
TECHNICAL 
REPORT 

ISO 
TR 4870 

First edition 
199 l-1 2-l 5 

- - - - - - - m - - - - e  

Acoustics - The construction and calibration of 
Speech intelligibility tests 

Acoustique - l?iaboration et etalonnage des tests d’intelligibilite de 
Parole 

-- 
-- ---I_ -- 
--- ----~-_ ----.--..----- ----- - -.-..- ---m--w---- .---- 

~--- --.----- -.- -~ --- -- 

---- --- ----_-__.- .___ -__--. _- _..._-. ._._ _ __ _ _.... ._- 
Reference number 

lSO/TR 4870: 1991 (E) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 48

70
:19

91

https://standardsiso.com/api/?name=31e98dd53d22d4edb76d2bb4cb3761c4


ISO/TR 4870:1991 (E) 

Foreword 

ISO (the international Organization for Standardization) is a worldwide 
federation of national Standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. ISO collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

The main task of technical committees is to prepare International Stan- 
dards, but in exceptional circumstances a technical committee may 
propose the publication of a Technical Report of one of the following 
types: 

- type 1 ,w hen the required support cannot be obtained for th 
cation of an I nternational Standard 9 despite repeated efforts; 

e publi- 

- type 2, when the subject is still under technical development or 
where for any other reason there is the future but not immediate 
possibility of an agreement on an International Standard; 

- type 3, when a technical committee has collected data of a different 
kind from that which is normally published as an International Stan- 
dard (“state of the art”, for example). 

Technical Reports of types 1 and 2 are subject to review within three 
years of publication, to decide whether they tan be transformed into 
International Standards. Technical Reports of type 3 do not necessarily 
have to be reviewed until the data they provide are considered to be no 
longer valid or useful. 

ISO/TR 4870, which is a Technical Report of type 3, was prepared by 
Technical Committee ISO/TC 43, Acoustics. 

lt contains data which are valuable in Speech intelligibility testing, but 
it is not expected to become an International Standard. 

Annexes A and B of this Technical Report are for information only. 

0 ISO 1991 
All rights reservecf. No part of this publication may be reproduced or utilized in any form 
or by any means, electronie or mechanical, including photocopying and microfilm, without 
Permission in writing from the publisher. 

International Organization for Standardization 
Case Postale 56 l CH-1211 Geneve 20 l Switzerland 

Printed in Switzerland 
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Introduction 

A variety 03' perccptual tests have becii dcveloped i n thc pst for 
thc assessment of the intelligibility of Speech communications as affected 
by spectral, amplitude, and temporal distortions of the Speech Signal and 
by noise that arises from or in the acoustical, electrical (if any), and 
ear receptor path used for transmitting and transducing Speech from a 
talker to a listener. The principal tests developed for this purpose have 
been called Speech intelligibility tests and will be later defined in detail. 

Beyond factors related to the talkers, listeners, and a given commun- 
ication System, there are two factors common to all Speech intelligibility 
tests that have a significantinfluence on the scores obtained from a test 
evaluation. These two common factors are: (1) the Speech material employed 
in the tests, and (2) for a given type of Speech material, the total number 
of-alternative members of that material the listeners expect to be presented 
during a test. Without some knowledge about the contribution of these two 
factors to the scores obtained on a given Speech intelligibility test 
meaningful comparisons and interrelations ca nno t be made with respect to the 
test s‘cores obtained in different investigat ion s of Speech intelligibility. 

It is the purpose of this document to standardize fundamental methods 
for the construction and calibration of Speech intelligibility tests in ways 
that reveal the contributions to the test scores of the two common factors 
mentioned above. Also, illustrative examples of recommended types of Speech 
test materials possibly suited for such purposes as Speech audiometry, the 
evaluation of room acoustics, or an electro-acoustic transmission System are 
given. 

The communication of thoughts and concepts through spoken languages 
is a broad and complex Operation that is influenced by many other factors 
than the intelligibility based on the perception of acoustical features of 
the Speech Signal. However, the basic feature of Speech communication is an 
acoustical Signal, and the greater the understanding of the Speech derivable 
from perceptions of certain acoustical relations within the Signals, the more 
effective and general tan be the communication process, Intelligibility tests 
are aimed at the evaluation of the ability of a communication System or 
component, including the auditory mechanism of a listener, to effectively 
transmit basic acoustical information that is instrumental to the correct 
perception of Speech. 
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TECHNICAL REPORT ISO/TR 4870:1991 (E) 

Acoustics - The construction and calibration of Speech 
intelligibility tests 

1. SCOPE 

1.1 The present document is concerned with the description of: 

(a) methods for the construction of Speech tests for the '- 
measurement of the intelligibility of Speech transmitted 
by an analog or combination analog and digital communi- 
cation System; 

(b) a reference communication System and test conditions 
'. necessary to the development, calibration, and inter- 

pretation of the results of standardized intelligibility 
tests. 0 

1.2 The description of specific Speech tests and related test pro- 
cedures and measurements that are most appropriate for a give,n test 
application arc beyond the scope of this document. 

