INTERNATIONAL

ISO

STANDARD 28961

First edition
2012-01-15

Acoustics — Statistical distributio
hearing thresholds of otologically
persons in the age range from 18 y
to 25 years under free-field listenir
conditions
Acoustique — Répartition.statistique des niveaux liminaireq

de personnes otologiquement normales dgées de 18 a 25 4
conditions d’écoute.ety champ libre

h of
normal
jears

g

d’audition
ans dans des

— Reference number
= — ISO 28961:2012(E)

©180 2012


https://standardsiso.com/api/?name=ee891ee55f63944a101c8acd487c4f39

ISO 28961:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from 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. + 4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=ee891ee55f63944a101c8acd487c4f39

ISO 28961:2012(E)

Contents Page
oY =T o PSSR iv
0 e Y 11 T2 4 T ) o ST SSS \'
1 £ o7 oo - 1
2 NOIMALIVE FEFEIENCES ...ttt ettt ettt et e e s en s et et s en e 1
3 Calculation of percentiles of hearing threshold distribution ... 2
3.1 L€ 7= 4 =1 o SRS 2
3.2 Threshold distribution-at frequencies lowerthan40000Hz ... 2
3.3 Threshold distribution at 10 000 Hz and higher frequencies ...............ccooooi O 4
Annegx A (informative) Numerical examples to illustrate the procedure......................... a2 o 5
Anngx B (informative) Selected values of the statistical distribution of hearing thresholds of

otologically normal persons in the age range 18 years to 25 years inclusive .........} ..o 6
Annjx C (informative) Selected values of z, ... M 9
Anngx D (informative) Notes on the derivation of the statistical distribution of normal hearing

L8 01 =Y Lo ' - S SRS SRR 10
BibliDGraphy ...y Kttt e 1"

© IS0 2012 — All rights reserved iii


https://standardsiso.com/api/?name=ee891ee55f63944a101c8acd487c4f39

ISO 28961:2012(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 ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 28961 W

5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting. Publication¥@s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the.subject of gatent
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 43, Acoustics.
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Introduction

The threshold of hearing in a free sound field is specified in ISO 226 and ISO 389-7. Threshold data in these
documents were obtained from otologically normal persons in the age range 18 years to 25 years inclusive.

As described in ISO 389-7, the threshold of hearing varies among people; the documents merely present

median values of hearing thresholds. However, other values on the threshold distribution of in
necessary to evaluate the hearing ability of a person in relation to that of the population. Those

dividuals are
values have

been used also in noise evaluation for estimating the ratio of young people with normal hearing in the population
who might be able to detect a sound of concern, e.g. an unwanted sound emitted from a machine.

This |nternational Standard provides a method for calculating percentiles of the hearing threshol
for ope-third-octave-band and other audiometric frequencies from 20 Hz to 16 000 Hz. The. m
distripution is set to be the threshold of hearing specified in ISO 226 and ISO 389-7. Furthermore
has heen developed using many of the hearing threshold data on which those documents-were b

NOTH Percentiles of the hearing threshold distribution can also be determined for_bands of noise.
percentiles for pure tones are specified in this International Standard because insufficient data for band
availdble. Nevertheless, it is possible that this International Standard is applicable to.ane-third-octave bang

d distribution
ean value of
, the method
ased.

However, only
5 of noise are
s of noise.
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INTERNATIONAL STANDARD

ISO 28961:2012(E)

Acoustics — Statistical distribution of hearing thresholds of
otologically normal persons in the age range from 18 years to

25

years under free-field listening conditions

1 Scope

This [International Standard provides descriptive statistics, percentiles, of the hearing threshol
whosge mean is the reference threshold value specified in ISO 226 and ISO 389-7. The mean @
thresholds are specified under the following conditions:

a)
b)
c)

d)

e)

f)

NOTH
fall. Tlhe threshold distributions in this International Standard have been derived from the results of ¢
statis

NOTH

field
from

speci

The

20 H;

The

heari
low-I¢

NOTH
Anne

2

Nermative references

e sound field in the absence of the listener consists of a free progressive planewave (free
e sound source is directly in front of the listener (frontal incidence);
e sound signals are pure (sinusoidal) tones;

e sound pressure level is measured in the absence of the listener ab the position where the
l]stener’s head would be;

ljstening is binaural;
the listeners are otologically normal persons within the-age range 18 years to 25 years inclu

1 The xth percentile threshold is the value of threshold below which x % of the individual threshold

ical analyses. See Annex D.

