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IS0 389-Z:  1 994(E)  

Foreword 

IS0 (the International  Organization for Standardization)  is a worldwide 
federation of national  standards bodies (IS0 member bodies).  The work 
of preparing International  Standards is normal ly carried out through IS0 
technical  committees.  Each member body interested in a subject for 
which a technical  commi ttee has been establ ished has the right to be 
represented on that commi ttee.  International  organizations,  governmental  
and non-governmental ,  in l iaison wi th ISO,  also take part in the work.  IS0 
col laborates closely wi th the International  Electrotechnical  Commission 
(IEC)  on al l  matters of electrotechnical  standardization.  

Draft I nternational  Standards adopted by the technical  commi ttees are 
ci rculated to the member bodies for voting.  Publ ication as an International  
Standard requi res approval  by at least 75 % of the member bodies casting 
a vote.  

International  Standard IS0 389-2 was prepared by Technical  Commi ttee 
lSO/TC 43,  Acoustics.  

IS0 389 consists of the fol lowing parts,  under the general  ti tle Acoustics 
- Reference zero for the cal ibration of audiometric equipment:  

-  Part I :  Reference equivalent threshold sound pressure levels for 
pure tones and supra-aural  earphones 

-  Part 2:  Reference equivalent threshold sound pressure levels for 
pure tones and insert earphones 

-  Part 3:  Reference equivalent threshold force levels for pure tones 
and bone vibrators 

-  Part 4:  Reference levels for narrow-band masking noise 

-  Parr 5:  Reference equivalent threshold sound pressure levels for 
pure tones in the frequency range 8 kHz to 76 kHz 

-  Part 6:  Reference equivalent threshold sound pressure levels for 
acoustic test signals of short duration 

-  Part 7:  Reference threshold of hearing under free-field and di ffuse- 
field l istening condi tions 

0 IS0 1 994 
Al l  rights reserved.  Unless otherwise speci fied,  no part of this publ ication may be reproduced 
or uti l i zed in any form or by any means,  electronic or mechanical ,  i ncluding photocopying and 
microfi lm,  wi thout permission in wri ting from the publ isher.  

I nternational  Organization for Standardization 
Case Postale 56 l  CH-1 21 1  Geneve 20 l  Swi tzerland 

Printed in Swi tzerland 
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0 IS0 IS0 389-2:1 994(E)  

Part 1  wi l l  be a re-issue of IS0 389:1 991 .  

Annexes A and B of this part of IS0 389 are for information only.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 399-2:1 994(E)  0 IS0 

Introduction 

Each part of international  Standard IS0 389 speci fies a speci fic reference 
zero for the cal ibration of audiometric equipment.  IS0 389:1 991  (to be 
re-issued as IS0 389-l )  contains values of reference equivalent threshold 
sound pressure levels (RETSPL)  for pure tones and two speci fied patterns 
of supra-aural  earphones used in conjunction wi th an acoustic coupler 
conforming to IEC 303,  and for other supra-aural  earphones of speci fied 
patterns in conjunction wi th an arti ficial  ear conforming to IEC 31 8.  
IS0 389-4 speci fies reference levels for narrow-band masking noise based 
on these RETSPL data.  

In some audiological  appl ications i t may,  however,  be desi rable to use in- 
sert earphones to del iver ei ther the test signal  or the masking noise,  e.g.  
to reduce the occlusion effect or interaural  effects.  RETSPL data for these 
kinds of earphone are speci fied in this part of IS0 389.  I t is based on an 
assessment of technical  data provided by laboratories in di fferent coun- 
tries representing the most rel iable data avai lable at the time.  

