
THE DEVELOPMENT AND STANDARDIZATION OF

A TEST OF HEARING FOR TELEPHONE OPERATORS

RAJU ANANTH

The Government of India had indicated to the All India Institute of Speech and Hearing,
to develop standardised tests for fixing the levels of hearing which is essential for a telephone
operator to perform his duty efficiently. The problems become more acute when a telephone
operator, \vho is already appointed develops a hearing problem. Even during recruitment, no
standardised hearing test has been specified by the Government to judge the hearing efficiency
of the applicants in terms of telephone speech in trunk exchange environments.

This study was therefore undertaken by the investigator to develop and standardise a
hearing test for telephone operators over the telephone in realistic conditions of listening envi-

ronment.

Speech audiometry provides a'rmeasure of the listener's response to speech. The telephone
transmits speech frequencies ranging from 300 Hz to 3.4 KHz. Speech audiometry does not
reflect the performance of a listener over the telephone. Speech discrimination testing over the
telephone hence. provides the yardstick to judge the hearing efficiency of the telephone operators.

So, an attelnpt was made to develop and standardise a discrimination testing procedure
over the telephone. For this purpose, PH lists standardised on Indian population and sentences
made from frequently heard words, phrases and digits were used as test materials.

The final n1ethodology used in the study may be categorised into :
1 Test construction
2 Method of Presentation
3 Method of Scoriqg

1. Test Construction ~

1. Procedure for test development:

The common speech discrimination material in English adopted from the Adult Speech
Discrimination list J, standardised to the Indian Population by Swarnalatha (72). The list was
phonetically balanced. From 'this list four lists were prepared using the same words by arranging
them randomly using the Latin Swuare design.

The sentences were prepared by noting down the Inost comn.1Qnly received words, phrases
and digits by the telephone operators of the Mysore telephone exchange and inc@rporating them
to form'meaningful material.

The intelligibility of the PB word lists and the sentence lists were· tested by preseuting
them to 12 normal subjects.
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2. Method of Presentation:

a) The presentation was through live voice; the speaker was a male; his mother-tongue

"vas Malayalam. However, he was proficient in other languages viz., English, Tamil, Hindi,

!\1arathi, Gujarati and was acquainted with Konkani, Kannada, Punjabi, Telugu and Urdu.

Each monosyllable was presented using the carrier phrase, " write the word ".

The sentences were presented using the carrier phrase, " sentence number" in its chrono·

logy.

The PB lists and the sentences were presented in the free field condition through live

voice, into the telephone transmitter of subscriber set 22502, while holding the handset in normal

talking position. The intensity of the speech input was monitored by the SPL meter with its

condensor microphone to read in 'C' scale. The SPL meter was so placed, that its condensor

microphone and the telephone transmitter of 22502 set were equidistant from the lips of the

speaker in normal telephone conversation position. The telephone set No. 22502 was constantly.

us~d as the send end telephone for presentation of the test materials. The send end telephone

was situated in the records room of the A.I.I.S.H. Same testing hours were maintained through

out the study in an attempt to keep the variable noise levels in the free field setup constant for

all subjects.

b) Carrier phrase:

The purpose of the carrier phrase was two fold:

(i) To make the subject vigilant (ii) To monitor the voice while presenting.

It was not meant to give any meaning to the subjects.

c) Testing environment:

'Testing of the subjects was done in three situations:

1. Audionl~tric set up - experiment (A)

11. In the Telephone Exchange setup - Experiment (B)

iii. Two telephones setup - Experinlent (C)

In experiment A, the audiometric testing of the subjects was~done in a sound treated room

at the Audiology department of A.I.I.S.H. Air conduction and bone conduction testing was

done in a one room situation. Speech discrimination test was done in a 2 room situation.

1"he noise levels in the test room measured using an SPL meter (B&K type 2203 with an octave.

filter set: B & K type 1613) were found to be \vithin the specifications.

In experiment B, the subjects received the test material in the telephone exchange setup.

