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I NTRODUCTI AN

Ancient Sanskrit literature has defined man as being bound
to this world by five of his senses - vision, hearing, snell,
taste and touch. Al though all of these are inportant for a human
being, the sense of hearing, due to its wunseverable connection
with speech, forms an intrinsically inportant link in the life of
man. Hearing, thus, helps in form ng bonds between people as it
is an inseparable part of the speech chain.

The inportance of hearing is felt, as for nost other things,
nost severely in its absence. A hearing inpaired child bears
testimony to all the infinite ways in which hearing is woven into

our lives.

Due to the above nentioned effects of a loss of hearing,
rehabilitation of the hearing inpaired has becone a major area of
concern, especially to the professionals dealing wth t he
handi capped in India. One of the forenpst considerations in any
of these prograns is of primary anplification. According to Ross

(1975)

"Anplification is the only therapeutic neasure that focuses
directly on the primary cause of the handicap, that 1is, the

hearing loss itself .

Ideally an anplification system should reduce background
noi se and enhance quality of speech. It should be cosnetically

appealing, easy to handle and adaptable to all listening



environnents while retaining the technical specificatione of high

fidelity and mninmal distortion. Presently, however,

device is in existence. The choice is restricted to

Personal (wearable) aids
body level (air & bone conducti on)
ear level (air & bone conduction)
X spectacle type
X behind the ear
X i n-the-ear

X i n-t he-canal

Educati onal ai ds
hardwi re systens
di sk type trainers
| oop
W rel ess
X FM | oop
X FM

X I nfrared

Direct signal input

Sensory Ai ds

Vibrotactile aids etc-

El ectrode inplants

(The last 2 are nore often considered as

ai ds

such

r at her

than as anplification systens due to their transducing action).



Anmongst all the above nentioned devices the hearing aid has
been the nost w dely used. But although the hearing aids are nore
easily available, and economcally nore suited, especially in
the |Indian context, they have a major drawback in the fact that
they tend to anplify both the signal and the noise. This creates
a lot of problenms for the hard of hearing especially those who
have to function in a high background noise envi ronnment
(eg. factories, schools, indoor stadiunms, theatres, etc) e
device which successfully overcones this problem is the FM

system

VWhat is an FM Systenf?

An  FM or 'frequency nodul ated system works on t he
principle of nodulation of the audio signal onto a carrier wave
which is acconplished at the transmtter worn by the speaker
This is then transmtted to the receiver worn by the listener. It
may be coupled directly (direct input and acoustic coupling) or

indirectly via induction (neckloop or silhouette).

Applications of FMsystem :

i) In classroons - May be wused in integrated and segregated
cl assroonms and also as an auditory trainer. Adjacent

cl assroons can have their own systens w thout interference.

It may also be wused wth children wth central auditory
processing deficits and the learning disabled (Stach,

Loi sette and Jerger 1987).



Chi l dren wth uni | at er al | oes, mld |oss or ot her

devel opnent al disabilities have also found this effective
(Cargill, Flexer 1991; Bess 1986; Flexer, MIlin and Brown 1990).
ii) Enploynent - it inproves conmunication at neetings and for

one-to-one situations. A conference mc can allow greater

partici pation.

iii) Infants - | anguage stinmul ation for the severely or

profoundly inpaired popul ati on has been nore effective using

this system

iv) For travel - especially travel requiring listening to tour

gui de presentation can be inproved.

V) For adult education - mainly for continuing adult education

in lecture hall settings etc.

vi) In arenas, stadiunms, theatres and places of worship.

Advant ages of the FM System :

The FM system addresses the following needs : it provides a
better S/N ratio, inproved hearing in reverberant conditions,
i mproved reliability, flexibility, greater fidelity and
portability. It can be wused indoors or outdoors in ad-
verse weather conditions. It can even be used wth obstructors
(eg : across rooms). The transm ssion is constant from 100 - 300

feet. It al so i nproves nobility and el i m nation of

noi se interference by overspill.



As the use of FM system beconmes nore popular there is a
greater need for a nore efficient system of prescription of these
systenms. One of the nethods of prescription which elimnates the
need for patient participation and cooperation is prescription by

el ectro acoustic characteristics measurenent.

Functional and insertion gain neasurenents have been used
widely in literature, nostly for classification and prescription
of hearing aids. This concept has been extended to other

anplification devices viz. the FMsystem

Need for Present Study

The present study deals with a conparison between two FM
systens to evaluate their performances. It is nmeant to bridge a
gap between the user's needs and the prototype the manufactures
are creating. It will also be able to provide the user wth an

adequat e neasure for purchasing a system



REVI EW O~ LI TERATURE

In spite of the wi despread use of FMsystens in educational
and ot her environments, little attention has been directed toward
specific nmethods of neasurenents and fitting. Oten the typica
nmet hods UBed with personal hearing aids have been enpl oyed. These

approaches may be appropriate in some aspects, but distinct

[imtations are present.

