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| NTRODUCTI ON

" Epictetus the Stoic quoted to by Colin Cherry
(1953), said that "CGod gave nman two ears but only one
nout h so that he m ght hear tw ce as nuch as he speaks"”.
The wi sdomof the "A mghty" was also recently referred
to by Harris (1965) when he asserted that our creator
woul d not "have sinply hung a second ear on our heads
purely as a nechanical safety factor in a chancy
world". It may well be that this attitude expresses
deep theol ogical convictions but it does very little
to throw light on the advantages of binaural interac-
tion" Markides (1977).

(Hearing is based on the processing of information
recei ved through two ears. Binaural hearing is based
on the ability of the total human systemto detect
two different signals, analyze their differences and

perceive a single auditory inaged

In the normal auditory system it is known that
two ears have neural connections and the capacity to
function as a binaural system So binaural analysis,
sunmat i on and fusion can occur, (in normal binaural

(pertaining to two ears) hearing, one utilizes the



di nensions of intensity, frequency and tinme to assi st
himin localisation and identifying a signal. The
ability of an individual to Spatially place signals,
as well as separate signals fromnoi se, results from

bi naural hearing function.

Monaural (involving one ear only) listening is
al so possible. In normally hearing individuals nonaur al
| i stening can be brought about by occl uding one of the

ears (artificially induced by earpl ugs).

Bi naural hearing occurs when there is a bal ance
between the two ears, as in nornally hearing individuals.
In individuals with hearing | oss, this bal ance between
the ears is distrubed and hence binaural hearing is

precl udedJ

The hearing inpaired individuals seek nedical |ine
of managenent to rectify their hearing loss. But if
per manent hearing inpairnent continues to exist follow ng
medi cal care, the first and nost |logical step in the
aural rehabilitative process is a hearing aid evaluation
(Tannahi I'I, WalterJ Snmoski, 1985). For sone indivi-

dual s, successful use of anplification resolves the



- 3 -
t he comuni cati on Handi cap; however, for many others
the acquisition of a hearing aidis the first step in
a long line of aural rehabilitation procedures (Tanna-

hill, Walter J Snoski, 1985).

The hearing inpaired individual, based on the
nunber of ears involved can be classified as the
unilateral hearing inpaired and the bilateral hearing

| mpai r ed.

The anplification system if prescribed, for a
uni lateral hearing inpaired individual is a nonaura
fitting. THe anplification systens generally advoca-
ted for a bilatterally hearing inpaired individual in-
cl ude one hearing aid delivering sound to one ear
(nmonaural ), one hearing aid delivering sound to both
ears (pseudobi naural or Y-cord), or two hearing aids
(binaural). But there is a general disagreenent

regardi ng whi ch system provides optinmum anplification.

H storically, manufacturers and di spensers of
hearing aids have strongly advocated binaural fittings,
whi | e audi ol ogi sts are nore reluctant to do so. A great
deal of formal and infornmal research has been perforned
In an attenpt to denonstrate the advantage of binaura
anplification. Positive cases fill the report files,

yet the di sagreenent conti nues(Pol | ack, 1975).



Binaural anplification has been defined by
Konkl e and Schwart z ( 1981)

"True dichotic or stereophonic stimlation of

each ear independently is binaural anplification".

Wi ght (1959) (referred to by Pollack, 1975)
poi nts out that the purpose of binaural anplification
Is to create a sound environnment for the |istener
that is a faithful reproduction of the original acoustic
event so that he can take advantage of the intensity,
time and spectrumdifferences of the auditory signa

at each ear.

These differences, theoretically, provide the
addi ti onal cues necessary for a nore reasonabl e approxi -
mati on of the hearing experiences of the normal - hear-

i ng popul ati on.

A bi-lateral hearing - inpaired individual is
unabl e to use ofthe cues nornally, hence by providing bi-
naural anplification enable himto use the additiona

cues.)

Sone investigators exclude the 2 conpl ete body
| evel aidstoconstituteabinaural anplificationsystem

whi | e sone doi ncl udet hemunder t hi s syst em



(Ross (1969) indicates that until ear - |evel
heari ng ai ds devel oped, binaural aids were not practi -
cal for the hearing aid user. He adds that to obtain
true binaural effect, two conplete units nust be
situatedinthevicinity of the ear. Thisis notso

with body- bor ne heri ng ai ds.

The nost inportant point is that the binaural
anplification has two separate m crophones, two
anplifiers (onemc-to-one anplifier) and two
receivers (one anplifier-to-one receiver only). They
can be 2 body borne aids, 2 ear - level aids, two | RCS

aids (one each side) and B FRC5 ai ds. "

Not all handi capped individuals are bonn with

a single handi cap. They can have nul ti pl e handi caps.
One such group constitute the deaf-blind. Heyes and
Gazely (1975) gave a series of 3 chest - nmounted bi -
naural hearing aid systens, intended to aid auditory
| ocalisation for the hearing - inpaired blind. They
were of different conplexity. The systens, which re-
present successive approxinmations to an ideal

natural system are as follows:-



System A Orossed Stereo pair - A pair of high
qual ity studi o m crophones, both with a cardioid
pol ar response, were crused; each m crophone naki ng
an angle of 45° to the strai ght ahead. |n accordance
wi th usual studio practice, the mcrophones were
nounted with the di aphragmone above the other. This
Is a systemwhi ch provides only intensity cues. How
ever, a consideration of polar response shows that
this arrangenent provides an interaural intensity
versus azinmuth rel ati onship, the magnitude of which
Is less than that experienced in normal hearing

(Weiner, 1947) (referred to by Heyes and Gazely, 1975).

SystemB. (ossed Stereo Pair without Phase Oross-Tal k

This systemuses the crossed stereo pair (systemA),
but with the sterephonic sound inmage aritfically w dened
by feeding a proportion of the signal fromeach channel

(18% out of phase into the other channel.

This increased inter-channel intensity difference
coul d al so have been achi eved by increasing the angle

bet ween the m crophones.

SystemC. Orossed Stereo pair with Frequency
Dependent Cross- Tal k
This enpl oyed an arrangenent whi ch was identi cal

to system 3 except that the stereophonic sound i mage was

a function of frequency. The intensity/azinmuth rel a-



tionshi p obtai ned by Wi ner was thus reproduced

quite accurately, in - phase cross talk being pro-
vided at |ow frequencies to renove inter-channel diffe-
rences and out-of-pnase corss-talk provided at high
frequencies to artificially enhance, the inter-channe
aeperation. This systemwas thus 'quasi-natural' in
that the intensity/azimuth relationship was essentially
correct for the two channels but the time difference

I nformati on was absent.

The designs of these systens nmake successive
approxi mations to the 'ideal', where the 'ideal'
systens is defined as that which perfectly mmc the
normal Iy experienced inter-ear intensity and tine

differences for sound sources in the azinuth pl ane.

Bent zen (1968) indicates that majority of

bi naural treatnents have been carried out by ear-

| evel hearing aids, chiefly in the formof earhangers
with external telephone, for presbyacusis. He points
that this nodel which is the nost robust uses a norna
ear nould which for the old patient is quite sinple to
place in the external ear canal. The ear hangers
havi ng a maxi num anplification of 46dB have been used

by patients with hearing | osses between 11 and 60 dB,
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but it is noteworthy, however, that this type of
hearing aid can be used by patients having hearing
| osses in the 61 - to 80 dB range. Above this hearing
| oss these aids were not used instead body - type
hearing aids with Y cord had been prescribed as

standard treatnent of presbyacusis.

Though actual | y binaural systeminvol ves con-
sidering i ndependent anplification to each ear,
Johnson (1975) established a design objective for a
single systemto aid two eared hearing. He says that
this single system should provide as nmany acoustic
cues as possible to conplinment the two ears the system

I s designed to serve.

He says - "since little nore can be done to
selectively alter the frequency and intensity signa
presentations, to add to the binaural function, the
initial experinentation with hearing instrunents invol ved
the third di nension, basic phase considerations. Due
to conpact design of hearing aids with critical mechani -
cal, electrical and acoustical considerations, phasing
I's an inportant design consideration. To intentionally
upset an optinmally phased hearing aid design and
mai ntain performance integrity involved considerations

beyond sinple |l ead reversals to alter phase.



The second design consideration with specific
attention to the right ear facilitation for |anguage
brings special enphasis in the frequency range above
2000 Hz to the right side unit of the system Wth
phase and high frequency changes in the right anpli-
fier of the system an 'unbal anced presentation of
acoustical information is made. The differendes in
the signals fromthe dissimlar sides add the inpor-
tant difference cues in binaural anplification. The
resulting systemis called the Biphasic binaura

hearing system

Havi ng had a gl ance as to what constitutes bi-
naural anplification, it is inperative to determne
whet her this can restore binaural hearing to the bi-

| ateral hearing inpaired individual.

This requires that one surveys the information
regardi ng binaural hearing. This has been done under
the chapter - 'Binaural Auditory Phenonena'. Further
t he consequences of binaural anplification have to
be determned. This has been dealt under the chapter

"Binaural Amplification - its Role'.

.10. ..



The next question that arises in whether all
bil ateal hearing inpaired individuals are candi dates
for binaural anplification. This requires considering
t he audi ol ogi cal and nonaudi ol ogi cal factors related
toit. This has been dealt in the chapter - 'Candi-

dacy for Binaural Anplification".

| nvestigators have used different approaches to
determ ne as to who can benefit from binaural anplifi-
cation. Broadly, the approaches includes experinmenta
studi es and subjective reports. This has been revi ened
in the chapter "Procedures to eval uate candi dacy for

Bi naural Anplification".

A nmgjority of hearing inpaired persons who can
benefit fromanplification should be wearing a bindura
hearing and Briskey (1983). This calls for precision
in binaural hearing aid fittings. This has been dealt
in the chapter - "Binaural Hearing Aid Fittings And Its

Eventual Use'.

Conpilation is an essential aspect, frompieces
of information. This has been given in the 'Sumary

and Concl usi ons'.



Bl NAURAL AUDI TORY PHENOVENA

The concept of binaural anplification actually
predated the introduction of electronics hearing aid
by atleast fifty years when a manufacturer in G eat
Britain produced binaural ear trunpets connected by
a headband (Berger, 1970; referred by Konkle and Sch-
wartz, (1981) Literature points out that since
that 'novel' invention, the termbinaural anplification
has been used to descri be several different systens.
But for the present purpose,’binaural anplification

is defined as follows by Konkle and Schwartz (1981)

"True dichotic or sterephonic stinulation of

each ear independently" is binaural anplification.

Langford (1970) (referred to by Pollack, 1975)
has summarized the clinical and research observations
and proposed five potential advantages of binaura
anplifications - better sound | ocalization, increased
speech discrimnation in noise, greater Case of

| i stening, better spatial balance and inproved sound

quality.)

The practical advantages attributed to this
bi naural arrangenent, given by Konkle and Schwartz (1981)
i ncl ude:

12,



-12 -

(1) an inprovenent in the speech recognition ability
under adverse listening conditions, often referred to

as the 'Cocktail Party' effect;

(2) a reduction in the effects of unpl easant background
noi se or reverberation, frequently terned the 'squech’
or 'Koenig effect.

(3) enhanced sound | ocali zation

and (4) an avoidance or reduction of the hear shadow
effect that occurs when the head is positioned between
the source of a primary stimulus and the aided ear,

especially in a background of noi se.

In order to appreciate fully the inplications
associ ated with proposed binaural advant ages, sone
| mportant basic phenonena of binaural hearing have

been revi ened.

1. The Summation of Acoustic Energy

Bi naural summation of acoustic energy refers to
an increase in perceived | oudness of an acoustic signa
when presented binaurally, rather than nonaurally
(Konkl e and Schwartz, 198) ). Exanple, binaural.
thresholds of audibility for tonal as well as speech
stimuli are approximately 3dB nore sensitive than
nonaural counterparts (Keys, 1947; Shaw, Newnan
and H rsh, 1947; Polladk, 1948; Breaky and Davi s,
1949; Bocca 1955; Poll ack and Pi ckett, 1958; Reynol ds
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and Stevens, 1960; Lochner and Burger, 1961
Col es 1977 (referred by Konkle and Shwartz, 1981).

It has been denonstrated by Poll ack and
Pickett (1958) ( referred by Markl des, 1977) that
bi naural summati on of speech in noise can occur
even when the signal levels at the two ears differ
as much as 25 - 30 dB. S mlarly Col es (1968)
(reffered- by Marki des, 1977) statedthat a 20 dB
di fference between the ears has little effect on
bi naural summati on of speech and even with a 40 dB
difference the weaker ear still contributes signi-

ficant i nf or mati on.

For normal ly hearing people 3 dB gain at
threshol d can hardly be considered an advantage for
they seldomneed to listen to speech at threshold
level . It is obvious, therefore, that "for such
people, this few dB gain at threshold can be a very

real advantage (Markides, 1977).

Havi ng consi dered binaural sunmmation at threshold,
the next thing to be considered is binaural sumation

of | oudness. Pure tone neasurenents reveal that

14,



-14 -

bi naural sounds are | ouder than nonaural ones wth
the difference increasing from3 dB at threshold to
a maxi mum of about 6 dB at a sensation |evel of

35 dB (Hrsh and Pol | ack, 1948; Reynol ds and Stevens,
1950; Scharf, 1968) (referred by Marki des, 1977).
Further nore, Reynolds and Stevens (1960) (referred
vby Konkle and Schwartz have indicated that this

| oudness advantage increased to 10 dB when stinmuli

were presented at intensites above threshold.

Thus, while. binaural advantage is approximately
3 dB at threshold, it inproves to approxinmately 6 DB
at 35 dB SL and 10 - 11 dB at 90 dBSL (Marki des,
1980; Ross, 1980) (referred by Valente, 1983). These
| atter findings seemto have greater relevance than
bi naural advantage at threshold (unless neasuring
| nprovenent in Spondee or Speech Detection Threshol ds)
since aided listening occurs typically at levels

for excluding the listener's threshold (Valente, 1983).

As pointed out earlier, 3 dB advantage at
threshold for the hearing - inpaired is a real advan-
tage. This concept is illustrated by the performance -

intensity (PI) functions as shown in the figure | bel ow.

.15, .
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© PI-FUNCTIONS
SLOPES « 6% par B

u u o 13 20 28 50 38,
INTENSITY IM 48

Figure:1 Word-recognition perfprmance - Intensity functions
for monaural and binaural listening.

It can be noted that the Linear portion of each
function rises at a rate of 6 percent per dB, as

I's characteristic of many commonly used nonosyl | abic
word recognition tests, but that approximately

3 dB seperates the binaural function fromthe
nmonaural function. Bocca (1955), G oen and

Hel l ema (1960) and Lochner and Burger (1961)
(referred by Konkle and Schwartz all have found that
whi | e nonaural and binaural Pl functions typically
paral | el each other, an additional 3 dB usually is
necessary for the nonaural percent correct score

to approxi mate bi naural performance. Thus, with a
6% per dB rise depicted for the |inear slopes

shown in the figure, a 3 dB binaural inprovenent will

result in about 18%better than the nonaural score

.16. ..
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obtained at an equal intensity. The difference
woul d be magni fied for continuous di scourse be-
cause the linear portion of the slope for such
stimuli is much steeper, about 12%per dB. Thus,
it is entirely responsible for a mninmal 3 dB
advantage in binaural |oudness to be reflected

as nore than 30% i nprovenents in speech intelligi-
bility for continuous discourse. (Konkle and

Schwartz 1981)

2. Binaural Squel ch:

One of the advantages of binaural hearing
is that of the "Squelch' effect. Koenig (1950)
(referred by Konkle and Schwartz described this
phenonena as the ability of binaural hearing to
"tune - in" to a wanted stinmuli and at the sane
tinme mnimse the conpeting effect of unwanted or
di st urbi ng background noi se. A common procedure
used by the investigators to quantify squel ch effect
is to assess word recognition ability in a sound
field while the speech signal is presented in a
background noi se. The figure 2 shows an experi nent al
arrangenent that may be used to eval uate 'squel ch’

(Konkl e and Schwartz, 1981).

17,
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Several investigators have used the protocol to
exam ne word recognition perfornmance of nornal
hearing individuals. Fromstudies of speech
intelligibility in noise wth normally hearing
people (Nordlund and Frtizell, 1963? Harris,
1965; Cayhart 1965) (refferred by Markides, 1977)
resul ts show that the binaural reception was

| nproved over nonaural near - ear listening (that
s, listeningwith the ear on the sane side as

t he speech source) as nmuch as if the background
noise in the near - ear had been reduced by about
3 dB. Cayhart (referred by Markides, 1977) terned

this reduction as the 'binaural squelch effect”

d sen and Cayhort (1967) (referred by

Mar ki des, 1977) found 4 dB binaural sgnelch while
Mackeith and Coles (1971) (referred by Marki des,

1977) report that such an effect varied fromO to

4 dB depending on the orientation of speech and noi se
sources. Markides (1977) concludes that the differences

reported between the different studies are rather
small and can be easily attributed to the different

speech material s enpl oyed.
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Consi dering squel ch effect, it refers to
the condition when the favourably placed ear during non-
aural near-ear or direct listening is the sane as
the one during binaural |istening and, noreover,
this ear is subjected to the same signal - to noise
(s/N ratio whether or not the second ear is active.
So any binaural advantage appearing nust be attri-
buted to interaural interactions that occur when the
second ear participates, even though | ess favourably

pl aced (Markides, 1977).

The 3dB bi naural "squel ch" advantage in speech-to-
noi se ratio nay appear insignificant, translating
it into a 12 to 18 percent inprovenent in nonosyll a-
blic word recognition, its effect can be substantial,

(Konkl e and Schwartz 1981).

Moreover, it nust be renenbered that an inproved
speech to - noise ratio generally is considered
the essential factor in classroomanplification rela-
tive to that of personal hearing aids (Konkle and
Schwart 1981).

.19, ..
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3. Binaural Rel ease From Maski ng

This is a factor which parallels binaural
squelch and is Oten referred to as Masking | eve
Dfference (MD or 'unnasking'. Wen the tone or
speech signal is presented to one ear in the pre-
sence of a broad band noi se, and the noi se can just
mask the tone or speech, the introduction of the
noi se by itself to the opposite ear will result in
audibility of the previously nmasked tone or speech

si gnal (Konkl e and Schwartz 1981)'

Mar ki des (1977) reports the sanme in terns of
interaural phase. He points that a tone is nore
detactabl e when its interaural phase is different
frominteraural phase of the nasking noise (hetero-
phasi c. condition) or opposite to it (antiphasic
condition while when the interaural phase of the
tone and noi se are the same (honophasic condition),

detactability is reported to be poorer.

Literature shows that the results in this
area vary considerably. For exanple, H rsh and Wbster
(1949) (referred to by Markides, 1977) found an

het er ophasi ¢ advant age of 22 dB when a narrow band

. 20. ..
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noi se centering at 250 Hz was to be detected in

a background of white noise. Wth pure tones as
stimuli this average varied with frequency, ranging
from3 dB at higher frequencies to about 14 dB

for | ower frequencies (Hrsh, 1948; Jeffress,

Bl odgett and Wod, 1958) ( referred by Marki des,
1977).

Resear ch usi ng speech as stimuli has shown
that a binaural release frommaki ng inproves the
threshol d for speech by about 4 to 6 dB (Kaiser
and Davi d, 1960; Schubert and Schultz, 1962; Carhart,
and Ti |l man, Johnson, 1967; Levitt and Rabi ner,
1967; Levitt and Voroba, 1974; Novak, 1977) (referred
by Konkle and Schwartz, 1981 ). It's possible
that the variations in the results could be due to
the different experinment procedures adopted
by different investigators. None the |ess, even a
4 dB gain can bring a substantial 24% speech
reception inprovenent with speech naterial
havi hg an articulation curve rising by 6% per dB

(Mar ki des, 1977).

21,
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Konkl e and Schwatz referred that while it is

recogni zed that the 4 to 6 dB i nprovenent in speech

t hreshol ds associated wi th binaural release from
maski ng are obtai ned only under earphones, and that
in normal listening conditions where there are no

ear phones interaural phase differences occur together
with interaural differences in intensity and fre-
guency spectra, it remains that rel ease frommasking
probably plays sone role in enhanci ng bi naur al

speech recognition.

M.D in Bilateral Sensorineural |npairnment

a) Noi se Induced Hearing Loss - (NLH)

Literature reveal s that detection neasurenents
showed that nost NIHL patients have M.Ds in nornal
range for 500 Hz target tones, few subjects showed

very small M.Ds.

M.Ds wi th spondees reduced relative to
normal val ues (exanple, average MLD is approxinmately
2 dB smaller than normal) and a | arge percentage

of patients show negligible M.Ds in this case.

.22, .
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But sone patients have nornmal M.Ds but
significantly elevated threehold at |ow frequencies.
In these cases it becones essential to consider the

|atter results, not M.Ds al one.

b) Presbyacusi s: -
Studies of M.Ds in subjects with hearing | osses

due to agi ng have been reported.

M.Ds reduced by 1 to 3 dB relative to nornal
|isteners in these studies. This reduction takes
pl ace even though speech reception thresholds (SRTs)
are only noderately inpaired (never>40dBHL), and
honophasi c t hreshol ds are thensel ves i ncreased
(so that the antiphasic threshold nust be increased

still nore to have reduced M.D) .

A single patient was reported in the frequency
dependent study. This patient revealed a slight
sloping loss starting at 50 dBHL at 250 Hz. In
tests at octaves from250 Hz to 4 KH this subject
appeared to have and of binaural ability at 500 Hz.
Interanal tine and correlation discrimnation were

possi bl e at 300 Hz, binaural detection results showed

. 23. .
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a maxi numM.D of 5 dB at 500 He(with no M.D
octave above or bel ow), and best perfornmance is
Interaural intensity discrimnation at 500 and
1000 Hz.

It has been concl uded that prebyacusis is
not a specific condition best a category which
I ncl udes several types of pathol ogi es (exanple,
sensory, neural, sterial atrophy and cochl ear
conductive as subcategories given by Schuknecht
(1974) (referred by Arnst, 1985) and so there will

be variability in binaural abilities as well.

M.D in Brain Stem Lesions

Most of the date reported include those from
multiple sclerosis, through a variety of disorders
of the brain stemare included. M.D tests have been
frequently used in the evaluations of patients
wi th known or suspected brain stem lesions by a

nunber of investigators.

Literature reveals that inspite of the varied
etiol ogi es, the popul ations of patients with brain-
stem | esi on show sone commonal ity. Their pure tone

and speech M.Ds are frequently small or absent.

24,
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4 The Head Shadow Effect

MaVki des (1977) explains what the head- shadow
effect is. A signal comng fromthe right side of

a person will be louder in his right ear than when
compared in his left ear and vice versa. The reduc-
tion in loudness that occurs in the far-ear (that is,
the ear on the far side of the head in relation to
the signal source) is obviously due to the .head
intervening. This reduction in intensity is termed

as the head shadow effect.

Mar ki des (1977) points out that Sivian and white
(referred by Markides 1977) studied the effect of

head shadow upon pure tone thresholds as early as 1933.

Tillman, Hasten and Horner (1963) (refferred
by Markides 1977) found that the shadow effect
attenuated the sound field spondee threshold by
6.4 dB for normal |isteners positioned between two
| oudspeakers located at 45° on either side of the
m dline of the head. Ol sen (1965) (referred by
Mar ki des, 1977) reported that head - shadow effects
vary from5 to 7 dB on the spondee thresholds of

normal |isteners.

. 25...



- 25-

The following is an exanple of the head shadow
effect given by Konkle and Schwartz (1981).
Figure 3: Illustration of Head-shadow effect for speech
and noi se source showi ng the appoxi mate 13dB si gnal

to noise(S/Nyratio .

®W @th
. EAR SN RATI O
1
: RI GHT +6. 4 dB
'y LEFT 6.4 dB
-2
gPC-L&'J\- Notge MAX 13 dB

For the 70 dB speech stimulus, it is at
63.6 dB at the far ear. Conpeting noise is 6.4 dB
intense than the primary signal at the left ear; or
an unfavourable - 6.4 dB S Nratio. Hence, nmaxi num

di fference between the SYNratios is about 13 dB

Thus, the head-shadow has a doubl e effect
whenever speech is listened to with a background of

noi se.

The unfavourabl e effects of headshadow are
m nim zed during binaural |istening because one of

the two ears is always positioned to the side of the

. 26. .
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primary signal. The binaural squel choccurs when-

ever the primary signal is located so that the ac-
tive ear is nearest the source, and then the addition
of a second ear results in an approxinmate 3 dB rel ease
frommasking. |In the reverse situation however

the addition of a 2nd ear conbines with the effects

of squel ch and head shadow so that an approxi mate

14 to 16 dB reduction in masking occurs. Consequently
bi namal listening allows an individual never to be

in the position of unfavourable |istening situation
wher e speech recognition depends upon far - ear

| i stening (Konkle and Schwartz 1981.

The following is a review of Nordlund &
Fritzell (1963) ( referred by Val ente 1983) study
whi ch docunented the differences created by head

diffracti on and shadow effects.

They presented Swedi sh phonetically - bal anced
word |ists and speech noise at 0° 30° 60° 90°
135% and 180° azinuth to a dummy, head situated in
a sound suite. The output fromeach ear was fed to
two channel s of a spectrograph for spectrographic

analysis of the signals at the near and far ears.



Spectrographic analysis of the results reveal ed
significant |oss of spectral information at the

far ear, as the | oudspeaker noved from 0° Little

di fference was present when considering the vowel
segnents between the two ears. For the consonant ener-
gy, and significant |oss of higher frequency conso-
nant energy was seen at the far ear, especially the

fricative sounds (f, s, o, v, z).

To neasure the effect of theinteranal spectral
differences created by head diffraction and shadow,
the output fromthe dummy head was fed to a set of
ear phones. They eval uated near, far and binaura
di scrimnation, scores for 10 nornal |istener for
the six treatnent |evels of azinmuth. The follow ng

table 1 gives the result:-

Tabl e: 1 Binaural Advantage (in percent)
Between near and far ear for Swedish PB word lists
enbedded i n speech noi se under six conditions of
Azi muth Presentation (Nordlund and Frtizell, 1963)
(quoted by Val ente (1983).
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Azi mut h NE FE NE- FE
0 6
30 12.0 29.0 17.0
60 10.0 43.0 33.0
90 11.0 41.0 30.0
135 88.0 31.0 23.0
180 7

A small binaural sqelch (difference between
the binaural score and the optimal nonaural score
The latter is referred to as 'near ear' (HE Score),
of 8%to 12% a l|large difference between bi naura
and far-ear listening of 31%- to 43% and head

shadow effects of 17%to 33%can be seen.

There is a snall binaural advantage when
the signals were delivered in front (O azinuth)
or behind (180* azinmuth) due to the non existance
of interaural differences of the signals. These
differences occur naturally in the suite when a
| oudspeaker presents a signal at 90* azi muth.

To the right of the Iistener, when the signal is
presented the signal will take approxinmately -

.65 nsec longer to arrive at the far (left) ear



if the signals is far fromthe head, or a. 79 msec
| onger if fairly close to the head. Thus the ears
are stinmulated at different tines, with the left

ear being stimulated | ater.

Due to the head shadow and di ffraction, signa
changes in frequency, changes in interural inten-
sity and spectral differences develop. Wth increase
in frequency, wavel ength decreases. At the sane point,
t he wavel ength of the signal will be equal to or
smal l er than the di stance between the two ears (cir-
cunference of the head). |In an average adult nal e,
this occurs for frequencies 2000 Hz, there will be
interaural tine difference present but little interaural
frequency or spectral differences. At higher fre-
guenci es, however, less intensity and | ess high
frequency spectrumis present at the far ear relative
to the near ear. Valente (1983) states that it is
due to this reason that Nordlund and Frtizell (1963)
found little difference in the vowel segment
(typically | ow frequency) between the ears, but
| arge differences in the donsonant segnent

(especially the fricatives).
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Because the far ear is receiving |l ess
hi gh frequency information and reduced inten-
sity in conparison to the near - ear, the socre
in the far ear is 30 to 50%poorer than the
near ear score. So, when the signal is at
90* to the right ear, the left ear receives the
signal alittle later/ alittle weaker (in,the
hi gher frequencies) and with |less high - frequency
information. |t has been stated that at this tine
a binaural hearing aid arrangenment will typically
result in better perfornmance than a nonaur al

aid on either ear.

5. Ooss - Correlation of incomng stinuli

Mar ki des (1977) indicates that experinenta
evi dence suggests that the incomng auditory infor-
mation is first anal yzed separately and secondly
cross - analyzed as described by Cherry (1953, 1959
1961) (referred by Markides, 1977).

