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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. 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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The [main task of technical committees is to prepare International Standards. Draft Internationdl Standards
adopted by the technical committees are circulated to the member bodies for voting. Rubligation as an
Interhational Standard requires approval by at least 75 % of the member bodies casting a‘viote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights)

ISO B253-3 was prepared by Technical Committee ISO/TC 43, Acoustics.
This second edition cancels and replaces the first edition (ISO 8253-3:1996), which has been technigally revised.
ISO B253 consists of the following parts, under the general title Acoustics — Audiometric test mefhods:

— Part 1: Pure-tone air and bone conduction threshold audiametry

— Part 2: Sound field audiometry with pure-tone and narrow-band test signals

— Part 3: Speech audiometry

© 1SO 2012 — All rights reserved \%
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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 part of ISO 8253
sets conditions for speech materials in order to assure 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.

vi © IS0 2012 — All rights reserved
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Acoustics — Audiometric test methods —

Pa

rt 3:

Speech audiometry

1

This[part of ISO 8253 specifies basic methods for speech recognition tests for audiological applig

In order to ensure minimum requirements of precision and comparability between different test
including speech recognition tests in different languages, this part of ISO 8253 spegcifies requirer]
composition, validation and evaluation of speech test materials, and the realization)of speech reco
This [part of ISO 8253 does not specify the contents of the speech material because of the variety g
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ISO
ISO

narrgw-band-test signals

ISO/
mea

cope

ermore, this part of ISO 8253 also specifies the determinatiopiof reference values a
rements for the realization and manner of presentation.

part of ISO 8253 specifies procedures and requirements/for speech audiometry with t
material being presented by air conduction through an earphone, or from a loudspeaker fo
b test subjects, for example children, can require amended test procedures not specified in this part
ialized tests such as those used for evaluating’directional hearing and dichotic hearing arg
e of this part of ISO 8253.

Normative references

following referenced documents are indispensable for the application of this documen

P66, Acoustics — Rréferred frequencies
B253-1, Acousties — Audiometric test methods — Part 1: Pure-tone air and bone conduction

8253-2, Acoustics — Audiometric test methods — Part 2: Sound field audiometry with p

EC, Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of u

ations.

procedures
nents for the
pnition tests.
f languages.

nd fulfiiment

he recorded
" sound field

bmetry. Methods for using noise either for masking the non-test ear or as a competing sound are described.

of ISO 8253.

outside the

. For dated

ences, only the edition cited applies. For undated references, the latest edition of the referenc¢d document
(inclyiding any amendments) applies.

audiometry

re-tone and

ncertainty in

nit (OLIMN-41Q0QF8)

b Fana
SUTCTTTCTIC (OO 1 IIJ97

IEC 60645-1, Electroacoustics — Audiological equipment — Part 1: Pure-tone audiometers

IEC 60645-2:1993, Audiometers — Part 2: Equipment for speech audiometry

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

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.
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341

speech signal
acoustic signal which carries information in a given language

NOTE A speech signal may be a voice signal or an acoustic signal simulating a voice signal.

3.2
test item

particular monosyllabic or polysyllabic word or logatom, or sentence, or time-limited segment of connected
speech, used in accordance with defined rules of presentation and scoring in a speech audiometric procedure

NOTE S

3.3

coring may be based on a complete test item or parts thereof being correctly recognized

speech maferial

entire set of

NOTE Upually the speech material is subdivided into several test lists.
34
open-set test material

set of test itg

3.5
closed-set
set of test ite

3.6
phoneme
smallest rec

3.7
phoneme ¢

test items which is used for speech recognition tests

est material

bgnizable unit of speech in a given natural language

ass

ms in which the number of alternative responses to each test item is.unlimited

ms in which the number of alternative responses to eachtest item is limited

subdivision ¢f phonemes that show characteristic_similarities in vocal production mode as well as in acoustical
signal propefties

3.8

syllable

segment of gpeech which consists of awvdéwel with or without one or more accompanying consonants immediately
preceding of following

3.9

spondee

two-syllable|word with egual stress on each syllable

3.10

logatom

syllabic unit fhat has no verbal meaning to the listener

NOTE A logatom is sometimes called a “nonsense syllable”.

3N

test list

number of selected test items, presented and scored as a single unit

312

set of test items
selected number of test items from a test list

© 1SO 2012 — All rights reserved
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313

phonemically balanced test list

test list which contains approximately the same proportions of the various phonemes as are present in typical
speech communication within a given language

314

perceptually balanced test list

test list which yield equivalent speech recognition score with minimized variance at a specified speech level
under equivalent conditions (specified manner of presentation and specified group of listeners)

NOTE Usually the specified group of listeners consists of otologically normal persons with an age from 18 years to

25 ygars-inclusive—Forspesciaktests—different-groups{e-g—otologicallynermal-children-withina-spesifiedage range) may

be uded as well.

315
carrler phrase
sent¢énce or phrase in which a test item is embedded such that the correct recognition of the test item is not
depgndent upon the context or meaning of the sentence or phrase

3.16
refefence recording of speech material
master recording

well-{defined recording that represents the speech material and that islused for validation and appl{cation of the
spegch material

347
speéch level
equiyalent continuous sound pressure level of the speecirimaterial as measured in an appropriate| coupler, ear
simulator or in a sound field, with frequency weighting.C according to IEC 61672-1

NOTE For speech test lists based on single test items separated by silent intervals, the integration dogs not include
thesq intervals. For test lists based on single test items with a carrier phrase, the integration includes the tesfitems only. In
a digital recording, the silent intervals can be removed by editing. Numerical correction may also be made by determination
of thg total duration of the test items and the total ‘duration of the silent intervals.

318
equivalent continuous sound pressure level
Lp,eqT
ten times the logarithm to the ‘base 10 of the ratio of the time average of the square of the sound| pressure, p,
durirlg a stated time intepval-oOf duration, T (starting at /1 and ending at #2), to the square of a reference value,
po, ekpressed in decibels

<2 ;
2
-] PP

t
lp,eqT =10 Ig 1—2 dB
Po

where the referenc_e value, po, i_s 20 yPa

NOTE Because of practical limitations of the measuring instruments, p? is always understood to denote the square
of a frequency-weighted and frequency-band-limited sound pressure. If a specific frequency weighting as specified in
IEC 61672-1 and/or specific frequency bands are applied, this should be indicated by appropriate subscripts; €.9. L, A10s
denotes the A-weighted time-averaged sound pressure level over 10 s.