2 The applicability of the percentiles and the values of parameters given in this International Stang
|
PO Hz to 250 Hz where the threshold(difference between free-field and diffuse-field listening conditi

ied in 1SO 389-7:2005, Table 1.

percentiles are given in numerical form for the preferred frequencies in the one-third-octav
r to 16 000 Hz inclusive, in.accordance with ISO 266, and for some intermediate audiometrici

percentiles are applicable to the assessment of an individual’s hearing in relation to the g
hg thresholds under the above conditions. The percentiles can also be used to evaluate th
bvel noise around’hearing threshold.

3
D.

An_@pplication example of hearing threshold distribution to noise evaluation can be found in IS

d distribution
nd percentile

field);

centre of the

Bive.

5 of population
omprehensive

ard to diffuse-

stening conditions has not been examinged. They are expected to be applicable to the conditions for the frequencies

bns is zero as

b series from
frequencies.
istribution of
p audibility of

O 7779:2010,

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

ISO
ISO

226:2003, Acoustics — Normal equal-loudness-level contours

266, Acoustics — Preferred frequencies

ISO 389-7:2005, Acoustics — Reference zero for the calibration of audiometric equipment — Part 7: Reference
threshold of hearing under free-field and diffuse-field listening conditions

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=ee891ee55f63944a101c8acd487c4f39

ISO 28961:2012(E)

3 Calculation of percentiles of hearing threshold distribution

31

General

The threshold distribution for the frequencies fbelow 10 000 Hz shall be approximated by a Gaussian distribution,
which is determined using a mean value Trand a standard deviation or. Using Trand o5, any percentile on the
distribution is calculable as specified in 3.2.

Percentiles at 10 000 Hz and higher frequencies shall be calculated using a similar procedure, as specified
in 3.3. However, a numerical transformation shall be performed first so that the threshold distribution can be
approximated using a Gaussian distribution in the transformed domain.

For both freq
Trin decibels

Examples of]
are calculate

3.2 Thres

The xth perc
10 000 Hz sl

Pry=1Tr

where zy is a

uency ranges, the mean value of the distribution shall be set to the reference threshold infres
given in ISO 226 and I1SO 389-7.

calculation are shown in Annex A. Selected values of the statistical threshold distribution
d following those procedures are presented in tabular and graphical forms inAnnex B.

hold distribution at frequencies lower than 10 000 Hz

entile P, of threshold distribution (reference value 20 nPa) in decibels at frequencies lower
all be calculated using Equation (1):

- zZxof

z-score of the proportion of Gaussian distribution which corresponds to the xth percentile.

Selected valyies of z, are presented in Annex C. The values of:standard deviation orfor the threshold distrig

at frequencig
statistical an

NOTE As
uncertainty in

s lower than 10 000 Hz are presented in Table*1. The values are the outcome of comprehe
blyses. The accuracy provided is for calculation only.

the experimental data on which this Intemnational Standard is based.

e field

vhich

than

ution
nsive

x approaches 0 or 100, P, s becomes. liable to a larger uncertainty of threshold estimation becagse of

© 1SO 2012 — All rights reserved
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Table 1 — Standard deviation of threshold distribution, o at frequencies flower than 10 000 Hz

© 1SO 2012 — All rights reserved

S 9
in Hz in dB
20 6,14
25 6,38
31,5 6,48
40 6,37
50 6,04
63 5,40
80 4,58
100 4,03
125 3,79
160 3,78
200 3,84
250 3,84
315 3,75
400 3,61
500 3,54
630 3,63
750 3,81
800 3,91
1000 4,29
1250 4,69
1.500 4,94
1600 5,00
2000 5,09
2500 5,02
3000 4,91
3150 4,89
4000 4,86
5000 5,03
6 000 5,30
6 300 5,38
8 000 5,75
9000 5,95
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3.3 Threshold distribution at 10 000 Hz and higher frequencies

The threshold distribution at 10 000 Hz and higher frequencies shall be approximated using a Gaussian
distribution after individual thresholds are operated mathematically using the following power-transformation
equation:

Br

i=(u-ay)” @

where

u is ap.individual threshold in the distribution in decibels (rpfprpnrp value 20 IuPa)'
ar is the parameter that determines the origin of power transformation;
By is the exponent of power transformation.