This corss - correlation enables the binaura
|istener to use interaural signal differences in
tenmporal and intensity characteristics as cues to

i ncrease the effeciency in binaural reception



particularly in the presence of noise (Cherry
and Sayers, 1956, 1957) (referred by Marki des
1977). This cross - correlation enhances the

i ntegration of inconplete auditory patterns

I npi ngi ng in each ear, thus bringing about
improved intelligibility. This effect can be
observed when the speech is split so that |ow
frequencies are passed to one ear and high
frequencies to the other ear (Fletcher, 1953;.
Bocca, 1955) (referred by Markides 1977). But
such an integration ability has its limts.
Perrott and Burry (1969) (y referred by Markides
1977) found that the limts of binaural fusion of
pure tones ranged fromCOH difference at 250 Hz
to 640 Hz at 8 KHz. This inplies that binaura
hearing is resistant to the adverse effects of

a considerable dicholic frequency disparity

(di pl acusis) at higher frequencies, but it shows
very little tolerance for any disparity at the

| ower frequencies. Another deduction fromtheir study
Is that speech intelligibility may be enhanced
by stinulating the second ear of the hearing -

| npai red peopl e even if such peopl e have nade
differences in hearing |osses regardi ng fregenny

distribution between their two ears (Markides, 1977)

. 32..



- 32 -

6, D rectional Hearing

Local i sation of sound is a basic function of
the auditory system contributing directly to the
survival by indicating the positions of mates, prey
or enemes. In the day-to-day |life directional
hearing is used alnost continually in nonitoring

envi r onment .

Though it has been asserted on several occasions
(Angell and Fite, 1901; Butler and Naunton, 1967;
and Fi sher and Freedman, 1968) (referred by MarKki des,
1977) that atleast under certain conditions nonaura
| ocal i zati on can be as good as binaural |ocalization
there is absolutely no doubt whatsoever that two

ears are better than one.

The ability to | ocalize sound depends upon a
conplex interaction anong the variables which in-
clude peripheral and central auditory processing,
coYtical and subcortical associations and the
frequent notor skills involved in the head and body
ori entations. (Konkle and Schwartz, 1981). The physi cal
differences present in the acoustic energy in
the two years is brought about by the distance

between the two ears as well as head, pinnae and
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ear canal sound diffractions. (Konkle and Schwart z)
The auditory systemmeasures the physical paraneters
of the signals at the two ears and the brain inter-
prets these neasured paraneters in terns of possible
| ocations of the sound. It is convenient to exam ne
the differences in the sound stinuli which result

froma transfornmation fromfreefieldto ear drum

These include intensity differences, phase differences,
time of arrival differences and spectral conposition

di f f er ences.

Intensity Differences
Exanpl e

r L '
QOU f\-d ﬁmm

Left side

Figure 4: Left ear is stinmulated at a higher intensity

Examning the figured4shows that since the sound
originates fromthe left side, the left ear wll
be stinmulated at a higher intensity than the right.
Lord Rayl eigh (1904) (referred by Markides, 1977)
suggested that a listener |ocalises the sound source
towards t he si de recei vi ng t he | ouder sti mul us usi ng

intensity differences. Intensity differences o
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occur if the wavel ength of the sound is snal
conpared Wth the dinension of the head. Sivian

and White (1903) (referred by Markides, 1977) proved
experinmental ly that intensity differences are prac-
tically zero below 300 Hz. Thus, it seens that in-
tensity differences are inportant in |ocalisation

of frequencies over 300 Hz.

Bi naural distance difference is an inportant variable.
It refers to the distance of each ear froma sound
source. This is an inportant variable because sound
pressure decreases wth propagation. In any parti -
cular instance,the significance of this variable
depends on the azinmuth and di stance of the source.
This difference is zero for sources in the nedian
pl ane, regardl ess of the distance. Wen the source
is away fromthe Median pl ane, but close to the head,
the sound nust travel a greater distance to reach the
ear on the further side and the energy avail abl e becones
progressively less. |If the source is further away
fromthe head and is also away fromthe nedi an pl ane,
the binaural distance difference is small. The
greater the distance of the source fromthe head, the
less significant is the role played by binaural dis-
tance difference in the differential intensity at the
. 35..



two ears (Qilick, 1971).

Intensity is an inportant clue used in the
j udgenent of distance. Wth distance constant, change
in intensity brings about a change in the apparent
di stance of the source, even though direction renains
constant (Stevens and Davis, 1938). Phase difference
does not seemto offer as nmuch hel p due to the
reflections fromthe shoul der whi ch makes the distance
anbi guous. Stevens and Davis (1938) say that the
j udgenent of distance is possible for famliar sounds,
based on anplitude ratio, and that it is not possible

to assess the distance of unfamliar sound sources.

Phase D fferences:

D fference in phase neans that the cresh of one
sound wave arrives either before or after the crest
of the sound wave (Stevens and Davis, 1938) or that
the crest arrives at one par before it arrives at the

ot her ear.
As the intensity differences do not explain
how | ow frequency directional hearing occurs, Rayleigh

(1907) (referred by Marki des 1977) has suggested
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phase differences to account for this; the ratio-
nale is that when two continuous tones varying
only in phase are fed to the ears the |istener
tends to lateralize the sound as comng fromthe

side of the |eading phase.

There is a difference of opinion regarding the
upper limt of the frequency range in which the
phase difference operates. Jongkees and G oen
1946 (referred by Markides 1977) stated that the
phase differences operate with frequenci es bel ow
1000 Hz. Sandel, Teas, Fedderson and Jeffress(1955)
(referred by Macki des 1977) pl ace this
frequency limt as high as 1500 Hz while Christian
and Roser (1957) (referred by Markides 1977)

consi dered the upper frequency limt to be about
800 Hz.

Therefore, it seens the phase differences on
their own do not explain directional hearing for

| ow fregnneci es (Markides 1977).

In this view, it has been suggested that a combination
of intensity and phase differences give a reasonabl e coverage
of the whole auditory spectrum(Hartley and Fry, 1922),
(quoted by Markides, 1977).
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Time of arrival differences

It refers to the difference in tine of
arrival at the two ears of the start of the
sound or any of the transients of a conpl ex sound.
(Marki des, 1977). The observer tends to |ocalise
the sound towards that side to which it arrives
first. Wth regard to pure tones, the tine - of
arrival at the left and right ears also inplies
that a phase difference exists between the two
signals. But real situations |lack pure tones and
have conpl ex waveforns with irregularly spaced
transi ents and consi st of |owas well as high
frequency conponents. The various conponent
frequencies of a conplex sound, its envel ope,
and its transients will be diffracted by different
anounts; they will be phase shifted by different
amounts; and will be delayed differentially at the
two ears. So intensity differences and tine of
arrival differences contribute sinultaneously to
| ocal i sation of a conplex sound. Consequently
it can be stated that sound | ocalisation depends
on a conplex running cross - correlation of in-
tensity and tine of arrival interaural differenges
each of which can be traded with the other, a
feature termed as the 'precedence effect'’

(Marki des, 1977).
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Mar ki des (1977) adds that intensity and tine
di fferences cannot by thensel ves account for direc-
tional hearing; they can only give right or |eft
laterilisation within the head. To truely externa-
| i se the source of sound, other factors expecially
head novenents and frequency nodification of com
pl ex sounds by head and pinnae diffraction effects,

are operating.

Spectral conposition D fferences

Dffraction effects of the head and pi nnae
t he reflective properties of the environnent
and the inpedance m smatching of the sounds at the
two ears depending on the angle of incidence all
bring about interaural spectral differences and in

turn hel p | ocalise conpl ex sound (Markides, 1977).

These multiple differences and their systematic
changes due to head novenent govern the quality or
tinbre of the sounds at the two ears and, according
to Pierce (1901) Angell and Fite (1901) and Stein-
berg and Show (1934) (referred by Marki des 1977)
this binaural information' acts to enhance auditory

| ocal i sati on.
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The effect of Head Mbvenent

In actual listening situations, head novenents
help localization. IBis an integral part of
sound | ocalization. The head novenents increase
the ability to | ocalise sound sources both in the
hori zontal and in the vertical plane (Wallack, 1940;
D carlo and Brown, 1960; Thurlow and Runge 1967)
(referred by Markides, 1977). It has been indicated
that very slight head novenents provides a |istener
with systematic varying interaural differences which
are used as additional cues for sound |ocalization,
especially in discrimnating between signals from
the front and fromthe back (Rayleigh, 1907;
Burger, 1958) (referred by Markides 1977).

But, it has been indicated that head novenents
do not give a conplete explanation of front - rear
di scrimnation because even with the head fi xed,
| ocalization both in the horizontal and in front
rear discrimnation can be very accurate. Al so
sounds too brief to be influenced by head novenents
can be localised quite accurate, hence other factors
must be involved. (Markides, 1977), Markides (1977)
says that several workers asserted that the pinna

plays a role in auditory | ocalization.
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The effect of the Pinna:

Petri (1932) (referred by Markides 1977) nade a

structural analysis of the Pinna, and concl uded

that it consists of a set of intersecting, reflec-
tive, parabolic surfaces which direct sound ulti-
mately towards the auditory neatus”. Batteau
(1967, 1968) (referred by Markides, 1977) opined
that the pinna, because of its three dinensiona
arymretry, creates a set of delayed replications
In response to a single acoustic transient of

the oncomng signal and feeds theminto the audi-
tory canal, thus creating both intensity, tinme and
tonal quality differences with critical effect on
front - rear discrimnation. Further, this roleis
t hought to be nore effective for conpl ex sounds
and al so with high frequencies for which the

pi nna casts nore of a 'shadow effect'.

M ni mum Audi bl e Angl e

The physical paranmeter what is varied is the

angul ar di spl acenent of the solid source (| oudspeaker)
M ni num Audi bl e Angle (MMAY) s the snall est change

in this paranmeter that can be descrim nated

reliably.
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Most of the available informations of the MAA
on the horizontal plane relates solely to binaural
hearing (Markides, 1977), In 1921, Marx and
Mark (referred to by MIls, 1958; referred by
Mar ki des 1977) indicated that normally - hearing
people could localise a sound source wth 1/3 to 1/2
fromthe actual source. King and Laird (1930)
(refferred to by Marki des, 1977) reported t hat the
smal | est change in direction which could be detected
by nornmally hearing people on average 1.8 , range
was from1l5 to 2.0. Stevens and Newran's ex-
perinments (1936) (referred by Markides 1977) carried
out with nornally hearing people seated on an
el evated perch on the roof of a building in order to
mnimse reflections, revealed the variation in
m ni nrum audi bl e angle with frequency, being about

11° at 60 Hz, increasing to 20° at 3 KH and then

dimnishing to 3° at 10 KHz. Hi s could be localized
more accurately with a average error of 5 - 6°

when conpared to clicks which were |ocalised wth an
average error of 8°. De Boer (1940) (referred by
Macki des, 1977) considered that 3° was the nini num
angle of auidibility for conplex sounds |ike speech.

This assunption was verified in 1958 by MIIs
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(referred by Markides 1977) and in 1950 by Hochberg
(referred by Markides, 1977). Snow (1953) (referred by
Mar ki dis 1977) opined that inpulsive sounds |ike
speech or clicks could be perceived at snaller angles
of 1 to 2° Gardener in 1968 (ref by Marki des
1977) verified this who after studying |ocalisation

for speech found an average error of only 1.5°

Age influences localization. S egenthaler and
Aungst (1968) asserted that localisation ability for
speech depends on age. After testing 93 children
varying in age from3 to 13 years, they noted a correspond-
ing decrease in average error from18° to 5° But
the study by Lehnhardt (1969) exercises a caution.
They poi nted out, however, that the ability of audi-
tory |ocalisation only worsens by no nore than 2°
bet ween the ages of 10 to 70 and hence caution should
be exercised before nmaki ng generalisations on on
possi bl e rel ati onshi ps between age and directional

heari ng.

Role of Stimulus Frequency in the Localisation
Sound in Space.
Butler etal (1967) asked the listeners to |ocate tone

bursts and differently filtered noise - bursts on the
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hori zontal plane. The stinmulus frequencies in the
range of 2 - 4 kc/s appeared further towards the
nmedi an pl ane than tones either higher or |ower in
frequency. The anount of displacenent was al so
dependent on the azinuthal position of the sound
source. It was greater for those sounds originating
nore peripherally. Even a noise burst was seen to
be di spl aced towards the center if its frequency

conposition was restricted to a range of 2 to 4 kg/sm

I n one sub study, SPLs inside earcanal were
neasured. The data reveal ed that when a tone appars
di spl aced towards the nedi an plane, the interaura
intensity difference provided by the stinulus is
nearly the sane as that provided by the sane tone

when it does indeed originate near the nmedi an pl ane.

Auditory localisation and Body Tilt

Body tilt produces a change in |ocalisation of
sounds. Anal ogous to the visual and haptic situations,
Teuber and Liebert (1956) (referred by Al tshuler and
Comal I'i 1970) found that today tilt produced simlarly
consitent displacenents in |ocalisation of sounds.

Wth adults tilted 28° L or R they showed that an

Y



anbi ent sound froma single overhead source is

di spl aced opposite the body tilt when the task is to

| ocalise the sound directly overhead. Al tshuler and
Comal | i (1970) further investigated the effects of body
tilt andauditorylocalisationwhenthebodytiltswere
greater than 30° in an attenpt to ascertain whether at

| arger body tilts "A or 'E effects are obtained.

(The error occuring with large body tilt = A effect)

The error occuring wth small body tilts = E effect)

Results revealed that wwth increase in body tilt from
30° to 60° a progressive displacenent of the auditory
mdline in a direction opposite to the tilt of the body
and the auditory mdline is displaced to the sane side

as the initial placenent of the sound source.

On the basis of this experinent, they concl uded
that wwth small body tilts anal ogous effects are found*
for auditory, visual and haptis situations, but with
| arge body tilts, effects for auditory |ocalisation
are nove simlar to effects found for tactual - Kines-

the node rather than the visual node.
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The above nentioned studies relating to direc-
tional hearing are primarily related to normally hear-
ing individuals. It is essential to |look at the rela-
tionship between directional hearing and heari ng

| mpai r ment .

Butl er (1970) describes the effect of hearing
| npai rment on |ocating sound in the vertical plane.
The auditory stimuli used consisted of noise bursts
repeated 6 tinmes persecond. They originated from
| oudsepakers separated by 15° . Two groups of patients
were studied. One group consisted of those with
bilateral hearing inpairnment for frequencies in the
region of 8000 Hz. The other group consisted of those
wth a unilateral hearing inpairnment. The perfornmance
of each group was Conpared wi th each other as well
as wth that recorded for a group of normal hearing

persons.

The results reveal ed that persons whose acuity
for high tones was inpaired severely were conpletely
not able to locate vertically placed sounds. This tota
| ack of proficiency, however, was peculiar to the vertica

pl ane since special tests indicated that these patients
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could |l ocate horizontally positioned sounds accurately.
Persons with unilateral hearing inpairment perforned
significantly nore accurately than those with bilatera
high tone inpairnent, but the formgroup failed to

performas accurately as the nornmal hearing persons.

The data denonstrated the definite role played
by the high frequencies in locating sounds in the' verti-
cal plane. The wave |l ength of the higher frequencies
correspond in size to the pinnae and the pinnae play
an essential role in providing spectral cues associ ated

wth the elevation of the sound source.

To give an explanation to the better performnmance
of the normal hearing parsons relative to that recorded
for persons with nonaural hearing, it was specul ated t hat
a slight degree of asymmetry between the two ears
mght exist. |If so, this could provide binaural spec-
tral cues for a sound emanating fromthe nedi an pl ane.
These cues, although m nimal, could be utilised when

| ocating vertically positioned sounds.

Thus, fromthis exanple, it can be concluded that

hearing inpairnent influences directional hearing.

AT
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Havi ng reviewed the binaural auditory
phenonmena, realising its advantages, it is essential
that in the non nedical nmanagenent of the bilaterally
hearing - inpaired individuals efforts should be
made to restore binaural hearing. Hence it can be
concluded that binaural haring aids be prescribed.
But is it really possible? This calls for determ ning
the role played by binaural anplification, which wll

be dealt in the next chapter.
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Bl NAURAL AMVPLI FI CATION: Its Role

A normal auditory systemdelivers binaural hearing.

A disrupted auditory systemdestroys binaural hearing.

Binaural (pertaining to two ears) hearing, reviewed
in the earlier chapter, shows many advantages which in-
clude sunmation of the acoustic energy, inproved speech

intelligibility and enhanced directional hearing.

Thus, the evidence is in. People can hear better
with two ears rather than one (Wrnick, 1985). This
occurs in a nornmally hearing individual, who has a nornal

auditory | ayout.

In the hearing - inpaired popul ation, the auditory
systemis disrupted and hence binaural hearing cannot be
realised. This requires nmanagenent of the hearing inpaired

i ndi vi dual .

In the literature pertaining to the non nedica
managenent of individuals with bilateraly hearing | osses,
a maj or area of disagreenent woul d be found anong professional s
with health care whether this bilaterally hearing - inpaired
I ndi vi dual should use one hearing aid delivering sound to
one ear (nonaural), one hearing and delivering sound to
both ears (pseudobi naural) or two hearing aids (binaural)

(Pollack, 1975).
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In other words, there is a controversy' regarding
the type of anplification systemto be fitted to the

bilateral hearing inpaired individual.

Most of researches do advocate binaural anplifi-
cation. Binaural anplification, defined by Konkle

and Schwartz (1981) is as follows:

"True dichotic or stereophonic stinulation of
each I ndependently" is binaural anplification. It

precl udes pseudo-binaural or 'Y cord fitting.

There is a certain rational e behind advocati ng
bi naural anplification. Investigators, by fitting binau-
ral hearing aid help to bring about a bal anced heari ng,
which is disrupted in the hearing inpaired individual.
But it can be seen that literature, concerning binaura
hearing of the hearing - inpaired and binaural anplifi-
cation has produced varying results, leading to the
realisation that the advantages of two hearing aids over

one nmust be viewed as equi vocal (Pollack, 1975).

There are both subjective and objective reports
in literature denonstrating superiority of binaura

anplification.
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Wat son and Tolan (1949) (referred by Harris, 1975)
Cedit Josephine and Ti nbul ake (1945) with just denon-
strating the advantage of binaural aid fitting as early
as 1937, but they refer only two other persons who had
publicly advocated bi naural hearing aids, even on

adul ts, by 1949.

Wat son and Tolan (1949) (referred by Harris, 1975)
i ndicate, "The effect (of 2 conplete aids) on sone cases
of nerve inpairnment and word confusion is renarkable.
Not only is the wearable to judge the direction and
di stance of sounds, but he often receives greatly im
proved ability to discrimnate between different sounds
and voi ces and can better understand speech in the pre-
sence of conflicting sounds and noises. It is regretabl
that nore cases of perceptive deafness do not consider

the use of true binaural haring".

Bender (1960) (referred by Harris 1975) had hung
body aids on young children in the early 1940s, but
noted that the weight "noticeably pulled down grow ng
little shoulders”. She fitted binaural ear - |evel aids
the very nonent the transistor was avail able, to babies

even Wi th severe | osses and even as young as 10 nonths
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old wwth the hope of even younger fitting. As she said
(1960) - "The long tortuous process of building word
on word, sonetines sound on sound, is hastened and

eased for themand their teachers al nost beyond belief".

Bender and Wig (1960) have described their use
of binaural hearing aids for very young 16 children
with hearing | osses, in 13 nonths to 12 years, their
audi ogram show ng an average | oss for the speech fre-
guencies ranging from33 dB to 75 dB. Tests were admni -
stered to fifteen of the subjects. They reported an
| nprovenent in hearing with binaural anplification over
no anplification. It ranged from1l6 to 46 dBw th an
average of 34.33 decibels. Parents and teachers aps-
wered a nunber of question regarding the advantages of
usi ng bi naural hearing. They concluded that in every
I nstance the parents expressed a decided preference- for
the use of binaural aids because of the better response

of children and because of greater conveni ence and eco-

nony.
Lewis and G een (1962) report of a one year study
conducted by the New York League for the hard of hearing

to conpare | anguage growth and academ c achi evenent for
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twenty four children fitted with binaural hearing aids
and twenty three children fitted with nonaural aids. The
results indicated a slight superiority of the binaural aids
as neasured by SRT, PB Scores, Verbal 1Q and achi evenent
tests. They felt that a | arger study was necessary to
justify this device for educational purposes.
:

Edith Wetnall (1964) (referred by Harris, 1975)
felt that binaural aids were unquestionably superior
for every child with residual hearing in both ears and
further that such children learned nore rapidly. They

were nore oral nore social and happier.

Quttner (1964) (referred by Harris, 1975) argued for
bi naural fitting. He says, for exanple, "exploirting the
st ereophoni ¢ capacity of the ear markedly inproves the
reception of the hard of hearing in everyday conplex
sound fields - reverberation, continuous noige or inpul-
sive sounds". He indicates that only on-the-ear aids
can achieve the best results, when the directivity of
the systens closely simulates the acoustic conditions

at the eardruns of the unai ded head.

Pol l ack (1964) (referred by Harris, 1975) reported
that their greatest successes were achi eved when babi es
were di agonised, and fitted with powerful binaual aids

before six nonths'.
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The statenment in 1967 regarding the position of
ASHA on binaural hearing aids for children was given
by Black and associates (1967)? (referred by Harris 1975)
The one channel versus two-channel receiving system
presents an argunent that has not been resolved in
terns of the inpact of |anguage and ease of |istening

for the person who wears one or the other systent.

Devos (Audiology Center, Rotterdam (referred
by Harris, 1975) points out that the baby nust be given
the opportunity to learn the enotional value of words
and background noi ses, which often | acks acoustic
cueing than does sinple intelligibility. Devos (1968)
(refered by Haris 1975) always starts w th bi naua

aids on a baby.

Ross (1969) indicates that clinical and experinen-
tal reports of binaural fittings with children have been
al nost unani nously positive. The children's responses
are qui cker and nore certain and they denonstrate an

accel erated growth in speech and | anguage.

Kuyper and deBoer (1969) conpared stereophonic
hearing aids with nonaural aids with respected to direc-

tional hearing. Inproved directional hearing was found
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usi ng stereophonic hearing aids in fourty two out of
fifty five children. Anong the remaining thirteen,
only one did better wwth a single aid while the others

had an overall difficulty in determning directionality.

Lut eeman (1970) conpared seventeen pre-school
hard of hearing children (age range 34 to 57 nonths)
usi ng nonaural and binaural anplification follow ng two
weeks experience with each dondition of anplification to
a 1000 Hz tone and to a speech signal. Parents of the
child were also required to conplete an observation form
on the child's auditory behavi our under both conditions.
Results indicated a statically significant inprovenent
In SDT and 1000 Hz tone for binaural condition as com
pared to the nonaural condition. Al nost twi ce as many
definite responses were noted by the parents under the
bi naural condition as under nonaural observations. Finally,

no child failed to accept the second aid.

It has been condl uded that binaural hearing aids

appear to have nerit for pre-school hard of hearing children.

Ewertson (referred by Hariris 1975) says "we find the
early fitting of hearing aids to the babies of paranount

I mportance in order, to give the baby a feedback of its
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own babbling. Through the perception of voices from
the famly menbers, the baby starts to build up a

passi ve | anguage. He adds that 30%of his cases in
1970 got binaural aids (29,000 aids to 21,000 patients)
but also admts that they had very few net hods of

obj ective exam nations to determne this is too many

or too few

Kuyper (1972) indicated significant inprovenent
of speech discrimnation both in noise and in 'babble',
in 19 out of twenty five patients (8-16 years of age)
fitted with a stereophonic hearing aid in a norma

envi ronnent .

Beebe went fully binaural in 1966, with great
success(1974) (referred.by Harris, 1975). She created
an inpact on her pupils with powerful binaural aids
and can be seen through the initial astonishing of
an Assistant, Mary A Burns (1974), when first neeting
these five year olds with audionetric | osses of 80 -

100 dB, yet with good speech and | anguage in very
natural voices... living normal |ives at hone and attend-

ing regular public schools with hearing Children".
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3yrne and Deunody (1975) state that the N. A L.
Binaural Hearing And Project commenced in 1971 follow ng
nunmer ous and increasi ng demands for binaural fittings
fromparents of hearing inpaired children. It was
decided that fora a trial period of tw years - three
nonths all hearing inpaired children under el even years
of age would be fitted binauraly except in snall
proportion of cases where there was definite nedica
or audi ol ogi cal contraindications. But they soon
realised that their aimcould not be ralised while
the project was restricted to children. Conparing
wth results of adults, their favourable reaction
was consistent with reports redeived fromparents
and teachears that nost of the children who had been
fitted binaurally |iked wearing binaural aids and
appeared to receive additional benefit. However, a
survey of the teachers of the deaf showed a great
diversity of opinion concerning the particul ar kinds of
benefits received frombinaural fitting and the types

of children who were nost, atleast, liable to benefit.

Pol | ack (1975) gives a tabulation of results of
two cases and indicates that binaural hearing rarely

I nproves the SRT (which is usually the sane as the aided
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threshold of the better ear) but in al nost every case,
brings about a significant change in the discrimnation
score. Table 2 shows the results

Tabl e 2

Case: 1 Congeni t al deaf ness, etiol ogy unknown
250 Hz 500 Hz 1 K 2 K 4K A ded SRT Unaided

R Ear D scrin

85 90 110 110 40dB 52%at
L Ear 85 95 105 35dB 48%at
Bi naur al 35dB 68%at

70 dE
70 dB
70 dB

Case 2: Congenital deafness, etiology: Rubella

R Ear 75 90 85 80 75 45 dB 60%at
L Ear 90 90 95 a0 80 45 dB 65%at
Bi naur al WPl = 96%at

60 dB
60 dB
60 dB

Zelnick (1985) says that there is evidence that suggests
that early auditory deprivation in the formof prelin-
gual sensorineural hearing loss results in |ater problens
of auditory perception. He adds that reports say that
use of hearing aids by children inproves the unai ded
tonal hearing sensitivity. So it appears that the use

of electro acoustic anplification by the children suffer-
ing fromSN hearing | osses may of fset sone of the

di sturbances of auditory perception caused by sensory

deprivation of auditory stinuli.



He points out that there is evidence that auditory
sensory deprivation can affect binaural function. Beggs
and Foreman (1980) (referred by Zelnick, 1985) report
that the critical period for binaural stimulation may
be over between four and eight years of age. So it is
| nperative that youngsters with bilateral hearing
| osses be fitted wth binaural hearing aids as soon as

the | oss has been definitely determned. -

Thus, a review in the chronol ogical order reveals
that binaural anplification plays an inportant role
in the habilitation/rehabilitation of a hearing inpaired
youngster. In a nutshell, it overcones the disturbances
due to sensory deprivation, enhances speech and | an-
guage, elicits better responses and causes case of

| i st eni ng.

But there are studies which do not denonstrate
any binaural superiority over other anplification systens
e such study is that of Rce (1963) (referred by Markides
1977). Using a questionnaire nmethod, he selected 70
children fromthree schools for the deaf and after
an experinental period of 9 nonths tried to find out
benefits due to binaural haring usage. Body worn
hearing aids were wused in the different ways. 31

of the children tried both 'Y |ead and two hearing aids,

. 60. ..



- 60 -

and the remaining 32 children tried 'Y lead only. He
concl uded that 65%of children could benefit by mnaking
use of both ears. Findings revealed that both systens
were equally effective in making the child nore alert,
eager to co-operate, and suffer his strain. Hs con-
clusion was that provided the hearing | oss was symme-
trical in both ears the nmethod by which they were

stimul ated was of secondary inportance.

It is also possible that binaural hearing aids
can deteriorate hearing, rather than enhanci ng bal ance
between the ears. As exanple of this is given by the

study of Jerger and Lewis ( 1975) .

They report of a nine years old girl with bilatera
SN hearing | oss due to rubella who suffered apparently
per manent danmage to residual hearing by powerful

hearing ai ds.

It has been concluded that 'Uncritical advocacy
of powerful binaural aids is challenged as a potentially

dangerous practice" (Jeger and Lew s, 1915).

Thus, binaural anplification in youngsters has

bot h advant ages and di sadvant ages.
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Studies to evaluate superiority of binaural anpli-

fication are nore extensively carried out with adults.

(One of the advantages of binaural hearing is
i nproved speech discrimnation in the presence of
noi se. Nunerous studies which involve experinental
study or subjective reports have been performed to
realise this binaural advantage in the hearing - inpaired

with binaural anplification.