2, DEFINITIONS FOR PRESENT PURPOSES 

2.1. Speech Sound 

A Speech Sound is the smallest identified unit of Speech. These 
units of Speech tan be categorized into two general classes known 
as vowels (V) and consonants (C). Consonants that are, on occasion, 
used as vowels in forming syllables of Speech will, for purposes of ' 
this document on those occasions, be classified and included under 
the label V. 

2.2 Syllable 

A syllable is a pronounceable unit of Speech consisting of a vowel 
or a -combination of a vowel with one or more consonants. 

2.3 Polvsvllable " w 
c 

A polysyllable is a series of more than one syllable pronounced with 
liaison between syllables. 
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2.4 Werd 

A werd is a n~nosvl 1;lbic or polys~ll:~bic uni t o i' Speech that has . . 
an accepted me:lning t;o the lis tencrs. 

2.5 Logatom 

A logatom is a monosyllabic or polysyllabic unit that has no 
meaning to the listeners. 

2.6 Test Sound 

r\ particular Speech Sound to be used in accordance to defined rules 
to form test items. 

2.7 Test Item 

A particular monosyllabic or polysyllabic logatom, or word,to be 
used in accordance with defined rules for intelligibility measure- 
ments. 

2.8 Set of Test Sounds 

The particular test Sounds that have been taken from the total 
set of possible (in a certain language) or given (according to 
major frequency in a certain language or according to certain rules) 
Sounds, to form test items, The set of test Sounds often is sub- 
divided,dependent on the Position of the proper test Sound in the 
test itcm,into sets of initial, central, and final test Sounds. 

2.9 

2.10 

2.11 

2.12 

2 

Set of Test, Items 

The particular logatoms or words that have been selected according 
to defined rules from the total amount of possible or given logatoms 
or words to be used for intelligibility measurements. 

Subset Item 

A Speech Sound, logatom, orword,. to be used in accordance with defined 
ruies for intelligibility measurements. . 

Phonemic Structure of Speech 

Phonemic structure refers to the relative frequency of occurrence of 
different Speech Sounds and their positions relative to other Speech 
soundsl in the syllables and words of a certain language. 

"Phonetically Balanced" Lists 

So called "phonetically balanced" (correct definition: phonemically 
balanced) lists are achieved when each list contains about the Same 
proportion of the various classes or types of Speech Sounds as are 
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found to be, or presumed to be, present in specified Speech communi- 
cation with a given language. 

c 

2.13 Test List . 

A number of specially selected test items presented and scored as a 
Single test. Typically, for open or pseudo-open test lists, a 
relatively large set of items is divided into a number of lists each 
containing an equal number of test items. Typically for the closed- 
set lists a number of subset ensembles are grouped together on one 
list. 

2.14 Open Test List 

Open lists of test items are made of items drawn randomly from the 
total set each time a list of test items is to be presented to 
listeners. Typically a listener writes on an answer sheet each test 
item the listener believes was presented. 

Note: In Order to insure that the phonemic structure in the total 
set appears properly in the test lists, it is necessary not 
to replace the items drawn randomly for one test list back 
into the total set of items Prior to the random selection of 
items for succeeding lists. 

2.15 Pseudo-open Test List 

Pseudo-open lists of test items are made of items drawn on the basis 
of some specified set of phonemic rules, from the total set of items. 
The groupings of items within each test list, but not their sequential 
Order, thus drawn is maintained for successive uses of the lists. 
Typically, a listener writes on an answer sheet each testitem the 
listener believes was presented. 

2.16 Repeat Test Items 

Items within each open and pseudo-open test lists that are presented 
more than once within a list. 

2.17 Pseudo-open List Scrambling 

The items assigned to each pseudo-open test 1iSt arc reordered On a 
random basis within each scrambling of each test list, to provide a 
number of sequences of items for each test list which are novel, or 
seem to be novel, to the listeners. 

2.18 Closed-Set List 

Closed ensembles of the Order of 2 to 10 items per subset, are dis- 
played visually to listeners during the test. One itkm of each sub- 
set is presented acoustically to the listener during a test, at which 
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. . time the listener indicates, typically by a check mark on an- answer 
sheet, which item of the visually displayed subsets involved was most 
probably presented acoustically. 

Note: . The subset ensemble is characterized by one Speech Sound that is the 
nucleus of every test item in it. All the test items in a given 
ensemble are initiated (or terminated) by the Same Speech Sound and 
are terminated (or initiated) by different Speech Sounds. 

2.19 Apparent Message Set Size 

Apparent message set size refers to the number of alternative answers 
(to the presented items) presumed by a listener to be available as 
possibly correct answers to each item presented during an intelligibility 
test on the basis of the listener's knowledge of the total number of test 
items available to the speaker for presentation. 