In experilnent C, the subjects received the test material in the subscriber telephone set

20715 situated far from the send end telephone 22502, within the campus of A.LIS.H.
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d) Procedure for te~t standardisation

1 Testing procedure: Instructions.

Before the test began the subject was instructed as follows:

"You will now be presented with 4 lists of monosyllable words; each list consists of 25
words; each word will be presented with a carrier 'write the word' for example, 'write the ,vord
'ran' You have to write only the word 'ran' and not the phrase; each list will be presented
at different intensities; so, you will have to pay attention to listen to the words, iden tify them
and then write them down; a gap of 5 seconds tilne will be given after the presentation of each
word, to enable you to write down. After the word lists are over, you will be presented 'with 5
sentences. You need not write them down. You only have to repeat the sentences. A time
gap of 10 seconds will be given to you after the presentation of each sentence to enable you to
repeat the sentences. No repetition of the words or sentences would be given. Are you ready?
Here, we start with list number 'one'.

Method of tfSting and level of presentation:

The testing was done by the experimenter with normal hearing and studying in the final
year M.Sc., Speech and Hearing. The level of presentation was kept constant for each PB
list and the sentences at definite sensation levels above the individual's pure-tone average
threshold.

The test procedure was first standardised by presenting the test material to male-female
normals. The test material was also presented to male and feluale telephone operators, who were
already working at the Mysore telephone exchange. Then the test material was presented to the
clinical population with amplification provided with an Oticon extra super hearing aid with
Cllston1 made and stock ear moulds, wherever required.

Experiment A - The audiometric set _up
Normals:

32 normals with different mother tongues were screend for pure tones to test hearing at
20dBHL for frequencies at 0.25 K, 0.5 K, 1 K, 2 K, 4 K, 6 K and 8 K Hz. Their PI function
was f )und with the 4 PB lists by presenting them at 10 dB, 20 dB, 30 dB and 40 dB above
their Speech Reception Threshold (SRT).

Telephone operators :

17 Telephone Operators with different mother tongues were screend for their hearing with
pure tones at 20 dBHL as in the case af the normals and their PI functions were found in the
same way as in the normals.

Clinical population :

The pure tone audiograms,SRT and discrimination scores were obtained for every subject,
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special tests were administered wherever necessary as per clinical findings. Their PI functions
for the 4 PB lists were also found by presenting the lists at 10 dB, 20 dB~ 30 dB and 40 dB

above their SRT's.

Experiment B - In tbe Telephone Exchange setup

In order to test the performance of subjects in actual conditions, sanle as those of tele
phone operators in the trunk exchange room it was decided to test the subjects in the trunk
exchange room of the Mysore Telephones. The telephone operators, who work in the trunk
exchange room wear headgear sets which are monaural. They work on boards seated beside
each other with hardly a distance of I! feet gap between them. There are about 20

operators working at one time and each of them is either talking into the phone or listening and
immediately responding by speech. Their task is such that it needs vigilance to listen and
immediately respond. The room noise is therefore high and more than 60 dB. Since, the
head gear set is monaural, the other ear is exposed to competing messages spoken by the other
operators in the room. So, an operator has to devote a lot of attention in terms of vigilance to
decide the speech signals reaching his head gear set ear, in the presence of competing messages
and inherent room noises reaching the exposed ear, apart from the side tone noise, channel and
trunk board noises, and the distortions produced by the send end telephone and also by the
characteristics of the receiver of his head gear set.

The subjects were seated in the telephone operator's chair and the test material was
received through the trunk exchange boards from the head gear set worn by the operators.

At one time, only one subject was tested. The other conditions were not altered.

Normals:

32 normal subjects were tested. The 4 PB lists were presented at 85 dBSPL, 90 dBSPL,
100 dBSPL, 105 dBSPL. The sentences were fed at 95 dBSPL.

Telephone operators :

25 subjects were tested in the same way as the' normals. 5 of the subjects were alIovved
to read the 4 lists before the testing.