Experimenting with an artificial head, two
m cr ophones and t woear phones, Koenig (1950) (referred
by Markides 1977) reported that binaural hearing
inproved 'directionality' 'squelched reverberation
and markedly increased speech intelligibility. He also
observed that the above effects could not be achieved
with a 'Y lead arrangenent, that is one mc feeding
two earphones. Simlarly Knudesen (1929), and Keys
(1947) (referred by Marki des, 1977) reported inproved
intelligibility with binaural systens. These pioneers,
Mar ki des (1977) says, have laid the foundation for

nore serious work on nonaural hearing aids.
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Hedgecock and Sheets (1958) (referred by
Mar ki des, 1977), conpared speech conprehension with
bi naural hearing aids of spectacle type as opposed to
nonaural aids and found no significant difference in
the performance of 30 hearing - inpaired adults. They
recomrended that the fitting of binaural hearing aids
should be an individual matter and any benefits occuring
from bi naural hearing aids should be wei ght ed agai nst
the considerations like initial cost and relative
di sconfort of wearing two hearing aids. A tentative
scanning of their test procedures, however, reveals
that their results would hardly have been different.
Thei r assumed nonaural conditions could have been a
bi naural one as no magki ng was Enpl oyed in the non-
test ear. Further, their tests were carried out in
a qui et surroundings with both speech and noi se com ng
fromthe | oudspeaker. Under these circunstances one
could hardly expect a second ear to aid speech discrim-

nati on.

Markl e and Aber (1958) (referred to Markides 1977)
clinically evaluating nonaural and bi naural hearing aids,
with ten otoscherotic patients arrived at different
concl usions. They found no significant differences
between the speech reception thresholds obtained with
nonaural and binaural hearing aids. Wth respect to

speech descrimnation abilities of the subjects, they
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showed significant differences in favour of binaura
hearing aids in the order of 11 and 29%at signal to

noi se ratios of 0 and 10 dB, respectively.

Bel zil e and Markle (1959) referred to by Markides,
1977) reported 5 clear superiority of binaural over
nonaural hearing aids in discrimnation abilities. Using
PBwordlists they neasured the discrimnation abilities
of 30 subjects half with conductive and hal f perceptive
bil ateral noderate hearing inpairnments. Results reveal ed
that for both the conductive and perceptive deaf ness
groups there were no significant differences between
bi naural and nonaural listening in quiet, but that
50%di scrimnation level could be achieved in the
presence of 10 d3 nore noi se when wearing two hearing

aids than when wearing a single hearing aid.

Eval uating the studies of Belzile and Markle (1958)
and Markl e and Aber (1909) (referred to by Markides
1977) reveals that nonaural aid was worn on the chest
whil e binaural aids were placed on the head. So it is
i npossi bl e to know whet her the differences observed
in favour of binaural haring aids were due to two ears

or to headworn pickups, or to a conbination of the two.
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Dicarlo and Brown (1960) (referred to by Markides
1977) reported no advantage for a headworn bi naura
hearing aid systemover a preudo-binaural or a headoworn
nmonaural aid with respect to speech intelligibility in
noi se. They found this conclusion to be true for
subjects with normal hearing and patients wth either
conductive, mxed and nenral hearing inpairnments. They
also stated that although there was a unani nous agreenent
anmong subjects that binaural |istening rounded chearer,
all of themconsistenly preferred nonaural to either
bi naural or pseudo binaural hearing aid systens. Their
speech discrimnation tests was carried out in the
presence of a constant 70 dB noise. It is pointed out
that if these tests were admni stered at several signal
to noise ratios their results mght have been different
They al so paid scant attention to their results of
SRT in which they found that the binaural thresholds
was | ower than the better nonaural thresholds by 3.9 dB
for the conductive group, 3.4 dB for the mxed and 2.4

for their sensour neural.

Jerger and Dirks (1961) undertook to replicated
Bel zil e and Markl es experinent as closely as possible
to confirmtheir findings, but results failed to do so.
This was because their original belief that they had
carried out a true replication of Belzile and Markle's
. 65. .




st6dy turned out to be false.

Harris (1965) (referred by Markides, 1977) eval uat-
ting the above studies pointed out that inportant factors
i ke head novenents head shadow effects and/or presenting
both speech and noise from the sane | oudspeaker were
not properly taken into consideration there by rendeiing
test results uninterpretable or even insensitive to

bi naural i nprovenent.

Harris (1965) (referred to by Markides, 1977),
in his study tested 89 normal and 36 symmetrical hearing
defective subjects and concluded that the inprovenent in
intelligibility of dichotic over nonotic |istening was
in the order of 25 - 33%or about 4 to 5 dB in signa

to noise ratio.

Wight (1959) after revewi ng the previous
experinments and clinical reports on binaural hearing
revealed that there was little evidence to support a
final conclusion about the efficiency of one hearing
aid system over Another. After this report Wight and

Carhart (1960) perfornmed a study with a view to exploring
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the relative nerits of binaural hearing aids. They
used spondees and PBwords in quiet and in the presence
of sawtooth noise with each of three types of system
nonaural, diotic (pseudolinaural) and binaural

hearing aids. Results revealed that no difference

I n performance was seen when diotic or pseudobi naura
systemwas conpared with the nonaural system binaura
threshol ds tended to be better than nonaural both in
qui et and noise and finally, the binaural h&aring aids
werex superior only under sone circunstances and

only for some subjects.

Adsen and Carhart (1967) reported little differences
bet ween nonaural and bi naural i n qui et but these differences
I ncreased consi derably when they introduced conpeting
sounds. They also stated that a binaural |istener
al nost al ways has one ear favourably |ocated with
reference to the wanted signal and in their opinion
this constitutes the nost dranmatic advantage of binaura
hearing. The test materials used in the study were
spondee words presented with no background noi se;
nonosyl | abl es with no bakcground noi se; nonosyl | abl es
presented with conpeting speech and nonosyl | abl es

presented wi th speech spectrum background noi se.
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Zel nick (1970) (referred by Zel nick, 1985) reported
the results of his research with hearing inpaired
| isteners suffering from approxinately bilateral syme-
trical SN hearing disorders. He found that on scoring
speech discrimnation with phonem c method suggested
by Duffy (1967), the binaural systemproved significantly
superior for speech intelligibility to the nonaural

mode.

Mar ki des (1977) indicated that individuals with
symmetrical and symmetrical hearing inpairnments showed

significant binaural advantages for speech perception.

Ross (1977) (referred to by Cherhak review ng
the earlier studies points out that majority of studies
conparing speech discrimnation scores obtained with
bi naural and nonaural hearing aids w th hearing inpai ndsub-

jects reveal ed binaural superiority.),

Cel fand and Hochberg (1973) (referred by Chernak; 1981)
suggested that the squelch effect (the apparent decrease
i n anbi ent background noise intensity and disruption
when listening with the two ears in a noisy environnent,
I's responsible for better speech discrimnation under

reverberant conditions with binaural anplification.
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Vasel ek and Pickett (1974) (referred by
Zel nick, 1985) reported better speech discrimnation
with the binaural over the nonaural node of |istening
for both nornals and hearing inpaired listeners in

backgrounds of noise at different reverberation tines.

Nabel ek (1982) Preferred by Zel nick 1985) per-
formed a study on speech perception in noi se and never
berations with hearing inpaired subjects. The con-
clusion of the study was that hearing inpaired |iste-
ners indicated a significant advantage for speech
intelligibility for the binaural over the nonaural
node of |istening. The binaural advantage that was
I ndi cated was not reduced or influenced by the intro-

duction of hearing aids.

(Hawki ns and Yacul 0 (1984) conducted a study to
determne the signal-to-Noise Ratio (SN ratio nece-
ssary for a constant performance level for 12 nornally
hearing adults and 11 hearing - inpaired subjects
(bileterally symretrical mld-to noderate sloping SN
hearing | osses) under 3 levels of reverberation (0.3,

0.5 and 1.2 sec) wth nonaural and bi naural hearing
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hearing aids having directional and omni directional

m crophones. Results indicated that a) a significant
bi naural advantage (2-3 dB) whi ch was i ndependent

of hearing aid arrangenent (nonaural or binaural) but
dependent upon |evel of severberation, c) a signifi-
cant reverberation effect which was |arger than either
the binaural or directional m crophone effect, and

d) additive binaural and directional m crophone

advant ages”. The results obtai ned suggested the
SNratio is optimsed when binaural hearing aids with
di mentional m crophones are used in roons with short

reverberation tines.

Schreurs and A sen (1985) had thirty hearing
i npai red patients conpare nonaural and bi naural hearing
aid use for a period fourty weeks. The tabl eggives the
nunber of better responses obtai ned when conpari ng
nonaural and binaural hearing aid use in various |is-

tening situations for the thirty subjects.

Table 3 : No. of better responses when conprai sing
nonaural and binaural hearing aid use in various
listening situations for 30 subjects (given by ScheuerS

and d sen, 1985)
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Li st eni ng Bett er

Situation Monaur al Bi naur al

No
di fference

No
Response

Conversation in
gui et room 16

Conver ssion

whi | e ot her

t al ki ng

near by 18 11

Qui et restaurant 5 19
Noi sy restaurant 20 8
Listening to TV 5 16

Listening to

Radio or TV

whil e others are

t al ki ng near by 14 11

Wien listening in

Church, Theatre,

or other |arge

room 10 15

When driving or
riding in a car 14 11

Wien |istening via
a tel ephone 17 1

When typing to
| ocat e source of
sound 5 14

O = O

11

o r +» O
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(The table 4 shows the conposite of better response
for conparisons of nonaural and bi naural hearing

aid use in four quiet and four noisy situations.

Tabl e 4-: Conposite of better response for conparison
of nmonaural and binaural hearing aid use in 4 quiet

and 4 noi se situations.

Bett er NO No
D fference Response

Monaur al Bi naur a

Qui et 27 66 23 4
Noi sy 66 41 11 2

It was found that after a 4 week trial period of nonau-

ral and binaural hearing aid use and Consi derations of
their own personal circunstances, seventeen of them
purchased a single hearing aid and ei ght purchased bi naura
hearing aids. Those individuals who chose nonaura

haring aid use reported binaural hearing aids to be

better in sone situations but apparently judged that

they did not derive sufficient additional benefit in

a satisfactory nunber of their every day activities or
|istening situations to warrant the purchase of a second

ai d.
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(Thus this study reveals that binaural anplification

seens to be of little benefit in a noisy situation

Bergman (1957) (referred by Markides 1977) reported
that in a study of hearing inpaired blind people
many subjects commented that they experienced an ease
of listening when hearing with both ears rather than

w th one.

Carhart (1958) points out that 'less effort is
required for confortable |istening when this
(binaural) is used. Langford (1970) (referred to
by Pol | ack, 1975) reported that a binaural arrangenent
when conpared to a nonaural aid provides greater in-
tensity to the auditory system- this allows the user
to hear faint sounds with greater ease. He has descri bed
situations in which binaural users turn up the gain
of the remaining aid considerably if one aid is turned
off. They appear to do this to nmaintain the signa

intensity achieved with both'aids on.

Kodman (1961) (referred to by Pollack, 1975) summa-
rized this aspect of the binaural use of hearing
aids by suggesting that 'another way of view ng the
bi naural effect is that the patient hears easier

or wwth less effort, even though the intelligibility
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score is conparable, or even identical with the
nonaural score. It is suggested that hearing pro-
notes an interaural effedt which is reflected in

better sound bal ance and ease of perception”.

Zel nick (1985) in his experience found that many
heari ng inpaired showed nore relaxation and | ess ten-
sion in the listening situation when using the dicho-

tic node of anplification rather than nonot es.

Haski ns and Hardy (1960) (referred to by

Macki des, 1977) state that routine clinical tests
are not effective nmeasures of the inprovenent of
the function. Al the cases studied with binaural
hearing profited sufficiently to choose it. They
enjoyed the quality, and |ike others who enjoy the
effect, they report that events in sound are nore
natural and not so thin with' both sides of the head

alive'.

Kodman (1961) (referred So by Markides 1977)
sel ected 50 successful binaural hearing aid users
and issued a questionnaire to themthey reported

bot h advant ages and di sadvant ages of binaural hearing
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aids inproved their personality (less nervousness, |ess
strain, inproved social |ife). Qher advantages

menti oned include better sound bal ance, better |oca-

| isation and better hearing in a group. The dis-
advant ages that were nentioned are too expensive, too

heavy and nore repairs needed.

Killion (1982) (referred by Zel ni ck 1985) Suggests
that the main reason for hearing aid users accepting
the binaural hearing aids even though increased speech
intelligibility could not be denonstrated, was sinply
that the sound quality of the two hearing aids, was
much better than the sound quality of one and such
inproved quality of anplified sound is very inportant

for many users.

Thus nost subjective reports indicate inproved
listening abilities that the objective or experinenta

st udi es.

But, two extensive investigations, one by Drks
and Carhart (1962) and anot her by Siegenthal er(1979)
give a different view of the speech discrimnation

abilities using binaural hearing aids.
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D rks and Cachart (1962) in a Survey of the
reactions of the users of binaural and nonaural
hearing aids reveal that both groups reported
relatively poor performance in conditions with strong

background noi se.

Si egent hal er (1979) (referred to by Yani ck, 1979)
reports of a field test of the hypothesis that two
ear hearing is better than one ear hearing. The data
i ndi cate that while nost persons have essentially
the sane binaural test scores for SRT and for naxi num
speech intelligibility as they have for the better
of the two ears, sonme have discrepancies greater than
errors of test neasurenent between the better ear
and binaural hearing test scores. The discrepancies
are not always in the direction of better binaura
t han nonaural test scores. The discrepancies are not
always in the direction of better binaural than nona-
ural test scores. |In the present data approximately
three times as many persons (28.5 percent) had better
bi naural SRT scores conpared to better ear SRT scores,
than had wor se binaural SRT scores (8.49%.
The situation is reversed for speech intelligibility

about five tinmes as many persons (4.5% have worse

bi naural than nonaural better ear speech intelligibility
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about five times as many persons (4.5) have worse
bi naural than nonaural better - ear speech intelligi-

bility than have better binaural speech intelligibility

(.9%.

The findings are consistent for subjects with
wor se bi naural than nonaural test scores, with the
hypot hesis that for some |isteners when the two ears
each feed a distorted signal into the ONS the auditory
pathway is |less able to handl e the possibly conflicting
i nformation (produces poor SRT and worse naxi mum
intelligibility test scores) than when only one ear is
functioning. That this should be so for an intelligi-
bility test than for a threshold test is likely in
view of greater redundancy in spondee words used in
threshold tests, than the single syllable intelligibility

test words.

For subjects with better binaural than nonaura
test scores, the hypothesis of binaural summation may

be a valid explanation of the finding.

.



- 77 -

Sore i nvestigations have perfornmed both subjec-
tive and sone objective investigations to determ ne
the status of the binaural anmplification. Exanple to
this is the study by Byrne and Dernody (1975). Speech
di scrimnation perfornmance testing was determ ned
with a speech signal and a background noi se presented
from seperate | oudspeakers to a group of 61 hearing
i npai red adul ts underai ded bi naural and nonaur al
conditions. A biaural squech averagi ny about 7% and
a headshadow effect of about 1%was found. But concl uded
that the speech in noise test used by themwoul d give
group trends but not satisfactory binnural advantages

i n individual cases.

QG her points to considered here, with regards
toinproved intelligibility include head shadow effect
and bi naural squdch. Valente (1984) in his summary
of the advantages of binaural anplification, review ng
the earlier research, indicates that a range of
1.1 to 5.3 dB for squelch effect (NEf and a range
of 1.0 to 11.2 dB for the binaural advantage over

nonaural for ear (Fc) listening. The literature reports
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of an average squlch effect of 30 dB and as nuch as
16 d3 when conparing binaural to nonaural far ear
(Asen and Carhart 1967) binaural to nonaural far

ear (Osen and Carhart 1967) (referred to by Valente
1983). Thus with binaural |istening, head shadow,
effect is renoved and squel ch effect is seen. Table
5 gives the sumary of selected studies investigating
the binaural gain (in dB) in conparison to near and

far ear |istening.

Tabl e: 5 Summary of selected studies investigating
Binaural Gain (in dB) in conparison to Near and Far

Ear, listening (given by Valente, 1983).

Aut hor s Near Ear Bi naural Advantage Signal/
Far Ear Conpetition
D rks and 2.7 - 4.2 7.7 -- 11.2 SRT, SSI / Speech noi se
W son Connect ed di scourse
(1969) te
Cox Di Chicchis
and \ark _
(1981) 1.9 5.3 - "N U-6/S x Tal ker
Babbl e
Mar ki des (1980) 2.0 3.0 6.0 - 7.0 P3/ Speech Noi se
Mackeith & _
Coles (1971) 1.1 - 4.0 1.0 - 87 PB/ Speech Noi se
Lut er man _
(1969) 3.5 - 4.1 . Connect ed di scourse
and 1000 Hz
Wi ght and
Car oart
(1960) 2.0 6.0 Spondee/ Saw Toot h
Noi se
bel ek, &
Ilslfackett(l 974) 3.0 - 5.0 - MRT/ Babbl e: d i cks
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In terns of percentage Val ente (1983) summari sing
fromthe past research, reveals a range of 0.0 to 30%
for the Squelch effect (NEf and a range of 1.0 to 57. 0%
for the binaurd advantage over nonaural for ear (Fe)

| i st ening.

(Valente (1983) says that the literature typically
suggests an average 10% advantage of binaural |istening
over near ear listening and 40 to 50%over far'ear
listening. He adds that the variability revealed in
the binaural gain in Table 5 nmay be probably rel ated
tothe different types of signals, noises, SNratios,
| oudspeaker arrangenents, subject selection, as well
as care taken by the authors to control and account

for possible extraneous vari abl es.

To the statenent posed by sone clinicians, that is
3 dB inprovenent reported in the literature is hardly
worth the cost of the second hearing aid, Valente (1983)
answers as follows: -
1) He says - "It is ny opinion that professionals
shoul d not be naking decisions relative to what is nost
beneficial for the patient based on the cost. The
decision should be left to the patient after he has been
counsel ed on the potential advantages of binaura
anplification.
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2. He says - Adinician with nornal hearing shoul d

be very cautious in predicting what is or not bene-
ficial for a hearing - inpaired individual. It is

ny Experience that the actual benefit a patient re-
ceives froma hearing aid based on the audi ogram and
hearing and evaluation is very unpredictable. As
professionals, we are trained(sightlyor wongly) to
judge significant differences in spondee. Threshol ds
and word discrimnation scores in quiet and noi se.

W are involved with nunber, statistics, and the
accuracy of calibration. On the other hand, the
patient is involved with his inpression of inprove-
ment, which is usually entirely different fromour
training as to what constitutes significant inprovenent.
As professionals, we talk about decibels, functiona
gain and inproved percentages while the patient talks
about greater ease in his |listening,greater confidence,
and inproved famly life. W nornal hearing clinicians
have little appreciation for what a hearing inpaired

i ndi vidual can get out of each additional decibel.

3. He says that, there is trenendous variability
I n group data and hence can expect trenendous vari abi -
lity in individual data. Few patiats will achieve far

nore than 3 dB inprovenent while others may achieve
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none or performpoorly with binaural anplification.
The | esson here is that we should be careful about

generalizing fromthe group to the individual.

4) Lastly he says that 3 dB represents the |east
beneficial binaural conmparison. It is essential to

| ook at the range of binaural enhancenent.

If the clinic has a sound suite in which two
| oud speakers are spatially seperated by 45* to an
I ndi vidual seated at one neter's distance, with one
| oud speaker emtting the signal while the other emts
the conpetition. Then during nonaural near ear |is-
tening the addition of the second hearing aid wll
provide only about 3 dB rel ease frommarking. During
nonaural for ear |istening,-however, the addition of
the second aid will conbine the squelch effect (3 dB)
wth a 13 dB (6.5 + 6.5) release fromhead shadow.
Therefore nonentarily, binaural anplification will pro-

vide as nuch as 16 dB rel ease fromnarking (Valente, 1983)

The table 6 shows the potential binaural ad-
vantage relative to the nonaural near and nonaural for
ear for the W22 and Rush - Hughes recording of the PAL
Wrdlists
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Table 6: Potential 3inaural Relative to the Mnaural
Near and Monaural Far Ear for the W22 and Rush -
Hughes Recording of the PAL word |ists. For each
stimulus, the percent inprovenent | & Bis given at
two different segnents of the articulation curve
(10 - 90%; 20 - 80% Also provided is the potenti al
di fference between nonaural near ear and far ear

conditions (given by Valente, 1983)

Ef f ect W22 Rush Hughes
3.2%dB 3.3%dB 2.0%9dB 2.5%dB

(10-90% (20-80%  (10-90% (20-80%

A. Binaural NEe-3dB
(Sgel ch effect) 9. 6% 9. 9% 6. 0% 7.5%

B. NE/FE=6.5 dB
(Head Shadow

Ef f ect) 20. 8% 21, 5% 13. 0% 16. 3%
C. Binaural FE=16DB

(Squel ch &

Head Shadow

effect) 51. 2% 52. 8% 32. 0% 40. 0%

For each stimulus and segnment of the articul a-
tion curve the predicted word discrimnation is,,pro
vided for the average squel ch effect (3dB)HSE
(6.5 dB) and binaural far ear listening (16 dB)
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Alook at the table 6 reveal s several points
(Valente 1983).
He says!"The nmagni tude of benefit one may expect to
receive binaurally is dependent upon the stinulus
used to nmeasure the binaural - nonaural having aids.
Use of the W22 as a stinulus would be expected to
reveal greater benefit than Rush Hughes for all three
conpari sons because the acticulation curve is steeper
that i s, easier nessage, for the W22 then for Rush
Hughes. This is inportant because a qui ck | ook at
the articulation curve for 'everyday sentences' is sig-
nificantly steeper than for even the W22 lists. This
inplies that benefits from binaural anplification in
the 'real world where sentences are. The typica
stimuli nay reveal even greater benefit from binaura

anplification than reported in the clinic.

2. The benefit of binaural anplification can
range fromas little as 6.0% (Rush Hughes) or 994
(W22) to as great as 40. 0% (Rush Hughes)or. 52. 8%
(W22), depending upon whet her one is referring to the

| east or nore favourable binaural advantage".
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A glance at the Table 5 reveals that these predicted
scores, based upon the articulation curves of these
two stimuli, are not significantly different than reported
inthe literature. Thus it is apparently inportant
for the clinician to counsel the patient concerning
the range of potential binaural advantage and the condi -
tions under which these advantages nmay arise (Valente,

1983) .

Anot her factor related to binaural anplification
Is the | oudness summation. Due to binaural hearing,
| oudness summation at threshold (Hrsh, 1950; Tenpest
et al, 1968) (referred to by Dernody and Byrne, 1975)
and summation in |oudness growmh (Reynold and Stevens,
1960) (referred to by Dernody and Byrne, 1975) occur.
Dernmody and Byrne (1975) attenpted to study if this
potential advantage of binaural hearing that is binaura
| oudness summation, can be obtained by the hearing im

paired through the use of binaural hearing aids.
Keys (1947) (referred to by Dernody and Byrne 1975)

found about 30 dB., summation at threshold for 500 Hz
and 1000 Hz pure tones threshol ds.
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In a prelimnary investigation, Dernody
and Byrne (1975) in their lab, using a certain techni-
que, indicated that thirty seven subjects with m xed
hearing | osses and wearing ear - |level hearing ai ds
obtai ned an average of 3 dB summation at 20 dB above

threshold for frequencies 500, 1000 and 2000 Hz.

In their present study, this effect was investi-
gated further. So adult nmales well considered with
mxed hearing | oss. There is a tendency for summation
to increase at higher intensity levels. But over all,
this trend is statiscally significant at only one of
the three test frequencies, nanely thousand Hz. Due
to distortion in the bone conductor at | evel s above
40 dBBSL for majority of cases, it was not possible, to
det erm ne whet her | oudness growth was nai ntai ned at
hi gher.SL. Overall- thse results support the concl usion
that their subjects, through wearing binaural aids
obtained a simlar growh in binaural |oudness sumation
as that reported for normal hearing persons. The
speci fic advantages include |) use | ower gain hearing
aids ot | ower volume control settings and thereby reduce
the risk of acorstic feed back and harnonic distortion

often associated with high gain nmonaural fittings.
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2) reduceintheanount of threshold shift arising

froml oud sounds and productionof | essdistortioninthe
auditory systemow ng to Cochl ear overload. In

ot her words, because of binaural summation a bi naural
fitting woul d all ow the sane dynam c range to be ob-
tained wwth | ess power. Also, where the anount of
residual heading is small there would be a better
change of providing adequate anplification and of pro-

viding effective hearing over a greater distance.

Integration is the ability of the auditory nechani sm
to perceive dissimlar portions of the sane speech
sanpl e presented to the two ears as a fused i nage
rather than as two separate stimuli. Tobias (1972)
(referred to by Zel nick, 1985) stated that any sim-
larity between two sounds nary lead to their fusion,

If the simlar factors fall below 1500 Hz and cone
close to coinciding intine. |t appears that tenpora
simlarities in waveform envel opes are relatively
easy to detect, as are commonalities of fundanental

frequency.
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Franklin (1975) (referred to by Zel ni ck, 1985)
proposed that the SN hearing inpairnment could take ad-
vantage of the integration or fusion effect by having
bi naural ai ds designed that woul d have hi gh frequency
conponents of speech going into the right ear and | ow
frequency conponents of the right ear and | owfrequency
conponents of speech going into the left ear. By this
nmet hod the nmasking effect of the | ow frequencies on

the high frequencies could be avoi ded.

She did a study in which a 1020 Hz to 2040 Hz
passband filter together with a second passband of 240
Hz to 480 Hz was presented first to the sane ear and
then to the opposite ear. She reported that the addition
of the | owfrequency, band, significantly inporved
speech discrimnation only in the binaural condition.
It has been pointed out that it would appear |ogica
that instead of using passband filters, the low fre-
guenci es conponents of speech could beattenuated
through a hearing aid fitted to the right ear and an
extended bandwi dth of lows and highs in the other ear

for limting the nmasking effect of |owfrequency speech
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on the high frequency consonant cl ues.

One other potential of binaural anplification is

I nproved | ocal i sation.

Tonning (1971) found that these cal cul ations
in no case revealed significantly worse DTl (D rectional
Threshold of Intelligibilty) Values w th binaural hearing
and treatnent than with nmonaural. Their experinental
conditions diverge considerably fromlistening situa-
tion in everyday life. The results therefore do not
prove but suggest binaural hearing aid treatnent is

advant ageous.

Byrne and Dernody (1975) in a series of studies
found that |ocalisation of sound with binaural body worn
hearing ai ds was fast superior to |ocalisation wth nmonaura
body-work. ai ds. Four severely deaf and four nornal
hearing individuals served as subjects. Optinmmloca-
| i sati on was achi eved when the nycrophones of the two
aids were seperated by a distance of seven to ten inches
and there was limted evidence that a seperation of
eight or nine inches is ideal. The optimum seperation
for localising sounds in the horizontal plane did not
appear to be influenced by stinmulus frequency or
whet her the sound was presented frombehind or in front
of the subject.
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Heyes and Ferris (1975) conpared the auditory
| ocalisation ability of deaf subjects using chest noun-
ted and post-aural hearing aids both nonophonically
and stereophonically, the results enabled the
various systens to be ranked: binaural postaural being
the best. A single chest nounted aid is so poor that
for those hearing aid users for whom sound | ocalisation
is inmportant, for exanple the blind, it's provisions
shoul d be regarded as a last resort. Sound |ocalisa-
tion by hard of hearing subjects, is best if they are
able to use a pair of post-aural aids although it is
still much inferior to the ability of the subjects
havi ng good hearing. Should the severity of the hear-
ing | oss preclude the use of two postaural aids then
either a single postaural aid or a pair of chest
nmounted ai ds woul d be t he next best solution. They
al so point out that these work had not reveal ed nuch
difference between these two alternatives but obviously
there woul d be a cosnetic preference for the post-

aural aid.

Ross (1980) (referred to by Val ente, 1983)

reviewed five studies that exam ned bi naural verses
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nonaural |ocalisations skills. Al of these reported

significant binaural advantages.

Ross (1980) (referred to by Val ente, 1983) opines -
"This is one area in the binaural - nonaural debate

where there seens to be al nost total agreenent.

