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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
measwre is called the Speech Intelligibility Index, or Sll. The Sil is calculated from acoustical
measurements of speech and noise. This standard is not a substitute for ANSI S3.2-1989 (R 1995)
American National Standard Method for Measuring the Intelligibility of Speech over Communication
Systems.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and $12 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
for developing, voting upon, and maintaining or revising its own standards. The
ASA Standards Secretariat administers committee organization and activity and
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-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered and that a concerted
effort be made towards their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this Standard.
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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
$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
level, 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 (Sli). 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 Socletyof 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 Hygiene Association .................... L.H. Royster

J.F. Meagher (Alt.)

Documents


http://www.avadocuments.com/doc/ansi-s3-5-1997-2020-scan
http://www.avadocuments.com/doc/ansi-s3-5-1997-2020-scan

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 (Af.)
AT T . e R.M. Sachs
M.S. Mayer (Alt)
Audio Engineering Soclety . .................. .. ... .l R.H. Campbell
M.R. Chial (Alt)
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.)
US.AIrForce ............ .o 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 Walter Reed Army Medical Center
Audiology and SpeechCenter ............................. R.W. Danielson
U.S. Navy Environmental HealthCenter .. ...... ... .......... 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. 8. 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.
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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 (Sll) 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
(SIt), 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

Sl 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 Sl 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 Sl 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 S3.2-1989 (R 1995) American National
Standard Method for Measuring the Intelligibility of
Speech over Communication Systems.

© 1998 Acoustical Socigty of America
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[2] ANSI S3.6-1996 American National Standard
Specifications for Audiometers.

[3] ANSI $3.20-1995 American National Standard
Bioacoustical Terminology.

[4] ANSI 83.21-1978 (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 Paviovic, 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 & |. 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] Paviovic, C.V. (1987) "Derivation of primary
parameters and procedures for use in speech in-
telligibility predictions,” J. Acoust. Soc. Am. 82,
413-422.

[12] Paviovic, C.V., Rossi, M., and Espesser, R.
(1990) “Statistical distribution of speech for vari-
ous languages,” J. Acoust. Soc. Am. 88, Suppl. 1,
S176.

[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] 2Zwicker, 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 S3.20-1995 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 (Sll). Product of
band importance function and band audibility func-
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Table 1 — Critical band SH 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 Reterence 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 daB dB
1 150 100-200 0.0103 3144 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 30.64 37.99 4522 51.68 -11.40 2.80
7 840 770-920 0.0577 2759 35.85 43.60 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 2352 3256 41.07 49.40 -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 47.65 -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 2235 30.98 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 $87.30 -24.90 14.90
17 4000 3700-4400 0.0577 933 16.78 25.41 34.41 -25.90 14.30
18 4800 4400-5300 0.0460 584 12.14 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 6235 68.34 74.85 8230

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

S=> 1A (1)
i=1

where n is the number of Sll 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 S, 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 Sli
value of 0.5 would likewise suggest that half of the
speech cues are delivered to the listener.

3.4 Sl 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 Sll calculations, differ-
ent Sll computational procedures can be imple-
mented. In this Standard, four computational proce-
dures are provided. In the order of accuracy they are:

Docunents
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Table 2 — Equally-contributing (17 band) critical-band Sll 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 43.68 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 -10.30 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 5143 -12.00 3.00
6 1000 920-1080 0.0588 25.01 33.86 4216 51.31 -1250 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 22.28 3091 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 3098 40.80 -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 -25.90 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 1537 25.17 -19.00 7.90

Overall SPL, dB 62.35 68.34 7485 8230

(1) Critical band procedure (21 bands),
(2) One-third octave band procedure (18 bands),
(3) 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
quotient 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 { Al;mour:ﬁf)/Ar]/[;oﬁ /8o T} (2)

© 1998 Acoustical S @UWIM@NtTS


http://www.avadocuments.com/doc/ansi-s3-5-1997-2020-scan
http://www.avadocuments.com/doc/ansi-s3-5-1997-2020-scan

