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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The determin@ation of speech recognition threshold levels is described in a more gener

L of all the parts in the ISO 8253 series can be found on the ISO website.

Symbols:fer the graphical representation of speech audiometry results were introducedl.

aJ: manner.
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Introduction

Speech audiometry is used for the assessment of hearing in connection with diagnostic evaluation and
audiological rehabilitation.

The results of speech audiometry depend on the speech material and test method used. This document
sets conditions for speech materials in order to ensure minimum requirements of precision and
comparability between different tests using different speech materials including materials in different
languages. It also specifies procedures to be used when testing speech recognition.
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ISO 8253-1;Acoustics — Audiometric test methods — Part 1: Pure-tone air and bone conduction

ISO

eech audiometry

cope

document specifies basic methods for speech recognition tests for audiological applica

»
M

Examples of speech materials are given in Annex A.

fder to ensure minimum requirements of precision and comparability, between di
edures including speech recognition tests in different languages/“this docume
irements for the composition, validation and evaluation of speech testmaterials, and th¢
eech recognition tests. This document does not specify the contents’of the speech mate

hermore, this document also specifies the determination-of reference values and requi
realization and manner of presentation. In addition, there are features of speech test]
h are important to be specified, but which are not understood as a requirement.

document specifies procedures and requirements for speech audiometry with the r¢
brial being presented by an audiometer through a transducer, e.g., an earphone, bone
speaker arrangement for sound field audipfietry. Methods for using noise either for 1
test ear or as a competing sound are described.

e test subjects, for example childrenj-can require modified test procedures not spec
ment.

ialized tests, such as those usedfor evaluating directional hearing and dichotic hearing
cope of this document.

Normative referemnces

titutes requitements of this document. For dated references, only the edition cited

fions.

ferent test
t specifies
realization
rial because

rements for
s described

corded test
vibrator, or
nasking the

fied in this

are outside

following docGments are referred to in the text in such a way that some or all of their content

hpplies. For

ited refererices, the latest edition of the referenced document (including any amendments) applies.

audiometry

R253-2, Acoustics — Audiometric test methods — Part 2: Sound field audiometry with pi

re-tone and

narrow-band test signals

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

[EC 60645-1:2017, Electroacoustics — Audiometric equipment — Part 1: Equipment for pure-tone and

spee

ch audiometry

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8253-1 and ISO 8253-2 and
the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

speech signal

acoustic si

Note 1 to enflry: A speech signal can be a voice signal or an acoustic signal simulating a voice signdl:

3.2
testitem
particular 1
segment of
speech au

dt]
Note 1 to en

3.3
test list
number of

3.4
set of test i
selected nu

3.5
speech ma
entire set of

Note 1 to enfry: Usually the speech materialis subdivided into several test lists.

3.6
open-set t¢
test in whid

3.7
closed-set

test in whid|

3.8
phoneme
the smalles

39

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

al which carries information in a given language

honosyllabic or polysyllabic word, or logatom (3.12), or spondee, or séntence, or time-lin]
connected speech, used in accordance with defined rules of preseftation and scoring
ometric procedure

ry: Scoring may be based on a complete test item or parts thereof\being correctly recognized.

elected test items (3.2), presented and scored as.a.single unit

kems
mber of test items (3.2) from a test list

ferial
test items (3.4) which is used for speech recognition tests
st

h the number of dlternative responses to each test item (3.2) is unlimited

fest
h theadumber of alternative responses to each test item (3.2) is limited

lited
ina

t phonetic unit that distinguishes one word from another in a particular language

phoneme class
subdivision of phonemes that show characteristic similarities in vocal production mode as well as in
acoustical signal properties

3.10

phoneme distribution
relative distribution of the various phonemes within a given speech material (3.5)

© IS0 2022 - All rights reserved
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3.11

syllable

segment of speech consisting of an (optional) onset, a nucleus, and an (optional) coda, where the
nucleus most often consists of a vowel sound and the onset and coda most often consist of one or more
consonant sounds

3.12
logatom
syllabic unit that has no verbal meaning to the listener

Note 1 to entry: A logatom is sometimes called a “nonsense syllable”.

h of the test

ronnections

stic coupler,

r of signal
in 50 % of

resentation
and pt acspecified speech level, the percentage of correctly recognized test items (3.2) or scgrable items
if the Seoring method is not based on whole test items (3.2)

3.19

speech audiogram

graphical representation of the results of speech audiometry, where the speech recognition score is
plotted as percentage along the ordinate and speech level, in dB, or hearing level for speech, in dB, or
speech-to-noise level difference, in dB, along the abscissa

3.20

maximum speech recognition score

for a given test subject, for a specified speech material (3.5) and a specified manner of signal
presentation, the maximum speech recognition score obtained regardless of the speech level

©1S0 2022 - All rights reserved 3
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3.21

speech recognition threshold level
for a given test subject, for a specified speech material (3.5) and a specified manner of signal
presentation, the lowest speech level at which the speech recognition score is equal to 50 % or another
specified value

Note 1 to entry: Speech recognition threshold has been called “speech reception threshold”.

3.22

reference speech recognition threshold level
for a specified speech materzal (3.5)and a spec1f1ed manner of 51gnal presentatlon the medlan value of

the speech
both sexes,

3.23

hearing le
for a speci
minus the a

3.24

optimum s
for a given
the speech

3.25

half-optim
for a given
the speech

3.26

between 18 years and 25 years inclusive for whom the speech materlal (3.5)1is approprl

el for speech
ied speech material (3.5) and a specified manner of signal presentations-the speech
ppropriate reference speech recognition threshold level

peech level

evel or range of speech levels at which maximum speech re€égnition score is obtained

im speech level

evel at which half of the maximum speech recognition score is obtained

most comfortable level for speech

for a given
speech leve
comfortable

3.27

speech rec
for a given
presentatio

3.28

reference §
for a specif
speech recq
normal per
material (3.

test subject, a specific speech material-(3.5) and a specified manner of presentation
| at which the loudness of the speech signal (3.1) is judged by the test subject to be 1

h

pgnition curve

h, a curve that describes the speech recognition score as a function of speech level

peech recognition curve

ed speech. material (3.5) and a specified manner of presentation, a curve that describe
gnitiomscore as a function of speech level for a sufficiently large number of otologi
sons ofboth sexes, aged between 18 years and 25 years inclusive and for whom the sp
5)-is\appropriate

s, of

evel

Fest subject, for a specified speech material and a specified manner of signal presentaion,

Fest subject, for a specified speech material and a@pecified manner of signal presentaion,

the
most

test subject, for a_specified speech material (3.5) and a specified manner of signal

5 the
cally
eech

3.29
competing
additional s

3.30
competing

sound
ound that is presented during speech recognition tests

sound level

sound pressure level of a competing sound as measured in an appropriate acoustic coupler, ear
simulator or in a sound field, with a specified frequency and time weighting

Note 1 to entry: The frequency and the time weighting should be according to [EC 61672-1.
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SNR

ISO 8253-

speech-to-noise ratio
speech-to-noise level difference

diffe
3.32

rence between the speech level and the competing sound level

effective masking level for speech
level of a specified masking sound equivalent to that hearing level for speech to which the speech
recognition threshold level for a specified speech signal (3.1) would be raised by the presence of that
masking sound

3:2022(E)

4

4.1
Each
a)

b)
4.2
The

b)

4.3

The
spea
geng
VOCa

NOT

Requirements for recording of speech material

General requirements
recording shall contain the following signals:
Lhe speech material;

h signal for the calibration of the equipment for speech audiometry.

Calibration signal
calibration signal shall meet the following requirements:

A minimum duration of 60 s.

specified in IEC 60645-1:2017, 6.5.3, a_band of noise centred at 1 kHz and having a b4
pbne-third octave, or a frequency-modulated tone at 1 kHz having a bandwidth of at lea
bctave — the modulating signal shalVbe either sinusoidal or triangular with a repetitio
Fange from 4 Hz to 20 Hz.

TChe calibration signal for,earphones or bone vibrators shall be as specified in b). Altg
pure-tone signal may be-used.