Al though FM systens are anplification devices simlar to
hearing aids, there are sonme distinct differences which need to
be taken into account in developing neasurenent strategies.
First, and perhaps nost inportant, the input |evel of speech to
the FM mcrophone is nore intense than to the hearing aid
m crophone. Wth the FM m crophone appropriately |located 6 to 8
inches fromthe talker's nouth, the overall level of speech is
approximately 80 to 85 dB SPL (Cornellise, Gagne & Seewald, 1991
Hawki ns, 1984; Lew s, 1991; Lewis et al., 1991). This is 10-20 dB
nore intense than the typically assumed 60 to 70 dB SPL input to
the mcrophone of the personal hearing aid from one to two
neters. This fact has inportant inplications in the assessnent
and fitting of FMsystens. |If output neasurenments are being nade
to adjust and fit FM systens, then typical input |levels should be
enpl oyed. This is particularly inportant given that nost FM
m crophone transmitters enploy sonme type of input conpression.

The gain and output of the FM systemnay be quite different if



lower |evel signals, which are not representative of the speech
input to the FM mcrophone, are , uaed in the neasurenent

procedur e.

A second issue relates to the increased conplexity of the FM
systens conpared to hearing aids. Mny FM systens have severa
m crophone input possibilities. There is a talker's m crophone as
well as an environnental m crophone(s), which can be |ocated
either at ear level or on the body-worn FMreceiver. There may be
one or two environnmental m crophones, and they may be ommidirec-
tional or directional. It is inportant that each input channel in
the FM system be evaluated for proper functioning and that the
m crophones be positioned in the proper manner. If only the FM
nodul e needs to be assessed it is generally suggested that all

others be di sconnect ed.

In a simlar vein, the FM system may have nore than one
volunme control wheel (VCW. Some units have one VCWfor the FM
signal and one for the environnental m crophone(s). On persona
FM systens, there will be one VCWfor the FM system and one for
the personal hearing aid. It is inportant that careful thought be
given to the setting of these VCWs, as certain conbinations can
produce undesired results (Hawkins & Schum 1985; Hawkins & Van
Tasel |, 1982; Lewis, 1991; 1992).

Finally, nodi fications nust be made in sone testing
procedures to account for the way certain systens are physically
arranged on the client. For instance, if personal FMsystem wth

a neck loop is to be evaluated in a 2 cc coupler, then the



hearing aid (attached to the coupler) and neck |oop nust be

| ocated appropriately on the body (preferably the client) if the

nmeasurenents are to be valid.
Types of Performance Measurenents

There are three baBic types of perfornmance neasurenents that
can be used with FMsystens. First, perfornmance neasurenents can
be made by adjusting the FM systenis el ect roacoustic
characteristics in a 2 cc coupler. Second, a nmeasure of real-ear
performance of the FMsystemcan be nade. Third, an assessnent of

speech recognition ability and/or inprovenent with the FM system

can be acconpli shed.

El ectroacoustic Measures in a 2 cc Coupler for Fitting and

Adj ust ment of FM System :

The Jlack of standards for neasurenents extends even to
coupl er speci fications for el ect roacoustic characteristic
nmeasurenents. Due to this, various authors have wutilised the
specifications for hearing aidB for these nmeasurements. Lybarger
(1981) has given a few guidelines regarding the same. For insert
or button type earphones, the 2 cc coupler as standardized in
American National Standards 53.7 - 1973 has been suggested as the
best. For supraaural earphones the National Bureau of Standards
9-A coupl er has been considered. However no details for receivers
with headband and inserting into the ear) have been discussed

(for details of neasurenent technique see Appendix 1).



Due to the existing vacuum of data regarding specifications
about wuse of couplers the HA2 coupler has been wutilised nost
of t en, especially when two disparate types of receiver systens

are being conpared.
Real - Ear Measurenents for Fitting and Adjustnent of FM Systens

There are two approaches that have been enployed to fit and
adjust FM systens using assessnent of real-ear perfornmance
Functi onal gain or ai ded sound-field t hr eshol ds, and
probe-m crophone neasurenents. While behavioral neasurenents of
real - ear per f or mance such as functional gain have been
recomended by sone investigators, several distinct Ilimtations
of this approach have been described recently. The najor problem
with the functional gain approach is that the input levels to the
FM m crophone at the aided threshold will typically be quite |ow
during the neasurenent procedure. These lower input levels wll
not be representative of the talker's voice entering the FM
m crophone during actual use of the FM system These input |eve
di fferences, conbi ned with t he fact t hat nost FM
m crophone-transmtters incorporate input conpression, nade the
ai ded sound-field threshold values difficult to interpret. \Wile
the threshold values would represent the lowest intensity signal
that the client could detect with the FM system they would | ead
to overestimation of the anmpbunt of gain the FMsignal would be
receiving and the sensation level at which speech would be

present.