[ISO/TR 25417131, 2.3]

319

speech detection threshold level

for a given test subject, for specified speech material and a specified manner of signal presentation, the speech
level at which it is detected (not necessarily understood) in 50 % of the trials

© 1S0O 2012 — All rights reserved 3
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3.20

speech recognition score
for a given test subject, for specified speech material, a specified manner of signal presentation and at a
specified speech level, the percentage of correctly recognized test items or scorable items if the scoring
method is not based on whole test items

3.21

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

3.22

speech rec
for a given te
speech leve

NOTE S

3.23

reference s
for specified
recognition t

bgnition threshold level
st subject, for specified speech material and a specified manner of signal presentation,the Io
or speech-to-noise ratio at which the speech recognition score is equal to 50 %

beech recognition threshold has been called “speech reception threshold”.

peech recognition threshold level
speech material and a specified manner of signal presentation, the median value of the sp
hreshold levels of a sufficiently large number of otologically normal persons, of both sexes, bet

18 years and 25 years inclusive for whom the test material is appropriate

3.24

optimum sy
for a given te
level or rang

3.25

eech level
st subject, for specified speech material and a specified manner of signal presentation, the sp
e of speech levels at which maximum speech recognition score is obtained

half-optimuym speech level

for a given tqg
level at whic]

3.26
speech rec
for a given t

st subject, for specified speech material and a specified manner of signal presentation, the sp
h half of the maximum speech recognition score is obtained

bghition curve
bst subject, for specified speeech material and a specified manner of signal presentation, a d

that describgs the speech recognition score as a function of speech level

3.27
reference s
for specified
recognition §
both sexes,

3.28

peech recognition,curve

speech material and a specified manner of presentation, a curve that describes the median sp
core as a function of speech level for a sufficiently large number of otologically normal perso
hged between 18 years and 25 years inclusive and for whom the test material is appropriate

hearing le

velfor speech
for specifiecﬁspeﬁmﬁﬁﬁmwwpmﬁeﬂ—mh@mmmmmm—mWJ the

west

eech
veen

eech

eech

urve

cech
ns of

appropriate reference speech recognition threshold level

3.29

competing sound
additional sound that is presented during speech recognition tests

3.30

competing sound pressure level
equivalent continuous sound pressure level of a competing sound as measured in an appropriate coupler, ear

simulator or

in a sound field, with frequency weighting C according to IEC 61672-1
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speech-to-noise level difference
speech-to-noise ratio
SNR

diffe
3.32

rence between the speech level and the competing sound level

effective masking level for speech
level of a specified masking sound which is numerically equal to that hearing level for speech to which the
speech recognition threshold level for a specified speech signal would be raised by the presence of that
masking sound

3.33

most comfortable level for speech

for a

given test subject and a specified manner of presentation, the speech level at which the lou

spedch signal is judged by the test subject to be the most comfortable

3.34

conmected speech
runrling speech

cont

4

4.1

nuous speech with natural intonation, consisting of consecutive sentences with logical conng

Requirements for recording of speech material

General requirements

Each copy of the recording shall contain the following sighals:

b)

c)

NOT

he speech material;

h signal for the calibration of the equipment for speech audiometry, of a duration not less th
Calibration signal shall be a weighted random noise, e.g. as specified in IEC 60645-2:1993,
bf noise centred at 1 kHz and having-a bandwidth of one-third octave, or a frequency-modu
I kHz having a bandwidth of at least one-third octave — the modulating signal shall be either
riangular with a repetition rate-in the range from 4 Hz to 20 Hz;

signals for testing the frequency response of the equipment to be used for speech audiome

consist of one-third-oetave bands of white noise centred at the preferred one-third-octave fr
hccordance with~[SO 266 in the frequency range 125 Hz to 8 000 Hz.

- For spjeech material based on other time and/or frequency weightings than C-weighted equ

presqure level‘correction factors can be determined describing the difference related to C-weighted equ
presqure levélfor speech level, calibration signal level and competing noise level.

4.2

dness of the

bctions

an 60 s; the
13.1, a band
ated tone at
sinusoidal or

try including

he playback equipment/and the recording — such signals shall have a duration of not less than 15 s and

bquencies in

jvalent sound
ivalent sound

Reference recording

A suitable speaker, either male or female, should have a normal and clear articulation without pronounced
dialect. The speaker should be instructed to maintain clarity, natural pace, and vocal effort and avoid emphasis
on key words.

A reference recording mainly consists of the elements specified in 4.1. The reference recording shall not be
modified. All copies shall be made from 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
associated competing noise or noises, either on the same or on separate channels.

© 1SO 2012 — All rights reserved
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4.3 Recording environment

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

4.4 Frequency response of recording equipment

The frequency response of the recording equipment including the microphone used shall be flat within 2 dB in
the frequency range from 125 Hz to 8 000 Hz.

NOTE The quality of the recording and negligible loss of quality after repeated use make digital recordings superior.

4.5 Interval between successive test items
The intervalg between the successive test items of the recording should be specified and constantwithin £10 %.

For single teist words, an interval of not less than 4 s is suggested.
46 Levels

4.6.1 Spedch material

The averagg¢ reference speech recognition threshold level of the small€st-set of test items to be used|at a
predetermingd sound pressure level shall not deviate by more than £ dB from the average of all test ifems
within the ligt. The reference speech recognition threshold level of<any single test item shall not deviaje by
more than 43 dB from the average reference speech recognition’threshold level of all test items of the list.
The averagq speech recognition threshold level of test lists shallonot differ from the average reference spgech
recognition threshold level of all test items recorded by more-than +1 dB, see Annex D.

4.6.2 Calikration signal

The level of the calibration signal shall not deviate-by more than +0,5 dB from the average speech level pf all
test items of|the specific speech material. The level of the calibration signal shall be measured using the 4ame
frequency wgighting as when measuring the_speech level.

4.7 Signgl-to-noise ratio

The level offany inherent background noise on the recording shall be at least 40 dB below the level gf the
calibration signal in accordancewith 4.6.2 as measured using the same frequency weighting as when measpring
the speech level.

4.8 Phonpmic balance across test lists

All test lists pf.a specific speech material shall be phonemically balanced.

In some cases, it may not be possible to achieve perfect phonemic balance. In such cases, the test lists shall
be phonemically balanced based on phoneme classes, i.e. voiced and unvoiced plosives and fricatives, nasals,
long and short vowels.

The distribution of phonemes of the speech material should approximate the phoneme distribution of the
test language as closely as possible. Speech materials consisting of a large amount of items allow a closer
approximation than smaller speech materials. In some cases, the possibility of achieving a close approximation
to the phoneme distribution is limited, e.g. in screening tests or tests for children, because the speech material
has to be limited to a relatively small number of test items.