Clinical Group :

The Clinical groups were tested in the same way as the normals. The Clinical groups
were provided with Oticon extra super hearing aids wherever the test ear was the ear having
hearing loss. Custom made moulds were provided to most of them using hearing aids. How
ever, in some cases, it was not feasible to make the custom ear moulds, due to some prac.tical
problems of the patient. Stock ear moulds were tried and the one that fitted best was used.
The hearing aid was kept in '1" position(Induction Coil Position); its volulue control was adjus
ted by each subject to his conlfortable listening volume, as he heard some telephone speech
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befoN testing; the volume control of hearing aid was not altered and left in that position.
Most of the subjects had no practice using the hearing aid. Hence, they were allowed to listen
to running speech through the telephone for some time. The high frequency hearing loss sub
jects were not provided with amplification. In unilatral hearing loss cases, when the test ear
was the normal ear, hearing aid was not provided for the hearing loss ear. The head gear let

receiver was placed over the microphone of the hearing aid.

Experiment C - Between two subscriber telephones set up :

The subjects received the test materials in the subscriber telephone set No. 20715. They
were instructed to hold the receiver in the same ear, which was used in experiment B set up.

Normals:

20 normals were tested of which 11 of them were tested in the experiment B set up also.

Telephone operators :

15 telephone operators were tested; they had 'also undergone testing in the experiment

B set up.

Clinical subjects .,

All the subjects were tested. Here again, the telephone receiver was placed over the micro
phone of the hearing aid in 'T' position. Conditions of providing amplification were same as

in experiment B set up.

All the subjects in experiment B and in experiment Chad l)ndergone testing in experi

ment A set up.

J Method of scoring:

For each of the four lists, the PB maximum was found out~ The maximum scores thu-s
:>btained was taken for analysis. The sentences were scored using the principle of key words,
~efined in terms of the subjects understanding the essentials [in the sentence. If the subject,
missed one key word or even the digits or its correct sequence in one sentence. be got zero point.
[f he repeated all the key words correctly in a sentence, he was given one ·point.

Reliability,

Reliability of the tests were done by taking 5 subjects and the·n testing them again in the
~xperimentA, Band C, after a long titne.

The following conclusions were made from the study;

1. The mean PB maximum (for PB lists) performance for normals in the trunk exchange
'oom set up is 50.50%. ThJS nlay be considered as the minimal level of performance required in
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terms of "the hearing efficiency over the phone, for normals who apply for the job of a telephone

operator (PB max. in %)

2. The mean PB maximum (for PB lists) performance for the telephone operators in
the trunk exchange room set up is 75.76%. This may· be considered as the optimum level of

performance desired in terms of hearing efficiency over the phone for persons who apply for the
job of a' telephone operator.

3. The performance of the normals for PB lists in standard speech audiometry is signi
ficntly bet r than over the teleph ne received in trunk exchaI ge room.

4. The performance of the teJe hone operator for Ii s in standard speech audiometry
1S significantly better than over t le telephone received in the tr J k exchange room.

5. The performance of normals for PH lists in standard speech audiometry is significantly
better than over the telephone received in a sub riber telephon t.

6. The perf9rmance of the tel phone operators for P13 lists in standard speech audio
nletry is better than over the telephone received in a subscri er telep one set.

7 to The performance of the bilateral moderate conductive hearing loss subjects with hear
ing aid for PB lists received ov r the phone in the trunk exchange roonl does not significantly
di r fr ill their p rformance in standard speech a diometry.

8. The performance of the bilateral moderate conductive .hearing loss subje~ts wit4
heari 19 ai 1tor PB lists rece; ed over the pho e in the subscriber telephone set does not signi
fican ly dif~r frolll their per armance in standard speech audio etry.

9. The perforlnance of bilateral moderate high frequency hearing loss subjects without
hearing aid for P lists ree ived over the phone in the trunk exchange rOOITI does not signi-
ficantl differ froln the perfornlance in standard speech audiometry.

10. The perfornlance of the bilateral moderate mixed hearing loss subjects with hearing

aid fQ.f PB lists received over ~he phone in the trunk exchange room does not significantly differ
fr ll1 their perforlna ce in standard speech audiometry'.

11 .. The p rforman '--, of the bilateral mod rat high frequency he ring loss subjects with

out hearing aid for PB lists received over the phone in t e subscriber telephone set does not

sign ificantly differ from their performance in standard speech audiometry.

12. The perfornlance of the bilateral ~JI.: j c S vlith hea ing

aid for PB lists received over the phone in the subscriber telephone set does not significantly

diffi r frolll their performance in standard speech audio;... etry.

