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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation gf national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a teghnical committee has been established has the right to be

represente

on that committee. International organizations, govern-

mental and|non-governmental, in liaison with ISO, also take part in the
work. ISO ¢ollaborates closely with the International Electrotechnical

Commissio

(IEC) on all matters of electrotechnical standardization.

The main tgsk of technical committees is to prepare International Stan-

dards, but
propose the
types:

— type 1, W
cation of

n exceptional circumstances a technical committee may
publication of a Technical Report of one of the following

hen the required support cannot be obtained for'the publi-
an International Standard, despite repeated efforts;

— type 2, when the subject is still under technical~development or

where fd

r any other reason there is the futurebut not immediate

possibility of an agreement on an International-Standard:

— type 3, W
kind fro

hen a technical committee has collected data of a different
that which is normally published as an International Stan-

dard (“sfate of the art”, for example);

Technical

ports of types 1 and-2"are subject to review within three

years of puplication, to decide~whether they can be transformed into
International Standards. Technical Reports of type 3 do not necessarily

have to be 1
longer valid

ISO/TR 487(

eviewed until the'data they provide are considered to be no
or useful.

, Which.is )a Technical Report of type 3, was prepared by

Technical Committee*ISO/TC 43, Acoustics.

It contains ¢

atay which are valuable in speech intelligibility testing, but

it is not expectedtobecomeamimtermatiomat-Standard:

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

A variety of perceptual tests have been developed in the past f]
the assessment of the intelligibility of speech communications,as af]
by spectral, amplitude, and temporal distortions of the spe€ech signa
by noise that arises from or in the acoustical, electrical”*(if any),
ear receptor path used for transmitting and transducing ‘speech from
talker to a listener. The principal tests developed for this purpos
been calied speech intelligibility tests and will‘be later defined i

Beyond factors related to the talkers, Jisteners, and a given ¢
ication system, there are two factors commén ‘to all speech intelligi]
tests that have a significant influence, oh"the scores obtained from
evaluation. These two common factors are: (1) the speech material
in the tests, and (2) for a given type of speech material, the tota
of alternative members of that maté&rial the listeners expect to be p
during a test. Without some knowledge about the contribution of the]
factors to the scores obtained)on a given speech intelligibility tes
meaningful comparisons and interrelations cannot be made with resped
test scores obtained in different investigations of speech intelligi

It is the purpose of this document to standardize fundamental
for the construction and calibration of speech intelligibility test
that reveal the‘eontributions to the test scores of the two common
mentioned above: Also, illustrative examples of recommended types
test materials possibly suited for such purposes as speech audiomet
evaluatioch)Sf room acoustics, or an electro-acoustic transmission s

given.
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The communication of thoughts and concepts through spoken 1
¥s’a broad and complex operation that is influenced by many other

pee

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 can 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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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 testsfor 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, cal¥ibration, and inter-
pretation of the results of standardized intelligibility
tests. ‘

1.2 The description of specific speech tests and related test pro-

Q

edures and measurements that are most appropriate for a given test
pplication are beyond the scope of this document.

)

2. DEFINITIONS FOR PRESENT PURPOSES

2.1 9Ypeech Sound

speech sound is the smallest identified unit of speech. These

s vawels (V) and consonants (C). Consonants that are, on occasion,

A

ynits of speech can be categorized into two general classes known

4

Used. as vowels in forming syllables of speech will, for purposes of
1

hig€ document on those accasions  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 Polysyllable

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

A word is a monosyllabic or polysyllabic unit of speech that has
an accepted meaning to the listeners.

2.5 Logatom

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

2.6 Test Jound

A parficular speech sound to be used in accordance to defined rules
to form test items.

2,7 Test Item
A partlicular monosyllabic or polysyllabic logatom, or word,to be
used iln accordance with defined rules for intelligibility measure-

ments.

2.8 Set offl Test Sounds

The particular test sounds that have been _taken from the total

set off possible (in a certain language) ©Or given (according to
major [frequency in a certain language Or according to certain rules)
soundd, to form test items. The set“of test sounds often is sub-
dividgd,dependent on the positionf(of the proper test sound in the
test item,into sets of initial, éentral, and final test sounds.