2.20 Real Message Set Size 

Real message set size refers to the number of possible alternative 
answers by a listener to each item presented during an intelligibility 
test on the basis of the total number of items having audible phonemic 
similarities with each test items and which are within the set of test 
items available to the speaker for presentation. 

2.21 Intelligible Speech Sound, Logatom, or Werd 

A Speech Sound logatom or word is defined as being intelligible 
when it is correctly perceived by a listener, 

2.22 Percent Speech Intelligibility , 

Percent Speech intelligibility is the percentage of items on a list 
correctly identified by a listener or group of listeners corrected 
for Chance identifications dictated by 
the number of alternative answers per item available to the listener. 
This number is taken for the open or psetido-open test lists to be the 
number of items in the total message set from which the test lists are 
drawn'; for the small closed set lists, this number is taken to be the 

_ number of subset items or alternatives in a sub-set (note, not list size). 
In formula this tan be expressed as follows: 

100 
Iin%=- 

W 
(R T -N-l 1 

where T is the number of items in test and N is number of alternatives 
to each item. R is number of items right, W the number wrong. The 
last term is the correction for Chance in item identification. 
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. . . Note 1: By Chance is meant that the listener is able to correctly 
guess a certain number of test items inasmuch as the listener 
knows, because of treining or test formst,. the identity .of 
all the possible alternative answers for each test item Pre- 
sented. For example, if the message-set consists of but 5 
words, the listener would, on the average, Score one out of 
five correct, or 2QO/c, merely by guessing the identity of each 
test item. 

Note 2: Under good listening conditions and high intelligibility 
scores, the size of the real, as opposed to the apparent 
set size 0 
concern, b 

f open 
ecause 

or pseudo-open test list forma t, is of minor 
, as reflected in the last term of the formula 

for calculating percent Speech intelligibility, the correction 
for Chance is negligible when most items are correctly per- 
ceived. As the listening conditions and, accordingly, the 
intelligibility scores are degraded, the real message set size 
approaches the apparent size; i.e., the number of alternative 
responses is perceived as being much larger in number than is 
the case under good listening conditions. For tests in which 
C~W number of qparent alternative ans~ers to cach test 
itclll prescntcd to the listener is greatcr thcl.n about 50; 
the correction for Chance becomes negligible and percent 
Speech intelligibility tan be taken as the percent items 
correct on a test. 

Example 1. If there are 50 test items on an open or pseudo open 
test list with each item having 1000 alternatives 
and 26 of the 50 test ittims were answered correctly 
and 24 of the items were answered incorrectly, the 
percent of Speech intelligibilitv would be 52%. 
(109/50 (26 - 24/1000)= 51.952% ., or, to round Off, 
52%) 

Example 2. If there are 50 small-closed set test items each consisting 
of 5 alternative subset items, and 26 of the 50 test 
items were answered correctly and 24 of the items were 
answered incorrectly, percent Speech intelligibility 
would be 40%,(100/50 (26 - 24/4) = 40%.) 

2.23 Carrier Sentence or Phrase 

A sentence or Phrase of at least 4 words and that contains a test 
item but such that the correct understanding of the test item is not 
dependent upon the context or meaning*of the sentence in which it 

1 it embedded. 

Note 1: The purpose of the carrier sentence is to provide: (1) 
the talker with means of enunciating the words in a natura1 
manner and a controlled and measurable level of effort; 
(2) a regular temporal Separation of test items of suf- 
ficient duration to permit listeners to decide and record 
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their answers to each perceived test item; .and (3) ‘to pro- 
vide a "steady" stream of Speech Sounds that would be 
natura1 and necessary to provide Operation of certain 
electronie devices, such as automatic gain controls, and/or 
the acoustic reverberations that would be present in a room. 

Note 2: An example of an English carrier sentence used in some Speech 
intelligibility tests is "You will mark (or write) '(test 
item) now," It is important that the Speech Sound immedi- 
ately preceding the test items be pronounceable without 
liaison withthe test items, otherwise a variable inter- 
action between that Sound and different test items will 
occur and influence the perception of the test item, 

2.24 Vocal Effort of Talker in Terms of Measured Sound Level of Speech 

The vocal effort used by the talker in a Speech intelligibility test 
is measured in terms of the arithmetic average of the maximum Sound 
level reached during each of the test items, or the words of the 
carrier Phrase, respectively (see 3.7 below). The Sound pressure 
level will be A-weighted and measured with a Sound level meter complying 
with IEC 651 type 1, set on S characteristic and observed at, or referred 
to, a Point 1 meter in front of, and level with, the talker's 
lips when speaking in a free-field, or effective (in terms of there 
being no adverse reverberation effects on the understandability of - 
the Speech) free-field being present at that Position. 

2 25 . . . . Rate of Talking 

The carrier sentence or Phrase and the test items will be uttered by 
the talker in a normal fashion. Normally continuous Speech is uttered 
at a rate of approximately 5 syllables per second. 

