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Abstract

This Standard defines a method for computing a physical measure that is highly correlated with the
intelligibility of speech as evaluated by speech perception tests given a group of talkers and listeners. This
measure is called the Speech Intelligibility Index, or Sll. The Sl is calculated from acoustical
measurements of speech and noise. This standard is not a substitute for ANSI §3.2-1989 (R 1995)
American National Standard Method for Measuring the Intelligibility of Speech over Communication
Systems.
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Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, and general-
interest representatives). The standards are published by the Acoustical Society of
America through the American Institute of Physics as American National Stan-
dards after approval by their respective standards committees and the American
National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State,
and local governments.

Each of the Accredited Standards Committees [operating in accordance with pro-
cedures approved by American National Standards Institute (ANSI)] is responsible
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provides liaison between the Accredited Standards Committees and ANSI. After
the standards have been produced and adopted by the Accredited Standards
Committees, and approved as American National Standards by ANSI, the ASA
Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially con-
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judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
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Foreword

[This Foreword is for information only and is not an integral part of ANSI $3.5-1997 Ameri-
can National Standard Methods for Calculation of the Speech Intelligibility Index.]

This Standard defines a method for computing a physical measure that is highly
correlated with the intelligibility of speech under a variety of adverse listening
conditions, such as noise, filtering, and reverberation. It is a major revision of ANSI
S$3.5-1969 (R 1986), American National Standard Methods for the Calculation of
the Articulation Index. The most important changes in the present version of the
Standard relate to the need to provide a general framework into which various
methods for determining the input variables of the Speech Intelligibility Index
model (e.g., the equivalent speech spectrum level, the equivalent noise spectrum
levet, and the equivalent hearing threshold level) can be incorporated. For some
applications these methods already exist (e.g., the modulation transfer function for
determining the apparent speech-to-noise ratio in reverberation), while others still
may be developed in future revisions of this Standard. In addition, the generality of
the Standard has been extended to include various measurement points (e.g.,
free-field for architectural acoustics or eardrum for telephony). The other changes
of the Standard are due to new data which have been accumulated since 1969 for
various parameters and procedures used in the calculations. These new data
include spread of masking, standard speech spectrum level, and relative impor-
tance of various frequencies to speech intelligibility. Finally, the name has been
changed from the Articulation Index to the Speech Intelligibility Index (Sl1). In this
Standard, speech intelligibility refers to how well an individual understands
speech.

It should be noted that Sll should not be used as a substitute for determining
speech intelligibility as described in ANSI $3.2-1989 (R 1995), American National
Standard Method for Measuring the Intelligibility of Speech over Communication
Systems.

This Standard was developed under the jurisdiction of Accredited Standards Com-
mittee S3, Bioacoustics, which has the following scope:

Standards, specifications, methods of measurement and test, and terminology,
in the fields of psychological and physiological acoustics, including aspects of
general acoustics, shock and vibration which pertain to biological safety, toler-
ance, and comfort.

At the time this standard was submitted to Accredited Standards Committee S3,
Bioacoustics, for final approval, the membership was as follows:

T. Frank, Chair
R.F. Burkard, Vice Chair
A. Brenig, Secretary

Acoustical Societyof America .............................. T. Frank
R.F. Burkard (Alt)
American Academy of Otolaryngology ....................... G.A. Gates
Head and Neck Surgery,Inc................................ L.A. Michael (Alt.}
American Industrial Hyglene Association .................... L.H. Royster

J.F. Meagher (AlL)
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American College of Occupational Medicine ................. P.J. Brownson

J. Sataloff (Alt.)
American Otological Society,Inc............................. R.F. Naunton
American Speech-Hearing-Language Association ............ J.D. Royster

M.E. Thompson (Alt.)
AT&T ... e R.M. Sachs

M.S. Mayer (Alt)
Audio Engineering Society . ..................... ... ... R.H. Campbeli

M.R. Chial (Aflt.)
Hearing Industries Association (HIA) ........................ S. Armstrong

C. Rogin (Alt.)
Industrial Safety Equipment Association (ISEA) .............. D.K. Shipp
Industrial Hearing Society .................. ... ... ... P. Mercola
National Institute of Standards and Technology .............. E.D. Burnett

V. Nedzelnitsky (Alt.)
Power Tool Institute,Inc. ............... ... ... ... ........ G. Resigno

M. Brown (Alt.)

CUS AIFFOree ... e R. McKinley

U.S. Army Aeromedical Research Laboratory ................ B. Mozo
U.S. Army Human Engineering Laboratory ................... G. Garinther

G.R. Price (Alt)
U.S. Army Waiter Reed Army Medical Center ) .
Audiology and Speech Center ............................. R.W. Danielson

U.S. Navy Environmental Health Center . ... .................. J. Page
L. Marshall (Alt.)

Individual experts of Accredited Standards Committee S3, Bioacoustics, were:

J. R. Bareham R. S. Gales H. E. von Gierke
S. J. Barry W. J. Galloway D. E. Wasserman
R. W. Benson D. L. Johnson L. A. Wilber

A. J. Brammer K. D. Kryter W. A. Yost

K. M. Eldred R. L. McKinley R. W. Young

L. S. Finegold J. D. Royster

J. L. Fletcher E. S. Thalheimer

Working Group S3/WG 79, Calculation of the Speech Intelligibility Index, which
assisted Accredited Standards Committee S3, Bioacoustics, in the development of
this Standard, had the following membership:

C. Pavlovic, Chair

R. Bilger Z. Hou G. Popelka

A. Boothroyd T. Houtgast C. Rankovic
D. Dirks L. Humes G. Studebaker
J. Dubno C. Kamm P. Zurek

G. Garinther K. Kryter

Suggestions for improvement will be welcomed. Send suggestions for improve-
ment in writing to Accredited Standards Committee S3, Bioacoustics, in care of the
ASA Standards Secretariat, 120 Wall Street, 32nd floor, New York, New York
10005-3993, USA, Telephone: + 1 212 248 0373; FAX: +1 212 248 0146; E-mail:
asastds@aip.org.

iii
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AMERICAN NATIONAL STANDARD

ANSI $3.5-1997

American National Standard

Methods for Calculation
of the Speech
“Intelligibility Index

1 Scope, purpose and applications
1.1 Scope

The predictions of this Standard apply to listening
conditions where the input variables of the Speech
Intelligibility Index (SIl) model can be accurately
estimated. The input variables include the equiva-
lent speech spectrum level, the equivalent noise
spectrum level, and the equivalent hearing thresh-
old level. This includes the conditions where either
speech or noise may not exist as directly measur-
able physical quantities (e.g., conditions where
speech correlated noise is present, such as rever-
berated speech) but where equivalent speech
spectrum level, equivalent noise spectrum level,
and equivalent hearing threshold level can, never-
theless, be calculated. The predictions made by
use of this Standard are correct only on the aver-
age, that is, across a group of talkers and a group
of listeners of both genders. The scope of the
Standard is limited to natural speech, otologically
normal listeners, and communication conditions
which do not include multiple, sharply filtered
bands of speech or sharply filtered noise. In addi-
tion, the listeners should have no linguistic or cog-
nitive deficiencies with respect to the language
used.

1.2 Purpose

This Standard defines methods for computing a
measure, called the Speech Intelligibility Index
(S, that is highly correlated with the intelligibility
of speech under a variety of adverse listening con-
ditions, such as noise masking, filtering, and rever-
beration. The Sll is computed from acoustical
measurements or estimates of speech spectrum
level, from noise spectrum level, and from psy-
choacoustical measurements or estimates of hear-
ing threshold level. Various frequencies contribute
different amounts to speech intelligibility, and,
within a certain range, a higher speech-to-noise
ratio contributes to intelligibility. By measuring the

speech-to-noise ratio in each contributing fre-
quency band and adding the results, the intelligi-
bility of a speech communication system can be
predicted.

1.3 Applications

Sli procedures in this Standard consist of several
parts. Clause 4 specifies calculation methods
when the input variables (i.e., equivalent speech
spectrum level, equivalent noise spectrum level,
and equivalent hearing threshold level) are known.
The application domain of this framework is quite
general and extends to all listening conditions,
within the scope of the Standard, where adequate
methods for specifying these input variables exist.

Measurement and calculation procedures for
specifying the input variables with which to calcu-
late SII for a number of conditions encountered in
practice, such as external noise masking, rever-
berant speech, monaural listening, and some con-
ditions of binaural listening are provided in clause
5.

Extension of the SlI calculation methods to indi-
viduals with hearing loss is contained in annex A.
Annex B provides procedures for taking into ac-
count the content of speech materials in the as-
sessment of speech intelligibility.

Examples of the basic Sll computational proce-
dures applied to octave and one-third octave fre-

quency band procedures are contained in annex
C.

2 References

The following Standards contain provisions which,
through reference in this text, constitute provisions
of this American National Standard. At the time of
approval by the American National Standards In-
stitute, Inc. (ANSI), the editions indicated were
valid. Because Standards are revised from time to
time, users should consult the latest version ap-
proved by the American National Standards Insti-
tute. For purposes of this Standard, the use of the
latest revision of a referenced Standard is not
mandatory. Information on recent editions is avail-
able from the ASA Standards Secretariat.

2.1 Normative references

{1 ANSI $3.2-1989 (R 1995) American National
Standard Method for Measuring the Intelligibility of
Speech over Communication Systems.

© 1998 Acoustical Society of America
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ANSI 83.5-1997

2] ANSI S3.6-1996 American National Standard
Specifications for Audiometers.

[3] ANSI S3.20-1995 American National Standard
Bioacoustical Terminology.

[4] ANSI $3.21-1978 (R 1997) American National
Standard Method for Pure-tone Threshold Audi-
ometry.

[5] ANSI S3.35-1985 (R 1997) American National
Standard Method of Measurement of Performance
Characteristics of Hearing Aids under Simulated
in situ Working Conditions.

2.2 Informative references

[6] Bentler, R. and Pavlovic, C.V. (1989) “Transfer
functions and correction factors used in hearing
aid evaluation and research,” Ear and Hearing 10,
58-63.

[7] Dugal, R.L., Braida, L.D., and Durlach, N.l.
(1978) “Implications of previous research for the
selection of frequency-gain characteristics,” in
Acoustical Factors Affecting Hearing Aid Perfor-
mance, edited by B.A. Studebaker & 1. Hochberg,
University Park, Baltimore, MD, 379-403.

[8] French, N.R. and Steinberg, J.C. (1947) “Fac-
tors governing the intelligibility of speech sounds,”
J. Acoust. Soc. Am. 19, 90-119.

[9] Kryter, K.D. (1962) “Methods for the calcula-
tion and use of the articulation index,” J. Acoust.
Soc. Am. 34, 1689-1697.

[10] Ludvigsen, C. (1985) “Relations among
some psychoacoustic parameters in normal and
cochlearly impaired listeners,” J. Acoust. Soc. Am.
78, 1271-1280.

[11] Pavlovic, C.V. (1987) “Derivation of primary
parameters and procedures for use in speech in-
telligibility predictions,” J. Acoust. Soc. Am. 82,
413-422,

[12] Pavlovic, C.V., Rossi, M., and Espesser, R.
(1990) “Statistical distribution of speech for vari-
ous languages,” J. Acoust. Soc. Am. 88, Suppl. 1,
S1786.

[13] Pearsons, K.S., Bennett, R.L., and Fidell, S.
(1978) “Speech Levels in Various Environments,”
Bolt, Beranek and Newman Report 3281, as cited
in Skinner, M.W., Hearing Aid Evaluation, Pren-
tice-Hall, Englewood Cliffs, N.J. 14-16.

[14] Schroeder, M. (1981) “Modulation transfer

2

functions: definition and measurement,” Acustica
49(3), 179-182.

[15] Steeneken, H.J.M. and Houtgast, T. (1980)
“A physical method for measuring speech-trans-
mission quality,” J. Acoust. Soc. Am. 67, 318-326.

[16] Studebaker, G.A., Taylor, R., and Sherbecue,
R.L. (1994) “The effect of noise spectrum on
speech recognition performance-intensity func-
tions,” J. Speech. Hear. Res. 37(2), 439-448.

[17] Zwicker, E. (1961) “Subdivision of audible
frequency range into critical bands,” J. Acoust.
Soc. Am. 33, 248.

3 Definitions

For the purpose of this Standard, the following
terms apply:

NOTE - Some of the following definitions have been
adapted from S$3.20-1995 for use in this Standard.

3.1 band importance function. For a given fre-
quency band specified by frequency f;, a numeri-
cal value characterizing the relative significance of
this frequency band to speech intelligibility. Sym-
bol, /;.

NOTES

1 Band importance functions are listed for different
speech intelligibility index computational procedures
in tables 1-4.

2 Band importance function depends on the type
of speech material whose intelligibility needs to be
predicted. As used in this Standard, it applies to av-
erage speech. It produces accurate predictions
across different communication situations and for
communication situations where contextual, linguis-
tic, semantic, and syntactic constraints vary within a
situation. The user interested in predicting speech
intelligibility for a specific speech material should re-
fer to annex B, where band importance functions for
a number of speech tests are given.