I t is recognized that smal l  di fferences may occur between resul ts of 
hearing threshold level  measurements obtained by audiometric equipment 
using di fferent patterns of earphone,  i .e.  supra-aural  or insert earphones.  

iv 
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



INTERNATIONAL STANDARD 0 IS0 IS0 389-2:1 994(E)  

Acoustics - Reference zero for the cal ibration of 
audiometric equipment - 

Part 2:  
Reference equivalent threshold sound pressure levels for 
pure tones and insert earphones 

1  Scope 

This part of IS0 389 speci fies reference equivalent 
threshold sound pressure levels (RETSPL)  for the 
cal ibration of pure-tone audiometers supplementary 
to those speci fied in IS0 389:1 991  l ).  Values given in 
this part of IS0 389 are appl icable to insert earphones 
of a pattern speci fied in clause 4.  

NOTE 1  For information,  a note on the derivation of the 
reference values and the origin of the data input is given in 
annex A,  and a bibl iography is given in annex B.  

2 Normative references 

The fol lowing standards contain provisions which,  
through reference in this text,  consti tute provisions 
of this part of IS0 389.  At the time of publ ication,  the 
edi tions indicated were val id.  Al l  standards are subject 
to revision,  and parties to agreements based on this 
part of IS0 389 are encouraged to investigate the 
possibi l i ty of applying the most recent edi tions of the 
standards indicated below.  Members of IEC and IS0 
maintain registers of currently val id International  
Standards.  

IS0 389:1 991 ,  Acoustics - Standard reference zero 
for the cal ibration of pure-tone ai r conduction 
audi0meters. l ’  

;EC 1 26:1 973,  /EC reference coupler for the 
measurement of hearing aids using earphones coup- 
led to the ear by means of ear inserts.  

IEC 71 1 :1 981 ,  Occluded-ear simulator for the 
measurement of earphones coupled to the ear by ear 
inserts.  

3 Defini tions 

For the purposes of this part of IS0 389,  the defi -  
ni tions given in IS0 389:1 991  together wi th the fol -  
lowing defini tions apply.  

3. 1  ear insert:  Device used to provide the acoustic 
coupl ing between an earphone and the ear canal .  

NOTE 2 This may be,  for example,  an  earmould or a 

simi lar device wi th  or wi thout a connecting  tube.  

3.2 insert earphone:  Smal l  earphone coupled to the 
ear canal  by means of an  ear insert,  or attached to a 
connecting element which is inserted into the ear ca- 
nal .  The ear insert may be a part of the insert 
earphone.  

3.3 ear simulator:  Device for measuring the output 
sound pressure of an earphone under wel l -defined 
loading condi tions in a speci fied frequency range.  I t 
consists essential ly of a principal  cavi ty,  acoustic load 
networks and a cal ibrated microphone.  The location 
of the microphone is chosen so that the sound 
pressure at the microphone corresponds approxi -  
mately to the sound pressure existing at the human 
eardrum.  

1 )  To be reissued as IS0 388-l .  

1  
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 389-2:1 994(E)  0 IS0 

3.4 occluded-ear simulator:  Ear simulator which 
simulates the inner part of the ear canal ,  from the tip 
of an ear insert to the eardrum.  

NOTE 3 An occluded-ear simulator is speci fied in 
IEC 71 1 .  

3.5 ear-insert simulator (earmould substi tute,  
earmould simulator):  Insert which terminates the en-  
trance of the ear simulator and provides for passage 
of sound into the acoustic coupler or the occluded-ear 
simulator through an opening on i ts axis.  

3.6 acoustic coupler for insert earphones:  Cavi ty 
of speci fied shape and volume which is used for the 
cal ibration of an insert earphone in conjunction wi th 
a cal ibrated microphone to measure the sound press- 
ure wi thin the cavi ty.  

NOTE 4 An acoustic coupler for insert earphones is 
speci fied in IEC 1 26.  

4 Type of earphone 

This part of IS0 389 appl ies to insert earphones of 
type Etymotic Research ER3A,  coupled to the human 
ear by ear inserts of type ER-3-1 4.  