2.26 Idealized Speech Spectrum 

Figure 1 Shows the idealized spectrum level of male voices at the level 
typical for everyday talking and listening conditions. 

Note: The average of the maxima SPL, A-weighted, slow meter, Per 
word of conversation typically equals 65 dB at one meter * 
in front of the talker in a business Office environment I 
and 55 dB for conversations in the home. # 

2.26.1 Table of Idealized Speech Spectrum 

The spectrum level relative to 400 Hz of the idealized Speech shown 
in Fig. 1 is as follows at the frequencies specified. 

125 Hz 
250 Hz 
400 Hz 
500 Hz 

1000 Hz 
2000 Hz 
4000 Hz 
6300 Hz 

-6.0 dB 
-1.0 dB 

0 dB 
+0.5 dB 

-10.0 dB 
-22.0 dB 
-34.0 dB 
-43.0 dB 
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- 
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FREQUENCY IN Hz 

FIGURE 1 IDEALIZED SPEECH SPECTRUM AND SPECTRUM LEVEL OF 
AUDIBJLITY FOR CONTINUOUS SPECTRA SOUNDS. SPEECH 
LEVEL SHOWN IS FOR TYPICAL EVERYDAY LISTENING 

. AND TALKING CONDITIONS AND IS ABOUT 10 dB HIGHER 
THAN T-HE LEVEL FOUND UNDER QUiET CONVERSATIONAL 

. CONDITIONS. 

The sWch spectrum shown by the soiid, to 2500 Hz and dashed 
line above 2500 Hz has been incorporated into a Standard. 
for the cakulation of the Articulation Index (Ref. 1) . The solid CUve 
from 125 10 6300 Hz is dcemed to be more proper on thc basis of 
wem Studies IRef. 2) and is the idealized Speech spect;rum 
recormnenckd fm- present purposes. 

2.27 Speech Level at the Listeners' Ears 

The Speech level with no noise present and with earphone listening 
is to be expressed as the arithmetic average of the maximum Sound 
levels (frequency weighted A, time weighted S) reached during each 
test time. This level is to be estimated from coupler calibrations 
as specified in IEC Publication 318. 

2.28 Speech-shaped Masking Noise 

Speech-shaped masking noise is defined as random white noise filtered 
such that its spectrum level falls within + 1 dB over the frequenoy 
r-ge of 125 to 6300 HZ of the idealized Speech spectrum for male 
voices shown by the upper solid curve in Fig. 1 and the values shown 
in table of 2.26.1, except that this will fall Off at the rate of at 
least 6 dB below 125 Hz and above 6300 Hz. 

Note i: Chis spectrm shape tan be approximated with a third 
Order filter. 
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Note 2: One purpose of this definition is to provide a noise 
spectrum that is somewhat representative of ehe everyday 
real-life noises, including the babble of many voices, 
that often interfere with Speech cormnunications. 

Note 3: A second purpose of using a Speech-shaped masking noise 
is that it equally interferes, on a temporal-average 
basis, with speech in all regions of the acoustical 
spectrum. 

2.29 Noise Level at the Listeneu& Ears . 

The noise level, with no Speech present and with earphone listening 
is to be expressed as the arithmetic average of Sound levels (A- 
weighted, slow meter Action) reached during the moments when each 
test item would be present. This level is to be estimated from 
Standard coupler calibrations as specified in IEC P&lication 318, 

2.30 Speech-to-Noise Ratio . 

Speech-to-noise ratio is the numcrical differente between the Sound 
level of the Speech Signal compared to the Sound level of the noise 
when each are measured separately and at or referred to the Same 
acoustical or electrical Point in a communication System. 

2.31 Non-distorting Reference Speech Transmission System 

For present and practical purposes a transmission System will be deemed 
free of any significant distortion effects upon the transmitted Speech 
Signal when: (1) its frequency response characteristics are uniform 
(+ 2 dB) over the frequency range of 125 to 6300 Hz; (2) the noise 
floor, on a spectrum level basis, is at least 40 dB below the spectrum 
level of undistorted Speech at all frequencies from 125 to 6300 Hz for 
the Speech at its average A-weighted Sound pressure level, slow meter 
action (see 2.27 and 2.28 above); and (3) harmonic distortion does 
not exceed 1% with pure-tone input Signals at frequencies from 125 to 
6300 Hz at input levels, A-weighted, that exceed by up to 18 dB the 
input Speech Signal. This reference transmission System is to be 
capable of 50 dB linear dynamic range with Signal and noise each 
measured on a spectrum level basis and providing Speech to the listener's 
ears at a Sound level of 65 dB, as defined in 2.27 above. 