6 © 1S0 2012 — All rights reserved
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4.9 Perceptual balance across test lists

All test lists of a specific speech material shall be perceptually balanced, i.e. the result of the speech recognition
test shall be independent of the choice of test list.

Perceptually balanced test lists shall fulfil the requirements given in 4.6.1. Additional requirements for
perceptually balanced test lists are given in the following.

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 with an expanded uncertainty not exceeding 1 dB (the width
of the 95 % confidence interval shall not exceed 2 dB); see Annex E. To achieve this, speech recognition

meagd

curamantce ot diffarant nracantation lavgle (ar enaach-to-naica ratine in case of 3 shneaech-rec
FerRehtsataHtelreRtpresSeitatoR18Yes{oF-Sspeech-to-Roise-atHosHh-6a o+H—a-S5pesch+e

gnition test

in nd
as th
the n
spes
of pg

In of
pote

In o
betw

5

5.1

For the validation, equipment fulfilling the requirements of IEC 60645-2:1993, Clauses 6 to 17,

B or

evalyation shall include using both uncorrected earphone and earphone corrected for free-fiel

outp

NOTE
earphione and loudspeaker listening dug\to their free-field equivalent frequency response.

5.2

The
dete
norm

ise) shall be performed with at least 10 otologically normal persons whose native language
e language of the speech material. The speech recognition measurements shall be perfg
ormal context of the speech stimulus (e.g. presentation of sentences when using_a senten
ch recognition of each particular test item shall then be scored and analysed indepehdently
rticular words of the sentences).

der to achieve an expanded uncertainty not exceeding 1 dB, extreme caré-is necessary {(
htial uncertainty sources.

der to increase the perceptual homogeneity of the speech matetial, speech recognition
een the particular speech items may be minimized (see Annex D).

Validation of speech material recordings

General

B-E shall be used. Testing shall be performed monaurally. If equipment of type A-E or B-E

it. Only complete test lists shall be uséd.

It can be expected that the use of equipment of Type A-E or B-E gives identical results for

Determination of reference speech recognition curve

reference speech ‘reCognition curve for each speech material and manner of presentat

is the same
rmed within
ce test). The
(e.g. scoring

reduce the

differences

ype A, A-E,
is used, the
d equivalent

both binaural

on shall be

mined by perfafing speech recognition tests using a sufficiently large group (at least 25)
al persons whose first language is the language of the speech material. The minimum require

of otologically

ents for the

purettone hearing threshold levels of test subjects shall be specified by the laboratory carrying out the validation.

pcommended that the following criterion based on the pure-tone audiogram be used: the hearing threshold
5 of the test subjects should be at or below 10 dB at the frequenmes 250 Hz, 500 Hz, 750

Itisn
levels
150
threshold level may be 15 dB.

, 1000 Hz,
$ the hearing

If the speech recognition test is intended to be performed with children, the reference speech recognition curve
shall be determined using a sufficiently large group (at least 25) of otologically normal children of the same age
range as the speech material is intended to be used for.

If the speech recognition test is intended to be used in silence, the reference speech recognition curve shall
be determined in silence.

If the speech recognition test is intended to be used with a competing noise, the reference speech recognition
curve shall be determined using this noise. If the test is intended to be used with different noises, the reference
speech recognition curve shall determined using each particular noise.
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The reference speech recognition curve shall be given as a table which describes the relation between speech
level (or speech-to-noise level difference) and speech recognition score. The speech levels (or speech-to-
noise level differences) which are required to achieve the speech recognition scores 30 %, 40 %, 50 %, 60 %,
70 %, 80 %, and 90 % shall be specified. These values can be calculated using an adequate interpolation
between the measured data.

If persons show a large variability of speech recognition results (e.g. children), it can prove necessary to
measure the reference speech recognition curve using a larger number of persons.

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
should be m
this value) u
the determin
values from

5.3 Deter

The percept
determined
normal pers

hc dctcl III;I IGt;UI 1 Uf opccuh IC\;UyI I;t;UI 1 thl CDhU:d :CVC:D, thc IUfGI CIrivT Dpccuh IU\JUHI I;t;UI LI
easured at values near the speech recognition threshold level (including values above and|b
5ing a sufficient number of measurements. If the speech recognition test is intended to.be, use
ation of the optimum speech level, the reference speech recognition curve should be‘measur
50 % (or less) to values near to 100 % using a sufficient number of measurements.

mination of perceptual equivalence of test lists

by performing speech recognition tests using a sufficiently large grotip (at least 10) of otolog
bns as described in 5.2.

urve
elow
d for
cd at

Lal equivalence of test lists of speech materials fulfilling the requiremehts specified in 4.9 shall be

cally

If the speech recognition test is intended to be used in silence, the perceptual equivalence of test lists shall be

determined

If the speech recognition test is intended to be performed with a,campeting noise, the perceptual equival

of testlists s
perceptual €

If persons sh
the perceptd

The percept
lists. If the s

n silence.

hall be determined using this noise. If the test is intended to be performed with different noises
quivalence of test lists shall be determined using‘€ach particular noise.

ow a large variability of speech recognitionresults (e.g. children), it may be necessary to deter
al equivalence of test lists curve using.a larger number of persons.

Lal equivalence of test lists shall bg specified by the average 95 % confidence intervals of the

equality of t
recognition
recognition
specified as
60 %, 70 %,

That means
across listen

5.4 Deter

s
]:reshold level when using'different test lists with the same group of test subjects. If the sp
st is intended for the determination of the optimum speech level, the equality of test lists shall be

peech recognition test is intended for the determination of speech recognition threshold levels
t lists shall be specified as the average 95 % confidence interval for the test lists of the sp

the average 95 % confidence intervals for the test lists of the speech recognition scores 5
80 %, and 90 % when using different test lists with the same group of test subjects.

that the squared/differences between the results using the different test lists should be aver
ers. The square root of this value multiplied by 2 gives the desired value.

mination of repeatability of results (average test-retest reliability)

ence
, the

mine

 test
, the
eech
eech

0 %,

hged

one

The repeata

hilit\, of 2 cnaach racoanitiontact racilt ic aviantifiad by tha avarana tact ratact raliahilifyv \aithid
PHty-oa-Speoct- GHHOHeSH eSS quat e By tHEcVe T Got8 St EtBStHerHap ity Wit

subject. Generally, different test lists shall be used in test and retest because the responses of the initial test
may be memorized by the subject which may influence the result of the retest.

If the speech recognition test is intended to be performed in silence, the average test-retest reliability shall be
determined in silence.

If the speech recognition test is intended to be performed with a competing noise, the average test-retest
reliability shall be determined using this noise. If the speech recognition test is intended to be performed with
different noises, the average test-retest reliability shall be determined using each particular noise.