2.9 Set of Test Items

The pdrticular logatems”/or words that have been selected according
to deflined rules from the total amount of possible or given logatoms
or wonds to be used for intelligibility measurements.

2.10 Subsett Item

A spegch<{sound, logatom, or word, to be used in accordance with defined
rules |for intelligibility measurements. :

2.11 Phonemic Structure of Speech

Phonemic structure refers to the relative frequency of occurrence of
different speech sounds and their positions relative to other speech
sounds, in the syllables and words of a certain language.

2.12 "Phonetically Balanced" Lists

So called "phonetically balanced" (correct definition: phonemically
balanced) lists are achieved when each list contains about the same
propoXtion 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.

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

dontaining an equal number ol test i1tems. Typically Ior the closed-
det lists a number of subset ensembles are grouped together on one
list.

(Qpen Test List

pen lists of test items are made of items drawn randomly- from the

d

flotal set each time a list of test items is to be presented to
Yisteners. Typically a listener writes on an answer“sheet each test
i

iltem the listener believes was presented.

1=

ote: 1In 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 prier to the random selection of

items for succeeding lists.

Hseudo-open Test List

seudo-open lists of test(items are made of items drawn on the basis
f some specified set of phonemic rules, from the total set of items.

rder, thus drawn ils )maintained for successive uses of the lists.

B

q

The groupings of items\within each test list, but not their sequenfia]
g

Typically, a listener writes on an answer sheet each test-item the

]

istener believes was presented.

Repeat Test Items

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

Pseudo-open List Scrambling

The items assigned to each pseudo-open test list are 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.

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 item 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: rThe 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
possijply correct answers to each item presented during an inte€lligibility
test pn 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
answelrs by a listener to each item presented during an intelligibility
test |on the basis of the total number of items having audible phonemic
simillarities with each test items and which-are within the set of test
items| available to the speaker for presentation,

2.21 Intellligible Speech Sound, Logatom, or Word

A spdgech sound logatom or word is defined as being intelligible
when |[it is correctly perceived by a listener.

2,22 Percqnt Speech Intelligibility

Percgnt speech intelligibility is the percentage of items on a list
corrgctly identified by a listener or group of listeners corrected

for dhance identifications dictated by

the number «0f) alternative answers per item available to the listener.
This [numbexr' is taken for the open or pseudo-open test lists to be the
numbgrof items in the total message set from which the test lists are
drawrnt = = closed set—lists,this numb is +3 o—b

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

w
Iin%=—— (R - )

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.


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

2.23

Note 1:

ISO/TR 4870:1991(E)

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 training or test format, the identity of
all the possible alternative answers for each test item pre-
sented. TFor example, if the message-set consists of but 5
words, the listener would, on the average, score one out of

five correct, or 20%, merely by guessing the identity of each

test item.

Note 2:

Example 1. 1If there are |50 test items on an open or pseudo open

Under good listening conditions and high intelligibility
scores, the size of the real, as opposed to the apparent

set size of open or pseudo-open test list format, is of .minozx
concern, because, as reflected in the last term of the formul
for calculating percent speech intelligibility, the*correctig
for chance is negligible when most items are correctly per-
ceived. As the listening conditions and, acc¢ordingly, the
intelligibility scores are degraded, the redl message set siz
approaches the apparent size; i.e., the pumber of alternative
responses is perceived as being much larger in number than ig
the case under good listening conditfions. ¥For tests in which
the number of apparent alternativelanswers to cach test

item prescnted to the listener is" greater than about 50,

the correction for chance becOmes negligible and percent
speech intelligibility can .be taken as the percent items
correct on a test.

test listywith each item having 1000 alternatives
and 26 of the 50 test items were answered correctly
and 24.0f the items were answered incorrectly, the
percent of speech intelligibility would be 52%g,

of 5 alternative subset items, and 26 of the 50 test

items were answered correctly and 24 of the items werp

answered incorrectly, percent speech intelligibility
would be 40%, (100/50 (26 - 24/4) = 40%.)

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

it embedded.

Note 1:

The purpose of the carrier sentence is to provide: (1)

the talker with means of enunciating the words in a natural
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

e

(160/50 (26 - 24/1000)= 51.952% , or, to round off,
52%.) ' :
Examplec2: If there are 50 small-closed set test items each confgisting
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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
natural and necessary to provide operation of certain
electronic 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 with' the test 1items, otherwilse a variable inter-
action between that sound and different test items will

occur and influence the perception of the test item.

