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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

Curves defining combinations of pure tones in terms of frequency and sound pressure level, which are
perceived as equally loud, express a fundamental property of the human auditory system and are of
basic importance in the field of psychoacoustics. Such equal-loudness-level contours were specified in
the previous editions of this document.

NOTE1 In this document, only the equal-loudness-level contours for pure tones are specified because of
insufficient equal-loudness-level data for other sounds. Nevertheless, this International Standard could be
applicable to one-third-octave or narrower bands of noise. It may be less valid for broader bands of noises or
noises with prominent tones.

NOTE For the calculation of loudness of arbitrary signals or the calculation of the tonalyloudness other
standafds must be applied (e.g., for loudness of arbitrary stationary and non-stationary (time-varying) sounds:
I1SO 532-1[2], for loudness of arbitrary stationary sounds: ISO 532-2[3], for tonal loudness and tonal{ty: ECMA-418-
2[41). The tonal loudness is the loudness of the tonal components of a complex sound as'the basis for the tonality
calculdtion in Reference [4].

During the technical revision of this document, it was decided to maifitain separate documents for
the specification of the threshold and supra-threshold data. The threshold values ar¢ specified in
ISO 3849 70, as a part of the series of International Standards conéerning reference z¢ro values for
the cdlibration of audiometric equipment. The equal-loudness<level contours are pregented in this
document.

NOTE ] The equal-loudness-level values given by this document differ from those of the pievious edition
of ISO P26, although the differences are small, i.e., up to 0,6(dB for the entire range of data. This change was
caused| by the application of an improved model for the perception of loudness as described in Reference [5]. The
normal equal-loudness-level contours for pure tones in this document are essentially identical to those described
in Refefence [5] since both are based on the same equal<loudness-level data. The only difference i the low equal-
loudneps levels at 20 Hz caused by the revision of ISO 389-7 in 2019, which introduced a 0,4 d§ change in the
normative hearing threshold at that frequency.

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 226:2023(E)

Acoustics — Normal equal-loudness-level contours

1 Scope

This document specifies combinations of sound pressure levels and frequencies of pure continuous
tones which are perceived as equally loud by human listeners. The specifications are based on the
following conditions:

a) thie sound field in the absence of the listener consists of a free progressive plane wavdg;
b) thle source of sound is directly in front of the listener;
c) thee sound signals are pure tones;

d) thle sound pressure level is measured at the position where the centre-of the listener{s head would
bdg, but in the absence of the listener;

e) li

—

dtening is binaural;
f) the listeners are otologically normal persons in the age range from 18 years to 25 yedrs inclusive.

The dgta are given in graphical form in Annex A and in_numerical form in Annex B for fthe preferred
frequgncies in the one-third-octave series from 20 Hz%o 12 500 Hz, inclusive, in accprdance with
ISO 246.

2 Nprmative references

The fdllowing documents are referred td.ih the text in such a way that some or all of|their content
constifutes requirements of this dociument. For dated references, only the edition citefl applies. For
undat¢d references, the latest editien of the referenced document (including any amendmjents) applies.

ISO 266, Acoustics — Preferredfrequencies

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC mdintain terminology databases for use in standardization at the following agldresses:

— ISP Oaline browsing platform: available at https://www.iso.org/obp

h o | 4 - - G P | P L/ 1 b I L
— IE LITULTUPTUIA. dVdIIdUIT dUTILLDS. /7 W VW W.ECICL LT UPTUIA. UL 57

3.1

otologically normal person

person in a normal state of health who is free from all signs or symptoms of ear disease and from
obstructing wax in the ear canals, and who has no history of undue exposure to noise, exposure to
potentially ototoxic drugs or familial hearing loss

3.2
free field
sound field where the boundaries of the room exert a negligible effect on the sound waves