The average reliability (test versus retest) shall be specified by the average 95 % confidence intervals across subjects.

That means that the squared differences between the results of the test and the retest measurements should
be averaged across listeners. The square root of this value multiplied by 2 gives the desired value.
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If the speech recognition test is intended for the determination of speech recognition threshold levels, the test-
retest reliability shall be assessed for the speech recognition threshold level. If the speech recognition test is
intended for the determination of the optimum speech level, the test-retest reliability shall be specified for the

speech recognition scores 50 %, 60 %, 70 %, 80 %, and 90 %.

5.5

Documentation

Each copy of the recording shall be supplied with documentation containing the following information:

a) a printed version of the recorded speech material;

b) themethod(s)of scoring, €.9. by SENtence, word, Key Word, or phoneme;

c) the reference speech recognition curves as specified in 5.2 for each method of scaring, the origin of
he reference curves and details of measuring conditions (e.g. number, age range.and range of hearing
hreshold levels of test subjects and type of equipment for speech audiometry, dsed as|well as the
brrangement of loudspeakers for competing noise, if applicable);

d) fhe repeatability of results as specified in 5.4;

e) he durations, frequency spectra and levels relative to speech level“of‘the calibration signgl and other
recorded signals for the purpose of testing performance specifications in accordance with 4.1 b) and c);

f)  the level of the calibration signal and its relationship to the reference speech recognition threshold level;

g) fhe intervals between successive test items;

h) the characteristics of any accompanying competing ngise signal.

6 Requirements for speech audiometry:

Spegch audiometry shall be performed using equipment fulfilling the requirements of IEC 60645-2. Testing

may
level
parti

7

A

The
the &

of a speech signal shall be expre§sed in terms of either speech level or hearing level for sy
Cular test material being used.
Ambient sound pressure levels in test room for speech audiometry

bmbient sound pressure levels in the test room shall not mask the speech signals. The requ
mbient sound pressure levels in the test room depend on the mode of presentation of the s

i.e. through an earphone, bone vibrator or loudspeaker.

NOTE

thres|
over
signg

Reguirements for ambient noise during speech audiometry can be less stringent than those
hold audiometry. If a test room is appropriate for pure-tone threshold audiometry down to a certain hear
he mihole frequency range, the room can also serve for speech audiometry for the same mode of pres¢
Is‘for signal levels down to the same hearing level values. Maximum permissible ambient sound pres

be performed either by earphones_-nmanaurally or binaurally, by bone vibrator, or in a sound field. The

eech for the

irements for
eech signal,

for pure-tone
ng level value
ntation of test
sure levels for

pure-toreaudionetry i thefrequency Tange from 1251z to 8 0001z arespecifredmtiSO8253-tusinge

bone

vibrators and in ISO 8253-2 for sound field audiometry.

8 Sound field speech audiometry

arphones and

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

The recommended position of the speech loudspeaker 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 the speech loudspeaker
shall be identical to that used for the determination of the reference values.
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If noise is to be presented as a competing sound to the speech signal, the recommended positions of the noise
loudspeakers are given in 15.2.

The type of sound field (free, quasi-free or diffuse), as specified in ISO 8253-2, and the position of the reference
point shall be recorded.

9 Preparation and instruction of test subject

9.1

General

It is generall

9.2 Prepsg

Recent expo
noise expos
to excessive

Normally, th
obstructing
ears for the

NOTE t
organizations

The ability o
to the test m

9.3 Instru

In order to
unambiguou

The instruct
speech test

a) whiche
b) the typs
c) thenee
d) the nee
e) ifthere

been he

y assumed that pure-tone audiometry has been periormed prior to speech audiometry.

ration of test subject

sure to noise may cause a temporary elevation of the hearing threshold levels. Therefore, signif
Lire should be avoided before audiometric testing or it shall be noted. In ordenie’avoid errors
physical exertion, the subject should be present at least 5 min prior to testing.

b audiometric test is preceded by an otoscopic examination carried Qut)by a qualified pers
vax is found in the ear canals, remove it and delay audiometry for a stitable period. Also chec
bossibility of collapsing ear canals when earphones are to be uséd and take appropriate acti

is possible that requirements for a qualified person are specified by national authorities or other su

the test subject to understand the test material shall b€ established prior to testing. If the resp
aterial is to be spoken, it shall be established that the test subject can reproduce the test mat

ction of test subject

hchieve reliable results, it is essentiahthat relevant instructions in the test procedure be ¢
sly and that they are fully understood\by the test subject.

ons shall be phrased in language appropriate to the test subject. They depend upon the ty
o be carried out. Instructiopsshall normally indicate:

br shall be tested first;
of test items and.thé-response task;
1 to respond whenever the speech is heard in either ear, no matter how faint it may be;

 to respond‘as soon as each test item has been heard;

cant
due

bn. If
k the
bN.

table

pnse

erial.

jiven

be of

Eponse’is spoken, to repeat clearly the test item heard, even when not certain that the test item has

afrd,correctly; only one response to each test item is permitted.

Test subjects shall also be instructed to avoid unnecessary movements so as to obviate extraneous noise.
After the instructions have been given, the tester shall establish that they have been understood. If there is any
doubt, the instructions should be repeated. The test subject shall be informed that the test may be interrupted
in case of any discomfort.

10 Subject’s response mode

The test subject’s response is normally spoken but may be written or indicated by means of a keyboard. When
the tester is not in the same room as the test subject and the test subject’s response to the speech signal is

spoken, a ta

10

Ik-back system 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.

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.

The speech recognition score of a test subject may depend on the intervals between the test items. To make
test results comparable to corresponding reference values, use intervals identical to those employed during the
determination of reference values.

11 DPetermination of speech detection threshold level
11.1]| In monaural testing, start with the ear considered to be more sensitive.

11.2] When determining speech detection threshold, connected speech is preferfed as the speech signal.
Let gach test item be a segment of 1 s to 2 s duration, controlled by means of(the interrupter $witch of the
equipment. The first item shall be presented at a sufficiently high level to evoke a definite response; e.g. 30 dB
above the average of the subject’s pure-tone hearing threshold levels at 500-Hz, 1 000 Hz, and 2 P00 Hz.

11.3| Reduce the level in steps of 20 dB until the subject does not respond.

11.4| Increase the level of the speech signal in steps of 5 dB and present one test item on each Igvel until the
subject responds.

11.5| After the response, decrease the level by 10 dB.and then begin another ascent using steps|of 5 dB until
the qubject responds.

11.6| Repeat step 11.5 until three responses have occurred at the same level out of a maximum of ffive ascents.
This [level is the speech detection threshold.level.