Parameters ¢rand Brare shown in Table 2. The values are the outcome of comprehensivecstatistical analyses.
The accuracy provided is for calculation only.

Hereinafter, @ dotted variable denotes a value in the power-transformed domain.

Table 2 + Parameters for calculating the percentile threshold at frequencies fof 10 000 Hz and

higher

f o B Gy Iy

Hz
10 000 -26,72 0,766 4 1,861 17,10
11 200 -11,03 0,567 5 0,932 3 6,075
12 000 —4,537 0,45N1 0,715 5 3,640
12 500 -2,219 0384 9 0,6215 2,800
14 000 -1,033 0,216 5 0,253 4 1,901
16 000 6,271 0,062 83 0,038 89 1,248

The xth percentile Px,f of threshold distribution shall be given by Equation (3):

Px,f:T +Zxdf (3)

where

Tf is the mean value of threshold distribution given in ISO 226 and ISO 389-7;

o s is the-standard deviation of threshold distribution at frequencies of 10 000 Hz and higher.

Both variables are also shown in Table 2.

To derive a percentile threshold (reference value 20 pPa) in decibels, thf shall be transformed using

Equation (4), which is the inverse function of Equation (2), with « and « replaced by Py s and Px’f:

Inp, ,
Px’ f = eXp = + a/ (4)
NOTE As x approaches 0 or 100, P, s becomes liable to a larger uncertainty of threshold estimation because of

uncertainty in the experimental data on which this International Standard is based.

4 © 1S0 2012 — All rights reserved
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Annex A
(informative)

Numerical examples to illustrate the procedure

Example 1

culated as follows.

10 Table 1, f =1000 Hz, gives 64999 = 4,29 dB.
: Table C1, x=10, gives z, =-1,282.

2
3
4: Equation (1), Tygg0 = 2.4dB, z, =—1282, o1q0 =429 dB, gives Pyg 1000 = —3,1dB.
5

: The result should be rounded to the nearest integer, i.e. =3 dB.

Example 2

5th percentile of hearing threshold of otologically-normal persons at the audiometric frequen
culated as follows.

1: Table 2, f =12 500 HZ, giveS 012 500 :—2,219, ﬂ12 500 20,384 9, O.'12 500 =(
T12500 =2,800

2: TableC1, x=75,gives z,'=0,6745.

3 Equation (3), T12500 —_—‘2,800 y Zx =0,674 5 i 612 500 =0,621 5, giVeS P75’12 500 = 3,21
4: Equation (4), P75,12500 :3,219..., 12500 = —2,219, ﬂ12 500 20,384 9, giveS P75,125
5

The result should be rounded to the nearest integer, i.e. 19 dB.

. 1SO 226:2003, Table 1 and ISO 389-7:2005, Table 1, f =1000 Hz divés T;ogq = 2.4 d§.

hcy 1 000 Hz

cy 12 500 Hz

,6215, and

©

o =186 dB.

©1SO

2012 — All rights reserved
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Annex B
(informative)

Selected values of the statistical distribution of hearing thresholds
of otologically normal persons in the age range 18 years to 25 years
inclusive

Table B.1 — P, s: the xth percentiles of threshold distribution at frequency f
S Py s
in Hz in dB
x=5 x=10 x=25 x="50 x=75 x €90 x=9p
20 68 71 74 79 83 86 89
25 58 61 64 69 73 77 79
31,5 49 51 55 60 64 68 70
40 41 43 47 51 85 59 62
50 34 36 40 44 48 52 54
63 29 31 34 38 41 44 46
80 24 26 28 32 35 37 39
100 20 21 24 27 29 32 33
125 16 17 20 22 25 27 28
160 12 13 15 18 20 23 24
200 8 10 12 14 17 19 21
250 5 7 9 11 14 16 18
315 2 4 6 9 1 13 15
400 0 2 4 6 9 1 12
500 -1 0 2 4 7 9 10
630 -3 =2 3 5 8 9
750 -4 -3 0 2 5 7 9
800 -4 -3 2 5 7 9
1000 -5 -3 -1 2 5 8 10
1250 <% -3 0 4 7 10 11
1500 -6 -4 -1 2 6 9 11
1600 + 5 2 2 5 S 16
2000 -10 -8 -5 -1 2 5 7
2500 -13 -11 -8 -4 -1 2 4
3000 -14 -12 -9 -6 -3 1 2
3150 -14 -12 -9 -6 -3 0 2
4000 -13 -12 -9 -5 -2 1 3
5000 -10 -8 -5 -2 2 5 7
6 000 -4 -3 4 11 13
6 300 -3 -1 2 10 13 15
8000 3 5 9 13 17 20 22
9000 6 10 14 18 22 24