Reference recording

voice charagteristics of the speaker influence the test results. For general-use tests

rally well understood dialect. The speaker shall be instructed to maintain clarity, natur
| effortand avoid emphasis on keywords.

E (1~ " Tests with representative speech facilitate the comparison of results.

Che calibration signal for sound-field speechaudiometry shall be a weighted random njoise, e.g., as

indwidth of
5t one-third
h rate in the

rnatively, a

, a suitable

ker, eitherymiale or female, shall have a normal and clear articulation and should speak with a

al pace, and

NOTE 2  For some applications, e.g., localized speech tests, a specific dialect can be required.

A reference recording mainly consists of the elements specified in 4.1. The reference recording shall not
be modified. All speech materials used for testing shall be equivalent copies of the reference recording.
Any changes of the reference recording (e.g., a new recording or changes of levels or frequency content)
require a new validation (see Clause 5).

For speech audiometry intended to be performed in noise, the reference recording shall also include the

asso

ciated competing sound or sounds, either on the same or on separate channels.

© IS0 2022 - All rights reserved
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4.4 Recording environment

The room in which the speech is recorded shall be sufficiently quiet to provide a signal-to-noise ratio of
atleast 40 dB and should have a reverberation time of less than 0,5 s at any frequency in the range from
125 Hz to 8 000 Hz.

4.5 Recording setup

The frequency response of the recording setup, including the microphone used, shall be documented
along with the recording setup at least in the frequency range from 125 Hz to 8 000 Hz.

NOTE
superior.

The quality of the recording and negligible loss of quality after repeated use make digital recerdlings

q

The signal-
frequency y

to-noise ratio of the recording shall be at least 40 dB when measured usingthe
Veighting as for measuring the speech level.

ame

4.6 Signals and levels

A speech test may comprise different types of signals. Common signals are ealibration signals, spgech
signals, anrjouncing signals and competing sound signals.

NOTE1 Nptall speech tests comprise all of these signal types. The minimGm'type expected to be compriged is
speech signdls.
NOTE 2

Speech signals can be logatomes, syllables, words, or sentehces.

4.6.1 Caljbration signals

Calibration
the calibrat
equipment.
pressure lej

NOTE1 A
software ang

signals may comprise a signal used to determine the sound pressure level (referred {
ion signal) and additional signals used.fo check, for instance, the frequency response o
A speech test should not comprise mére than one calibration signal to determine the s
rel.

| to adjust the equipment untilaparticular sound pressure level is reported by a suitable level nj

After that, the software is able to set/the/output to any required sound pressure level by adjusting eithe

signal amplit

If a speech {
as equivale
in IEC 6167
documente

ude or the audiometer level (attenuator or amplifier level).

est comprises a calibration signal, the calibration signal level shall be stated and meas
it continuous¢sound pressure level (L.,) with one of the frequency weightings spec

l within the’speech test.

NOTE 2

e tossommon speech spectra shapes, frequency weighting Z (linear) is expected to yield the

levels as weighting'C. However, weighting C can be preferred in order to avoid influences of unheard interf

{

0 as
the
und

common calibration procedureis to play the calibration signal in a defined state of the audionjetry

eter.
r the

hred
ified

2-1. For digital*calibration signals, its root mean square (RMS) level re. full scale shalll be

bame
bring

noise (with yergllow or very high frequencies).

NOTE3  Notall sound level meters allow to determine L, but instead provide particular time weightings (e.g.,
exponential “FAST” or “SLOW"). For an unmodulated or little modulated calibration signal, a slow time weighting
can be a good approximation of L.

If a speech test does not comprise a calibration signal, a particular part (subset) of the speech signals
shall be specified which is to be used to determine the speech level in a calibration procedure. In this
case, the speech level shall be stated and measured in the same way as defined above for the calibration
signal level.

NOTE4  When speech signals are used for calibration, a time weighting of the sound level meter is not a good
approximation of L.

© IS0 2022 - All rights reserved
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4.6.2 Speech signals

The relation (amplitude ratio or level difference in dB, respectively) of all speech signals to the signal
used for the calibration shall be documented within the speech test. The nominal speech level is given
by the level of the calibration signal when played at a nominal level difference of 0 dB.

EXAMPLE If a speech signal has a level difference of -3 dB with respect to the calibration signal and the
speech signal is to be presented at a level of 60 dB, the equipment is adjusted to yield a calibration signal level of

63 dB while playing the speech signal.

NOTE1 Speech signals might be adjusted in their level in order to adjust their intelligibility. Henc
speech signal cannot be equal to the L__ of the calibration signal even when their nominal level diffe

For speech test lists based on single test items separated by silent intervals, the intégra
e these intervals. For test lists based on single test items with a carrier phrase, the integration
test ftems only. In a digital recording, the silent intervals can be removed by editing. Numérical co
also pe made by determination of the total duration of the test items and the total duratign of the sil

4.6. Announcing signals

e, the L, ofa
rence is 8 dB.

ion does not
includes the
'rection may
bnt intervals.

Annpuncing signals are optionally employed to be played in advance«0f’a particular speech signal, e.g.

to infcrease the attention. Their level might differ from the speech level, e.g., might be highe
be better understandable.

calibration shall be documented within the spe€ech test. The nominal competing sound leve
the level of the calibration signal when played at a nominal level difference of 0 dB.

[
»

NOT
even

Due to historical or other reasopns, different competing sound signals may yield differe
when their nominal level difference-is.0"dB.

4.7 | Phonemic equivalence:across test lists

The phoneme distribution shall be equal across test lists.

L
n
M

NOT This does notrequire all phonemes be equally distributed within the test lists.

Ins
lists
fricq

me cases, itmay not be possible to achieve perfect phonemic equivalence. In such ca

tives, nasals, long and short vowels.

4.8 | Perceptual equivalence across test lists

" in order to

bch test at a
(amplitude

or level difference in dB, respectively) of all.lcompeting sound signals to the signal ysed for the

is given by

nt L, values

bes, the test

shall be phenemically equivalent based on phoneme classes, e.g., voiced and unvoiced plosives and

All test lists of a specific speech material shall be perceptually equivalent, i.e., the result of the speech

recognition test shall be independent of the choice of test list.

The speech recognition curves for all test lists shall have been determined in such a way that the speech

recognition threshold level can be determined. All speech recognition curves measured as
shall be within a range to be documented (see 5.5 k).

NOTE In order to increase the perceptual homogeneity of the speech material, speech recognitio
between the particular speech test items can be minimized (see Annex D).

© IS0 2022 - All rights reserved
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5 Validation of speech material recordings

5.1 General

For the validation, equipment fulfilling the requirements of IEC 60645-1 shall be used. Testing shall
be performed monaurally for earphone or bone vibrator presentation. For sound field audiometry, the
loudspeaker arrangement specified for the intended use of the speech material shall be applied. Only

complete te

st lists shall be used.

5.2 Determination of reference speech recognition curve

The referer
be determil
normal per
language of]
10 dB at th
6 000 Hz, 4
below 15 d}I
levels of tes

NOTE T

If the spe¢d
recognition
the same ag

To achieve
performed

ce speech recognition curve for each speech material and manner of presentation
ied by performing speech recognition tests using a sufficiently large group of pfologi
sons of both sexes, between 18 years and 25 years inclusive, whose first language i
the speech material. The hearing threshold levels of the test subjects should.b€ at or b
e frequencies 250 Hz, 500 Hz, 750 Hz, 1 000 Hz, 1 500 Hz, 2 000 Hz, 3-000 Hz, 4 00(
nd 8 000 Hz. At a maximum of two frequencies the hearing threshold lével may be
. If this criterion is not met, the minimum requirements for the pureftone hearing threg
t subjects shall be specified by the laboratory carrying out the validation.

he necessary minimum number of subjects can be determined accerding to Annex F.

ch recognition test is intended to be performed with “children, the reference sp
curve shall be determined using a sufficiently large group of otologically normal childr
e range as the speech material is intended to be usedfor.

ht different presentation levels (or SNRs in case of a speech recognition test in compg

sound). The
speech sti

speech recognition measurements shall \be’ performed within the normal context o
lulus (e.g., presentation of sentences when using a sentence test). The speech recogn

hall
cally

the
blow

Hz,
ht or
hold

cech
bn of

the reference speech recognition curve, speech recognition measurements shall be

ting
f the
tion

of each particular test item shall then be scored and analysed independently (e.g., scoring of partigular

words of the sentences).