3 Reference 11 contains details on the derivation
of the band importance function.

3.2 band audibility function. For a given fre-
quency band designated by frequency f;, a nu-
merical value between 0.0 and 1.0 specifying the
effective proportion of the speech dynamic range
within the band that contributes to speech intelligi-
bility under conditions which are less than optimal
(e.g., the presence of noise or reverberation, a
high presentation level, some speech frequencies
below the threshold of hearing, etc). Symbol, A;.

3.3 speech intelligibility index (SH). Product of
band importance function and band audibility func-

© 1998 Acoustical Society of America
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Table 1 — Critical band Sll procedure — frequencies, band importance function, standard
speech spectra, internal noise, hearing threshold levels, and free-field to eardrum transfer func-

tion.
Standard speech spectrum level Reference Free-
Critical band for stated vocal effort, dB internal field to
noise eardrum
Band Center Band Band Normal Raised Loud Shout spectrum transfer
no. freq limits import- level function
Hz Hz ance dB dB
1 150 100-200 0.0103 31.44 34.06 34.21 28.69 1.50 0.60
2 250 200-300 0.0261 3475 38.98 4155 4250 -3.90 1.00
3 350 300-400 0.0419 3414 38.62 43.68 47.14 -7.20 1.40
4 450 400-510 0.0577 3458 39.84 4408 48.46 -8.90 1.40
5 570 "510-630 0.0577 33.17 39.44 4534 50.17 -10.30 1.90
6 700 630-770 0.0577 3064 37.99 4522 51.68 -11.40 2.80
7 840 770-920 0.0577 2759 35.85 4360 51.43 -12.00 3.00
-8 1000 920-1080 0.0577 25.01 33.86 4216 51.31 -12.50 2.60
9 1170 1080-1270 0.0577 23,52 32.56 41.07 4940 -13.20 2.60
10 1370 1270-1480 0.0577 2228 30.91 39.68 49.03 -14.00 3.60
11 1600 1480-1720 0.0577 20.15 28.58 37.70 4765 -15.40 6.10
12 1850 1720-2000 0.0577 18.29 26.37 35.62 45.47 -16.90 10.50
13 2150 2000-2320 0.0577 16.37 24.34 33.17 43.13 -18.80 13.80
14 2500 2320-2700 0.0577 13.80 22.35 3098 40.80 -21.20 16.80
15 2900 2700-3150 0.0577 1221 21.04 29.01 39.15 -23.20 15.80
16 3400 3150-3700 0.0577 11.09 19.56 27.71 37.30 -24.90 14.90
17 4000 3700-4400 0.0577 933 16.78 2541 34.41 -25.90 14.30
18 4800 4400-5300 0.0460 5.84 1214 19.20 29.01 -24.20 12.40
19 5800 5300-6400 0.0343 3.47 9.04 15.37 25.17 -19.00 7.90
20 7000 6400-7700 0.0226 1.78 6.36 12.61 22.08 -11.70 4.30
21 8500 7700-9500 0.0110 -0.14 3.44 9.62 18.76 -6.00 0.50
Overall SPL, dB 62.35 68.34 74.85 82.30

tion, summed over the total number of frequency
bands in the computational method. In symbols:

n
S= 1A (1)
i=1

where n is the number of Sil computational bands,
while /; and A; are the values of the band impor-
tance function and the band audibility function as-
sociated with the frequency band designated by
the summation index i.

NOTES

1 Combination rules other than addition of the
products /; and A; may be used to improve predic-
tions under some circumstances, but are not consid-
ered in this Standard.

2  The calculated Sli is not converted to any corre-
sponding speech intelligibility score. It may be inter-

© 1998 Acoustical Society of America

preted as a proportion of the total number of speech
cues available to the listener. The maximal value of
the Sli, 1.0, signifies that all speech cues reach the
listener, while its minimum value, 0.0, signifies that
no speech cues are available to the listener. The Sl
value of 0.5 would likewise suggest that half of the
speech cues are delivered to the listener.

3.4 Sll computational procedures. Method for
calculating speech intelligibility index taking into
account band importance function, speech spec-
trum level, and noise spectrum level. (See clauses
4 and 5.)

NOTES

1 Depending on the number and size of discrete
frequency bands used in the Sl calculations, differ-
ent Sl computational procedures can be imple-
mented. In this Standard, four computational proce-
dures are provided. In the order of accuracy they are:
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Table 2 — Equally-contributing (17 band) critical-band Sl procedure — frequencies, band impor-
tance function, standard speech spectra, internal noise, hearing threshold levels, and free-field to

eardrum transfer function.

Standard speech spectrum level

Reference Free-

Critical band for stated vocal effort, dB internal field to

noise eardrum

Band Center Band Band Normal Raised Loud Shout spectrum transfer

no. freq limits import- level function
Hz Hz ance dB dB
1 350 300-400 0.0588 34.14 38.62 4368 47.14 -7.20 1.40
2 450 400-510 0.0588 34.58 39.84 4408 48.46 -8.90 1.40
3 570 510-630 0.0588 33.17 39.44 4534 5017 -1030 1.90
4 700 630-770 0.0588 30.64 37.99 4522 5168 -11.40 2.80
5 840 770-920 0.0588 27.59 35.85 4360 51.43 -12.00 3.00
6 1000 920-1080 0.0588 25.01 33.86 4216 51.31 -12.50 2.60
7 1170 1080-1270 0.0588 23.52 32.56 41.07 4940 -13.20 2.60
8 1370 1270-1480 0.0588 2228 30.91 39.68 49.03 -14.00 3.60
9 1600 1480-1720 0.0588 20.15 28.58 37.70 4765 -15.40 6.10
10 1850 1720-2000 0.0588 18.29 26.37 3562 4547 -16.90 10.50
11 2150  2000-2320 0.0588 16.37 24.34 33.17 43.13 -18.80 13.80
12 2500  2320-2700 0.0588 13.80 22.35 30.98 4080 -21.20 16.80
13 2900  2700-3150 0.0588 12.21 21.04 29.01 39.15 -23.20 15.80
14 3400 3150-3700 0.0588 11.09 19.56 27.71 3730 -24.90 14.90
15 4000  3700-4400 0.0588 9.33 16.78 2541 3441 -2590 14.30
16 4800  4400-5300 0.0588 5.84 12.14 19.20 29.01 -24.20 12.40
17 5800  5300-6400 0.0588  3.47 9.04 156.37 25.17 -19.00 7.90

Overall SPL, dB 62.35 68.34 74.85 82.30

(1) Critical band procedure (21 bands),
(2) One-third octave band procedure (18 bands),

(38) Equally-contributing critical band procedure (17
bands),

(4) Octave band procedure (6 bands).

2 The octave band procedure should not be used if
either the speech level or the noise level varies
greatly within any one octave.

3.5 reference communication situation. Spe-
cific set of conditions assumed in the computation
of speech intelligibility index:

1) Listener faces both the speech and noise
source in an otherwise free field or noise and
speech are assumed to be omnidirectional sound
sources,

2) Listening is monaural,

3) The speech and noise sound sources are inde-
pendent of each other and their properties can be
accurately measured in the absence of the other.

4

NOTE - For communication situations that do not sat-
isfy these conditions (e.g., binaural listening) see
3.11 and 3.15.

3.6 speech spectrum level. Level of the limit,
as the width of the frequency band approaches
zero, of the ratio of the quotient of the time-mean-
square pressure of a speech signal in a specified
frequency band, by the width of the band, to the
guotient of the square of the reference pressure of
20uPa by the reference bandwidth of 1 Hz. Unit,
decibel (dB).

NOTES

1 Speech literature often refers to speech spec-
trum level as being the “power” average over time of
speech sound pressure level contained within a fre-
quency band 1 Hz in width.

2 In symbols, speech spectrum level E(f)is ex-
pressed as:

E(f) = 101g { lim [ pZ(f)/AF1/[p5/Acf T (2)
Af—0
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Table 3 — One-third octave band Sl procedure — frequencies, band importance function, stan-
dard speech spectra, internal noise, hearing threshold levels, and free-field to eardrum transfer
function.

Frequency band Standard speech spectrum level Reference Free-

for stated vocal effort, dB internal field to

Band Nominal Band Band noise eardrum

no. midband width import- Normal Raised Loud Shout spectrum  transfer

freq adj, A ance level function

Hz dB dB dB
1 160 15.65 0.0083 32.41 33.81 3529 30.77 0.60 0.00
2 200 16.65 0.0095 34.48 33.92 37.76 36.65 -1.70 0.50
3 250 17.65 0.0150 34.75 38.98 4155 4250 -3.90 1.00
4 315 18.65 0.0289 33.98 38.57 43.78 46.51 -6.10 1.40
5 400 19.65 0.0440 34.59 39.11 4330 47.40 -8.20 1.50
6 500 2065 0.0578 34.27 40.15 4485 49.24 -9.70 1.80
7 630 21.65 0.0653 32.06 38.78 4555 5121 = -10.80 2.40
" 8 800 2265 0.0711 28.30 36.37 4405 5144 -11.90 3.10
9 1000 23.65 0.0818 25.01 33.86 4216 51.31 -12.50 2.60
10 1250 2465 0.0844 23.00 31.89 4053 4963 -13.50 3.00
11 1600 25.65 0.0882 20.15 28.58 37.70 4765 -15.40 6.10
12 2000 2665 0.0898 17.32 25.32 3439 4432 -17.70 12.00
13 2500 2765 0.0868 13.18 22.35 3098 4080 -21.20 16.80
14 3150 28.65 0.0844 11.55 20.15 28.21 38.13 -24.20 15.00
15 4000 29.65 0.0771 9.33 16.78 2541  34.41 -25.90 14.30
16 5000 30.65 0.0527 5.31 11.47 1835 28.24 -23.60 10.70
17 6300 31.65 0.0364 2.59 7.67 13.87 2345 -15.80 6.40
18 8000 3265 0.0185 1.13 5.07 11.39 20.72 -7.10 1.80
Overall SPL, dB 62.35 68.34 7485 82.30

Table 4 — Octave band Sll procedure — frequencies, band importance function, standard
speech spectra, internal noise, hearing threshold levels, and free-fieid to eardrum transfer func-
tion.

Frequency band Standard speech spectrum level Reference Free-
for stated vocal effort, dB internal field to
Band Nominal Band Band noise eardrum
no. midband  width Import- Normal Raised Loud Shout spectrum transfer
freq adj, A ance level function
Hz dB dB dB
1 250 2248 0.0617 34.75 38.98 4155 4250 -3.90 1.00
2 500 25.48 0.1671 34.27 40.15 4485 49.24 -9.70 1.80
3 1000 28.48 0.2373 25.01 33.86 4216 5131 -1250 2.60
4 2000 31.48 0.2648 17.32 25.32 3439 4432 -17.70 12.00
5 4000 34.48 0.2142 9.33 16.78 2541 -3441 -25.90 14.30
6 8000 37.48 0.0549 1.13 5.07 11.39 20.72 -7.10 1.80
Overall SPL, dB 62.35 68.34 7485 82.30
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where p? is the time-mean-square speech sound
pressure measured through a frequency filter with
bandwidth Af, p, is the reference sound pressure of
20 uPa, and A,f is the reference bandwidth of 1 Hz.

3 In actual applications, speech level is measured
at the output of a band-pass filter wider than 1 Hz. If
the speech sound pressure level at the output of the
filter (band level) centered at the frequency fis £, (f),
then the speech spectrum level, E(f) can be approxi-
mated as:

E(f) = Ep(f) — 10Ig [A(F)/Af]  (3)

where A(f) is the filter bandwidth and Af is the ref-
erence bandwidth of 1 Hz. For Sl applications, A(f)
should not be substantially larger than the width of
the SlI calculation band.

4 For Sl applications it is assumed that pauses be-
tween words occurring within an utterance pro-
nounced in a normal, connected manner are an inte-
gral part of a speech signal and should not be
eliminated in any measurement of the speech spec-
trum.

3.7 overall speech level. Ten times the loga-
rithm to the base ten of the square of the ratio of
the time-mean-square speech pressure, in the fre-
quency range between the lowest and highest fre-
quency of the speech signal, to the square of the
reference pressure of 20 nPa. Unit, decibel (dB).

3.8 apparent speech spectrum level. Spec-
trum level for speech assumed for use in calcula-
tions where physical measurement of the actual
speech spectrum levels is not feasible because of
interfering or otherwise disturbing conditions, e.g.,
reverberation. Unit, decibel (dB).

3.9 standard speech spectrum level. Spec-
trum level of speech measured one meter directly
in front of the talker’s lips, in a free sound field, for
a specified vocal effort, in quiet, averaged across a
large group of adult male and female talkers. Unit,
decibel (dB).