3. RECOMMENDED TYPES OF TEST MATERIALS AND PROCEDURES FOR THEIR 

PREPARATION AND CALIBRATION 

3.1 Larqe Set Tests 

One type of intelligibility test recommended for evaluating the 
effectiveness of Systems used for normal Speech communication 
requires the use of a set of at least 1000 meaningful words or at 
least 6SO logatoms presented for conducting the test under several 
test conditions. It is recommended that the Chosen large set of 
items be separated into pseudo-open lists of at least 50 items each, 
each list should contain the Same number of each type of phonemes 
in similar positions in the words or logatoms and in about the Same 
Overall proportions as tan be best estimated, and achieved with the 

8 
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Chosen test items, for the everyday Speech of the lariguage. Esch 
list should contain at least one item that is presented more than 
once within the list- 

Note 1: Because of differentes among languages with respect to the 
relative number of monosyllabic and polysyllabic words 
occurring in the language, it is not feasible to recommend 
that only one type of syllabic structure (monosyllabic or 
polysyllabic) 'be utilized in the construction of these 
tests. 

Note 2: The choice as to whether open-Set or pseudo-open set test 
lists are to be cönstructed for a given test Situation 
depends on how carefully the user wishes to maintain balance 
in the test evaluation, the number of Systems or variables 
to be evaluated, and the amount of testing time or expense that 
tan be devoted to the test evaluation. 

Small Closed-Sets 

A second type of test recommended for Speech intelligibility utilizes 
the small closed-set fonnat. In this format test items are organized 
into lists of small subsets (the subset size tan vary for different 
test materials, typically ranging from 2 to 10 alternatives) in which all 
but one of the Speech Sounds, and always at the Same Position within 
the syllable, is varied. It is recommended that the number of Chosen 
small closed subsets be sufficiently large to test all, or nearly all, 
consonantal types, and syllabic positions, with at least several dif- 
ferent vowels, and that each subset contain as many alternative response 
answers as feasible. 

Note 1: This test format tan be responded to easily by the listener 
because the subsets tan be visually displayed so that the 
listener merely Checks or indicates which item of the 
visually displayed subsets the listener thinks corresponds 
to the item presented audibly. 

Note 2: As a result of the forced choice format with the displayed 
answers available to the listeners, th& training time is a 
matter of but a few minutes before Performance reaches a 
level that remains consistent, with a given communication 
System and test conditions, for an indefinite period of time 
for each listener. Accordingly, the test-retest reliability 
is very good. 

Note 3: It is to be noted that the small message set format permits 
one to readily identify the confusions that occur among the 
phonemes and that this information is sometimes of value in 
the diagnosis of the ability of a Speech communications 
System to transmit specific phonemic characteristics of Speech. 
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3.3 

3.4 

3.5 Talker 

The training and tests will be conducted with at least one male and 
one female talker, each having Speech deemed by test or expert 
opinion to be typical of a given nationality and language. 

3.6 Recording of Tests 

Calibration Function with Reference System and Masking Noise 

For present purposes, the relation between percent Speech intelligi- 
bility test scores and signal-to-noise ratios at the listeners' ears, 
is to be called a "Speech intelligibility test calibration functi&". 

It is recommended that the reference transmission System defined in 
Paragraph 2.31, the noise defined in 2.28 and the Speech as defined 
in 2.26, be used as the Standard for the calibration of all Speech 
intelligibility tests. 

Noise Mixing 

The noise is to be electrically mixed with the Speech Signal Prior to 
its transduction to an acoustical ferm for presentation to the listener, 
The Speech will be presented at a level of 65 dB (see 2.27') and the e 
noise for different tests, at levels of 71, 65, 59, 53 and 47.dB, or 
Speech-to-noise ratios of -6, 0, +6, +12, and +18 dB (see 2.30). A 
schematic block diagram of this reference calibration test System is 
given in Figure 2. 

The tests will be recorded with the talker in a part of the field in 
which the reverberant Sound is negligible and with a microphone and 
on a medium that is free of amplitude distortion, has harmonic dis- 
tortion of less than 1 percent, dynamic range of at least 50 dB and 
a frequency response + 2 dB between 125 and 6300 Hz. - 

FIGURE 2 SPEECH TRANSMISSION SYSTEM WITH MASKING NOISE SOURCE 
FOR CALIBRATION OF SPEECH INTELLIGIBILITY TESTS 
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3.7 Voice Level Monitorina . 

For purposes of these calibration function tests, the talker will 
use a level of vocal effort that would provide a level of intensity 
that measures on the average 65 dB + 3 for the words of the carrier - 
sentence or Phrase, at a distance of 1 meter in front of the talker's 
lips. The vocal effort of the talkers will be measured or estimated 
in accordance to definition 2.24. 

Note 1: It is recognized that the arithmetic average of the SPL 
of the individual test items may not be the Same as that of the 
words of the carrier sentence or Phrase. The purposes of 
the carrier sentence or Phrase are given in 2.23. 

Note 2: A carrier sentence or Phrase is recommended for the purpose 
of calibrating a Speech intelligibility test and tan be recom- 
mended for most intelligibility testing purposes. However, 
there are test applications where the carrier sentence 
or Phrase may not be deemed necessary or appropriate. If 
a Speech intelligibility test is to be constructed for use 
without a carrier sentence or Phrase, then the calibration 
of that test will also be conducted without the use of a 
carrier sentence or Phrase. 