If the speedh recognition test is intended to be used in silence, the reference speech recognition c
shall be detprmined in silence.

lurve

cech
sed
sing

If the spee¢h recognition test is_inténded to be used with a competing sound, the reference sp
recognition| curve shall be determined using this competing sound. If the test is intended to be

with differ¢nt competing sounds, the reference speech recognition curve shall be determined u
each particpilar competingsound.

The reference speech fecognition curve shall be given as a table which describes the relation bety
speech leve] (or SNR) and speech recognition score. The speech levels (or SNRs) which are requirg
achieve thelspeechirecognition scores 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, and 90 % shall be specilfi

veen

speech levels (or SNRS) for the recognltlon scores 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, and 90 % are
calculated form the measurement data. One possibility is computing the median for each speech level
(or SNR), and fit a discrimination function to these median values. In this case, the objective function
and the parameters fitted shall be provided.

If it is difficult to determine the whole reference speech recognition curve from 0 % to 100 %, ensure
that the speech recognition curve is determined in the range of interest. If the speech recognition
test is intended to be used for the determination of speech recognition threshold levels, the reference
speech recognition curve should be measured at values near the speech recognition threshold level
(including values above and below this value) using a sufficient number of measurements. If the speech
recognition test is intended to be used for the determination of the optimum speech level, the reference

© IS0 2022 - All rights reserved
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speech recognition curve should be measured at values from 50 % (or less) to values near to 100 %
using a sufficient number of measurements.

NOTE

5.3

Typical results are shown in Annex C.

Determination of perceptual equivalence of test lists

The perceptual equivalence of test lists of speech materials fulfilling the requirements specified in
4.8 shall be determined by performing speech recognition tests using a sufficiently large group of
otologically normal persons as described in 5.2.

If th
shal

If th

P speech recognition test 1s intended to be used 1n silence, the perceptual equivalence
be determined in silence.

e speech recognition test is intended to be performed with a competing sound, the|

equifvalence of test lists shall be determined using this competing sound. If the test is int
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dete)
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5.4
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test,
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NOT

If th
dete)
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relijle)

brmed with different competing sounds, the perceptual equivalence of testlists shall be
b each particular competing sound.

e speech recognition test is intended for the determination of speéefrrecognition thre;
pquality of test lists shall be specified for the speech recoghition threshold level
rent test lists with the same group of test subjects. If the speech-recognition test is inte
rmination of the optimum speech level, the equality of testlists shall be specified foy
cnition scores 50 %, 60 %, 70 %, 80 %, and 90 % whén using different test lists wif
p of test subjects.

Determination of test-retest reliability

test-retest reliability of a speech recognition test result is quantified by the 95 %
val for the retest score for a given test score within one subject. Generally, different te
sed in test and retest because the respenses of the initial test may be memorized by
h may influence the result of the retest.

e the 95 % confidence interval for'the retest score depends on the speech recognition §
test and retest scores shall be.determined by performing speech recognition tests for d
bs using a sufficiently large'group of otologically normal persons as described in 5.2.

L
»
M

The necessary mihimum number of subjects can be determined according to Annex F.

h

e speech recognition test is intended to be performed in silence, the test-retest reliabi
rmined in silence.

speech~recognition test is intended to be performed with a competing sound, thg
ility shall be determined using this competing sound. If the speech recognition test
e performed with different competing sounds, the test-retest reliability shall be detert]
particular competing sound.

of test lists

perceptual
bnded to be
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hold levels,
when using
nded for the
the speech
h the same

confidence
5t lists shall
the subject

core for the

ifferent test

ity shall be

test-retest
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If the test lists are equivalent and if each test item within a test lists has the same speech recognition
score, the 95 % confidence interval for the retest can be estimated using theoretical assumptions.
Sample data can be found in Annex G.

5.5

Documentation

Each recording shall include or be supplied with additional documentation containing the following
information:

a) the content of the recorded speech material, e.g., vocabulary and test structure;

b) the method(s) of scoring, e.g., by sentence, word, key word, or phoneme;
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c) thereference speech recognition curves as determined in 5.2 for each method of scoring, the origin
of the reference curves and details of measuring conditions (e.g., number, age range and range of
hearing threshold levels of test subjects and type of equipment for speech audiometry used as well
as the arrangement of loudspeakers for competing sound, if applicable);

d) the test-retest reliability of results as determined in 5.4;

e) the average frequency spectrum of the speech material;
f) the level differences of all signal types or signals, respectively, in accordance with 4.2 and 4.6;

g) theintervals between successive testitems, if applicable;

h) the timp and frequency characteristics and the level of any accompanying competing sound

i) if the dompeting sound is presented in a gated condition (see B.4), the timing of thé.competing
sound presentation;

j) the phIeme distribution of the test;

k) equivalence of test lists (see 4.8).

6 Requirements for speech audiometry

6.1 Audipmetric equipment

Speech audiometry shall be performed using equipment fulfilling the requirements of IEC 60645-1.
Testing may be performed either by earphones monaurally or binaurally, by bone vibrator, or in a sgund
field.

6.2 Ambjent sound pressure levels in test toom for speech audiometry

The ambient sound pressure levels in the test'toom shall not unduly affect the perception of the speech
signals. Theq requirements for the ambient sound pressure levels in the test room depend on the mofle of
presentation of the speech signal, i.e. through an earphone, bone vibrator or loudspeaker.

NOTE Requirements for ambient fioise during speech audiometry can be less stringent than those for pure-
tone threshdld audiometry. If a test toom is appropriate for pure-tone threshold audiometry down to a ceftain
hearing leve] value over the whole-frequency range, the room can also serve for speech audiometry for the fame
mode of pregentation of test signals for signal levels down to the same hearing level values. Maximum permigsible
ambient souhd pressure levels for pure-tone audiometry in the frequency range from 125 Hz to 8 000 Hg, are
specified in SO 8253-1 usidgearphones and bone vibrators and in ISO 8253-2 for sound field audiometry.

6.3 Soun(d fieldspeech audiometry

Sound field Speech audiometry can be performed with and without competing sound reprodpced
especially for the purpose of the test.

The recommended position of the loudspeaker that reproduces the speech signal is frontal to the
listener at an angle of incidence of 0°. If the speech audiometric results from an individual test subject
are to be compared with the reference speech recognition threshold level or the reference speech
recognition curve, the position of both the loudspeaker and the competing sound source(s) shall be
identical to those used for the determination of the reference values.

The type of sound field (free, quasi-free or diffuse), as specified in ISO 8253-2, at least in the frequency
range from 500 Hz to 4 kHz shall be stated.
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7 Preparation and instruction of test subject

7.1 General

It is generally assumed that pure-tone audiometry has been performed prior to speech audiometry.

7.2 Preparation of test subject

Recent exposure to noise may cause a temporary elevation of the hearing threshold levels. Therefore,
significant noise exposure should be aV01ded before audlometrlc testing or it shall be noted. In order
to ayoide X min prior to

Normnally, the audiometric test is preceded by an otoscopic examination carried-out by|a qualified

bility of the test subject to understand the test material shall be established prior to tgsting. If the
response to the test material is to be spoken, it shall be established that the test subject cap reproduce
the §est material.

7.3 | Instruction of test subject

In ofder to achieve reliable results, it is essentialithat relevant instructions in the test pocedure be
giveh unambiguously and that they are fully understood by the test subject.

The [instructions shall be phrased in language appropriate to the test subject. They depend upon the
typ¢g of speech test to be carried out. Instructions shall normally indicate:

a) Wwhich ear shall be tested first;

b) the type of test items and(the response task;
c) theneed to respond whenever the speech is heard in either ear, no matter how faint it may be;
d) the need to respondas soon as each test item has been heard;

e) |fthe response-is spoken, to repeat clearly the test item heard, even when not certain that the test
tem has been heard correctly; only one response to each test item is permitted.