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

is measured in terms of the arithmetic average of the maximum sound
leviel reached during each of the test items, or the words’ of the
carrier phrase, respectively (see 3.7 below). The sound pressure

leviel will be A-weighted and measured with a sound,lé&vel 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

ligs when speaking in a free-field, or effective (in terms of there
beilng no adverse reverberation effects on the’ understandability of
thg speech) free-field being present at that position.

Thjmvocal effort used by the talker in a speech intelligibil¥ity test

2.25,° Ratle of Talking

Thg carrier sentence or phrase and“the test items will be uttered by
thg talker in a normal fashion( ), Normally continuous speech is uttered
at |a rate of approximately 5 _syllables per second.

2.26 Ideallized Speech Spectrum

Figure 1 shows the idéalized spectrum level of male voices at the level
typidal 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 ,
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 -6.0 dB
250 Hz -1.0 dB
400 Hz 0 dB

500 Hz +0.5 dB
1000 Hz -10.0 4B
2000 Hz -22.0 dB
4000 Hz -34.0 dB
6300 Hz -43.0 dB
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FIGURE 1 IDEALIZED SPEECH SPECTRUM AND SPECTRUM LEVEL OF
AUDIBILITY FOR CONTINUOUS SPECTRANSOUNDS. SPEECH
LEVEL SHOWN IS FOR TYPICAL EVERYDAY LISTENING
AND TALKING CONDITIONS AND .ISCABOUT 10 dB HIGHER
THAN THE LEVEL FOUND UNDER-QUIET CONVERSATIONAL
CONDITIONS.

The speech spectrum shown by“the solid, to 2500 Hz and dashed

line above 2500 Hz has been incorporated into a standard
for the calculation of. the" Articulation Index (Ref.1l). The solid curve
from 125 (0 6300 Hz'is deemed to be more proper on the basis of

recent studies (Ref. 2) and is the idealized speech spectrum
recomnended for 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 eadh
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 frequency
range 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 1: This spectrum shape can be approximated with a third
order filter.
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2.29

2.31

3.1

Note 2: One purpose of this definition is to provide a noise
spectrum that is somewhat representative of the everyday
real-life noises, including the babble of many voices,
that often interfere with speech communications.

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.

orse Level at—the Lizternerst Ears

-

Fhe 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 Publication 318.

n

peech-to-Noise Ratio

peech-to-noise ratio is the numerical difference between the sound
evel of the speech signal compared to the soupd{level of the noise
hen each are measured separately and at or référred to the same
coustical or electrical point in a communication system.

= 00

n-distorting Reference Speech TransmisSion System

r present and practical purposes. @ transmission system will be deeme
ree of any significant distortionleffects upon the transmitted speech
ignal when: (1) its frequency wesponse characteristics are uniform

((+ 2 dB) over the frequency range of 125 to 6300 Hz; (2) the noise
loor, on a spectrum level-basis, is at least 40 dB below the spectrum
evel of undistorted speech”’at all frequencies from 125 to 6300 Hz for
he speech at its average A-weighted sound pressure level, slow meter
ction (see 2.27 and (2)28 above); and (3) harmonic distortion does

t exceed 1% with pure-tone input signals at frequencies from 125 to
300 Hz at input.levels, A-weighted, that exceed by up to 18 dB the
iinput speech signal. This reference transmission system is to be
apable of 50~dB linear dynamic range with signal and noise each
easured on/a” spectrum level basis and providing speech to the listene
ars at ,a\sound level of 65 dB, as defined in 2.27 above.

RECOMMENDED TYPES OF TEST MATERIALS AND PROCEDURES FOR THEIR

RKEPARKATIUN AND CALIBKAT1ION

Large 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 650 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 can be best estimated, and achieved with the
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chosen test items, for the everyday speech of the lariguage. Each
list should contain at least one item that is presented more than
once within the list.

Note 1: Because of differences among languages with respect to
relative number of monosyllabic and polysyllabic words
occurring in the language, it is not feasible to recomm

the

end

that only one type of syllabic structure (monosyllabic or

polysyllabic) be utilized in the construction of these
tests.