That is biaaural anplification is superior to
nonaural anplification, as long as the signal is in the
hori zontal plane and delivered at a relatively |ow sensatic
|l evel . As the signal noves to the vertical plane and/
or is delivered at relatively higher sensation |evels,
t he bi naural advantage di sappears. The cues for |oca-
|ization seemto be interaural tine and phase differences
for frequencies, below approximately 1500 Hz, while
interaural intensity differences seemto be the cues to

correct localization for stinuli above 1500 Hz.

Zel nick (1985) points out there are skeptics who
have argued that such binaural |ocalization effect is
not possible with the use of hearing aids by the hearing
i npai red. Westnmann and Tephol m (1985) (referred to
by Zelnick 1985) concluded that with the use of |TEs
there was increased directional hearing, especially after

a week's use.
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Jerger and Dirks (1961) (referred to by Tonning,
1971 b) and Jerger etal 1961 (referred to by Tonni ng,
1971 b) did not find binaural hearing aids better than
nonaur al . In their experinents the head was all owed
free novenent, so the experinmental subjeet -could nove
the head into the nost favourable subject could nove
the head into the nost favourable position, sonething the

deaf do al nbst as a reil ex.

Thus, with respect to localisation, both
advant ages and no advantages have been reported in

literature.

Bri skey and Core (1983) report of an extensive
guestionnaire survey. There was a 75% response. The
responses reflected a good bal ance by sex: Mle 220;
Femal e 165; not indicated 35. The age range was 16 to
93 years. The data, in general was treated as responses
froma single population.Wth reference to prior aware-
ness, which involved the |evel of information about
bi naural hearing aids prior to purchase, 54%were aware

of binaural anplification prior to purchase. Regarding
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wearer's initial reaction their answers reflected

an acceptance. The distribution of awareness was

that i 4% were surprises; 8%were unconcerned; 24%
concerned, 39%pl eased and 15%skeptical. |Inforna-
tion was gathered regarding the adjustnent period

to anplification. 66%of the subjects rapidly

adj usted thenselves to anplification. The period

was | ess than one nonths, to adjust to the binaural
fitting were experiencing various difficulties with
such problens as bal ance, |ocalisation, manipulating
difficulty in a cromd, and an unconfortable feeling
when wearing the aid. The hours of use of the

bi naural fittings was al so questionned. It was

found that 89% of themused binaural aids for nore
than 8 hours a day. The clients were asked to rate the
bi naural. Performance in various |listening situations
rangi ng fromexcellent to very poor. The different

| istening situations included a) in person to person
conversation, b) in group discussioninquiet, c) in
group discussion in noise d) listening to one speaker
e) listening to radio/TV news, f) listening to radio/ TV
speci al shows, g) regular shows, h) listening to nusic,
| ) outside the house on a clamday and j) outside the

house on a windy day. The last two situation were
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found to be difficult. The survey reflects the
practical application of anplification in real life
situations through a direct application by the person

usi ng the aids.

Thus the survey report by Briskey and Core

(1983) speaks nore in favour of binaural anplification.

Zel nick (1985) points out that there is evidence
that suggests that early auditory deprivation in
the form of prelingual sensory neural hearing |oss
results in later problens of auditory perception.
Studi es have been reported with respect to this in
children. The question of the effects of auditory
depreviation in adults with bilateral, SN hearing | osses
has been investigated only recently. Silman, Celfand and
Silverman (1984) (referred to by Zeil nick, 1985)
conducted a study with fourty four adults with bilatera
SN hearing | oss who were fitted with binaural hearing
aids. Performance prior to the use of hearing aids
was conpared to performance after four - fife years
of hearing aid use. The results showed that the speech
recognition difference scores of the binaurally fitted

subj ects renai ned stable over tine whereas they increased
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for the nonaurally fitted subjects. Their findings

al so indicated an auditory deprivation effect for the
unfitted ears of the subjects wi th nonaural hearing
aids. They add that it would be interesting to deter-

m ne whet her the dimnishment in auditory discrimnation
in the unfitted of the group wearing nmonaural hearing
aids could be reverside through the introduction of

anmplification.

In patients with tinnitus binaural anplification
seens to be hel pful. Zelnick (1985) indicates that the
best masker for tinnitus sufferers conplain of noise
in both ears. \Where the individual suffers bilatera
tinnitus, in his experience, binaural hearing aids

will often effectively mask it out.

Johnson (1987) also has the sane opinion. He
opi nes that the use of binaural hearing instruments in
tinnitus masker. H s experience has shown that many
patients with severe tinnitus problens could be hel ped
wi th hearing instrunents. In many cases, anplifying
sound slightly overcomes the subjective perception of
tinnitus. Whet her the patients inpairnent is syme-
trical or not, binaural fitting, he says, usually is

nore effective in controlling the patients tinnitus.
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Thus, fromthe reports of the several authors,
fromquestionnaires and surveys as well as clinical
| npressi ons, Valente (1984) provides the advant ages

and di sadvantages in a conci se tabul ati on.

The table 7 and 8 give the advantages and
di sadvantages of binaural anplification as expressed
in several articles in literature by the authors (Brooks
and 3ul ner, 1981; Drks and Cavhart, 1962: Lew s and
QG een, 1962; Markides 1980; N elsen, 1974 - referred
to by Valente 1984) and Ross 1980 (referred to by

Val ente, 1984) as well as hinself.

Table 7: Summary of Advant ages Reveal ed by Bi naural
Amplification as Reported in Questionnairer and Surveys

(given by Val ente, 1984)

Superior to one aid

More hel pful thanlaid

Use of 2 aids easier to hear in groups
Easy to use

| nproved | ocal i sation

o g k~ w N F

Better Spatial orientation
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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Better CQverall hearing

More natura

Relief fromtinnitus

Lower Vol unme Control Setting

Boosts Confi dence

More rel axed

Famly pleased with inproved Comruni cati on
Inproved darity in quiet and noise
| nproved stereo effect

Less gai n required

Less O/P required

Have one aid if other broken

Qui cker responses

Easier to listen wi t hout visual clues

Tabl e 8. Sunmary of di sadvantages of binaural anplification

as

reported in questionnaires and surveys (given by

Val ente, 1984)

o g M W D Pk

Difficult to bal ance vol une contro
Enbar assing to have two aids
Difficult to use in noise

d unsy

Unconfortabl e

Ti resone.
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7. Dfficult to manipul ate

8. Inconveni ent

9. Usel ess

10. Not Worth the trouble

11. Noi sy when used in autonobile
12. Awkward when using the phone
13. Increased cost of:

a. 2 hearing aids

b. 2 earnoul ds

c. Batteries

d. Repairs

e. |nsurance

14. Destroy residual hearings

Erdman and Sedge (1986) in an earlier investigation
found an overwhel mng preference (90% for binaural anpli-
fication anong subjects who eval uated bot h nonaura
and binaural fittings for controlled periods of tine.

They al so found that the preferences for binaural anpli-
fication tended to be consistent overtine, and the self
report advantages and di sadvant ages of nonaural and

bi naural anplification were simlar for all subjects.
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Tabl e 9 show the advantages and di sadvant ages
of binaural anplification given by Erdnman and Sedge
(1986) .

Tabl e 9 show ng advant ages and di sadvant ages of

bi naural anplification.

Advant ages D sadvant ages
| nproved Speech Qarity D fficulty bal ancing
Stereo effect Vol une
Bal anced hearing | ncreased anbi ent noi se
3ettu overall hearing (Gosnetic Concer ns
Rel eased i stening Noi sy driving autonobile

Bettu speech clarity in
noi se Awkwar d usi ng tel ephones

Natural quality
Tennitus relief
Lower Vol unme settings

Enhanced | ocalisation ability

They also did a further evaluation of binaural prefe-
rences. They list the preference patterns for individuals
conparing binaural and nonaural anplification (show in

Tabl e 10) .
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Table 10: Preference patterns for individuals conparing
bi naural and nonaural anplification.

Bi naur al Monaural No aid Tota
QG oup |
New Hearing A d
Users
(Mean age: 39 yrs) 27 2 1 30
Qoup |1

Experi enced Monaura
Hearing Ald Users 27 3 — 30

(Mean Age: 44 yrs)

Goup |11

Pur chaser s 30 4 34

(Mean age 58 years)

Tot al 84 5 5 94
% 89. 4 5. 3% 5.3%

Consi dering binaural anplification, it is essen-
tial to determne which pair, chest nounted or post
aural aids provide greater benefit to binaural hearing
aid user. In the study by Heyes and Ferris (1975),
they made a conparison between the auditory | ocalisation
ability of deaf subjects using chest nounted and post
aural hearing aids, both nonophonically and stereophoni -
cally. The results enabled themto rank the various

.101. ..



- 101 -

systens: binaural post aural being the best. A single
chest nounted aid is so poor that for those hearing
aid users for whomsound | ocalisation is inportant,
for exanple, the blind, its provision should be
regarded as a last resort. They also point out that
sound localisation ability for the hard of hearing
subject is best if they are able to use a pair of
postaural aids although it is still much inferior to

the ability of the subjects having good hearing.

Oton and Preves (1979) (refered by Cherleck 1981)
Indicated that |ocalisation ability was generally better
with a ITE and as conpared to a BTE aid and m crophone

pl acenent .

Literature points out that binaural anplification
provi des advantages even to the blind persons. They
i nclude better inproved |ocalisation of the sound source,

selective listening and superior sound quality.
Bi naural anplification has been provided to the
geriatric patients. Bentzen (1968) indicates that in

presbycusis binaural hearing aid treatnent is the
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standard treatnment in every case, it is a treatnent
which first and forenost, should be attentpted with
ear level hearing aids. In his study of fifty persons
with presbyeusis (averaging 82 years) full tine
utilisation of binaural hearing aids was in 28,
i nstance and part tinme utilisation in 10 and it was
necessary to give up the treatnent in 12. Frederiksen
et al (1974) attenpted binaural treatnent using ear-
| evel hearing aids in 172 (18% out of 972 prebycusis
patients aged 70 to 80 years, selection being based
on the patients notivation to carry through the binaura
treatnment, their hearing requirenents, nental and physi -
cal state. 100 patients were followed up after a period
of half-two years. It revealed that only one-quarter
used both hearing aids fromnorning till evening, half
of the patients used two hearing aids part of the day,
while the remaining quarter had stopped using bi-
naural anplification. 2% had given up using hearing
aids. In alnost 60%of the patients who had stopped
using binaural anplification full time, the reason given
was that the inconvenience was too great. |In not quite
40%t he i nadequate use was due nainly to acoustic rea-
sons. Many found that Binaural anplification was un-
pl easantly strong and noisy. The patients received

treatnent at a time when open nould fittings were not yet
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introduced as standard for slight and noderate hear-
ing inpairment in the treble, which my have influenced
the results negatively. However the nobst inportant
conplaint fromtheir patients was that they had no
benefit fromusing 2 hearing aids, as they felt them
sel ves bonbarded by neani ngl ess clatter. They al so
indicate that there are a nunber of anatom cal and
experinmental studies which suggest that prebycusis

is due to degeneration of the central acoustic tracts
rather than to changes in the peripheral sense organs.
(Exampl e Hansen (1973 and Jerger 1973-referred to

by Frederiksen et al, 1974).

Integration is the ability of the auditory nmechanism
to perceive this simlar portions of the sane speech
sanple presented to the two years as a fused imge
rather than two seperate stinuli (Zelnick, 1985). How
ever Haas (1982) (referred to by Zelnick, 1985) reported
that using binaural anplification the split signal pre-
sentation neither increases nor decreases word recogni-
tion scores at relatively, high levels in quit an ol der
popul ation. Therefore, with geriatric clients caution
must be exerted in the recomendations of split band
bi naural hearing aids as their integration or fussion-

ability probably dem nishes with age.
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Al the studies nentioned earlier, denonstrating

advant ages/ di sadvant ages of binaural anplification, have
been done after fitting binaural hearing aids to the hear-

I ng-inpaired individual s.

Miel | er (1986) perforned a pre-fitting study to
determne the prospective user's attitudes towards bi-
naural anplification. A patient's existing bias towards
either a binaural or nonaural fitting, for exanple m ght
out wei ghs what ever performance differences he or she m ght

observe during the trial-use period Miel |l er (1986).

Consi dering this aspect, questionnaires were sent
to 300 persons who were waiting to befitted with hearing
aids. Aprelimnary report was constructed based on the
first 282 responses. Al respondents were nmal es, rangi ng
in age frommd-40"s to md-90's with majority falling
between 60 and 70. Every respondent had undergone an
audi ol ogi ¢ evaluation at which tine it had been deci ded

that he should be feferred for a hearing aid fitting.

On the questionnaire, each one was asked to state
his preference for using one or two hearing aids and then
rate the degree to which each of the seven factors in-

fluenced that preference. Exanple."strong influence".
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"nmoderate i nfluence", "no influence". Those factors,

whi ch differed for nonaural and bi naural preferences,
were selected froma pilot study as representative of

t he nost common reasons given by the patients for choosing
a nonaural or a binaural fitting. Al patients included
in this study were retired nenbers of the mlitary, their
hearing aids were to be provided at no cost to them
Hence factors relating to cost were not included in the
guestionnaire. The patients were inforned that their
responses were not binding and the ultinmate decision
regarding fitting one or two aids would be nade at the

time of their hearing aid eval uation.

120 out of 282 (43% patients who returned the
questionnaire preferred using two hearing aids. 91
out of 120 who favoured binaural fittings conpleted
the influence-rating portion of the questionnaire.
Table 11 lists the 7 influence factors in rank order
according to their nean influences ratings and summari -

zes their distribution anong respondents.
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Mean rati ng,

2. O=noder at e

Table 11: Summary of the responses.
obt ai ned by assigning 3=strong influence,
influence, I=mld influence and 0=no influence.

Di stri bution

Reasons for Mean i n=

preferring binaural fluence Strong MId or No

anplification Rat | ng influ- Moder at e I n-
ence i nfl ue- fl uence

nce

Hear (under st and)

better 2.74 83 15 2

Most nat ur al /

bal anced 2.48 70 23 7

Severity of |oss 2.41 63 31

Two- si ded heari ng 2.31 58 34 a

Advi ce from nedi ca

pr of essi onal 1.73 50 15 35

Qbservati on/ advi ce

fromthe users 1.34 30 27 43

Spare ai d/ al ways

have one wor ki ng

ai d 1.14 19 38 43
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134 respondents, that is 57%preferred nmonaura

anplification. Table 12 lists 7 factors influencing
nonaural preference in rank order accroding to their
nmean influence ratings and summarized their distri-

buti on anong respondents.

Table 12 :

Reasons for

preferring Monaural ??ﬁgntg_ Distribution
anplification Rat i nas Strong MIld or No
9 influ- Mderate influ-
ence i nf | ue- ence
nce
Hearing | oss not
severe enough
to use two aids 1. 86 38 44 18

No expect ed

| nprovenent in

heari ng (under st andi ng)

with second aid 1.45 27 41 32

(bser vati on/ advi ce
from ot her users 1.29 31 20 49

Advi ce from nedi ca
pr of essi onal 1.19 26 23 51

Conveni ence/ 2nd
aid too nuch
bot her 1.10 23 27 50



Cosneti c aspects 0.81 16 25

Appeal |ess
handi capped with
one aid 0. 58 11 22

59

67

It has been concluded that nany peopl e view
nonaural anplification as the next logical step after
havi ng made their decision to obtain a hearing aid.
going directly fromno to two hearing aids is viewed

as an out - of - sequence event.
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Overall, binaural anplification is beneficial

as review of literature points out that it provides

i nproved | ocal i sation, better speech intelligibility
inquiet than in noisy situations), better quality of
sound and ease of listening. Binaural anplification

Is beneficial for the bilateral hearing inpaired

popul ation - be it a baby, a child, an adult or an

ol der person. But in each case caution should be

executed whil e prescribing binaural hearing aids. Binaura
anplification provided in the formof ear - level aids

are nore advantageous than body-word ai ds.
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CANDI DACY FCOR BI NAURAL AMPLI FI CATI ON

Berger (1984) Comments that a great deal of literature exists
on the subject of binaural hearing. For normal l|istners
the overwhel mng evidence is for a binaural advantage in
nost listening tasks. Evidence in reference to hearing -
inpaired individuals in particular to binaural hearing aid
use, is less plentiful or convincing. Evidence of binaural
aided superiority comes primarily fromtwo sources:
1) Experinental reports of binaural to nonaural conparisons
under assorted audionetric test conditions and

2) Surveys of binaural hearing and users.

A review of these approaches, which are used in eval u-
ating binaural anplification and hence determ ne who can
benefit frombinaural anplification, is presented in the next.

BeYger (1984) also adds that the experinental results
general ly, but not invariably, show binaural aided- superior-
ity. One weakness of such reports is that they rarely present
other than the averaged data. Therefore, if a percentage of
subj ects does not show a binaural advantage, this is obscured
In group data. Loudspeaker arrangenents for speech and noi se
also often represent an unrealistic situation. Regar di ng
qgquestionnaires or surveys frombinaural users, the weakness

Is that they do not zule out placebo effect.

BeYger (1984) observes that over the past 20 years the
hearing health care professionals, have been reluctant to re-

conmmend to recommend binaural fittings because it was diffi-
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cult, if not inpossible, to produce objective evidence of
aided binaural superiority. But nore recently these pro-
fessi onal s have becone increasingly and vocally in favour

of binaural fittings. Their reasoning, again reduced to a
generalization is like this, since binaural hearing is the
natural condition, binaural aids should be recommended un-
less it can be shown that a nonaural fitting is better. In
other words, these professionals were previously unable to
objectively denonstrate a binaural advantage, but that should
now be the recomendati on unless a nonaural fitting can be ob-
jectively denonstrated to be superior. He indicates that this
Is nerely a reversal of argunents and, froma scientific stand-

poi nt, does not constitute progress.

Considering the hearing-inpaired individuals, it seens
obvious that 1) sone hearing inpaired individuals performbetter
with binaural aids, 2) some performalike with nonaural and bi -

naural fitting and 3) sonme worsewith a binaural than a nonaura

fitting. It also seens obvious that a | arge percentage of hear-
ing aid candidates fall into the first group and that the
second and the third groups do not warrant a binaural fitting

(BeYger 1984).

But question arises as who conprise the first group of the
above nentioned categories. Does every bilateral hearing - im
paired individual fit into that group or there are only a few

candi dates who can benefit frombinaural anplification. ?
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There are nmany answers which plaque this question and
many factors which plaque the answer. Audi ol ogi cal , Psycho-
| ogi cal and social factors are the ones pointed out in

literature

Val ente (1983) points that, in 1958, carhart (quoted
by Val ente. (1983)) called for the creation of the cri-
teria to recogni se those nmenbers of the hearing inpaired
popul ation that could potentially benefit frombinaural anpli -
fication and to identify test procedures which nay be used

to denonstrate the superiority of binaural anplification.

Hahl brock and Schm dt (1960) after examning the direc-
tional hearing of twenty -seven normal subjects, twenty five
with bilateral and twenty with unil ateral deafness, postual a-
ted that near normal directional hearing may be achi eved by
nmeans of binaural hearing aids of the spectacle type, espe-

cially with patients with bilateral symetrical hearing | oss.

Ross (1969) viewed that the best candi dates for binaural
hearing aids are those with noderate, bilateral, symretrica
hearing | ows because they can utilise ear |level aids to great
advantage. Those with severe hearing |oss are not favourable.
for ear level binaural anplification because of occurence

of acourtic feedback when hi gh gai n hearing ai ds ar e used.
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Val ente (1984) points out that, to the question of
who is a candidate for binaural anplification, the spectrum
of answers provided is wide. He reveals that there appears
to be one common ground in literature about which nost seem
to agree. Apparently, the patient who will receive the great-
est potential benefit from binaural anplification displays
the follow ng audionetric data, a mld-to-noderate hearing |oss
afairly w de dynamc range, a symmetrical hearing |oss

(+ 10 - 15dB).

Gat ehouse and Haggard (1986) points out that nany au-
thors have suggested that naxi mum success w th binaural hear-
ing aids is nost likely anong patients with relatively sym
netrical hearing | osses. They says that this suggestion is

based on two assunpti ons.

The first, only with relatively simlar and mninmally
| npai red auditory characteristics in the two ears could

subtle differences in the two inputs be exploited.

The second, |ocalization tasks and speech reception
against spatially separated noise interference are the cir-
cunstances in which this ability ought to be specifically
advant ageous, and thus they should be enphasized heavily in
the, clinical evaluation (whether report - or performance-
based) .

" Advant ages could be construed in terns of decibles

inrelation (as in Psycho-acoustic enviornnent) to simlar



presentation levels at the better-hearing ear, the najor

determnant of auditory disability.

Lundeen (1988) selects binaural hearing aid candi dates
based on the audiogram using the following criteria: with
respect to degree of loss in each ear, he considers two fre-
guency average (average of 1000 Hz and 2000 Hz). This two
frequency average of 40dBHL forns the "l owfence" for fitting
bi naural hearingaids. Considering the upper Iimt, he points
out that if the loss is greater than 90dBHL, then binaural
fittings are inappropriate. Wth regard to symmetry, he views
that the threshold difference between ears should be 15dB or
|l ess and the difference in speech discrimnation scores bet-

ween the right ear and the left should not be greater than 20%

Thus, several investigators opine that symretrical hear-
ing loss is an indicator of binaural anplification as a re-
habi litation strategy (provided nedi cal care does not hel p).
There are several other investigators who have reported of
asymmetrical hearing inpairnment as a contraindication for

bi naural anplification.

Pol  ack (1975) reports that binaural aids are not re-
commended or are of questionable value for nost asymretrica
| osses (than a 15 - dB difference between ears through speech
range) for two reasons. They are:
a) either the better ear (if a mld |oss) can conpenrate satis-
factorily or b) the worse ears mnany cause the perfornance of

better ear to degenerate through the increased distortion in



the auditory system

BeYger (1984) - "This clinics guide lines for binaural
fitting, where deened feasible are as foll ows:
1) If the average hearing threshold level in the worse ear
Is 40dB or better at 1000 and 2000 Hz, fit nonaurally unl ess
bi naural fitting provides |ocalization where nonaural fitting

will not.

2) Fit binaurally if the dynamc range and the UCL of each
ear is simlar (wthin 15dB is suggested) if at the sane
sensation |evel word discrimnation scores are not signi-
ficantly different and if the pure tone thresholds by bone
conduction differ by no nore than 15dB at any of the speech

frequenciens and are roughly parallel.

A scan through the studies and reports presented above
reveal that a hearing inpaired individual with symetrical |oss
Is a candidate while ' a hearing - inpaired individual wth
asymretrical hearing loss is not a candidate for binaural
anplification. There are a nunber of studies and reports -

which challenge this concept.

Jorden etal (1967) conducted a foll owup study of over
1000 patients, They noted no difference in hearing aid usage
for patients with asymmetrical |osses versus those with sym
metrical |osses. About 31%used both aids all the tinme and

appiorimately 47%used thempart of the tine.

Byrne and Dernody (1974) indicate that a good reason to
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fit arymmretrlical |osses binaurally is what they term
"crossover" effect that is,when each ear has a different
range of frequencies that it responds to better, a bina-
ural fitting may result 1in a wder range of frequencies
being presented to the auditory systemthen would be pre-
sented by either ear alone, and thus, a nore effective

fitting may result.

Doreen Pol |l ack (1975) reports that approxinmately 70 to
78% of the youngsters in the Denver Acoupedi c Prograne have
| osses nore than 85dB, and a significant nunber of them
suffer fromadditional problens, such as percetptonotor dys-
juctions. Wth very few exceptions, they have been fitted
binarally froman early age and received annual audi ol ogic
re-assessnents over a period of sever years. Qastiohing-
should the ears with asymmetric thresholds be fitted bi na-
urally, reports of perfornmance inprovenent in the binaura

SCOor es.

Wiile it is true that the wearer has the sensation of
hearing only in the better ear, auditory information is
entering the other ear and being used, as denonstrated by

the inprovenent in the binaurai scores :-
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Tabl e-13

250 500 1K 2K 4K Aided Al ded
Hz Hz SSRT. di scrimnation

(R Ear 80 80 80 75 75 25d B 56%at 60dB

(L) Ear 70 90 110 60dB 40%at 60dB
Bi naur al 25dB 76%at 60dB
(R Ear 70 90 50dB 16%at 70dB
(L) Ear 50 85 100 60dB 16%at 70dB
Bi naur al 50dB 32%at 70dB

W PI = 64%at 70dB

It is shown that the experience nentioned confirm
the findings of Bentzen (quoted by Pollack D.(1975) who
reported fitting binaurally fifty children, one to 15
years of age. 50 out of 64 cases had symmetrical | osses
and 14 had arymmetric, that is a difference of 20dB or
greater. The latter wove earlevel aids successfully.

Al'l the children with profound | osses wore body aids.

Mecham (quoted by Pollack D.1975) indicates that,
however, in reporting on the affect of training on better
and poorer ears, stated that inprovenent was negli gi bl e,
but all subjects favoured binaural fitting and showed

little interest in returning to one aid.

Byrne and Dernody (1975) suggest that nost persons
who have two ears suitable for aid fitting will probably
obtai n binaural advantage provided the aids are appro-

priately selected and adjusted. A close exam nation
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at the data for few adult cases who did not react favour-
ably to blnaural hearingaids revealed that they were un-
able to find any characteristic which reliably distingui-
shed their cases fromthe remainder of the cases. In one
case, it appeared that a large inter-aural difference in
speech discrimnation mght be the problembut it was no-
ted that there were simlar cases who received benefit from
binural fitting.Several persons had quite large inter-aural
differences in hearing thresholds, but of thefe, sone recei-
ved bi naural advantages while others did not with regard to
this point, it has been reported el sewhere, that nonaur al
aided localization inproves at higher SLs and this begins to
occur whenever the unaided ear receives sound above threshold
Thus, even when sound is received considerably nore loudly in
one ear than the other sonme degree of binaural advantage is
possi bl e.

Ross and G ol as*, (1978) (referred to by Chanaik, 1981)Indi cate
that asymetry of threshold configurations and jrupfa threshold
functions in the two ears do not contraindicate binaural am
plification. The advent sand successful wuse of split-band
bi naural hearing aids inplies that threshold symetry is not
a pre-requisite for binaural superiority (Ross and G ol ass
1978).

Cauyey and Bender (1980) (quoted by Wernick (1985)), in
a study evaluation the speech diserimnation in the presence
of conpeting signals found a binaural advantage both for sub-



jects with symmetrical and arymmetrical hearing | osses.
They concluded that "lack of symetry did not have a
deliterious effect upon performance with binaural anpli-
fication".

Pol I ack (1980) (quoted by Wernick, 1985) and Johnson
(1980) (quoted by Wernick, 1985) both indicate that they
have been using binaural anplification, on individuals
with arynmetrical |osses, successfully, and present sone
sanpl e cases exhibiting binaural advantage with arynmmetrlc
| 0ss.

Chung and Stephens (1986), in a questionnaire survey,
of 200 patients, who had been fitted with bihural aids, to
determne the factors which woul d influence the use of bina-
ural aids revealed that : 1) a significantly greater pro-
portion of male patients, 2) a significantly greater propor-
tion of patients with a different hearing [oss configuration
in the two ears used binaural hearing aids as conpared wth
those with "Asymmetrical hearing loss : 3) The frequent
users of binaural hearing aids were mal es, who had addi-
tional help to reduce their hearing disability and had a
nmore severe hearing loss in the better ear.

Erdman and Sedge (1986) in an earlier investigation
found an overwhel mng, preference (90% for binaural anpli-
fication among subjects who eval uated both nonaural and bina-
ural fittings for controlled periods of time. Preferences
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for binaural anplification tended to be consistent over-
time, the self report advantages and di sadvantages of nona-
ural and binaural anplification were simlar for all sub-
jects. Then, in their further evaluation of binaural pre-
ferences Erdman and Sedge (1986) wanted to determ ne whet her
this same preference for binaural anplification be evident
anong a popul ation of former users of nonaural hearing aids.
This one the first part of their investigation. Reports dis-
pl ayed that out of 84 individuals, 47 had a Symmetrical hearing
| osses and 37 had varying degrees of asymmetry. Asymetry

in hearing - inpairnment, therefore, at least to sone degree
does not appear to preclude succesful binaural hearing aid
fittings.

Table 14 shows the preference patterns for individuals com
paring binaural and nonaural anplifications (Erdman and
Sedge, 1986).

