, use of the earplug is confined to fre-
guencies above 2 000 Hz.

5.2 Fitting of the bone vibrator

A headband shall be used to hold the vibrator on the
mastoid bone with a nominal static force of 5,4 N. The
vibrator shall be placed on the mastoid prominence,
not touching the pinna, and adjusted so as to remain
in a stable position.

not applicable 10 this part of 150 389.

5.4 Test signal

The alternating force signal produced by the bone vi-
brator at the excitation level corresponding to table 1,
as measured on the mechanical coupler, shall exhibit
total harmonic distortion not exceeding 1 % for fun-
damental frequencies from 500 Hz to 1 000 Hz, and
2 % for frequencies from 250 Hz to 400 Hz inclusive
and from 1 250 Hz upwards.
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5.5 Masking noise

The masking noise signal shall be generated by pass-
ing random white noise through a bandpass filter
one-third octave wide, centred logarithmically on the
test-tone frequencies given in table 1.

5.6 Masking transducer

The masking noise signal shall be delivered to the ear
not under test by means of a supra-aural or insert

© ISO

5.8 Datum level of masking noise

The masking noise, applicable to the mean oto-
logically normal young person, shall be presented at
the datum level specified in 3.10.

NOTE 10 A constant hearing level of 40 dB in each one-
third-octave band is approximately equal to the datum level
as defined, although, in principle, the value depends slightly
on the band centre frequency (due to the variable width of
critical bandwidths). The difference between the hearing
level of the noise band and that of the pure tone referred

earphone of a[pattern conforming to one of the
specifications i 1ISO 389:1991 or ISO 389-2, respect-
ively.

5.7 Fitting of masking transducer

If a supra-aurall earphone is used for delivering the
masking noise, Jt shall be applied to the ear not under
test of the test| subject by means of a headband ex-
erting a nomindl force of 4,5 N, and designed not to
interfere with the headband holding the bone vibrator
which is worn simultaneously. If an insert earphone
is used for delivering the masking noise, it shall be
applied to the|ear not under test as specified in
ISO 389-2.

to in 3.10 is approximately 5 dB; it represents thg¢ amount
by which masking noise in a critical bandwidthmaly exceed
a pure tone at the 50 % correct detection jlevel of[the pure
tone (see ISO 389-4).

The datum level may be expfessed as th¢ sound
pressure level, in decibels, relative to 20 uPa|by add-
ing 40dB to the REFSPL values spedfied in
ISO 389:1991 or ISO 389:2, respectively for the pat-
tern of earphone used_as the masking transdticer.
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Source of data

Annex A

(informative)

Note on the derivation of RETFL values

ISO 389-3:1994(E)

The RETFL values specified in this part of ISO 389 are obtained from the results of three independen{ experimental
investigations communicated to ISO/TC 43, Acoustics. Brief particulars of the tests are given intable A.1.
Table A.1 — Investigations on RETFL values
Investigation
[est data
Ref. [1] Ref. [2] Ref. [3]
Type of viprator B-711 B-711 KH-70 20 AROW>
Type of masking earphone
TDH39 3
TDH39 3
DT48g 4
Level of masking noise 30 dB effectived) 25 dB and 40 dB 40 dB effectivgd at 125 Hz,
sensation level 250 Hz; 30 dB gffectived at
higher frequengies
Number df ears tested 60 136 5(
Number df subjects 60 68 24
Frequencies tested, Hz 250, 500, 1 000, 2 000, 250, 500, 1 000, 2 000, 125, 250, 500, [750, 1 600,
3.000, 4 000 3 000, 4 000 1 500, 2 000, 3 000, 4 000,
5 000, 6 000, 4 300, 8 000
1) Manufactured by Radioear Corporation, USA.
2) Manufactured by Grahnert Pracitronic, GmbH, Germany.
3) Manufactured by Telephonics Corporation, USA.
4) Manufactured by Beyer AG, Germany.
5) "Effegtive masking level” as defined in ref. [4], appendix A4.

The values for the bone-conduction threshold of hearing used in the development of this part of ISO 389 were not
corrected for deviations of the test subject's air-conduction hearing threshold levels from 0 dB. Further details of
the derivation of RETFL values are given in ref. [2].
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Annex B
(informative)

Guidance on the application of the reference zero to the calibration of
bone-conduction audiometers

B.1 General

When a bone-
accordance wif
conditions stip
cable, to meas
normal subject
0 dB should be
the test roon]

conduction audiometer is calibrated in
h this part of ISO 389 and under the
ilated in clauses 4 and 5, where appli-
ure the hearing of young otologically
s, a mean hearing threshold level of
obtained if the ambient noise levels in

and the procedures used for the

threshold detejmination comply with ISO 8253-1.

B.2 Choiceq and fitting of bone vibrator

The plane,

176 mm? + 25
addition of a {
radius 0,5 mm)
In general, thq
rived from hea
put for acceptd
are not usually
the larger buttg

circular contact area should be
mm?, as specified in IEC 645-1. The
lightly rounded edge (for example of
to the vibrator tip prevents discomfort.
inertia-reaction types of vibrator des
fing aid designs have only limited .out-
ble distortion at low frequencies,~and
suitable for audiometry below'250 Hz;
n-type vibrators tend to be Superior in

this respect, byt may produce more unwanted sound

radiation at hig

The headband
54N 4+ 0,5N.