13. The perfornlance of the telephone operators for PB lists received over the phone in the

trunk exchange roonl is significantly better than the normals.

14. The performance of the telephone operators for PB lists received over the subscriber

telephone set does not significantly differ frolll that of normal.
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15. Males perform si nifi antI b t th n females (Normal group for'PB lists received
f>ver the phone in t r nl 011.

16. There exists no significant difference in the performance of males and females (normal
group) for PB lists, received over the phone in the subscriber telephone set up.

17. There exists ne significant differenee in the performance of males and fetnales (normal
group) for PB lists in standard speech audiometry.

18. There exists no significant difference in the performance of males and females (tele
phone operators) for PB lists received over the phone in the trunk exchange room.

19. There exists no significant .difference in the performance of males and females (tele
phone operators group) for PB lists received over the phone in the subscriber telephone set.

20. ere is no significant difference in the performance of males and females (telephone
operators group) for PB lists in the standard speech audiometry.

21. The performance of the normals for PB lists received over the phone is significantly

be tel' in the subscriber telep on set tha~ in the t~unk exchange rOOln set up.

22. The p rforluance of the telephone operators for PB lists received over the phone is
signifintly better in h s bscriber telephone set than in the trunk exchange room set' up.

23. h r exists no igni cant d 'fference between the performance of telephone operators
ho are exposed to the P list efore the testing' and those telephode operators who are not

exposed to the P lis b lor te ti g, e received over the phone in trunk exchange room.

24. The bilat al lTIodera c nd ctive hearing loss subjects with hearing aid perform
significantly better ha no mals for P lists received over the phone in the trunk exchange room.

25. 'he bilateral ode "at conductive hearing loss subjects with hearing aid perform
i nifical1tly better t1 an he t 1 hone perators for PB lists received over the phone in the trunk

c ange rOOIDe

26 .. There exists no signi roant di erence in the performance of the bilateral moderate con
uctive h ar'ng ass subjec s w' ~1 ~ari g aid and the normals for PB lists' received over the

, hone in the subscriber -elep one set

27. There exists no si,- i ca t drS--- ence in the performances of the bilateral moderate
conductiv he rin aid an the telephone operators for PB lists

received ov rteeset.

28. The unilatera conductive hearit g loss subjects with hearing aid (when hearing loss
ear is the te t ear) perform si nifica tly better than the normals for the PB lists received over

the phone i t e funk exe a ge roonl.

29. 1ere exi ts no si ificant difference in the performance of the unilateral conductive
eari 1 ss subjects wit hearing aid ( hen the hearing loss ear is the test ear) and the telephone

opel' tors f r P lists rec ived over the phone in the trunk exchange room.
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30. There exists no significant difference in the performance of the unilateral conductive

hearing loss subjects with hearing aid (when hearing loss ear is the test ear) and the norma Is
for PB lists received over the phone in the subscriber telephone set.

31. There exists no significant difference in the performance of the unilateral conductive
hearing loss subjects with hearing aid (when hearing loss ear is the test ear) and the telephone
operators for Prl lists received over the phone in the subscriber telephone set.

32. The unilateral conductive hearing loss subjects without hearing aid (when norma) ear
is the test ear) perform significantly better than the nornlals for PB lists received over the phone
in the trunk exchange room.

33. There exists no significant difference in the performance of the unilateral conductive
hearing loss subjects without hearing aid (\vhen normal ear is the test ear) and the telephone
operators for the PB lists received over the phone in the trunk exchange room.

34. There exists no significant difference in the perfonnance of the unilateral conductive
hearing loss subjects without hearing aid (when normal ear is the test ear) and the normals for
PB lists received over the phone in the subscriber telephone set.

35. The unilateral conductive hearing loss subjects without hearing aid (when normal ear
is test ear) perform significantly poorer than the telephone operators for PB lists received over
the phone in the subscriber telephone set.

36. The bilateral moderate mixed hearing loss subjects with hearing aid perform signi
ficantly better than the normals for PB lists ·received over the phone in the trunk exchange room.

37. The bilateral moderate mixed hearing loss subjects with hearing aid do not significantly
differ from the normals in their performance for PB lists received over the phone in the trunk
exchange room.