3.8 Listener Crew Selection for Calibration Testing 

The listeners, male or female, shall be selected on the basis of 
having good hearing, normal experience in the use and spelling of the 
language to be used in the Speech tests, and be capable in other res- 
pects of normal Performance in test learning and participation. Good 
hearing for present purposes is said to be present in a person with a 
pure-tone audiogram that does not exceed a hearing level of 10 dB at 
any test frequency up to 4000 Hz and 15 dB at any test frequency up to 
and including 6000 Hz. 

3.9 Crew Size for Calibration Testing . 

It is recommended that a listening Crew be sufficiently large so that 
the variability of test scores is found to not decrease'with increase 
in Crew size. It is found that this will usually occur with a m inimum 
of 5 weil-motivated, capable and weil-trained Crew members when small 
closed message set test format is used and 10 members when the large 
pseudo-open set test format is used. More Crew members may be required 
if the crew members are less than well motivated to obtain reliable 
test results. The degree of statistical reliability achieved for a 
given test series should be calculated (sec also 3,14,below), 

3.10 Talker and Listener and Testing Time Training for Acoustical and 
Electrical System Testing 

. . . ^ .-- .._ . 
Table 2 summarizes the estimated time required for the training of 
typical talkers and listeners on the recommended Speech tests in 
Order to reduce to a near m inimum the changes that may occur in 
successive presentation to the Same test material due to learning 
of the materials and procedures. The allowed time for the testing 
of a crew of listeners following training is dictated by the fact 
that after the periods of time indicated, the Same listeners will 
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begin to know, for the large pseudo-open set tests the Order of 
appearance of items on the different scramblings of the test items 
as weil as the grouping of items within each list (i.e., the lists 

. are only pseudo-open to the entire large set of items). 

TABLE 2 Typical Talker and Listener Crew Training 
and Testing Time 

. Zarge Pseudo-Open Small Closed 
Set Tests* Set Tests 

Logatom Words Logatom Words 
Typical c 
talker 
training time 8 hours 1 hour 2 hours 5 minutes 

Typical Lis- 
tener training 24 hours 12 hours 2 hours 5 minutes 
time 

Typical pennis- 
sible testing 
time following 200 hours 120 hours No limit No limit 
training of 
listener. 

Note 1: The first one-half of the training time for the large 
pseudo-open set tests should be conducted with a Speech 
transmission System and noise condition that permits perfett 
or ncar pcrfect Speech intelligibility and the second half 
of the training time should be conducted with a Speech trans- 
mission System and/or noise condition that gives Speech 
intelligibility scores that do not, on the average, exceed 
50% correct for the large pseudo-open set tests and 70% 
for the small closed set tests. 

Note 2: It is recommended that, in general, Speech intelligibility 
training Sessions with the Same listening Crew not exceed 
2 hours per morning and 2 hours per afternoon and that 
within each 2-hour Session, rest periods from the training 
of about 5 to 10 minutes be provided about ev&y 30 minutes. 

* 
Based on approximately 20 lists of 50 test items, each .w- 
list internally scrambled. 
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3.11 Number of Tests 

At the completion of the training tests, a minimum of 3 different 
lists per talker of 50 items each for large set tests, or 3 different 
lists of 50 sub-tests per lists of small, closed set tests will be 
administered to the listening Crew at each of the signal-to-noise 
ratios specified in 3.4 The different conditions of signal- 
to-noise ratios and talkers will be presented in a random Order 
sequence with no more than 20 test lists presented within a three- 
hour test Session, including rest periods for the listeners for about 
10 minutes each between test periods of about 20 minutes each. 

3.12 Scoring 

Percent intelligibility scores will be found for each test as given 
in accordance with Paragraph 2.22. The percent intelligibility 
scores for each type of test under calibration will then be averaged 
for each talker and each signal-to-noise ratio- These results will 
be plotted on graph Paper with curves of best fit interpolated and 

. . extrapolated to the data Points, 

3.13 Estimated Calibration Function for Reference System and Masking Noise 

Figure 3 illustrates the general nature of the final, smoothed curves 
to be expected with the subject reference Speech System and masking 
noise for intelligibility tests utilizing different types of Speech 
materials. The functions shown in Figure 3 are drawn on the basis 
of general conclusions of Speech intelligibility tests conducted 
with English language test materials. However, it is believed that 
similar relations will be found with similar tests made from nearly 
all other languages. 

Statistical Measures of Variabilitv 

In addition to-the calibration function representing the average 
results for the entire crew of listeners and talkers,statistical 
measures,including the means and Standard deviations,.of the re- 
sults for given test conditions, listeners and talkers should be 
calculated and reported. 

Note: Statistical methods to take into account, to some 
extent, variability in test scores generally intro- 
duced by different states of training of the test 
subjects and to reduce the errors of asymmetrical 
variances of the test results near the extremes of 
0% and 100% correct are described in Ref. 3. 
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SPEECH TO NOISE RATIO -- dß 

Figure 3 Examples for certain English Language tests, of the general 
relation between percent intelligibility and wide-band speech- 
tokoise ratio. 