Reali zation of these limtations of behavioral testing and
the inability to assess the maxi num output of the FM system wth
threshold neasurenents has |led to an increasing enphasis on the
use of probe-m crophone neasurenents. Using this approach,the
real -ear gain/frequency response and maxi mum out put can be

assessed with realistic input levels (for details Bee Appendix Il

&1V) .

Bryne (1981) has enphasi sed on the need for neasurenent of
the preferred listening level (PLL) instead of the hearing
threshold or nost confortable level for prescription of FM
systens. Al though some authors still prefer to prescribe hearing
aid gain on the basis of the hearing loss, this has been found to
cause overanplification especially in the case of sensory neura
(SN) hearing cases. On an average, for SN |oss cases, a 10 dB
rise in hearing threshold (HTL) requires only a 5 dB increase in
gain (Brooks, 1963; MIlin, 1973; Boorsoma and Courtay, 1974;
McCandl ess, 1976; Byrne and Tonni son, 1976; Martin G over, Wral
& Wllians, 1976; Schwartz and Larson, 1977). Various authors
have discussed a variety of fornmulae to specify the gain
characteristics for anplification. Duffy (1990) has discussed the

various nerits and denerits of the fornula used with regard to

anplification.

The criterion of phonenme audibility, recognition and speech
perception have been used by Duffy to specify the amobunt of gain

desirable at wvarious frequencies. He has conpared the Berger

10



POGO and NAL fornul ae especially with respect to the above. He
concludes that for providing optimumgain the formula nust allow
the output curve to follow the speech spectrum rule i.e, a
gradual reduction in intensity between vowels and unvoi ced
consonant is conpensated by an increase in intensity at higher
frequencies. On the basis of type, degree, nost confortable |eve

(ML) and | oudness disconfort level (LDL), speech reception
threshold (SRT) and phonene recognition ability he suggests the
use of Berger and POGO to be nost appropriate. NAL, while not
faithfully following the speech spectrum rule, also entails

conplicated conputational procedures.
Speech Recognition Testing with FM Systens

It is often necessary and/or desirable to assess the speech
recognition ability of a client with an FM system It may al so be
inmportant to conpare such performance with a personal hearing

aid(s) (for details see Appendix II11).

11



METHODOLOGY

The nethodology wll be discussed under the follow ng

subsecti ons

i) Subj ect s
selection criterion

no. of subjects

ii) Instrumentation

iii) Test environment

iv) Instructions
V) Procedure
- Calibration

- Procedure of testing

vi) Data recording

Subj ects Sel ection

Criterion :

Moderate or Mobderately severe hearing |oss cases with 'A
type tynprograns were selected Al the cases had been screened at
AlISHwth in the past 6 nonths. The age group was not specified.
The subjects selected were between 5 years - 75 years with a nean

age of 31.5 years.

12



No. of subjects:

A nunber of 31 ears were selected to mmke statistically

si gni fi cant concl usi ons.

| nstrunent ati on

EXPT |

The FONIX 6500 - C Real-Tine Hearing A d Analyser wth
software version V 3.09E/ 64K/ 000097f7-93.08.03 was used. Al ong

wth these the standard accessories for the FONI X 6500-C were

al so used. These were

i) I nstrunentation M crophone (ML550E or ML550) a pressure type

condenser nicroscope with 14 mm di aneter.

ii) Direct Access HA-1, 2cc coupler (coupler dinensions as per

ANSI S3.7 - 1973).

iii) Standard HA-2, 2 cc coupler (coupler dinensions per ANE

S3.7 - 1973).

iv) QU K-PROBE option providing real tinme, real ear testing i:
automatic or manual node wth pr obe and referenc
m crophone, |oudspeaker with floor stand, velcro headbook
ear hanger and cables, also a |oudspeaker swi vel arm for

suspensi on of the sane.

13



The two systens conpared were

a) Ald "A with FM nodule, a foreign wuniversal [|istening
system This system had a provision for a tuning dial
(72-76 MHz), it had a provision for an environnmental mc
vol une control and a volunme control for the nodule in

addition to a tone control nechanism Both the transmtter

and the receiver need to be charged prior to usage.

b) Ald "B an indigenous FM system (an experinental prototype
group system) with a transmtter and 12 sets of receivers.
This battery operated instrunment utilises 4 cells (pentorch)
for the transmitter and 2 for the receiver. The receiver 1is

equi pped with an on-off switch and a volune control.