11.7| If less than three responses out of five ascents have been obtained at the same level, present a test item
at a |level 10 dB higher than the fevel of the last response. Then repeat steps 11.4 to 11.6 inclusive.

11.8| Proceed with the other'ear if required.

11.9| Ashortened version of this ascending method may be assumed to yield nearly equivalent resplts and may
be appropriate in.s6me cases. In this shortened version, continue the testing according to step 11.6 until at least
two nesponses occur at the same level out of a maximum of three ascents.

12 Petermination of speech recognition threshold level

12.1 General

12.1.1 Complete test lists shall be used. A test item may be a single word, a phrase or a sentence. A sentence
may be scored as completely correct or by correctly repeated key words.

The descending procedures described in 12.2 and 12.3 are based on two widely used step-sizes: 5 dB and
2 dB. Two alternative procedures are described:

a) adescending procedure using 5 dB steps;

b) an alternative descending procedure using 2 dB or 5 dB steps.
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The procedures are expected to yield comparable results. However, experimental evidence for this is unavailable
at the time of publication. The procedures are identical from 12.1.2 to 12.1.4. Then, the descending procedure
using 5 dB steps continues with 12.2 and the alternative procedure continues with 12.3.

In 12.4 and 12.5 two adaptive test methods are described, one based on fixed step sizes and the other on
varying step sizes.

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

12.1.3 The test subject shall be familiarized with the task prior to threshold determination by the presentation
of a number.of test items at a anfir‘ipn‘rly high level to he r‘lpnrly audible A hparing level of speech of 20 dB to
30 dB abovd the average of the subject’s pure-tone hearing threshold levels at 500 Hz, 1 000 Hz, and 2000 Hz
is generally fecommended.

12.1.4 Red{ce the speech level in steps of 5 dB, presenting at least two test items on each lgyel; until the test
subject no Ignger responds correctly to all test items. Continue according to 12.2 or 12.3.

12.2 Descending procedure using 5 dB steps

12.2.1 Pregent a set of test items at the level where the subject ceased to respond correctly according to 1R.1.3
and record the number of correct responses. A set of test items shall contain\at least 10 items.

12.2.2 If thg subject scores at least 50 % on the set of test items, reduce the level in steps of 5 dB and present
a new set of test items on each level until the subject scores less than 50 % on the set of test items. Ugually
one level is found to yield somewhat more than 50 % and the nextiower level somewhat less than 50 %. |f the
subject scorgs less than 50 % on the set, increase the level in.steps of 5 dB and present a new set of test ifems
on each levgl until the subject scores more than 50 % on the'set of test items.

12.2.3 The|speech recognition threshold level for the\ear is the integer value of the level corresponding to a
score of 50 o correct as calculated by means of linear interpolation between the lowest level that yielded more
than 50 % correct responses and the highest level that yielded less than 50 % correct responses. If a scqre of
exactly 50 % is obtained at one speech level, that level represents the speech recognition threshold.

12.3 Alternative descending pracedure

12.3.1 Whgn one test item is.mjssed, present a second at the same level. Continue this descending prdcess
in steps of 1D dB until a levehis-reached at which two consecutive test items are missed at the same level

12.3.2 Incrgase the speech level by 10 dB. This defines the starting speech level, Ls.

12.3.3 Pregenttwo test items at this starting speech level and at each successive 2 dB decrement if a sted size
of 2 dB is usd_For a step size of 5 dB, see step 12.3.6.

12.3.4 Continue this process if at least five out of the first six test items are repeated correctly. If this criterion
is not met, increase the starting speech level by 4 dB to 10 dB.

12.3.5 The descending series is terminated when the test subject responds incorrectly to five of the last six test
items presented.

12.3.6 If a step size of 5 dB is used, five test items should be presented at each level and the test terminated
when all test items at a single level are incorrectly recognized.

12.3.7 Calculate the speech recognition threshold level, T, in decibels, according to the following equation:
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dr d

T=Li-—+=

n 2

where

Ls is the starting speech level, in decibels, according to step 12.3.2;

12.3.3 up to the termination according to step 12.3.5 or 12.3.6;

d is the step size, in decibels;

is the total number of correct responses given from the starting speech level according to step

12.4 Adaptive procedure using fixed step sizes

12.4
spes§
orde
509

12.4

12.4
items

of the subject’s pure-tone hearing threshold levels at 500 Hz;1 000 Hz, and 2 000 Hz is generally recq

12.4
no lo

12.4

12.4
scori

12.4
2 dB

12.4

12.4
This

nis the number of test items per level.

1 The following is an example of an adaptive procedure using fixed step size-based on id
ch level where 50 % of the test items are correctly recognized. When alternative methods are
[ to determine a speech level that corresponds to a percentage of correctlyidentified test iten
, the differences shall be clearly specified.

2 In monaural testing, start with the ear considered to be more-Sensitive.

3 The test subject shall be familiarized with the task prior to threshold determination by the prese
at a sufficiently high level to be clearly audible. A hearing,level of speech of 20 dB to 30 dB abovg

4 Reduce the speech level in steps of 5 dB, pfésenting one test item on each level, until the
nger responds correctly to a test item. Continue according to 12.4.5 or 12.5.

5 Decrease the level by 2 dB and present the first test item of a new test list.

6 Continue in accordance with\12.4.7 to 12.4.9 for single words or complete sentences as te
ng based on key words in sentences, follow steps 12.4.10 to 12.4.12.

entifying the
used, e.g. in
s other than

htation of test
the average
mmended.

test subject

st items. For

7 If the listener is able-to repeat the item correctly, decrease the level by 2 dB. If not, increasg the level by

Present anotherestitem.
8 Repeat 42{4.6 for all remaining test items of the test list.

9 Discarding the first two test items, average the presentation levels of the remaining items o
average is the speech recognition threshold.

f the test list.

12.4.10 If the listener is able to repeat correctly more than half of the key words, decrease the level by 2 dB. If the
number of correctly repeated key words is less than half, increase the level by 2 dB. If the number of correctly
repeated key words is exactly half, leave the speech level unchanged and present another test sentence.

12.4.11 Repeat 12.4.10 for all remaining sentences of the test list.

12.4.12 Discarding the first two sentences, average the presentation levels of the remaining sentences of the

test |

ist. This average is the speech recognition threshold.
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12.5 Other adaptive procedure

It may be reasonable to use a different adaptive rule than the one described in 12.4. In such a case, reference
values as well as the test-retest reliability of the adaptive procedure in combination with the speech material
shall be determined using a sufficiently large group of otologically normal persons as described in 5.1. The
settings of the adaptive procedure (step sizes, word scoring or sentence scoring, target intelligibility and any
other variations from the procedure described in 12.4) have to be specified.