Bi naur al Monaural  Noai d Tota

Goup |
New Hearing Aid users 27 2 30
(Mean Age: 39 years)

Goup Il
Experi enced Mnaural Hear- 27 3 30
ing Ald users (Mean Age:
44 years)

Goup Il
Pur chasers 30 - 4 34
(Mean Age 58 years)

Tot al 84 5 5 94

% 89.4 5.3 5.3




The clinical inplifications of the study are that
patients age, degree of |oss, symetry of |oss and atti-
tude towards anplification do not indicate that optinum
fitting is nonaural or contraindicate blnaural aids.

Johnson (1987) points out that in the past; many arti-
cles suggested that symmetrical hearing configuration is
the only eriteria for using binaural hearing Instrunents,

He concl udes that asymetrical |osses should be fit with
bi naural hearing instruments, then
may be used even with nmarkedly arymetrical patterns, with
good discrimnation one side and nmarked discrimnation im

pai rment on the other side.
He sites two cases as exanpl es.

The first individual had essentially normal hearing
in one ear wth nore than a 50dB [oss on the inpaired side
(Figure 5). She could tolerate a hearing instrunent well.
Even with a successful fitting on the right ear, as a class-
roomteacher, she felt she still did not function as well
as she would like in the classroom She was fitted on the
left ear as well. A very mld gain instrument, primrily
boosting the higher frequencies, was reconmended, and she
found this net her hearing requirements.

The second exanple is that of a patient with relatively
good hearing and good discrimnation on the left ear. The



asynmetry in the hearing inpairnment is noted in the

figures. She initially was fit with a mld gain, high
frequency inpairnment for her right ear, bit no fitting

was attenpted on the |eft side because of her poor dis-
crimnation ability. After wearing her instrunent on the
right side for a few weeks, she reported that it was

hel pful but asked to have an instrument on her left ear as
well.  Wth binaural instrunentation her speech discrimnation
In noise was shown to inprove significantly. Her subjective
reaction was that now she was a "whole" person and was able
to hear on both sides of her head. This patient had been
given the true binaural effect because she was again re-

ceiving auditory signals in both ears.
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Miel | er (1988) comments on the "noderate approach" to
sel ect candidates for blnaural hearing aids given by
Lundeen (1988). Mieller disagrees with Lundeen and says
that establishing arbitary nunerical cut-off points for
determ ning who can benefit frombinaural hearing aids only
hinders the effectiveness of the professional tasked with
determning the optinum hearing aid fitting arrangenent.

Thus one can see that conflict continues whether to
fit or not to fit a candidate with asyntnmetrical hearing
| oss with binaural hearing aids.

Though nost investigators wither support or refrain
support to fit asymmetrical hearing | osses, a fewinvesti-
gators make a conprise (Markides, 1977, Gatehouse and
Haggard, 1986).

Mar ki des (1977) gives who a binaural hearing aid candi-
date is and gives exceptions to the rule. Binaural hearing
aid candi dature:

1) Subjects with synmetrical or asymmetrical conductive
or sensorineural hearing Inpairment with average hearing
|l evels falling between 40-50dB to 9CdB (averaged across
500, 1000 and 2000 Hz). The severity of hearing loss can
of course, be higher than 900dB, provided the patient can
accept anplification which is around 20dB (10dB for |ocal -
| zation) above his/her speech Detectability threshold (SDT)
at each ear.
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2) \Where possible, priority should be given to ear-Ievel
hearing aids rather than bodyworn ones, as they provide
head shadow advantages as well as squetch ones and better

| ocalization ability. For subjects with average hearing

| evel s of around 80dB +, bodyworn hearing aids instead

of ear-level hearingaids are indicated for obvious reasons.

He al so gives the exceptions: -
1) Subjects with relatively flat inpairment in their
better ear and with a steeply falling pure tone audio-

gram configuration in their worse sear.

2) Subjects exhibiting diplacusis bhinauralis (The average
degree of diplacusis binauralis found to affect binaural
hearing aid use;a conbination of + 30%at 500Hz, + 10% at
1000Hz and + 10%at 2000 Hz.). *

*These figures are approxinmate. Mre research is re-
quired to identify the mnimm degree of diplacusisbina-
uralis which interferes with binaural hearing aid use.

3) Subjects with severe fine manipulation problens (nmainly

el derly peopl e).

4) Subjects with predom nantly retroccochl earperipheral neural)
| essons, as it is universally accepted that such people have

poor speech discrimnation ability and many of them benefit

very little fromanplification.

5) Subjects with unilateral hearing inpairnent.



Thus, Markides (1977) indicates that individuals with
Symmetrical as well as asymmetrical hearing inpairnent
showed significant binaural advantages for speech perception
But subjects with relatively flat hearing inpairnent in
their better ear and with a steeply falling pure tone audio-
gram configuration in their worse ear are exceptions.

Gat ehouse and Maggard (1986) give a discussion and
al so conment on Chung and Stephens findings. Inthe dis-
cussion they point out that the diotes advantages support
the contention of Haggard and Hall (quoted by Gatehouse and
Haggard that a substantial part of the advantage of bina-
ural anplification derives not from stereophonic signal
separation, but fromsummation across the slightly different
distortions introduced by the two inpaired ears. In diotes
|istening, asymmetric subjects receive substantially |ower
diotic advantage than do synmetric subjects. This finding
confirms with an appropriate nonaural baseline, the inter-
ference that Davis and Hagggard(quoted by Gatehouse and
Haggard 1986) nade from obsolute diotic scores. The benefits
fromnonaural anplification in the better ear in diotic |is-
tening are simlar to those frombinaural anplification. In
dichotic listening conditions for symmetric subjects, the
optimum configuration for nmonaural anplification varies slightly
with signal orientation, but binaural anplification is always,
best - reinforcing the arguments for binaurals aidprovision
In asymmetric subjects, the amount of benefit fromdifferent
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anplification patterns is highly dependent on signal orin-
tation. So benefit is greatest when speech is presented

to the worse ear. For nonaural anplification - the obtained
Interaction between side - of - presentation and side - of -
anplification is due alnost entirely to non- benefit from
anplification in the better ear when speech is presented to
the worse. In their present subjects, binaural anplifi-
cation and anplification to the worse ear were virtually

I ndi stinguishlable in performance terms, if condition of
better and worse - side presentation are averaged.

Commenting on Chung and Stephens' (quoted by Gatehouse
and Haggard 1986) findings and for previous clains that
arymetrity is a contra indication for binaural aiding, they
point out that the apparent conflict can be w thout in-
voking any systematic discrepancies between patients self
report and results obtained with performance tasks, It
would seemto lie partly in the uncontrolled outcome for
those of their patients who did not continue with bina-
ural aids - that is, lack of an explicit conparison wth
better - ear nonaural, worse - ear nonaural, or noaid at
all. According to their (Gatehouse and Haggard 1986) dat a,

iIf a choice is conceived before the asymetrics as in effect

a choice between 2 aids or one in an unspecified ear, 2 would
be the better choi ce Chung and St ephens (quoted by Gat ehouse and Hag-

gord 1986) give no details of any advice to patients concerning
the nore appropriate single ear to aid in the event that
bi naural aids were not continued, as their objective was to
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whet her Dbinaural provision had a gross effect on continual
hearing aid use.

Gat ehouse and Haggard 1986, their data showed that
specified appropriate nonaural fitting provides no |ess
benefits than binaural in asymetries. They say that Chung
and Stephens' data therefore should not be taken as inply-
ing that binaural aiding is generally the best provision
strategy for patients with arynmetric |osses. Certainly
agai nst econom ¢ and other contradindications, their
(Gat ehouse and Haggard 1986) data woul d agree that binaur al
Al ds should not be provided in asymetric | osses, except
in the presence of favourable values on other strong pro-
gnostic factos (yet to be fornul ated).

Al though they report of no directly relevant dat a,
the above conclusion further leads themto an interpretation
of Chung and Stephens findings of an actually greater use of
binaural aids in those with asymmetric configurations of the
audiogram Wth this interpretation Gatehouse and Haggard
(1986) give an explanator of Chungs and Stephens null finding
on asymetric inpaitnent levels. Wth an unspecified nona-
ural alternative and no advice given, binaural aids would
ensure that the nost aid - favouring is always aided, even if
there is no advantage for binaural hearing as such. Such
coverage of the nore aid favouring ear by over provision,
rather than by determnation could be the basis for Chung and
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Stephen's findings. Infact, Gatehouse and Haggard (1986)
believe there is a good cape for specifically differential

bi naural aiding where there are d ifferences of audi ogram
configuration between the ears,. They offer this above
argument only as an indication of the appropirate baseline
for a formal trial of that approach. They add that the
choice for both Symetric and arymmetric patients is ultina-
tely health-related and economc are, but with definite prior
auditory bearing factors in the asymetries. They concl ude
that they know of no audiol ogic evi dence that asymmetry
shoul d be discarded as contraindicator, given that in their
present subject sanple it statistically delimts a subgroup
of 2/3rds who obtain additional benefit.$ The present results
agree that for such prognortic purposes, the appropriate
boundary of "arymetry" lies in the 12-dB to 15dB regi on.

There are other investigators who have used a slightly
different criteria for binarual aid candidature.

Mercola & Mercola (1985) reconmended the use of MCL
Is determning hearing aid candidacy, both nonauraliy and
binaurally. No one will disagree with the notion that the
patient nmust exhibit the need for anplification before it
Is provided to him the question arises as towhat, |evel of
hearing |oss constitutes sufficient need. This question -
"Wien is a loss a loss?" - has been repeatedly questioned.
They do not debate over this issue. But, in their expe-
rience, MCL is a much nore accurate predictor of hearing
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aid need than the traditionally used threshold nmeasure-
ment far too often threshold measurements have been

m sl eading. Exanples are patients whose threshol ds
remain withinnormal [imts, still manifest all other
synptons of hearing | oss; patients whose threshol ds

have been outside these same |imts while manifesting

no other synptonms of hearing [oss and requiring no
anplification to functions adequately. So they there-
fore strongly recommended the use of MCL in determning
hearing aid candi dancy, both monauraily and binaurally.

In their experience an ear exhibiting a true MCL of
norethan 1QGdB above the nornmal MCL denonstrates a need
for anplification?, while an ear with a true MCL of |ess
than 1QdB above the normal MCL requires no anplification
A nmonaural MCL of 50 dBHTL using speech is considered
normal and a binaural MCL of 45R/45L is |ikew se considered
normal . It should be noted that for certain |osses such as
preci pitous high frequency Ioss the nmagnitude of the MCL
obtained using a speech circuit having a flat response does
not accurately reflect anplification needs. Wen the MCL
I's measured using the appropriate response slope, such as
6dB or 12dB/octave rise the result provides a nore accurate
i ndication of anplification needs.

As stated, when the binaural MCL conponents are both
substantially above normal, binaural anplification is sug-



gested and the client should be evaluated further. The
procedure wused to determne binaural candidature is

cal l ed- "The Mercon nethod for Binaural MCL". The pro-
cedure is indeed powerful and its results arefar reach-
ing. The reasons for the procedures effectiveners are

as foll ows:

1) It is based on actual binaural neasurenments rather than
on extrapol ation from nonaural neasurements.

2) The measurenents are nade directly at the "use" leve

(MCL) rather than at threshol d.

3) The procedure produces equal aided levels rather than
requiring symetrical unaided | osses.

Based on this procedure, they suggest a new set of
creteria for recommending a binaurai hearing aid system

they are:

1) No nedical contradindications exists for either ear
2) Binaurai fusion is achieved

3) Sufficient need for anplification exists in both ears
4) Maximum i nprovement is achieved binaurally.

The first criterion merely requires that the patient
Is able to wear a 2 aids without causing or interfering
with any nedical conditions. Any questionable cases should
be referred to a medical ear specialist.

The second criterion requires that the patient is able
to achieve binaural fusion, so that the advantages, of bina-



ural healing can be obtained. Wthout binaural fusion,
there is generally nore confusion and a corresponding

reduction in performance with 2 ears rathers than one
(stroke victins are often unable to achieve binaural

fusion).

The third criterion relates to the binaural MCL.
Each of the binaural MCL conponents shoul d be atl east
1QdB above the normal MCL to denonstrate sufficient
need for binaural anplification.

The fourth criterion requires that patient perform
best with binaural hearingaids as conmpared with all other
systens that could be provided. Speech discrimnation
testing provides a neans of conparative eval uation anong
the various hearingaid system although other methods of
conparison may prove to be good or better.

Zelnick (1985) in the discussion of many of the bina-
ural advantages to be derived by hearing inpaired through
the use of binaural hearing aid, realises that every bila-
teral SN hearing inpaired individual is not a suitable
candi date for the dichotic nmode of anplifications. |In the
hearing aid evaluation the subject nust be carefully
tested to be certain there is no degradation effect resulting
fromthe placement of a hearing aid in the poorer discrim-
nating ear. Earswith very small dynam c ranges and ears
with very low thresholds of disconfort are often indications
that a nonaural fitting may be nore desirable in a parti-
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cul ar case.

Certain other investigators object to binaural
anplification due to sone reasons. They include
1) the greater posibility of N HL.
2) the occiursion of both ears may be unconfortable
3) added cost and increase in hardware associated with
a second aid.
4) degradation in binaural hearing (binaural fusion) due
toear asymetries (Chernak, 1981).

It is essential also to determ ne whether candi dates
with mniml hearing |oss and those with high frequency
| mpai rnent be benefitted with binaural anplification.John-
son (1987) discusses on these.

Assunptions are often nmade that the patient with
mnimal or mld loss needs just or little hearing help
and therefore, one instrument should suffice, but bina-
ural instrunents do benefit them Johnson (1987) gives
an exanple. This individual was a librarian who had
difficulty comunicating in the quiet enviornnent of the
library. Her supervisor asked her to"do somnething"about
her hearing. She agreed to try binaural instrunents.

Her audi ogram (figurey)shows that she was within what is
nornmal 'y classified as "serviceable" hearing, both for
pure tones and speech. MIld gain instrunents with | ROS
earmol ds were recomended and proved to be very successful
During subsequent followup with the patient, she indicated
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that she was wearing her instruments not only at the
library but also at theatre,meetings and conferences and

to a certain extent, 1n her home.
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With regard to patients with high frequency impairment,
Johnson (1987) indicates that earlier, patients with

normal speech reception threshold, but with high frequency
roll off, usually were told that nothing could be done or that
they perhaps should enroll in a class in speech reading.

He concludes that patients with high frequency impailrments
rarely can, 1f ever be satisfactoruly fit with noaaural
instrumentation. Both ears have to be fitted. He gives

two examples, in the first case shown in figure 8 the audio-
gram 1llustrates a patient with essentially normal responses
when tested 1n a quiet enviornment. His threshold for speech
is 15dB or better bilaterally, and his right ear discrimination
score 1s 100% and the left ear has a o score of 8 92%, 1in

quiet. Testing with one syllable, phonetically balanced (PB)
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words in background noise illustrated his difficulty.

H's discrimnation score dropped to 80%on the right and
64%on the left ear. The use of high frequency instru-
nments with IROS type vents shifted his discrimnation
ability from60%in noise unaided to better than 80%

I nnoi se when binaurally aided. The aptient was

highly inotivated and felt that the hearing instrunents
were of inertimable value in conducting his business.

A second exanple (figure 8)involved a man in the nunber
busi ness wth normal hearing wth respect to speech rece-
ption threshold (SPT) and with reasonably good disdri -
mnation ability in quiet. He too had difficulty in

noi se. UWnaided in noise, he could distinguish only

18% of the PB Wrds. Properly aided binaurally, his

discrimnation ability in noise shifted to over 90%
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Thus the review of literature, in general, gives the
creteria used by the investigators and factors that
influence the criteria. Though the main area of contro-
versy is to fit or not to asymetric hearing |osses
wi th binaural anplification, other factors like type of
hearing | oss, severity of the hearing |oss, diplacusis
bi nauralis, binaural fusion influence the final hearing aid

system reconmendat i on.

Speci al considerations are required while determ ning-
"who is a candidate for binaural anpiification?"-in the
paediatric and gaiatric popul ation.

Babi es :

The case for Binaural Aid Fittings on Babies (quoted
by Harris 1975).

Edith Wietnal | (1964) felt that binaural aids were un-
questionably superior for every child with residual hearing in
both ears and that such children learned nore rapidly. They

were nore oral, nore social and happier

VWhatnal | and Fry (1964) state that binaural fitting shoul d
be done as soon as possible after birth, preferably at 3-6 month
They reported that st'nce 1961, they had adopted this practice
as against monaural fitting, with auditory training going on
continuously. The infant wore the aid even when asl eep.

Quttner (1964) surveyed the problemand argued strongly
for binaural fitting. He says for exanple, "exploiting the
stereophonic capacity of the ear markedly inproves the rece-
ption of the hard of hearing in everyday conplex sould fields-
reverberation, continuous noise or inpulsive sounds". He points
out that only on-the-ear aids canachieve the best results,
when the directivity of the system



Closely Sinulates the acoustic conditions at the ears

druns of the unai ded head.

Bentzen et al (1965) offered bilaterous fittings
to 301 patients follow ng sone weeks of nonoural expe-
rience 82%cane to use two aids sone or all (42%of the
tinme), & the 301 patients, all but 8 had on-the-head
nodel s with which a binaual fitting was said to be

especi al ly appropri ates.

Harris (1975) adds that even yet, there was no
general surge of effect to seek out those children and
even infants who mght benefit frombinaual aids. In
1967, the position of ASHA on bi naual aids for children
was stated by Black and associates (1967) (quoted by
Harris, 1975): The one-channel versus two-channel
recei ving system presents an argunment that has not been
resolved in terns of the inpact of |anguage and ears
of listening for the person who wears one or the other

systent.

Ainical Experience Since 1967 Wth Bi naual Aids

For Babies. (Quoted by Harris, 1975).

Luterman (1969) conpared nonaural / bi nauaral aid
performance on 17 children of 35 to 57 nonths by having
trai ned parents nake observations on certain types on
their children. Two weeks in each node were conpared.

Al'l children were experienced aid wearers, two of them
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in binaural node. Parents and child accepted this node.
Then, thirteen famlies purchased the second aid and

three were saving up to do so.

Kayber and deBoer (1969) proved statistically
inthe dinic with an array of |oudspeakers at 30°
intervals, that 42 out of 55 had significantly better

directional hearing wwth two aids thap with only one.

The above study reports that binaural advantage
can be achieved with two aids, thus babies are candi -

dates for binaural anplification.

Rogs (1970) (referred to by Harris, 1975)
points out that he would fit an infant as young as
possi bl e, but would used Y-cord until such tinme as a
clear notion should be avail able 6f the audi ogram of
each ear, so that the later correct binaural fitting,

upon whi ch he woul d insist, could be acconpli shed.

Bei sal ski (1971) (quoted by Harris, 1975) tries h
hard to fit children with binaural aids. He has constru-
cted a test device with seven | oudspeakers in the front
semcircle at 30° intervals. He says, "If despite, care-
ful fitting no effect of binaural therapy can be verified,
speci al training nust be instituted. WMstly, however,

the failure is caused by: inproper fitting. In some
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cases of cerebral defect, it may al so be due to fusion
results at the beginning. But we think that this

nerely a problemof training".

Devos (1968) (quoted by Harris, 1975) always starts
with binaural aids on a baby. He points out that first
the infant is adcustoned for 5-20 days to the earnvol ds,
then aids are fitted. "Only if it turns out Sooner or
| ater that the two ears disturb each other, we change
the nonaural”. In this way he fitted hundreds of

babies from6 nonths - 3 years ol d.

Berg (1973)[referredtobyHarris, 1975] tel | s of
fittingover 1000chi | dren, soneasyoungas4nonths, with

recommendat i on of ear | evel bi naural ai ds whenever possi bl e.

Case Reports :

In one account (Quercia, 1973; quoted by Harris
1975), a 9 - nonth girl was tested in 1969 and was found
"profoundly deaf”. This child, little Lori, wth binaural
aids froma Los Angles Cinic, and a programof hone
training, is nowat 5 years of age, a healthy outgoing,

heari ng and tal ki ng youngster.'

The story of Lisa, nowten (Sanbler, 1973; quoted
by Harris 1975) is equally heart-warm ng, though through the

I n adequated and even incorrect advice of an audiol ogi st
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In adequate and even incorrect advice of an audi ol ogi st
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her acquiring binaural aids was near - tragically deferred

till she was |ive.

Children : -

Ross (1969) Considers that children with severe
hearing | oss can use two body borne hearing aids, one
to each ear; although this is not true binaural am
plification, children so fitted make nore progress
than those fitted with first one hearing aid. Wth
ol der children and adults with severe hearing | oss,
CRI SCROS can be used. Ainical and experinental reports
of binaural fittings with children have been al nost

unani mously positive.

Ross (1971), in the hearing aid selection for the
young hearing inpaired, reconmmends binaural anplification

but does not fittttinedi ately.

This is because of frequent occurence of vartly
asymmetrical thresholds in the two ears of nany of the
children and so the gain and other el ectro-acoustic

adj ustnents cannot be nade appropriately.

The shift to binaural anplification occurs after
establishing thresholds for the two ears because unl ess
the auditory neural systemis provided with dichotic

stinulation early in life, the individual may be forever
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deficient in his capacity to develop full binaura
auditory functioning. Perhaps it will be less of a
detrinmental effect in blindly fitting binaurally than

in using a "Y' cord or rotating an aid between the ears.
A kind of binaural sensory deprivation occurring which
I's anal ogous to auditory sensory deprevation in general,
occurs. A "Y' cord or a nonaural aid does not provide
the uniquely patterened tine and intensity differences to
the central auditory nmechani sns necessary as raw nateria
for the construction of a full binaural system He points

that presently, this is a hypothetical consideration.

If is preferable to err on the side of commssion,
than on the side of omssion as there is no direct

clinical evidence to support or refute this hypothesis.

If loss is severe-to-profound, recomrends two
body-woen aids side by side on the chest. This is not
the sane kind of binaural anplification which would occur
were hearing aids at ear level; that is, the tine and
intensity differences which occur when the m crophones
are on the chest are not the sanme as would result were
the mcrophones at ear level.' It is not that no binaura
advantage at all is forthcomng. Ross (1971) and others
(Lotterman, 19698 quoted by Ross 1971) have found in

their clinical world that children so fitted appear to
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make more rapid progress in their speech and |anguage
and in their responses to auditory stinuli, than they
did inmmediately prior to the fitting and than children
who are not so fitted

If the loss is of noderate to severe type and the
degree of loss inthe two ears is fairly simlar, he
(Ross 1971) reconmends binaural ear-level rather than
bi naural body worn hearing aids. There is no unequivo-
cal dB hearing level which can be given to seperate
those children who are body-worn as opposed to ear-
| evel hearing candidates. A nunber of children who
denonstrated relatively flat 80dB |osses in both ears

were fitted with binaural ear-level instruments.

CRI SCROS arrangenent was used in several of these cases.
This arrangement permtted nmaximumgain fromthe instru-
ments without producing feedback as had occurred with
the ipsilateral fittings. For the nost part, bilateral
flat |osses of 70dB or |ess appear to be good candi-
dates for ear-level binaural aids. Bilateral Symretrical
hearing |evels between 70 and 80dB fall into the range
of uncertainity; for these and other individuals where
there is a deubt whether binaural ear-level instrunments
can be hel pful, he recomends a supervisedtrial program
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As long as the degree is simlar, he has not
found that differences in configuration containdicate
Bi naural ear-level anplification because appropriate
response changes can be nmade in each of the aids. He
poi nts out that binaural anplification is sel dom
successful when the average acurity of the two ears differ
by 2QdB or nore with the loss in the better ear appro-
ximately 60dB. In these cases the poorer ear is not
suitable for ear level anplification while the better
ear is. In a few cases, where body- worn aid was tried
on the poorer ear, with an ear-level aid on the better
si de, observation indicated that children did poorer
with this arrangenent than with just a nonaural ear-
level aid. 1In these instances Bl CROS hearing aid showed

a fair anount of success.

Zelnick (1985) - indicates that early auditory
deprivation in the formof prelingual sensoriveura
hearing loss results in later problens of auditory per-
ception. He adds that there is evidence that auditory
sensory deprivation cdr affect binaural function.
Beggs and Foreman (1980) (quoted by Zel nick, 1985)
reported that the critical period for binaural sti-
mul ation nay be over between 4 and 8 years of age.

It is therefore inperative that youngsters with bila-
teral hearing losses be fitted with binaural hearing

ai ds.
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El derly popul ation :-

Agi ng produces deficits In pure - tone
t hreshol ds, the speech Reception Threshold and Speech,
D scrimnation but not all |osses can be 'corrected
with a hearing aid. Binaural (stereophonic) devices
are psycho-acoustically superior to nonaural devices
but behavi oural and personality changes in the ol der
patient influence adoption to the binaural aid, fitting
of the aid and learning to use it (corso 1977).
In 48 out of 50 patients over 65 years of age, it was
found (Bentzen and Hartrup, 1968; quoted by Corso 1977)
that a significant inprovenent in speech discrimnation
was produced with the use of binaural (stereophonic)
aid. Three nonths after initiation of treatnent, 28
patients were using both aids at all tinmes; 10 patients
were using one hearing aid at all tinmes and both aids
about 25%of the tinme; four patients gave up the binaura

treatment and used one aid at all tines and two patients

di sconti nued both aids conpletely.

Wil e it neasy be concl uded that stereophonic
hearing aids are significantly better than nonaural
aids in inproving deteriorated heating, care should be

exercised in their prescription. Jensen and Funch(1968)
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(quoted by Corso, 1977) noted that el derly people have
troubl e enough using one aid and that they do not want

t wo.

Agi ng produces both degenerative changes in the
peripheral auditory organ and deterioration of the central
acoutic tracts and brain. So part of the reason for the
cessation of use of bin hearing aids in preebyacusis,lies
in the inability of the patient with a central hearing
I mpairnent to integrate the acoustic information arriving
fromthe two ears; It is estimated that about 1/3rd of
t he hard-of-hearing popul ati on over 65 years of age
cannot be treated effectively with an ear-1evel binaural
(st ereophonic) hearing aid (Jorden, 1968,referred to by
corso, 1977).

Thus review of literature with regard to binaural
candi dacy i nel derlyindicidual s several that i n general, they
show bi naural advantage using binaural aid but there
are exceptions, that is, not all of them candi dates for

bi naural anplification.

Elderly adults with suspected or confirnmed central

auditory aging deficits: -

In general, if a patient has a central auditory

system problem it would seem plavsible that he m ght
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have difficulty integrating the information comng in
fromtwo ears, and thus, binaural anplification m ght

cause added confusion and distortion (Wrnick, 1985) A

study by Haskins and Hardy (1960) (quoted by wernick, 1985)
did denonstrate that sone individuals wth Central dysfu-

nctions were unable to binaural hearing.

Rough (1985) (quoted by Arnst, 1986) reviewed
several reports that denonstrated bi naural resistances
to distortion and binaural superiority using a nodified
bi naural fusion task. The observation was that differences
bet ween el derly and younger groups of adult subjects could
not be determned statistically; the only potentially age-
related deficit that energed was a bi naural figure-ground

separation problem

Antonel I'i (1978) stressed the superiority of bin-
aural over nonaural fittings on a thoretical basis with

order adults.

Though many studi es confirm bi naural advant ages,
It is essential to keep in mnd that in a given patient,
a reduction in auditory processing brought about by central
aging effects nust be identified before an appropriate

anplificationis selected (Arnst, 1986).

Thus, in considering an elderly individual with

central auditory deficit as a candidate for binaural
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anplification he nust be evaluated carefully.

Though, formally the binaurai candidature is
determ ned using Audi ol ogi cal Reports and Age factors;
there seemto be a few other factors which influence
this. They include health, adjustment to anplification
and finance.

Gat ehouse and Haggard (1986) indicate that the
choice, for both asymretric and Symmetric patients
is ultimately health-related and econom ¢ one.

Wiile asking the patient to report subjective
ability with binaurai anplification after fitting
bi naurai hearing aids, he may require sone time to get
adjusted to anplification. This time should especially
be provided to the geriatric population and the paeditric
popul ation. Qherwi se a hasty conclusion can be nade,

regarding "Who is a candidate for Binaurai Amplification",

Thi s chapter concludes giving three najor
reports. One is by Stephens (1984) another by Val ente
(1984) and the third by Chung and Stephens (1986).