Note 2: AS a result of the forced choice format with the displa

Note 2: The choice as to whether open-set or pseudo-open set)ite
lists are to be constructed for a given test situation
depends on how carefully the user wishes to maintain b3
in the test evaluation, the number of systemscor varial
to be evaluated, and the amount of testing timé or expd
can be devoted to the test evaluation.

Small Closed-Sets

A second type of test recommended for speech “intelligibility util
the small closed-set format. In this format test items are orgar
into lists of small subsets (the subset“size can vary for differs
test materials, typically ranging from\2 to 10 alternatives) in o
but one of the speech sounds, and always at the same position wit
the syllable, is varied. It is x€commended that the number of cH
small closed subsets be sufficiently large to test all, or nearly
consonantal types, and syllabid positions, with at least several
ferent vowels, and that each™subset contain as many alternative n
answers as feasible.

Note 1: This test fiormat can be responded to easily by the list
because the subsets can be visually displayed so that t
listenexmerely checks or indicates which item of the
visually displayed subsets the listener thinks correspd
to-the item presented audibly.

answers available to the listeners, the training time i
matter of but a few minutes before performance reaches

level that remains consistent, with a given communicati
system and test conditions, for an indefinite period of
for each listener. Accordingly, the test-retest reliab
is very good.

st
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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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3.4

3.5°

10

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 function".

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.

olse Mivinga
b=}

he noise is to be electrically mixed with the speech signal priof)ito
ts transduction to an acoustical form for presentation to the  listeng
he speech will be presented at a level of 65 dB (see 2.27) afid-the
oise for different tests, at levels of 71, 65, 59, 53 and 4708B, or
peech-to-noise ratios of -6, 0, +6, +12, and +18 dB (see’2.30). A
chematic block diagram of this reference calibration tést system is
iven in Figure 2.

e T 7, W 7 Wien SR W= [ W PR S |

| =]

alker (s)

[%e |

he training and tests will be conducted withyat least one male and
ne female talker, each having speech deemed by test or expert
pinion to be typical of a given nationaldty and language.

o0

Recording of Tests

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
gn a medium that is free of amplitude distortion, has harmonic dis-
fortion of less than 1 perceht, dynamic range of at least 50 dB and
g frequency response + 2 dB) between 125 and 6300 Hz.

]

SPEECH INPUT
MICROPHONE

oFEECH
RECORDING MIXER EARPHONES
PLAYBACK

(Connected to be
in phase)

SPECTRUM
SHAPED P4

NOISE ATTENUATOR
GENERATOR '

FIGURE 2 SPEECH TRANSMISSION SYSTEM WITH MASKING NOISE SOURCE

FOR CALIBRATION OF SPEECH INTELLIGIBILITY TESTS
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Voice Level Monitoring

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 4B + 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 thgt 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 punpose
of calibrating a speech intelligibility testland can bg recom-
mended for most intelligibility testing purposes. Howgver,
there are test applications where the carrier sentence
or phrase may not be deemed necessaryCor appropriate. |If
a speech intelligibility test is to¢be constructed for |use
without a carrier sentence or phrase, then the calibratfion
of that test will also be conducted without the use of |a
carrier sentence or phrase.

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 off 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 dHf at

any test frequency up to 4000 Hz and 15 dB at any test frequency [up to
and including 600Q\Hz.

Crew Size for €alibration Testing

It is regommended that a listening crew be sufficiently large so |[that
the variability of test scores is found to not decrease’with incyease
in crew-size. It is found that this will usually occur with a minimum
of /5\well-motivated, capable and well-trained crew members when gmall
closed message set test format is used and 10 members when the lgrge
pseudo-open set test format is used. More crew members may be rgqquired

if the crew members are less than well motivated to obtain relialle

test—Tresutts—The degree of statistical reliiabitity achieved for a
given test series should be calculated (see also 3.14 below).

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 minimum 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

1"
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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 well 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

(A

ote 1:

[~A

ote 2:

Large Pseudo-Open Small Closed
Set Tests™ Set Tests
Logatom Words Logatom Words
Typical -
talker )
training time 8 hours 1 hour 2 hours 5 minutes
Typical Lis-
tener training 24 hours 12 hours 2 hours A5 minutes
time
Typical permis-
sible testing
time following 200 hours 120 hours{ Wo limit No limit

training of
listener.