13 Determination of speech recognition scores

If speech reg
curve), test
presentation

If atestis no
with the task
high level tg
average pur

tems should not be repeated within the same session. The score shall always be based o
of a complete test list.

[ preceded by a determination of speech recognition threshold, the test subject shall'be familia
prior to the determination of a score by the presentation of a number of test items’at a suffici
be clearly audible. Usually, a hearing level for speech of 30 dB to 40 dB‘above the subj

b-tone hearing threshold levels at 500 Hz, 1 000 Hz, and 2 000 Hz is a geed-choice.

bmetric equipment to the speech level required and present a complete-test list at each level

Set the audi
The choice
a)
b)
selecte
Instruct
Often, H
c) To dete
determi

level yig

of the maximum score. Determin€ the integer value of the half-optimum speech level by means of |

interpol

Express the

14 Contre

To avoid he
necessary t

To detefmine a maximum speech recognition score, a first score is hormally determined at a speech
of 25 dIB or 30 dB above the speech recognition threshold level."\Fhe level should then be increas
steps of| 5 dB or 10 dB until a maximum score has been found orthe subject reports discomfort or fat
If the sdore decreases at higher levels (the roll-over effect),the test shall be continued at lower level$

To detefmine a speech recognition score at the most comfortable loudness level, the test level sha

f test level(s) is governed by the particular purpose of the test, as follows.

by presenting continuously a speech signal-gfithe same type that is to be used for the actual
the subject to report on its loudness (e.g{_much too low, comfortable, too high, much too |
alfway between too low and too high is/a good initial choice for the most comfortable level.

rmine a half-optimum speech level, the maximum speech recognition score first has t
ned. Reduce the level in stepswof 5 dB or 10 dB and present a full test list on each level unti
Ids a score above half of the'maximum score and the next lower level yields a score below

htion between the lattertwo test levels.

score obtained ag a\percentage and record the level at which it was achieved.

lateral masking

aringtthe speech signals in the non-test ear during monaural speech audiometry, it ma
b _apply aw—conducted masklng noise to the non- -test ear. IEC 60645-2 speC|f|es the refer|

ition
n the
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ect’s
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test.
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half
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conditions fd

aving

a certain frequency spectrum and sound pressure level depends on the characteristics of the speech signal.

Therefore, g

enerally 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.

The minimum masking level for air-conduction testing Ly, expressed as the effective masking level, shall be:

Ly =Lt—

where

14

40 dB + (LAmin — LBmin)
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Lt is the speech level, expressed as the hearing level for speech;

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

Lemin is the average pure-tone bone-conduction threshold level of the ear to be masked at two

frequencies out of 500 Hz, 1 000 Hz, and 2 000 Hz having the lowest hearing threshold levels,

expressed as the hearing level.

In some cases the masking level may have to be increased to ensure sufficient masking of the non-test ear.

15 Ppeech audiometry with competing sound

15.1] Type of competing sound

A freguency-weighted unmodulated random noise in accordance with IEC 60645-2-may be used as
sound. If an amplitude-modulated or any other noise or competing sound is-Uised, its characterig
spedified. When other competing sounds than those included in the reference recording are u

reference values exist. See Annex B.

NOTE
babb
resul

Itis recognized that competing sounds using recordings of human speech can also be used, such

s can occur than with weighted random noise.

15.2 Presentation of competing sound

In earphone testing, the competing sound is presented by means of the same earphone as
spedch test signal. In sound field audiometry, the position of all loudspeakers in use shall be sj
recommended position of the speech loudspeaker is frontal to the listener at an angle of inci
Speegch recognition with competing sound in‘a sound field may be affected by the acoustical char
the test room and may therefore require neference data for each particular test environment.

Itisr
of ing

bcommended that the competing'sound be presented by two loudspeakers symmetrically located
idence of +45°. The competing sound, if presented from two or more loudspeakers, shall be nor

15.3 Speech and competing sound levels

The |evels of speech and competing sound shall be measured as defined in 3.17 and 3.30. The re
spedch level is 65'dB, which approximately corresponds to normal speech level in conversation. If
levels are usedithey shall be clearly stated. The level of the competing sound may be either fixeq

If fix¢d, a naise’level of 60 dB is recommended. If varied, it shall be changed in steps of 5 dB or le

a competing
tics shall be
sed no valid

as multitalker

e (cocktail-party noise) or connected speech from a single speaker: With such types of noise, larger variation in test

ised for the
ecified. The
dence of 0°.
acteristics of

at the angles
-coherent.

commended
pther speech
or variable.
Ss.

15.4 Test procedure

15.4.1 General

The test may be performed either to determine a speech recognition score at one or more fixed speech-to-

noise ratios or to determine the speech-to-noise ratio at the speech recognition threshold.
15.4.2 Speech recognition score at fixed speech-to-noise ratio
15.4.2.1 Set the audiometric equipment to the required speech level.

15.4.2.2 Familiarize the test subject with the task by setting the competing sound level low (e.g. at
the speech level) and presenting a number of test items which are clearly audible.
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15.4.2.3 Set the competing sound level to the value required for the test and present a complete test list.
Calculate the score as a percentage.

15.4.3 Speech recognition threshold with a competing sound
15.4.3.1 General

15.4.3.1.1 Inthe procedures described, increasing the level of the competing sound may be replaced by decreasing
the level of the speech signal and vice versa. The test result may be influenced by the alternative chosen.

Alternative pf 1] red ribed for determining the Sy F i ' F the St N recoghition
threshold aff a given speech or competing sound level. They are expected to yield comparable. results.
However, eXperimental evidence for this is still unavailable. The procedures are identical from 15.4.3.1.2 to
15.4.3.1.3. Then, the procedure to decrease speech-to-noise ratio using 5 dB steps continues in:15.4.3.2 and
the alternatiye procedure continues in 15.4.3.3.

15.4.3.1.2 Hollow steps 15.4.2.1 and 15.4.2.2.

15.4.3.1.3 Ifcrease the competing sound level in steps of 5 dB or less, and present at least two test items at
each level uptil the test subject incorrectly recognizes one test item.

15.4.3.2 Prgcedure to decrease speech-to-noise ratio using 5 dB steps

15.4.3.2.1 Hresent a set of test items at this speech-to-noise ratio and record the number of correctly recognized
test items. Afset shall contain at least 10 test items.

15.4.3.2.2 [f the subject scores at least 50 % on the set of test items, increase the competing sound leyel in
steps of 5 dB or less and present a new set of test itemsyon each speech-to-noise ratio until the subject sgores
less than 50|% on a set of test items. Determine the speech-to-noise ratio at the speech recognition threghold
by means of linear interpolation between the lowest' level that yielded more than 50 % correct and the highest
level that yieJded less than 50 % correct. If a scoré of exactly 50 % is obtained at one speech-to-noise ratiof that
ratio represgnts the speech recognition thresheld.