Stephens (1984), regarding fitting binaurally
points out that it is been argued el sewhere (Stephens,
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1983) (referred to by Stephens, 1984) that a Binaural hea-
ring - aid fitting should be first considered with the que-
stion then being posed as to whether there is a good

reason not to fit binaurally. To answer this question,

he calls stores S the patient's auditory needs and
problens are particularly inportant, involving factors

such as his need to localise and to discrimnate signals
inadifficult [istening environment. His auditory
sensitivity will have an inportant hearing on the decision-
obvi ously binaural aids would not be fitted to a patient
with a unilatual hearing |oss. Poor aided visua

acuity enhances the need for auditory localisation of

i nformation and hence the inportance of binaural fitting,
as do particulars vocational needs. He points out that
probably the nost inportant factors precluding a binaural
approach are negative attitude towards it by the patient
and limted upper-linb function so that a single aid

required considerable effort on the part of the patient.

Recurrent gtorrhoea mlitates against a binaural approach
but tinnitus nmay work in both directions. He indicates
that in nost patients anplification of extraneous sounds
inhibits tinnitus so that bilateral tennitus nmay be a
further indication for a binaural approach. He con-
cludes that ina mnority of sufferers, however, even
careful and appropriate hearing aid fittings can aggravate
the synptom so contraindicating binaural aids.
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Table :: 13 Factors in binaural aid fitting decision

Stores B naural ?
1A 1.1 Nat ure of hearing probl em
1A 1.2.1 Auditory sensitvity - unilateral
asymmetri cal
1A.2.2 Vi sual acruity
1A.5.a Previ ous wear abl e instrunent
1B. 1 Prychol ogi cal -attitude towards
bi naur al
1B. 2 Sociological - availability
1B. 3 Vocational - need to |ocalise
1C 1 Mobility
1C. 2 U pper linb function
1C. 3 Rel at ed acural pathol ogy-tinnitus,

G orr hoea.

Val ente (1984) gives a summary of commrencenents

appearing In the Literature concerning who is a candi -

date for Binaural Anplification. The follow ng table 16

given 1lthis summary.
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Table: 16 Sunmary of comments appearing in the literature
concerning who is a candidate for Binuaral Anplification -

for Binuaral Anplification -

CANDI DATE NON- CANDI DATE
1. Good fine motor control 1. Problemwth fine-notor
control.
2. Highly notivated 2. Poorly notivated
3. Better success if has 3. None or limted experience
previous experience with with anplification.

ampl i fication.

4. Financially responsible 4, Third party paynent
5. Ability to adapt 5. Inpatient or reduced
ability to adapt
6. High activity Index 6. Low Activity |ndex
7. Audiological considerations 7. IIl or elderly
a. Symmetrical Hearing a. Asymetri cal
Loss
b. Severe- prof ound
1. Threshol d
A c. Retro cochlear |essons
3' oL d. Central |essons
4' oL e. Excersive Recruitnent
' f. Poor word discrim na-
5. DR tion score
b. Magnitude g. Flat configuration in
1. Mld better ear, falling
> Nbder at e g:pflguratlon i n poorer

c. Ttpe of Hearing |oss h.Binaural diplacusis

1. Conduct i ve >15%
2. Mxed 3.cochl ear pathol ogy
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d. M scel |l aneous i. Unilateral hearing
1. Little Recruitnent | oss

8. Bicaural scores greater than Q. Binaural score poorer
monaural scores by 6, 9, or

10%

t han nonaural score.

9. Electro acousitic characteri -
stics of hearing aids shoul d
be simlar.

Chung and Stephens (1986) state 8 factors indicated
by various authors (exanple, Markides, 1977; Berger and
MIlin, 1980; Briskey, 1980; Davis and Haggard, 1982)
which contra indicate binaural anplification:- They
I ncl ude;

1) A significant asynmetry of hearing |oss between
the ears (in excels of 15dB).

2) A significant differencer in speech discrimnation
(in excess of 8%

3) A substantial difference in MCL, UCL Levels, or DR
4) Unilateral hearing inpairnment.

5) Relatively flat hearing inpairment in the better
ear and a steeply falling pure-tone audi ogram

6) Diplacusis binauralis
7) Predomnantly retrocochl ear (peripheral neural)
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| eyi oos, as such peopl e have poor speech discrim -
nation ability and many of them benefit little from
anplification

8) Severe fine manipulation problenms (mainly elderly
people) or low activity index.

Fromthe two tables 15, 16 and studies a [ot a conmo-
nalities can be visualised regarding criteria for binaural
candi dature. This includes that an Individual with

asymetric hearing loss is not a candidate for binaural
anplification; But what about those studies which
indicate binaural anplification for asymretric |osses?

Thus, it can be concluded that creteria for
bi naural candidature is highly idiosyncratic.

* *% *%
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PROCEDURES TO EVALUATE CANDI DACY FOR
Bl NAURAL ANPLI FI CATI ON

| f permanent hearing inpairnent exists foll ow ng medical
care, the first and nost logical step in the aural rehabili-
tation process is a hearing aid evaluation. Successful
hearing aid use in dependent on conpetent hearing aid
eval uation, selection of an appropriate aid and supervision
of the, adjustnment period. Based on the hearing aid eval uation,
the audiologist will determ ne the potential benefit to be
derived from anplification and often which aid is nobst appro-

priate (Tannahill, Walter J. Smoski . (1985)

The different kinds of anplification avail able include
nmonaur al , pseudobi naural, binaural, CROS (contralateral rout-
ing of signals) and its vari ation Bl CROS (bilatera

CROS). and its variations.

The goal in hearing aid selection is to achieve normal,
or near normal, hearing response as possible for the hearing
i npai red through appropriate electroacoustic anplification.
Normal hearing people achieve normal |istening response

t hrough the use of both ears (Zelnick, 1985).

It has been pointed out that hearing binaurally involves
the integration of the signals fromeach of the two ears

into a single hearing sensation. This is referred to as
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bi naural fusion and for normal hearing persons occurs sinply
and automatically, because the signal from each ear are

in proper proportion to each other and are conbined into a
single imge by the central auditory system The advantages
of | oudness summation, |ocalization and discrimnation
enhancenent in noise occrue as a natural result of this

bi naural integration. But, when signals fromeach ear are
di sproportionate with each other, the binaural integration
process is less effective and the binaural advantages are
correspondi ngly di m ni shed or even | ost. Such is the case
or for an unai ded asymmetrical bilateral hearing | oss.

(Mercola and Mercola, 1985).

Carhart (1958) called for the creation of criteria to
recogni ze those nenbers of the hearing inpaired popul ati on
that could potentially, benefit from binaural anplification
and to identify test procedures which nmay be used to denon-

strate the superiority of binaural anplification

The previous chapter discusses on - "who is a candi date
for binaural anplifications, by providing the criteria
and coments appearing in the literature on binaural hearing
aid candi dature. One of the summary of conmments, given by

Val ente (1983), is putforth belowin Table A
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Table A: Summary of comments Appearing in the literature
concerning who is a candidate for Binaural Anplification.

(Valente, 1984).

CANDI DATE NON- CANDI DATE
1. Good fine nmotor control 1. Problenms with fine notor
control.
2. Highly notivated 2. Poorly notivated
3. Better success if has 3. None or linmted experience
previ ous experience with with anplification

anplification.

4. Financially responsible 4. Third party paynent.

5. Ability to adapt 5. Inpatient or reduced ability
to adapt.

6. High activity index 6. Low activity index

7. Audiologic considerations 7. 111 or elderly.

8. Symmetrical hearing 8. Audi ol ogi c consi derations
a) 1. Threshold a) Asymmetri cal
2. WO S b) Severe - Profound
3. MCL c) Retrocochl ear |esions
4. L DL d) Central |esions
5. DR e) Poor word discrimnation

Scores.
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b. Magnitude f) Excessive recruitnent
1. MId g) Flat configuration in
2. Moderate better ear, falling

configuration in poorer

- ear.
c. Type of hearing | oss h) Binaural diplacusis 15%
1. Conductive ) Unilateral hearing |oss

2. M xed
3. Cochl | ar Pat hol ogy

d. M scel | aneous

1. Little Recruitnent.

8. Binaural scores greater than

nonaural scores by 6, 8 or 10%

9. El ectroacousti ¢ characteristics 9. Bi naural scores
of hearing aids should be poorer than nonara

simlar. score.

A glance at there criteria and the comments reveal that
audi ogram speech audionetric tests; subjective reports
i ncl udi ng past experience with hearing aids, present experi-
ence with binaural hearing aids, adjustnent ability, financia
status; and objective clinical techniques show ng the binaura
advant ages were the procedures used to delineate the binaural

candi dacy criteri a.
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A variety of procedures have been used by different
i nvestigators. Sone have used audi ogram reports and
clinical techniques show ng the binaural advantages to
determne as to who can benefit frombinaural anplification
whi | e sone have used objective clinical techniques and

subj ective reports.

Kodman (1961) (quoted by Harris (1975))states that
fifty binaural eyeglass wearers reported a nunber of
subj ective advantages over the nonaural case, but the clini-
cal techniques were unable to quantify that matter. DecroiXx
and DeHaussey (1962 a,b) (quoted by Harris (1975)).
however, were able to provide a quantitative estimte, of
t he bi naural advantage by conparing conplete articulation

functions for nonaural versus binaural hearing aid fitting.

Dirks and Carhart (1962) studied the reactions of
hearing aid wusers and found that those who had bi naural
i nstrunments expressed strong belief in their superiority.
Though the reasons given by many bi naural users to support
their attitudes were vague and general, the beliefs remained
firm But no clinical test battery had been able to

denonstrate this superiority on the basis of neasurenents.

Heffler and Schdltz (1964) point out that the

clinical audiologists are generally agreed that the index
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of significance in the conparison of nonaural and binaural

anplification is the inprovenent in discrimnation score
when binaural hearing aids are used. So the requirenent
is a measurenment of increase in intelligibility made by the

addition of the second ear.

Heffler and Schultz (1964) list the several paraneters
that the clinical experinmental literature reveal, which

contribute to the design of an appropriate test : -

1. Conpeting Stimuli :- Aprimary requirenent in the
testing of binaurality is the use of second stinmulus in
conpetition with the speech signal. Studies evaluating
bi naural hearing aids in thequiet have repeatedly failed
to yield significant differences between nonaural and
bi naural listening scores (D carlo and Sheets, (1958)
(referred to by Heffler and Schultz, (1964). Wi ght
and Carhart (1960) (quoted by/Heffler and Schultz (1964))
conpared discrimnation scores both in the quiet and
with a conpeting noise. Their results revealed that,

t hough not all subjects heard better with binaural
anplification, sone differences appeared in the noise
situation which were undetectable under the quiet |iste-
ning conditions. |In explanation of there findings, it
appears that the single, aided ear, working in a quiet
environnment, is able to achieve nearly these al nost -
ideal conditions. \What ever contribution the second

ear m ght make cannot be expressed by increased discri-



m nati on unl ess procedures neasure that contribution

in the presence of conpeting sound.

2. Signal - to - Noise Ratios : The relative levels of
such conpeting sounds is a matter of significance when
discrimnation for speech is neasured. This relation-
ship, usually designated signal - to - Noise (SI'N)
has no standard operational definition and different
i nvestigates have established it in different ways.

Most of the commonly - used SN definitions either
attenpt to equate or approach the level of the signal
with the noise. It is well-known, however, that intelli-
gibility remains reasonably high until the noise far
exceeds the signal. It may be, therefore, that the
S/'N comonly used in conparing nonaural and bi naural

di scrimnation scores permtted the nonaural systemto
obtain so high a score that a binaural inprovenent could

not be denonstrat ed.

Appl ying the concept of threshold, defined as a 50%
point, one could set that |evel of noise which permts only

50%di scrimnation as another and equally valid definition

of zero dB S/IN. If one operates around zero dB S/N, thus
defined,the discrimnation scores for all |istening condi-
tions will be artificially depressed but the possibility

of nmeasuring an inprovenent in the functioning of the

audi tory system under experinental condition exists.
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Local i zation Effects. It is pointed out here that one
probl em ari sing when conpeting stinmuli are used is

that | ocalization tends to contam nate scores. One
cannot separate the contribution to.intelligibility by
the second ear fromthe contribution due to |ocalization.
When the scores of the signal and the noise are separa-
ted in space, additional clues such as inter

intensity difference's and differences in SSN at the two
ears obscure the particular discrimnation gain whi ch
is the focus of interest in the test. Such obscuring

i nfl uences were observed by Wight and Carhart (1960)
(quoted by Heffler and Schultz, 1964) who found a
"sidedness effect” related to the intelligibility scores
obtained by their subjects. The elimnation of l|ocall-

zation of sidedness effects in a clinical test is clearly

necessary.
Type of Signal : One of the notabl e advantages of
bi naural listening is the so-called " squelch capacity

reported by Kbenig (1950) (referred to by Heffler and
Schultz, 1964). He noted a marked reduction in the
maski ng effects of a noise, wthout any change of

physi cal sound | evels, sone few seconds after sw tchihg
fromnmonaural to binaural anplification part of the

relatively long delay in realizing the full benefits
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of this capacity nay be due to the necessity of
recogni zing the presence of a particularly desired
signal and identifying its characteristics so that

it can then successfully be followed. This suggests
that serious consideration be given to the type of
signal to be used in testing binaural aided discrim-
nation in noise. (Asignal of short duration, such as
awrd fromthe PBlists, mght well be gone before
this proceisis conplete. This may explain the finding
by Jerger, Carhart and Dirks (1961) of no difference
bet ween nonaural and bi naural performance for their
NC # 2 Test using these words. Test NU #3 used by
the same investigation enployed a signal of | onger
duration (sentence - length instructions or questions)
but it is entirely possible that the nature of this
stimulus requires an "all - or - none" type of
discrimnation by the subject. That is to say, a
single word incorrectly interpreted or mssed altoge-
ther mght nmake it inpossible for the subject to pro-
vide the correct response and thus deny himcredit
when, infact, he had correctly heard the major part
of the sentence. A long duration stinmulus in which
fcactional credit for fractional discrimnation is
given mght reveal this "auditory focusing"” ability
whi ch seens to be a conponent of the binaural "Squel ch

capctcity. Summarizing these points, they point out



that a procedure for conparing nonaural and binaural
aided discrimnation should indude the follow ng characteri-

stics.

1. The presence of a conpeting noise

2.  S/N which permts inprovenent due to the

second ear to be neasured.

3. elimnation of localization and si dedness

factors.

4. long-duration-speech signals with partial

credit possible.

Ef fects of phase relationships on intelligibility—
Anong the properties of the auditory systemis its use of
interaural phase differences to inprove discrimnation
of speech in noise. (Heffler and Schultz, 1964). Licklider
(1948) (quoted by Heffler and Schultz, 1964) showed t hat
if one of two binaural conpeting stimuli reaches the ears
180° out - of -phase interaurally while the other is in-phase,
discrimnation is better than when both sounds reach the
ears either in-phase or out-of-phase. of the two possibi-
lities, the antiphasic - + (speech out-of-phase; noise-

i n-phase), vyields better discrimnation scores than
does the reverse. Significantly, this superiority tends

to disappear as SN increases. That is, when given a



relatively easy listening task, the auditory system does
sufficiently well. But, its ability to function under

hi ghl y adverse auditions, as denonstrated by the superiority
of antiphasi c over honophasic listening is hidden. Lick-
lider's findings (quoted by Heffler and Schultz, 1964)

have been substantiated by Tobias and Qurtis (1959) (quoted
by Heffler and Schultz, 1964), anong ot hers, who found

that their subjects were better able to discrimnate speech

in noise under this - + antiphasic condition.

The above nentioned properties of the binaural system
were exploited in construction of a clinically useful test
by Heffler and Schultz (1964). The test elimnated | ocali -
zation as a factor in speech discrimnation yet permtted
the above - listed desirable properties to be enpl oyed.

The criterion nmeasure was the growth of intelligibility for
masked speech as a function of SN and interaural phase

rel ationshi ps under two types of binaural |istening condi-
tions in a sound field. They do not suggest that tests
for ability to localize wth binaural anplification be
abandoned rat her, they opine that the procedure discribed
by them shoul d be added to the battery of tests used in

hearing aid evaluation. The follow ng is the procedure.

Experinental subjects and Environnent - 36 norna

hearing adults were chosen for the study as |listners. The
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normal hearing was determned by an audionetric 10 dBHL

sweep check. The subject was seated in a sound - treated
room fl anked by two | oudspeakers at head height. Each
speaker was | ocated at a di stance of about 30 inches and
ained at him Each delivered both signal and noise, wth

the noi se always in-phase interaurally and the speech varied
experimentally in either an in-phase or out-of-phase condi-

tion.

The advantage of using a speaker at either side of the
subj ect and reversing polarity of the speech wave from one
speaker is that the procedure nullifies any effect of head
novenents by the subject. An interaural intensity diff-
rence for the total auditory stimulus will result froma
head novenent, but it will exist in exactly the same pro-
portions for both conponent stimuli. 1In any head novenent,
SN at each ear remains the sane. nly phase difference,
when presented, is useful for Separating the signal from

t he noi se.

Speech stimuli : A pool of 103 sentences, selected
fromthe Harvard PAL tests were distributing among 12
lists of 20 sentences each. No sentence appeared nore
than once in any test nor nore than three tines in the entire
test. Each test of 20 sentences preceded by a 1000 cycle
Calibration tone, was recorded on nmagneti c tape and

inserted into an endl ess | oop tape cartridge.
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Masking Stimuli : The mnasking noise used in the study
was the recorded sound of 16 sinultaneous talkers. The
use of a voice babble was judged sufficiently simlar to
an actual listening situation to offset the variability

in level it occasi oned.

Experimental Procedure : In the major experinent, 36
subjects listened to the lists under two interaural phase
conditions and two binaural |istening conditions at three
S'N  The interaural phase conditions were honophasic ++
with both signal and noi se in-phase, and antiphasic - +,
wherei n speech was out-of -phase and noi se i n-phase. The
two binaural conditions were Bal anced Binaural, with both
ears unoccl uded, and unbal anced Bi naural, w th one ear

occl uded where the one ear was filled with fresh earnold

i npression material and covered by a dummy ear phone, which
was filled with vaseline petroleumjelly and encased in a
CZW6 sem -plastic earphone socket; This occlurion offered -
a shift on the order 23 dB in a prelimnary study;

Zwi sl ocki's published attestation data (1955) (quoted by
Hef fl er and Schultz, 1964) indicate that this average
shift in SRT probably was conservative. Fifty percent
intelligibility, determined previously in a prelimnary
study, was defined as zero dBS/N and the maski ng noise
was varied around a constant signal l|level to produce S/N
of -4, -1 and 2 dB. All subjectslistenedunder all pernu-

tation of experinental conditions. The followng table 17
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shows the pernutations of binaural |istening conditions.

Tabl ei 7 Pernut ati ons of binaural |istening conditions.

Bi naur al | nt eraural Phase S/N ratios

Condi ti on Condi tion

Bal anced Honophasi c -4 -1 2
Ant i phasi c -4 -1 2

Unbal anced Honophasi c —4 -1 2
Ant i phasi c -4 -1 2

Each subject listened to six consecutive lists in the

bal anced condition and in the unbal anced condition. The
order of presentation was randomy determned for each

subj ect, as was the choice of earto be concl uded. The order
and sequence of interaural phase conditions and SN were
count er bal anced i ndependently for each group of 12 subjects
using a series of 6 x 6 Latin squares (Fisher and Yates,
1938); (quoted by Heffler and Schultz, 1964). The order

of presentation of the test was random zed i ndependently for

each subject each heard every test once.

The neans for the subjects at each of the N and

listening conditions are graphically represented with SN



al ong the abscissa and percentage intelligibility along

t he ordi nat e.

The results of this study indicate that the norma
bi naural auditory systemis able to extract nore information
froma given stinmulus conplex if it is presented with anti -
phasic - + rather than honophasic |istening conditions.
Since the only difference is thatthe stinulus patterns at
one ear changes relative to that at the other, the increase
inintelligibility nust be due to the change in binaural
pattern. Thus it becones possible to neasure the contri -
bution of the second ear independent of |ocalization, and
usi ng honpphasic listening as a control. In order to
observe this contribution, however, signal - to - noise
rati os must be conparatively poor so that neither the
nonaur al nor honophasi c system obtains the score of which
it is capable under favourable —istening conditions.
They also add that this listening situation is a highly
aritificial one and does not occur except under these

experinmental conditions.

They give two clinical applications of their study.
One clinical application mghtbe in the assessnent of
bi naural versus nonaural hearing aids. The clinica
techni que would follow nmuch the sane course as did the
testing of subjects for this study. The patient, weaving
bi naural hearing aids, would be tested for intelligibility

in both the honophasic and antiphasic interaural conditions
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In addition, a test under nonaural anplification would be
taken. Differences in discrimnation scores would guide,
t he audi ol ogi st in nmaking a decision on anplification with

nore security than he has been enjoying.

Tests for potential gains in intelligibility by this
met hod m ght find greatest value as a quickly adm nistered
prognostic test at the tine of initial contact with the
clinical patient. The procedure for the suggested test
woul d be to determne the nasked threshold for spondaic
wor ds presented honophasically either in a sound field or
bi naural Il y under earphones. The |evel of the speech signa
shoul d be held constant at about 40 dB SL relative to the
better ear. Once the masked theshold has been established
t he audi ol ogi st should reverse the phase of the speech sig-
nal at one of the transducers and note whether a marked
change occurs in intelligibility at the sane SIN If the
subject is then able to respond correctly to a greater
nunmber of test words, thus indicating that the phase rever-
sal has inproved his nasked threshold, the clinician
can conclude that anplification the second ear will contri-

bute to his useful hearing.

Anot her clinical application which may be derived
fromthis study m ght prove useful in auditory rehabili-

tation prograns.
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Asen and Carhart (1967) (referredto by val ente.
(1983)) in the second part of their study Utilized thirty
three hearing inpaired subjects (conductive, sensory neural
and sensory neural secondary to presbyacusis). They
Istened to NU- 6 word tests enbedded in the two types of
nmaskers (speech noise and sentence) through a high fidelity
| i stening device and three types of hearing aids. The
spatial separation of the | oudspeaker was the same as the
first experinent. That is, the | oudspeakers were pl aced at
45* azimuth to the right and left of the listeners. In
this study, the binaural nonaural conparisons were conpl eted
in quiet, as well as + 12 dB SN ratio (actually + 18-to
+6 dB due to head shadow effect at the two ears). The sti-
muli were presented in sound field to a dummy head weari ng
one of the three hearing aid arrangenents or no hearing aid
(high fidelity). The signals (NJ6 plus conpetition) were
then presented to the listener via head sets. Hearing aid
A had the wi dest frequency response, |argest anount of har-
nmoni ¢ distoition, and the | east armount of internodul ation
distoiton. Hearing aid C has the narrowest frequency res-
ponse, least harnonic distoition and greatest internodul ation
distoition. The electroacoustic characteristics of hearing

aid B were sonewhere between these extreanes.

The follow ng table | Bshows the binaural advantage
for 33 hearing - Inpaired |isteners (in percent) for NJ6
wor ds enbedded in sentences or speech noise and |istening

through four types of |istening devices (olsen and Carhart,
1967, quoted by volente (1983))
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The results of second part of study of O sen and carhart
(1967) (quoted by valente (1983)) point out that under
conditions of quiet, the binaural scores were poorer than
nonaural scores (binaural inhibition). The findings also
reveal ed that the greatest binaural advantage occurred when
speech noi se was the masker and this finding appears to be
in agreenent with other investigation who report speech
noise to be an efficient masker than sentences. It also
reveal s anot her possible cause of the wide variability of
findings reported in the literature. It appears not only
as if the type of signal and | oudspeaker arrangenent are

i nportant variables, but also the type of masker intielized

in the study is significant.

Dirks and Wlson (1969) (Quoted by valente (1983))
determ ned binaural advantages over near and far |istening
for three subjects with normal hearing and three hearing -

i npai red subjects with presbyacusis. The signals used were
spondai ¢ words and synthetic sentences enbedded in either
speech noi se or connected, discourse. Wen the signals
were presented at O* azinmuth, there was no significant

di fferences between binaural or either nonaural |istening
situation. Then the signals were emtted at 90*, while the
noi se was emtted at 0*. Table19gives the results of this

st udy.
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Table 19 : Binaural advantage (in dB) for normal and hear-
ing inpaired listners for spondees and synthetic sentence
identification (SSI) enbedded in two types of noise. NE

refers to Near Ear and FE refers to far Ear (D rks and

Wl son, 1969 (quoted by valente, 1983)

Nor mal (N-3) Hearing | nparied (N=3)
Ear SRT SSI / Speech- Noise SS1/4(nti| SRT SSI/speech SSI/
Di scover noi se Conti nous
Di scover
NE 2.7 4.2 3.5 3.8 2.5 3.0
FE | 10.8 8.7 9.2 11.2 1.7 10. 7

The findings reveal ed essentially equival ent binaural advan-
tages for both groups. A greater binaural advantage was
reported when connected di scourse wasthe conpetition. This
is in direct contrast to the results reported by dsen and
Carhart (1967) (quoted by Valente (1983)). This may be due
to differences in sanple size, signals, arrangenent of the

| oudspeakers, as well as the fact that the O sen and Carhart
(1967) (quoted by valente (1983) study used short sentences

as conpetition and not cold runni ng speech.
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Kuyper and deBoer (1969) state that the mai n advant ages t hat

can be derived from having two ears are:

1. Cocktail Party effect (CPE) = better understandi ng of

speech in a noisy environnent.

2. fast and accurate detection of the direction of the

sound source (directional hearing).

They add that if it is possible to use directional hearing
or cocktail party effect to prove the superiority of stereo-
phonic fitting of the hearing aids, of the two, directiona
hearing is a better tool. It easily yields an index that
can be used to predict actual performance with two hearing
aids. "If one deprives the cocktail party effect fromits
prychol ogical factors, it is not very well suited for our

pur poses" - Kuyper and De Boer (1969.),

Byrne and Dernody (1975) fitted 101 hearing - inpaired
adults, who had worn nonaural aids for many years, with
bi naural aids and were subsequently reviewed. 80 of the
binaural fitting were in-the-ear aids and 21 were body-
worn aids. Reports were obtained fromall subjects and
sel ected cases were allocated to smaller groups who were
given particular types of tests. These tests were : Dbinaura
| oudness summation measured at several suprathreshold |evels,
bi naural 'squelch' and head - shadow as indicated by speech-
I n-noise tests, and localization under various aided and

unai ded conditions. Review ng the adult cases 6 - 8 weeks
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after binaural fitting, about 85%reported that the favoured
bi naural aids. Approxeimtely 60%said that they wished to
continue wearing binaural aids for part of the tinme. This
favourabl e reaction was consistent with reports received
fromparents and teachers that nost of the children who

had been fitted binaurally Iiked wearing binaural aids and
appeared to receive additional benefits. However, they

point out that, a survey of teachers of the deaf showed a
great diversity of opinion concerning the particular kinds

of children who were nost, or atleast, liable to benefit.

So, ther inpression is that this difference of opinion denon-
strates that the benefits of binaural fitting are not always
obvi ous and consequently that objective neasurenents are

i mportant.

By testing binaural | oudnerssmati on at several sen-
sation levels with a variety of narrow band noise stinuli,
Byrne and Dernody (1975) confirmed that this advantage coul d
be obtai ned by hearing inpaired subjects when wearing

bi naural in-the-ear hearing aids.

They performed, speech discrimnation testing, wth
a speech signal and a background noi se presented from
separate | oudspeakers, for a group of 61 hearing - inpaired
adul ts under aided binaural 'squelch' averaging about 7%
and a head shadow effect of about 1% The striking feature

of this study was the high variability of performances and
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t he nunmerous inconsi stencies between various sets of neasure-
nments whi ch coul d be expected to be related. The concl usion
was that the speech-in-noise tests used in this study,

which were simlar to those used by other investigators

were suitable for denonstrating group trends but were not
very satisfactory for determning particul ar bi naural advan-

tages in individual cases.

Next, Byrne and Dernody (1975) investigated bi naural
advantages with respect to localization presenting bursts
of noise at ear level, using a sem-circular array of |oud-
speakers. In one experinent they conpared | ocalization
ability under inpaired adults who were ia-the-ear aids aided
bi naural and ai ded nmomaur al conditions for 16 hearing aids,
using a white noi se stimulus presented at sensation |evels
of 10, 20, 30 and 40 dB. At higher sensation | evel s nonaura
| ocal i sation inproved but was still |ess accurate than bi naura
| ocal i sati on which did not change with sensation | evel. Using
the same procedure, they also tested 4 subjects who wore

bi naural body - worn hearing aids.