NOTE - Standard speech spectrum levels are speci-
fied in tables 1-4 for four degrees of vocal effort: nor-
mal, raised, loud, and shouted.

3.10 idealized speech spectrum level. For a
normal vocal effort, sound pressure spectrum level
of 35 dB from 100 to 500 Hz, decreasing at fre-
quencies greater than 500 Hz at the rate of 9 dB
per octave. For raised, loud, and shouting vocal
efforts, the normal voice spectrum levels are in-
creased by 7.8 dB for each incremental step of
vocal effort. Unit, decibel (dB).

NOTE - For measurement procedures where genera-
tion of speech-like signals is required, it may be more

convenient to work with the idealized, rather than the
standard, speech spectrum level.

3.11 equivalent speech spectrum Ilevel.
Speech spectrum level measured (or the apparent
speech spectrum level assumed) at the point cor-
responding to the center of the listener's head
(midpoint between the ears), with the listener ab-
sent, if the communication situation satisfies the
conditions of the reference communication situa-
tion. Unit, decibel (dB).

NOTES

1 Many communication situations do not satisfy
the conditions of the reference communication situa-
tion. In those instances, the equivalent speech spec-
trum level is defined as the speech spectrum level, or
the apparent speech spectrum level, that would have
been measured under the reference communication
situation at the center of the listener’'s head (mid-
point between the ears) with the listener absent,
while producing in-the ear of the listener (at the ear-
drum) the same sound pressure level that exists un-
der the actual circumstances. This definition presup-
poses either monaural listening or the same signals
in the left and in the right ears. For other conditions of
binaural listening, the equivalent speech spectrum
level may include appropriate corrections to account
for the effects of binaural asymmetry.

2  Atthe time this Standard was developed, Sli pro-
cedures existed only for a limited number of binaural
listening conditions. The definition of the equivalent
speech spectrum level, as well as the definitions of
the equivalent noise spectrum level and the equiva-
lent hearing threshold level allow the general Sli pro-
tocol, described in clause 3.4, to be used once other
binaural procedures have been developed in future
revisions of this Standard.

3 As an example, at 1000 Hz the speech spectrum
level at the eardrum of the listener is 50 dB when the
signal is delivered by a telephone receiver. The free-
field-to-eardrum transfer function at this frequency.is
2.6 dB (table 1). The equivalent speech spectrum
level is 50 — 2.6 dB = 47.4 dB. That is, if the listener
were listening to a sound spectrum level of 47.4 dB in
a free field, a spectrum level of 50 dB would be mea-
sured at the eardrum of the listener, which is the
same level as in the actual telephone communica-
tion.

3.12 self-speech masking spectrum level.
Equivalent speech spectrum level (see 3.11) mi-
nus 24 dB. In conditions of severe low-pass or
band-pass filtering, this variable is used to calcu-
late masking of higher speech frequencies by
lower speech frequencies. Unit, decibel (dB).

3.13 noise spectrum level. Sound pressure
spectrum level of noise. In this Standard, the term
noise includes both noise noncorrelated with the
speech signal (e.g., external noise, babble), as
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well as noise correlated with the speech signal
(e.g., reverberated speech). Unit, decibel (dB).

3.14 apparent noise spectrum level. Spectrum
level assumed when it is not feasible to measure
the noise spectrum level directly for a particular
application where Sl calculations are to be made.
Unit, decibel (dB).

3.15 equivalent noise spectrum level. Noise
spectrum level measured (or the apparent noise
spectrum level assumed) at the point correspond-
ing to the center of the listener’'s head (mid-point
between the ears), with the listener absent, under
the reference communication situation. Unit, deci-
bel (dB).

NOTE - For situations other than reference, the
equivalent noise spectrum level is defined as the
noise spectrum level that would have been measured

. under the reference communication situation at the
center of the listener's head (mid-point between the
ears) with the listener absent, while producing in the
ear of the listener (at the eardrum), the same sound
pressure level that exists under the actual circum-
stances. This definition presupposes either monaural
listening or the same signals in the left and in the
right ears. For other conditions of binaural listening,
the equivalent noise spectrum level may include ap-
propriate corrections to account for the effects of bin-
aural asymmetry.

3.16 equivalent masking spectrum level.
Sound pressure spectrum level that appropriately
accounts for the masking of speech produced by
the equivalent noise. This masking includes within-
band masking, out-of-band masking (spread of
masking), as well as masking of one speech fre-
quency by another (self-speech masking). Unit,
decibel (dB).

3.17 combined speech and noise spectrum
level (CSNSL.). Spectrum level of the time-mean-
square sum of the combined speech and noise
sound pressures. Unit, decibel (dB).

3.18 apparent speech-to-noise ratio. At a
specified frequency, the difference, in decibels,
between the apparent speech spectrum level and
the apparent noise spectrum level.

3.19 otologically normal listener. Person in a
normal state of health who is free from ali signs
and symptoms of ear disease and from occlusive
earwax in the ear canal and has no history of ex-
cessive exposure to noise.

3.20 pure-tone threshold level. At a specific
frequency, the minimum sound pressure level of
the pure tone that is capable of evoking an audi-
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tory sensation as determined by an appropriate
psychoacoustical method. The actual value of the
pure-tone threshold level depends on the selected
psychoacoustical method, measurement appara-
tus (e.g., type of earphone), and the place of mea-
surement. Unit, decibel (dB).

3.21 reference pure-tone threshold level.
Mean value, at a specific frequency, of the pure-
tone threshold levels of a large number of ears of
otologically normal subjects within the age limit of
18-30 years inclusive. The actual value of the ref-
erence pure-tone threshold level depends on the
selected psychoacoustical method, measurement
apparatus (e.g., type of earphone), and the place
of measurement. Unit, decibel (dB).

3.22 hearing threshold level. Pure-tone thresh-
old level of a given ear at a specified frequency
minus the reference pure-tone threshold level. The
same psychoacoustical procedure, the same mea-
surement apparatus, and the same place of mea-
surement are used for obtaining both the pure-
tone threshold level and the reference puretone
threshold level. Abbreviation, HL; unit, decibel
(dB).

3.23 equivalent hearing threshold level. For
monaural listening conditions, at a specified fre-
qguency, hearing threshold level arithmetically av-
eraged across the group of ears of the listeners for
whom the Sli calculations are performed. For bin-
aural listening conditions, equivalent hearing
threshold level may, in an appropriate manner, ac-
count for the hearing threshold levels of both the
right and left ears. Unit, decibel (dB).

3.24 reference internal noise spectrum level.
Spectrum level of a fictitious internal noise in the
ear of the listener, which, if it were an external
masker, would give rise to the reference pure-tone
threshold. The reference pure-tone threshold is
obtained in the free-field where the listener faces
the source and is measured at the center of the
listener's head (mid-point between the ears; lis-
tener absent) using either the psychoacoustical
method of constant stimuli (50% identification rate,
1 dB step size) or the psychoacoustical method of
limits (1 dB step size).

NOTES

1 Reference internal noise spectrum level is given
in tables 1-4 for different SlI procedures of this Stan-
dard. -

2 In earlier documents reference internal noise
spectrum level has been labeled threshold for
sounds having continuous spectra (reference 9), or

"*£002-UNC-GZ U0 ‘W09°19311SYda) MMM “ou| ‘18a11syda ] Aq painquisig -paniwiad si Bupjiomiau 1o uononpoidal Jayuny oN AJuo asn s,2asuadl| 10) 1061yD a11ald 01 pasuadl| feuarew pajybuidod



ANSI 83.5-1997

threshold spectrum density (reference 11). The refer-
ence internal noise spectrum level listed in tables 1-4
is derived from reference 11, and is equal to the ref-
erence pure-tone threshold level minus 10 times the
logarithm to the base 10 of the critical ratio reported
by Zwicker (reference 17).

3.25 equivalent internal noise spectrum level.
The reference internal noise spectrum level in-
creased by the equivalent hearing threshold level.
Unit, decibel, (dB).

3.26 equivalent disturbance spectrum level.
Larger of the equivalent internal noise spectrum
level and the equivalent masking spectrum level.
Unit, decibel (dB).

3.27 speech level distortion factor. Factor
which accounts for the decrease in the intelligibility
of speech at high presentation levels (reference 8).
The maximum value of 1 is obtained when there is
no distortion due to the presentation level. Its value
decreases to a minimum of zero at high presenta-
tion levels.

3.28 insertion gain. For an amplification or at-
tenuation device (e.g., ear protector) worn by a
listener, at a specific frequency, the difference in
decibels between the pure-tone sound pressure
level at the eardrum with the amplification/
attenuation device in place and the pure-tone
sound pressure level at the eardrum with the de-
vice removed.

3.29 free-field-to-eardrum transfer function.
Difference, in decibels, between the pure-tone
sound pressure level at the eardrum (listener fac-
ing the source) and the pure-tone sound pressure
level at the center of the listener's head with the
listener absent.

NOTES

1 The free-field-to-eardrum transfer function is
listed in tables 1-4 for different SlI calculation proce-
dures.

2 See reference 6 for the derivation of the free-
field-to-eardrum transfer function.

3.30 modulation index. Numerical value, be-
tween 0 and 1.0, with symbol m, that multiplies a
modulation function where a signal is varied in
time t, at frequency f, in proportion to 1 +mcos2=ft.

3.31 modulation transfer function for inten-
sity, MTFI. Modulation index of a squared
measure of the signal at the output of a system

8

when the square of the same measure for the in-

put signal is modulated with a modulation index
of 1.

3.32 List of symbols

Band audibility function.

Larger of the spectrum levels for equivalent
noise and self-speech masking, dB

Slope per octave (doubling of frequency) of
the upward spread of masking, dB/octave
Spectrum level for equivalent disturbance, dB
Distance from the speech source to the
center of the listener's head, m.

Spectrum level of measured, estimated, or
apparent speech at a specified point, dB.
Spectrum level of equivalent speech, dB.
Center frequency of an Sll band, Hz.
Frequency, Hz.

Insertion gain, dB.

Free-field-to-eardrum transfer function, dB.
High (upper) limiting frequency of an SlI
band, Hz.

Band importance function.

Individual band number used in calculation of
Sl

Temporary variable used in the calculation of
the band audibility function.

Individual band number.

Speech level distortion factor, dB.

Low limiting frequency of an Sil band, Hz.
Modulation transfer function for intensity,
MTFI.

Modulation index.

Spectrum level of measured, estimated, or
apparent noise at a specified point, dB.
‘Spectrum level of equivalent noise, dB.
Number of bands in an Sl procedure.
Spectrum level of combined speech and
noise, CSNSL, dB. .

Apparent speech-to-noise ratio, dB.

Speech intelligibility index (SH).

Hearing threshold level, dB.

Equivalent hearing threshold level, dB.
Time, s.

Spectrum level of standard speech for normal
vocal effort, dB.

Spectrum level for self-speech masking, dB.
Spectrum level of internal noise, dB.
Spectrum level of equivalent internal noise,
dB.

Z Spectrum level for equivalent masking, dB.
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NOTES

1 The term “center frequency” used in this Stan-
dard is that commonly used in the literature on
speech research to designate the approximate
middle of a frequency passband. it is not the same as
the term “midband frequency,” either “nominal” or
“exact,” used in standards on acoustical instrumen-
tation. Similarly, the numerical values used as band
numbers for indexing bands in summation processes
of this Standard are not the same as the band num-
bers in $1.6 for preferred frequencies.

2 Additional symbols appearing only in notes in
this Standard are not included in the above list, but
are identified in the note where they are introduced.

4 Methods for calculating Speech
Intelligibility Index, Sl

Sl may be computed by four different methods,
which although conceptually the same, differ in
some details. The four methods differ essentially
by the number and size of the frequency bands
used in computation of Sll. In descending order of
accuracy, the four methods are:

1) Critical frequency band, (21 bands),

2) One-third octave frequency band , (18 bands),
3) Equally-contributing critical band, (17 bands),
4) Octave frequency band, (6 bands).

The basic steps in the computation procedures are
the same for all procedures; they differ only in de-
tail. In the following specifications, differences be-
tween the four methods are specified individually,
where they exist, as branches in the computational
process. Examples of the octave band and one-

third octave band methods are provided in annex '

C.

4.1 Step 1 — Select calculation method

Select one of the four choices listed in 4, depend-
ing upon the choice of frequency bands used for
the calculation. Tables 1-4 list the frequency
bands, band importance functions, spectrum lev-
els of standard speech for different vocal efforts,
reference internal noise spectra, and free-field to
eardrum transfer functions for each of the four
methods. The choice of any one method may be
influenced by the availability of data to determine
the spectrum levels for the equivalent noise spec-
tra and equivalent hearing thresholds. Clause 5 of
this Standard provides methods for determining
these quantities for some situations.

© 1998 Acoustical Society of America
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NOTES

1 See clause 3.10 for spectra of idealized speech,
as compared to the spectra for standard speech
listed in tables 1-4.

2 See clause 5.1.3 for approximate speech spec-
tra, which, at increased vocal effort, retain the same
relative frequency distribution as the spectrum at nor-
mal vocal effort, increased only in actual sound pres-
sure levels.