EXPT 11
The instruments utilised were -

A Madsen 0B822 audi oneter with TDH - 39 ear phones cali brated
to |S standards. M 402-K m crophone was also wused. For free

field testing cosmc COVOX 4500 | oudspeaker with cosmc CD100
Delux MKI1 anplifier was uBed.

Test Environment

EXPT |

Al testing was carried out in a quiet sound treated room
The anbient noise levels at all frequencies were wthin the

val ueB specified by IS standards.

14



EXPT 11

The perceptual evaluation was carried out in a 2 room

situation which was al so sound treated. The anbient noise |evels

at all frequencies were within the values specified by IS
st andar ds.

| NSTRUCTI ONS
EXPT |

Cases were instructed not to nove their heads or swal |l ow.

EXPT ||

A picture identification task or a spondee repetition task
was gi ven depending on the age and speech and | anguage skills of
the case being tested (Details of both included in appendix

I11). The presentation |level was kept constant at 35 dB HL.
An additional evaluation of the speech detection threshold

Pr ocedur e

Cal i bration

Due to frequency response irregularities in all sound
chanbers the 6500-C was |eveled for each frequency each tine the

i nstrument was turned on. The foll ow ng procedure was used.

15



The power was turned on by pressing the upper edge of the
POAER switch, located on the lower right side of the front

panel. The green LED 1lighted up when the instrunment was

swi tched on.

The video nmonitor was turned on by pressing the power swtch
at the lower right corner of the screen. Brightness contrast

controls for proper view ng were adjusted.

The FONI X | ogo appeared with the software version and option

code nunbers on the screen.

The m crophone was placed on the |left side of the sound
chanber, wth the mcrophone grill over the reference point.

The sound chanber lid was cl osed.

The (LEVEL) button, (on the far right side of the front
panel, just above the POAER switch) was pressed to start the

| evel i ng sequence.

After a few BecondB, the video nonitor displayed a graph
with a straight Iline across at 0 dB, indicating that the
chanber had been | evel ed. The process was not repeated

unl ess the instrunent was turned off.

(According to specifications in FONI X operator's manual)

16



Procedure for testing

Testi ng

Experi nment |

Coupl er measur enment s

HA - 2 coupler
For Aid 'A

The receiver set was assenbl ed by connecting the headset to

the receiver.

The headset was coupled to the coupler using FUNTAK this was

placed in the test chanber. The chanber was cl osed.

The procedure was begun by keeping the volune contro

setting in "full on" and pressing 'start'.

The output curve, gain curve and distortion data was

recor ded.

(Note all neasurenents were done in SINE node)
For Aid 'B

The FM system was assenbl ed by connecting the receiver and
cord to the receiver instrument and the m crophone with the

transmtter.

The receiver neck loop was placed around the 'receiver

i nstrument' .

17



Real

The instrument was |eveled and the receiver was coupled to

the coupler and placed in the test chanber. The chanber was

cl osed.

The test procedure was begun by keeping the volume contro

on 'full on'" and pressing 'start'.

The output curve and the gain curves were recorded.
The distortion data was al so recorded.

(Note all rmeasurenments were done in the SINE node)

Ear Measur enent

The instrument was | evel ed and the probe tube was placed in

t he ear canal

Mode was set to 'sine', i/p to 80 dB and the output Iimting

system was switched off.

REUR (Real Ear Unai ded Response) was recorded by depressing
the button marked 'continue/start stop' and recorded as

Ref.1 the nulticurve option

The patients audiogramwas fed in after recalling the 'REAR

opti on.
The fornmula POGO was sel ected using the cursor.

REAK for Ald A and B were recorded using the multicurve

option as curves 2 and 3.

18



7. Adj ustments in volunme control were done to match the target

curve.

8. The two curves were subtracted and the difference was

obtained- It was stored as curve 1.

9. Har nonic di stortion data was obtained for all the curves

i ndependently and also for the subtracted curve.

10. In case of a necessity for a print out, 'label' & "CRT" were

depr essed.

Experi ment 2:

Per ceptual eval uation
A Wt hout anplification

Speech recognition scores at 35 dBHL were obtained for a
picture pointing or spondee repetition task. Speech detection

thresholds were al so found.

B. Wth anplification

Wth each of the systens in turn at presentation level 35
dBHL, speech recognition scores were obtained for the score
mat eri al . For adults spondees were used. Speech det ection

thresholds with both the adis were found.

For adults cases information regarding intelligibility and
clarity, distortion and personal preference was col | ooted.
Dat a Recor di ng
The surve were stored on hard disk and a print out was
taken. Distortion data wasa conpiled in a tabular colum.
19



RESULTS AND DI SCUSSI AN

Statistical analysis wusing 't' test was done on both the
el ectroacoustic and insertion gain data. The concised results

are presented in subsequent sections in tabular col umms.