NOTE 5 Insert earphones of type EARTONE 3A are in al l  
relevant aspects identical  to ER-3A insert earphones.  Ear 
inserts of type ER-3-1 4 are also offered as EARLINK 3A ear 
inserts.  

The ear insert consists of a foam eartip wi th a nominal  
diameter of 1 3 mm and a nominal  length of 1 2 mm.  
I t contains an internal  plastic tube wi th a nominal  

internal  diameter of 1 ,9 mm and a nominal  effective 
length of 22 mm,  as measured between the end of 
the foam eartip and the end of a sound tube nipple 
(nominal  internal  diameter 1 ,9 mm,  nominal  length 
1 1  mm) .  The nipple connects the ear insert to the in- 
sert earphone output via a sound tube wi th a nominal  
internal  diameter of 2 mm and a nominal  effective 
length of 240 mm,  as measured between the end of 
the nipple and the end of the earphone output (see 
figure 1 ) .  

The ear insert shal l  be inserted into the ear canal  so 
that the outer end of the eartip is 2 mm to 3 mm in- 
side the entrance of the ear canal .  

5 Speci fications 

The reference equivalent threshold sound pressure 
levels (RETSPL)  for earphones as speci fied in 
clause 4,  in an acoustic coupler conforming to 
IEC 1 26 and in an  occluded-ear simulator conforming 
to IEC 71 1 ,  are given in table 1 .  

These values apply when the sound tube nipple of the 
insert earphone is fixed flush to the acoustic coupler 
and to the occluded-ear simulator in accordance wi th 
figure 2 of IEC 1 26:1 973 or IEC 71 1 :1 981 ,  respect-  
ively,  by means of plastic tubing.  The total  effective 
length of the connecting elements between the insert 
earphone output and the ear insert simulator is then 
determined to be 251  mm (see figure2).  

NOTE 6 In the case of audiometers fi tted wi th insert 
earphones other than that described in clause 4,  the pro- 
cedure given in A.2.2 of IS0 369:1 991  should be used to 
determine corresponding RETSPL values.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 389-2:1 994(E)  

Dimensions in mi l l imetres 

Sound tube 

ER-3A insert earphone 

0 1 .9 -  

Sound tube nipple 

Foam eartip 
ER-3-1 6 ear insert 

Figure 1  -  An ER-3-1 4 ear insert and i ts coupl ing to an ER3A insert earphone 
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IS0 389-2:1 994(E)  0 IS0 

Dimensions in mi l l imetres 

Figure 2 -  Coupl ing of the insert earphone to the acoustic coupler or to the occluded-ear simulator 

ER-3A insert earphone 

,  
Sound tube 

a)  Acoustic coupler 

Occluded-ear slmulator -  

b)  Occluded-ear simulator 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



Q IS0 IS0 389-2:1 994(E)  

Table 1  -  Reference equivalent threshold sound 
pressure levels in an  acoustic coupler conforming 

to IEC 1 26 and in an  occluded-ear simulator 
conforming to IEC 71 1  

Frrquency 

Hz 

1 25 26.0 
1 602)  22,0 
2002)  1 8,0 

250 1 4,0 
31 5 1 2,0 
4002)  30 

500 5,5 
630 4,o 
750 280 

80021  1 85 
1  000 a0 
1  250 zo 

1  500 2.0 
1  6002’  200 
2 000 3.0 

2500 5,O 
3000 3,5 
3 1 502)  4.0 

4 000 55 
5000 5,O 
6 000 2.0 

6 300 zo 
8 000 a0 

1 )  Values are rounded to nearest hal fdecibel .  