Test[subjeets shall also be instructed to avoid unnecessary movements so as to obviate [extraneous
noisg. After the instructions have been given, the tester shall establish that they have been finderstood.
If theredis any doubt the instructions should he rppqupd The test Qllhjprf shall be informed that the

test may be interrupted in case of any discomfort.

8 Subject's response mode

The speech material can be presented as an “open-set” test, in which the subject is not informed about
the response alternatives, or as “closed-set” test in which the subject is informed about the response
alternatives. The test subject's response is normally spoken but may be written or indicated by other
means, e.g., pictures, human interface devices (HID). When the tester is not in the same room as the test
subject or the tester has difficulties in understanding the subject’s response to the speech signal, which
is spoken, a talk-back system, as described in IEC 60645-1, shall be used.
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The spoken response of the test subject shall be clearly understandable by the tester. If not, an
alternative response mode shall be used. The tester shall be familiar with the language and have
hearing appropriate for understanding the spoken responses of the test subject.

NOTE If understanding the response by the tester is not free of doubt, the following procedure is suggested
prior to the speech test: The test subject is asked to read one or more sentences out loud in the one-to-one
presence of the tester. The tester then satisfies himself or herself that they have heard and fully understood what
the test person has read (see 15.h).

The interval between the test items depends upon the speech test material, the purpose of the speech
test and the subject’s response mode and shall be stated for non-adaptive speech tests.

The speec

To make tegt results comparable to corresponding reference values, use intervals equivalent.to't
employed during the determination of reference values.

9 Deter

9.1 In thi
Alternative

9.2

9.3 When
signal. Let
switch of th
response; e

l\t‘recognition score of a test subject may depend on the intervals between the test it

mination of speech detection threshold level

5 clause, an example for the determination of the speech detectiomthreshold level is g
procedures shall be defined in the documentation of the speechtest.

In monaural testing, start with the ear considered to be more sensitive.

determining a speech detection threshold level, connegted speech is preferred as the sp
pach test item be a segment of 1 s to 2 s durationycontrolled by means of the interry
e equipment. The first item shall be presented at'a'sufficiently high level to evoke a def]
g., 30 dB above the average of the subject's pure-tone hearing threshold levels at 50(

1000 Hz, apd 2 000 Hz.
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re the level in steps of 20 dB until the subject does not respond.

hse the level of the speech signal'in steps of 5 dB and present one test item at each level
Fesponds.

the response, decrease the level by 10 dB and then begin another ascent using steps of
bject responds.

it step 9.6 until three responses have occurred at the same level out of a maximum of
s level is the'speech detection threshold level.

thanthree responses out of five ascents have been obtained at the same level, present g
el-10.dB lower than the level of the last response. Then repeat steps 9.5 to 9.7 inclusive
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9.9 Proceed with the other ear if required.

9.10 A shortened version of this ascending method may be assumed to yield nearly equivalent results
and may be appropriate in some cases. In this shortened version, continue the testing according to step
9.7 until at least two responses occur at the same level out of a maximum of three ascents.

12
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10 Determination of speech recognition threshold level

10.1 General

In this clause, one example for the determination of speech recognition threshold levels is given. This
example describes an adaptive procedure based on identifying the speech level where 50 % of the test
items are correctly recognized.

NOTE The meaning of the term “correctly recognized”/”correctly responded” depends on the test procedure,
see examples given in 10.6.

Altefnative approaches shall be defined in the documentation of the speech test.

Refefrence values as well as the test-retest reliability in combination with the speech'material shall
be determined using a sufficiently large group of otologically normal persons as described in 5.2. For
any feference values of the speech test, it shall be clearly specified which exact procedur¢ and which
settings (all relevant parameters) has been used to determine the respective values.

A test list shall contain enough test items to enable the procedure to adaptto the speech frecognition
threfhold level.

NOTE A number of 20 test items are generally considered as sufficjert)
10.2 In monaural testing, start with the ear considered to béniore sensitive.

10.3 The test subject shall be familiarized with the-task prior to threshold determination by the
presentation of test items at a sufficiently high level‘to be clearly audible. A hearing level ¢f speech of
20 dB to 30 dB above the average of the subject's pure-tone hearing threshold levels at 500 Hz, 1 000 Hz,
and P 000 Hz is generally recommended.

10.4 Reduce the speech level in steps of 5 dB, presenting one test item at each level, until the test
subjgct no longer responds correctly to.atest item.

10.5 Increase the level by 5 dB_and present one test item.

10.4 Continue in accordancewith 10.7.1 to 10.7.3 for single words or complete sentences a} test items.
For gcoring based on keywords in sentences, follow steps 10.8.1 to 10.8.3.

10.7}11 If the listenepis able to repeat the item correctly, decrease the level by 2 dB. If not, increase the
level by 2 dB. Present another test item.

10.7}2 Repeat 10.7.1 for all remaining test items of the test list.

10 7 Y -Discard the test item of 1 0.5 and the Fn”nunn(r test prm and ::Unr:lﬂ'n the hrncpnf:ﬁ' on levels Of

the remaining items of the test list including the 1evel which would be presented 1f the test list had one
more item. This average is the speech recognition threshold level.

10.8.1 For the next 5 sentences: If the listener is able to repeat correctly more than half of the
keywords, decrease the level by 2 dB. If the number of correctly repeated keywords is less than half,
increase the level by 2 dB. If the number of correctly repeated keywords is exactly half, leave the speech
level unchanged and present another test sentence.

10.8.2 For the remaining sentences: If the listener is able to repeat correctly more than half of the
keywords, decrease the level by 1 dB. If the number of correctly repeated keywords is less than half,
increase the level by 1 dB. If the number of correctly repeated keywords is exactly half, leave the speech
level unchanged and present another test sentence.
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10.8.3 Discard the measured speech levels for the sentence of 10.5 and the following sentence and
average the presentation levels of the remaining sentences of the test list including the level which
would be presented if the test list had one more item. This average is the speech recognition threshold
level.

11 Determination of speech recognition scores

If speech recognition scores are to be determined at more than one level (e.g., to determine a speech
recognition curve), test items should not be repeated within the same session. The score shall always
be based on the presentation of a complete test list.

If a test is ot preceded by a determination of speech recognition threshold, the test subject-shalll be
familiarized with the task prior to the determination of a score by the presentation of a number of test
items at a qufficiently high level to be clearly audible. Usually, a hearing level for speech:of 20 dB to
30 dB abov¢ the subject's average pure-tone hearing threshold levels at 500 Hz, 1 000 Hzyand 2 000 Hz
is a good chpice.

Set the audiometric equipment to the speech level required and present a complete test list at each level.

The choice pf speech level(s) is governed by the particular purpose of the test”In the following, three
examples afe given for level choices. Alternative selections of speech,levels shall be defined i the
documentation of the speech test. The examples are:

a) To detdrmine a maximum speech recognition score, a first.score is normally determined |at a
speech|level of 25 dB or 30 dB above the speech recognition.threshold level. The level should then
be incr¢ased in steps of 5 dB or 10 dB until a maximum score has been found or the subject regorts
discomfort or fatigue. If the score decreases at higher levels (the roll-over effect), the test shall be
continyed at levels lower than the level leading to this*roll-over effect”.

b) To detgrmine a speech recognition score at the.most comfortable level for speech, the test spgech
level shiall be selected by presenting continugusly a speech signal of the same type that is to be ised
for the jactual test. Instruct the subject to réport on its loudness (e.g., much too low, comfortpble,
too high, much too high). Often, halfway between too low and too high is a good initial choicf for
the most comfortable level for speech.

c) To detdrmine a half-optimum speech level, the maximum speech recognition score first has fo be
determfined. Reduce the level in.steps of 5 dB or 10 dB and present a full test list on each level hintil
one levgl yields a score above half of the maximum score and the next lower level yields a gcore
below half of the maximum-score. Determine the integer value of the half-optimum speech levgl by
means pf linear interpolation between the latter two test levels.