15.4.3.3 Altprnative procedure to decrease speech-to-noise ratio

15.4.3.3.1 When one test item-ismissed, present a second with the same competing sound level. Continug this
process in agcending steps<of, 40 dB until a level of the competing sound is reached at which two consequtive
test items arp missed at the-same level.

15.4.3.3.2 Heduce thé competing sound level by 10 dB. This defines the starting level of the competing sound, |Ln s.

15.4.3.3.3 Hresent two test items at this starting level and at each successive 2 dB increment if a step sige of
2 dB is to be used. For a step size of 5 dB, see step 15.4.3.3.6.

15.4.3.3.4 Continue this process if at least five out of the first six test items are repeated correctly. If this criterion
is not met, reduce the starting level by 4 dB to 10 dB.

15.4.3.3.5 The series of descending speech-to-noise ratio (ascending competing sound level) is terminated
when the subject responds incorrectly to five of the last six test items presented.

15.4.3.3.6 If a step size of 5 dB is used, five test items should be presented at each level and the test terminated
when all test items at a single level are incorrectly recognized.
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15.4.3.3.7 For the selected speech level, calculate the sound pressure level of the competing sound at which
50 % of the test items can be correctly recognized according to the following equation:

dar d
Lysrr =Ins Y
where
LN,srT is the competing sound level, in decibels, for 50 % correct speech recognition score;
IANES is the starting level of the competing sound, in decibels, according to step 15.4.3.3.2;
7l is the step size, in decibels;
i is the total number of correct responses given from the starting level according o step 15.4.3.3.3
up to the termination according to step 15.4.3.3.5 or 15.4.3.3.6;
d is the number of test items per step.
Express the result as the difference between the speech level used and Ln(sRT.

16
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17 Measurement uncertainty

The
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a)

b)

-ormat of speech audiogram

n a graphical representation of the results of speech audiometry (a speech audiogram) is to be
the speech recognition score as a percentage along the drdinate, and the speech level, in decibe]
for speech, in decibels, or speech-to-noise ratio, in decibels, along the abscissa. The scale ra
corresponding to 10 dB. The type of speech material.and any competing noise used shall be re

eech audiogram should contain the corresponding reference speech recognition curve fd
ch material used.

Lincertainty of speech recognition’scores determined in accordance with any of the procedu
s part of ISO 8253 depends on a variety of parameters, such as:

he performance of the"audiometric equipment used;

he type of transduecers used and their fitting by the tester;
he speech material used;

he test procedure used;

he“conditions of the test environment, especially the ambient noise;

used, it shall
s, or hearing
io should be
ported.

r the actual

es specified

he qualitication and experience of the tester;

g) the co-operation of the test subject and the reliability of responses;

h) the use of non-optimized masking noise.

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

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

The uncertainty of results of measurements according to this part of ISO 8253 shall be evaluated in compliance
with ISO/IEC Guide 98-3. If reported, the expanded uncertainty together with the corresponding coverage
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factor for a coverage probability of 95 %, as defined in ISO/IEC Guide 98-3, shall be given. Guidance on the
determination of the expanded uncertainty is given in Annex E.

18 Maintenance and calibration of equipment

18.1 General

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

stage Al

stage B

stage C

18.2 InterV

routine checking and listening tests;
periodic electroacoustic tests;

basic calibration tests.

als between tests

The recomnpended intervals at which the various tests are to be carried out are, by,necessity, only a g

They should

Itis recomm
that tests of
intervals not

be adhered to unless or until there is evidence that a different interval would be appropriate,

bnded that stage A tests be made each day before the equipmentis to be used. It is recomme
the sound pressure levels at the reference point in a sound)field test facility should be ma
exceeding 3 months and additionally whenever any alterations are made to the facility, e.g.

Lide.

nded
e at
after

moving any [furniture. The periodic electroacoustic tests, stage B,*should be performed at intervals of{ 3 to
6 months, although different intervals may be acceptable in the light of experience with particular equipment
and use, prdvided that the stage A tests are regularly and carefully applied. However, annual intervals should
not be excegded.

The basic calibration test, stage C, need not be used pn a routine basis if stages A and B tests are reg;rllarly
performed. A stage C test is required only when a serious equipment fault or error occurs or when, affer a
long period of time, it is suspected that the equipthent may no longer be performing fully to specification] It is
recommendged that equipment should be submiitted for a stage C test at intervals not exceeding 5 years.

18.3 Stagg A: Routine checking and\istening tests

18.3.1 The jpurpose of routine checking is to ensure, as far as possible, that the equipment is working properly
and that its|calibration has not woticeably altered. The ambient noise conditions during the test shgll be
comparable o those in force-when the equipment is in normal use.

The test progedure is speeified in 18.3.2 to 18.3.9.

18.3.2 Examine and clean, as appropriate, the equipment and all accessories. Check earphone cushjons,

plugs, and Ig

ads for signs of wear and damage. Damaged or badly worn parts should be replaced.

18.3.3 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 that transducer serial numbers correspond to
the instrument serial number, if possible.

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

18.3.5 Check that the audiometer output is approximately correct and that ambient noise levels 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 threshold levels within the normal
range. The test shall be performed with all appropriate output transducers.
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18.3.6 Listen to the speech test material at a higher level (e.g. at a hearing level for speech of 60 dB to 70 dB)
on all appropriate functions and with all test signals available. Listen for proper functioning, in particular for the

abse

nce of distortion and freedom from interfering noise.

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

18.3.

18.3.

8 Check that the attenuators do attenuate the signals over their full range.

9 Ensure that the subject’s talk-back system and the monitor circuits operate correctly.

18.4 Stage B: Periodic electroacoustic tests

Periq

a)

b)

f)

In adg

18.5

Aba

nois¢ levels meet all relevant specifications in IEC 60645-2 and this part of ISO 8253.

dic electroacoustic tests consist of measuring and comparing results of the following:

he frequency response for the equipment including all appropriate output ¢ransducers as
EC 60645-2;

he output levels of the transducers as specified in IEC 60645-2;

he attenuator steps (over a significant part of the range) in accordance with IEC 60645-1;
he harmonic distortion in accordance with IEC 60645-2;

he masking noise levels in accordance with IEC 60645:2;

he headband force of the transducers.

dition, a routine stage A check shall be performed.