©1S0 2023 - All rights reserved 1
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3.3

loudness level

value in phons that has the same numerical value as the sound pressure level in decibels of a reference
sound, consisting of a frontally incident, free sinusoidal plane wave at a frequency of 1 000 Hz, which is
judged as loud as the given sound

34

equal-loudness relationship

curve or function expressing, for a pure tone of a given frequency, the relationship between its loudness
level (3.3) and its sound pressure level

3.5

equal-loudng¢ss-level contour
curve in the spund pressure level /frequency plane connecting points whose coordinates represeint pure
tones judged fo be equally loud

3.6
normal equal-loudness-level contour
equal-loudnesk-level contour (3.5) that represents the average judgment of otologically normal gersons
(3.1) within the age limits from 18 years to 25 years inclusive

Note 1 to entry: The method for deriving the normal equal-loudness-level contours is described in Annex [.

3.7
threshold of|hearing
level of a sour]d at which, under specified conditions, a person gives'50 % of correct detection responses
on repeated tfials

4 Formulp for derivation of normal equal-leudness-level contours

4.1 Derivipg sound pressure level fromloudness level

The sound pressure level L¢in dB of a pure tone of frequency, f, which has a loudness level, Ly, in phon, is

given by Fornpula (1) [see also Formula (G:3)]:

27 (o) [a Ly j (a Ty J (a Tf“U]
. " f
szﬂ.g [(&)] ol "10phon ) _qo("" 1048 )| 4ol 1048 Jl4p ;o
o p

f a

(0 0 Iy J [(x Tf+LU]
0,3 : !
100 (4-10”10)( “r) Lol phon | 100072 | g0l 1048 gy M

Of

Ty  is the threshold of hearing in dB as in Reference [1];

is the threshold of hearing at 1 000 Hz in dB;

oy isthe exponent for loudness perception;

is the exponent for loudness perception at 1 000 Hz;

Ly isamagnitude of the linear transfer function normalized at 1 000 Hz in dB

po is 20 pPa.

2 © IS0 2023 - All rights reserved
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These values are all given in Table 1 for the preferred third-octave frequencies defined in ISO 266.

Formula (1) applies, at each frequency, for values from a lower limit of 20 phon to the following upper

limits:

20 Hzto 4 000 Hz: 90 phon

5000 Hz to 12 500 Hz: 80 phon

Formula (1) is only informative for loudness levels below 20 phon because of the lack of experimental
data between 20 phon and the hearing thresholds. The same holds for loudness levels above 90 phon
up to 100 phon from 20 Hz to 1 000 Hz because data from only one institute are available at 100 phon.

4.2

The lo
given

Ly

where|

The s4

Deriving loudness levels from sound pressure levels

ldness level Ly in phon of a pure tone of frequency f, which has a sound pressure le

by Formula (2):

[afo+LuJ [afo+Luj
10dB 10dB
_ 120 g 10 —(1003 ) +100072 phon
00— O
(4.10—10) f

Tf » Of and Ly are the same as in 4.1.

me restrictions, which apply to Formula (1), also apply to Formula (2).

vel Lfin dB, is

(2)
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Table 1 — Parameters of Formula (1) used to calculate the normal

equal-loudness-level contours

Frequency ar Ly Tf
f
Hz dB dB
20 0,635 -31,5 78,1
25 0,602 -27,2 68,7
31,5 0,569 -23,1 59,5
40 0,537 -19,3 51,1
50 0,509 -16,1 44,0
63 0,482 -13,1 37,5
80 0,456 -10,4 31,5
100 0,433 -8,2 2655
125 0,412 -6,3 22,1
160 0,391 -4,6 17,9
200 0,373 -3,2 14,4
250 0,357 2,1 11,4
315 0,343 -1,2 8,6
400 0,330 -0,5 6,2
500 0,320 0,0 4,4
630 0,311 0,4 3,0
800 0,303 0,5 2,2
1000 0,300 0,0 2,4
1250 0,295 -2,7 3,5
15600 0,292 -4,2 1,7
2000 0,290 -1,2 -1,3
2500 0,290 1,4 -4,2
3150 0,289 2,3 -6,0
4000 0,289 1,0 -5,4
5000 0,289 -2,3 -1,5
6300 0,293 -7,2 6,0
8000 0,303 -11,2 12,6
10 000 0,323 -10,9 13,9
12 500 0,354 -3,5 12,3