Express thg score obtdined as a percentage and record the level at which it was achieved.

12 Contralateral masking

To avoid hearing the speech signals in the NoNn-test ear during monaural speecn audiometry, it may
be necessary to apply air-conducted masking noise to the non-test ear. IEC 60645-1 specifies the
requirements for one type of masking noise. The effective masking level for speech by a masking sound
having a certain frequency spectrum and sound pressure level depends on the characteristics of the
speech signal as well as on the transducer type. Therefore, generally valid effective masking levels
cannot be specified.

Masking shall be used in air-conduction testing if the speech signal level, expressed as the hearing level
for speech, exceeds by 40 dB or more the average bone-conduction hearing threshold levels for two
of the frequencies out of 500 Hz, 1 000 Hz, and 2 000 Hz of the contralateral ear showing the lowest
hearing threshold levels.
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The minimum masking level for air-conduction testing, Ly, expressed as the effective masking level
shall be:

Ly =L, —=40dB+(Lp i ~ Lpmin)

where

Ly

LAmin

is the speech level, expressed as the hearing level for speech;

@)

is the average pure-tone air-conduction threshold level of the ear to be masked at two fre-
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is the average pure-tone bone-conduction threshold level of the ear to be masked at
frequencies out of 500 Hz, 1 000 Hz, and 2 000 Hz having the lowest hearing’threshd
expressed as the hearing level.

me cases, the masking level may have to be increased to ensure sufficient masking of {

Speech audiometry with competing sound

| Type of competing sound

equency-weighted unmodulated random noise ifty accordance with IEC 60645-1 m
competing sound. If an amplitude-modulated or*any other noise or competing sound
acteristics shall be specified.

K1 Examples of competing sounds are given in Annex B.

-talker babble (cocktail-party noise) or connected speech from a single speaker. With such ty
r variation in test results can occur‘than with weighted random noise.

' Presentation of competing sound

irphone testing, the. competing sound is presented by means of the same earphone as
ch test signal. In-Sound field audiometry, the position of all loudspeakers in use shall h
recommended/position of the speech loudspeaker is frontal to the listener at an angle
. Speech rec€oghition with competing sound in a sound field may be affected by th
acteristics \of the test room and may therefore require reference data for each paf
rfonment,

} Speech and competing sound levels

two
1d levels,

he non-test

ay be used
is used, its

£ 2 Itis recognized that competing souinds using recordings of human speech can also be ysed, such as

pes of noise,

1sed for the
e specified.
bf incidence
b acoustical
ticular test

The speech level and competing sound level shall be measured as specified in the documentation of
the speech test. If only one measurement can be made, the recommended speech level is 65 dB, which
approximately corresponds to normal speech level in conversation. If other speech levels are used, they
shall be clearly stated. The level of the competing sound may be either fixed or variable.

NOTE If the competing sound is not clearly audible to the subject, the result is not a valid SRT

thus

can be misleading.
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13.4 Test procedure

13.4.1 General

The test may be performed either to determine a speech recognition score at one or more fixed SNRs or
to determine the SNR at the speech recognition threshold level.

13.4.2 Speech recognition score at fixed SNR

13.4.2.1 Set the audiometric equipment to the required speech level.

13.4.2.2 Fgmiliarize the test subject with the task by setting the competing sound level low |(e.g., at

20 dB below the speech level) and presenting a number of test items which are clearly audiblg:

Al

b

13.4.2.3 Sdt the competing sound level to the value required for the test and presentya complete| test
list. Calculate the score as a percentage.

13.4.3 Spedech recognition threshold level with a competing sound

The examplee procedure for determining the speech recognition threshold level with a competing spund
is the same ps the example procedure described for determination of speech recognition threshold |evel
for speech ip quiet in Clause 10 with the following exceptions:

— Asto 10.3: Familiarize the test subject with the task by setting the competing sound level low [e.g.,
at 20 dB below the speech level) and presenting a numbe¥ of test items which are clearly audible.
A hearing level of speech of 20 dB to 30 dB above the average of the subject's pure-tone hedring
threshaqld levels at 500 Hz, 1 000 Hz, and 2 000 Hz is’'generally recommended.

— In the [measurement phase the competing sound shall be presented at an audible level.|The
recommended level for the competing sound is 65 dB. The recommended SNR for the [first
presenfation is 0 dB.

— Asto 10.7.3 and 10.8.3: Average the SNRs instead of the presentation levels.

Alternative|approaches shall be defined in the documentation of the speech test.

Reference yalues as well as the. test-retest reliability in combination with the speech material ghall
be determifed using a sufficiently large group of otologically normal persons as described in 5.2| For
any referenice values of the\speech test, it shall be clearly specified which exact procedure and which
settings (al] relevant parameters) has been used to determine the respective values.

In the procg¢dure described, decreasing the level of the speech signal may be replaced by increasing the
level of the fompeting sound. The test result may be influenced by the alternative chosen.

14 Format of speech audiogram

When a graphical representation of the results of speech audiometry (a speech audiogram) is to be
used, it shall show the speech recognition score as a percentage along the ordinate, and the speech
level, in decibels, or hearing level for speech, in decibels, or SNR, in decibels, along the abscissa. The
scale ratio should be 20 % corresponding to 10 dB. The type of speech material, any competing sound,
and the spatial positions of speech and competing sound sources used shall be reported.

A speech audiogram should contain the corresponding reference speech recognition curve as well as its
test-retest reliability (expressed as +2 standard deviations) for the actual speech material used.

Symbols for a graphical representation of the results are given in Annex C.
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15 Measurement uncertainty

The uncertainty of speech recognition scores determined in accordance with any of the procedures
specified in this document depends on a variety of parameters, such as:

a) the performance of the audiometric equipment used;
b) the type of transducers used and their fitting by the tester;
c) the speech material used;

d) the testprocedure used:

e) fhe conditions of the test environment, especially the ambient noise;

f) fthe qualification, experience, dialect, hearing ability and lexical skills of the tester;
g) the co-operation of the test subject and the reliability of responses;

h) the reliability of response detection and scoring process (see Clause 8)

i) the use of non-optimized contralateral masking noise (see Clause*12)

j)  the use of non-optimized competing sound.

Dueto the complexity of the measurement process including personal behaviour of both the(test subject
and fhe tester, it is nearly impossible to express the measurement uncertainty in a single genjerally valid
figure.

However, a detailed evaluation of measurement, uncertainty provides useful information on the
religbility of audiometric test results and yields a sufficient estimate of the uncertainty in most
appljcations.

The incertainty of results of measurements dccording to this document shall be evaluated inlaccordance
with ISO/IEC Guide 98-3. If reported;ithe expanded uncertainty together with the cofresponding
covedrage factor for a coverage probability of 95 %, as defined in ISO/IEC Guide 98-3, shgll be given.
Guidance on the determination ofithe expanded uncertainty is given in Annex E.

16 Maintenance and-calibration of equipment

16.1 General

Correct calibration of audiometric equipment is essential for reliable results. In order to gnsure this,
the following'scheme, consisting of three stages of checks and calibration procedures, is recommended:

— ptage'Ai routine checking and listening tests (see 16.3);

4 R R 1 ’'s Eio 4 .
— LasC . lJCl TUUICU TICTLTLTI UALCUUSLIVU LU OLS,

— stage C: basic calibration tests.
16.2 Stage A: Routine checking and listening tests

16.2.1 The purpose of routine checking is to ensure, as far as possible, that the equipment is working
properly and that its calibration has not noticeably altered. The ambient noise conditions during the
test shall be comparable to those in force when the equipment is in normal use.

The test procedure is specified in 16.2.2 to 16.2.9.
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16.2.2 Examine and clean, as appropriate, the equipment and all accessories. Check earphone cushions,
plugs, and leads for signs of wear and damage. Damaged or badly worn parts should be replaced.

16.2.3 Switch on the equipment and leave it on for the recommended warm-up time or at least 5 min.
Carry out any set-up procedures as specified by the manufacturer. Ensure to use the transducers
calibrated in conjunction with the audiometer.