38. The bIlateral moderate mixed hearing loss subjects with hearing aid do not significantly
differ from the normals in their performance for PB lists received over the phone in the subs
criber telephone set.

39. There exists no significant difference in the performance of the bilateral moderate
mixed hearing loss subjects with hearing aid and the telephone operators for PB lists received
over the phone in the subscriber telephone set.

40. There exists no significant difference in the perfornlance of the bilateral conductive
hearing loss subjects with. hearIng aid for PB lists recei ved over the telephone in the trunk
exchange room and the subscriber telephone set.

4J.. There exists no significant difference in the performance of the unilateral high frequency
hearing loss subjects without aid hearing (when test ear is hearing loss ear) for PB lists received
over the phone in the trunk exchange room and in the subscriber telephone set.

42. The telephone operators perform significantly better than the normals for sentenc~3

received over the pholle in the trunk exchange room.
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43. There exists no significant difference in the performance of the normals and the tele..

phone operators for sentences received over the phone in the subscriber telephone set.

44. There exists no significant difference in the performance of males and females (normals
group) for sentences received over the phone in the trunk exchange room.

45. There exists no significant difference in the performaNce of males and females (normal
group) for se!!tences received over the phone in the subscriber telephone set.

46. There exists no significant difference in the performance of males and females (Tele
phone operators group) for sentences received ov~r the phone in the exchange room.

47. There exists no significant difference in the performance of the males and females (tele
phone operators group) for sentences received over the phone in the subscriber telephone set.

48. Normals perform significantly better for sentences received over the phone in the
trunk exchange room.

49. There exists no significant difference in the performance of the telephone operators for
sentences received over the phone in the trunk exchange room and the subscriber telephone set.

50. The bilateral moderate conductive hearing loss subjects with hearing aid perform
significantly better than the normals for sentences received over the trunk exchaRge room.

51. The bilateral moderate conductive hearing loss subjects with hearing aid perform
significantly better than the telephone operators for sentences received over the phone in the
trunk exchange room.

52. There exists no significant difference in the performance of bilateral moderate conduc
tive hearing loss subjects with hearing aid and normals for sentences received over ·the phone in
the subscriber telephone set.

53. There exists no significant difference in the performance of the bilateral mederate
conductive hearing loss subjects with hearing aid and the telephone operators for sentences
received over the phone in the subscriber telephone set.

54. The unilateral conductive hearing loss subjects with hearing aid (when hearing loss ear
.is test ear) perform significantly better than the normals. for sentences received over the phone
in the trunk exchange room.

55. I'he unilateral condu~tive hearing loss subjects with hearing aid (when hearing loss ear
is test ear) do not significantly differ in their performance from the telephone operators for
sentences received over the phone in the trunk exchange room.

56. The unilateral ~onductive hearing loss subjects with hearing aid (when hearing loss ear
is the test ear) do not significantly differ in their performance from the normals for sentences
'received over the phone in the subscriber telephone set.

57. The unilateral conductive hearing loss subjects with hearing aid (when hearing loss
ear is the test ear) do not significantly differ in their performance from the telephone operators
for sentences rec~~ved over the phone in the subscriber telephone set.
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58. The bilateral moderate mixed hearing loss subjects with hearing aid do not significantly
differ in their perform'ance from the normals for sentences received over the phone in the trunk

exchange room.
59. The bilateral moderate mixed hearing loss subjects with hearing aid perform signi

ficantly poorer than the telephone operators for sentences received over the phone in the trunk

exchange room.

60. The bilateral moderate mixed hearing loss subjects with hearing aid do not significantly
differ in their performance from the normals for sentences over the phone received in the subs

criber telephone set.

61. The bilateral moderate mixed hearing loss subjects with hearing aid perform signi
ficantly poorer than the telephone operators fOf sentences received over the phone in· the
subscriber telephone set.

62. The bilateral moderate conductive hearing loss subjects perform significantly better
for sentences received in the subscriber telephone set than in the trunk exchange room..

63. The bilateral moderate hearing loss (high frequency) subjects without h~aring aid per
form significantly bet~er than the normals for sentences received over the phone in the trunk
ruom.

64. The unilateral high frequency hearing loss subjects without hearing aid (when normal
ear is test ear) perform significantly better than the normals for sentences received over the phone
in the trunk exchange room.