For a graphical and numerical representation of the data for the preferred frequencies in the one-third-
octave series from 20 Hz to 12 500 Hz, inclusive, in accordance with ISO 266, information according to
Annex A and Annex B shall be used.

4 © IS0 2023 - All rights reserved
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Annex A
(informative)

Normal equal-loudness-level contours for pure tones under free-
field listening conditions
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X  frequency, expressed in Hz
Y  sqund pressure level, expressed in dB
Ty hearing threshold

NOTE1  The hearing threshold under free-field listening condition, Ty is indicated by a dashed line as defined
in ISO 389-7M1l.

NOTE 2  The contour at 10 phon is drawn by dotted lines because of the lack of experimental data between

20 phon and the hearing thresholds. Moreover, the 100-phon contour is also described by a dotted line because
data from only one institute are available at this loudness level.

Figure A.1 — Normal equal-loudness-level contours for pure tones
(binaural, free-field listening, frontal incidence)

© IS0 2023 - All rights reserved 5
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Annex B
(informative)

Tables for normal equal-loudness-level contours for pure tones
under free-field listening conditions

Table B.1 — Sound pressure level rnrrpcpnnding toa givpn loudness level of pure tones ra ging

in frequency from 20 Hz to 12 500 Hz

Loudness Sound pressure level, dB

level Frequency, Hz

phon 20 25 31,5 40 50 63 80 100 125 160
10 (83,7) (76,1) (68,7) (61,7) (55,5) | (49,5) (43,7) | (3856) | (33,9) (R9,2)
20 89,5 82,9 76,3 69,9 64,3 58,8 53,4 48,6 44,1 39,6
30 94,8 88,6 82,5 76,6 71,4 66,2 61,2 56,7 52,6 18,4
40 99,7 93,9 88,2 82,7 77,8 73,0 68,3 64,2 60,4 b6,6
50 104,6 99,1 93,7 88,5 83,9 79,4 75,2 71,4 68,0 64,6
60 109,4 104,2 99,1 94,2 89,9 85,8 81,9 78,5 75,4 72,4
70 114,1 109,2 104,4 99,8 95,9 921 88,5 85,5 82,8 80,1
80 118,9 114,2 109,7 105,4 101,8 98,3 95,1 92,5 90,1 37,8
90 123,6 119,2 115,0 111,0 107,% 104,6 101,7 99,4 97,4 D5,5
100 (128,3) | (124,2) | (120,2) | (116,6) | (1%3,6) | (110,8) | (108,3) | (106,3) | (104,7) | (103,2)

Loudness Sound pressure level, dB

level Frequency, Hz

phon 200 250 315 400 500 630 800 1000 | 1250 | 1600
10 (25,1) (21,5) | (18,3) (15,4) (13,2) (11,3) (10,0) 10,0 (11,2) (1o,5)
20 35,6 32,1 28,9 259 23,6 21,6 20,1 20,0 21,4 1,5
30 44,7 41,4 38,4 35,7 33,5 31,6 30,0 30,0 31,6 B2,1
40 53,3 50,3 47,6 45,1 43,1 41,4 40,0 40,0 41,8 12,6
50 61,6 58,9 56,5 54,3 52,6 51,1 49,9 50,0 52,0 52,9
60 69,7 67,4 65,4 63,5 62,1 60,8 59,8 60,0 62,1 b3,2
70 77,8 75,9 74,2 72,6 71,5 70,4 69,7 70,0 72,3 73,5
80 85,9 84,3 82,9 81,8 80,9 80,1 79,6 80,0 82,5 B3,8
90 94,0 92,7 91,7 90,9 90,2 89,7 895 90,0 92,6 4,1
100 (102,0) | (101,1) | (100,4) | (99,9) (99,6) | (994) (99,4) 100,0 — —