El ectroacoustic Characteristics :

TABLE | : GAIN COWAR SON OF THE TWD Al DS

FREQUENCI ES STATI STI CS

500 | 1K 2K 4K 6K 8K MEAN SD t rati®
Aid 'A 10.1 21.3 24.5 53 49 7.3 10.6 9.8
Ad'B 7.3 17.3 21.11 33 7.2 41 7.65 2.46 1.59

D fference 2.8 4.0 3.4 2.1 2.3 3.2 2_95_
Curve

TABLE || : DI STORTI ON COVWPAR SON GF THE TWD Al DS
FREQUENCIES STATISTICS
500 1K 2K MEAN D t ratio
Aid A 0.3 0.50.4 0.4 0.08
Aid_'B' 0.8 0.91.5 1.07 0.30 2.96

By wusing the 't' test no significant difference at either
| evel of confidence was calculated [t ratio's being 1.59 (table

)] for the gain curve. The electroacoustic characteristics of

20



the 2 hearing aids showed a distinct difference in terms of both
gain and distortion neasurenments. Aid 'A had a relatively higher
value of gain at all frequencies with a peak gain at 2KHz. This
could definitely make it nore appropriate for prescription to
cases requiring a slightly higher gain. These neasurenents (in
Ald "A) were made with the environnental mcrophone off. This
was done nore because of the necessity of conparison of this aid
with Ad 'B wthout contam nation of results by errors or
alterations induced due to coupling between the environnental
m crophone and FM the nodul e (Hawki ns and Schum 1985; Hawki ns
and Van Tasell, 1982; Turner, 1985). Thus although there was a

difference in the gains consistently it was not statistically

significant.

The distortion data however did show a si gni fi cant
difference at the 0.05 level indicating that the distortion value

of Ald B is definitely of grave concern.

| nsertion gain neasurenents

TABLE 111 : GAIN COVWARI SON OF THE TWO Al DS

] ] FREQUENCIES ! STATISTICS
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TABLE 1V : DI STORTI ON COWARI SON G- THE TWD Al DS

FREQUENCI ES STATI STI CS
500 1K 2K MEAN SD  t ratio
Ai d 0.45 0.62 0.6 0. 56 0.08
Ai d 0.84 092 1.6 112 0.34 2.26
The tables 11l & IV did not show a significant difference of

means at 0.05 or 0.01 level. (t ratio's being 0.041 and -2.26 for
the tables respectively). On inspection of the distortion data at
0.1 Ilevel the data was significantly different, this was always
in favour of Ad 'A . The volune setting for Ad 'B was

consistently kept higher for the same subjects when conpared to

Ad'A .

W have discussed the objective neasurenent of gain and
di stortion, a subjective assessnent of the individual's response
with respect to clarity, confort and intelligibility was also
obtained from the adult cases. Al of thempreferred Ad 'A.
They used terns like 'nmore clear', 'less noisy', 'feels better',

"hear better' etc. when asked for reasons.

Ald 'B was observed, to have sone additional problens |ike
faulty sw tches, repeated |oose contacts and disconnections at
| ower vol unes. It required constant care and regul ar

mai nt ai nance. It was thus not very reliable.

22



Limtations and Inplications of the study:

Most of the limtations of the study stem from a vaccum in
standardi zation of testing procedures for FMsystens. Thus in
conparison across studies, generalizations nmust be nmade keeping

in mnd the various procedures adopted.

While discussing the inplications of the study for further
research an inportant factor viz. a higher full-on-gain at [|ower
frequency and its effect on patients with high frequency |osses

but normal thresholds at |ower frequencies needs to be

i nvesti gat ed.

Also the field effectiveness of the instrunents can be

verified by wusing themin a clinical set up and thus making

careful observati ons.
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SUWARY AND CONCLUSI ONS

The study was undertaken to conpare the characteristics of

2 FM system

Ald "A - a inported make with FM nodule cum environnent

m cr ophone
Ald "B - an Indian group FM system

El ectroacoustic characteristics, insertion gain nmeasure-
ments wth respect to gain and distortion were made on 31 ears
with noderate to noderately severe SN | oss cases with no mddle
ear pathology. Subjective assessnents by all adults were also

obt ai ned regarding their preference anong the aids.

Both aids were found to be conparable in terns of gain and
distortion characteristics statistically. (Ad 'B show ng
consistently larger values for distortion and |ower values for
gain). The subjective assessnent, however, clearly indicated
listener preference for Ald "A due to better intelligibility,
| esser noi se conponent and clearer quality. Ad 'B showed a need
for regul ar maintainance especially wth regard to | oose
contacts, inability to operate the instrunent at |ow vol unes and
a faulty construction of the battery conpartnent. It, al so
showed a | esser anount of gain at |ower frequencies which my be

an aBBet during anplification for high frequency |oss cases.
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APPENDI X - |
Qutline for FM System Adjustnment Using 2 cc Coupler Measurenents

cited in ASHA '91 'Recomendations for measurenent of perfornmance

of FM Systenis'

1. Verify through el ectroacoustic neasurenents and/or pr obe-
m crophone nmeasurenents that the client's hearing aid is

functioning properly and has been fit appropriately for the

hearing | oss.