Tabl e 20 shows the correl ati ons between stinmul us position,
and subj ects reports under various conditions. Table 21
gives the localisation (correlation between actual and
reported stimulus position) for four hearing - |npaired subjects

wear i ng body hearing aids.
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Tabl e: 21 - shoes correl ati ons between stinmulus position and

subj ect s reports under various conditions:

SL Bi naur al Left Ri ght
| 0dB . 86 . 28 .25
2QdB .85 . 40 .57
3QdB .85 .74 .75
40dB . 88 . 66 .73
Tabl e: 21 - Localization for 4 hearing - inpaired subjects

wearing body hearing aids.

SL Bi naur al Left Ri ght
2QdB .78 .27 -35
40dB . 89 C11 .45

Conpari son under aided bi naural and nonaural conditions
for white noise at 20dBSL for 4 nornmal hearing subjects were
performed. This is only one of the many sets of neasurenents
which all show a clear cut binaural advantage whi ch di m ni shes
to sone extent at higher sensation |levels but is stil
appreci able. Froma series of neasurenents perfornmed with

bi nuaral hearing aids worn at various distance apart, results
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reveal ed that |ocalisation was best when the hearing aid

m cr ophones were separated by a distance of 7 to 10 inches.
Local i sati on of sounds presented from behi nd the subject was
of the sanme order of accuracy as for sounds from the front
and the optinum aid separation was the sane. They al so
found that the optimum di stance was i ndependent of stimnulus
frequency and that the same effects occurred irrespective of
whet her the aids had forward-facing or upward-facing

m cr ophones.

To provi de conparative data, localisation tests were
carried out using the sane 4 subjects wearing bi naural post-

auricul ar aids and under unai ded bi naural and nonaural condi

tions (one ear was covered with an ear nuff for the unai ded
nmonaural condition). It was found that, for the test situ-
ation they used, localization with binaural body worn aids
(worn 7-10" apart), was far superior to localization with
two post-ausicular aids. However, in all aided conditions

| ocal i sation was | ess accurate then unai ded binaural |ocali-

zati on.

The answers they arrived at from the study are: It
seened evident that all the recognized advant ages of bi naural
hearing aids can be obtai ned by the hearing-inpaired through
the use of binaural hearing aids. This was so for al
their tests wth atleast sone of theirhearing inpaired

subjects. Further nore, these advantages were obtained with
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both ear-level and body-worn aid fittings, infact for the
tests they have used body-worn aids were not denonstrably

inferior to ear-|evel aids.

They point out that in viewof certain [imtations of
nost available tests, it is inpossible to say precisely how

many or what types of cases can benefit frombinaural fitt-
I ng.

They also indicate that their attenpts to devel op
clinical techniques for binaural fitting, have, at this stage,
been partially successful. The technique used in their
| oudness summation, studies is not feasible for general
clinical use, and, as discussed earlier, their speech-in-noise
tests are not satisfactory for denonstrating binaural
advantages in the individual case. They add that | ocalisation
testing seens much nore prom sing although it requires equip-
ment not currently available in nost clinics. Apart from
testing |l ocalisation, it seens a reasonabl e, although
unproven, presunption that if binaural aids are fitted to
ot pimze | ocalisation, the other binaural advantages are
also nost likely to occur. However, at this stage, they
are not convinced that there is any conpletely satisfactory
way of ensuring that binaural aids are fitted optinally.

They, therefore, suggest that other types of test needs to
be devel oped and, in particular, the inter-relationships

bet ween bi naural phenonenon need to be defi ned.
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The two studies nentioned above (Kuyper and deBoer
(1969); Byrne and Deenody, (1975) indicate that |ocalization
can be used as a procedure to determne bi naural superiority.
But Harris (1975) points out that one incorrect assunption,
for exanple, is that localization of is exclusively a
bi naural function. Very good nonaural |ocalization of
sound is possible (Angell and Fite, 1901) (quoted by Harries
(1975)), with tinbre cues as a function of azimuth (pierce,
1901; (referred by Harries (1975)), w th head novenent

(wal lach, (1940); referred by Harries (1975)) with cues from
sound shadow and frompinna diffiaction (Fi sher and Freenan
(1968); referred by Harries (1975)), interposition, and
per haps of other cues. Evidently a careful test of binaural
superiority in localisation could not consist sinply of a
coupl e of |oudspeakers at + 45° since the nonaural node
mght well be as efficient, but the test situation would
have to be constructed powerful enough to exhaust the capa-
bilities of the nonaural case and to top the possible extra

resources of the binaural - Harris (1975)).

Harris (1975) also indicates that for studies of the
bi naural advantage for speech reception, it is not a sinple
thing to arrange acoustic conditions in the |ab so that the
bi naural advantage, if present (and it is certainly not
present in some acoustic situations) could be expected to

appear. The pl acenent of |oudspeakers with respect to the
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ears in the nonaural/binaural conparisons has often been
sorestled with by carhart (1965) (referred by Harris (1975)

hi nsel f, as well as by others.

Quoting studies of Kodman (1961) and Decroi x and
DeHaussey (1962a,b), nentioned earlier in this section,
Harries (1975) contenplates that it is admttedly difficult
then, but not inpossible for the experinented to create
acoustic conditions in which the effect of various fittings
of localization, speech reception, or both, can correctly be
assessed. To do less is to prejudice the case against the

potentially nore powerful prosthesis.

Ma%i des (1977), with the purpose to explore the
possibility of restoring binaural hearing advantages to
hearing - inpaired people through the use of hearing aids,
has used both free - field speech discrimnation test and
directional hearing test. H s investigation included 96
subjects, 30 wth normal hearing, 22 wth symetrical hear-
ing inpairment, 20 with asymmetrical hearing inpairnment and
24 with Unilateral hearing inpairnent (16 aidable and 8
unai dable). The free-field speech discrimnation test enployed
Fry's 10 PB word tests (35 nonosyllables or 100 phonenes in
each work list) as the speech material presented through
a | oudspeaker which was pl aced 45° to one side of the

subj ects nedian plane and at 6 feet distance fromthe centre
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of the subject's head in the horizontal plane. The fire-
field speech discrimnation test was presented to each sub-
ject at four signal-to-noise ratios. The conpeting noi se
used was continuous w deband noi se shaped to correspond
roughly to the speech frequency spectrum The four signal-
to-noi se rati os enpl oyed were QdB, +5dB, +10dB and + 20dB.
Each subject with either normal hearing or with a bil ateral
hearing inpairnent was tested under three nodes of |istening.
Monaural near-ear |istening, nonaural far-ear listening

and binaural listening. Subjects with unilateral aidable
hearing inpairnment were tested with and without an ear-|evel
hearing aid while speech was presented fromthe side of the
good ear (direct listening) and while speech was comng from
the side of the affected ear (indirect listening). Subjects
with unilateral unaidable hearing inpairnent were tested in
the sane nethod but using the CROS hearing aid system The
experinments in this investigation were carried out in a

hi ghly sound-treated roomw th a very | ow anbi ent noi se | evel .
To study effects of reverberation on binaural hearing aids,
several experinents were also carried out in a nore reverbe-
rent roomw th simlar shape and size. The hearing aids kg

used in this study are:

a) Two matched ear- level with external receivers

b) TW matched ear- |evel wth conchal pick-up tubes

c) Two nmatched Medesco OL56 with OL575 receivers (Effective
frequency anplification 200 - 4000 Hz) .
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d) Two matched commercial bodyworn hearing aids with extended
| ow frequency anplification (Effective frequency anpli -

fication 50 - 4000 Hz) .

e) Two matched commercial body worn hearing aids wth extended
hi gh frequency anplification (Effective frequncy anplifi -
cation 300 - 6000 Hz) .

f) One of the Medrescos with "Y-1ead" (pscudo-binaural).

g Hgh-fidelity anplification using two anplifiers with one
feeding the speech | oudspeaker and the other one the
noi se | oudspeaker (Effective frequency anplification 100-
20 Hz) .

h) (One of the ear-level hearing aids with external receiver
used with subjects with unilateral aidable hearing inpair-

ment .

i) One CRCS hearing aid used with subjects with unilatera

unai dabl e hearing i npai rnent.

The hearing aids in each pair were matched with regard
to frequency response characteristics and harnonic distortion.
Such neasurenents were periodically perfornmed during the
course of the investigation in order to ensure uniformty
of testing. Slight deviations fromthe original measurenents
wer e observed but none were substantial enough to influence

the matching of the hearing aids in each pair.
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The physical arrangenent for the admnistration of
the free-field speech discrimnation is shown in the
figurelO
Fi gure: 10

PHYSICAL ARRANGEMEINT FOR THE
ROMINISTRATION OF THE FRee - FIEDE
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The purpose of the directional hearing test was to
ascertain the advantages in localising in the horizonta
pl ane, if any, of binaural as opppsed to nonaural I|istening
as nade avail able by hearing aid use. A semcircular |oca-
lisation rig having a radius of 4 feet and a hei ght of
five feet was constructed. The flgurellshows the | ocalisation
rig and the placenent of the subject in the rig. The

stimulus material used for this test was recorded speech.
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Results for binaural advantages in hearing of speech
revealed that for nornally - hearing people and for both
the conductive and the sensorineural group hearing aids,
whet her of the ear-level or bodywom types, were signifi-
cantly superior to nonaural hearing aids in terns of speech

discrimnation at all S/Nratios enpl oyed.

Resul ts for binauaal advantages in |ocalisation of
speech showed that binaural hearing aids, whether of the
ear-|level or body worn type, were far superior to nonaural
hearing aids. This was true with both nornally hearing
subjects and with subjects with symmetrical or asymretri cal

bil aterial hearing inpairnent.
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Thus, the clinical technique devel oped by Marki des
(1977) determ nes who can experience bi naural advantages

and hence who can benefit from binaural anplification.

Sterns (1982) indicates that there are many alter
native nethods existing for fitting hearing aids, sone
havi ng nore val ue than the others. He believes that both
qualitative and quantitave results are inportant and over
the years has found the testing of word discrimnation in
noi se to be anong the nost effective. The procedure, accord-
ing to him consists of placing the subject in a sound
field with both noise (cocktail party, speech habble or other
simul ated "real world" noise conditions) with PB words
emanating fromthe sane speaker. (Typically +5dB SN or
+ 1B SINif severe understandi ng probl ens are encountered).
An individual first should be checked unai ded at 65dB SPL
for a data base. Then, each ear is tested i ndependently
at an initial 'Best guess' adjustnment of the aid to deter-
m ne the ai ded speech understandi ng such as the addition
of nore high frequencies or novenent of a break frequencies,
with the goal in mnd of achieving a 75%or 100%or nore
| nprovenent in speech understandi ng (exanpl e Speech) D scri -

mnation score increases from30%to 70%or 45%to 85% .

He adds that before any sound field testing begins,
determne if the user is confortable, with the aids, does
not feel stuffy, has a fairly 'natural' voice and if the

gain power levels in the aids are adequate for good bal ance.
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If only one aid is being fit, the question of hearing

bal ance shoul d be posed to determne if the individual can
tell in which ear sounds are being heard. Finally, a check
of binaural performance will determ ne overall speech under-

st andi ng.

He al so points out that, however, 'real world' condi-
tions can alter aid response settings determned as opti num
for speech understanding during testing. Therefore when
the patient is rechecked in one or two weeks, questions
shoul d be posed carefully to elicit information regarding
stereo bal ance, |oudness of wound, nen's versus wonen's Vvoi ces,
nusi ¢ appreciation, directionability of the sounds and over -
all confort and natural ness of the individual's voice. He
recomrends checking the individual once or tw ce after the
initial fitting followed by a 3 - nonth check and aid

r eadj ust nent .

A@ving reports of seven casehistories representative
of both nonaural and binaural hearing aid fittings, he points
out that attention has been given to achi eving best speech
understanding and al so directionability, confort and nusic

appr eci at i on*

Bri skey and Core (1983) used a questionnaire survey
to determne the consuner eval uation of Bi naural hearing

aids. Information elicited included prior awareness of
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of binaural hearing aids, wearers initial reaction, adjust-
ment period, hours of use and client rating of binaural
performance in various |listening situations. The survey
reflects the practical application of anplification in

real - life situations through a direct application by the

person using the aids.

Thus in the above study, a subjective nethod has been
used to determne as to who can benefit fromanplification.
Here each individual fitted wth a binaural hearing aids
has been given the opportunity to decide whether he is a

candi date for binaural anplification or not.

One of criteria, pointed out earlier, for determnation
of 'candidate' for binaural anplification is that binaura
scores shoul d be superior to nmonaural scores. This inplies

that individual nmust have bi naural advant ages.

Val ente (1983) reports of binaural advantages reveal ed
by 'objective' research. One of themis binaural summation
at threshold. In this, he points out that one of the criti-
cismof research on binaural anplification (for that
matter all research rising speech as stimulus) has been
that nmagni tude of inprovenent reveal ed binaurally is small
relative to the test retest variability of the test neasure-

ment. There is much truth to this criticism Test - retest
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variability of pure tones, however, is typically nuch snal -

| er than that of speech. Therefore, an inprovenent reveal ed
actilizing puretones instead of speech may be viewed as a
‘real' inprovenent and not subjected to the criticismstated
above. |In short, he opines that pure tones are anore valid
stimuli than speech in assessing this binaural advantage

(bi naural summation at threshold). Considering the 'inproved
| ocalization in the horizontal plane', he points out that
several investigation have suggested that the thurst of
clinical evaluation of binaural anplification be toward illus-
trating bi naural advantages of understandi ng speech in noise

or quiet.

Val ente (1983) gives a nunber of ways for the clini-
ciane tr investigate the binaural advantage of' bi naural
squel ch and head shadow intelligibility in noise' (1) Conpare
bi naural aided listening to the optimal nonaural aided
listening situation. This would occur when the prinary sig-
nal (usually speech) arrives to the aided ear froma | oud-
speaker situated on the side of the |listener's head where
the aid is placed. For exanple, if the aid were placed on
the listener's right ear during the nonaural eval uation, then
the optimal nonaural situation woul doccur when the | oud-
speaker was sonmewhere (30° - to 90° azinuth) on the right-

side of the head. Thus, the difference between the bi naural
0



188

score and the optimal nonaural score woul d be the binaural
squel ch effect. Al so the nonaural score has sonetines been

referred to as the 'near ear' (NE) score.

(2) The second procedure is an indirect one. Indirectly,

the binaural advantage can be determnd by finding the

opti mal nonaural aided score (NE) and then determning the

| east favourabl e nonaural aided score. The latter will occur
when the hearing aid is placed on the ear that is in the
‘shadow of the head' and furthest away from the wanted
signal. For exanple, if the aid were placed on the |eft

ear and the signal arrived froma | oudspeaker adjacent to
the right side of the head, this would result in the | east
favourabl e nmonaural listening situation. This |east favora-
bl e nonaural score al so has been referred to as the 'far ear’
(FE) score. The difference between the optinal nonaur al
score (NE) and far ear (FE) score has been | abel |l ed as the

Head shadow effect (HSE) for obvious reasons.

(3) A third manner would be to | ook at the binaural score

and conpare it to the manaural near ear and nonaural far ear
scores that is, evaluate the binaural advantages in conparison
to the | east nonaural |istening, situations (binaural squel ch),
as well as the |east favourable nmonaural |istening situation

(HSE). He feels that, it is first as valid to evaluate the

situation that will create the smallest binaural advantage

that is, to look at the range of binaural advantage and not
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The magni tude of squel ch and head shadow effect has
been investigated by many researchers in the past (Belzile
and Markl e, 1959; Carhart, 1965; Causey and Bender, 1980;
Coxet al 1981; D rks and WIlson 1969; Hedgecock and Sheets,
1959; Jerger et al 1961; Lewis and Green, 1962, Luternan,
1969; Mackeith and Col es, 1971; Macki des, 1980; Markle and
Aber, 1958; Mncur and D rks, 1967; Nabelick and Pickett,
1974; Nordlund and Fritzell, 1963; Qdsen and Carhart, 1967,
Ross 1980; Wight and Carhart, 1970; Yonovltz et al; 1979;
Zel ni ck, 1970), (referred by valente, (1983)). The table 22
summari se selected studies investigating binaural gain (in

dB) in conparison to near and far ear |istening.

Tabl e 22: Summary of sel ected studies investigating
Binaural Gain (in dB) in conparison to Near and Far ear

listening (given by Val ente, 1983).

Aut hor s Near Ear Far Ear Signal / Conpetition
Dirks and Wlson 2.7-4.2 7.7-11.2 SR, SSI/ Speech
(1969) noi se, connected
D scour se.

Cox Di, Chicchis

and Mark (1981) 1.9-5.3 - NU- 6/ Si xTal ku

Babbl e
Maski des (1980) 2.0-3.0 6.0-7.0 PB/ Speech Noi se
Mackei th and

Col es (1971) 1.1-4.0 1.0-8.7 PB/ Speech Noi se
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Lat erman (1969) 3.5-4.1 - connected di sc
and 1000 Hz.

Wight and Carhart

(1960) 2.0 6.0 Spondee/ SawToday
Noi se.
Nabel ek and Pickett 3.0-5.0 — MRT/ Babbl e; 4
(1974)

A cursory exam nation of the data in table 22, reported in
deci bel s of inprovenment, reveals a range of 1.1 to 5.3 dB for
the squel ch effect (NE) and a range of 1.0 to 11.2 dB for
t he bi naural advantage nor nonaural far ear (FE) listening

(Valente, 1983).

A cursory examnation at the signal/conpetition
colum reveals a variety of stimuli used by the investigators

as signal and conpetition material .

Val ente (1984) also outlines the several |oudspeaker
arrangenents used by the investigators to illustrate the
superiority of binaural anplification. Table 23 gives a
summary of | oudspeaker arrangenents used by several investi-

gators to determ ne the possi bl e bi naural advantage.

Tabl e 23: Summary of Loudspeaker Arrangenents used by several
I nvestigators to Determne possible B naural Advantage
(Valente, 1984).



Ar r angenent

Aut hor (' s)

S =0% N=90° RtL

S = 45°% N = 45°

S. 0 N 75° + 105°

0° N45° R+ L

0p]
1

S = 0% Ne60° RtL

S+ N=45°

S =0°

S = 45°

S =45° R+ L; Ne=O°

S+ N=0°

S =90°% N=0Q°

S=10% N=90°

S =0° 30° 60° 90°
135° or 180°

8 | oudspeakers in
45° increnents.

S=0° or 45° Ror L;
90° Ror L

Ross (1980); Zelnick (1970)

A sen and carhart (1967); Markides
(1980); Carhart (1965); Markle and
Aber (1958); Belzile and Markl e
(1950).

Cox et al (1981)

Causey and Bender (1980); Zelnick
(1970)

Yonovitz et al (1979); Mieller et a
(1981)

Jerger, Carhart and Dirks (1961)
Hedgecock and Sheets (1958)
Luterman (1969)

Moncur and Dirks (1967)

D rks and WIson (1969)

Dirks and Wlson (1969); cox et al
(1981)

Carhart (1965)

Nordlund and Fritzell (1963)

Mackeith and Col es (1971)

Causey and Bender (1980)



S+N = 52° Core et al (1981)
S+ N- 41° Core et al (1981)

S = 0% N-=180° Core et al (1981)

A scan at the | oudspeaker arrangenents reveal s that
there has certainly not been | ack of creativity in deter-
mni ng how to arrange | oudspeakers in a small sound suite
and fromwhi ch | oudspeaker (s) the signal and conpetition

shoul d be emtted.

Val ante (1984) gives that reveal authors have used

reports of questionnaires and surveys. thus fromthe sunary
gi ven by Val ente, (1983) and Val ente, (1984), a picture of
the research availabl e on procedures for determning binaural

advant ages can be obt ai ned.

Val ente (1983) considers that it should be the inforned
patient, selected by the clinician as a candidate for
bi naural anplification, who nmakes the final descion as to
whet her binaural anplification is to be worn for a tria
period. But Schreurs and dsen (1985) seemto have a diffe-
rent viewpoint. They consider that, sincethere is no
fool proof clinical nmethod for assessing satisfaction
frombi naural versus nonaural hearing aid use, a practica
nmet hod could seemto be to advise the patient about the

possibilities of a trial period conparison of nonaural and
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bi naural hearing aids. This wll allow each person to
arrive at his or her own decision based on everyday experi -
ences with anplification, and to evaluate the advantages and
di sadvant ages, of both nonaural and binaural hearing aid use.
The patient can then deci de which arrangement is 'worth
while' in ternms of his or her experiences, needs and cir-
cunstances. In their study, thirty hearing inparied patients
conpared nonaural and binaural hearing aid use for a period
of 40 weeks. Results showed that nore subjects thought

bi naural aid use was better than nonaural hearing aid use
was better than nonaural hearing aid use in quiet |istening,
while a noisy environnents they perferred nonaural hearing

ai ds.

Mercol a and Mercola (1985) points out that in treating
bilateral hearing |osses with anplification, binaural candi dacy,
traditionally has been determ ned by an eval uation of nonaural
test data. TO a large extent this has been possibl e because
bi naural test procedures have not been advanced. He descri bes
a sinple test procedure fromwhich one can determ ne the
suitability of a binaural fitting regardless of the symetry
of hearing | osses. The procedure is called 'The MeVcon net hod

for Binaural MCL'. "The Mercon Method for Binaural MCL".

The procedure produces a bal anced, binaurally fused
signal that is perceived in the center of the head on the

medi an plane. |If the signals to each ear are perceived to have
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t he same | oudness, the fused signal will be located in

the "Centre of the head.

The equi prrent required: |t can be perforned with any
two - channel speech audi oneter with independently adjustable

att enuat or s.

The signal reconmended for use with this procedure
i's speech, so that the binaural bal ance between the ears is
obt ai ned over the frequency range of speech. Any speech
signal of sufficient duration, such as cold running speech

will suffice.

Monawal MCLs |ead to Binaural Bal ance: The first step
inthis procedure is to obtain nmonaural MCLs for each ear.
Any MCL procedure can be used - that is, whatever is effective
in arriving at the nost confortable |istening | evel for speech.
The next step, the binaural bal ance, is begun by applying the
speech signal to the ear having the | ower MCL at 3dB bel ow the
MCL for that ear and keeping it at that sane |evel throughout
t he bal anci ng process; The identical speech signal is then
si mul at aneously applied to the opposite ear beginning at a
| evel well below its MCL and increased gradual ly until t he
per cei ved speech signal is noved to the nedian plane. Wen
the fused signal is heard in the nmedi an pl ane, a bi naural bal ance
is achieved. The relative intensity to each ear is thep
mai ntai ned, and a binaural MCL is obtained by either raising

or lowering both intensities slightly if necessary. The
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bi naural MCL, therefore, is the individual intensities
applied to each ear at the nost conformable listening | evel.
Because of the binaural summation effect, the binaural

MCL is usually about 5 dB | ower for each ear than the

i ndi vidual nonaural MCLs. However, the true binaural MCL

cannot be extrapolated from nonaural MCL dat a.

The instructions to the patient for the bal ancing
procedure are that he indicate clearly with his hand at
whi ch | ocation he is perceiving the sound. If the sound is
perceived at his left ear, for exapple, his hand woul d be
at his left eye, and so forth. For sinplicity, the diagram
in figurel2indicates five equally spaced positions. However
in actual practice,the perceived sound may be heard at any
| ocation between the two ears, depending on the relatives
intensities of the two signals. Furthernore, the perceived
sound will move in a continuous fashion if the signals

presented are changed conti nuously.

The bal anced condition is achieved when the sound is
perceived at the nedian plane. They recommend that the
opposite - ear signal be increased above or decreased bel ow
the level required for balance. This is to verify that the
patient has understood all instructions for this procedure
and that the true binaural balance is achieved, a producere

much the sanme as verifying a threshold. This is illustrated
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in figure 13. It can be noted that the nedi an plane is corssed
fromboth directions and that the | evels for bal ance are thus

verified several tines.

Determning Anplification Needs;- The binaural MCL
consists of two |evels, one for each ear, which when applied
to the two ears create a bal anced, binaurally fused signa
in the center of the head and at the nost confortable |istening
| evel . Exam nation of each of these two conponent |evels of
this binaural MCL provides considerable Insight into the
patient's anplification needs : (I) if the conponents of the
bi naural MCL both are substantially above normal, then binaural
anplification is suggested and should be further eval uated.
(2) If neither binaural MCL conponent is substantially above
normal, then no anplification is required, (3) If only one
bi naural MCL conponent is above normal, then only one nonaur al
anplification to that side is suggested (4) I|f binaural fusion
cannot be obtained, then binaural anplification nust be rul ed

out .

They say that the discussion regarding the use of binaural
ML to determne anplification needs is qualitative and
requi res further comments. Although no one disagrees with
the notion that the patient nust exhibit the need for anplifi-
cation before it is provided to himthe question arises as to

what |evel of hearing | oss constitutes sufficient need. They
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say that the question - "when is a loss a |oss?" - V\Which
has been asked over and over gain has not been debated by
them But, in their experience, MCL is a nmuch nore accurate
predi ctor of hearing aid need than the traditionally wused
t hreshol d measurenents; far too often threshold neasurenents

have been m ssl eadi ng.

They al so state that though, binaural MCL conponents are
both substantially above normal and hence binaural anpli -
fication is suggested, before recommendi ng a bi naural hearing
aid system however, it should be determ ned that the patient
will infact hear best with such a system In other words the
pati ent should be further evaluated. To know which system
is best requires conparative testing, both nonaurally and

bi naural | y.

TO denonstrate i nprovenent, the nost generally accepted
measure of performance has been speech discrimnation testing.
Wthin the limtations of speech discrimnation testing, the
system providing the bestscore is considered the best system
They state that though small differences in discrimnation
scores are not statistically significant, but this should not
discridit speech discrimnation as a neasure of perfornmance

i nprovenent .

I n using speech discrimnation testing, it is reconmended
that the |l evels of speech to each ear be presented in accor-

dance with the binaural MCL. This will result in a bal anced



signal and will allow both ears to participate in the

di scrim native process, which generally yields the best

bi naural discrimnation score. For the nonaural discrim -
nated testing, the level of speech will sinply be in accor-
dancewith the nonaural MCL for that ear, end this wll
general ly produce the best nonaural discrimnation score.
Conmpari sons can then be nmade easily. They also give a re-
m nder that the benefits of binaural hearing are many and
nei ther can be, nor should have to be, denonstrated in their
test room for each patient. For exanple, if binaural fusion
exists, then can assunme that the patient can | ocali ze.

The point is that if binaural discrimnation scores are com
parable to or better than nonaural scores, within the accuracy
of discrimnation testing, then can say that because of al

t he added advant ages of binaural hearing, maxinmm inprovenent

wi Il be achieved binaurally.

Lundeen (1988) talks of "noderate approach” to select
bi naural hearing aid candi dates. He has used the audi ogram
to give a criteria for a binaural hearing aid candi date, but
concl udes that communi cati on needs from case history and
ot her sources nust be primary considerations in evaluating

candi dates for binaural hearing aids.

Muel I er (1988) comments on the approach used by Lundeen
(1988). He states that user - acceptance data cited and the

i nformati on about average speech spectrummake it difficult
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to view Lundeen's mninumhearing |l oss criterion as a

noderate one . S mlar concerns could be raised relativeto
Lundeen's reconmendati ons for symetry (speech - recognition
scores within 20% and maxi numhearing | oss (1000 to 2000 Hz
average not exceeding 90 dB). He comrents further saying that
it seens obvious that establishing arbitrary numerical cut-

of f points for determning who can benefit from binaura
hearing aids only hinders the effectiveness of the professional

tasked with determning the optimnumhearing aid fitting.

Finally Mieller (1988) says : "Wat would | consider
noder at e approach? | have yet to formul ate one, perhaps
because | do not see an inmmediate need to sl ow down the
bi naural pendulum which is barely noving as it is. And there
are other reasons. First, nost persons with two hearing -
inparied ears will benefit fromtwo hearing aids. Therefore,
the |ikelihood of making a m stake when fitting soneone
binaurally is not great. Second, many individual swho are
intent on a nmonaural fitting will accept only one hearing aid
(even when no cost is involved), and thus they will hel pers us
reduce our m stakes. Finally, sone of those who are not
candi dates for binaural hearing aids can be identified through
careful assessnent prior to the hearing aid fitting. WII
unnecessary binaural fittings still occur? Certainly. But
t he consequences of this approach seem| ess severe that what coul c
result fromthe decision made by a heal th insurance fund

aver agi ng two nunbers."
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In the evaluation of binaural anplification in pediatric
and the geriatric population and consequently determ ning Wo
can benefit frombinaural anplification, care has to be

exerci sed.