Stage C: Basic calibration tests

Sic calibration shall ensure that thecaudiometric equipment, the sound field, if appropriate, and

© 1SO 2012 — All rights reserved
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Annex A
(informative)

Example of speech materials

A.1 General

Speech matlerials can be divided into different classes. This annex lists some typical examples of ‘spgech

materials for
a complete |

A.2 Examples of open-set materials

Examples of

A.3 Examples of closed-set materials

Examples of

A.4 Examples of open-set sentence tests

Examples of

A.5 Examples of closed-set sentence tests

Examples of

these different classes. Because of the large number of speech materials, it is impossible to| give
st.

open-set materials are given in References [12]-[15] and [30].

closed-set materials are given in References [16]-[18] and [29].

open-set sentence materials are given in Referénces [19]-[24] and [28].

closed-set sentence materials aré_given in References [25]—[27].

20
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Annex B
(informative)

Examples of competing sound conditions

General

If co
are 4

B.2

This
case
test.
How
relat
char
acro

B.3

Thes
is th
strug
chan
were
thres

nois¢ described in Reference [33]:ln this noise the amplitude modulations are the same for all frg

B.4
This
diffe
spe

The

AIIdJ

mpeting sound(s) are included in the reference recording, for which speech recognition refe
vailable, those sounds are preferred.

Non-modulated noises

kind of competitive sound shows no or only a very small amount of amplitude modulatig

Usually, this kind of noise yields a high test-retest reliability of the, speech recognition thr
bver, the differences between speech recognition threshold levels fandifferent degrees of heg

hcteristic) or the ICRA1 noise (Reference [31]) which repreSents the mean speech spectrd
5s different languages.

Modulated noises

e sounds show amplitude modulations similar.to single talkers or groups of several talkers. (
b |CRAS noise (Reference [32]) which represents the mean long-term spectrum of speech
ture of one interfering speaker. The amplitude modulations are independent in three differe
nels. The modified version ICRA5-250,(Reference [32]) shows a modified time structure as
limited to 250 ms. Usually, this(kind of noise yields larger differences between speech
hold levels for different degrees of hearing loss compared to non-modulated noises. A simila

Babble noises

kind of competitive’ sound consists of one or more superposed speakers. These kinds of
ent degrees of modulation and different degrees of informational masking.

fferent types of interfering signals (reversed speech, running speech, babble noises compos
kers, et€.) may be applied in speech recognition tests in noise as well.

ence values

ns. In many

s, these noises represent the mean long-term spectrum of the speechimaterial of the speech recognition
eshold level.

ring loss are

vely small. Typical examples are the CCITT noise (ITU-T Recomriendation G.22718l; telephome frequency

m averaged

Dne example
and the time
nt frequency
the pauses
recognition
" noise is the
quencies.

hoises show

pd of several

bresentation of the interfering sound can differ in the way of presentation. In the gated conditi

bn, the noise

begi

S several miliseconas (e.g. oUU ms) belore the peginning or the speech ana ends severdl

illiseconds

after the end of the speech. In the continuous condition, the interfering sound is presented during 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 16).
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C.1

Annex C
(informative)

Typical results

Typical reference speech recognition curves

As an exam;l)le, data for the Gottingen sentences (Reference [20]) are shown. The speech material was b

f 10 sentences each, and tested on 12 normal-hearing subjects. The speech recoguqition s
o and 100 %), R, is given by

100

on 20 lists @
(between 0

R=

1+ €

where

L st

Lsg ist
NOTE F

speech-to-no

xp[0,04>< S(Lsg - L)J

e speech level in quiet or SNR in competing noise;
he speech recognition threshold in dB (50 % correct).

br tests without competing noise: Lsg = 20 dB. For tests with‘speech simulating unmodulated noisg
se ratio is Lsg = —6 dB.

ne slope of the recognition curve in %/dB at Lsg, and

o/dB in silence,
Po/dB in noise.

nows a typical reference speech recognition curve using Géttingen sentences in competing n

100

80

60

Y%

ased
core

, the

pise.

S st

Ss=11

Sn=19
Figure C.1s
Key

y
X

proportion of correct words
speech-to-noise ratio

Figure C.1 — Typical reference speech recognition curve using Géttingen sentences in competing noise
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NOTE The symbols at —4 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.

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

Type of test material Reference Scoring I otologicgall-y-normal liste |Li\;el for
Opgn-set sentences in silence [20] Words 20 dB
Opén-set sentences in noise [20] Words SNR: -6 dB
Opgn-set sentences in noise [19] Words SNR: -5dB
Opgn-set sentences in noise [19] Whole sentences | SNR: -3 dB
Opgn-set sentences in noise [23] Whole sentences | SNR: -6 dB
Opén-set sentences in noise [22] Whole sentences | SNR: -3 dB
Opgn-set words in silence [13] Words 28 dB
Opgn-set words in silence [30] Words 23dB
Opgn-set words in silence [13] Phonemes 24 dB
Cloged-set sentences in noise [27] Words SNR: -8 dB
NOTE All tests of speech recognition in noise in these examples used spectrally matched random noise as

competing sound.

C.3| Typical test-retest reliabilities

Tablg¢ C.2 displays typical test-retest reliabilities for speech recognition scores yielded using some|examples of
the gpeech materials given in Annex A.

Table C.2 — Typical test-retest reliabilities

Typical test-retest reliabilities for gpeech
Type of test matefial, . recognition threshold level and speech
¢ Reference Scoring iy . .
number of testitems recognition score, respectively, for otplogically
normal listeners

Opgn-set sentences in silence, [20] Words 2dB

10 sentences

Opgn-set.sentences in noise, [19] Whole 0,9dB

10 seniences sentences

Open-set sentences in noise, [21] Whole 1,2dB

10 sentences sentences

Open-set words in silence, 50 [13] Words 10 %

words

Open-set words in silence, 50 [13] Phonemes 8 %

words

Closed-set sentences in noise, [27] Words 1dB

20 sentences
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Annex D
(informative)

Optimization of perceptual balance of test lists

The perceptual equivalence of test lists may be optimized in different ways.

One possibility-is-te-adjust-the-tevel-of-theparticutar-testitems-with-respeetto-the-measdred-average-speec

recognition $cores 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-compargd to
the average|speech recognition threshold level of the speech material. The level adjustments.shall not |yield
perceivable Joudness differences between the particular test items within the test stimuli (e,gr-ebvious loudness
differences letween the particular words of a test sentence).

Another possibility is to leave the levels of the different test items within one speech preséentation (e.g. sentence)
unchanged and to introduce weighting factors for the particular test items. Items withlower speech recognition
compared tgthe average get higher weights and items with higher speech recoghition compared to the avgrage
get lower wgights. The sum of weighting factors per test stimulus (e.g. a senténce) shall be 1.
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