The first one-half of the tradming time for the large
pseudo-open set tests should be conducted with a speech

transmission system and n@ise condition that permits perfect

or near perfect 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.

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
wi€hin each 2-hour session, rest periods from the training

6f-about 5 to 10 minutes be provided about every 30 minutes.

*

Based on approximately 20 lists of 50 test items, eacb_
list internally scrambled.

12
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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.

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 ang
extrapolated to the data points.

Estimated Calibration Function for Referencé System and Masking Npise

Figure 3 illustrates the general natureé . of the final, smoothed cufves
to be expected with the subject reference speech system and maskihg

noise for intelligibility tests utilizing different types of speerh

materials. The functions shown in‘Figure 3 are drawn on the basip
of general conclusions of speegh intelligibility tests conducted
with English language test materials. However, it is believed thapt
similar relations will be .found with similar tests made from nearfly
all other languages.

Statistical Measures of Variability

In addition to-thé' calibration function representing the average
results for theentire 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—eof thetest resultsnear the extremesof —

0% and 100% correct are described in Ref. 3.

13
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5 and words (6(

.

Small Closed !
- Sets of 2 A
Words, 50 Sets I Key Words in
of Phonemic Simple Sentences
80 Elements \ (First Presentation|
Tested to Listeners)
' Monosyllabic Words (1000
t I Diffprpnt Words) Phnnnrirnlly_'
3 Balanced, Pseudo-Open Lists
é 60 L- of 50-100 ltems
L__i Mixture of Monosyllabic Logatoms
= ~. 1000 Different Syllables).
t‘_’ - Phonetically Balanced, Pseudo- —
Z Open Lists of 50-100 Items
l-z- 40 |- Small Closed Sets of Six Words, )|
w 50 Sets of Phonemic Elements Tested
O
5 / Test Vocabulary Limited to 256 Mondsyllabic
a - Words. Randomly Selected, Pseudo<©pen —
/ Lists of 25-50 Items
20 [ | .
NOTE These relations are approximates’/They depend upon
/ type of rmaterial and skill of ‘talkers and listeners
- These results are for normal talkers and pre-trained
listeners (about 8 threehour sessions) on each the
nonsense syllables and\ the monosyllabic words.
0 S N R N ) IR O N
-12 -9 -6 -3 0 3 6 9 12 15 18
SPEECH TO NOISE RATIO -— dB
Figure 3 Examples for certain English Language tests, of the general

to-noise ratio.

sound pressure level.
spectrum” and measured with A-weighting based on Ref. 1.

relation between percent intelligibility and wide-band speech-

The noise is present at the input to the communication system.
The speech/signal is undistorted, at a level of 65 dB, A-weighted
The noise is steady, with a speech-shaped

14
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Annex A
(informative)

Supplemental Information Relative to the Construction of a Speech

Intelligibility Test and Illustrative Examples

A.

1

Acoustical and Non-acoustical Factors in Intelligibility Testing

It is to be recognized that the understanding of the elements ©f’s
that is based primarily upon acoustical features as measured by a
given intelligibility test, is influenced by the listener/s‘-concep
of the set, frequency of occurrence, and arrangement of the diffen
elements included in the test. Concern for this psychological fad
within the listener is important to the proper construction and in
pretation of speech intelligibility tests.
Note 1: The purpose of the pseudo-open test kists, as distinct fn
the open test lists, is to make conVenient the obtainment

peech

ent
tor
ter-

om

and maintenance of some desired<{g¢ondition of phonemic ballance

and difficulty during a comparative testing series. This
phonemic balance and difficulty of test items generally p
mits the administration of ‘a fewer number, for valid resuy
of test lists per test condition than is possible with
the use of the open tést list format. This convenience
and reduction, for @ 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 items within each list are "scram
This delayed learning, when it occurs
reduces subsequently reliability and discrimination of th
psSeudo-open test lists with those listeners.

a number of times.

Note~2¢ " The alternative to the pseudo-open test list is the open
test list.

the test items are drawn randomly from the total set of

As indicated in 2.14, in the open test list,

er-
1ts,

bled"

[4)

test items, without replacement of items following the co

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
phonemic equivalence of the randomly constructed, or trul
open test lists, cannot be assured by this selection pro-
cess. Accordingly, it is necessary, in order to be certa
that each test condition is evaluated with phonemically

y

in

comparable speech material, to administer a greater number

of open set lists than pseudo-open set lists.

