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| NTRODUCT! ON

Hearing is a conplex process wherein we first perceive
the heard sound and later attribute meaning to the heard
sound. Hearing is an inportant aspect of comunication which

fornms the basis of human activity.

| npai rment of hearing not only renders a persons unable

to appreciate the different sounds present in his
environnment, it slowy but surely reduces his capacity to
understand the speech of others as in the post lingually
deaf. In a prelingually deaf child, hearing |oss inpedes the

acqui sition of normal speech and | anguage.

The problem <can be mtigated by providing for
anplification of the signal reaching the ear. The advent of
the hearing aid has helped in the anplification of sounds for

t he hearing inpaired.

A hearing aid is an electroacoustic device which
increases the intensity of sound energy and delivers to the

ear with as little distortion as possible.

A hearing aid contains 4 basic conponents: M c,
anplifier, receiver and power supply. Additionally, it may
al so have a tone control, output controls and tel ephone pick

up coils.

Many hearing aids are equipped with a special circuit to

enhance use wth a telephone. The circuit consists of a



magneti ¢ induction pick-up coil nounted inside the ease. The
t el ephone earphone is a nagnetic receiver, which, through
magneti c | eakage, generates a magnetic field. |f placed next
to a telephone receive, the induction coil picks up the
magnetic field and converts it into an electric signal. It is
then anplified and again transduced, this time into an
acoustic signal. In other words, the telecoil takes the place
of a hearing aid mcrophone as the input conponent of the

ai d.

The telecoil nmay be used alone as in "T" position or in
conjunction wth the mc as in "M™ position. If the "T"
position is chosen, the mc is cut off of the circuit. The
advantage of this is the ability to use the aid with a
tel ephone  wit hout interference from sounds in the
envi ronnment when used in the "M™ position, the environnental
sounds are also picked up but it permts communication

bet ween people in the surrounding vicinity.

The telecoil may not only be used for telephonic
conversation but also in classroons which have an induction
| oop system Presence of the "T" or "M™ position on the aid,
enables the child to have a good and constant speech out put
from the teacher. However when used in the "T' position,
t hough the environnent sounds are reduced or lost, child to

child interaction/comunication is hanpered.



Bl ectroacoustic neasurenents of the hearing aid help us
determne the gain of the aid, its frequency response,
conpare the performance of different hearing aids, and
whether or not the aid is in keeping with the specified

standards. It also helps in fitting the hearing aid.

The frequency response of the hearing aid is the
relative anmount of gain as a function of frequency for
specified input according to the standard. The frequency
response is usually determned with the switch in the mc
position. It may also be assessed in the "T* and "M
position. There are very limted studies on "T* and "M
position and no study conpares the perfornmance of hearing aid
on "T" and "M™ position. Studies which conpared "T" and "M
position reveal that the frequency response vary fromone to
another. The following studies show the perfornmance of
hearing aid at "T" position and conparison of that with mc

out put .

Ling (1966) and Borrild (1968) reported that hearing
aids operating on telecoil provided better |ow frequency
response than when on "M output in loop induction system
(1LA).

Sung and Hodgson (1974) found that the "T" positioning
tend to provide a better |ow frequency response than that of
the mc. They also found that sensitivity and frequency
response at "T' position is different from that of "M

posi tion response range.



Matkin and dson (1970) reported that wundesirable
changes in acoustic output and frequency response occur when
hearing aids were switched from "M to "T" setting in I|LA
syst ens. They also noted that the average gain of hearing

aids set on "T" never exceeded the gain used in mc when used

i n | LA systens.

Rodri genz, Holnmes and Gardhardt (1985) found that gain
characteristic of hearing aids are significantly greater for
acoustic coupling than for telecoil coupling regardl ess of
output setting and found that mc coupling achieves nore gain

for both higher and | ower frequency.

d adstone (1985) found that nmaxi num output of hearing
aid is got for telecoil when it was in FOG He also found
that the output at FOG in "T" position equals that of output
at "M position when the volune control is set at 1/3 or 12

vol une setting.

Since the hearing aid provides again across the
different frequency, speech intelligibility using the aidis
fairly good. It provides near equal gain across the specified

f requenci es.

Studies reveal that when the hearing aid is placed in
the "T" position, there is a better |ow frequency response.
In other words, the "T" position provides greater or better

I nfornmation about those sounds in the | ow frequency region.



Hodgson and Sung (1971 & 1974) assuned that because of
the better low frequency response at "T" position when
conpared to the "M setting resulted in a better speech
intelligibility for connected discourse. However, t he
intelligibility of nonosyllabic words I|ie between the
frequency range of 1.5 to 2.5 KHz. Since hearing aids at "T"
position does not provide sufficient anplification above 1.5
KHz the intelligibility of nonosyllabic words wll be

af f ect ed.