6 © IS0 2023 - All rights reserved
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Loudness Sound pressure level, dB
level Frequency, Hz
phon 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000 | 12500
10 (7,3) (4,5) (3,0) (3,9) (7,6) (14,4) (20,9) | (23,7) | (22,4)
20 18,2 15,5 14,2 15,3 18,7 25,0 31,4 34,7 33,0
30 28,7 26,1 249 26,1 29,5 35,5 41,6 44,7 42,4
40 39,2 36,6 35,5 36,7 40,1 45,8 51,6 54,4 51,3

0 49,6 47,0 459 472 50,5 56,1 61,6 639 60,0
0 60,0 574 56,4 57,7 61,0 66,4 71,5 73,2 68,6
0 70,4 67,8 66,8 68,1 71,4 76,6 81,4 82,6 771
0
0

1 o

80,7 78,1 77,2 78,5 81,8 86,9 91,3 91,9 83,6
91,1 88,5 87,5 88,8 — — — v 4

Vo) 0

=
=
o

NOTE |Values in brackets are for information only.

Tgble B.2 — Loudness levels corresponding to a given sotind pressure level of pure tones
ranging in frequency from 20 Hzto 12 500 Hz

Spund Loudness\level, phon
presqure level Frequency, Hz
dB 20 25 31,5 40 50 63 80 100 125 160
0 — — — — — — — — i —
10 — — — — — — — — T —
20 — — — — — — — — T (3,5)
30 — — < — — — — “n | (39 | @ao7)
40 — — — — — (3,5) (71) (11,2) | (15,7) 20,4
50 — — — — (5,6) (10,4) | (16,2) 21,7 26,8 31,9
60 — — (2,7) (8,4) (14,7) 21,6 28,4 34,3 3p,4 44,2
70 — (3,5) (11,5) 20,1 28,0 35,6 42,4 48,0 5p,7 56,9
80 (4,7) (15,5) 25,8 35,5 43,6 50,9 57,2 62,1 66,2 69,8
90 20,8 32,6 43,2 52,6 60,1 66,7 72,2 76,5 7P,9 82,8
100 40,5 51,8 61,8 70,3 76,9 82,6 87,4 (90,9) | (98,6) | (95,8)
110 61,3 71,6 80,6 88,1 (93,9) | (98,7) — — T —
120 82,4 (91,6) | (99,5) — — — — — T+ —

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=b531f8713c97b3697430e2768c4e95b4

ISO 226:2023(E)