2. Obtain 2 cc nmeasurenents on the client's personal hearing

ai d.

a. btain an SSPL90 curve usign a 90 dB SPL swept pure

tone with the hearing aid VCWfull-on

b. Adj ust the hearing aid VCWto the use position. Using a
70 dB SPL speech-weighted noise or a 60 dB SPL swept

pure tone, obtain an output (not gain) curve in the 2cc

coupl er.

3. Set up the FMsystem for 2 cc coupler neasurenents (see
figure 1-A).

a. Pl ace the FM m crophone in the calibrated position in

the test box and close the |id.

b. Wth the FMrecei ver outside the test box, set t he
receiver for FMonly reception. Attach the button or
(i)
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behi nd-the-ear (BTE) receiver to the HA-2 2 cc coupl er.
Maintain a mninmnumdistance of 2 ft between the FM

transmtted and receiver

C. If a personal FM systemis wused, connect the FM
receiver to the personal hearing aid (also |ocated
outside the test box) via the coupling nethod that the
client will use (direct audio input, neck |oop, or
sil houette). If a neck loop is used, the hearing aid
should be placed on the client (or other person of
simlar size, if possible, iif the client is not
avai | abl e) and the earhook connected to the HA-2, 2cc
coupl er (or individual earnold connected to the HA1
2 cc coupler) which is held next to the client's ear

(see Figure 1-B).

Adj ust the FMsystem SSPL90 to match the personal hearing

ai d SSPL9O0.
a. Turn the FM receiver VCW full-on (also turn the
personal hearing aid VCWfull-on if a personal FM

system is being evaluated) and obtain an SSPL90 curve

with a dB SPL pure-tone sweep.

b. Adjust the FMsystens SSPL90 control until the SSPL90
curve nost closely matches that of the personal hearing

aid (# 2 above).
(ii)
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5. Adj ust the FM system output and frequency response to match

the personal hearing aid.

a. Using a 85 dB SPL speech-wei ghted noise or a 75 dB SPL
swept pure tone delivered to the FM m crophone in the
test box, adj ust the FM receiver VCW and tone
control (s) until the 2 cc coupl er output(not gain) nost

closely matches the output obtained with the personal

hearing aid (# 2b above).

b. Wth a personal FMsystem |eave the hearing aid VCW
and tone control (B) at the user setting and adjust only
the FM receiver VCWand tone control (s) to obtain the

cl osest match to the personal hearing aid alone

response (#2b above).

e ——
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Figure 1-A Physical arrangenent for 2 cc coupler rmeasurenents
of FM systens when neasuring FMtransm ssion node only. The FM

receiver may be attached to the HA-2 2cc coupler via an external

(iii)
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button receiver. BTE receiver or via a personal hearing aid if

direct audio input or a silhouette inductor is utilized (Adapted

form Thi bodeau, 1992).

_naM
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Figure 1-B. Physical arrangenent for 2 cc coupl er measurenents of
the FM system connected to a personal hearing aid via a neck
loop. The hearing aid is set to the "T" position and the

environnmental m crophone(s), if present, on the FM system are

deactivated if possible.

(iv)
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"Qutline

APPENDI X - 11

for FM System Adjustnent Usi ng Probe- M crophone

Measur enent s" ASHA ' 91.

cited in "Recomendations for neasurenent of performance of FM
Systens".
1. Determne a set of target real-ear maxinum output and

frequency response val ues through either

a. using existing real -ear nmeasurenents obtained from an

appropriately fit personal hearing aid.
R

b. a published anplification selection-schene, e.g. DSL

(Seewal d et al, 1991).
2. Prepare the test environnent for probe-m crophone neasure-
ment s.
a. The placenent of the FM m crophone in sound field wll

depend on the specific probe-m crophone system See
figure 2-A for a possible arrangenent if the probe
system uses an off-line (or stored equalization nethod.
During equalization, the reference m crophone is placed
at the location of the probe mcrophone. During the
measurenents the reference mcrophone is disabled. If
the systemuses a controlling mcrophone for on-line

equal i zation, it can be |ocated near the FM m crophone,

as shown in Figure 2-B.
(v)
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b. Pl ace the probe tube in the ear canal at an appropriate
| ocation, connection the FMsystem (set to FMonly) to

the client via the coupling method that will be used.
Adj ust the FM system maxi num output to the desired position.
a. Set the maxi mum out put control to the m ni mum position

b. Set the FM VCWto the highest 1level before feedback
(and the client's hearing aid VCWto a simlar position
if it is a personal FMsystenm). Cbtain a neasure of the
Real Ear Saturation Response (RESR) by introducing a 90
dB SPL swept tonal signal and measuring the output in
the ear canal. (NOTE : Extrene care shoul d be exercised
in making this nmeasurenent so as to prevent excessive
out put and/or disconfort; the output control should be
set to the mnimmposition for the first measurenent).
An alternative to directly neasuring the RESR has been
outlined by Sullivan (1987) and described by Hawkins
(1992, 1993).