The ains of the present study was:
1) To study if there is a significant difference in the

out put of the hearing aid between the "T" and "MI" position.

2) To study if there is a significant difference in the
output as a function of the frequency when the position is
changed from "T" and "MI" in other words, 1is there an
interaction effect between frequency and the "T" and "M

positions.

3) To study the interaction in between the category of

hearing aid and the "T" and "MI" position.



METHCDOLOGY

Sel ection of hearing aids: A total of 45 body |evel hearing
aids were taken up for the study. These 45 hearing aids is
the sumof 15 aids frommld, noderate and strong categories.
Al these are newy received from the nmanufacturers. The
hearing aids were selected such that they had the provision
for "T" and "MI" settings and all these belonged to a single

manuf act uri ng conpany.

Hearing aids were classified into mld, noderate and
strong categories (acc. to I'S: 10775 - 1984) as per the

manuf acturers claim

TEST ENVI RONVENT: Test was carried out in an sound treated
room The anbient noise levels inside the room were wthin

perm ssible levels (IS 10776-1984).

| NSTRUMENTATI ON:  The instrunents used for the study were as
fol |l ows:

1) A hearing aid analyzer (Fonix 6500)

2) Standard 2cc coupl er.

3) M crophone (M 1550)

CALI BRATION: The electronic nodule is turned on along with
the video nonitor. Any sound is going to have frequency
response regularities. To conpensat e for t hese
irregularities, the mcroprocessor "levels" the chanber for

each frequency neasured. Leveling was performed each tinme the



instrunent is turned on (See Appendix-1 for standard testing

procedure).

The induction coil sensitivity of the hearing aid is

measured as foll ows:

The mc is inserted into 2cc coupler the receiver of the
body aid is snapped on to the 1/4" recessed end of the
coupler. The aid is placed in the sd. chanber and the
controls are set for the operating node. The gain control is
turned full on and the hearing aid is placed in the magnetic
field developed by a |1000Hz IOMNM rns current and is
oriented to produce greatest coupler output level and this

SPL is recorded (See Appendi x-11).

The frequency response characteristics for the foll ow ng
frequencies were neasured - 200Hz, 500Hz, 1000Hz, 1500Hz,
2000Hz, 2500Hz and 4KHz. The steps involved in this are

nmentioned in the above paragraph.

The values were recorded at different frequencies and

the values are given in the Table-I.

The hearing aid control setting were then shifted to Mr
position and the same procedure was repeated for the sane
hearing aid.

Simlarly, 45 hearing aids were tested and the induction
coil sensitivity was neasured and the frequency response

characteristics were noted.



ANALYSI S METHOD: The recorded values were then subjected to
2x3 factorial analysis in order to find out the significant
difference anong the conditions. The nodel of 2x3 design is
gi ven bel ow

"B" condition

MIld Moder at e Strong
A MT Al Al Bl A B2 A B3
Condi ti on
T A2 A2 Bl A2 B2 A2 B3

Then the average output (nean) value for each frequency
at both "MI™ and "T" operations were found. It is done for
all categories of hearing aid. Later these values were
graphically represented and conpared (values are given in the

Table-11).



TABLE-1: Showing the total output values obtained at "T" and
"MI" positions.

Fr equency MId Moder at e Strong
M T M T M T

200 Hz 1515 1544 1837 1696 1996 1784
500Hz 1547 1562 1887 1684 1987 1780
1KHz 1637 1568 1906 1724 2009 1818
1. 5KHZ 1676 1557 1898 1692 2027 1834
2KHZ 1628 1558 1881 1695 1994 1792
2. 5KHz 1615 1574 1879 1714 1985 1807

4KHz 1573 1540 1832 1675 1925 1775
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TABLE-11: Showing the average output (nmean) at seven
different frequencies for all the categories for
"“T" and "MI" operations.

Fr equency MId Moder at e Strong
MI T MTI T MI T

200 Hz 101 103 122.5 113 133 119
500Hz 103 104 127 112 133.5 119
1KHz 109 105 128 115 134 121

1. 5KHz 112 104 128 113 135 122
2KHz 109 104 126 113 133 119.5
2. 5KHz 107 105 126 114 132 120. 5

4KHz 105 103 122 112 128 118
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Table-111: Showing the "F' ratios for different conditions
Frequency A condi tion B Condition AB condi tion
(Main Effect) (Main effect) (Interaction
effect)
200 Hz 20* 76. 5% 8. 74*
500Hz 33. 9% 77.64* 10. 60*
1KHz 76. 42* 120. 20* 5.51*
1. 5KHz 132. 21* 145, 54* 4. 31+
2KHz 74. 36* 98. 62* 5. 52*
2. 5KHz 85. 9* 165. 60* 9. 94*
4KHz 90. 67* 210. 66* 11. 44*
Degrees of freedom(df): for A- 1, for B=2, for AB = 2,for
Wthin cell - 30
Note: "*" indicates significant difference at 0.0l |eve
"+" indicates significant difference at 0.05 |eve



GRAPHICAL REPRESENTATION OF THE MEAN
VALUES FOR ALL CATEGORIES OF HEARING
AIDS AT "T" & "MT" POSITIONS
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RESULTS AND DI SCUSSI ON

The purpose of this study was to nmeasure the outputs at

different frequencies for the "T* and "MI" operations.