16.2.4 If sound field testing is being undertaken, ensure that the reference point is at the correct
position and is clearly identified.

16.2.5 Cherk that the audiometer output is approximately correct and that ambient noise level§ are
typical and|acceptable by having a person listen to low-level speech test signals. This person|should
preferably be the same each time the test is performed and shall have well-known hearing threghold
levels within the normal range. The test shall be performed with all appropriate output tfransduceris.

16.2.6 Listen to the speech test material at a higher level (e.g., at a speech level of 60 dB to 70 dB) dn all
appropriatg functions and with all test signals available. Listen for proper functioning, in particular for
the absencd of distortion and freedom from interfering noise.

16.2.7 Listen at low levels and ensure that no hum or noise or any other’ unwanted sound from the
equipment |s audible at the test subject's position.

16.2.8 Chegk that the attenuators do attenuate the signals overtheir full range.
16.2.9 Enspre that the subject's talk-back system and themonitor circuits operate correctly.

16.3 Stage B: Periodic electroacoustic tests
Periodic electroacoustic tests consist of measuring and comparing results of the following:

a) the frequency responses for the equipment including all appropriate output transducers as
specifi¢d in IEC 60645-1;

b) the output levels of the transducers as specified in IEC 60645-1;

c) the attgnuator steps (over@asignificant part of the range) in accordance with IEC 60645-1;
d) the harmonic distortionin accordance with IEC 60645-1;

e) the magking noisellevels in accordance with [EC 60645-1;

f) the headband force of the transducers.

In addition,|alroutine stage A check shall be performed.

16.4 Stage C: Basic calibration tests

A basic calibration shall ensure that the audiometric equipment, the sound field, if appropriate, and the
ambient noise levels meet all relevant specifications in IEC 60645-1 and this document.

16.5 Intervals between tests

The recommended intervals at which the various tests are to be carried out are, by necessity, only a
guide. They should be adhered to unless or until there is evidence that a different interval would be
appropriate.
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It is recommended that stage A tests be made each day before the equipment is to be used. It is
recommended that tests of the sound pressure levels at the reference point in a sound field test facility
should be made at intervals not exceeding 3 months and additionally whenever any alterations are
made to the facility, e.g., after moving any furniture. The periodic electroacoustic tests, stage B, should
be performed at intervals of 3 months to 6 months, although different intervals may be acceptable in
the light of experience with particular equipment and use, provided that the stage A tests are regularly
and carefully applied. However, annual intervals should not be exceeded.

The basic calibration test, stage C, need not be used on a routine basis if stages A and B tests are
regularly performed. A stage C test is required only when a serious equipment fault or error occurs or
when, after a long period of time, it is suspected that the equipment may no longer be performing fully
to specification. It is recommended that equipment should be submitted for a stage C test[at intervals
not ¢xceeding 5 years.
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(informative)

Example of speech materials

A.1 General

Speech materials can be divided into different classes. This annex provides references that ‘desgribe
some typicqdl examples of speech materials for these different classes. Because of the large mumbgr of
speech materials, it is impossible to give a complete list.

A.2 Examples of open-set materials

Examples of open-set materials are given in References [13] to [16] and [31].

A.3 Examples of closed-set materials

Examples of closed-set materials are given in References [17] to [19] and [30].

A.4 Examples of open-set sentence materials

Examples of open-set sentence materials are given in Réferences [20] to [25] and [28].

A.5 Examples of closed-set sentence niaterials

Examples of closed-set sentence materials.are given in References [26] to [28].

20 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ede630ad8d48b264f16577775b16a6ff

B.1

ISO 8253-
Annex B
(informative)

Examples of competing sound

General
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The presentation of the interfering sound can differ in the way of presentation. In the gated condition,
the noise begins several milliseconds (e.g., 500 ms) before the beginning of the speech and ends several
milliseconds after the end of the speech. In the continuous condition, the interfering sound is presented

duri

ng the whole test procedure.

Since different interfering signals yield different speech recognition reference values and test-retest
reliabilities the interfering noise should be reported in the speech audiogram (see Clause 14).
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(informative)

Typical results

C.1 Typical reference speech recognition curves

As an example, data for the Gottingen sentences (see Reference [21]) are shown. The speech ‘matgrial
was based jon 20 lists of 10 sentences each, and tested on 12 normal-hearing subjects. The spgech
recognition|score (between 0 % and 100 %), R, is given by

100

R= (C.1)
1+¢xp[0,04xS (Lgg —L)]
where
L i$ the speech level (see 3.16) in quiet or SNR in competing noise;

Ls, i$ the speech recognition threshold level (see 3.21) in dB, (50 % correct);

NOTE |For tests without competing noise: Ls, = 20 dB. Foptésts with speech simulating unmogu-
lated n¢ise, the SNRis L, = -6 dB.

S i$ the slope of the recognition curve in percentage points/dB at Ls;
S 11 percentage points/dB in silence;
SN 19 percentage points/dB in noise,

Figure C.1 dhows a typical reference speech recognition curve using Gottingen sentences in compégting
noise.

Y
100 ! !

80

20 - N

Key
X SNR, expressed in dB
Y proportion of correct words, expressed in %

Figure C.1 — Typical reference speech recognition curve using Gottingen sentences in
competing noise
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NOTE The symbols at -4 dB and -8 dB SNR denote the intelligibility scores for each of the 20 lists averaged
across subjects. The error bar at -6 dB denotes the standard deviation of the list-specific speech recognition
threshold level. The test lists were optimized for the same speech recognition threshold level.

C.2 Typical speech recognition threshold levels

Table C.1 displays typical speech recognition threshold levels yielded using some of the speech
recognition tests given in Annex A for otologically normal listeners.

Table C.1 — Typical speech recognition threshold levels

Speech recognition threshald level for

Type of test material Reference Scoring otologically norng Msteners
Open-set sentences in silence [21] Words 20ydB
Open-set sentences in noise [21] Words SNR: -6 dB
Opep-set sentences in noise [20] Words SNR: -5 dB
Open-set sentences in noise [20] Whole sentences SNR: -3 dB
Openh-set sentences in noise [24] Whole sentences SNR: -6 dB
Open-set sentences in noise [23] Whole sentences SNR: -3 dB
Open-set words in silence [14] Words 28 dB
Opep-set words in silence [31] Words 23 dB
Open-set words in silence [14] Phonemes 24 dB
Closgd-set sentences in noise [28] Words SNR: -8 dB

sounid.

NOTE  All tests of speech recognition in noise in these examples used spectrally matched random noise

hs competing

C.3| Typical test-retest reliabilities

Tablp C.2 displays typical test-retest reliabilities (see Annex F) for speech recognition scd

using some examples of the speech-materials given in Annex A.

Table C.2 — Typical test-retest reliabilities

res yielded

Typical test-retest reliabilities for] speech
Type of test material, . recognition threshold level and spee¢h recogni-
. Reference Scoring . . .
number of test items tion score, respectively, for otologically normal
listeners
Opeh-set sentences in [21] Words 2dB
silerjce, 10 senténces
Opeh-set séritences in [20] Whole sen- 0,9 dB
noise, 10 sentences tences
Open-set sentences in [22] Whole sen- 1,2 dB
noise, 10 sentences tences
Open-set words in silence, [14] Words 10 %
50 words
Open-set words in silence, [14] Phonemes 8%
50 words
Closed-set sentences in [28] Words 1dB
noise, 20 sentences
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C.4 Speech audiograms

Speech reception scores may be presented in a speech audiogram (see Clause 14). The symbols given in
Table C.3 are suggested.

Tabl

e C.3 — Symbols for the graphical representation of speech audiometry results

Right Binaural Left

Speech testin quiet < > B ><

The basic s

4

Speech test with contralateral masking

{

~
/

B

Speech test with competing sound

Speech test with competing sound with
contralateral masking

Speech test with competing sound -
sound field, unaided

Aided speech test with competing sound -
sound field, device 1

Aided speech test with competing sound -
sound field, device 2

Aided speech test with competing sound -
sound field, device 2 and indication “a”, “b”,
“c” for test materials

@>©©OBK
© @ @ w

v
X
v
S

&

&

B

ymbols for right ear, left ear or bipaural results are based on the symbols in ISO 82

which are ysed for speech scores. Any kind pf binaural earphone presentation (diotic or dichot

indicated a$

binaural. Monaural sound field presentation is achieved by preventing usage of the @

ear by suitable means.