RETSPL (ref.  20 pPa1  l )  

dB 

Acoustic coupler 

(IEC 1 261  

Occluded-ear 
simulator 
(IEC 71  I )  

28,0 
24,5 
21 .5 

1 7,5 
1 5,5 
1 3.0 

9.5 
7#5 
60 

5,5 
55 
83 

9.5 
9.5 
1 1 ,5 

1 3.5 
1 3.0 
1 3.0 

1 5,0 
1 8,5 
1 6,0 

1 6,0 
1 5,5 

2)  Values for these frequencies are derived by interpolation.  1  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 389-2:1 994(E)  Q IS0 

Annex A 
(informative)  

Notes on the derivation of RETSPL values 

The RETSPL values speci fied in this part of IS0 389 were obtained from the resul ts of three independent exper-  
imental  investigations communicated to lSO/TC 43,  Acoustics.  Brief particulars of the tests are given in tableA. l .  
More detai ls on  measurement methods and test subjects are given in the references quoted in annex B.  

The insert earphone threshold data used in the development of this part of IS0 389 were not corrected for devi -  
ations of the test subject’s hearing threshold levels from 0 dB,  as measured wi th the reference earphone.  

The RETSPL data were derived by averaging the data of the three investigations wi thout weighting for di fferent 
numbers of subjects.  

Table A. 1  -  I nvestigations of RETSPL values 

Test data 

Type of test earphone 

Measurement method 

Type of reference earphone 

Investigations 

Ref.  [l ]  Ref.  [2]  Ref.  [3]  

ERSA insert earphone conforming to clause 4 

Hearing threshold technique 

Reference earphone used to veri fy normal  hearing of test subjects 

Telephonics Telephonics Beyer 

TDH-39 TDH-39 DT 48 

Number of ears tested 56 36 48 

Number of subjects 28 1 8 23 

Frequencies tested,  in hertz 250,  500,  1  000,  2 000,  1 25,250,  500,  1  000,  2 000,  1 25,250,  31 5,  500,630,  
3 000,4 000,8 000 3 000,4 000,  6 000,8 000 750,  1  000,  1  250,  1  500,  

2 000,  2 500,3 000,4 000,  
5 000,6 000,6 300,  8 000 

Hearing threshold levels of 
test subjects 

Type of coupler used for 
insert earphone 

~1 0 dB at any test frequency below 4 000 Hz and 

~1 5 dB at test frequencies of 4 000 Hz and above 

IEC 1 26:1 973,  figure 2 IEC 1 26:1 973,  figure 2 IEC 1 26:1 973,  figure 2 

IEC 71 1 :1 981 ,  figure 2 IEC 71 1 :1 981 ,  figure 2 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



Q IS0 

Annex B 
(informative)  

IS0 389-2:1 994(E)  

Bibl iography 

[l ]  WILBER,  L.A. ,  KRUGER,  B.  and KILLION,  M.C.  Ref-  [4]  IS0 3894:--3’,  Acoustics -  Reference zero for 
erence thresholds for the ER3A insert the cal ibration of audiometric equipment -  
earphone.  J.  Acoust.  Sot.  Amer. ,  83 (21 ,  1 988,  Part 4:  Reference levels for narrow-band mask-  
pp.  669-676.2’.  ing noise.  

[2]  ARLINGER,  S.  and KINNEFORS,  C.  Reference 
equivalent threshold sound pressure levels for 
insert earphones.  Stand.  Audio/. ,  1 8,  1 989,  
pp.  1 95-l  98.  

[5]  IEC 303:  1 970,  /EC provisional  reference coupler 
for the cal ibration of earphones used in 
audiometry.  

[S]  BRINKMANN,  K.  and RICHTER,  U.  Reference zero 
for the cal ibration of pure tone audiometers 
equipped wi th insert earphones.  Acusrica,  70,  
1 990,  pp.  202-207.  

[6]  IEC 31 8:1 970,  An /EC arti ficial  ear,  of the wide- 
band type,  for the cal ibration of earphones used 
in audiometry.  

2)  This article is a compi lation of the resul ts of fi ve experimental  studies.  For the purposes of this part of IS0 389,  however,  

the resul ts of one study only (Wi lber,  1 986)  could be taken into account due to deviating test condi tions used in the other 
studies.  

3)  To be publ ished.  
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