Sound Loudness level, phon
pressure level Frequency, Hz
dB 200 250 315 400 500 630 800 1000 | 1250 | 1600
0 — — — — — — — — P —
10 — — (3,4) (5,4) (71) (8,8) (10,0) 10,0 (8,8) (9,5)
20 (6,0) (8,7) (11,5) | (14,2) | (16,4) | (184) 19,9 20,0 (18,6) | (18,6)
30 144) | (179) 21,1 24,1 26,4 28,4 30,0 30,0 28,4 28,0
40 24.7 284 317 34,6 36,7 38.6 40,0 40,0 38.2 37,5
50 36,1 39,7 42,7 45,3 47,2 48,9 50,1 50,0 48,1 47,2
60 48,1 51,3 53,9 56,2 57,8 59,2 60,2 60,0 579 56,9
70 60,3 63,0 65,3 67,1 68,4 69,6 70,3 70,0 67,7 66,6
80 72,7 74,9 76,7 78,1 79,1 79,9 80,4 80,0 77,6 76,3
90 85,1 86,8 88,1 89,1 89,7 (90,3) | (90,5) 90,0 874 36,0
100 (97,5) | (98,7) | (99,5) — — — — 100,0 — —
110 — — — — — — — — — —
120 — — — — — — "o — — —
Sound Loudness level, phan
pressure level Frequency, H?
dB 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000 | 12500
0 (3,5) (6,0) (74) (6,7) (3,6) — — — —
10 (12,5) | (149) | (16,2) | (15,3) | (12,1) (6,0) — — —
20 21,7 24,2 25,4 24,3 21,2 (15,2) 91 (7,0) (8,0)
30 31,2 33,7 34,8 33,6 30,5 24,7 (18,6) | (15,6) | (17,0)
40 40,8 43,3 44,3 43,1 399 34,4 28,4 25,2 274
50 50,4 52,9 539 52,7 49,5 44,1 38,4 354 38,5
60 60,0 62,5 63,5 62,3 59,1 53,8 48,4 459 50,0
70 69,7 72,2 7341 71,9 68,7 63,5 58,5 56,5 61,7
80 79,3 81,8 82,7 81,5 78,3 73,3 68,6 67,3 73,4
90 89,0 — — — — — 78,7 78,0 —
100 — LS — — — — — — —
110 — — — — — — — — —
120 — — — — — — — — —

NOTE Values i brackets are for information only.
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Annex C
(informative)

Notes on the derivation of the normal equal-loudness-level

contours

C1

Norm3
ISO 27
Referd
such 4
The de
invest

C.2

Equal-
sound
must

equal-
functi

The in
loudng
sound
the fol

where|

c

p
0

lowing function, given by Formula (C.1), was applied here (see Reference [19]):

xperimental data

11 equal-loudness-level contours for pure tones under free-field listening condition
6 are obtained from the results of twelve independent experimental investigatio
nces [6] to [17] as summarized in Reference [5]. In most of the cases, the-xperiment
s the stimuli and subject criterion, satisfied the preferred test conditiohs (see Rg
viation from the preferred test conditions can be regarded as negligible. Brief desci
gations are given in Table C.1.

Derivation of Formula (1) and Formula (2)

loudness-level contours are drawn in the two-dimensional plane described by f
pressure level axes. Since experimental data to dgaw the contours are given discré
be appropriately smoothed and interpolated. Te this end, a model function rep
oudness relations is derived. Values of the parameters of the function are obtained
bn to the experimental data using the method of least squares.

terpolation along the sound pressuréclevel axis was based on a model loudnes
ss function denotes the loudness pfta sound as a function of the sound pressur
While several functions have been proposed as the model loudness function for

p

P be
Pa

Pa

[T

is a dimensional constant;

1

is the sound pressure of the pure tone;

s specified in
ls as given in
al conditions,
ference [18]).
iptions of the

requency and
ptely, the data

resenting the

by fitting the

s function. A
e level of the
h pure tone, [,

(c.1)

is the exponent of the loudness-perception process;

Dt

is the threshold of hearing in terms of sound pressure.

This function was given in References [20] and [21] and is known to describe very well the loudness
function of a pure tone in the absence of masking noise, in spite of its simple form (see Reference [22]).

Furthermore, it was pointed out in Reference [23] that there are two different processes in assessing
loudness: one is a “loudness perception process”; the other is a “number assignment process.” Based
on this idea, a two-stage model was proposed in which the outputs of both processes are described
by separate power transformations (see Reference [5]). Moreover, in an actual hearing system, the
sound emitted from a sound source is transformed by a linear transfer function such as a head-related
transfer function and transfer functions of the outer ear, the middle ear, and the linear mechanical part
of the inner ear. The linear transfer function describes a comprehensive transfer function between a

© IS0 2023 - All rights reserved
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sound source and the stage just before the loudness perception process. According to these ideas, the
process of loudness rating consists of three parts:

— alinear transfer function,
— aloudness perception, and
— anumber assignment.