Modifiers (3

— A filled
contral

— Ahoriz
— Ahoriz

lone or in combination).are used to indicate other details of particular measurements.

triangle on top aofthe symbol indicates that the measurement has been performed
hteral masking. Jtis assumed that this does not apply for binaural measurements.

pntal line below the symbol indicates a measurement with a competing sound.

pntal line'on top of the symbol indicates measurements performed in a sound field.

— Adiamq

$3-2,

c) is
ther

with

hnd around the symbollndlcates measurements usmga hearlngsystem (alded measureme

1ndlcates the dev1ce used from the second dev1ce onwards

— A letter on the left side of the symbol indicates more details if applying, for instance the specific

speech

material used in the test. A legend must be given in this case.

Figure C.2 presents an example of a speech audiogram for a typical monosyllabic-word test material.
The grey line and shaded area show the reference curve and the standard deviation. The measurement
for the left side (blue symbols and blue curve) shows typical results for a mild-to-moderate hearing loss.
The measurement for the right side (red symbols and red curve) shows typical results for a more severe
hearing loss. The difference between the highest score yielded and 100 % is called discrimination loss.
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Key
X bpeech level, expressed in dB
Y  ppeech recognition score, expressed in %

Fijgure C.2 — Example of a speech audiogram for a typicakmonosyllabic-word test jnaterial

Figulre C.3 presents an example of a speech audiogram forya typical sentence test materigl. The grey
line pnd shaded area show the reference curve and the standard deviation. The measurerment for the
left $ide (blue symbols and blue curve) shows typicabréesults for a mild-to-moderate hearing loss. The
meapurement for the right side (red symbols and red curve) shows typical results for a rhore severe
hearjing loss.

Y
100 | ij/x -
80 .S :
Jf /
/ /
60 / =
40 s‘: /
20 |
0 Z 24%

-20 0 20 40 60 X

Key
X SNR, expressed in dB
Y speech recognition score, expressed in %

Figure C.3 — Example of a speech audiogram for a typical sentence test material
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Optimization of perceptual equivalence of test lists

The perceptual equivalence of test lists may be optimized in the following way[21l:

Adjust the level of the particular test items with respect to the measured average speech recognjtion
scores of tHe items. Items with lower speech recognition compared to the average are amplified and
items with higher speech recognition compared to the average are attenuated. The level adjustments
are only applied for particular speech recognition threshold levels with differences-exceeding
0,5 dB compared to the average speech recognition threshold level of the speech material. The |evel
adjustmentp should not yield perceivable loudness differences between the particulartest items wijthin
the test magerial (e.g. obvious loudness differences between the particular words of’a’test sentence).
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Measurement uncertainty

General

3:2022(E)

The
mea

generally accepted format for the expression of uncertainties associated ,with

surements is that given in ISO/IEC Guide 98-3. This format requests a functional 1}

results of
relationship

(modlel function) to be established between the measurand, which in the context of this docyiment is the

sped
may
its

ch recognition threshold level of a test subject, and several input quantities describing
influence the measurement result. Each of these input quantities is chafgeterized by i
robability distribution and its standard uncertainty. The existing khowledge on

quantities is to be compiled in an uncertainty budget from which the eombined standard

and

Scie
perf]
avai
give
conf
unce

E.2

The
Forn

whe

’
LHT

the expanded uncertainty of the measurement result can be derjved:

ntifically verified data necessary to establish a sound uncettainty budget for each m
brmed using any of the procedures specified in this document are, at the time of pub
able. However, an indication of the relevant sources of uricertainty and their characteri
h, mostly based on empirical knowledge. The general‘approach to the calculation of uj

rtainties under special assumptions.

effects that
s estimate,
these input
uncertainty

pasurement
ication, not
stics can be
ncertainties

prming with ISO/IEC Guide 98-3 is illustrateds It allows an approximate determination of

Model function
expression for the determination>of the speech recognition threshold level Lyt |s given by
hula (E.1):
Lr =Ly + 6eq +0, + 6, +04t0, + Spr + 04 + 6, + Oy (E.1)
Fe
is the outeome of a speech recognition threshold level determination in accordarfce with any
of the pfocedures specified in this document (for details see E.3.2);
is an\input quantity to allow for any deviation from nominal performance of the audiometric
equipment used (E.3.3);
is an input quantity to allow for uncertainties due to the use of a certain type of iransducer
anditc fittinag (B 2 A).
and-itsfittin a{E-3-4);
is an input quantity to allow for any uncertainties due to a non-optimized masking or com-
peting noise (E.3.5);
is an input quantity to allow for any uncertainties due to the lack of qualification and expe-
rience of the tester (E.3.6);
is an input quantity to allow for any uncertainties due to the lack of co-operation and unreli-
able responses of the test subject (E.3.7);
is an input quantity to allow for any uncertainties due to special problems arising from an

unusually difficult measurement situation (E.3.8);

© IS0 2022 - All rights reserved

27


https://standardsiso.com/api/?name=ede630ad8d48b264f16577775b16a6ff

ISO 8253-3:2022(E)

Otm is an input quantity to allow for different performance of the speech material recording
according to Clause 4 (E.3.9);

o, is an input quantity to allow for the influence of non-ideal environmental conditions, espe-
cially ambient noise (E.3.10);

Omth is an input quantity to allow for any uncertainties due to the test method used (E. 3.11).

Usually, each of the § input quantities is considered to have an estimate of 0 dB, i.e. no correction is
applied to the determined hearing threshold level. However, each of these quantities is associated
with an uncertainty as explained in E.3. None of the input quantities is correlated to any other to any
significant ¢xtent.

It is possiblg that, for other measurements, Formula (E.1) requires appropriate modification:

E.3 Input quantities

E.3.1 General

Input quantities described in E.3.2 to E.3.6 and E.3.9 to E.3.11 have to be ‘considered in nearly all
audiometri¢ applications while those described in E.3.7 to E.3.8 are tor be‘taken into account only in
exceptional|situations subject to the personal judgement of the tester:

E.3.2 Determined speech recognition threshold level, L'HT

During routine speech audiometry, the speech recognition threshold level of a test subject is usyally
determined just once for each ear or once in a binaural tést. However, based on empirical knowlgdge,
the following approximate standard uncertainties for@epeated measurements after proper training
and under iflentical test conditions can be assumed (see 5.3 and C.3):

— for air ¢gonduction testing using one list of 10tsentences: 1 dB;
— for air ¢onduction testing using a set of'10 single test words: 2,5 dB.

The probaljility distribution of probable values of L,HT can be assumed to be normal, its estimate is

designated L’HT’ESt (see Table E.1).

E.3.3 Audiometric equipment, 5.,

Assuming that the audiontetric equipment meets the requirements of IEC 60645-1 for a Class [A or
B audiometer, its domiinant contribution to the measurement uncertainty is probably given by the
deviation of the output levels provided from nominal values. IEC 60645-1 specifies the folloying
maximum deviations:

— air conduetion: +3 dB

Unless any more specific information on the performance of the equipment is available, the probability
distribution of the output levels can be assumed to be rectangular, resulting in standard uncertainties
that are equal to half the maximum spread of possible values, divided by V3.

If the step size of the hearing level control is 5 dB, this introduces another non-negligible uncertainty
contribution with a rectangular probability distribution and a standard uncertainty of 2,5/v/3 dB.

The two contributions result in an approximate overall standard uncertainty, e.g., for air conduction,

given by Formula (E.2):

\/(3/\/§)Z+(2,5/\6)2 dB=2,3dB (E.2)
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E.3.4 Transducers and their fitting, 6.

The sound pressure levels provided by different types of transducers to the ear of a test subject may be
differently sensitive to anatomic and physiological characteristics of the test subject, to their placement
at the ear and to deviations of the headband forces from nominal values. Generally valid figures on the
uncertainty contribution from these effects cannot be stated at present. However, unless more detailed
knowledge is available, a standard uncertainty of 2,5 dB may be assumed.