C. Adj ust the output control until the RESR nobst closely

mat ches the personal hearing aid RESR or the desired

RESR targets.

Adj ust the FM system real -ear output and frequency response
for the FMsignal to match the personal hearing aid val ues

or the desired real -ear val ues.

(vi )
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Using an 85 dB SPL speech noise or a 75 dB SPL swept
tonal signal through the FM m crophone, adjust the FM
receiver VCW and tone control (s) until the desired

real -ear values are nost closely matched.

Wth a personal FM system |eave the hearing aid VCW
and tone control (s) at the user setting and adjust only
the FM receiver VCWand tone control (s) to obtain the

cl osest mat ch.

Measure the real -ear output and frequency response of the

environnmental m crophone(s).

a.

Turn off the FM m crophone and place the client in the
sound field as for probe measurements with a personal

heari ng ai d.

Measure the real-ear output using a 70 dB SPL speech
noise or a 60 dB SPL swept tonal signal. If only one
VCWexists on the FMreceiver and it controls both the
level of the FM signal and the environnental mcro
phone(s), then a decision nust be nmade as to where the
single setting will be. If separate VCW are present
for the FMsignal and environnmental m crophone(s), then
the environnental m crophone VCWcan be adjusted to an
appropriate level relative to the FMsignal (see Lews
et"al., 1991 and Lew s, 1993, for nore discussion of

this issue).

(vii )
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Figure 2-A Physi cal arrangenent for probe-m crophone eval uation

of FM system for the FMonly node when the probe-m crophone

system uses an off-line (or stored) equalization nmethod. During
the actual probe neasurenments the reference m crophone i's
di sabl ed.
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Figure 2-B. Physical arrangenent for probe-m crophone eval uation
of FM system for the FMonly node when the probe-m crophone

system uses a controlling mcrophone for on-line equalization.

(Viii)
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APPENDIX - 111

Speech Recognition Measures with FM Systems and Personal Hearing

Aid(s)

cited in "Recommendations for measurement of performance of FM
Systems".

1. Sel ect a speech recognition test that is age and |anguage

appropriate for the client.

2. Pl ace the hearing aid(s) on the client and set up the

arrangenent shown in Figure 3-A

a. Speech is at 55 dB HL (68 dB SPL) and noise at 50 dB
HL (63 dB SPL), producing a SSNratio of +5 dB. The

| oudspeakers are |l ocated at plus and mnus 45 degree

azi mut hs.
b. ot ain a speech recognition score.
3. Place the FM systemset to FMonly on the client and set up

t he arrangenent shown in Figure 3-B.

a. Speech is 70 dB HL (83 dB SPL) and noise is 50 dB HL
(63 dB SPL), producing a s/Nratio of +20 dB at the FM

m crophone. The | oudspeakers are |located at plus and

m nus 45 degree azi mut hs.

b. Ootain speech recognition score.

(i x)
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4. | f a speech recognition nmeasure is desired for FM system
with environnmental m crophone(s) active, set up the arrange

ment shown in Figure 3-C

a. Speech is 55 dB HL (68 dB SPL) at the client's location
and noise at 50 dB HL (63 dB SPL), producing a SN

ratio of +5 dB at the environnental m crophone(s).

b. The FM m crophone is positioned in front of the speech
| oudspeaker at a | ocation designed to produce 83 dB SPL

speech input to the FM m crophone.

c The environnental m crophone(s) on the FM system are

acti vat ed.

d. Ootain a speech recognition score.

5 L
* -5

|mm|

O At o1 gy

Figure 3-A  Physical assignnment in sound booth for speech
recognition testing of hearing aid(s) only for conpari son

purposes to FMsystem (Mdified fromLewis et al., 1991).

(x)
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Figure 3-B
recognition
pur poses

1991) .

Physi ca

to hearing aid(s) only.

arrangenent in

sound booth

testing of FM systemset to FMonly for

(xi )
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Figure 3-C Physical arrangenent in sound booth for speech
recognition testing of FM systemw th environnental m crophone(s)
active. (see Lews et al., 1991, for potential difficulties in
hi gh- f r equency I nput to the FM mcrophone using this

arrangenent).