The outputs obtained for the hearing aids in "T"
position and "MI" positions have been depicted in Table-I
And these data have been subjected to 2x3 factorial design
and the following results were obtained (The F ratios val ues
are given in Table-111).

1) There is a significant difference between the outputs at
"T" and "MI" positions for all the frequencies.

2) There is a significant difference between the different
categories of hearing aid for all the frequencies in terns of
out put .

3) a) There is a significant difference between the output of
di fferent categories of hearing aid at "T" position.

b) And significant difference between the outputs of

different categories of hearing aid at "MI" position.

Thi s statistical anal ysi s reveal ed si gni fi cant
differences at 0.01 level for all the conditions.

The nmean outputs for "T* and "MI" operations for
di fferent categories of hearing aids at different frequencies
have been cal cul ated and tabul ated in Table-I1. The sane data
was made use of for drawing "multiple bar diagrant (Shown

graphically).
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Multiple bar diagram shows that the output at "T"
positions is 2 to 3 dB greater than "MI" operation at 200 and
500Hz for m|d category hearing aids alone. And the output at
"MI" position is 10 to 12 dB greater than the output at "T"
position for md and high frequencies for mld, noderate and

strong category hearing aids.

DI SCUSSI ON

Results of this study indicated that the output
characteristics of hearing aids, were significantly greater
for "M operations than for telecoil operation except for
that of low frequencies (200Hz and 2500Ha) in mld category
hearing aids alone. This finding partly support Sung et.al.,
(1974), who reported better Ilow frequency output under
telecoil coupling condition for noderate and strong category
hearing aids than m crophone coupling. But in this present
study better |ow frequency responses were got only for mld

category hearing aids.

This difference my be attributed to (1) procedural
variations. Sung et.al., (1974) in their study used 20MN¥ m as
i nput whereas in this study the input was |OMAMV m as specified
by ANSI standards.

2) may be due to the conparison of output values between "T"
and "M operations in his study whereas in the present

study "T" and "MI" operations were conpared.
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In actual classroom use, the response of the aid
operating on telecoil wll be affected by the fidelity of
the loop itself. According to the present study, when
operating on "M™ input the overall performance is better
than "T" operation node in loop induction (IL) systens even
though in "T" operation node there was better |ow frequency

response.

The |S: (10776: part 2) has specified the gain outputs
in different categories hearing aid. This has been nodified
i n the amendnent, No.2 of IS (10776) in 1989, March. This has

been depicted in the follow ng table.

St andar ds MId Moder at e Strong
(I'S: 10776, 1984) | 00dEWB 1HOdB 120dB
| S 198D Alveeniieernt T 85dB 95dB

The val ues of gain outputs obtained in the present study
are in agreenent with IS (10776; part 2), 1984 but differ
from the specification of IS 1989 anendnent. So, this

necessi ates the devel opnent of conprehensive standard.

The orientation and the placenent of the hearing aid mc
i nside the chanber altered the maxi mumoutput. So, when this
Is applied to class room situation the distance between the
i nduction loop and the placenent of the children's hearing
aid should be taken into consideration for  Dbetter

per f or mance.
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Based on the findings the use of "M™"™ position for
hearing inpaired <children in classroom settings is
enphasised. This is because the overall perfornance of the
hearing aid operating on "M™ position was better. Al so,
unlike hearing aids in "T' position the hearing aids
operating on "M positions facilitate interspeaker

communi cati on.
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SUMVARY
A total of 45 hearing aids were taken up for the study.
Fifteen hearing aids from each category (mld, noderate and
strong) were included. Al the hearing aids were newy

recei ved from nmanuf acturers.

Hearing aid output characteristics at different
frequencies (200Hz, 500Hz, 1KHz, 1.5KHz, 2KHz, 2.5KHz and
4KHz) were neasured according to ANSI standards using Fonix
6500. These neasured values were then recorded and subjected

to 2x3 factorial analysis.

Using this statistical procedure significant difference
anong 3 categories of hearing aid, between "T'" and "M™

position were found.