E.3.5 Masking and competing sound, 6,

Measured speech recognition threshold levels may be affected by the use of non-optimized masking
noisg. No generally valid figures on the contribution of this effect to the measurement uncg¢rtainty can
be glven. However, a standard uncertainty of 2 dB may provisionally be attributed to 8§ |with a normal
proHfability distribution if masking noise is applied. The effect of variations in a)cempgting noise,
assuming the same type of noise and other test conditions, is included in the starfdard uncertainty for
repgated measurements (see E.3.2).

E.3.p Impact of the tester, 6,,

For p qualified tester with appropriate experience and skills, the contribution to uncertginty due to
perspnal judgements may be considered to be included in the standard uncertainty f¢r repeated
meapurements (see E.3.2) for usual test situations. Under special circumstances, it may however be
appijopriate to attribute an additional uncertainty to 6.

E.3./ Responses of the test subject, 6,

Under usual circumstances, uncertainties due to minorinconsistencies in the responses of ajtest subject
are ncluded in the standard uncertainty for repeated measurements (see E.3.2). There mdy, however,
be r¢asons to attribute an additional standard un¢ertainty to §, in exceptional situations.

E.3.8 Special measurement situations, 6.
There may be exceptional cases wherge' it is extremely difficult to determine the speech [recognition
threphold level of a test subject. In such cases, an additional standard uncertainty may be aftributed to
Spr-
E.3.p Different performance of the test material, 6,

Meapured speech reeognition threshold levels may be affected by different performanceg of the test
mate¢rial recordingaccording to Clause 4. No generally valid figures on the contribution of this effect to
the measurementuncertainty can be given. However, a standard uncertainty of 2 dB may provisionally
be aftributed-to(d,,,, with a normal probability distribution. The effect of variations in performance of
the fest material recording are included in the standard uncertainty for repeated measureimments when
using different test lists of the same speech material.

E.3.

> ~n

If the requirements on ambient noise (see 6.2) are fully met, the standard uncertainty of 6, may be
assumed to be 2 dB with a normal probability distribution when determining speech detection
threshold level, considering test subjects with a hearing threshold level close to 0 dB. For determination
of speech recognition scores and for test subjects with hearing threshold levels significantly above
0 dB, the uncertainty contribution due to ambient noise may be negligible.

E.3.11 Test method used, 6,

Measured speech recognition threshold levels are affected by the test method used as specified in
10.2 to 10.6. Besides others, sources of uncertainty are the method itself (descending versus adaptive),
the attenuator step size used, and the number of test items used (complete lists versus sets of test
items or single test items). As stated in Clause 12, no experimental evidence on the equivalence of the
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various methods exists at the time of publication. Therefore, only a very rough estimate of the standard
uncertainty to be expected may be given. However, 2 dB might be a realistic value for provisional use.

E.4 Uncertainty budget

The contributions to the combined uncertainty associated with the value of the determined speech
recognition level depend on the standard uncertainties, u; as described in E.3 and the related sensitivity
coefficients, c;. The sensitivity coefficients are a measure of how the values of the hearing threshold
level are affected by changes in the values of the respective input quantities. Mathematically they
are equal to the partial derivative of the model function with respect to the relevant input quantity.

The contrijutions of the respective Input quantities are then given by the products of the stanflard
uncertainties and their associated sensitivity coefficients. The uncertainty budget compiles| the
available information on the various uncertainty contributions in tabular form, see Table E.1,
Table E|1 — General form of an uncertainty budget for speech recognition threshold leve|l
determinations
Estimate of |Standard uncer- . . L Uncertainty
Quantitly quantity value tainty u; Probability dis- | Sensitivity,Coef- | contribution cu;
tribution ficient c;
dB dB dB
iHT L'HT'est uq normal 1 uq
Beq 0 u, rectangular 1 u,
Oir 0 us normal 1 Us
Om 0 Uy normal 1 Uy
Ote 0 Us normal 1 Usg
Oqy 0 Ug normal 1 Ug
Opr 0 Uy normal 1 Uy
Otm 0 ug normal 1 ug
6, 0 Ug normal 1 Ug
Ointh 0 Usg normal 1 Uuqg

E.5 Comrrined and expanded uncertainty

The combined uncertainty for'the speech recognition threshold level is given by Formula (E.3):

u; E.3)

ISO/IEC Gulide™98-3 requires an expanded uncertainty, U, to be specified, such that the intgrval
[Lyt = U, Ly £U] covers for example 95 % of the values of Ly, that might reasonably be attributg¢d to
Lyt For this purpose, a coverage factor k is used such that U = k u. For a coverage probability of 95 %
and for a normal distribution k has a value of 2.

E.6 Example

As an example, the expanded measurement uncertainty is evaluated for the determination of the
speech recognition threshold level of a test subject using air conduction audiometry without masking
and assuming that the requirements on ambient noise are met and no further uncertainty contributions
arise from any other sources. The uncertainty budget then has the form listed in Table E.2.
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Table E.2 — Example of an uncertainty budget for the measurement conditions stated above

Estimate of |Standard uncer- . . L Uncertainty
Quantity quantity value tainty Probability dis- | Sensitivity coef- | contribution
tribution ficient
dB dB dB
L'HT L'HT 2,5 normal 1 2,5
,est
Seq 0 2,3 rectangular 2,3
Or 0 2,5 normal 2,5
Omth 0 2 normal 2

Comppined standard uncertainty: u = 4,7 dB.

Expanded measurement uncertainty for 95 % coverage probability, rounded to the hearfest decibel:

U=9dB.
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Annex F
(informative)

Determination of minimum number of subjects

A speech test can be modelled as a Bernoulli process (Hagerman, 1976[35]). The recognition score
obtained from one test list is considered as a random variable. If each test item within a test list of n
items has tlhe same probability p (in percent) for recognition, the expectation value for the recognjtion
score is p, ahd the standard deviation for the recognition score of this test list is:

oo \EM -

The standafrd deviation has its maximum at p = 50 %. Let the recognition seere’ of the test ligt be
obtained by m subjects. The expectation value of the mean score is again p, the-standard deviati¢n of

. (@ . . .
the mean sgore is —. The 95 % confidence interval for the mean score can be approximated by

Jm

[p—cg5,p+cgs ] with

100—
Cos :1,96-,/% (F.2)

Formula (F.R) can be solved for m to estimate the number-of subjects required to determine the speech
recognition|score for a specific test list with a given unceértainty cqs :

p(100-p)-1,962

n'C95
Example 1 r¢spective 5.2 One test list has n=20 items. The target speech recognition score shdll be

p=50%. The uncertainty shall be cgs =4;5%, i.e,, it is assumed that the mean score of m subjects lies|with
probability 95 % in the interval [45,5@; 54,5 %] . Formula (F.3) then gives:
50%6(100 %—50%)-196°

m= P :23,7
20-(4,5%)

As a result, the numberof subjects required is 24.

Example 2 r¢spective 5.3 Each test list has n=20 items. Two test lists with a difference in the sgeech
recognition §cores'of more than 4,5 % at a speech recognition score of 50 % are considered to be not equivglent.

It is assumef _that the two test lists have the same score variance 62 /m _and that the variance G,% df the

difference between the scores of the two test lists is the sum of the variances of each test list[3Zl: 63 =202 /m.

If the two lists had the same recognition probability p, an observed difference between the two averaged scores
over m subjects would be with probability 95 % in the interval [—1,96 0,,1,960, ] This can be regarded as

the range of uncertainty of the measured score difference. If it is as an example required that this uncertainty be
equal or less than 4,5 %, it follows that at most 1,96 *0 ; =4,5%. Consequently, the uncertainty of each of the

1,960 1,960, 4,5%
Jm V2 2

m subjects lies with probability 95 % in the interval [46,8 %, 53,2 %] . Formula (F.3) then gives:

two test list scores shall be cgg = =3,2%, i.e,, it is assumed that the mean score of
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