3 The overall SPL listed in tables 1-4 is calculated
over the entire frequency range of speech, as speci-
fied in 3.7. Since the sound levels listed in the tables
are for specific frequency bands, their mean-square
sum is not exactly the same as the overall SPL.

4.2 Step 2 — Equivalent speech, noise, and
hearing threshold spectra

The choice of calculation method determines the
frequency bands and the band center frequencies
at which spectrum levels are required. Using meth-
odology from clause 5, specify:

1) equivalent speech spectrum level, E’,
2) equivalent noise spectrum level, N’,

3) equivalent hearing threshold level, T'.

Alternatively, speech spectra may be specified by
the procedures for determining approximate spec-
trum levels from measured data, see clause 5.1.3,
or by using idealized spectra in accordance with
clause 3.10.

NOTE - In the absence of an external noise or an
apparent noise, assume the equivalent noise spec-
trum level is -50 dB for each calculation band.

4.3 Step 3 — Equivalent masking spectrum
level, Z

4.3.1 Octave band procedure. For the i-th cal-
culation band, the equivalent masking spectrum
level, Z;, is equal to the equivalent noise spectrum
level, N';:

Zi= N’ 4

NOTE - The spectrum level of noise present in a
speech environment is often estimated from sound
pressure levels measured in frequency bands one-
third or full octave wide. Noise spectrum level, N,
may be estimated from such measurements by sub-
tracting the bandwidth adjustment, in decibels, as in-
dicated in equation 3. These adjustments are listed in
table 3 for one-third octave frequency bands and in
table 4 for octaves.

*€002-Unf-GZ Uo ‘Wo919941SYyda)l MWW U] ‘19alIsyda ] /(q painqguiasia 'palllUJ.IGd S| 5U!)|JOM18U plo} uon:mpo.ld-:—u Jlayunj oN '/(|UO 9sn S,89SUdJl| 10} 106![4:) 3li3ld 0] pasuall| [eusrew peluﬁuﬂdo:)



ANSI 83.5-1997

4.3.2 Critical band, equally-contributing
critical band, and one-third octave band
procedures

4.3.2.1 For each calculation band i, determine
the self-speech masking spectrum level, V;:

Vi=E';— 24 (5)

where E’; is the equivalent speech spectrum level.

4.3.2.2 For each calculation band i, determine
the value B; as the larger of the equivalent noise
spectrum level, N;, or the self-speech masking
spectrum level, V.

4.3.2.3 For each calculation band, determine
the value G;, the slope per octave of the spread of
masking. For the critical band procedure and for
the equally-contributing critical band procedure:

Ci=—80+ 0.6[B;+ 10lg(h—K] (6)
where B, is the variable calculated in 4.3.2.2, and

h; and J; are the frequency band higher and lower
frequency limits as listed in table 1 or 2.

For one-third octave frequency bands, slope C; is
calculated from: )

Ci=—-80+ 06[B;+ 10lgF; — 6.353] (7)
where B; is the variable calculated in 4.3.2.2 and F;

is the nominal midband frequency of the one-third
octave band as listed in table 3.

4.3.24 For the lowest frequency calculation
band, the equivalent masking spectrum level, Z;, is
equal to B; as calculated in 4.3.2.2.

4.3.2.5 For all but the lowest frequency calcula-
tion band, determine the equivalent masking spec-
trum level from equation 8 when using either of the
two critical band Sl calculation procedures, or
equation 9 if using the one-third octave band pro-
cedure:

z = 10|g{1o°-”"’i
i—1
+ 2 100.1[Bk+3.320klg (Fp/hk)]] (8)
k
z= 10|g{1o°~”"’i

i~1
+ S 1001B+3.32Cy Ig (0.89F/F)) }
K
)

10

where N'; is equivalent noise spectrum level, B , is
the variable calculated in 4.3.2.2. F; is the critical
band center frequency in tables 1 and 2, or the
nominal one-third octave midband frequency in
table 3, and hy is the higher frequency band limit
for critical band k (table 1 or 2). For the one-third
octave band procedure, F, is the nominal midband
frequency for frequency band k in table 3.

NOTES

1 The summation index, k, for the 21 critical band
procedure ranges from band 1 to i—1 = 20 in table 1.
For the 17 band equally-contributing critical band
procedure the summation runs from computation
band 1 to i—1 = 16 in table 2. For the one-third oc-
tave band procedure the summation index runs from
computation band 1 to i—1 = 17 in table 3.

2 These procedures were developed based on
one-third octave spread of masking protocols dis-
cussed in reference 10.

4.4 Step 4 — Equivalent internal noise

spectrum level, X';

Calculate the equivalent internal noise spectrum
level (X ') by equation 10:

X'; = Xj + T'i (10

where X; is the reference internal noise spectrum
level listed in the appropriate table (tables 1-4),

and T'; is the equivalent hearing threshold level

determined in 4.2.

4.5 Step 5 — Equivalent disturbance
spectrum level, D;

Determine the disturbance spectrum level, D;, as
the larger of the equivalent masking spectrum
level, Z;, and the equivalent internal noise spec-
trum level, X’;.

4.6 Step 6 — Level distortion factor, L;

Calculate the level distortion factor, L;, from;

Li=1-(E'y - U;—10)/160  (11)

where E’; is the equivalent speech spectrum level,
and U, is the standard speech spectrum level at
the normal vocal effort found in tables 1-4. If the
calculated value of the distortion factor exceeds
one, the value of one should be used instead.

NOTES

1 This equation has been developed from data
given in reference 8. The constant (10) in equation 11
is the difference between 72.35 and the overall level
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of standard speech at normal vocal effort. The latter
is specified in this standard as 62.35 (e.g., table 1). In
the event that revisions of this standard change the
values of the speech spectrum for normal vocal ef-
fort, the value of the constant (10) will need to be
recalculated as 72.35 minus the new overall level of
the standard speech spectrum at normal vocal effort.

2 Speech levels causing the distortion factor to be-
come negative are substantially beyond the thresh-
old of pain, and could not occur in practice. There-
fore, it is not necessary to limit the value of this factor
to positive values only.

4.7 Step 7 — Band audibility function, A;

4.7.1 Calculate the value of a temporary vari-
able, K; as:

K = (E'; — D; + 15)/30 (12)

where E’; and D, are the equivalent speech spec-
trum level and the equivalent disturbance level, re-
spectively. The value of K; must be limited to the
interval from 0 to 1, inclusive. That is, if a calcu-
lated value is greater than 1, then the value of K; is
set to 1. Similarly, if a calculated value is negative
the value of K; is set to 0.

4.7.2 Calculate the value of the band audibility
function as:

A= LiK; (13)

where L is the speech level distortion factor, and
K; the value computed in 4.7.1.

4.8 Step 8 — Speech intelligibility index, S

Calculate the speech intelligibility index as:
n
S= > LA (14)

where /; is the band importance function, and A;
the band audibility function. The summation is per-
formed over all bands specified for the particular
computation procedure being used. In the case of
the equally-contributing critical-band procedure
the calculations can be simplified, since the band
importance function is a constant for all bands:

17
S =0.0588 Y A; (15)
i=1
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Example calculations of Sli using the octave and
one-third octave frequency band procedures are
provided in annex C.

5 Methods for determining input
variables for SllI calculation procedures

SlI procedures in clause 4 require that the equiva-
lent speech spectrum level, equivalent noise spec-
trum level, and the equivalent hearing threshold
level be supplied by the user. The details of the
procedures for determining these input variables
depend on the peculiarities of the communication
system and the listener, measurement techniques,
available resources, and the required precision. In
clauses 5.1-5.3 three protocols, applicable to dif-
ferent communication systems, for determining the

- equivalent speech, noise, and threshold spectrum

levels are provided.

NOTE - It is not intended that the procedures in 5.1-
5.3 be the only ones of use for this Standard. The
user is encouraged to employ any other technique
more appropriate for the particular problem if its va-
lidity can be demonstrated. Furthermore, there are
communication situations outside the scope of any of
the protocols discussed here, for which, therefore,
other methods may be necessary. Under any of
these circumstances, the user shall state that proce-
dures other than those described in this Standard
were used.

Procedures for determination of the equivalent
speech and noise spectrum levels (clauses 5.1-
5.3) vary with regard to the measurement tech-
nigue and the physical point at which the interven-
ing variables are measured. With regard to the
scope of applications, the most general of the pro-
cedures, specified in clause 5.3, requires mea-
surement of the modulation transfer function for
intensity, MTFI, and the combined speech and
noise spectrum level at the eardrum, CSNSL.
Therefore, both the equipment for the MTFY/
CSNSL measurement and a human head/ear
mannequin are necessary. A less general proce-
dure, discussed in clause 5.2, excludes many
communication situations (e.g., telephone links)
and requires only the measurement of the MTFI
and the CSNSL in a sound field at the position of
the listener. The procedure discussed in clause
5.1 requires only the measurement of the noise
spectrum level in the absence of speech and an
estimation (or measurement) of the speech spec-
trum level in the absence of noise. However, the
field of application of this procedure is even further
reduced, because conditions where reverberation
decreases speech intelligibility or, more generally,

11
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conditions where noise and speech spectrum lev-
els depend on one another are excluded.

5.1 Determination of equivalent  speech,
noise, and threshold spectrum levels: method
based on the direct measurement/ estimation
of noise and speech spectrum levels at the lis-
tener’s position

5.1.1 Necessary conditions. To apply these
procedures it is necessary:

(1) to have low reverberant conditions (i.e., condi-

tions where reverberation does not reduce speech

intelligibility);
(2) to have the listener facing the talker and the

noise source, or to have both speech and noise
omnidirectional,

(8) to have conditions in which the speebh and
noise spectrum do not depend on one another,
and

(4) to have either a linear communication system
or a system that is linear in the actual mode of
operation (e.g., slow acting automatic gain con-
trol).

In addition, for binaural listening, if amplification or
attenuation devices are worn by the listener, the
same amplification or attenuation device must be
worn in each ear. Further, for binaural listening, at
each frequency, it is required that the average
hearing threshold levels for the group of listeners
for whom Sli calculations are performed be equal
in the right and in the left ears.

5.1.2 Applications. These procedures are pri-
marily intended for monaural or binaural commu-
nications in relatively free fields or rooms with mini-
mal reverberation. The listener may wear linear
attenuation devices (e.g., ear protectors) or linear
amplification devices.

5.1.3 Specification of equivalent speech
spectrum level. In general, the speech spectrum
level can be measured directly at the center of the
listener's head (mid-point between the ears; lis-
tener absent). However, measurement of a stable
and accurate speech spectrum level requires a
large number of talkers (at least 20 talkers and
30-second speech samples from each are recom-
mended). Therefore, it is recommended that the
standard speech spectrum levels provided in
tables 1—-4 be used. The tables give the speech
spectrum level at 1 m from the talker’s lips at vari-

12

ous vocal efforts: normal, raised, loud, and
shouted.

For some applications, it is more convenient to
work with one general form of the speech spec-
trum level than with the spectrum leve!l whose rela-
tive form depends on vocal effort. Sacrificing only
little in accuracy, the values for the standard
speech spectrum level corresponding to the nor-
mal vocal effort can then be employed. For raised,
loud, and shouted vocal efforts this spectrum
should be increased in steps of 7.8 dB per step of
vocal effort. The idealized speech spectrum (see
clause 3.10) may also be used, although there are
very few reasons, if any, for this within the method
discussed in this clause.

NOTE - The value of 7.8 dB has been selected to
produce a minimal error in Sii and is not equal to the
differences in the overall levels of successive vocal
efforts. It is equal to the average increase in level
across the 17 most important (and equally-contribut-
ing) critical bands.

If any of the standard speech spectra are used, the
equivalent speech spectrum level, E’; for a band i
is given as:

E',=E;-20lgd/dy + G;  (16)

where E; is the speech spectrum level for band i
for the appropriate vocal effort (normal, raised,
loud, or shouted), d is the distance in meters from
the talker’s lips to the center of the listener’s head,
d, is the reference distance of 1 meter, and G; is
the insertion gain.

NOTE - Details of the measurement of the insertion
gain are not discussed in this standard. Under most
circumstances, these values are either specified by
the manufacturer of the devices (e.g., ear protectors)
or are determined by the issuer of the device.

If the speech spectrum is directly measured at the
center of the listener's head, the equivalent
speech spectrum level, E';, for a band i is given
as:

E'iZEi+Gi (17)

where E; is the measured speech spectrum level
for band i, and G, is the insertion gain.

In some applications the overall speech level,
rather than spectrum level, is directly measured at
the center of the listener's head. Under those cir-
cumstances the spectrum level E; is obtained by
adding the difference between the measured over-
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all level and the standard overall level (tables 1-4)
to the standard spectrum level found in the same
table.