NOTE11 A h
mean head widf
190 mm (for forg
the above tolera

h frequencies due to_their larger size.

used should protvide a static force of

padband proyiding a force of 5,4 N for a
h of 145-mim (for mastoid application) or
head application) will usually comply within
cefor adult test populations.

specified in |IEC 645-1. The bone vibratorland mech-
anical coupler should both be brought\to the proper
operating temperature of 23 °C +'1°C, as $pecified
in |IEC 373. Because of the high-thermal capacity of
the mechanical coupler, a periodof several hgurs may
be required to bring the system to thermal equilibrium
before calibration. Any ‘deviation from this fempera-
ture can only be allowed for if data for the fempera-
ture dependence 6f the performance of thel specific
type of bone yibrator on the mechanical colipler are
available.

B.4 _Choice and fitting of masking
transducer

If*is convenient to use the same earphone for deliv-
ering the masking noise as is used to deterfine the
subject's air-conduction threshold in the ear ot under

correctly using the pure-tone air-conduction calibration
of the earphone in accordance with ISO 3891991 or
of ISO 389-2.

B.5 Masking noise source

The datum conditions of this part of ISO 389 specify
noise with a one-third-octave bandwidth deriyed from
random noise having uniform spectral densify (white
noise). Tolerance on the bandwidth (defined by the

B.3 Calibration of the bone vibrator

The vibrator should be attached to the mechanical
coupler with a static force of 54N + 0,5N, as

3dB—downm poimts—of the—spectratdensity)  of +”g
octave is recommended. For generating one-third-
octave band masking noise from wide-band white
noise, the filter characteristics should conform to the
specifications of IEC 225.
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Interim differences in reference equivalent threshold force levels between
forehead and mastoid location of vibrator

Interim differences-irreferenceequivatent-threshotd-forcetevets betweenforeheadandmastoTgcations of the
vibrator afe given in table C.1. They are derived from determinations of the threshold of hearing by.bgne conduction
on otologjcally normal persons under the conditions described in clause 5.

NOTE 12 | The values given in table C.1 are obtained from the results of four experimental investigations cdmmunicated to
ISO/TC 43| Brief particulars of these tests are given in table C.2.

Table C.1 — Interim differences in reference
equivalent threshold force levels between
forehead and mastoid location of vibrator

Frequenc RETFL (forehead) minus
quency RETFL (mastoid)")
Hz dB
250 12,0
3152 12,5
400 2 13,5
500 14,0
630 2 13,6
750 3\ 13,0
80072 12,0
1 000 8,5
12502 10,0
15003 11,0
16002 11,0
2 000 11,6
25002 12,0
3000 12,0
31502 11,6
4 000 8,0
50003 11,0
6 000 3! 11,0
6 3003 10,0
8 0003 10,0
1) Values rounded to the nearest 0,5 dB.
2) Values for these frequencies are interpolated.
3) Values for these frequencies are derived from the
results from one laboratory only.
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Table C.2 — Investigations of RETFL (forehead) minus RETFL (mastoid) values

Investigation

Test data
Ref. [5] Ref. [6] Ref. [3] Ref. [7]
Type of vibrator B-71 B-71 KH-70 B-71
Number of ears tested 26 30 50 50
Number of subjects 26 30 25 25

Frequencies tegted,
Hz

250, 500, 1 000,
2 000, 3 000, 4 000 M

250, 500, 1 000,

2 000, 3 000, 4 000

125, 250, 500, 750,
1000, 1 500, 2 000,
3 000, 4 000, 5 000,
6 000, 6 300, 8 000

250, 500, 780, 1 500,
2 000, 3 000, # 000

considered.

1) The result 3t 4 000 Hz was not taken into account because airborne sound radiation of the bonewibrator had not been
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Annex D
(informative)

ISO 389-3:1994(E)

Bone-conduction threshold of hearing for frequencies below 250 Hz

Bone-confiuction threshold measurements at frequencies below 250 Hz are only of limited use,-par

the high qignal distortion of present inertia-reaction types of bone vibrators (see B.2 in annex Bjand
of a possiple misinterpretation of test results on subjects with hearing loss due to vibrotactile sensafjon. However,

reference| equivalent threshold force levels for mastoid location of the bone vibrator and difference
threshold force levels between forehead and mastoid location of the vibrator for freg
200 Hz have been determined (see annexes A and C) and are given for information in t
are derivgd from a determination of the threshold of hearing by bone conductien_of otologically n
under thel conditions described in 5.1 to 5.3 and 5.5 to 5.8. The total harmonic distortion of the te

equivalen
125 Hz to

did not elceed 2 % as measured in accordance with 5.4.

Table D.1 — Reference equivalent threshold force levels for mastoid location

and differences in reference equivalent threshold force levels between forehead

and mastoid location of vibrator

tly because of
partly because

s in reference
uencies from
pble D.1. They
brmal persons
5t signal used

Frequenc RETFL (mastoid)" RETFL (forehead) minus
a v (Referenceivalue: 1 uN) RETFL (mastoid)?
Hz dB dB
125 82,6 7.0
160 2) 77,5 85
2002 72,5 10,5

1) Values rounded to the nearest 0,5 dB.
2) Values for these-frequencies are interpolated.
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