The differences in response between the "T" and "M™
i nput were al so exam ned. Findings indicate that:
1) Gven hearing aids have different performance for "T" and
“MI" operations.
2) The telecoil provides better low frequency response in
mld category hearing, aids than the MI operations. This
relation was not observed for noderate and strong categories
(Shown graphi cal ly).
3) For md and high frequencies there was a significant
difference in output between all the categories of hearing
aids in "M™ and "T" positions. That is, output values were

al ways greater in "M™ operation.
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I mplication of this study suggest that when recommendi ng
a hearing aid, the hearing aid filter roust be aware of
possi bl e differences, between "T" and "M operations. It,
therefore, is necessary to evaluate each aid prior to fitting
to ensure that the desired response is avail able under the

condi ti ons.

FURTHER RECOMVENDATI ONS:
* To study the other electroacoustic characteristics in the

"T" and "MI" positions.

* To develop nore conprehensive standards based on the study
of these el ectroacoustic characteristics. And  such
standards undoubtedly would help the hearing aid industry

and professional comunity to better neet the needs of the

hearing i npaired.

* To study the sanme paraneters in different types (BTR

spectacle type) and nodels of hearing aid.

* To study the frequencies response at different volune
settings (1/2, 3/4 and full on gain) at "T" and "MI"

position.
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cali brator. Tighten the lock nut wthout noving the

position of the adjustment screw.

NOTE: Allow at least 30 mnutes at room tenperature before
checking the calibration of the test set, especially it is
has been exposed to cold tenperatures. Open the sound chanber

lid during this warmup period.

LEVELI NG Any sound chanber wi | | have frequency
irregularities. To conpensate for these irregularity the
m croprocessor in the FONIX 6500 corrects, or levels", the
chanber for each frequency neasured. Leveling nmust be
perforned each tine the instrunent is turned on. Follow ng

procedure nust be nmade use of:

1) Place the mic on the left side of the sound chanmber, wth
the mc grill over the reference point. Close and latch

t he sound chanber 1id.

2) Press the (Level) button to start the |eveling sequence.
The system responds by sending a conpl ex conposite signal
consisting of Jlow iron that correct the chanber for

subsequent tests.

3) After a few seconds, the video nonitor will display a
graph with a straight line across at 0dB, indicating that
the chanber has been leveled. This process wll not have

to be repeated unless the instrument is turned off.



APPENDI X- |

M CROPHONE CALI BRATI ON CHECK:

Al though it is not necessary to check the calibration of
the Fonix 6500 every tine it is turned on. Wen doing it for
the first time the following procedure nust be followed.
1) Insert the M 1550 mc into the 14 mm by 1" adaptor

supplied in the standard accessories Kkit. I nsert the
m cr ophone/ adapter assenbly into the output port of the

cal i brator.

2) Press the RESET button located on the left side of the

front panel.

3) After pressing, the instrunent wll be in COMPCOSI TE MODE.
Press the [SINE/ COMPOSI TE] button found under SIGNAL. The
red LED wll turn off indicating that the instrunent is in

SINE (PURE TONE) nmde.

4) Check the SPL input fromthe M 1550 on the video nonitor
(under M CROPHONE AMPLI FI ER). The figure presented should
agree with the stated output of the calibrator.

5 If the output of the test set mcrophone anplifier does
not match the stated output |evel of the calibrator,
adjust the set anplifier with the GAIN adjustnent control
screw | ocated on the real panel, next to the M 1550 i nput
pl ug. Loosen the lock nut and turn the screw until the

readi ng on the display matches the specifications of the
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APPENDI X- 1 |

BU LT-IN TELECO L SETUP: CHECKI NG FOR MAGNETI C FI ELDS:

To prepare for testing wth the built in telecoil, use
the fol |l owi ng procedure.
1) The video nonitor nornmally emts its own nagnetic field.
Therefore, locate the test chanber as far as possible from
the nonitor to avoid interference with telecoil neasurenents.
A distance of 1 1/2 feet will reduce interference fromthe
nmonitor to a negligible level at 1KHz. A distance of 2 or
nore feet wll be necessary to avoid interference from the

nonitor across the entire frequency spectrum

Follow the steps below to check for the influence of
magnetic fields, both from the nonitor and from other
sources, such as fluorescent lights, electrical wring, etc.
2) Press (MENU & then (CAL)

3) Select ANSI with the (A or (V) button.

4) Press ( START).

5) Connect a linear hearing aid to the proper coupler and
place it in the center of the test area. Set the switch on
the aid to "T" and set the gain for naxi num

Wile watching the dB SPL output reading on the nonitor,

orient the body of the aid for the maxi num possi bl e out put.

6) Wthout changing the aids' orientation, plug in the
supplied RCA (phone) dummy plug into the socket directly

beneath the multi-pin socket at the bottomright of the
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outside of the teat chanber (This breaks the signal to the
built-in telecoil). The |000Hz output reading on the nonitor
must drop by 10dB in order for the reading to be accurate.
For an entire sweep to be accurate, the output roust drop by
20dB. Try a different location for the test chanber if these

conditions are not net.
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