NOTE - As an example, assume that the measured
overall sound pressure level is 70 dB at the raised
vocal effort. In tables 1-4, the overall SPL which cor-
responds to the raised vocal effort is 68.34 dB. The
difference between the measured overall level and
the standard overall level is 70 — 68.34 = 1.66 dB.
Consequently, the standard speech spectrum level
for raised vocal effort should be increased at each
frequency by 1.66 dB to obtain the spectrum level E;
used in equation 17.

5.1.4 Specification of equivalent noise spec-
trum level. The noise spectrum is generally mea-
sured at the center of the listener’s head (mid-point
between the ears; listener absent). The equivalent
noise spectrum level, N';) for a band i is given as:

N'i=N;+ G; (18)

where N, is the measured noise spectrum level for
band i, and G; is the insertion gain.

NOTE - Noise level is usually measured in frequency
bands greater than 1 Hz. The band sound pressure
levels may be converted to spectrum levels by mak-
ing the bandwidth adjustment of equation 3. Band-
width adjustments in decibels for one-third octaves
are given in table 3 and in octaves in table 4.

5.1.5 Specification of equivalent hearing
threshold level. The scope of this Standard is lim-
ited to otologically-normal listeners. For monaural
listening, the equivalent hearing threshold level is
defined as the arithmetic average of the hearing
threshold levels across the group of ears for which
SlI calculations are performed. For listeners within
the age limit of 18-30 years inclusive, the equiva-
lent hearing threshold level is a hearing level of 0
dB across all frequencies. For groups of otologi-
cally normal listeners with the hearing threshold
level other than average (HL of 0 dB), appropriate
values of the equivalent hearing threshold level
(i.e., of the average hearing threshold level) should
be used. For binaural listening the value of the
equivalent hearing threshold level for monaural lis-
tening should be decreased by 1.7 dB (reference
11).

NOTE - The equivalent threshold level, being the
arithmetic average, rather than a modal value, is not
exactly a hearing level of 0 dB. However, this differ-
ence is small for all practical considerations.

© 1998 Acoustical Society of America
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5.2 Determination of equivalent speech,
noise, and threshold spectrum levels: method
based on MTFI/CSNSL measurements at the
listener’s position

5.2.1 Necessary conditions. To apply these
procedures for monaural listening it is necessary:

(1) that the listener is located in a well-mixed re-
verberant speech and noise sound field (the orien-
tation of the listener is irrelevant), or that the lis-
tener faces both the dominant speech and noise
wave, or that the noise is omnidirectional and that
the listener faces the dominant speech wave; and

(2) that the communication system is either linear,
or that it can be approximated by a linear system in
the actual mode of operation (e.g., slow acting au-
tomatic gain control).

In addition, for binaural listening, it is also required:

(3) that, if amplification or attenuation devices are
worn by the listener, the same amplification or at-
tenuation device must be worn in each ear; and

(4) that, at each frequency, the average hearing
threshold levels for the group of listeners for whom
Sl calculations are performed be equal in the right
and left ears.

5.2.2 Applications. Primary applications of

these procedures are communications in reverber-

ant fields or in free fields where the noise level
cannot be measured in the absence of speech.
The listener may wear amplification or attenuation
devices (e.g., hearing protectors) operating in a
linear mode.

5.2.3 Specification of equivalent speech and
noise spectrum levels. Measurements to deter-
mine the apparent speech-to-noise ratio, R, are
based on the modulation transfer function method-
ology developed for the Speech Transmission In-
dex (reference 15). Added to these procedures
(which were somewhat modified) is the measure-
ment of the combined speech and noise spectrum
level, P. Equivalent speech and noise spectra are
calculated based on the measured values of R and
P.

NOTE - An alternative approach to the measurement
procedures of this clause is to obtain the impulse
response to the systems (averaging out the noncor-
related noise) and to obtain all other variables by cal-
culations paralleling the discussed measurement
procedures. Care should be taken, however, to in-
crease the calculated equivalent noise spectrum
level (equation 24) by the measured noncorrelated
noise level which was not included in the calcula-
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tions. The calculated equivalent noise spectrum level
and the noncorrelated noise spectrum level should
be added to the power basis to obtain the equivalent
noise spectrum level. The noncorrelated noise spec-
trum level is measured as the noise level in the ab-
sence of the speech signal. The level, ¢, of the sum
of two levels a and b, (colloquially, the “power” sum)
is defined as:

c=101g(10%1@ + 10%10) (19

Care should also be taken that in the case of nonlin-
ear. systems which can be approximated by linear
ones in the actual mode of operation, the impulse
response is obtained on the system properly primed
into its actual mode of operation. The computations
can be further simplified (reference 14) by calculating
the MTFI directly from the squared impulse response

a():
L gHe dt / J;) g(t)dt( (20)

5.2.3.1 Provide a test signal which is selected
from one of the following three choices:

1) arandom noise shaped in such a way that in
a free field at a distance of 1 m, in each frequency
band i, its spectrum level equals the standard
speech spectrum level for the desired vocal effort
(tables 1-4, depending on the Sli computational
procedure).

Mg;=

2) an approximate speech spectrum whose
relative form does not depend on the vocal effort.
For normal vocal effort, this speech spectrum level
is equal to the standard speech spectrum level for
normal vocal effort (tables 1-4, depending on the
Sl computational procedure). For raised, loud,
and shouted vocal efforts this spectrum should be
increased in steps of 7.8 dB per step of vocal ef-
fort.

3) the idealized speech spectrum of the appro-
priate vocal effort (see clause 3.10) for all four Sl
computation methods.

NOTE - The value of 7.8 dB has been selected to
produce the minimal error in the SlI and is not equal
to the differences in the overall levels of successive
vocal efforts,

On the reference axes, at 0° azimuth and 0° el-
evation, the sound source should have a directivity
index of 1 to 3 dB for frequencies lower than or
equal to 1000 Hz, and 2 to 5 dB for frequencies
higher than 1000 Hz. The sound source should be
mounted in an enclosure with dimensions of the
same order as the human head. The frequency
response across the Sl computational bands
should be uniform within =2 dB.

14

5.2.3.2 Measurements of speech and noise
spectra shall be made at a location corresponding
to the center of the listener’s head (mid-point be-
tween the ears) with the listener absent and with
the source at the position of the talker.

5.2.3.3 The test signal shall be sinusoidally
modulated in intensity using a modulation index of
one, at each of the following nine modulation fre-
quencies (one at a time): 0.5 Hz, 1.0 Hz, 1.5 Hz,
2.0 Hz, 3.0 Hz, 4.0 Hz, 6.0 Hz, 8.0 Hz, and 16.0
Hz. Sinusoidal modulation in intensity is realized
by multiplying the test signal by 1.414coswff,
where f is the modulation frequency.

NOTE - Multiplying the signal by 1.414cos#ft is
equivalent to multiplying the squared signal by 1 +
cos2ft.

5.2.3.4 For each modulation frequency f, ana-
lyze a measure of the square of the received sig-
nal in each frequency band i (signal components
outside the frequency band i are filtered out before
squaring), and determine the modulation index of
this waveform. This index represents the value of
the modulation transfer function, M;;, for intensity
for the modulation frequency f and the band i. The
analysis time should be long enough (typically
eight periods of the modulation frequency) to ob-
tain a stable estimate of the modulation index.
Considering that the input signal is a random noise
it is possible that in some practical realizations and
for some averaging times even under ideal listen-
ing circumstances a reduction of the modulation
index to values lower than one is observed. There-
fore, a careful calibration of the measuring system

“under ideal circumstances is required. The actual

modulation transfer function for intensity My; is
equal to the measured modulation transfer func-
tions for intensity divided by the modulation trans-
fer function for intensity under the ideal circum-
stances observed over the same averaging time.

NOTE - One of the ways to perform the measure-
ments, for a given modulation frequency, is as fol-
lows:

(1) A sample of the received modulated signal is
stored in a computer. The sample should be suffi-
-ciently long to enable stable estimates of the vari-
ables discussed below (typically eight periods of the
modulation frequency).

(2) For each calculation band i, the following is per-
formed:

(@ The signal is band-pass filtered with a filter hav-
ing cutoff frequencies equal to the low and high limits
of the band i. For critical band procedures, these lim-
iting frequencies are given in tables 1 and 2. For the
1/3-octave procedure and the octave procedure, re-
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spectively, 1/3-octave filters and octave filters are
used, centered at the center frequency of a given
calculation band (tables 3 and 4).

(b) The signal is then squared.

(c) After squaring, the signal is low-pass filtered.
The cutoff frequency should be slightly higher than
the modulation frequency (e.g., 10% higher) and care
should be taken that 0 Hz (dc) is not eliminated in the
process. This waveform, i.e., the intensity envelope
for the band i of the received signal, will be labeled as

1.

(d) The mean value y of /() is obtained over a suf-
ficiently large number of modulation periods to pro-
vide for a stable estimate.

(e) Waveform /(t) is multiplied by cos2+ft, where fis
the modulation frequency, and the mean value, «, of
the resultant waveform is obtained over a sufficiently
large number of modulation periods to provide for a
stable estimate.

() Waveform I(t) is multiplied by sin2«ft, where f is

- the modulation frequency, and the mean value, g3, of
the resuitant waveform is obtained over a sufficiently
large number of modulation periods to provide for a
stable estimate.

(@) The modulation transter function for intensity for
modulation frequency f and the calculation band i,
M;;, is then calculated as:

My = 2(a® + 212y @1)

5.2.3.5 Calculate the apparent speech-to-noise
ratio, in decibels, for each modulation frequency f
and each band i:

Ry = 101g[M¢;/(1—Mg;)] (22)

The value of R¢; should be limited to the interval
—15, +15 dB. That is, if the caiculated value is
smaller than —15, the value of —15 dB should be
used. Likewise, if the calculated value is larger
than 15, the value of 15 dB should be used.

5.2.3.6 Determine the average apparent
speech-to-noise ratio for each Sl band i, R;, by
averaging the values of A;; across nine modula-
tion frequencies f (0.5 Hz to 16 Hz).

5.2.3.7 Measure, without any modulation, for
each band i, the spectrum level of the received
signal P;. This is the combined speech and noise
spectrum level (CSNSL).

NOTE - A properly calibrated system can use the
already measured value, y (See note in clause
5.2.3.4).

5.2.3.8 Calculate the equivalent speech spec-
trum level E'; and the equivalent noise spectrum
level N’; for band i:

© 1998 Acoustical Society of America
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E'i = Ri+ 10 1g [10%1Py(1+1001Ry]  (23)

N'i=E'i - R, (24)

5.2.4 Specification of equivalent hearing
threshold level. The scope of this standard is lim-
ited to otologically-normal listeners. For monaural
listening, the equivalent hearing threshold level is
defined as the arithmetic average of the hearing
threshold levels across the group of ears for which
Sli calculations are performed. For listeners within
the age limit of 18-30 years inclusive, the equiva-
lent hearing threshold level is, therefore, a hearing
level of 0 dB across all frequencies.

For groups of otologically normal listeners with the
hearing threshold level other than average (HL of
0 dB), appropriate values of the equivalent hearing
threshold level (i.e., of the average hearing thresh-
old level) should be used. For binaural listening the
value of the equivalent hearing threshold level for
monaural listening should be decreased by 1.7 dB
(reference 11).

5.3 Determination of equivalent speech,
noise, and threshold spectrum levels: method
based on MTFI/CSNSL measurements at the
eardrum of the listener

5.3.1 Necessary conditions. For monaural lis-
tening, it is required that: '

1) the communication system is either linear, or
that it can be approximated by a linear system in
the actual mode of operation (e.g., slow acting au-
tomatic gain control).

2) for binaural listening it is also necessary that, at
each frequency, neither the speech spectrum level
nor the noise spectrum level differ (either in ampli-
tude or in phase) in the right and the left ears of the
listener.

3) further, for binaural listening, it is required that,
at each frequency, the average hearing threshold
levels for the group of listeners for whom SlI cal-
culations are performed be equal in the right and
left ears (within 5 dB).

5.3.2 Applications. The primary applications of
these procedures are communication circum-
stances that do not satisfy the necessary condi-
tions of clauses 5.1 and 5.2.

5.3.3 Specification of equivalent speech and
noise spectrum levels. The methods of this
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clause are exactly the same as those
three exceptions:

1) the location for measurements of speech and
noise spectra;

2) the spectrum levels obtained by applying equa-
tions 23 and 24 are termed apparent speech and
noise spectrum levels; and

3) the apparent speech and noise spectrum levels
are adjusted to equivalent speech and noise spec-
trum levels by applying the free-field to eardrum
transfer function in an additional step in the proce-
dure.

Specifically, the procedures of 5.2.3 apply to the
procedures of 5.3.3 with the following changes:

5.3.3.2 Measurements of speech and noise
spectra shall be made at the equivalent of the ear-
drum of the listener by using a human head and
torso simulator designed for measurement of
acoustic pressure at the eardrum.