The noise is present at the input to the communication System. 
The Speech Signal is undistorted, at a level of 65 dB, A-weighted 
Sound pressure level. The noise is steady, with a Speech-shapcd 
spectrum and measured .with A-weighting based on Ref. 1. 
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Annex A 
(informative) 

Supplemental Information Relative to the Construction of a Speech 

Intelligibility Test and Illustrative Examples 

A.l Acoustical and Non-acoustical Factors in Intelligibility Testing 
and Speech Communications 

It is to be recognized that the understanding ,of the elements of Speech 
that is based primarily upon acoustical features as measured by a 
given intelligibility test, is influenced by the listener's concept 
of the set, frequency of occurrence, and arrangement of the different 
elements included in the test, Concern for this psychological factor 
within the listener is important to the proper construction and inter- 
pretation of Speech intelligibility tests. 

Note 1: The purpose of the pseudo-open test lists, as distinct from 
the open test lists, is to make convenient the obtainment 
and maintenance of some desired condition of phonemic balance 
and difficulty during a comparative testing series. This 
phonemic balance'and difficulty of test items generally per- 
mits the administration of a fewer number, for valid results, 
of test lists per test condition than is possible with 
the use of the open test list'format. This convenience 
and reduction, for a given degree of validity and dis- 
crimination, of testing time with the pseudo-open lists 
has a detrimental aspect in that after prolonged periods 
of testing of the Same listeners, the listeners will tend 
to learn the associations among words of the lists, even 
though the Order of the itemswithin each list are "scrambled" 
a number of times. This delayed learning, when it occurs, 
reduces subsequently reliability and discrimination of the 
pseudo-open test lists with those listeners. 

Note 2: . The alternative to the- pseudo-open test list is the open 
test list. As indicated in 2.14,in the open test list; 
the test items are drawn randomly from the total set of 
test items, without replacement of items following the con- . 
struction of each list. This procedure requires the use 
for each test condition of more lists than are generally 
required with the pseudo-open set test lists because the 
ghonemic equivalence of the randomly constructed, or truly w 
open test lists, cannot be assured by this selection pro- 
cess. Accordingly, it is necessary, in Order to be certain 
that each test condition is evaluated with phonemically 
comparable Speech material, to administer a greater number 
of open set lists than pseudo-open set lists. 
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Note 3: The purpose of repeating a small number of items within each 
list is to reduce the propensity of listeners to reject the 
perception of an item that appears later in a test list because 
it had been perceived (perhaps falsely) at appearing earlier 
in the list. The fact that some number of unspecified items 
are repeated in each list is, of course, to be known by the 
listeners. 

Note 4: The purpose of list scrambling is to prevent the listeners 
from memorizing sequence contingencies for the items and 
to reduce the possible effect on item responses than tan 
come from the listeners learning, with repetitions of the 
lists, that individually the test lists are nottruly open 
to the total message set. lt is appropriate to also Change 
the repeat test items for different scramblings of each 
test list- 

Note 5: -- In Order that the closed-set test be a reasonably sensitive 
measure or index of the intelligibility of normal Speech it 
is necessary that each set contain as many items as may be 
confusable one with the other under normal conditions of 
Speech communications and that as many message sets as are 
required to test all, or nearly all, phonemic Sounds of the *.- Ie. 
language are included on the test lists. .- . " 

Note 6: The real message set size, but not the apparent, for 
each test item of tests of the open or pseudo-open list 
format varies significantly as functions of the noise and 
Speech Signal conditions present during each intelligibility 
test. For example, under adverse noise or frequency dis- 
tortion conditions the number of items containing confusable 
phonemes increases relative to the number that are audi- 
torially confusable under less adverse noise conditions. 

Note 7: Because of the constraints on responses available to the 
listener with the small closed-set list formst, the real 
message set size and the apparent set size remain about the 
Same regardless of noise and Speech Signal conditions. The 
difficulty and discriminability of intelligibility tests is, 
for a given type of test material, a diyect function of the 
real message set size, the larger the size the greater the . 
difficulty and discriminative powers of the test. 

Xote 8: Because of: (1) normal language and test-length restraints 
upon the number of polysyllables suitable for intelligibility 
testing, and (2) the contingencies by the phonemic structures 
within and among the polysyllables to be employed, polysyllables 
tend to be relatively easy and nondiScriminative test items. 
That is to say, the apparent correct perception of on@ phonemic 
element is based upon the perception of some other element in 
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the polysyllable and the knowledge that certain phonemic elements 
are constrained to appear together in some polysyllable contexts; 
thereby, with polysyllables, the intelligibility is determined to 
some extent by non-acoustical factors and not solely on how well, 
as measured by intelligibility, the communication System articu- 
lates the relevant acoustical information. 