It has been stated that children are unable to make
j udgenents regardi ng nonaural versus binaural hearing aid use,
and the decision falls to sonmeone else. The clinical
eval uation prodedure is typically hardpressed to show superi or
performance wi th binaural hearing aid over a nonaural hearing
aid and this single fact has stoked the nonaural - binaural

contraversy for years.

Ross et al (1974) indicate that the devel opnent of

maxi mum auditory skills is a primary goal for the education
of young hearing inpaired. A critical factor in achieving
this goal is the selection of appropriate anplification. This
requires that there is an urgent need to devise or inprove
criteria for conparing binaural and nonaural anplification
They say that one commonly used criterion for conparison is
the speech intelligibility score, but this can only be
obt ai ned when the subjects possess sufficient |inguistic abi-
ity Nonlinguistic criteria, such as the ability of hearing
inmpaired children to |ocalise a sourceof sound, nust there-
fore be used to conpare the effectiveness of nonaural and

bi naural hearing aids with prelingually deaferred young

children (Ross et al, 1974).
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Pol | ack (1975) states that although standardized tests
in a sound proof suite are not representative of real life
situations in which hearing aids are worn, they are the only
measur enents which can be reported at this tine. In an
Acoupedi ¢ Program they neasure speech reception threshold and
di scrimnation nonaurally and binaurally w thout lip reading
cues. |In cases of very young children, use pictures or toys
to represent spondees, such as airplane, armchair and so on.
Many children can be tested for discrimnation with the WPI

test or the PBK-50 |i st.

But it is not enough if the age of the child and type
of test correlate, but the degree of inpairment and the type

of test should al so correl ate.

Madel | (1978) points out that to have the child tested
on a standard speech discrimnation test such as D W22
shoul d be the goal in speech audionetry. This is obviously
not possible at the initial hearing aid eval uati on procedures
w th very young, severally hearing inpaired children. $So he
suggests that first, a speech awareness threshold shoul d be
obtained for every child with hearing aid being evaluated. He
points that for many children, SRTs are possible even at the
initial hearing evaluation. |f a standard speeeh reception task
I's not possible, it may be possible to test using spondee

pictures or objects. |If not possible with standard procedures.



then di scussion with parent or clinician, what words the child
under st ands when using auditory stinuli w thout the use of
visual clues, is required. It may be possible to obtain a
speech threshold using other words the child knows, such as
body parts, nunbers or colours. |If SRT is obtained, a speech
di scrimnation test should be obtained. While the W22 is a
preferred test, it may be a long tinme before the child can use
it. There are also other val uable techniques that can be

used: The CIDtests and WPI Test by Ross and Lehrman (1971).

Gimer, Mieller, Sweeton (1979) - point out that WPI
is one of the nobst wi dely used speech discrimnation tests
for children, it is clear that this test is too difficult for
many severally hearing inpaired subjects. They point out that
rat her than abandoning the concept of speech discrimnation
testing for these patients, nmust continue to fornulate yet
easi er speech discrimnation tests. Possibilities would include
a standardi zed spondee - discrimnation test, a sane-different
test, and perhaps a speech discrimnation test that has inter
list equivalency for both auditory and visual (that is speech -
readi ng) conmponents. G ven the major discrimnation advantage
of binaural anplification such as localization, elimnation
of the headshadow effect, and binaural squelch and the finding
in their investigation that binaural speech discrimnation
scores are not poorer than nonaural they conclude that binaural
anplification is justified in majority of the cases. They
al so add that one nust approach' every hearing inpaired child

as anindividial with unique hearing status. Therefore,
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appropriate eval uation procedures including nonaural versus
bi naural testing must be carried out prior to any hearing

aid recommendati on.

Just as the children are given special considerations
whi | e eval uating binaural anplficiation, in them and hence
determ ni ng who can benefit fromanplification, the elderly
hearing inpaired individuals at the otherextrene in the age

scal e too have to be given special considerations.

Agi ng produces deficits in pure-tone thresholds, the
speech reception threshold and speech discrimnation but not
all losses can be corrected with a hearing aid. Binaura
(st ereophonic) devices are psychoacoustically superior to
nonaur al devi ces; however behavi oural and personality changes
in the ol der patients create problenms of adaptation to the
bi naural aid. These changes nmay al so affect the fitting of

an aid and the patients ability to learn to use it.

Frederi keen et al (1974) attenpted bi naural treatnent
of ear-level hearing aids in 172 patients w th prubyacusis
in the age range 70 to 80 years, selection being based on
the patients notivation to carry through the binaural treat-
ment, their hearing requirenents, nmental and physical state.
They did a followup of 100 patients after a period of 1/2 - 2
years which reveal ed that only one-quarter used both hearing

aids fromnorning till evening. Half of the patients used two
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hearing aids part of the day, while the remaining quarter-had
stopped using binaural anplification, 2%gave up using

bi naural anplification, 2%gave up using hearing aids. They
al so obtained the reasons fromthe patients for their

respective preferences.

Thus in the study by Frederi ksen et al (1974), audio-
netric data and fol | ow up examnation was used to determ ne

who were the candi dates using binaural anplification.

Overal |, both subjective reports and experinental studies
have been used as approaches in eval uati ng candi dacy for

bi naural anplification.
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Bl NAURAL HEARI NG Al D FI TTI NGS AND | TS EVEHTUAL

Binaural hearing aid Fittings. The bilaterally hearing
| npai red individual, having obtained a nedical clearance
turns towards the nonedical line of treatnent tocrectifyhis
loss. In the rehabilitation process, with anplification,
if he is a candidate for binaural anplification then
precise binaural hearing aid fittings should be carried

out .

This calls for a nunber of decisions. They include :

1. Determning whether one ear should be fitted first and
then the other or simultaneous fitting of hearing aids
to both ears. |If one ear should be fitted first, a
deci si on should be nade as to which of the ears shoul d

be fitted first.

Ear nold type
Gin setting
Sel ection of SSPL - 90

o & 0N

Non- accept ance of the binaural hearing aids by

bi naural candi dat es.
6. Adjustnent period and counsel ling.
1. Decision to fit one ear and then the other or both

I i mul taneously -

Stephens (1984) |ists the factors which influence this
decision. The following table (stores E) delineates the

factors.
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Factos in imedi at e/ del ayed binaural fitting decision

Sores 6 Bi naural inmmedi atel y?

1A51 Previ ous wear abl e instrunent

1B.1 Psychol ogi cal - borderline attitude
1B.2 Soci al ogi cal - distance

1C.2 Woperlimt function

1C.3 Rel ated aural pathol ogy - tenporary

di sorder.

He points that the first factor of rel evance depends on
whet her the individual is an experienced hearing - aid user
I n which case once the decision to go to binaural fitting has
been made, this should be done imrediately. |f the patient
Is atine user, however, particularly if sone handling
probl ens are antici pated, he suggests that a nonaural fitting
be made. A patient who has an uncertain attitude towards
binaural fitting may be initially fitted with a single aid.
Subsequent |y, when he realises the acoustic probl ens associ -
ated with a nonaural fitting, he may have a nore positive
attitude to a binaural approach. He adds that the sane is
true of those individuals who have sone handl i ng probl ens
initially, and who mght be deterred by having to cope with
two aids at the outset. Further, patients with a tenporary

uni lateral disorder, (such as otitis extrenma) do cone in this
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category. On the, other hand, he points out that whose
who have to travel a long distance to seek help and who are
unlikely to return for many subsequent visits should be
fitted binaurally at the outset unless there is a strong

reason not to do so.

In the decision as to which ear to fit, Stephens (1984)
i ndi cates a nunber of factors. He points out thatthe first
factor to be considered is the patients auditory sensitivity.
In bilateral |osses, patients and audi ol ogi sts wusually
favour the ear with the worse threshold unless factors such
as a severely inpaired discrimnation ability or a narkedly
reduced DR in the inpaired ear mtigate against it. The
patient may prefer a particular ear and by accepting this
preference his notivation can be maintained. In work or
educational environments the individual nmay be placed in a
particular position in a group so that one ear shoul d be aided,
or he mght have the habit of using a tel ephone on one ear.
This latter, in cases wth mld to noderate hearing | osses
would lead to a fitting of the opposite ear, but in nore
severe | osses to an aiding of to telephone-preferred ear
together with the use of electro-nagnetic coupler on the
t el ephone. The next factor is upper limt deformties. In
those patients with upper limt deformties follow ng accidents

cardi o-vascul ar di sease or Dupuytren's contractive mnay



find it easier to handle an aid fitted to one ear rather

than the other. Simlarly unilateral otownoea or Tuliiophenomnen
wll indicate that the opposite ear should be fitted. He

points out that tinnitus may be a positive or a negative
indicator to the ear to be fitted. Cenerally in cases with
unilateral tinnitus and ot herwi se equal hearing | oes, the ear
with tinnitus should be fitted. The reason is that the anpli -
fication | eads to suppression of the synptsom and he adds a
word of caution saying that the hearing aid nay sonetines

accentuate the synptom

2. Ear noul d deci si on.

WP. Steans (1982) states that the earnoul d, accdtica
itemin proper fittings, provides physical confort and
"natural ness" in the individuals voice. He recommends a
positive venting PW- type canal and in many instances, such

such as Ski - slopes |osses, an all- vent" with PW
because the user's voice effects need to be mnimzed in
the hearing process. Furthernore, this assists in optinum
understanding in a noisy environnment and hence increases

user confort.

3. @Gin - setting
Donor acki, Berger and MI1lin (1982) in a conparison
of nmonaural versus binaural gain settings nmade by the clients

reveal that the differences in nonaural - binaural gain



settings made by clients appear to involve an interaction
bet ween degree of hearing | oss, type of aid, procedura
strategy and el ectroacoustic, characteristics paraneters

of the hearing aids. They conclude that although hearing
aid users listen to speech will above theresholds, if a
correction factor is to be used in presciptive hearing aid
procedures, a subtraction of 2 or 3 dB of gain fromthe
nmonaural prescription for binaural fittingsseem to be
appropriate than alarger correction. They also add that
Nonet hel ess, considerable individual variation in nonaura

bi naural gain setting differences nay be expected.

Berger (1988) uses simlarity of audionetric data
between ears as a criteria recommendi ng bi naural hearing
aids. So his prescriptive procedure has certain rules,
for determ ning binaural candidacy or for prescribing
hearing aids. A gain-frequency response is prescribed on
the basis of the HIL-in the better ear if there is a
di fference between ears. At this point, 3dB is substracted
from t he nonaural maxi mum gain prescription, to account for
t he binaural effect. He also found that subtracting 3 dB
from the nonaural -gain presciption will approximte the

functional gain with binaural users.

4. SSPL-90 sel ection

Briskey ()983 ) indicates that for a binaural fitting,
the SSPL-90 of the two aids should be properly selected to
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prevent the sumof the outputs frombeing too Iloud for

the client.

He points out that adjustnment to anplification depends
upon utilization of the difference information provided by
the right ear advantage and appropriate selection of the
output level for the two ears based on a binaural LDL (I oud-

ness disconfort |evel).

Consi dering binaural hearing, two signals are | ouder

a
than one. At threshold this sumrery effect may provide

approxi mately 3dB, however, at suprathreshold | evels the

I ncrease can be greater. Fitting binaurally, it takes |ess

gain and | ess output to achieve asatisfactory |istening

|l evel . "The SSPL 90 of the two aids should be properly sel ected
to preventthe sumof the outputs frombeing too |ound for the
client." (Briskey 1983 (btaining a binaural LDL will account

for this summation effect as well as prevention inproper

bal ance in case one of the stapedies nuscles is not

functi oni ng.

Bri skey (1983) describes a procedure for obtaining
bi naural LDL. Then the binaural LDL should be retested, and
the selection of aids should be according to the |evels
obtained. As a general rule, if reliable LDL cannot be
obt ai ned, the specialist should select two aids that give

an HFAVG SSPL 90 3dB bel ow the | ower nonaural LDL obt ai ned.
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The test procedures will provde the specialist with
a single dedbel nunber |evel for ear which is used in
sel ecting an appropriate hearing aid.

The final conbination of any hearing aid selection

and fitting is in the aided neasurenent. Thus, to vrify

and validate a fitting of the hearing aid in cinjunction
with the correct earnold, the hearing aid specialist should
conduct unai ded and ai ded neasurenents in the sound field
as described by Briskey (1983).

Hawki ns (1986) reports of two different views

I n selection of an approproate SSPL 90, available in
literature. The first is that by Briskey al one, who recomm
ends bi naural LDSs be obtained prior to the hearing aid
fitting in order to select an appropriate SSPL 90. The
other viewis that two nonaurally obtained LDLs are suffi -
cient and that if the SSPL 90 is set separately to the
LDLs for the indivudual ears, |oudness disconfort wll not
result under binaural aided conditions.

He concludes that it is unclear examning literature

whet her the nmeasurnent of binaural LDLs for the purpose

of SSPL 90 is necessary. So in his study he determned if
whet her there was sufficient binaural |oudness summation in
the LDL task to aquire the neasurenment of binaural LDLs
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i norder toassuretheavoi dance of | oudness di sconfact for
the binaural hearing aid user.

Theresul tssuggestedthat for thehearinginpariredas

a group, it not ncessary to neasure binaural LDLs when

sel ecting SSPL 90. The aver age amount of bi naural summation

Is negligible. The results he says, do not justify a

recommendation to make such measurenents on all casesinthe

clinical practice. "However, if the option is to neasure

ei t her two nonaural LDLs or one hi naural LDL for the sel ection

of SSPL 90 for the binaural hearing aid user, the binaura

LDL woul d appear tobethel ogi cal and preferabl e neasurenent. "

Berger (1988) - "The SSPL - prescription portion of our

method is the same for binaural and nonaural fittings,

because we have observed no differences with the output pro-
bl ens between binaural and monaural fittings. Recently,
e perinental results have shown no need for the SSPL in

binaural fittings to bedifferent fromthat of nonaural

fittings."

5 Non- acceptance of the binaural hearing aids by binaural

candi dat es.

Muel | er (1986) points out that there shouldbeafitting
approach for the Iarge percentage of binaural candidates

who prefer to use one aid only:-
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The sinplest approach is to fit nonaurally, so that
he or she will be usually pleased wth the deci sion. The
second approach i nvol ves expl ai ning the potenti al benefits
of nmonaural - binaural anplification and to arrange for a
bi naur al / ronaural conparision during a 30 - day trial period.
This trial is based on the assunption thatthe patient is
nore know edge abl e than the professional about what is
best for him It is pointed out that this m ght be true,
but that assunption appears inconsistent with treatnent

strategies for other health disorders.

The third approach is to informthe patient that his
I nparinent dictates the use of two hearing aids and to
proceed wth a binaural fitting unless the patient objects
strongly. He indicates that this approach is as 'The herd
sell' but there is evidence to suggest that the strategy

has nerit.
6. Adjustnent to anplification and counselling.

Bri skey and 6ore (1983) indicate that a rapid adj ust-
nment, |ess than one nonth, can be considered an i nport ant
criterion of a successful binaural fitting. |In their report
on the U . S. survey, they point out that 66%of their respon-
dnets fall into this category, the persons who requirednore
than two nonths to adjust to the binaural fitting were experi -
encing various difficulties with such probl ens as bal ance,
| ocalisation, manipulation difficulty in in acrowd, and an

unconfortabl e feeling when wearing the aid.
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Zel nick (1985) indicates that when an individual wth
a hearing inparinment is fitted with a hearing aid, there is
a period of adjustnent in the recognition of the auditory
stimuli presented to the ear. Further, it appears that
thel onger an individual has suffered from a hearing probl em
without the benefit of anplification; the nore difficult

the adaptation to the hearing aid.

Wen a hearing aid is first fitted to a client, there
wll nost likely exist a msmatch between the code of the 1/p
to the recognition device andthe performance of this device.
This msmatch will gradually decrease as a result of adapta-
tion on the part of the hearing inparied individual (Barford,
1979; referred to by Zelnick, 1985). Zelnick (1985) also
points out that since |earned patterns of decoding the
acoustic stimuli into speech perception has been through the
use of two ears, the use of binaural hearing aids shoul d make
the adaption process nuch easier and shorter for the average

presbyasi s sclient.

Bri skey and Core (1983) observed that; a client who has
been fitted binaurally shoul d be nonitoredvery carefully
upto 30 days. If after that difficulty in adjusting conti-
nues, a careful refitting should be done to try to resol ve
the situation. They add that further counselling and direction;
during the first nonth may resol ve sone of these probl ens be-

fore the adjustnment period beconmes excessive.
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Counselling is an inportant aspect in the hearing
aid fitting. Forquer (1987) points out that in counselling
patients on whether they should use one or two hearing
instrunents they should be encouraged to do what is best

for thensel ves.

The cl i ents shoul d be expl ai ned about t he functi oni ng of t he
ear and thatthe objective of the hearing aid fitting is to
obtain not only significantly inproved speech understandi ng
under nost environnental condition, but also better nusic
appreciation, directionality of sounds (that is, stero
effects) and confort through reduced background noi se and

nat ur al ness of the individuals voice.

Val ente (1984) points out that he suspects that the
key to any successful fitting, whether nonaural or binaural,
is to counsel the patientextensively concerning the realistic

expectations of what one may experience with anplification.

The Final Hearing Recommendati on

Finally, the anplification recomrendation al ways
nmust be made contingent upon clinical needs. The audi ol ogi st
must ascertain how critical the demands are which are placed
upon this person's hearing, what the acoustic environnment
is in which this person nust |listen, and the notivation of

the client (Ross and G ol as, 1978; referred to by Chermak 1981).
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Eventual use of a Binaural Fitting

Apart fromthe contraindications to the binaural
anplification, a nunber of other audiol ogical, psychol ogical
and social factors influentsthe eventual use of a binaural
fitting Chung and Stephens (1986) delineate these different

factors -

1. Seventy of hearing loss - The general conclusion is that
the nore severe the hearing | oss for speech the nore the
patient will use the hearing aid (Stephens, 1977; Brooks, 1981)
(referred to by Chung and Stephens, 1986). However, sone
studi es showed no clear relationship (Jerger and Hayer, 1976;

Kapt eyn, 1977) (referred to by Chung and St ephens, 1986).

2. Type of hearing |l oss - patients with conductive disorders
tended to showgreater hearing aid use, than those with

sensoi fineural type of |oss (Haskins and Hardy, 1960; Stephens,
1977) (referred to by Chung and Stephens, 1986). Certain
studies (Jordan et al, 1967; Bentzen et al, 1969 - referred
to by Chung and Stephens, 1986) found that the nature of
hearing loss did significantly affect binaural hearing aid

use.

3. Age of patient - In nine published studies into hearing
aid use, no relationship was found bet ween anount of use and
age of the users. In 5 studies a decline in hearing aid
use was found wi th increasing age (Stephens 1977; Brooks,

1981) (referredto by Chung and St ephens, 1986).
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4. Sex of patient - Kapteyn (1977) (referred to by
Chung and Stephens, 1986) showed that the satisfaction
with a hearing aid was a little higher in nen than wonen
for matched nean hearing | oss and di scrimnation, but the
nean age of his fenal e sub-popul ati on was about 5 years
hi gher than the man. Ewertson (1974) (referred to by
Chung and Stephens, 1986) indicated that wonen tended to
use their hearing aids nore than nen. Brooks (1981)
(referred to by chung and Stephens, 1986) found no
significant differences between the sexes and hearing aid

use.

5. Provision of counselling (after-care) - They report
that in 5 published studies into hearing aid use, a
significantly greater use was observed in subjects receiving
counsel ling than those who did not, especially in elderly
subjects (Kopra, 1976y Surr, et al, 1978, Brooks, 1981;
Brooks and Bul nmer, 1981) (referred to by Chung and St ephens,
1986) .

6. Psychosocial problens - They feel that there is little
point in proceeding with the hearing aid selection process
until the hearing inparied individual and famly are posi -
tively notivated towards their use (Goffman, 1963; Freednan
and Doob, 1968) (referred to by Chung and St ephens, 1986),
especi ally when according to Bentzen (1980) (referred to by
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Chung and Stephens, 1986) wearing two hearing aids inplies

" doubl e deaf ness'.

In short, in fitting binaural hearing aids and in the
eventual use of the prescribed binaural hearing aid, a

nunber of factors have to be consi dered.



SUMVARY AND CONCLUSI ON

A normal ly hearing individual, hearing with tw ears
(bi naural hearing) experiences bal anced hearing. The advant -
ages of binaural hearing,due to the differences in the inten-
sity, tinme and spectruminclude summration of accoustic energy

enhanced speech inteligibility and inproved |ocalisation.

A hearing inpaired individual cannot use the cues (differ-
ences in intensity, tinme and spectrum and hence requires an aid
external to his system The hearing inpaired individual seeks
medi cal |ine of managenment initially to rectify his hearing | oss.
| f permanent hearting inpairnent continues to exist follow ng
medi cal care, the first and nost logical step in the aural re-
habilitation process is a hearing aid evaluation (Tannahill,

Wal ter and Snoski, 1985). For sone individuals successful use
of anplification resolves the conmuni cati on handi cap, however,
for many others the acquisition of a hearing aid is the first
step in along line of aural rehabilitation procedures (Tanna-

hill, Walter and Snoski, 1985).

The hearing inpaired individual based on the nunber of ears
i nvol ved can be classified as unilaterally hearing inpaired or

a bilaterally hearing inpaired..

The aid, if presceibed, to a unilateral hearing inpaired
individuals is a nonaural fitting. The anplification system

or the hearing aid that can be provided to a bilaterally hearing



I npai red individual include one hearing aid delivering sound
to one ear (nonaural) one hearing aid del evering sound to both

ears (pseudo binaural or Y-cold), or two hearing aids (binaural).

As nmentioned earlier, binaural hearing has advant ages.
Veérni ck (1985) points out - "Thus the evidence is in. Poeple
can hear better with two ears rather than one". This occurs
in anormally hearing individual, who has a noranal auditory

| ay out .

Wth binaural anplification, atrial is nmade to restore

bal anced hearing for the bilateral hearing inpaired individual.

H storically, manufacturers and di spensers of hearing
ai ds have strongly advocated binaural fittings, while audio-

| ogi sts are nore reluctant to do so. (Pollack, 1975).

A naural anplification has been defined by Konkl e and

Schwart z, (1981 )

True dichotic or stereophonic stinulation of each ear

I ndependently is binaural anplification".

The pur pose of binaural anplification is to create a sound
environment for the listener that is a faithful reproduction
of the original acoustic event so that one can take advantage

of the intensity, tine and spectrumdifferences of the auditory
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signal at each ear. (Wight, 1959? referred to by Pollack
1975) .

I n binaural anplification, the systemhas two separate
m crophones, two anplifiers and two receivers; each set
(mcrophone - anplifier - receiver) stinmulating each ear
i ndependently. The type of hearing aids which can give bina-
ural nmode of stinulation are 2 body - level aids, 2 ear-I|evel

aids, 2 |IROS aids and Bi FROS ai ds.

A great deal of formal and informal research has been
perfornmed in an attenpt to denonstrate the advantage of
bi naural amplification (Pollack, 1975), Investigations wth
babtfs and children done by investigators exanple - Watson
and Tol an, 1949, referred to by Harris, 1975); Bender 1960)
referred to byHarris, 1975; Bender and Wig (1960); Leuurfa and
Green (1962); Ross (1969); Kuyper and deBoer (1969); Luter-
man (1970); Pollack (1975), Zelnick (1985) reveal that the
paedi atric popul ati on benefits from binaural anplification.
But study by Rice (1963) does not indicate superiority  of
bi naural anplification system over the other systens of
anplification. Experinental studies and subjective reports
have been obtained with adult hearing inpaired individuals.
The advantages reported include inproved speech discrimna-
tion ability, easy of listening, better quality and enhanced
| ocalisation. |Investigators, Dirks and Carhart (1962),
Schraurs and O sen (1985) indicate that binaural anplification

is of limted benefit when speech occurs in the presence of



background noi se. Binaural anplification benefits have been
denonstrated even in the geriatric popul ation (Bentzen, 1968;
Frederi ksen et al (1974) But not all the elderly individuals
cap take up binaural anplification. This may be because of
the degeneration of the central acoustic tracts in presbycusis
rat her than the changes in the peripheral sense organs (exanple
Hensen, 1973 and Jerger 1973; referred to by Frederi ksen et
al, 1974).

Though t he advantages of binaural anplification has
been denonstrated in the literature, it is essential to
determ ne whether all candidates with bilateral hearing inpair-
ment can benefit frombinaural anplification. This has ledto
the controversy of whether to fit or not to fit binauraly,

i ndividuals with asymmetrical hearing | osses.

Pol ' ack (1975) and Berger (1984) do not recommend fitting
bi naural aids for asymretrical |osses. But Byrne and Der nody
(1974), Pollack (1975), Ross and Stephens (1986), Erdman and
Sedge (1986) recomrend bi naural aid fittings for asymretri cal

| osses.

Val ente (1984) giving a summary of suggestions appeari ng
inthe literature concerning who is a candidate for a binaural
anplification points out that the determ nation of candi dacy

typically goes beyond | ooki ng at the audi ogram and speech
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audi onetric results. For exanple, It is better if a patient
who has prior experience with anmplification (nonaural and
especially binaural) is a better if a patient who has prior
experience with: anplification (nmonaural and especially

bi naural) is a much stronger candidate for a recomendati on
of binaural anplification than the patient who is an i n-
experienced user of anplification' froma summary given by
val ente (1984) as to who is a candidate and who is not and
fromthe factors given by chung and Stephens (1986) which
contia indicate binaural anplification, it is possible to
conclude that criteria for binaural candidature is hi ghly

i di osyncretic.

A glance at the criteria for binaural candi dacy reveal s
t hat audi ogram confi gurati on speech audionetric tests,
subj ective reports including past experience with heari ng
ai ds, present experience with binaural hearing aids, adjustnent
ability, financial status; and objective clinical techniques
showi ng the bi naural advantages were the procedures used to

del i neate the binaural candidacy criteria.

A variety of procedures have been used by different investi-
gators. Sonme have used audi ogram configuration reports and
clinical techniques denonstrating the binaural advantages
to determne as to who can benefit from binaural anplification
whi | e sonme have used objective clinical techniques and

subj ective reports.
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Heffler and Shultz (1964) |ist the several paraneteys,that
the clinical aperienental literature reveal, which contribute

to the design of an appropriate test. The include;

1) the presence of a conpeting noise

2) S/N which permts inprovenent due to the second
ear to be neasured.

3) elimnation of alization and sidedness factor-

4) long-duration speech sinals with partial credit

possi bl e.

Kuyper and de Boer (1969) indicate that of the two tests;

1) cocktail party effect and 2) directional hearing can be
used to denonstrate the superiorty of sterophonlc fitting of
the hearing aids,but of the two directional hearing is a

better tool.

Mar ki des (1977) has used both free-field speech discrim -
nation tests and directional hearing to denonstrate the binaural

advantages in the hearing inpaired individuals.

Val ente (1983) and Valente (1984) list the different
clinical techniques used by the different investlgatiors to
denonstrate the superiority of binaural anplification and hence

determ ne who i s a candi dateisfor binaural anplification.

Mercola and Mercola (1985) have putforth a new procedure
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for determ ning binaural candidacy. It is called the 'Mrcon

met hod of Binaural MCL'.

But Schruers and dsen (1985) have a different viewpoint.
They say that since there is no fool proof clinical mnethod for
assessing satisfaction frombinaural versus nonaural hearing
aid use, apractical nethod could seemto be is to advise the
pati ent about the possibilities of a trial period conparison

of nmonaural and binaural hearing aids.

Hearing determned who is the candidate for binaural anpli-
fication, precise binaural hearing aid fittings have to be
carried out.

This calls for deciding the follow ng: -

1) To fit both ears simultaneously or to fit one initially

and she other later and if one ear is to be fitted, which

ear to fit.
2) FEarnoul d
3) @Gin setting
4) SSPL - 90

5) Considering binaural hearing aid candi dates who do not

want to use binaural hearing aids.

6) Adjustnent period and counselling.

Finally, the anplification reconmendati on shoul d al ways be

made contingent upon the clinical needs. The audiol ogi st nust
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ascertain howcritical the demands are which are placed upon
this person's hearing, what the acoustic environment is in
whi ch the person nust listen, and the notivation of the

client (Ross and G ol as, 1978, referred to by Charnmak, 1981).

Lastly, the eventual use of a binaural hearing fitting,
depends upon contraindi cations of binaural anplification and a
nunber of ot her audi ol ogi cal psychol ogi cal and social factors

(6hung and st ephons, (1986)).
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