NOTE - For many applications the device described
in ANS! 83.35-1985 (R 1997) is adequate. Alterna-
tively, measurements could be performed on a large
number of ears of otologically normal subjects within
the age limit 18-30 years inclusive, using a probe
tube microphone located no more than 5 mm from
the eardrum. No fewer than eight ears of eight differ-
ent individuals should be used.

5.3.3.3 Calculate the apparent speech spectrum
level E ; and the apparent noise spectrum level N;
for band i:

Ei=R;+101g[10%"Py1 + 10%1Ri)] (25)

Ni=Ei-R; (26)

5.3.3.4 Calculate the equivalent speech spec-
trum level E’; and the equivalent noise spectrum
level N; for band i:

16

E'=E-H, (27
Ni=N;—-H; (28)

where H ; is the free-field to eardrum transfer func-
tion for calculation band i as listed in tables 1-4.

5.3.4 Specification of equivalent hearing
threshold level. See 5.2.4.

6 General relation between the
intelligibility of received speech and the
Speech Intelligibility Index

The intelligibility of received speech depends not
only on the SlI but also on other factors, such as
the nature of the message being transmitted (e.g.,
its syntactic, semantic, linguistic, and contextual
constraints) and the proficiency of the listeners
and talkers. In annex B a means of predicting
speech intelligibility based on the Sll and the na-
ture of the message is provided. However, for
communication systems where the nature of the
message and proficiency of the listeners and talk-
ers may vary greatly from one moment to another,
the intelligibility of speech also varies greatly. For
such general conditions, the Sll, calculated with
the importance function for average speech used
in this standard, is a better descriptor of the quality
of the communication system with respect to intel-
ligibility than any Sl calculated with a different im-
portance function.

The value of Sl required for a given communica-
tion system is, of course, dependent upon factors
whose importance can be evaluated only by the
users of the system. Approximately, however,
good communication systems have an Sli in ex-
cess of 0.75, while poor communication systems
have an Sl below 0.45.
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Annex A
(normative)
Sl for individuals with hearing loss

A.1 Scope

This annex extends the methods of the basic SlI
standard to include the average effects of elevated
hearing threshold levels. :

A.2 Purpose

Although the equivalent hearing threshold level is
one of the input variables of the Sli protocol, the
scope -of the Sll standard is limited to otologically
normal listeners. The reason for this is that some
hearing pathologies may have effects on speech
intelligibility above that predicted based on the
hearing threshold level alone. Various procedures
have been proposed for correcting the SlI protocol
to include these suprathreshold deficits (refer-
ences A1, A2, and A4). However, because the ex-
istence of suprathreshold deficit has not been suf-
ficiently documented (reference A3), this annex
provides a method for calculating Sil which in-
cludes only the effect of an elevated hearing
threshold level.

A3 Applications

The Sli, as calculated in this annex, represents the
average performance characteristic of a group of
individuals with the same audiogram and no su-
prathreshold deficits. It provides an insight into the
effects of the given hearing threshold elevation,
per se, on speech intelligibility. Therefore, the pro-
cedures apply to all hearing pathologies, but ac-
count only for the effects of hearing threshold loss.

A.4 Definitions

A.4.1 conductive hearing loss. Impairment of
hearing that occurs when there is interference with
the transmission of sound waves through the ex-
ternal and/or middle ears.

A.5 Calculations

In general, calculation and measurement details
are the same as those specified in clauses 4 and
5. The only modification concerns the calculation
of the speech level distortion factor, L ;, specified
in 4.6. Equation 11 of 4.6 should be modified to
include an additional loss factor, J;, where J; is
the part of the equivalent hearing threshold level
due to the presence of the conductive hearing loss
(conductive hearing loss component):

Li=1—(E's—U;—10 — J)/160. (A1)

E’, is the equivalent speech spectrum level, and U,
is the standard speech spectrum level at the nor-
mal vocal effort found in tables 1-4. If the calcu-
lated value of the distortion factor exceeds one,
the value of one should be used instead.

A6 Referen(;es

[A.1] Leijon, A. (1990) “Hearing aid gain for loud-
ness-density normalization in cochlear hearing
losses with impaired frequency resolution,” Ear
Hear. 12, 242-250.

[A.2] Ludvigson, C. (1987) “Prediction of speech
intelligibility for normal-hearing and cochlearly
hearing-impaired listeners,” J. Acoust. Soc. Am.
82, 1162-1170.

[A.3] Pavlovic, C.V. (1993) “Problems in the pre-
diction of speech recognition performance of nor-
mal-hearing and hearing-impaired individuals,” In
Studebaker, G.A. and Hochberg, 1. (eds.), Acous-
tical factors affecting hearing aid performance, 2nd
edition, Allyn and Bacon, Needham Heights, MA.

[A.4] Paviovic, C.V., Studebaker, G.A., Sherbe-
coe, R.L. (1986) “An articulation index based pro-
cedure for predicting the speech recognition per-
formance of hearing-impaired individuals,” J.
Acoust. Soc. Am. 80, 50-57.

Annex B
(informative)
Transferring Sl to speech intelligibility

The speech intelligibility score, a means for quan-
tifying the quality of a speech environment, is a
monotonically increasing function of the Speech
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Intelligibiiity Index. The exact form of this function
(i.e., transfer function) depends on the nature of
the message being transmitted (e.g., its syntactic,
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Table B.1 — Critical band importance functions for various speech tests.

Band Center NNS?2 CiD-22° NU6°® DRT¢ Short SPINf
No. Freq, Hz Passages®

1 150 0.0000 0.0507 0.0234 0.0122 0.0192 0.0130
2 250 0.0230 0.0677 0.0368 0.0553 0.0312 0.0478
3 350 0.0385 0.0641 0.0520 0.0581 0.0926 0.0451
4 450 0.0410 0.0552 0.0672 0.0672 0.1031 0.0470
5 570 .  0.0433 0.0474 0.0638 0.0680 0.0735 0.0523
6 700 0.0472 0.0468 0.0566 0.0667 0.0611 0.0591
7 840 0.0473 0.0466 0.0503 0.0587 0.0495 0.0591
8 1000 0.0470 0.0502 0.0465 0.0547 - 0.0440 0.0503
9 1170 0.0517 0.0586 0.0539 0.0563 0.0440 0.0503
10 1370 0.0537 0.0591 0.0576 0.0575 0.0490 0.0556
11 1600 0.0582 0.0586 0.0642 0.0625 0.0486 0.0699
12 1850 0.0679 0.0609 0.0741 0.0598 0.0493 0.0625
13 2150 0.0745 0.0596 0.0709 0.0555 0.0490 0.0602
14 2500 0.0750 0.0618 0.0621 0.0521 0.0547 0.0684
15 2900 0.0685 0.0501 0.0553 0.0480 0.0555 0.0638
16 3400 0.0662 0.0439 0.0505 0.0443 0.0493 0.0605
17 4000 0.0636 0.0370 0.0417 0.0356 0.0359 0.0534
18 4800 0.0607 0.0268 0.0291 0.0280 0.0387 0.0394
19 5800 0.0511 0.0201 0.0186 0.0237 0.0256 0.0291
20 7000 0.0216 0.0186 0.0141 0.0205 0.0219 0.0132
21 8500 0.0000 0.0162 0.0113 0.0153 0.0043 0.0000

aNNS (various nonsense syllable tests where most of the English phonemes occur equally often), °CID-W22 (PB-
words), °NU6 monosyllables, 9DRT (Diagnostic Rhyme Test), ®short passages of easy reading material, 'SPIN mono-

syllables

semantic, linguistic, and contextual constraints)
and on the proficiency of the talkers and listeners.
The transfer function should be developed by the
user for the type of speech material whose intelli-
gibility needs to be predicted and by employing
listeners and talkers whose expertise samples ad-
equately the population that will be using the sys-
tems.

in addition, for higher accuracy, the SH should be
calculated using the importance function charac-
teristic of the actual speech material that is em-
ployed. This, however, is not necessary in condi-
tions where the equivalent noise spectrum level
and the equivalent speech spectrum level are
roughly parallel. Tables B.1, B.2, and B.3 give the
importance functions of various types of speech
material for, respectively, the critical band proce-
dure, the 1/3-octave band procedure, and the oc-
tave band procedure. Included are the importance
functions for:

18

(1) Nonsense syllable tests of CV (consonant-
vowel), VC (vowel-consonant), and CVC (conso-
nant-vowel-consonant) type where most of the En-
glish phonemes occur equally often.

NQTE - For the derivation of this importance function
see reference B.6. It is appropriate for a number of
CVC, CV, or VC speech tests when a group of talkers
is used (e.g., Bell Laboratories tests, reference B.5),
or for the original recording of the Memphis Non-
sense Syllable Test (MNST) (reference B.11).

(2) Phonetically-balanced words of the CID-W22
test.

NOTE - For the test description see reference B.8.
The importance function was developed for the re-
cording by Technisonic Studios (reference B.13).

(3) Monosyliables of the NUG test.

NOTE - For the test description see reference B.16.
For the derivation of the importance function see ref-

© 1998 Acoustical Society of America
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‘Table B.2 — One-third octave band importance functions for various speech tests.

Band Midband NNS? CID-22b NUe° DRTH Short SPIN'
No. Freq, Hz Passages®
1 160 0.0000 0.0365 0.0168 0.0000 0.0114  0.0000
2 200 0.0000 0.0279 0.0130 0.0240 0.0153 0.0255
3 250 0.0153 0.0405 0.0211 0.0330 0.0179 0.0256
4 315 0.0284 0.0500 0.0344 0.0390 0.0558 0.0360
5 400 0.0363 0.0530 0.0517 0.0571 0.0898 0.0362
6 500 0.0422 0.0518 0.0737 0.0691 0.0944 0.0514
7 630 0.0509 0.0514 0.0658 0.0781 0.0709 0.0616
8 800 0.0584 0.0575 0.0644 0.0751 0.0660 0.0770
9 1000 0.0667 0.0717 0.0664 0.0781 0.0628  0.0718
10 1250 0.0774 0.0873 0.0802 0.0811 0.0672 0.0718
11 1600 0.0893 0.0902 0.0987 0.0961 0.0747  0.1075
12 2000 0.1104 0.0938 0.1171 0.0901 0.0755  0.0921
13 2500 0.1120 0.0928 0.0932 0.0781 0.0820 0.1026
14 3150 0.0981 0.0678 0.0783 0.0691 0.0808 0.0922
15 4000 0.0867 0.0498 0.0562 0.0480 0.0483  0.0719
16 5000 0.0728 0.0312 0.0337 0.0330 0.0453 0.0461
17 6300 0.0551 0.0215 0.0177 0.0270 0.0274  0.0306
18 8000 0.0000 0.0253 0.0176 0.0240 0.0145 0.0000

aNNS (various nonsense syllable tests where most of the English phonemes occur equally often), bCID-W22 (PB-
words), °NU6 monosyllables, DRT (Diagnostic Rhyme Test), ®short passages of easy reading material, fSPIN mono-

syllables

erence B.14. The importance function is appropriate
for the original recording of the test.

(4) Words of the two alternative Diagnostic Rhyme
Test (DRT) material.

NOTE - For the test description see reference B.17.
For the derivation of the importance function see

Table B.3 — Octave band importance functions for various speech tests.

reference B.4. The importance function is appropri-
ate for the original recording of the test.

(5) Short passages of easy reading material.

NOTE - For the test description see reference B.3.
For the derivation of the importance function see ref-
erence B.12. This importance function is also known

Band Midband NNS?2 CiD-22b NuUe° DRT¢ Short SPIN
No. Freq, Hz Passages®
1 250 0.0437 0.1549 0.0853 0.0960 0.1004  0.0871
2 500 0.1294 0.1562 0.1912 0.2043 0.2551 0.1493
3 1000 0.2025 0.2165 0.2110 0.2343 0.1960  0.2206
4 2000 0.3117 0.2768 0.3090 0.2643 0.2322  0.3022
5 4000 0.2576 0.1488 0.1682 0.1501 0.1744  0.2102
6 8000 0.0551 0.0468 0.0353 0.0510 0.0419  0.0306

aNNS (various nonsense syllable tests where most of the English phonemes occur equally often), bCID-W22 (PB-
words), °NU6 monosyllables, 9DRT (Diagnostic Rhyme Test), ®short passages of easy reading material, fSPIN mono-

syllables

© 1998 Acoustical Society of America
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as the importance function for continuous discourse
(reference B.12) or as the importance function for
easy speech (reference B.10).

(6) Monosyllables of the Speech in the Presence
of Noise (SPIN) test.

NOTE - This importance function was derived from
the data reported in reference B.1 for the revised ver-
sion of the SPIN test (reference B.2). It should also
be appropriate for any other version of the SPIN test
based on the speech material exiracted from the
Bolt, Beranek and Newman recording, including the
original version of the test (reference B.9). This im-
portance function is appropriate for both “high pre-
dictability” (PH) and “low predictability” (PL) items of
the test, as well as for the mean scored based on
both types of items.