Note 9: In some languages there are phonemic elements that app-ear only 
as Parts of polysyllables, and to the extent that these elements 
may discriminate among communication Systems in ways not done by 
monosyllabic words or logatoms, such polysyllables should- be 
included as items in the intelligibility test, 

Note 10: Lists tan be constructed to contain various classes of phonemes, 
but not necessarily in the proportions found in the language 
as normally used for communications. It is appropriate to Score 
such test lists according to the number of correct answers 
obtained for each class of phonemes and to then multiply or cor- 
rect these scores in accordance with the proportions each class 
of phonemes is normally found in the given language. 

A.2 Practical Compromises and Considerations in Test Development, 
Standardization and Wage 

The choice of Speech materixls to be used for intelligibility testing 
must usually be a compromise to satisfy the following three goals: 
(1) ideally the Speech test should present to the Speech communication 
System units, for scoring, of Speech material that are at least as 
difficult to correctly perceive as are the more difficult units 
(usually individual words) of Speech material to be perceived from 

usage of the System in real life; (2) the Speech test must be reliable 
so that the results of an evaluation of one System or condition of 
use tan be compared to those found for other Systems or conditions . of use tested as part of the Same test pr'ogram or as tested in a 
separate test program; and (3) the training time and costs required 
for conducting the test are not prohibitive. 

A.3 Selection of a Speech IntelliEibilitv Test 
Most Speech intelligibilitytests represent the compromises between 
some of the principles specified in clause 3 of the main text and 
various'practical considerations related to the costs and time re- 
quired to train the test subjects and to administer and Score the 
tests. The monosyllabic, small closed set word test (see example 
below) appears to be the most practical of these tests, because of 
its ease of usage with untrained listeners and to be also particu- 
larly suited, for this reason, for the evaluation of the integrity 
of the Sound transmission and transduction components of the ear. 
However, to be able to more precisely discriminate tiong the capa- 
bilities of different Systems to transmit intelligible Speech 
under a wide variety of conditions, the large open or pseudo- 
open set lists of monosyllabic words or logatoms are the best. 
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A.4 Diagnostic Articulation Test 
Attention is also invited to a type of Speech test called "phoneme 
.discrimination", or "diagnostic" Speech tests (Refs. 4 and 5). In 
these tests the listeners are presented a small-closed.set of 
syllables with minimal phonemic associations in a format that permits 
the scoring of specific confusions between two selected phonemes 
that differ with respect to but one, so-called, distinctive feature. 
However, under conditions of everyday Speech communications, con- 
fusions in the perception of phonemes are not restricted to those 
related to but one distinctive feature, and, accordingly, these 
tests tend to be inordinately easy for the listener. I For example, 
with only a two-choice diagnostic test format, the listener will 
Score 50% correct on the average, merely by.guessing, whereas with 
normal Speech a greater choice of possible Speech Sounds spring into 
the listeners' minds as possibilities and, therefore, Cause a re- 
duced intelligibility. , 

Accordingly, these diagnostic Speech tests do not provide an index 
to the intelligibility of Speech communications that is adequate to 
discriminate among Speech transmission Systems that differ in intel- 
ligibility under normal usage. Obviously, as outlined previously in 
the text, all structured intelligibility tests utilize Speech material 
from restricted (compared to real-life communications) message sets 
but not to the extent to which this is done in the so-called diag- 
nostic Speech test. 

A.5 Sentence Intelligibility Tests 
The proper measurement 'of Speech intelligibility, as herein defined, 
requires the use of phonemic contexts and balances and acoustic noise 
conditions representative of normal Speech communication. On first 
thought, it might appear that phrases or sentences would provide 
appropriate test material for this purpose. However, there are two 
major reasons why phrases or sentences do not usually lend them- 
selves for general speechintelligibility tests: first, as mentioned 
previously, the correct understanding of the Speech Sounds and words 
of phrases or sentences is significantly influenced by the know- 
ledge the listener has of the grammar, Syntax, andmeaningof the 
ideas invoived; inasmuch as these factors are present to different 
degrees in different listeners, their Operation ina Speech intel- 
ligibility test tan obscure and confuse the evaluation of the 
abilities of different transmission Systems to transmit and 
articulate understandable Speech Sounds.. In brief, the purpose of 
the present intelligibility tests is not to measure the contri- 
bution of grammar, Syntax, meaning, etc., to Speech communications, 
but merely the contribution to Speech communications that is made 
possible by the transmission characteristics, in terms of under- 
standable Speech Sounds, to Speech communications. 

The second reason sentence intelligibility tests are generally not 
used is the practical Problem of creating a sufficient number of 
lists of sentences that are phonetically representative of Speech 
in general and yet of equal difficulty or familiarity to typical 

.members of'test listening crews. Specifically, test sentences, 
because of learning of the sentence structures, cannot be repeated 
with the Same listening crew in Order to obtain reliable or pro- 
perly discriminative, comparative intelligibility measures of 
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