Figure C.1 shows a block diagram describing this model. The loudness response on the basis of this
model together with the loudness function of Formula (C.1) is given by Formula (C.2):

. B
Izb{c[(UL)‘“ —(U"—t)‘“ﬁ (C.2)
Pa Pa
where
U id an extended linear transfer function;

€,  are extended dimensional constants and an exponent for the “loudness perception prpcess,”
r¢spectively;

b,B  are those for the “number assignment process,” respectively;

p,p; are as defined in Formula (C.1).

Stimulus Inner Loudness Loudneps
i i i response
Linear transfer stimulation Loudnéss sensation Number p
—_— R .
p function perception assignment )

Figure C.1 — Block diagram’of a loudness-rating-process model

In addition td sound pressure, the equal‘loudness relationship along the frequency axis must Qe also
expressed by(a function. When the-loudness of a 1 000 Hz pure tone is equal to the loudness of gn fHz
pure tone, thg following Formula{€:3) can be derived from Formula (C.2):

1
2 2006\ o
Py 1 )| (pe Y2 (b T py Y | s
— | =+—3l| = - = + Up— (C.3)
Pa 1 fz Pa Pa Pa
where
Py is the sound pressure of an f Hz pure tone when its loudness is equal to that of a 1 000 Hz

pure tone with a sound pressure, p,;
Dif is the threshold of hearing at a frequency of f Hz;
Pir is the threshold of hearing at 1 000 Hz;
of,0, are the exponents for the fHz and 1 000 Hz pure tones, respectively;

Ur is a magnitude of the linear transfer function normalized at 1 000 Hz.

That is, U at 1 000 Hz is set to 1. In these derivations, it is assumed that the variables for the “number
assignment process”, b and f5, do not depend on frequency. With these equations, the sound pressure
level of an fHz pure tone whose loudness is equal to that of a 1 000 Hz pure tone can be calculated.
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2 2 2 2
Formula (C.3) can be transformed into Formula (1) by substituting ( ] ,(ﬁ—r] ,[ ] ,( j by
a
Po Pr Po Po Po

ol Tl ol (d

Ly
and szc =1010dB respectively, where p is 20 pPa and 0,3 is substituted for a, and the threshold value
of 2,4 dB is substituted for T..

Pr
Pa

Py
Pa

Pu
Pa

10dB Pyr

Pa

Pr
Pa

Pir
Pa

F 1 fda k) 1 | s J L. I 1 L2 R R ) 1 i
ormuta L&) LA DT UCTIVOU TTUIIT TTUT TTTUTd (L. O ] VWILIT UIT SAIIIT TTPUIALTIITTIITS.

The e

ponent a,, which is the exponent at 1 000 Hz, is set to 0,3 for the following reasons.

The 1o

the ouftput of the “number assignment process.”

meth

procegs.”

udness function based on a method of magnitude estimation and produgtion is d
On the other hand, loudnessfurctions b
s based on the additivity of loudness are determined by the output of the “loudne
Since judgment of equal loudness between two sounds must-bé)based on the (¢

the ouftput of the “loudness perception process,” the exponent value based on the loudn
may bg used as it is in Reference [5].

The typical value obtained by means of the AME (Absolute Mdghitude Estimation) met
(0,54 for sound pressure) (see Reference [21]). Loudness obtained by an AME experimen

suitab
corres
There
based

e for the output of the two-stage model. Thus, the exponent of 0,27 is adopted as

ponds to a,f in the equations, where f = 1,08. This+value of f was determined in R
ore, the exponentat 1 000 Hz, a,, is assumed to be 0,25 (= 0,27/1,08) for values fron
on the method of magnitude estimation and*production. This value was used in|

etermined by
hsed on other
Ss perception
omparison of

ess additivity

hod was 0,27
t seems to be
'he value that
eference [24].
experiments
the previous

editiof of ISO 226.