B.1 Visual cues

Visual cues from observing the talker’s lips or face
contribute to the intelligibility of speech. Therefore,
transfer functions and importance functions devel-
oped for audio-only speech, cannot be used. For
each specific audio-visual communication setting
an appropriate transfer function and an appropri-
ate importance function need to be developed. An
alternative, but approximate, solution for con-
nected speech is to use the importance function
and the transfer function for audio-only speech but
predict the score based on the audio-visual Sil.
The following equation can be used for calculating
the audio-visual SlI (S,,} from the normally (audio
only) computed Sl (S) in the case of listeners not
specially trained in speech reading, and under
conditions of good visibility of visual cues (adapted
from references B.7 and B.16):

Say = b + ¢S (B1)

where b and ¢ are constants. For S not greater
than 0.2, b and c are, respectively, 0.1 and 1.5. For
S greater than 0.2, b and ¢ are, respectively, 0.25
and 0.75.

NOTE - In general, the benefit provided by visual
cues is inversely proportional to the degree of redun-
dancy between the visual and auditory conditions.
For consonant or vowel recognition, a measure of
redundancy can be determined from the specific er-
ror patterns for individual speech elements presented
under auditory and visual conditions.
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Annex C
(informative)
Examples of Sll computations

C.1 Example: Octave band procedure

An example of the calculation of the Sl using the
octave band procedure is shown in table C.1. Ex-
cept for STEP 3, the critical band and one-third
octave band the procedures parallei closely the
octave band method illustrated in this example.

Step 1: Band numbers, i, and the midband fre-
quencies of the octave bands, F;, which are listed
in table 4, are entered in table C.1.

Step 2: The equivalent speech E’;, noise N’;, and
hearing threshold T'; spectrum levels are supplied
by the user for the application at hand. The values
listed in table C.1 are only examples. Normally,
these values are determined either using methods
specified in clause 5, or other appropriate and vali-
dated means.

Step 3: For the octave band procedure, the
equivalent masking spectrum level Z; is equal to
the equivalent noise spectrum level N’;.

Step 4: The values for the reference internal noise
spectrum level, X;, also listed in table 4, are en-
tered in table C.1. The equivalent internal noise

spectrum level, X', is calculated using equation
10.

Step 5: The equivalent disturbance spectrum
level, D, is the larger of the equivalent masking
spectrum level, Z;, and the equivalent internal
noise spectrum level, X';. '

Step 6: The standard speech spectrum level at the
normal vocal effort, U;, is obtained from table 4
and the speech level distortion factor L | is calcu-
lated using equation 11 (limited to the maximum
value of 1.0).

Step 7: Values K; are calculated using equation
12 (limited to the interval from 0.0 to 1.0) and the
values of the band audibility function, A ;, are ob-
tained using equation 13.

Step 8: The values of the band importance func-
tion, /;, listed in table 4, are entered in table C.1
and are multiplied by their respective A ; values.
Finally, these products, /; A ;, are summed over all
bands i to obtain Sll. The result for this example is
Sil = 0.504.

Table C.1 — Worksheet for octave band Sl calculation example.

Step 1 Step 2 Step3 Step 4 Step5 Step 6 Step 7 Step 8
1 250 500 700 0.0 70.0 -39 -39 700 3475 097 000 0.00 006 0.00
2 500 400 650 0.0 650 97 97 650 3427 1.00 000 0.00 0.17 0.00
3 1000 400 450 00 450 -125 -125 450 25.01 097 033 032 024 0.08
4 2000 300 250 00 250 -17.7 -17.7 250 1732 0.98 0.67 066 027 0.17
5 4000 20.0 1.0 00 1.0 -259 -259 10 933 010 1.00 0.10 0.21 o0.21
6 8000 00 -15.0 0.0 -150 -7.1 -71 -7 1 1.13 1.00 074 0.73 0.05 0.04
Si1=0.50

© 1998 Acoustical Society of America
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Table C.2 — Worksheet for one-third octave band Sll calculation example.

Step 1 Step 2 Step 3
1 160 54.00 40.00 0.00 30.00 40.00 -45.59 40.00
2 200 54.00 30.00 0.00 30.00 30.00 -52.01 34.66
3 250 54.00 20.00 0.00 30.00 30.00 -51.42 25.04

C.2 Example: One-third octave band
procedure

The procedures for the critical band procedure,
equally-contributing critical band procedure, and
one-third octave band procedure are more com-
plex than those of the octave band procedure re-
ported in C.1 and typically necessitate an appro-
priate computer algorithm, particularly because of
the calculations of the equivalent masking spec-
trum in Step 3, clause 4.3. An example of these
calculations, for the first three one-third octave
bands, is summarized in table C.2.

The calculations for the critical band procedure
and the equally-contributing critical band proce-
dure are similar to those for the one-third octave
band procedure (equations 7 and 9 are used for
the one-third octave band procedure, while equa-
tions 6 and 8 are used for the critical band proce-
dure and the equally-contributing critical band pro-
cedure).

Step 1: Band numbers, i, and the nominal mid-
band frequency of the one-third octave bands, F;,
listed in table 3, are entered in table C.2.

Step 2: The equivalent speech, E’;, noise, N';,
and hearing threshold, T';, spectrum levels are
supplied by the user for the application at hand.
The values listed in table C.2 are only examples.

Step 3a: The self-speech masking spectrum level,
V;, is calculated using equation 5.

Step 3b: Values B, are calculated as the larger of
the equivalent noise spectrum level, N';, or the
self-speech masking spectrum level, V;.

Step 3c: The slope per octave, C;, of the spread of
masking due to band i is calculated using equation
7. For example, for band #1:

Cy=—80 + 0.6[By + 101g Fy — 6.353]
Cy=—80 + 0.6 [40 + 10 Ig (160) — 6.353]
— — 4659
22

Step 3d: For band #1, the equivalent masking
spectrum level, Z, , is equal to the equivalent noise
spectrum level, N’ .

Step 3e: For other than band #1, the equivalent
masking spectrum level, Z;, is calculated using
equation 9. For any given band, i, there are i ad-
dends within the brackets of this equation. While
the first of the addends represents the masking in
band i due to the noise in the same band (“in-band
masking”), the other i - 1 addends represent mask-
ing in band i due to the lower i - 1 bands (“spread
of masking”). For example, for band #3, there
would be three addends, one for the in-band
masking, one for the spread of masking from band
#1 to band #3, and one for spread of masking from
band #2 to band #3. Restating equation 9:

Z =101g 1100V’

i—1 «
+ 3 100-11Bic+3.32Ck1g (0.89Fi/F)] ©)
K

in symbols, the first terms for i = 3 become:

Zs = 10 Ig {10%1V3
+ 100.1[31 + 3.32C Ig (0.89F3/F4)]

+ 100-1[B2 + 3.32C; Ig (0.89F3 /FD)ly

or,

Z3 =10 1g {100-1(20)

+ 1091 [40+3.32* (—46.59)lg (0.89(250/160))]

+ 1091 [30+3.32*%(—~ 52.01)Ig (0.89(250/200))]}

Zs = 25.04 dB.
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OTHER ACOUSTICAL STANDARDS AVAILABLE FROM THE STANDARDS SECRETARIAT OF
THE ACOUSTICAL SOCIETY OF AMERICA

« ASA NOISE STDS INDEX 3-1985 Index to Noise Standards

S1 STANDARDS ON ACOUSTICS

+ ANSI $1.1-1994 American National Standard Acoustical Ter-

minology

+ ANSI §1.4-1983 (R 1997) American National Standard Speci-

fication for Sound Level Meters

* ANSI S1.4A-1985 Amendment to $1.4-1983

+ ANSI S1.6-1984 (R 1997) American National Standard Pre-

ferred Frequencies, Frequency Levels, and Band Numbers for

Acoustical Measurements

« ANSI $1.8-1989 (R 1997) American National Standard Refer-

ence Quantities for Acoustical Levels

* ANSI $1.9-1996 American National Standard Instruments for

the Measurement of Sound Intensity

« ANSI S1.10-1966 (R 1997) American National Standard

Method for the Calibration of Microphones

« ANSI S1.11-1986 (R 1993) American National Standard Speci-

fication for Octave-Band and Fractional-Octave-Band Analog

and Digital Filters

« ANSI S1.12-1967 (R 1997) American National Standard Speci-

fication for Laboratory Standard Microphones

» ANSI $1.13-1995 American National Standard Measurement of
- Sound Pressure Levels in Air

» ANSI §1.14-1998 American National Standard Recommenda-

tions for Specifying and Testing the Susceptibility of Acoustical

Instruments to Radiated Radio-frequency Electromagnetic

Fields, 25 MHz to 1 GHz

* ANSI S§1.15-1997/Part 1 American National Standard Mea-

surement Microphones, Part 1: Specifications for Laboratory

Standard Microphones

* ANSI S1.20-1988 (R 1993) American National Standard Pro-

cedures for Calibration of Underwater Electroacoustic Transduc-

ers

« ANSI $1.22-1992 (R 1997) American National Standard Scales

and Sizes for Frequency Characteristics and Polar Diagrams in

Acoustics

» ANSI §1.25-1991 (R 1997)American National Standard Speci-

fication for Personal Noise Dosimeters (Revision of ANS! §1.25-

1978)

« ANSI $1.26-1995 American National Standard Method for the

Calculation of the Absorption of Sound by the Atmosphere

« ANSI S1.40-1984 (R 1997) American National Standard Speci-

fication for Acoustical Calibrators

« ANSI $1.42-1986 (R 1992) American National Standard De-

sign Response of Weighting Networks for Acoustical Measure-

ments

+ ANSI §1.43-1997 American National Standard Specifications
- for Integrating-Averaging Sound Level Meters

S2 STANDARDS ON MECHANICAL VIBRATION
AND SHOCK

* ANSI S§2.2-1959 (R 1997) American National Standard Meth-
ods for the Calibration of Shock and Vibration Pickups

» ANSI S2.3-1964 (R 1997) American National Standard Speci-
fications for a High-Impact Shock Machine for Electronic Devices

« ANSI 52.4-1976 (R 1997) American Natianal Standard Method
for Specifying the Characteristics of Auxiliary Analog Equipment
for Shock and Vibration Measurements

+ ANSI 52.5-1962 (R 1997) American National Standard Recom-
mendations for Specifying the Performance of Vibration Ma-
chines

« ANSI $2.7-1982 (R 1997) American National Standard Balanc-
ing Terminology

* ANSI 52.8-1972 (R 1997) American National Standard for De-
scribing the Characteristics of Resilient Mountings

+ ANSI 52.9-1976 (R 1997) American National Standard Nomen-
clature for Specifying Damping Properties of Materials

« ANSI §2.10-1971 (R 1997) American National Standard Meth-
ods for Analysis and Presentation of Shock and Vibration Data
« ANSI $2.11-1969 (R 1997) American National Standard for the
Selection of Calibrations and Tests for Electrical Transducers
used for Measuring Shock and Vibration

« ANSI 52.13-1996/Part 1 American National Standard Mechani-

- cal Vibration of Non-Reciprocating Machines—Measurements on

Rotating Shafts and Evaluation—Part 1: General Guidelines

« ANSI S2.14-1973 (R 1997) American National Standard for
Specifying the Performance of Shock Machines

« ANSI 52.15-1972 (R 1997) American National Standard Speci-
fication for the Design, Construction, and Operation of Class HI
(High-lmpact) Shock-Testing Machine for Lightweight Equipment
* ANSI S2.16-1997 American National Standard Vibratory Noise
Measurements and Acceptance Criteria for Shipboard Equip-
ment

+ ANSI S2.17-1980 (R 1997) American National Standard Tech-
nigques of Machinery Vibration Measurement

+ ANSI S2.19-1989 (R 1997) American National Standard Me-
chanical Vibration—Balance Quality Requirements of Rigid Ro-
tors, Part 1: Determination of Permissible Residual Unbalance
» ANSI S2.20-1983 (R 1997) American National Standard for Es-
timating Airblast Characteristics for Single Point Explosions in
Air, With a Guide to Evaluation of Atmospheric Propagation and
Effects

«ANSI $2.31-1979 (R 1997) American National Standard
Method for the Experimental Determination of Mechanical Mobil-
ity. Part I: Basic Definitions and Transducers

« ANSI §2.32-1982 (R 1997) American National Standard Meth-
ods for the Experimental Determination of Mechanical Mobility.
Part Il: Measurements Using Single-Point Translation Excitation
+ ANSI $2.34-1984 (R 1997) American National Standard Guide
to the Experimental Determination of Rotation Mobility Properties
and the Complete Mobility Matrix

+ ANSI $2.38-1982 (R 1997) American National Standard Field
Balancing Equipment—Description and Evaluation

« ANSI §2.40-1984 (R 1997) American National Standard Me-
chanical Vibration of Rotating and Reciprocating Machinery—
Requirements for Instruments for Measuring Vibration Severity
» ANSI S2.41-1985 (R 1997) American National Standard Me-
chanical Vibration of Large Rotating Machines With Speed
Range from 10 to 200 rev/s—Measurement and Evaluation of
Vibration Severity in situ