(xii )
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APPENDI X - |V

Hearing Aid test box to assess performance of FM auditory
trainer'.

Bees, FM Freeman, BA, Sinclair, JS. ed. Anplification in Educa-
tion. Al exander John Bell, Washi ngton.

A Mode of operation of FMunits.

1. FM node

a. Teacher m crophone unit in box.
b. Student unit within one neter.
C. Qut put of student unit coupled to 2cc coupler

2. EM npde

a. Student unit switched to environmental m crophone

and placed in box.

b. Measurenment procedure simlar to that of hearing

ai d.
B. Preparation for neasurenent of trainers in FM node

1. Rechar geabl e batteries charged for m ninumof 12 hours

or per manufacturer's specifications.

2. Check calibration of t est box accordi ng to

manuf acturer's specifications.

(xiii)
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Det erm ne anbi ent noise |level in box

a. Pl ace t eacher unit in box wth mcrophone

oriented according to test box instructions.

b. Place monitoring mcrophone of box adjacent to

m crophone of teacher unit.

C Close lid, if possible, and record anbient noise

| evel
Measure frequency response of test box chamber
a. Teacher m crophone unit nmust remain in test box.

b. Signal is introduced with level at Ieast 10 dB

above overall anmbient noise level in box.

C. Sweep frequency response from lower to upper

limts of test equipnment.
Control settings of teacher and student FM units
a. CGoal is to approximate ANSI 53.22-1976 procedure.

b. Settings adj ust ed to widest frequency range,
greatest maxi mum output, highest gain, and

greatest amopunt of conpression.

C. Repeated measurements  shoul d i ncl ude "use"
settings as these may differ substantially
from ANSI settings.

(Xiv)
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d. Inportant to record settings, signal input |evels,
and ot her variables for reliable followup

nmeasurenents at |ater date.

C Recommended neasur enent s
1. I nternal noise output :
a. Student unit set to full-on gain control.

b. Teacher unit on, with mcrophone gain contro

full-on.

c Overall noise level recorded with no input signa

present from speaker.

d. Repeat with student unit adjusted to "use" gain

control setting.

2. SSPL 90 (saturation output)

a. Student unit set to full-on gain control.
b. I nput signal level at 90 dB SPL.
C. Sweep frequency response.

d. Record high-frequency average SSPL 90 and peak

out put level and frequency.

(xv)
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o

For conpression instrunents, student wunit set to

full-on gain control. Oherw se, use reference
test gain control setting as specified in
ANSI - 1976.

I nput signal level nmust be 10 dB greater than
anbi ent noi se level in box. Recomended input at

0 dB SPL.

Aver age hi gh-frequency gain recorded.

Repeat measurement with student unit gain contro

adjusted to "use" setting.

Har noni ¢ di stortion

Carry out total harnonic distortion procedure
according to ANSI-1976 fundanental frequencies and

i nput | evels.

Procedure regarded as screening nethod as high
anbient noise level may be greater than intensity
of  harnoni cs. Low distortion values pass the
instrunment, while high distortion values only
suggest need for further evaluation under nore

stringent conditions.

(xvi)
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D

5.

Battery drain

a. Gain neasurenents repeated at end of normal full

Cauti ons:

day use.
b. Det ermi ne whet her usable gain remains avail abl e.
Limtations of nodi fications of standard ANS

procedures :

a. Manuf acturer's specifications of FM wunits may

differ fromresults of these tests.
b. Each unit functions as own control.

Results nust be interpreted with sane cautions as apply

to hearing aids, particularly to the limtations of the

2cc coupl er.

El ectroacousti c neasurenments do not substitute for

routi ne troubl eshooting, including listening to instru-

ment's output.

(xvii)

41



APPENDI X - V
Test Protocol for FM system

by Hawkins, DB: Mieller MG

cited in Mieller, HG et al. "Probe M crophone Measurenents

Hearing Al d selection and assessnent”.

1. Pl ace ALD m crophone in the calibrated or equalized sound
field location. If possible, use the substitution nethod and
equalize the field, then |ocate ALD m crophone in the vacant
soundfield at the calibrated |location. If using nodi fi ed-
compari son met hod, place the ALD mcrophone near the

regul ati ng m crophone.

2. Pl ace probe tube in ear canal 25-30 mm past the traga
not ch.
3. Fit receiver of ALD (e.g., earbud or headphones) to the ear.

4. Adj ust ALD VCWto desired position.

5. Assuming the ALD will be used with the mcrophone 6-8 in.
from the speaker's nmouth, select either a speech-wei ghted

noise at 80 dB SPL or a swept frequency-specific signal at

75 dB SPL.
0. Conduct measur enment .
(xviii)
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