15
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Note 3:

Note 4:

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) as 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.

The purpose of list scrambling is to prevent the listeners

Note 5:

Note ¢:

Note 7:

Note 8:

16

from memorizing sequence contingencies for the items and
tp reduce the possible effect on item responses than can
cpme from the listeners learning, with repetitions of the
lists, that individually the test lists are not -truly open
tp the total message set. It is appropriate to also change
t
t

he repeat test items for different scramblings of each
est list.

In order that the closed-set test be a reasonably sensitive
measure or index of the intelligibility of normal sSpeech it
is necessary that each set contain as many itemS\as may be
cpnfusable 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, phomemic sounds of the
lhnguage are included on the test list&.

he real message set size, but notl\the apparent, for

ch test item of tests of the open or pseudo-open list
rmat varies significantly as functions of the noise and
eech signal conditions present during each intelligibility

st. For example, under .adverse noise or frequency dis-
rtion conditions the\number of items containing confusable
onemes increases relative to the number that are audi-
rially confusable under less adverse noise conditions.

cause of the constraints on responses available to the

stener with the small closed-set list format, the real
ssage {set size and the apparent set size remain about the
e regardless of noise and speech signal conditions. The
fficulty and discriminability of intelligibility tests is,
given type of tegt material a direct function of the

real message set size, the larger the size the greater the
difficulty and discriminative powers of the test.

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 one phonemic
element is based upon the perception of some other element in
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the polysyllable and the knowledge that certain phbnemic 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.

In some languages there are phonemic elements that appear only
—as parts of polysyllables, and—teo—the—extent—that—these—elemer
may discriminate among communication systems in ways not done“\}
monosyllabic words or logatoms, such polysyllables should: be
included as items in the intelligibility test.

¢

e 10; Lists can be constructed to contain various classes 0f phonemes

but not necessarily in the proportions found in thé language

as normally used for communications. It is appropriate to scox
such test lists according to the number of cerrect answers
obtained for each class of phonemes and to then multiply or coj
rect these scores in accordance with the’proportions each class
of phonemes is normally found in the given language.

ractical Compromises and Considerations,in Test Development,

tandardization and Usage

he choice of speech materials to 'Bé used for intelligibility testing
ust usually be a compromise to satisfy the following three goals:

1) ideally the speech test sHould present to the speech communicatig
ystem units, for scoring, ofspeech material that are at least as
ifficult to correctly perceive as are the more difficult units
usually individual words) of speech material to be perceived from
sage of the system imvxeal life; (2) the speech test must be reliable
o that the results-of an evaluation of one system or condition of

se can be compared-to those found for other systems or conditions

f use tested asg part of the same test program or as tested in a
eparate test/program; and (3) the training time and costs required
or conducting”the test are not prohibitive.

election\0f a Speech Intelligibility Test

lost speéch intelligibility’ tests represent the compromises between
ome '6f the principles specified in clause 3 of the main text and
rarious practical considerations related to the costs and time re-

ts
Py

n

uired to traim the test subjects and to aaminisSter ard Score tie
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 among 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.

17
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A.4 Diagnostic Articulation Test

A.5

18

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. For example,
with ¢nly 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 inté
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-
ligibjlity 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 n¢t to the extent to which this is done in the so-called diag-
nosti¢ speech test.

Senterjce Intelligibility Tests

The proper measurement of speech intelldigibility, as herein definegd,
requifes the use of phonemic contexts-.and balances and acoustic noise
conditions representative of normal speech communication. On first
thoughit, it might appear that phréses 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-
selveg for general speech . intelligibility tests: first, as mentioned
previgusly, the correct understanding of the speech sounds and words
of phfases or sentences., i§ significantly influenced by the know-
ledge [the listener has-0f the grammar, syntax, and meaning of the
ideas [involved; ingsmuch as these factors are present to different
degregs in different listeners, their operation in a speech intel-
ligibijlity test'Can obscure and confuse the evaluation of the
abilifies of(different transmission systems to transmit and
articglate wunderstandable speech sounds. In brief, the purpose of
the pyesént 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


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