65. The bilateral moderate high frequency hearing loss subjects ·without hearing aid do
not significantly differ in their performance from the telephone operators for sentences received
over the phone in the trunk exchange, room.

66. The unilatetal high frequency hearing loss subjects with bearing aid (when normal ear
is the test ear) perform significantly poorev than the telephone operators for sent~nces received
over the phone in the trunk exchange room.

67. The bilateral moderate high frequency.hearing loss subjects without hearing aid do not
significantly differ in their performance from the normals for sentences received over the phone
in the subscriber telephone set.

68. The unilateral high frequency hearing loss subject~) without hearing aid (\vhen nornl1s
ear is test ear) do not signifigantly differ in their performance from the normals for sentences
received over the phone in the subscriber telephone set.

69. The bilateral moderate high frequency hearing loss subject without hearing aid, du not
significantly differ in performance from the telephone operators for sentences received over the
phone in the subscriber telephone set.

70. The unilateral high frequency hearing loss subjects without hearing aid (when normal
ear is the left ear) do not significantly differ in their performance from tel~phone operators for
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sentences received in the subscriber telephone set.

71. For all the subjects, performance intensity function could be done while testing
discrimination. The results indicated that to get maximum score PI function should be obtained
since the maximum score was obtained at different levels.

72. The responses for PB lists, revealed that words containing high frequency sounds and
the nasals were mostly correct.

73. The responses for sentences revealed that digits and their sequencing of telephone
numbers and intials of proper nouns were mostly correct.

74. The ambient noise reaching the non-test exposed ear affects the performance of listening
to telephone speech in the test ear to varying degree in the different groups

75. Experience in listening to telephone speech under noise conditions increases the vigi
lance of the listeners. Hence, the telephone· operators perform better than the normals.

76. The performance of normal subjects lnav he considered as the minimum level of perfor
mance in terms of hearing efficiency essential for normals to apply fer the telephone operators

Job.

77. The performance of normalJhearing telephone operators may be considered as the opti
mum level of performance for hearing efficiency essential for persons to apply for operators1jobs.

78. The standard speech audiometric discrimination test does not reflect the efficiency of a
listener over a telephone listening in the trunk exchange room or in the subscriber telephone set,
under different environmental conditions.

79. Persons who apply for telephone operators jobs should undergo a hearing test for dis
crimination over the telephone and must satisfy the minimum levels of performance as seen in
normals. Optimum levels of performance may be preferred.

"A person who is hard of hearing obviously cannot be efficient as a telephone operator"
is not true.

80 The different categories of the hearing problems react differently, when an amplified
signal is fed to their ears. The amplification provided by the hearing aid is louder than the·
level ofthe signal received in the headgear set or the telephone receiver.

81. The hearing loss in the non-test ear (exposed ear) may be considered as an advantage
for telephone communication as hearing loss overcomes the interference of environmental noise
and competing message.

The clinical groups, .therefore perform better than the normals in terms of hearing
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6. Standardising the test on an the available types of talephone sets and types of net
work in the country.

7. Developing headgear receiver sets, which could completely fit on body level or ear
level type of hearing aids.

8. Test may be developed using conversational speech since they are more natural in all
languages.
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er~T '!aTTar :q qTCfll :q- lT~rcGff~cn~ ;rq I ij"~irfa
c

fq~~rllt a({Ttrt sq.: Sl"CflTtrra- I Gf?P~ ~ lI"C{T cr:tiT

~lCfr~q~~lfa- I ~qT~1tT~ q"~T$>f Cf?r~t ClTCfli" '1 ~)~f~ It

That in which there is agreement between it on one
hand & the speaker and the listener on the other hand

is communication. A speech though clear to the speaker
himself' if uttered without any regard for the listener l

produces no inzpressions in the latter.

(Maha Bharata 12-320.9 J to 320.92)

•
lf~~ q:;pr [llT~~~fer~:[ 5f~T~a- II

~)~~~qr~qrr!l~~ ~ Cf~T ~a~) '!q II

He alone is a speaker who employs l'vords which
expresing his oltvn meaning are also understood by his
listener.

(Maha Bharata 12-320.94 )
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