* ANSI S2.42-1982 (R 1997) American National Standard Pro-
cedures for Balancing Flexible Rotors

» ANSI 52.43-1984 (R 1997) American National Standard Crite-
ria for Evaluating Flexible Rotor Balance
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- ANSI S2.45-1983 (R 1997) American National Standard Elec-
trodynamic Test Equipment for Generating Vibration—Methods
of Describing Equipment Characteristics

+ ANSI $2.46-1989 (R 1997) American National Standard Char-
acteristics to be Specified for Seismic Transducers

« ANSI $2.47-1990 (R 1997) American National Standard Vibra-
tion of Buildings—Guidelines for the Measurement of Vibrations
and Evaluation of Their Effects on Buildings

+ ANSI S2.48-1993 (R 1997) American National Standard Servo-
Hydraulic Test Equipment for Generating Vibration—Methods of
Describing Characteristics

« ANSI $2.58-1983 (R 1997) American National Standard Auxil-
iary Tables for Vibration Generators—Methods of Describing
Equipment Characteristics

+ ANSI S2.60-1987 (R 1997) American National Standard Bal-
ancing Machines—Enclosures and Other Safety Measures

» ANSI S2.61-1989 (R 1997) American National Standard Guide
to the Mechanical Mounting of Accelerometers

S§3 STANDARDS ON BIOACOUSTICS

« ANSI $3.1-1991 American National Standard Maximum Per-

missible Ambient Noise Levels for Audiometric Test Rooms

» ANSI $3.2-1989 (R 1995) American National Standard Method

for Measuring the Intelligibility of Speech Over Communication

Systems

» ANSI $3.4-1980 (R 1997) American National Standard Proce-

dure for the Computation of Loudness of Noise:

+ ANSI $3.5-1997 American National Standard Methods for Cal-

culation of the Speech Intelligibility Index

» ANSI $3.6-1996 American National Standard Specification for

Audiometers

» ANSI $3.7-1995 American National Standard Method for Cou-

pler Calibration of Earphones

« ANSI §3.13-1987 (R 1997) American National Standard Me-

chanical Coupler for Measurement of Bone Vibrators

* ANSI $3.14-1977 (R 1997) American National Standard for

Rating Noise with Respect to Speech Interference

» ANSI §3.18-1979 (R 1993) American National Standard Guide

for the Evaluation of Human Exposure to Whole-Body Vibration
_* ANSI $3.20-1995 American National Standard Bioacoustical

Terminology

« ANS!I S$3.21-1978 (R 1997) American National Standard

Method for Manual Pure-Tone Threshold Audiometry

+ ANSI §3.22-1996 American National Standard Specification of

Hearing Aid Characteristics

» ANSI $3.25-1989 (R 1995) American National Standard for an

Occluded Ear Simulator

« ANSI $3.29-1983 (R 1996) American National Standard Guide

to the Evaluation of Human Exposure to Vibration in Buildings

+ ANSI S3.32-1982 (R 1995) American National Standard Me-

chanical Vibration and Shock Affecting Man—Vocabulary

« ANSI $3.34-1986 (R 1997) American National Standard Guide

for the Measurement and Evaluation of Human Exposure to Vi-

bration Transmitted to the Hand

« ANSI S3.35-1985 (R 1997) American National Standard Meth-

ods of Measurement of Performance Characteristics of Hearing

Aids Under Simulated in-situ Working Conditions

* ANSI $3.36-1985 (R 1996) American National Standard Speci-

fication for a Manikin for Simulated in situ Airborne Acoustic Mea-

surements

* ANSI S3.37-1987 (R 1997) American National Standard Pre-

ferred Earhook Nozzle Thread for Postauricular Hearing Aids

+ ANSI $3.39-1987 (R 1996) American National Standard Speci-
fications for Instruments to Measure Aural Acoustic Impedance
and Admittance (Aural Acoustic Immittance)

+ ANSI $3.40-1989 (R 1995) American National Standard Guide
for the Measurement and Evaluation of Gloves Which are Used
to Reduce Exposure to Vibration Transmitted to the Hand

+ ANSI S$3.41-1990 (R 1996) American National Standard Au-
dible Emergency Evacuation Signal

« ANSI S3.42-1992 (R 1997) American National Standard Test-
ing Hearing Aids with a Broad-Band Noise Signal

* ANSI $3.44-1996 American National Standard Determination
of Occupational Noise Exposure and Estimation of Noise-In-
duced Hearing Impairment

+ ANSI S3.46-1997 American National Standard Methods of
Measurement of Real-Ear Performance Characteristics of Hear-
ing Aids

S$12 STANDARDS ON NOISE

» ANSI $12.1-1983 (R 1996) American National Standard Guide-
lines for the Preparation of Standard Procedures for the Deter-
mination of Noise Emission from Sources

* ANSI S§12.2-1995 American National Standard Criteria for
Evaluating Room Noise

* ANSI $12.3-1985 (R 1996) American National Standard Statis-
tical Methods for Determining and Verifying Stated Noise Emis-
sion Values of Machinery and Equipment

+ ANSI $12.5-1990 (R 1997) American National Standard Re-
quirements for the Performance and Calibration of Reference
Sound Sources

* ANSI $12.6-1997 American National Standard Method for the
Measurement of the Real-Ear Attenuation of Hearing Protectors
(Revision of ANSI $12.6-1984)

* ANSI $12.7-1986 (R 1993) American National Standard Meth-
ods for Measurements of Impulse Noise

» ANSI $12.8-1998 American National Standard Methods for De-
termination of Insertion Loss of Outdoor Noise Barriers

+ ANSI S$12.9-1988/Part 1 (R 1993) American National Standard
Quantities and Procedures for Description and Measurement of
Environmental Sound, Part 1

+ ANSI $12.9-1992/Part 2 American National Standard Quanti-
ties and Procedures for Description and Measurement of Envi-
ronmental Sound, Part 2: Measurement of Long-Term, Wide-
Area Sound

+ ANSI S12.9-1993/Part 3 American National Standard Quanti-
ties and Procedures for Description and Measurement of Envi-
ronmental Sound, Part 3: Short-Term Measurements with an Ob-
server Present

« ANSI S12.9-1996/Part 4 American National Standard Quanti-
ties and Procedures for Description and Measurement of Envi-
ronmental Sound, Part 4: Noise Assessment and Prediction of
Long-Term Community Response

» ANSI $12.9-1998/Part 5 American National Standard Quanti-
ties and Procedures for Description and Measurement of
Environmental Sound, Part 5: Sound Level Descriptors for
Determination of Compatible Land Use

« ANSI S$12.10-1985 (R 1997) American National Standard
Methods for the Measurement and Designation of Noise Emitted
by Computer and Business Equipment {Revision of ANSI §1.29-
1979)

+ ANSI S$12.11-1987 (R 1997) American National Standard
Methods for the Measurement of Noise Emitted by Small Air-
Moving Devices
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« ANSI $12.12-1992 (R 1997) American National Standard En-
gineering Method for the Determination of Sound Power Levels
of Noise Sources Using Sound Intensity

« DRAFT ANSI S12.13-1991 Draft American National Standard
Evaluating the Effectiveness of Hearing Conservation Programs
* ANSI $12.14-1992 (R 1997) American National Standard
"Methods for the Field Measurement of the Sound Output of Au-
dible Public Warning Devices Installed at Fixed Locations Out-
doors

« ANSI $12.15-1992 (R 1997) American National Standard for
Acoustics—Portable Electric Power Tools, Stationary and Fixed
Electric Tools, and Gardening Appliances—Measurement of
Sound Emitted

+ ANSI $12.16-1992 (R 1997) American National Standard
Guidelines for the Specification of Noise of New Machinery

* ANSI $12.17-1996 American Nationa! Standard Impulse Sound
Propagation for Environmental Noise Assessment

+ ANSI S12.18-1994 American National Standard Procedures
for Outdoor Measurement of Sound Pressure Level

« ANSI S12.19-1996 American National Standard Measurement
of Occupational Noise Exposure

« ANSI $12.23-1989 (R 1996) American National Standard
Method for the Designation of Sound Power Emitted by Machin-
ery and Equipment

« ANSI $12.30-1990 (R 1997) American National Standard
Guidelines for the Use of Sound Power Standards and for the
Preparation of Noise Test Codes (Revision of ANSI $1.30-1979)
« ANSI $12.31-1990 (R 1996) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Broad-Band Noise Sources in Reverberation Rooms (Revision of
ANSI| 51.31-1980)

+ ANSI §12.32-1990 (R 1996) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Discrete-Frequency and Narrow-Band Noise Sources in Rever-
beration Rooms (Revision of ANSI S1.32-1980)

* ANSI $12.33-1990 (R 1997) American National Standard En-
gineering Methods for the Determination of Sound Power Levels
of Noise Sources in a Special Reverberation Test Room (Revi-
sion of ANSI S51.33-1982)

« ANSI S12.34-1988 (R 1997) American National Standard En-
gineering Methods for the Determination of Sound Power Level-
sof Noise Sources for Essentially Free-Field Conditions over a
Reflecting Plane (Revision of ANSI §1.34-1980)

« ANSI $12.35-1990 (R 1996) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Noise Sources in Anechoic and Hemi-Anechoic Rooms (Revi-
sion of ANSI $1.35-1979)

« ANSI $12.36-1990 (R 1997) American National Standard Sur-
vey Methods for the Determination of Sound Power Levels of
Noise Sources (Revision of ANSI $1.36-1979)

« ANSI $12.42-1995 American National Standard Microphone-
in-Real-Ear and Acoustic Test Fixture Methods for the Measure-
ment of Insertion Loss of Circumaural Hearing Protection De-
vices

« ANSI $12.43-1997 American National Standard Methods for
Measurement of Sound Emitted by Machinery and Equipment at
Workstations and Other Specified Positions

« ANSI $12.44-1997 American National Standard Methods for
Calculation of Sound Emitted by Machinery and Equipment at
Workstations and Other Specified Positions from Sound Power
Level

For ordering information, please contact:

Standards Secretariat
Acoustical Society of America
120 Wall Street, 32nd Floor

New York, New York 10005-3993

USA

Telephone: +1 212 248 0373
Telefax: +1 212 248 0146
E-mail: asastds@aip.org
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STANDARDS SECRETARIAT
ACOUSTICAL SOCIETY OF AMERICA

The Standards Publication Program of the Acoustical Society of America (ASA) is
the responsibility of the ASA Committee on Standards (ASACOS) and the ASA
Standards Secretariat, headed by its Standards Manager.

The Acoustical Society of America provides the Secretariat for four Accredited
Standards Committees of the American National Standards Institute (ANSI): S1 on
Acoustics, S2 on Mechanical Vibration and Shock, S3 on Bioacoustics, and S12
on Noise.

These four Accredited Standards Committees also provide the United States input
to various international committees (IEC and ISO). Standards Committees S1
Acoustics and S3 Bioacoustics provide the United States input to ISO/TC 43
Acoustics, and IEC/TC 29 Electroacoustics, as the Technical Advisory Groups.
S12 on Noise serves as the U.S. Technical Advisory Group for ISO/TC 43/SCH
Noise, and for ISO/TC 94/SC12 Hearing Protection. S3 is the U.S. Technical
Advisory Group for ISO/TC 108/SC4 Human Exposure to Mechanical Vibration
and Shock. S2 serves as the U.S. Technical Advisory Group for ISO/TC 108,
Mechanical Vibration and Shock; ISO/TC 108/SC1, Balancing, including Balanc-
ing Machines, ISO/TC 108/SC2 Measurement and Evaluation of Mechanical Vi-
bration and Shock as Applied to Machines, Vehicles, and Structures; ISO/TC
108/SC3 Use and Calibration of Vibration and Shock Measuring Instruments;
ISO/TC 108/SC5 Condition Monitoring and Diagnostics of Machines; and 1ISO/TC
108/SC6 Vibration and Shock Generating Systems.

ASACOS and the ASA Standards Secretariat provide the Secretariat for the U.S.
Technical Advisory Groups listed above and administer the International Secre-
tariat for ISO/TC 108 Mechanical Vibration and Shock, ISO/TC 108/SC1 Balanc-
ing Machines, and ISO/TC 108/SC5 Condition Monitoring and Diagnostics of Ma-
chines.

Standards are produced in four broad areas: physical acoustics, mechanical

shock and vibration, bioacoustics, and noise, and are reaffirmed or revised every

five years. The latest information on current ANSI standards as well as those
under preparation is available from the ASA Standards Secretariat. For informa-
tion, please contact A. Brenig, Standards Manager, Acoustical Society of America,
120 Wall Street, 32nd Floor, New York, NY 10005-3993, USA. Telephone +1 212
248 0373, Telefax +1 212 248 0146, E-mail asastds@aip.org.
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