© 1SO 2012 — All rights reserved
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Table B.1 (continued)

v Py r
in Hz in dB
x=5 x=10 x=25 x=50 x=75 x=90 x=95
10 000 5 7 10 14 18 21 24
11 200 3 5 13 18 22 25
12 000 3 5 8 13 19 24 28
12 500 2 4 7 12 19 26 30
147000 5 7 T2 8 Z3 39 48
16 000 21 24 31 40 54 70 82
NOTE The percentiles were adopted from References [2] for frequencies from 20 Hz to 50 Hz, [3] and [4] for 63 iz to 9 000 Hz,
and [p] for 10 000 Hz to 16 000 Hz. The 50th percentiles are the reference thresholds 7yin ISO 226 and |S© _389-7.

© 1S0O 2012 — All rights reserved 7
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NOTE Pdo,and. P1 are on the tails of threshold distribution and therefore liable to a large uncertainty of estin

tted).

hation

because of umcertainty in the experimental data on which this International Standard is based. The curves for|

percentiles are presented for informative purposes only.

Figure B.1 — Percentile curves of hearing threshold distribution

those

8 © 1S0 2012 — All rights reserved
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Annex C
(informative)

Selected values of z,

Table C.1 — Selected values of z, of the Gaussian distribution corresponding to the xth percentile

X .
~2,326
5 1,645
10 -1,282
20 ~0,8416
25 ~0,6745
30 -0,524 4
40 ~0,253 3
50 0,000 0
60 0,253 3
70 0,524 4
75 0,674 5
80 0,8416
920 1,282
95 1,645
99 2,326

© 1S0O 2012 — All rights reserved 9
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Annex D
(informative)

Notes on the derivation of the statistical distribution of normal hearing

thresholds

D.A1

Statisticalan
at frequencig

[4]).

The standarq

D.2 Form of the threshold distribution at 10 000 Hz and higher.frequencies

Deviation of
frequencies.
(see Referen

Fitness to a
transformatid

The standarg

the transformped domain, as shown in Table 2.

D.3 Inve
bution

Literature da

References
listening con
these docun
mathematicg

Form of the threshold distribution at frequencies lower than 10 000 Hz

blyses of empirical hearing threshold data show that the form of normal hearing threshold distrif
s lower than 10 000 Hz can be approximated by a Gaussian distribution (see Referénces

deviation of threshold distribution varies depending on frequency, as shown.in Table 1.

threshold distribution from a Gaussian distribution becomes_evident at 10 000 Hz and K
The distribution is positively skewed, with a longer tail toward the higher sound pressure
ce [5]).

Gaussian distribution is improved by a power-transfarmation of individual thresholds. Aftg
n, the threshold distribution can be treated as a Gaussian distribution.

deviation of threshold distribution varies depending on frequency and is expressed as a va

awere used to examine the nermality of threshold distribution and estimate the standard devia

6] to [14] were those\adopted for deriving the reference threshold of hearing under free

ents because they’/provide statistics of threshold variability in numerical form, which enah
| estimation af/standard deviation.

Other data,
under comp
References

rable~mheasurement conditions with those for establishing the standards (see Reference
J.and'[15] to [20] were adopted to compensate for scarcity of threshold data at very low ang
improved estimation accuracy of individual threshold variability.

frequencies and: thereb

n References [2] and [15] to [20], were not cited in ISO 226 and ISO 389-7, but were obt

ution
[2] to

igher
level

r the

uein

stigations of normal hearing thresholds used to derive the statistical distri-

ions.

-field

ditions in ISO 226Nand ISO 389-7. These nine references were selected from others cited in

les a

hined

[21]).
high

The standard deviations of threshold distribution in Tables 1 and 2 were calculated by integrating those reported

in the literatu

10

re above. Details of the calculation method are presented in References [2] to [5].
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