On th¢
are de
betwe
proces

b other hand, loudness functions based on other methods based on the additivit]
termined by the output of the “loudness perception process”. Since judgment of e
en two sounds must be based‘on the comparison of the output of the “loudne
s” where the exponent valuetbased on the loudness additivity may be used as it is.

y of loudness
qual loudness
5S perception

The ajy
descri

rerage of all available data for the a, values achieved by the different procedurgs is 0,296, as

bed in Reference [5],reunded to a value of 0,30.

C.3
The eq

af, LU’
accord

a)

Derivation ofithe frequency dependent parameters shown in Table 1

jual-loudness-level contours can be drawn if the values of the frequency dependenft parameters,
and Tg¢in‘Formula (1) are obtained. The values were calculated from the expefimental data
ing tothe following procedure.

bs were used,
represented by taking the mean of the median results of the individual studies for each frequency
and then smoothed and interpolated by a cubic B-spline function. The resulting values are shown
as Tyin Table 1. The number of subjects was not taken into account in the calculation of the spline

function.

b) Formula (1) was fitted to the mean results of the individual studies (References [6] to [17]) at each
frequency by the nonlinear least-squares method for estimating ayand L. The obtained values of a,
were then smoothed and interpolated by a cubic B-spline function. The resultant values are shown
as ayin Table 1.

¢) Ly values were then re-estimated by using Formula (1) with the values of as The re-estimated

Ly values were smoothed and interpolated by a cubic B-spline function. The resultant values are
shown as Ly; in Table 1.
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C.4 Comparison between equal-loudness-level contours and experimental data

The estimation of the contours was carried out for the frequency range from 20 Hz to 12 500 Hz,
because available data at frequencies above 12 500 Hz exhibit large variability. Figure C.2 shows the
data from References [6] to [17] and from Reference [25] to [29] together with the fitted normal equal-
loudness-level contours and the curve for the threshold of hearing.

12 © IS0 2023 - All rights reserved
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Y Y Key
150 . —— 140 — X frequency, expressed in Hz
140 ¢ 130 Y sound pressure level,
130 N 100 phon 120 expressed in dB
120 | ¢ 110
110 + 100
100 | A 90 from Reference [6] (PF)
90 | 80 = from Reference [10]
80 r 70 < from Reference [13] (PF)
701 Ll fromrRefereqnce [16]
60 —— 50 — .
120 \ 110 70 phon from Referefce [27] (HT)
110 + 100
100 + 4 90 & from Referefce [7] (PF)
90 | 80 =
o ¢ from Referefice [11]
80 r 70 .
70 | 60 from Referefce [14]
60 | 50 © from Referefice [17]
50 40 * from Referefice [28] (HT)
40 —_— 30 -
100 (<2 100
< [
90 | 4 90 from Referefce [8]
80 | 80 A from Referefce [12]
70 | 70 > from Referefce [15]
:g I 28 + from Referefce [25] (HT)
40 | 40 * from Referefice [29] (HT)
30 r 30
20 —— 20 = © from Referefce [9]
100 ¢ 20 v from Reference [13]
%0 ¢ <0 from Referefce [15] (PF)
g0 | 70 om Referefce [15
70 | 60 A from Referepce [26] (HT)
60 50
50 ¢ 40 Ty hearing thrgshold
40 30 di field
30 | 20 PF measured inf pressure fie
20 10 P S S S S S HT  only hearing threshold
80 r 70
70 r 60
60 | 50
50 40
40 r 30
30 20
20 r 10
10 ¢ 0
ob— -10
16 63 250 1k 2k 4k 8k16k X 16 63 250 1k 2k 4k 8k16k X
31,5 125 500 31,5 125 500
NOTE1 The data measured in pressure field (PF) are only for low frequencies [see also Table C.1 and
footnote b)].
NOTE 2  The symbols are the experimental data; the contours are calculated according to Formula (1).

Figure C.2 — Equal-loudness-level contours for pure tones under free-field listening conditions
for normal hearing (frontal sound incidence)
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